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Early warning of pirate attacks based
on decision tree1

Sun Mao-jin1, 2, Lv Jing1, Gao Tian-hang1, Sun
Xiao-shan1

Abstract. Considering the pirates threats to the international transport ships, a constructed
forewarning model of pirates attack can provide warning information before it happens, and it will
reduce the probability of attack substantially. Therefore, a forewarning model based on decision
tree is constructed to study the correlation between the severity of pirates attack and other factors.
This method takes the ships types and geographic areas as input data, pirates attack consequence
as output data, and the pirates attack in the waters of east Africa as study subjects. After the
validation, the results show that the predictions are much better than random guesses. This proves
that the method is effective and scientific.

Key words. Ship security, pirates attack, forewarning, decision tree.

1. Introduction

As the trades among various countries in the world gets frequent, marine trans-
port has been becoming more and more important in international society, which
has turned into one of the foremost transportation modes. However, transport ships
have been affected greatly by the traditional and unconventional security threats.
The security issue is one of the problems the practitioners concern most. With the
development of technologies, the security issues of marine transport system, primar-
ily caused by climate and geographical factors, have been decreased greatly. But
the unconventional security threats still exist violently, which is mainly reflected
as piracy and maritime terrorism. By taking the piracy incidents with most ex-
tensive impact as examples, as for the international waters, the piracy activities
frequently occurs in several areas, including Aden Gulf, Indian Ocean, West Africa
coast, Malacca and sea areas belonging to South China Sea. To deal with these situ-
ations, it is particularly necessary to make clear how to build the piracy forewarning
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China
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model by reasonable algorithm for warning the passing transport ships before pirates
attack based on the current information, guiding them to deviate and take effective
measures.

At present, the direction of research on the pirate attacks are diversified, cover-
ing politics, society, military affairs and management, etc. For settling the matter
of Somali pirates, [1] has discussed and analyzed its multifaceted problem, such as
formation history, organization and operation, countermeasures taken by various
countries internationally, etc. [2] has studies the economic losses of marine trans-
port ships brought about by the pirate attacks. [3] treats the private attacks as one
of dynamic behaviors, analyzes the number and movement area of privates by using
the dynamic model, and takes the areas in Aden Gulf as case to study. Literature
[4] proposes a new escort maneuver for warships combating pirates by adopting the
idea about covering priority area first, so as to improve navy’s combat efficiency.
References [5—6] respectively uses the Stackelberg game and evolutionary game to
simulates the game process between navy and pirates; afterwards, naval escort area
has been selected while the decision-making process between both of them has been
refined. Reference [7] adopts the game theory to study the fairway programming
in order to provide the navigation route, of which can avoid the private attacks,
for the transport ships. There are no researches on forewarning of privates attacks
despite the fact that privates attacks studies are relatively plentiful. To build a bet-
ter forewarning model of pirate attacks, this paper chooses the researches related to
forewarning as references. Paper [8] applied the combination of fuzzy comprehen-
sive evaluation and analytic hierarchy process (AHP) to forewarning classification of
public emergencies; on that basis, forewarning classification model is formed. Refer-
ence [9] built the BP neural network model by using neural network method based
on the characteristics of petroleum safety precaution. Paper [10] built the alarm
index system and forewarning model for spatial agglomeration suitability of manu-
facturing industry by catastrophe series method, which achieved great forewarning
results. Reference [11] set up the incident-based forewarning system of supply chain
so as to supervise and alert the timeliness of supply chain. Liu et al. [12] created
a public information space for urban flood disaster in order to forewarn this kind
of natural hazard. In conclusion, many attempts in the other forewarning study
are done by the relevant scholars, which offers the formed thoughts and approaches
that play an enlightening role in the research of this paper. This paper builds a
forewarning model of pirate attacks by selecting the proper method and referring to
the historical data characteristics and forming processes of pirate attacks

1.1. Decision tree overview

Decision tree is a common method with supervised classification in machine learn-
ing. In a generated decision tree, a node represents an attribute, and its branch is
the optional value of corresponding attribute. When a sample is going to be classi-
fied, node will be sought out in accordance with the attribute value correspondingly
based on the sample characteristics; and then, the previous step shall be run re-
peatedly till leaf node is reached. Prediction classification of this sample is the leaf
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classification, thereby the classification is completed. As for construction algorithm
of decision tree, this paper set ID3 algorithm as example. ID3 is one of algorithms
constructing the decision tree that are built on the information theory while taking
the information entropy and information gain degree as valuation criterion. Intu-
itively, a higher information gain can distinguish various samples better. Sample
points are classified to a node (e.g. root node); ID3 calculates the information gain
partitioned by each attribute. Afterwards, the attribute with highest gain is selected
as the classification attribute, which is also the standard to partition the sample to
the next child node of corresponding value, and then this step should be repeated
starting from the child node till there are no more attributes to be used, or new
information gain to be partitioned.

Mathematical formulation of decision tree: the expression of information entropy
is H(S) = −

∑
x∈X p(x) log2 p(x). Symbol S represents the data set, X is the

classification result of S, x is one member set of classifications in S, p(x) is the
proportion of Class x. It can thus be seen that, when there is only one classification
in S, the information entropy is 0. But if there are more classification in S, the more
the proportion, the higher the information entropy. That is to say, the information
entropy reflects the impurity level of data. The information gain is built on the
information entropy, thus it shows the change of information entropy both before
and after data set is partitioned, namely the impurity level variation of pre- and post-
data. The information gain is represented by IG(A). In the formulation IG(A) =
H(S) −

∑
t∈T p(t)H(t), where H(S) is the information entropy before partitioned,

t is one of multiple data set get from the partitioned attribute A, T is aggregate of
these date sets, S =

⋃
t∈T t, p(t) is the proportion of member numbers of t in S,

and H(t) is the information entropy of data set t. If a given data set is partitioned
by different attributes, the information entropy results are always different. The
attribution with higher information gain enables to get nodes with higher purity
after partitioned. Actually, ID3 adopts this logic to lower the classified information
entropy fast.

1.2. Forewarning model construction for pirate attacks

In the forewarning model of pirate attacks, the navigation risk is predicted and
judged according to the characteristics of this navigation, such as ship types, the
waters covered by the lane, longitude and latitude, the relation with coastline, etc.
Longitude and latitude, a single data, cannot provide any valuable information.
Hence, this paper selects the space region formed by integrated conditions as char-
acteristics of navigation risk. Specifically, the entire waters are divided into multiple
areas based on the pirate attack time, and each area contains a class of pirate attack
incidents. One classification has various elements related to pirate attack possibly.
The elements are similar with each other in one classification, but different among
classifications. This classification represents the different characteristics of pirates in
different areas, for example, some pirates, who value the money, are used to kidnap
the hostages for getting ransom; and some others do not care about sailors’ lives,
they will kill the sailors who put up a desperate struggle when they are opposed. This
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situation is ascribed to the different movement range of pirates. Obviously, pirate
characteristics in different areas have done a great deal to affect the danger levels in
different areas. Except the basic characteristics, like ship types, the factor of pirate
having different characteristics in different areas must be considered, too; in the
meantime, ships sailing navigating into an area should be added into the judgment
conditions of decision tree. Thus, for decision tree method, the best characteristic
should be filtered for running the partition, which conforms to the conditions about
one of attribute value and risk level. And then a new attribute will be searched to
its child node. The decision tree is going to be constructed in this way. When steps
are done, a navigation characteristic is put into the generated decision tree, finally
getting a risk level as the prediction result. The specific algorithm of constructing a
decision tree is shown as Fig. 1.

Fig. 1. ID3 algorithm

2. Case study

To demonstrate that the forewarning model of pirate attack constructed based on
the decision tree algorithm in this paper has certain practical value, this paper selects
the statistic pirate attacks of GISIS database occurred in the waters of East Africa
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as research objects, and set the ship types and geographic areas as the forewarning
information for verifying the pirate-attack-result-oriented forewarning result.

2.1. Data processing

The first step is to quantify the data. The quantitative method is determined
by the data characteristics, and the quantitative objects mainly include ship types,
geographic areas and consequence of pirate attack. The output variable calculated
by the decision tree method related to consequence of pirate attack is easy to un-
derstand, which is used to represent the severity of pirate attack Here, this paper
simply states why two factors, ship types and geographic areas, are chosen as the
initial data. First reason is that different cargoes are loaded on the types of ships,
which enable board height of ships are not same. For instance, the board of ship
loading container cargo is higher than the others’, because the container weight is
lighter. Conversely, the board of ship loading dry and liquid bulk cargo is lower,
because this kind of goods is heavier. The advantage of ship with high board is that
pirates hardly climb up to embark for hijacking. But the ship with lower board is
easy to attempt hijacking. From the perspective of earnings, pirates tend to hijack
the ship with lower board generally. Second reason is about the geographic areas.
Currently, pirates operate the mother ship mainly, who are going to unionized and
scale up, but pirates cannot go to the place where is far away form their base on the
coastline generally. That is to say, pirates from the different areas always appear in
area where they often go due to the different centralized location of pirates. Further-
more, pirates from the different areas have attack preferences to different ship, which
even causes various consequences due to diverse equipment and preferences. In gen-
eral, ship types and geographic areas have a certain influence on the consequences of
pirate attack. In database statistics, there are over 40 statements about ship type;
and according to the research results provided by the author, there are 9 movement
areas with different characteristics in waters of East Africa. In term of pirate attack
consequence, ships are got the different result after robbed by pirates. However, the
reports saved in the database describe those situations with some qualitative words,
which makes that the two attributes mentioned above cannot be quantified simply.
After the data is compared carefully, this paper finally decides to quantify depending
on different keywords, and the selected specific keywords are:

1. Is there any sailor died: killed, dead;
2. Is there any sailor injured or missing: injured (badly, seriously), missing.
3. Is there any ship damaged, is there any cargo missing: broken, stolen, miss.
By quantified the basic data, this paper has processed the quantitative outcome

further, mainly including categories of ship types and levels of pirate attack con-
sequence. As for categories of ship types, there are over 40 types concluded from
the first step, and it shows big quantity variance among each of types. This pa-
per decides to divide these ships according to the type of cargoes after the specific
ship type is analyzed. Finally, ships are divided into 5 categories, and the quantity
variance of each category has been improved greatly. The specific category result is:

1st category: Ship loading dry and bulk cargo;
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2nd category: Ship loading containers;
3rd category: ship loading liquid and bulk cargo;
4th category: ship loading sundry goods;
5th category: the others.
And speak of area selection, this paper divides the waters into numerous disjoint

areas. If pirate attacks occur in a certain area, it means the area in attribute is the
area number. For example, the waters of East Africa has been divided into 9 valid
areas, so that there are 11 possible values from 0 to 11 totally by considering the areas
are not classified and out of bounds. At last, the consequence levels are acquired
from the keywords statistics, the result are: dead: 11; badly injured: 4; injured:
19; broken: 495; N/A: 670. Considering the casualty status of crew and damaged
conditions of ships have different impact, this paper classified the consequences, and
the specific levels are: 1st level: no crew casualties and damaged ships (N/A); 2nd
level: the crew is injured slightly, or the ship is broken(injured, broken); 3rd level:
the crew is injured slightly and the ship is broken (injured, broken); 4th level: Some
crew members are dead, or the crew members are injured badly (dead or badly-
injured). Based on the levels information, the statistical result is given as below:
1st level: 670 incidents; 2nd level: 486 incidents; 3rd level: 12 incidents; 4th level:
14 incidents.

2.2. Generation and verification of decision tree

The test is operated based on the processed data. By the consequence levels,
it is found that the statistical differences between 1st and 2nd levels is large; and
relatively speaking, the consequences of 3rd and 4th levels are worse badly. Thus,
this paper adopts the sampling method used by re-sample method [15] to duplicate
this part of data for enabling the data size of 1st and 2nd levels are equal basically.
Afterwards, all the data are processed to generate the decision tree, shown as Fig. 2.
The 1st layer is area, and the 2nd layer is ship type.

When the decision tree is constructed, the reasonability of generated decision tree
should be verified. In consequences processing of pirates attack, the decision tree
is constructed by all the data, this method brings the fitting risk undoubtedly. For
this reason, this paper uses [16] the cross validation method to verify the validity of
model and algorithm. Cross validation means that the original data is divided into
two parts that respective are training set and test set. The training set is used to
learn model, and the test set is applied for verifying the model regarded as learning
outcome. The measurement standards obtained by this way are more persuasive.
The model built by the dataA is not used to verifyA, butB, so there is no circulatory
verification. This paper uses 5-fold cross validation, namely dividing into 5 parts at
random. Four parts of them trains one test each time. This step should be repeated
5 times. In this paper, four evaluation criterions are adopted. Accuracy means the
correct proportion; precision rate refers to the proportion of true normal sample in
the predicted normal samples (precision rate = TP/(TP + FP)); recall rate means
the how many normal samples are predicted correctly in all true normal samples
(recall rate = TP/(TP + FN)); f1-score is a comprehensive score (fl = (2*precision
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Fig. 2. Decision tree of pirate attack incidents

rate*recall rate/(precision rate+recall rate)). By calculated and verified, it is found
that overall comprehensive accuracy is 57.1%; severity level 1’s precision rate, recall
rate and f1-score respectively are 49.6%, 20.2% and 28.1%; severity level 2’s are
55.0%, 16.4%, and 23.3%; severity level 3’s are 55.5%, 84.8% and 66.9%; severity
level 4’s are 63.9%, 100% and 77.9%. Because there are 4 severity levels, precision
rate, recall rate and f1-score are only 25% if predicted at random. It is thus observed
that synthetically, the result concluded from the forewarning model of pirate attack
with decision tree algorithm is far superior to the results of random guessing. Thus,
this model is quite reasonable; especially the precision rate exceeds 50%.

3. Conclusion

For forewarning transport ships early with the current information before pirates
attack, this paper constructs the forewarning model of pirate attack based on the
decision tree algorithm. This algorithm mainly considers the types of transport ships
and geographical areas, and set them as the input data to predict risk levels of pirate
attack. On that basis, this paper executes the practical calculation and verification
according the basic data of pirate attack in East Africa area saved in GISIS database.
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The verification result shows that compare with the random prediction, this model
has obvious advantage because its precision rate of predicting pirate attack is over
50%. However, due to the data characteristics of East Africa waters, this paper
chooses two attributes, ship types and geographic areas, which can improve the
predictive effect further, especially in the part of recall rate. The current result has
proved the validity of this method. Meanwhile, when this model is used in practice,
some diacritical attributes can be added to learn decision tree so as to realize better
predictive effect.
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Simulation analysis of interaction
mechanism between triangular track
and ground based on Bekker theory

Zhang Jinzheng2, 3, 4, Wang Qi2, 3, Jin Qichun2,

Zhang Peng2, 3

Abstract. Based on the Bekker theory, the relationship between the triangular track mech-

anism and the ground is analyzed in this paper. Based on this analysis, the interaction between

the track plate and the soil was simulated under two working conditions: uniform straight climbing

and spot turn is simulated in the ABAQUS, and the relationship between the stress change and

the deformation of the track shoe under various working conditions was clari�ed. The relationship

between the soil settlement amount under the track shoe and the ground pressure was obtained,

and the change regulation between the triangular track mechanism and the ground action was

obtained. Therefore, interaction analysis model of triangle crawler mechanism and elastic-plastic

ground under various working situations was established. Based on the perfected prophase research,

the important basic data can be provided for the optimal design of the triangle tracked mechanism.

Key words. Bekker theory, triangular track, soil settlement, ground pressure.

1. Introduction

For engineering vehicles, the walking environment is more complex, and they
need to face various situations in actual walking. The traditional four-wheel walking
wheel is unable to meet practical demands, and the in�exible traditional track cannot
cope with di�erent complicated landforms. Therefore, a more �exible walking device
is needed to assist in going forward [1]. The triangular track developed on this is not
only adaptable to complex landforms, but also as �exible as general wheeled devices.
At present, the triangular track, with broad space in development [2], is gradually

1This work was supported by University Science Research Project of Jiangsu Province.
2Suzhou Institute of Technology, Jiangsu University of Science and Technology, Zhangjiagang,

215600, China
3School of Mechatronic and Power Engineering, Jiangsu University of Science and Technology,

Zhangjiagang, 215600,China
4Corresponding author

http://journal.it.cas.cz



12 ZHANG JINZHENG, WANG QI, JIN QICHUN, ZHANG PENG

applied to many �elds, such as industry, agriculture, and military. Triangular track is
inevitably the trend of the development of future engineering vehicle walking devices
[3]. Bearing its own and the vehicle's weight, triangular track will cause deformation
of the ground in actual walking. The part that subsides meets Bekker theory and,
on this basis, should be analyzed by the theory [4]. Currently, triangular track has
been put into use in more than 50 countries and regions around the world [5], and
there are a number of relevant agencies, including the famous American companies
such as MATRACKS and TRACK [6], being involved in the development of triangle
track. At present, the research on triangular track mainly focuses on light devices,
and its application in this area is quite mature. However, the research of heavy
equipment remains insu�cient and is still in the initial stage [7]. In the future,
triangular track will de�nitely become an important component of walking devices.
Based on previous studies carried out by experts and scholars, this thesis conducts
a simulation analysis on the interaction process between triangular track and the
ground with Bekker theory, expecting to contribute to the development of triangular
track system.

2. Analysis of triangular track structure and ground e�ects

2.1. The structure and function of triangular track system

Triangular track shows the future development direction of walking devices. It
is a kind of modernized walking device [8] which is established partly based on
wheeled structure and partly on track structure, and has both advantages of the two
structures. The structure of the triangular track is shown in Fig. 1. Analyzed with
the stability of triangles in actual process of walking, this structure has advantages
in moving obtained from wheeled structure and stability from track structure. It is
able to perform on di�erent landforms with greater walking advantages [9].

Fig. 1. Structure of a type of triangular track

2.2. Ground stress analysis based on Bekker theory

The direct contact between track and soil will produce ground pressure. Ground
pressure is an important parameter of triangular track. It has an important impact
on factors like traction and resistance in using triangular track devices. The ground
pressure of triangular track is a�ected by many factors, such as track �exibility,
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thrust wheel data, and track rigidity. The in�uence of the number of thrust wheels
is determined by factors such as the center distance of adjacent thrust wheels S
and the pitch of tracks t. When walking on the ground, the track will cause ground
pressure and settlement, which in turn, will react to the track. This kind of situation
belongs to the category of Bekker theory. Therefore, it is necessary to study the
mechanism of the interaction between triangular track and the ground with this
theory. Triangular track is a kind of narrow-pitch track. When it is moving on
the ground, its pressure can be regarded as in linear distribution. To study the
mathematical model of track ground pressure on this basis, the model should be
simpli�ed �rst. During the operating process, the ground pressure of the track is
related to its own gravity, mechanical resistance, center-of-gravity position, ground
slope, velocity and other factors. The angle that the track forms with the ground
and shift of the center of gravity can be negligible [10]. Under the conditions above,
the stress analysis of triangular track was carried out.

The interaction between the track and the ground accords with Bekker theory,
thus the soil is subjected to the pressure of the structure when it is acting on the
ground. Here the term, soil pressure bearing capacity, can be introduced. It refers
to the functional relationship between the depth that the track subsides and the
compressive stress of the soil under the action of the triangular track. This thesis
studies the walking process of triangular track in the sand. Because of the poor
bearing capacity when walking in the sand, the track will be resisted by the ground
subsidence. In the stress analysis of this process, it is not di�cult to �nd that the
e�ects of the stress are in a dynamic change. On this account, the stress can be
treated in segments. In the movement of triangular track, it will lead to ground
deformation under resistance and the resistance Fc can be calculated by the formula

Fc =
2b

(n+ l)K
1
n

(
W

A

)n+1
n

(1)

.
Here, l is the track length, b is its width, the single track width is denoted as n,

K is constant, W is the action force perpendicular to the plane and A is the area
on which the force acts.

In actual moving process, the loading process can be quanti�ed using the formulae
(2) and (3). During the process, formula (4) can be obtained by combining Bekker
theory and the and shear force deformation relationship by Jia Nokia. On this basis,
supposing the track is under pressure both from movement and from interaction with
the ground, put j = ix (j being the shear displacement and i the track slip rate)
and σ =W/(2bL) into the formula, then formula (5) can be obtained:

dFr = τb dx , (2)

Fr = 2b

∫ l

0

τ dx , (3)
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τ = (C + σ tanϕ)
(
1− e

j
k

)
, (4)

Fr = (Ac +W tanϕ)

[
1− K

iK

(
1− e

iL
k

)]
. (5)

Here, τ is the shear stress, C denotes the bond coe�cient, σ is the soil compressive
stress, and ϕ is the soil internal friction angle.

The formulae above show that the greater gravity the triangle track carries, the
more pressure it exerts on the ground, and the deeper the ground subsides. When
it is within the range of soil bearing capacity, the shear stress of triangular track
will increase to further enhance the resistance over triangular track, which can be
transformed into a kind of thrust from the perspective of structure in design. Based
on this, simulation on the walking performance of triangular track can be further
improved.

3. Transient analysis of interaction between track shoe and
ground

Because the non-linear factors such as soil are contained in the model, the force
relationship between the crawler and the soil is more complex [11]. The transient
analysis step of the interaction between the track shoe and the soil is di�erent from
the ordinary transient analysis process. Since the sti�ness setting of the contact
pair has a direct e�ect on the convergence of the analysis results, so it is necessary
to complete the model simulation through repeated selection and debugging of the
experimental materials.

3.1. Establishment of �nite element model

During the operation of the track, the deformation of the soil is caused by its
squeezing on the ground, and the deformation of the soil also made the track su�ered
the change of the normal force and tangential force from the soil. The relationship
between the force and the deformation of the two is mainly transmitted through
the track shoe, the one-piece rubber track shoe would su�er the adjacent track shoe
tension, the pressure and the shearing force of the thrust wheel, the soil would
su�er the anisotropic force from track shoe, resulting in deformation, thus led to
the reaction to the track shoe, so the track board would su�er tangential force and
normal force from the soil.

The material of the track shoe in the track shoe-soil model is rubber, and the
isotropic constitutive relationship in line elasticity is used in ABAQUS to simulate
the track shoe. Its modulus of elasticity E is 5.5MPa, Poisson's ratio ν is 0.43,
tensile strength is 1.26MPa, yield strength is 8.21MPa, and density % is 1.05 g/cm3.

The soil material model is more complex because the deformation of the soil is not
only related to the size of the load, but will be di�erent because of the di�erent stress
path, which can engender elastic deformation and plastic deformation, the Drucker-
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Prager material model in the ABAQUS can meet the requirements above. Drucker-
Prager material model is generally used for granular materials; in the calculation,
the total deformation is divided into elastic deformation and plastic deformation to
be solved separately, Hooke's law is used in the calculation of elastic deformation
part, while the plasticity theory is adopted in the calculation of plastic deformation
part. The main characteristic parameters of the selected Drucker-Prager material
model include modulus of elasticity�19.6 kPa, Poisson's ratio 0.23, internal friction
angle 17.7 ◦ and the cohesive force 1.917N.

Fig. 2. Three-dimensional model of triangular track system

The rubber track shoe 1, the track shoe 2, the track shoe 3 and the track shoe
4 under the thrust wheel are taken as the research objects. The interaction model
between the rubber track shoe and the soil are shown in Fig. 2. The interaction
between the track shoe and the soil is simulated by ABAQUS, so the relationship
between the track plate and the soil is analyzed for we have acquired results like
the track shoe and soil deformation diagram and stress diagram. The relationship
between the track plate and the soil was analyzed. The preliminary study has
clari�ed the interaction relationship between the crawler plate and the soil under
the stationary condition and the uniform linear motion condition. The continuous
analysis and study on the two basic working conditions of climbing and turning are
required in this paper, then the mechanism of the interaction between the triangle
track and the ground is clari�ed further.

3.2. Simulation on climbing condition

Tracked vehicles conduct uniform straight climbing at 30 ◦ angle, and the stress
condition of track shoe is relatively complex. The stress condition of the every track
shoe under the thrust wheel remains the same as that in the uniform linear motion.
The main forces are the pressure of the wheel on the track wheel, the friction force
of the thrust wheel on the track shoe in an inclined direction, the tension between
the track shoes in an inclined direction, as well as the vertical tension between the
track shoes. For thrust wheel, its time of passing the track shoe is about 0.6 seconds
under the conditions of constant speed, and the a transient analysis of 0.6 seconds
on track shoe-ground model is implemented. The simulation results are shown in
the following �gure. Figure 3 shows the stress diagram of each track plate. The
relationship between the stress change and the displacement change of each track
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shoe is shown in Fig. 4. It can be seen from the �gure that the stress extremes of
the track plates show a tendency to increase linearly from the front to the rear along
the crawler's rolling direction, and the displacement extremes also show the same
trend. Under the 30 ◦ angle uniform straight climbing condition, the track shoe's
stress and deformation variable rate is slightly higher than that of uniform linear
motion condition according to the di�erent locations. Therefore, greater interaction
force need be exerted between the track and the ground to enable the triangular
track to maintain a uniform linear climbing state.

Fig. 3. Stress nephogram of track shoe under climbing condition

Fig. 4. Variation of stress and deformation of track shoe under climbing condition

At the same time, the change of soil settlement and the distribution of ground
pressure under each track plate under this condition were analyzed. The soil settle-
ment and ground pressure nephogram under di�erent track plate were obtained, the



SIMULATION ANALYSIS OF INTERACTION MECHANISM 17

relationship between the settlement and ground pressure of soil is shown in Fig. 5.
As is shown in the picture, the maximum soil settlement and ground pressure un-
der the track plate showed an increasing trend from front to back, especially soil
settlement of track shoe 4 changed obviously. Under this condition, the maximum
soil settlement is 1.05�1.08 times lager than the soil settlement under uniform lin-
ear motion condition. The maximum ground pressure is 1.01�1.02 times lager than
ground pressure under uniform linear motion condition. The change rate of soil
ground pressure and settlement is relatively fast under climbing condition.

Fig. 5. Variation of soil ground pressure and settlement under climbing condition

3.3. Simulation on spot turn condition

In the simulation experiment under spot turn condition, the outside track shoe
of steering process is taken as the object. The main forces are the pressure of the
wheel on the track wheel in three directions, the tension between the track shoes in
three directions. For support wheel, its time of passing the track shoe is about 1.0
seconds under the conditions of spot turn, and the a transient analysis of 1.0 seconds
on track shoe-ground model is implemented. The simulation results are shown in
the following �gure. Figure 6 shows the stress diagram of each track plate. The
relationship between the stress change and the deformation change of each track
shoe is shown in Fig. 7. According to the picture, we can conclude that the stress
extremum and displacement extremum of each track plate did not show obvious
increased tendency, the maximum stress and maximum deformation of each track
plate were basically the same.

Pointing to this condition, soil settlement and ground pressure of each track plate
are simulated and analyzed. The soil settlement and ground pressure nephogram
under di�erent track plate were obtained, the relationship between the settlement
and ground pressure of soil is shown in Fig. 8. As is shown in the picture, the maxi-
mum soil settlement and ground pressure under the track plate showed the trend of
decreasing �rst and then increasing without showing a trapezoidal distribution. The
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Fig. 6. Stress nephogram of track shoe under spot turn condition

Fig. 7. Variation of stress and deformation of track shoe under spot turn condition

variation trend of soil ground pressure and settlement under the track is consistent,
average value is 1.06�1.72 times lager than the value under uniform linear motion
condition. According to the above analysis, it can be concluded that the triangle
track mechanism still meets the relationship between the soil ground pressure and
the settlement based on Bekker theory in the case of turning process.

4. Conclusion

Aiming at the analysis of the design process of triangular track, this research
worked out the basic parameters by analyzing its stress condition through Bekker
theory and from the perspectives of statics and dynamics. Combining with Bekker
theory, relevant parameters can be worked out on the basis of force analysis. Af-
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Fig. 8. Variation of soil ground pressure and settlement under spot turn condition

terwards, corresponding structural analyses and simulation analysis of interaction
mechanism between triangular track and ground can be carried out. Analyzing
based on the research above, according to the basic theory of ground mechanics
and the contact theory, the �nite element analysis method was used to establish
the mechanical model of the interaction between the track shoe and the soil un-
der the two basic conditions: uniform linear climbing at 30 ◦ angle and the spot
turn in the ABAQUS model, and the numerical simulation analysis was carried out,
so as to provide further supplement and improvement on the previous relevant re-
search. Through the analysis of the numerical simulation results, the relationship
between the stress change and the displacement change of the track shoe under the
two conditions was de�ned. The relationship between the soil settlement amount
under the track shoe and the ground pressure was obtained, and the change regula-
tion between the triangular track mechanism and the ground action was obtained.
Therefore, the triangle track mechanism-elastic-plastic ground interaction analysis
model under various working situations was established, and based on the perfected
prophase research, the important basic data can be provided for the optimal design
of the triangle tracked mechanism.
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Performance improvement of streaming
media QoS based on behavior feature

and content analysis

Furong Li
1

Abstract. In order to improve the performance of streaming media QoS, an enhanced QoS-

supported streaming media service system model based on behavioral characteristics and content

analysis. By adding the media �lter module and the feedback processing module, the improved

system model can support di�erent characteristics of the heterogeneous multimedia terminal, such

as resolution, color display attributes and so on, and then realize the QoS support of the streaming

media service. Because the traditional Internet network was originally designed for ordinary data

tra�c transmission, its best e�ort (best e�ort) features cannot provide real-time multimedia data

transmission for the corresponding quality of service (QoS) guarantee. In order to improve QoS

support for network streaming media applications, a streaming media service system model with

enhanced QoS support is proposed based on the traditional streaming media application system

model. By adding the media �lter module and the feedback processing module, the improved

system model can support di�erent characteristics of heterogeneous multimedia terminals, such

as resolution, color, display, attributes and so on. And then the support of streaming media

service QoS is realized. The necessity and feasibility of the system model are demonstrated by

setting up an experimental platform, designing test cases and analyzing experimental results. The

performance of the core module algorithm in the system model is veri�ed. The results show that the

streaming media system model with enhanced QoS support can e�ectively improve the performance

of streaming media QoS. For di�erent broadcast terminals and their QoS requirements, QoS support

for network streaming media applications has been e�ectively improved.

Key words. Streaming media, QoS, media �lters.

1. Introduction

As streaming media transmission compared with traditional data transmission
has its own characteristics, so the streaming media transmission has a special re-
quest to the network QoS (Quality of Service) compared to the traditional data
transmission. Streaming media transmission on the network delay and delay jitter
have more stringent requirements, end to end transmission delay and delay jitter

1Mechanical and Electrical Professional Technology Institute of Hunan, 410151 Hunan, China
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in the transmission will a�ect the streaming media applications. Streaming media
transmission on the packet loss rate has a higher requirement. Due to the incon-
sistency of the importance of streaming media data, the loss of a small amount of
critical data can cause a sudden drop in service quality, and continuous packet loss
will make the quality of service completely unacceptable. Streaming media trans-
mission has a higher bandwidth requirement, requires adequate bandwidth and has
a smooth throughput. Bandwidth, delay and packet loss rate have a great impact
on the quality of streaming media service, but because of the traditional Internet
transmission characteristics, it cannot provide the corresponding QOS guarantee [1].
Therefore, streaming media applications on the Internet often play pause, audio and
video images are not synchronized or mosaic and other phenomena, seriously a�ect
the streaming media application quality of service. To expand the application of
streaming media in various �elds, it is necessary to provide a corresponding guar-
antee mechanism for the QoS of the media, so as to improve the service quality of
streaming media applications.

Compared with the real-time characteristics of streaming media, the traditional
TCP protocol needs more overhead and is not suitable for streaming media transmis-
sion. Therefore, HTTP/TCP is used to transmit control information, and RTP/UDP
is used to transmit real-time sound data [2]. Unfortunately, UDP does not have the
TCP congestion control mechanism. Sally Floyd proposes an equal congestion con-
trol mechanism for unicast tra�c. Internet The existing "best e�ort" tra�c in
Internet uses the traditional TCP protocol. In contrast to the streaming media, a
TCP friendly (TCP-friendly) congestion control mechanism needs to be found to
avoid the mechanism of using TCP to reduce the speed of packet loss when con-
gestion is generated. For the same problem, some researchers have proposed a new
congestion control algorithm and give a performance simulation. By analyzing the
shortcomings of the Padhye'S TCP throughput model, a new congestion control
mechanism for streaming media based on the dynamic TCP throughput model is
proposed [3]. It can guarantee the TCP friendliness in the dynamic environment,
and has good response to the change of the network status. In order to improve the
QoS support for the application of network streaming media, the current research
work is mainly focused on the following two aspects:

1. From the physical / network level to improve the service performance of net-
work QoS, including the network equipment, network-protocol and network infras-
tructure transformation, the streaming media QoS needs mapping to the underlying
network, thereby enhancing network support for streaming media applications QoS.

2. From the application layer to improve the service quality of streaming media
application, the service quality optimization strategy is adopted in the server side and
the client side, so as to improve the adaptability of the streaming media application
to the network environment.

Based on the traditional streaming media application system model, this paper
presents an enhanced QoS-supported streaming media service system model. By
adding the media �lter module and the feedback processing module, the improved
system model can support di�erent characteristics of the heterogeneous multimedia
terminal, such as resolution, color display attributes and so on, and then realize the
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QOS support of the streaming media service.

2. Methods

2.1. Enhanced QoS supported streaming media system
model

In order to increase the support of streaming media service QoS, this paper
proposes an improved streaming media service system model, in which the media
�lter module is added in the existing streaming media system model to support the
di�erent characteristics of di�erent multimedia terminals, such as resolution, color
display attributes, etc., and increase the player feedback mechanism to enhance QoS
support, as shown in Fig. 1.

Fig. 1. Enhanced QoS supported streaming media model

2.2. Design of core algorithm for media �lter

The main function of the media �lter is to process the compressed data according
to the feedback information (resolution, color display attribute, etc.) sent by the
player, so as to adjust the transmission rate according to the di�erent QoS require-
ments of the broadcasting end, in meeting the requirements of the playback side
QoS is more conducive to network transmission [4]. As an example, for large screen
resolution of the player to receive the data transmission rate faster than the screen
resolution of the smaller player. In order to achieve this e�ect, the transmission
rate can be increased by adjusting the priority of the transmitted data stream. To
achieve the di�erent QoS requirements for the player to adjust the sending rate of
data timely, we can consider the congestion control mechanism applied to the stream-
ing media application based on the implementation. Congestion control mechanism
should be used to ensure smooth delivery rate (to meet the requirements of streaming
media applications), but also for di�erent data streams for di�erent sending priority
adjustment [5].

First, the feedback information processing module collects the feedback informa-
tion from the broadcasting end, maps the feedback information to the sending prior-
ity of the transmission data according to the speci�c algorithm, and then the media
�lter module determines the transmission data priority according to the feedback
information processing module, calculates the transmit data rate that is appropriate
for the current playback QoS requirements [6]. Speci�cally, the media �lter takes
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the following algorithm:
The media �lter uses the same mechanism as the TFRC to detect the performance

parameters of the current network, including the probability Pe of the lost event,
the number of packets b received by an ACK, the average round-trip time RTT, the
packet retransmission time T , and packet loss probability Pr.

According to the feedback information processing module, the data transmission
priority n can be obtained, and the data transmission rate is calculated according
to the following algorithm.

In the TFRC protocol, n TCP data stream average transmission rate is calculated
as follows (unit: bit/s)

XBps =
S

R
√

2bp/3 + tRTO3
√
3bp/8p(1 + 32p2)

, (1)

where S is the size (in bits) of each data fragment, R is the average round trip time in
seconds, b is the maximum number of packets in a TCPACK advertisement, p is the
loss event rate, whose value lies between 0�1, and tRTO is the time of retransmission
of TCP timeout.

Fig. 2. Collaboration diagram of media �lters with other modules

As shown in Fig. 2, the player sends the feedback information (video �le reso-
lution requested by the player) to the feedback information processing module, the
feedback information processing module determines the priority of the transmission
data according to the mapping algorithm and transmits the priority setting infor-
mation to the media �lter module. The media �lter module runs the transmission
rate algorithm to start the data transmission according to the adjusted transmission
rate.
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3. Results

From the system model shown in Fig. 1, it can be seen that the media �lter module
is the key function module in the enhanced streaming media system model supported
by QoS. Therefore, to verify the performance of the model, the key is to verify the
media �lter module for streaming media performance improvement contribution. In
order to verify the value of the above system model, this paper builds an experimental
test platform, and uses a self-developed tool with data transfer function, which
implements MulTFRC protocol implementation code. The MulTFRC protocol was
used to provide di�erent transmission priorities for di�erent transmit data streams
compared to other congestion control protocols such as DCCP and TFRC [7]. Its
priority is set by setting the aggression value of the data �ow to achieve. In the
transport layer is still using the UDP protocol implementation code, the relevant
MulTFRC protocol control code is added to the tool's application layer code. After
each data transmission, the receiver will calculate the transmission time; receive the
packet size and other information. In addition, the sender can set the sending data
of the aggression value, that is, set the parameter n value, it indicating that the
transmitted data stream will simulate the performance of n TCP data streams, the
default value of the parameter n is 1, representing a standard TCP data stream.

3.1. Test Scenario A - Verify the tunability of the media
�lter transmission rate

This experimental scenario mainly validates the tunability of the media �lter
module transmission rate in the enhanced streaming media system model supported
by QoS. As the core module in the model, the function of the media �lter is: when
the media �lter receives the feedback information from the player, it �nds that the
media quality of the player is high (such as the screen resolution is high, or high
quality). Now it is possible to adjust the priority of the transmission data stream
accordingly. By increasing the priority of the transmission, the high priority data
stream obtains a higher throughput than the lower priority data stream, thereby
satisfying the QoS requirement of the broadcasting end [8]. On the contrary, when
the media �lter module receives the player feedback information, if the media quality
of the player is low, the media �lter adjusts the priority of the transmission data to a
lower value to make it more e�ective. Reasonable is here use of network bandwidth.
In order to test the above performance, the experiment needs to test the performance
of the data �ow with di�erent sending priority. The priority is set by the aggression
value (n value in MulTFRC protocol). Table 1 and Fig. 3 show some important
experimental data.

3.2. Test Scenario B - Verify the friendliness of the media
�lter

This experimental scenario mainly validates the TCP-friendliness of the media
�lter in the enhanced streaming media system model supported by QoS, i.e. whether
TCP-friendly transmission data �ow and TCP tra�c adjusted by media �lter are
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TCP-friendly. In the enhanced QoS-supported streaming media system model, the
media-adjusted transmitted data stream requires both a smooth delivery rate and
a TCP-friendly nature. In order to study the TCP-friendly (competing with each
other) between data streams with di�erent transmission data priorities, the exper-
iment uses a stream with an aggression value of 1 as the background tra�c, other
experimental scenario settings are the same as for test scenario A. Table 2 and Fig. 4
show some experimental data.

Table 1. Test Scenario A

File size (Mb) Aggression value Transmission time
(s)

Average transmis-
sion rate (kb/s)

12.8 1 24.2 529

12.8 2 18.2 703

12.8 3 17.8 719

12.8 4 16.6 771

12.8 5 16.3 785

12.8 6 15.8 810

12.8 7 15.5 821

12.8 8 15.3 833

12.8 9 15.2 840

12.8 10 14.9 851

Fig. 3. Data of the test scenario A
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4. Discussion

4.1. Veri�cation of tunability of the media �lter send rate

In the course of the experiment, each experiment is transmitted with a size of
12.8M media �les. When the priority of sending data is set to 1, the �le transfer
time is 24.25, the average transmission rate is 529Kbs; when the priority of the
transmission data is set to 2, the �le transfer time is 18.25, the average transmission
rate is increased To 703Kbs. With the sending data priority increases, the �le
transfer time is getting shorter and shorter, the average sending rate is faster and
faster. From this it can be concluded that the data �ow with higher transmission
priority in the same network environment can obtain higher throughput than the
data �ow with lower transmission priority. Corresponding to the enhanced QoS
support streaming media system model, when the player needs higher QoS quality
(such as the player screen is larger, higher resolution), the media �lter by adjusting
the priority of the data �ow to a The higher the value to get a higher transmission
throughput, and then meet the player QoS requirements; the contrary, when the
player requires QoS quality is low, the media �lter to reduce the priority of sending
data streams, to meet the player QoS Requirements while more rational use of
network bandwidth.

Table 2. Test Scenario B

File size (Mb) Aggression value Transmission time
(s)

Average transmis-
sion rate (kb/s)

2.8 2 18.7 684

12.8 3 17.3 739

12.8 4 17.2 744

12.8 5 17.2 744

12.8 6 17.1 748

12.8 7 17.0 752

12.8 8 17.1 760

12.8 9 16.8 764

12.8 10 16.6 768

4.2. Veri�cation of tunability of media �lter's friendliness

In the course of the experiment, each experiment transmits the same media �le
with a size of 12.8M, and sends the TCP data stream with a rate of 50Kbs as
the background tra�c. The experimental results show that when the priority of
the transmitted data is set to 1, the �le transfer time is 29.95 and the average
transmission rate is 427Kb/s. When the priority of the transmitted data is set to 2,
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Fig. 4. Data of the test scenario B

the �le transfer time is 18.75 and the average transmission rate is 624Kb/s. As the
priority of the transmitted data increases, the transmit data throughput also grows
smoothly. It can be concluded that the data streams of di�erent transmit priority
and TCP data streams are friendly in the competitive bandwidth, and are still able
to maintain the characteristics of the transmission rate as the transmission priority
is improved. In the streaming media system model with enhanced QOS support,
the data stream output through the media �lter module can maintain good TCP
friendliness while maintaining its inherent characteristics.

5. Conclusion

The results show that the QoS-supported streaming media system model can
e�ectively improve the QoS performance of streaming media, and meet the QoS
requirements of di�erent playing terminals. Media �lter module as the core module
in the model, when the player needs higher QoS quality (such as the player screen
is larger, higher resolution), the media �lter by adjusting the priority of sending
data to a more high value to get a higher transmission throughput, and then meet
the player QoS requirements. On the contrary, when the quality of the QoS is
required to be low, the media �lter can reduce the bandwidth of the transmitted
data stream and make more reasonable use of the network bandwidth while satisfying
the QoS requirements. On the other hand, the transmission rate adjusted by the
media �lter can ensure smooth transmission rate and good TCP friendliness (data
streams with di�erent transmission priorities have good friendliness with each other,
and TCP data �ow is also friendly). Experimental results show that the improved
QoS model built in this paper can e�ectively improve the performance of streaming
media QoS, and meet the QoS requirements for di�erent broadcast terminals. The
main contribution of this paper is to study the traditional model of streaming media
service system. On the basis of this, the concept of media �lter is introduced,
and a streaming media system model is proposed to enhance QoS support. By
building an experimental platform, the performance of the core module in the system
model is demonstrated. However, the system model is currently in the theoretical
research stage. It only has a preliminary demonstration model that is not fully
realized. In future research, this enhanced QoS support for streaming media system
implementation and actual data validation also requires a lot of work.
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Synchronization design of shape and
structure of petroleum machinery and

equipment

Dehua Feng1, Yaoguang Qi1

Abstract. The purpose is to study the synchronous design of the form and structure of

petroleum machinery equipment. The size of the four-bar mechanism of the conventional pumping

unit determines its dynamic performance, kinematic performance and energy consumption. Based

on the rated torque value of the reducer 1824 inlbs (210 kN.m), the suspension load value 427 1b

(190 kN) and the maximum stroke length 240 in (6.09m), the size of the four rod mechanism is

optimized. The optimum performance of the four-bar mechanism size is studied. At the same time,

according to the basic theory and installation dimensions, the size of the three bearing housings is

designed. Its in�uence on the movement and force of the four-link structure of the pumping unit is

discussed. The results show that this design can reduce the manufacturing cost of the product. In

addition, it meets the demand of small quantity and speci�cation. Therefore, it can be concluded

that the design can meet the needs of production.

Key words. Pumping unit, four connecting rods, oil machinery, equipment.

1. Introduction

According to di�erent working conditions of di�erent oil wells, the requirements
of the mechanical oil production methods for oil equipment technology are con-
stantly improving. As a result, the design and manufacturing level of the oil recov-
ery equipment has been greatly improved [1]. The pumping units also develop and
innovate from their initial forms. In the process of continuous development, there
are hundreds of technical inventions of pumping units [2]. In this paper, the model
C1824D-427240 of the largest beam pumping unit in China is studied.

In recent years, the pumping unit industry has been developing in a new direc-
tion [3]. The main features of these new pumping units are the adoption of many
modern technologies and advanced structural schemes, as well as new materials and
processes [4]. The adaptability, economy, reliability, advancement and technical
level of pumping units have reached the highest level ever. It has made outstanding

1China University of Petroleum (East China), 266580, Qingdao, China
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contributions to the e�cient, economical, safe and reliable exploitation of petroleum
resources [5]. Here is a brief outline of the general development. It not only develops
towards large pumping equipment and low energy consumption, but also develops
towards automation and intelligence [6]. The high adaptability is very important.
The special working condition pumping unit is developed [7]. The design concept of
C1824D-427-240 pumping unit is designed strictly according to API standard. Ac-
cording to the domestic multinational mining units and the Middle East and other
countries on the demand for pumping units, the production of API conventional
pumping unit is imminent [8]. In this way, it is used to improve the series standards
of API conventional pumping units. At the same time, the market competitive-
ness of pumping units in our country has been enhanced. It has important guiding
signi�cance for our occupation of the international market share [9].

The top drive rig was originally used for drilling in marine areas. At present,
it is gradually applied to land drilling, desert areas and alpine regions. It evolved
from conventional strata to more complex geological and stratigraphic structures. It
should reduce the system height and save the cost of derrick reconstruction, so that
the device can be e�ectively applied to various drilling systems. Although some of
China's petroleum machinery plants have the ability to produce some types of top
drive drilling equipment, the oil �elds are gradually being popularized. However,
due to the late start of China's top drive, it is still in the stage of development.
Domestic top drive product model is relatively simple, which cannot meet the needs
of China's o�shore and land oil drilling rigs. It is still necessary to further strengthen
the research of the top drive device, develop new products, increase speci�cations,
and gradually form the top drive series in China, so as to realize the domestic
production of top drive. At present, the development of top drive device has entered
a mature stage. Its main features are as follows: �rst, the power motor (electric
motor or liquid motor) with high power and large torque is adopted to achieve the
torque speed characteristic suitable for drilling. Second, the drilling and unloading
device is adopted, so that the drill string can be unloaded at any position in the
derrick, thus giving prominence to the advantages of the top driving mode. Third,
the rigid rail is added to the derrick to withstand the reverse torque of the derrick
during drilling. The top drive drilling system is suitable for marine, desert, Arctic
and other poor environmental conditions. The number of applications in foreign
countries is more, and it accounts for more than 90%.

2. Methodology

2.1. Determination of dimension of four connecting rods

The design of pumping unit type is discussed in C1824D-427-240 [10]. The size
of the four bar linkage of the pumping unit is shown in Fig. 1. The height of the
bottom plane of the pumping unit to the center of the support bearing is H. It
is determined according to the maximum stroke length of the pumping unit. In
addition, it also determines the height of the pumping unit. The speci�c calculation
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method of H is
H = smax +Hh + 0.2 ∼ 0.25m (1)

In the formula, smax is the maximum stroke length (m), Hc denotes the wellhead
height (m), which is generally 1.2�1.5m and Hh is the height of the rope (m), which
is generally 0.35�0.4m.

Fig. 1. Size diagram of four-bar linkage mechanism of beam-type pumping unit

The design of the "C" type pumping unit of the four linkage size of the beam,
forearm length A is 6600mm. The length of the rear arm of the beam is 3460mm.
The horizontal distance I of the center of the bracket bearing to the center of the
output shaft of the gear unit is 3505mm. The connecting rod length P is 5095mm.
The vertical distance (H�G) of the center of the bracket bearing to the center of the
output shaft of the gear unit is 5080mm. In addition, it was determined that the
distance G between the center of the output shaft of the reducer and the bottom of
the base was 3433mm. The distance H from the center of the bracket bearing to
the bottom of the base is 8515mm.

2.2. Theoretical calculation of pumping unit

Figure 2 shows the mechanism of the conventional pumping unit.
The geometric calculation follows. According to the known condition and the

triangular residual u theorem, the angle values are obtained, that is, the degrees of
β, a, σ, θ′, θ and the length of the pumping stroke [11]. The motion calculation:
The velocity of the suspension point Vt and the acceleration point aA are calculated.
The process of calculation: under di�erent pump diameters and di�erent strokes,
the maximum pump depth is calculated. The daily amount Q of �uid is calculated
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Fig. 2. Mechanism motion diagram of pumping unit

by the single well theory [12]. The working torque TW, the balance torque TR, the
net torque TN and the o�set angle τ are calculated. The actual stroke length si and
the actual output Q1 are calculated. The power of the motor is calculated. The
formulae for particular quantities are:

Connecting force:

FL =
A

C sinβ
W ′ . (2)

Crank tangential force:
Fct = FL sinα . (3)

Crank legality:
Fcl = FL cosα . (4)

Horizontal component of support:

Fx = FL cos(δ + β) . (5)

Vertical component of support:

Fy = FL sin(α+ β) + 1.15W . (6)
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Support force:

Fs =
√
F 2
x + F 2

y . (7)

Stretch force direction:

λ = arctan
Fx

Fy
. (8)

Working torque:

TW =
AR sinα

C sinβ
W ′ . (9)

2.3. Checking calculation of main bearing elements

The moving mechanism of a conventional pumping unit is a four-link mechanism.
According to the foregoing, the main load-bearing components are: support, beam,
beam, rod, crank and base. Then, there are support bearings, end bearings and
crank pin bearings for connecting them. In addition, there are pins, bolts and other
parts of the force. In the process of checking, the following calculation is carried out
mainly: beam, beam, strength calculation, bearing, and strength and life calculation.
The suspension load, the stroke and the strike stroke of the light rod are di�erent.
When checking calculation, the maximum load, maximum stroke and the maximum
thrust are taken together. If the "three most important" conditions cannot be met
at the same time, the calculation should be carried out in descending order.

The section size of the beam is 1050×350mm, that is to say, the selected H-steel
is made of 350×350mm formed welding. The overall structure is welded by the
upper and lower wings and the side plates. According to the loading condition of
the traveling beam and the relevant knowledge of the mechanics of the material, the
stress of the beam in the center section is the largest. When considering the role
of the shim plate, it is safe to calculate the main body of the beam. In addition,
the beam is a square structure. The �exibility of u is generally no more than 10,
which does not require fatigue calculation and stability check. The beam is a H steel
formed by welding, and the �exural modulus (Sx) of the section is 16804713mm3.
From the above conditions, the maximum bending moment of the beam is calculated
as

My = A ·Wmax = 6600 ∗ 190000 = 1254000000(Nm) (10)

and the maximum stress of the beam is

σy(fcb) =
My

Wn(SX)
= 74.62MPa < 74.62MPa ∼ 1000ψ . (11)

By calculation, the beam meets the requirements speci�ed by API and these re-
quirements can be obtained. The strength of the beam is calculated. The transverse
beam is connected to the connecting rod through the connecting rod pin and mainly
bears the force of the connecting rod. Among them, the length of the transverse
beam body is 2993mm. The distance between the two pin holes is 2800mm, and
the span of the bolt hole is 592mm. The main material of the cross element is H
steel of cross section 606×201mm. Its �exural rigidity is Wn(Sx) = 3000000mm3.
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According to the force of the cross beam, the transverse beam can be simpli�ed as
simply bent beam with simply supported ends. The intermediate one is acted by
pure bending moment. Through analysis, it can be seen that bolt hole is the most
dangerous section. Its structure is checked and calculated. According to the load
spectrum of the crossbeam in the schedule, it is known that the maximum load of
the two center hole of the crossbeam is 202.247 kN. According to the stress analysis
and the size of the structure, the maximum bending moment of the dangerous cross
section of the beam is My = 239258.201Nm. Therefore, the maximum bending
stress of the cross section is

σy =
My

Mn
=

239258.201

3000
= 79.75MPa > 77.4MPa . (12)

Since the calculation only considers the main body of the beam, and the e�ect of
the strengthening plate is not considered, the strength of the girder can be considered
su�cient. Similarly, the beam structure is not subjected to stability calculations and
fatigue calculations. In the analysis of connecting rod of API conventional pumping
unit with crank balance, the force of connecting rod can be simpli�ed as two force
pole, and the connecting rod is only subjected to pull force. In general, the size
of the connecting rod is smaller than the size of the upper and lower connecting
rod, and the strength is considered su�cient. Therefore, only the strength of the
connecting rod can be calculated.

2.4. Checking of crank pin bearing

The crank pin bearing also rotates at low speed, which is subjected to unstable
periodic variation load. According to the load spectrum, the maximum value Pmax

of the bearing force of the crank pin is 20224.7 kg, and the minimum force Pmin is
12983 kg. According to the known conditions, it can be obtained

Fr =
1

3
(2Pmax + Pmin) = 17810.8 kg . (13)

For the installation of a pair of bearings, the bearing force is Fr = 17810.8 kg.
To check the "mechanical design manual", for the 22328 double row spherical roller
bearing (53628) C = 1040 kN, co = 1770 kN, X = 1, Y = 1.8 and Fa = 0. Therefore,
P = Fr + Fa = Fr = 178.11 kN, po = XFr + Y Fa = Fr = 178.11 kN.

The static strength check: according to its working characteristics, the instanta-
neous dynamic load factor is µ = 2.0, and the static safety factor is Ss = 1.35. It
can be concluded that

So =
co
upo

=
1770

2 · 178.11
= 4.79 > Ss . (14)

The process of life calculation is

LH =
106

60n

[
fTCr

Ffp
ζ

]
. (15)
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According to the working conditions of this bearing, check the "mechanical design
manual", take ε = 1.2, fT = 1.0, Ff = 1.35, n = 4.0, then, these parameters are
brought into the formula. After calculation, it is obtained LH = 549321.14 hours. It
can be seen that the bearing life is su�cient.

2.5. General design structure diagram of pumping unit

Figure 3 shows the general design structure diagram of pumping unit

Fig. 3. General design structure diagram of pumping unit

3. Result analysis and discussion

The design dimensions of the pumping unit are shown in Table 1.
The speci�c data for designing other components are as follows. The total length

of the transverse beam is 2993mm. The distance between the two pin holes is , and
the span of the bolt hole is 592mm. The main material of the cross element is H
steel of cross section 606×201. The connecting rod selection size is 102×10mm2 steel
tubes. The maximum tensile force is 202.247 kN. The maximum value of the bearing
capacity of the support shaft is 66641.63 kg, and the minimum force is 45110.96 kg.
The maximum bearing capacity of the tail shaft is 40449 kg, and the minimum force
is 25966 kg. The maximum value of the bearing force of the crank pin is 20224.7 kg,
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and the minimum force is 12983 kg. According to the data in the table, the maximum
stress of the beam is 74.62MPa, less than 77.4MPa under the condition of maximum
load, maximum stroke and maximum thrust. This calculation only considers the
beam body, and does not consider the role of the enhanced version. Therefore, it
can be considered that its strength is enough. The strength of the connecting rod
meets the requirement of use and the size is reasonable. The static strength of
the bracket bearing is greater than 2.1 Ss, and the service life is 14537.05 hours,
and all the requirements are satis�ed. The static strength of the tail bearing is
greater than 4.5 Ss, and the life span is 274972 hours. Therefore, they meet the
requirements. The static strength of crank pin bearing is greater than 4.97 Ss, and
the life span is 549321.14 hours. All of these elements meet the requirements. All
parts meet the requirements of stress and service life, so the design can meet the
needs of production.

Table 1. Design of components of pumping unit

Pumping unit parts Design dimension (mm)

Forearm length A 6600

The length of the rear arm of the beam C 3460

Bracket bearings to the horizontal distance of
the reducer I

3505

Connecting rod length P 5095

The vertical distance of the support bearing to
the reducer (H-G)

5080

Distance between the output shaft of the re-
ducer and the base plane of the base G

3433

The distance between the center of the bearing
and the base plane H

8515

4. Conclusion

The size of the four bar linkage of the beam pumping unit determines its move-
ment performance, dynamic performance and energy consumption. According to the
principle of determining the four link mechanism, the parameters of the four link
structure are obtained. Through the determination of the size of the four connecting
rod of the pumping unit and related theoretical calculations, structural design and
veri�cation, the size of C 1824D-427-240 pumping unit is determined. The structure
design of the pumping unit is designed according to the standard of API. According
to the size of the four link structure of the pumping unit, the structure size of the
parts is determined, and the structure and size of the pumping unit are determined.
According to the design theory of pumping unit, an analytical model of C 1824D-
427-240 pumping unit is established. According to the standard of API and related
theoretical calculation, the structure type and size parameter of pumping unit are
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obtained. The basic calculation of the model pumping unit is completed.
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Research on high-dimensional
clustering algorithm based on

information entropy change trend

Zhang Yunfeng1, Fang Haoshuai1

Abstract. The rapid development of computers and network technology has caused the

explosive growth of scale and dimension of data in the Internet. How to cluster, analysis and mine

massive high-dimensional data automatically is a research hotspot in the area of information re-

trieval and data mining. In order to meet the need for high-dimensional data clustering algorithm

at present preset parameters, the computational complexity is high, according to the information

retrieval system in data distribution characteristics of proposed high-dimensional clustering algo-

rithm based on edge distribution entropy and the change trend. The algorithm �rstly, the samples

are mapped to each dimension, according to the principle of edge di�erential entropy decrease

monotonically separate hierarchical clustering, and then use the single dimensional clustering re-

sults to maximize the edge of di�erential entropy and the principle of sample data are divided

according to the, to get the �nal clustering result.

Key words. Clustering algorithm, high dimension, information entropy, scale out, query

suggestion, relevancy evaluation.

1. Introduction

With the development of computer and Internet technologies, the amount of
social information has taken on an explosive growth tendency so information that
users can obtain is dramatically increasing. In order to better screen, store, index,
retrieve and assess the massive data, the information retrieval system came into
being [1]. Clustering analysis and application of massive high dimensional data is a
challenge in the present �eld of data mining. Researches on theories and methods
suitable for high-dimensional clustering are of great signi�cance to improvement of
data mining theories and extension of clustering application [2].

1North China Institute of Aerospace Engineering Computer and Remote Sensing Information
Technology Institute Hebei, Langfang, 065000, China
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2. Clustering algorithm model based on changing tendency of
information entropy

2.1. Relative de�nitions

The attribute set A = {A_1, A2, · · · , Ad} is composed of d continuous real num-
ber �elds and S is a d-dimensional hyperspace S = A_1×A2× · · · ×Ad. The input
is a d-dimensional data point set V = {v1, v2, · · · , vn}, vj = 〈vj1, vj2, · · · , vjd〉,
where the ith component ui is the value of Ai in S. The component values of dif-
ferent data points in each dimension can be the same. Suppose that ui are di�erent
values of vi1, vi2, · · · , viui

in the ith dimension, respectively. The lengths between
values are, respectively, li1, li2, · · · , liui

, where lix = vi(x+1) − vix. The number of
data points vi1, vi2, · · · , viui

is ki1, ki2, · · · , kiui
. When j = ui, it can be considered

that li(j+1) =∞, where

u1∑
x1=1

k1x1 = · · · =
ui∑

xi=1

kixi = · · · =
ud∑

xd=1

kdxd
= n . (1)

When applying the single dimensional clustering algorithm to the data, each
point will move in the positive or negative direction of the coordinate axis. We use
sij to indicate the moving direction of vij : 1 for positive direction and �1 for negative
direction. Symbol Hi indicates the edge di�erential entropy of the data in the ith
dimension and Hi[vij , vi(j+1)] indicates the edge di�erential entropy calculated within

the interval
[
vij , vi(j+1)

]
in the ith dimension.

2.2. Clustering algorithm

The clustering algorithm based on changing tendency of information entropy can
be divided into three steps.

Step 1: Map the data sample to each dimension and sort the data in each dimen-
sion.

Step 2: Move the data points according to Theorem 1 in each dimension. When
two points meet, merge them and recalculate k (the k value of the new point is
the sum of the k values of the merged points), l and Hi and re-determine the
moving direction s of each data point. Move in this way until only one point
is left in each dimension. Thus we can obtain d-hierarchical cluster trees CT =
{CT1, CT2, · · · , CTd}, as shown in Fig. 1.

In CT i, the data point V = {v1, v2, · · · , vd} is only located in the leaf node and
the clustering node Ci = {ciLayeryNoZ |y ∈ [1, n] , z ∈ [1, n]} is only located in the
non-leaf node. All clustering nodes in the path from the root to each leaf node are
the category of this leaf node. The leaf nodes with the same ancestor belong to the
category indicated by this ancestor [3].

Each hierarchy of the hierarchical cluster tree indicates the merging process of
one clustering. Only two clusters are merged in each clustering, so for each hierarchy
except the bottom hierarchy, only one clustering node has two child nodes. Other
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Fig. 1. Single dimensional hierarchical cluster tree

clusters with only one cluster merely change their positions rather than be merged
with other clustering points during this clustering process [4].

Step 3: Each time, re-partition of the already-made data clustering results by
choosing one from the d hierarchical cluster trees to maximize the increment of the
sum of edge entropies. Each hierarchy of the hierarchical cluster tree indicates the
partition method of a data sample. Partition is de�ned as follows.

Suppose the data sample has a partition pi1 = {ci11, ci12, · · · , ci1m} in the i1th
dimension and has another partition pi2 = {ci21, ci22, · · · , ci2n} in the i2th dimen-
sion, where i1 6= i2. De�ne pi1i2 = pi1 × pi2 as the result by re-partitioning the pi1
partition result with pi2 . The calculation method is as follows:

pi1i2 = pi1 × pi2 =

=
{
cz

∣∣∣cz = cx
⋂
cy, x ∈ [1, i1m] , y ∈ [1, i2n] , z ∈ [1, i1m× i2n]

}
. (2)

2.3. Time complexity and space complexity of the algorithm

The algorithm complexity can usually be classi�ed into time complexity and
space complexity. Time complexity can be expressed as CPU cost and I/O cost
while space complexity can be expressed as memory cost [5]

First we will analyze CPU cost. This algorithm can be divided into three steps:
initialization, single dimensional clustering and overall partition. The complexity of
each step is shown in Table 1.

Secondly we will analyze I/O cost. The process of initialization requires reading-
in of all data of the data points and then, respectively, writing-into d �les indicating
data of di�erent dimensions. The cost of this process is 2nd. The process of single
dimensional clustering requires reading-in of single dimensional data and writing the
merged result into the result �le after each merging. This cost is n, so the general
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I/O cost of d dimensional merging is nd [6]. Each partition requires reading-in of a
clustering result so a maximum of c − 1 clustering results are needed to produce c
clusters. This cost is c− 1. The I/O cost of the export is 1. Therefore, the general
I/O cost of this algorithm is3nd+ c.

Table 1. Algorithm complexity

Step Operating complexity Description

Data partition nd+ dn logn Partition the data points to the
single dimensional data and
sort them in ascending order.

Single di-
mensional
clustering

dn(n+ 1) Cluster in each dimension until
one point is obtained.

Data set parti-
tion

c(n logn+ n) Partition the data set to obtain
c clusters.

General com-
plexity

dn2 + (d+ c)n logn+2nd+ cn General computational com-
plexity of the algorithm.

The memory occupied by the algorithm or �space complexity� is also one of
the important performance indexes. When moving the single dimensional data, we
should load data of a certain dimension of all data points into the memory and then
move them until one merged point is obtained, so the memory cost is O(n). When
merging data points, we should keep on inquiring serial numbers of data points in a
certain interval in a certain dimension (if after sorting the d-dimensional data of the
data points in ascending order, we merge the points in the [x1, x2] interval with the
points in the [x3, x4] interval, then during the partition process, we need to inquire
which points are included in [x1, x2] and which points are included in [x3, x4] in
order to obtain the intersection with the current data set.). This requires loading
the values and serial numbers of all points in all dimensions in ascending order into
the memory for inquiries. However, we needn't operate these data so we can load
them into several servers according to interval and dimension and start the inquiry
service program for the partition program to inquire. Therefore, theoretically, it can
meet the data set with in�nite n and d. So, the limitation of this algorithm on the
memory exists in the merging stage. The required memory or space complexity is
O(n).

3. Experiment design & result analysis

3.1. Experiment assessment indexes

This study tests e�ciency and accuracy of this algorithm with random and public
data:

1. E�ciency: Test relations between operating time, data quantity, dimension
and cluster quantity:
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2. Accuracy: Test discrepancy between the clustering result derived from this
algorithm and the standard result and compare it with other algorithms.

3.2. Generation method of synthetic data

The methods for randomly generating data sets in this experiment include uni-
form distribution and normal distribution. Parameters in the generation program
for uniform distribution data sets can be seen in Table 2, which includes coor-
dinates 〈ci1, · · · , cid〉 of k d-dimensional core points core1, core2, . . . , corek, corei,
data point quantity nk produced by corei and generation radii < ri1, ri2, · · · , rid >
of corei. The method of generating data points: choose the core points in sequence
to produce data points of the designated quantity. The coordinate of a certain data
point in a certain dimension j equals to the coordinate cij of corei plus a value ran-
domly and uniformly produced from [−rij , · · · , rij ]. Thus the data point produced
by each core point is located within a hyper-rectangle cube with the core point as
the center.

The generation program for normal distribution data sets is to randomly produce
data samples in each dimension according to normal distribution. The number of
parameters needed is the same as the number of parameters needed in the generation
program for uniform distribution data sets, but cij indicates the average µij of the
ith normal distribution in the jth dimension, rij indicates the standard deviation
σij and ni indicates the data point quantity of the ith normal distribution.

Table 2. Generation parameter of data samples

Coordinate Radius Quantity

core1 〈c11, · · · , c1d〉 〈r11, · · · , r1d〉 n1

core2 〈c21, · · · , c21d〉 〈r21, · · · , r2d〉 n2

· · · · · · · · · · · ·
corek 〈ck1, · · · , ck1d〉 〈rk1, · · · , rkd〉 nk

3.3. Experiment result and analysis of synthetic data

3.3.1. Test generation of data set. In order to test the performance of this
algorithm, this research has tested the performance and quality of this algorithm
with the randomly generated data samples derived with the generation method of
synthetic data sets. The performance test includes relations between running time,
data points, dimension quantity and cluster quantity. Each experiment will record
total running time of clustering, reading/writing time of the hardware I/O and
reading/writing & computing time of the program in the memory. Accuracy test
includes clustering quality assessment of this algorithm and comparison of clustering
quality with other clustering algorithms [7].

The following is the performance result derived from synthetic data. The testing
machine used is Pentium 4CPU 2.66GHz with memory of 1.49GB.

Figure 2 displays the running time for data points to increase from 1000 to 100000.
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The data sample is composed of 10 dimensions, including 10 clustering centers. The
algorithm presets the cluster quantity to be 128. It can be seen that the curves
for total running time and computing time in the memory have shown quadratic
characters while the reading/writing time of the hardware I/O are linearly related
to data point quantity. All conform to the description of algorithm complexity.

Fig. 2. Relationship between data point quantity and running time

Figure 3 displays the running time for data dimension to increase from 10 to 100.
The data sample is composed of 10000 data points, including 10 clustering centers.
The algorithm presets the cluster quantity to be 128. It can be seen that the total
running time, the computing time in the memory and the reading/writing time of
the hardware I/O are all linearly related to dimension quantity. All conform to the
description of algorithm complexity.

3.3.2. Cluster quantity. Figure 4 displays the running time for cluster quantity
to increase from 2 to 1000. The data space is composed of 10000 data points, includ-
ing 10 dimensions. It can be seen that the total running time and the computing
time in the memory have shown quadratic characters while the reading/writing time
of the hardware I/O remains basically unchanged. All conform to the description of
algorithm complexity.

3.3.3. Accuracy. In order to test clustering quality, this research adopts the
Davies�Bouldin index method as the parameter for internal assessment. The external
assessment will adopt the Rand measure (William M.Rand 1971) method and at the
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Fig. 3. Relationship between dimension and running time

Fig. 4. Relationship between cluster quantity and running time
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same time test the two clustering quality parameters from algorithms of CLIQUE[70]
and DBSCAN[57] as a horizontal comparison.

This research mainly focuses on overall accuracy and stability of the algorithm.
The formula for calculating Rand Index is

R =
TP + TN

TP + FP + FN + TN
, (3)

where TP refers to the quantity of pairs which are in one category in theX clustering
method and also in one category in the Y clustering method, TN refers to the
quantity of pairs which are not in one category in the X clustering method and
not in one category in the Y clustering method, FP refers to the quantity of pairs
which are in one category in the X clustering method but not in one category in
the Y clustering method, and FN refers to the quantity of pairs which are not in
one category in the X clustering method but in one category in the Y clustering
method.

The value range of Rand Index is [0,1]. The closer it is to 1, the better is the
clustering quality.

This research tests accuracy and stability of DBSCAN, CLIQUE and this al-
gorithm with the same synthetic data. DBSCAN represents the method based on
density and CLIQUE represents the high dimensional subspace clustering method.
Use randomly chosen radii, core points and data point quantity to produce 8 data
sample generation program and then use these programs. Each program can ran-
domly produce 100 samples whereas range of core point quantity is [2, 32], range of
dimension quantity is [1, 20] and range of core point coordinate is [-500, 500]. The
value range of radius is two times the range of core point coordinate divided by core
point quantity. The value range of the data sample quantity is [50, 5000]. CLUQUE
& DBSCAN clustering algorithm requires presetting of parameters. For every 100
data samples, this experiment will use optimal parameters derived from previous
experiments of the same dimension and the same data sample quantity.

Cluster each sample with the above three clustering methods and calculate Rand
Index of each clustering result. Average the experiment results produced by 100
samples using the same program. Figure 5 is the RandIndex histogram of the results
of each clustering algorithm.

In perspective of average and variance, we can see that this method is not only
superior to CLIQUE and DBSCANmethods in average accuracy but also remarkably
enhances stability. The signi�cant di�erence results derived by testing this algorithm
and the other two algorithms with F-test are 0.009542 and 0.001241. This shows
that there is a signi�cant di�erence in RandIndex variance between this algorithm
and CLIQUE or DBSCAN algorithm, that is, stability of this algorithm is superior
to that of CLUQUE or DBSCAN algorithm.

According to the display of Rand Index, this method is more stable and accurate
in performance while DBSCAN or CLIQUE methods will cause big �uctuations
due to poor matching of its preset parameters with the data. This is caused by
limitation of the method itself. This is because other algorithms require presetting
of some thresholds but the optimal thresholds are usually hard to be set for a new
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Fig. 5. Rand index of each clustering algorithm

data sample. Sometimes DBSCAN presents very low accuracy especially in handling
high dimensional data. Sometimes this algorithm also has lowered accuracy for the
clusters of these data samples cannot be divided by the axial hyperplane.

This research adopts the publicly downloaded data sets for specially testing clus-
tering algorithms provided by School of Computing, University of Eastern Finland
[1]. The data set is Aggregation, including 788 data points and 7 pre-labeled clusters.

Table 3 displays parameters corresponding to cluster quantity. It can be seen that
when cluster quantity is 12 or 16, the sum of single dimensional entropy tends to be
stable; when cluster quantity is 12, RandIndex reaches its optimal value 0.897855.
So a good clustering result is achieved.

Table 3. Experimental results of actual data

Cluster Number Sum of entropy DB index Rand index Wk Index

2 0.114169 1.282283 0.250901 3109.942

3 0.26294 4.400401 0.303001 3012.798

4 1.580926 3.78385 0.719845 2364.641

5 1.625217 3.177317 0.720025 2334.227

9 1.731556 2.75222 0.727604 2241.779

12 3.387532 2.528866 0.897855 1217.795

16 3.763777 1.844235 0.890344 898.7305

20 4.001007 1.497016 0.887028 767.9188

23 3.964119 1.417218 0.880108 753.0749

29 4.046071 1.48137 0.865389 712.2116

35 4.3863 1.727795 0.840908 664.814
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3.4. Summary of algorithm

Through the above analyses, we can see the following advantages of this algo-
rithm:

1. Stable. The results of many clustering algorithms such as K-MEANS and
DBSCAN have a lot to do with preset parameters. Some algorithms, BIRCH for
example, are sensitive to input sequences of data. But in this algorithm, the output
for a de�nite input is also de�nite. Moreover, there is no need to set parameters so
it requires no knowledge from any particular �elds. This is of great signi�cance to
applications in di�erent �elds.

2. Parallel process in a distributed way. The data can be split into single dimen-
sional data for clustering separately, so the single dimensional data can be sent to
distributed servers for parallel process.

3. It has overcome the problem of intervals between data points of high dimen-
sional data tending to be equal. This algorithm does not adopt intervals to calculate
similarities between data points so it can overcome this problem.

4. Discussion

High dimensional data clustering is a very complicate problems so there are still
many areas to be further studied and perfected. Though the method proposed in
this paper has made some improvements in computational complexity and stability,
the long-time study �nds that the essence of this study is to divide the data set
with a plane parallel to the coordinate axis of the hyperspace. For data sets that
cannot be divided by a plane parallel to the coordinate axis, this method cannot
achieve good results. This research proposes to �rst reduce dimensionality with the
principal component analysis (PCA) and then employ this method for clustering.

5. Conclusion

Taking reduction of algorithm complexity and dependence on preset parame-
ters as the target, this research proposes a clustering algorithm based on changing
tendency of the sum of edge di�erential entropy according to basic principles of
information theory. It �rst performs separate hierarchical clustering to the data
sample mapped to each dimension in the principle of monotone decrease of infor-
mation distribution entropy and then obtains the �nal results by partitioning the
single dimensional clustering results in the principle of maximizing the sum of single
dimensional information entropy. The research veri�es this algorithm with synthetic
data and actual data.

The study shows that this algorithm, by adopting the method of �rst performing
clustering in a single dimension and then repartitioning the data samples with the
single dimensional clustering results in the whole data space, can remarkably en-
hance its computational e�ciency compared with other existing algorithms such as
CLIQUE ad DBSCAN. In additional, both experimental results derived from syn-
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thetic data and actual data samples show that this method is not only superior to
other existing algorithms in accuracy but also has remarkably increased its stability.
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user behavior forensics analysis

system of computer network based on
system log1
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Abstract. In order to make the forensic analysis of crime occurred in the computer system

and computer network, and access to the electronic evidence of invasion, based on the background

of "research on security guarantee system for large-scale network", the forensic analysis of computer

network user behavior based on log system is made. First of all, the computer network intrusion

forensics technology is analyzed, and then the functions of forensic analysis system are designed.

In addition, the working �ow and function of two subsystems of log collection agent and forensics

server are focused on and realized. Moreover, the performance of the system is tested and analyzed

from the system log collection performance, data transmission performance and other aspects. The

test results show that the system has the basic function of network forensics, and meets the design

requirements. In a word, the system designed basically meets the expected purpose.

Key words. Computer crime, forensic analysis, system log, log collection.

1. Introduction

With the development and popularization of computer and network technology,
the current computer crime shows a growing trend. The loss brought about by
the computer crime is incalculable, which brought great damage to the national
life and social stability and development. But when the criminals made use of
computer for crime, there was no body description nor �ngerprints, let alone others
to be used as circumstantial evidence. While the evidence is always in the form
of electronic information, easily broken and changed, so the research on computer
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forensics technology is particularly important [1]. As a result, this paper intends
to take the system log records of criminal behavior as the foundation, to study
the methods of computer network forensics. A LAN oriented distributed computer
network user behavior forensics based on system log is designed. It is expected to
make statistics and correlation analysis of the system log through the system, and
to supply it for emergency response reference or as the court evidence. As a result,
criminals should pay the price for their crimes and consequences, so as to purify
the network environment, renovate the network order, and safeguard the national
security and social stability.

2. Experimental procedure

2.1. Computer network intrusion forensics based on system
logs

The implementation model of computer network forensics based on system logs:
Based on the feasibility and legal requirements of the system log as electronic ev-
idence, this paper �rst of all proposes a computer network user behavior forensics
analysis system model based on system log. The main idea of designing computer
network user behavior forensics analysis system is to collect the system logs of the
key servers in a LAN to a special forensic server for collective storage and forensics
analysis. The theoretical model of the system is shown in Fig. 1.

Fig. 1. The computer network user behavior forensics analysis system model based
on system log

Figure 1 shows that the system consists of two parts: log collection agent and
forensics server. The system uses client/server structure, and the log collection
Agent is the client side, deployed in the protected servers in the LAN, responsible
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for the integrity veri�cation, acquisition and sending of system log information on
the target machine. The con�guration �le de�nes the parameters of collection agent;
forensics server is the server terminal of system, which is responsible for the receiving
and preservation of log data sent by Agent. In addition, it is also necessary to make
the integrity protection and veri�cation of the original log data [2]. At the same
time, the forensics server is responsible for preprocessing and management of log
data. The forensics analysis of log data is the most important function of forensics
server. According to the instructions of forensic personnel, statistics analysis and
association analysis is needed for log data in the database.

Log forensics analysis:
Computer forensics analysis is confronted with massive data and it cannot be

analyzed manually one by one. It is necessary to use computer system to screen
evidence materials related to computer crimes. The log statistics analysis process is
shown in Fig. 2.

Fig. 2. Statistical analysis �ow chart

2.2. Functional module design of computer network user be-
havior forensics analysis system

The system is a distributed computer network forensics system based on agent.
It takes a LAN as the application background, and the system log of server in LAN
for forensics object. The overall goal is to make a forensic analysis of the intrusion
occurred in the important LAN server, and to dig out the illegal behavior evidence
of network users in the system log [3]. In this paper, for the computer network user
behavior forensics analysis system based on the system logs, the speci�c module is
shown in Fig. 3.
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Fig. 3. System overall function module diagram

2.3. Major functions implementation of computer network
user behavior forensics analysis system

Log collection agent sub-function implementation:
The log collection agent subsystem consists of three modules. Among them, the

data management module is responsible for the data storage format conversion, data
integrity veri�cation and calling action and the corresponding time stamp in the log
module recording of data management process, and the abnormal changes of system
log. The data transmission module is responsible for collecting the initialization
parameters and dynamic adjustment, the establishment and management of the SSL
channel, regular acquisition of data log according to the con�guration parameters.
And through the SSL channel, it is transmitted to the server, and at the same
time, it completed the recording of data transmission process and history. The log
module is mainly responsible for accepting the calling of other modules, recording
the process of collection agent end forensics operating, abnormal cases of system log
�les, and the corresponding time stamp information, so as to maintain the integrity
of evidence chain. The work-�ow of the log collection agent is shown in Fig. 4.

Implementation of log forensics server sub-functions:
The log forensics server module is one of the core modules of the system, which

is mainly responsible for the acquisition of log information on the server. Among
them, the data receiving module mainly receives the log data from the log collection
agent entity, which can complete the establishment of SSL channel, receive data and
synchronization, and record the receiving process. The data management module
can store all kinds of logs in layers according to the source IP address, log type, and
receiving time. For log �les in the same type and the same source, they are merged
to a paper �le. At the same time, this part functions, for the log data received, can
carry out data integration, data cleaning, data reduction and so on pretreatment
[4]. And the CES algorithm is adopted to make signature encryption of original �les
received, to conduct ACL control of the log �le, so as to ensure that only those who
have the administrator privileges can access to. The data analysis module is mainly
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Fig. 4. Work-�ow chart of log collection agent

based on the instructions of forensics personnel for statistical analysis, clustering
and correlation analysis of log data, to form the forensic analysis report, and to send
the forensic analysis results to the GUI module and display in an appropriate way.
The data query and submit module can make all kinds of queries of the original log
�les according to forensics analysis results, extract the query result, and perform
the signature lock using CES algorithm, so as to form the log evidence �le. This
module should also have the function to verify the integrity of the extracted log �le.
The parameter con�guration module is responsible for receiving the instructions
sent by the GUI module about modifying server parameters con�guration. Modify
the corresponding parameter in the con�guration �le can control the corresponding
parameters con�guration in the data receiving module and data processing module.
The log module is designed for being called by the other modules and recording the
whole process of data processing and abnormal situations in the forensics process [5].
Gu I module is mainly responsible for modifying the server con�guration parameters,
accepting statistical analysis, association analysis, query extraction and so on request
operations on the interface of users, and transmitting the request to other modules.
In the meanwhile, it calls the data of log module and displays the data processing
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record. The work-�ow of the forensics server is shown in Fig. 5.
The users interact with the forensics server through the GUI interface, and start

the log receiving module, parameter con�guration module, data analysis module,
and query module through the start menu items. In addition, uses complete the
server con�guration, receiving and management of log data, forensic analysis of log
data, query and log data extraction and submit, forensic results integrity veri�cation
and so on. The data management module and forensics log module are called by
other modules in the process of forensics.

Fig. 5. Work-�ow chart of log forensics server

Interface implementation:
The log collection agent interface is shown in Fig. 6. The client con�guration

�le ssl_client.conf provides the relevant parameters setting of client, including client
certi�cates and keys, evidence server IP address and port, acquisition time interval
and acquisition object, client log �le name and storage path and so on information.
By directly editing the �le, we can change the parameters of client; history record
�le send_history.txt records the history information that each log transfers, for
the reference for the next transmission, so as to achieve the integrity veri�cation
of incremental transmission and log �les. The client log �le records the process,
log management, abnormal cases and so on information in the process of each log
transfer, and it is �lled in and inquired by the client log module. The interface
relationship of the forensics server subsystem is shown in Fig. 7.

Design and implementation of forensic database:
The forensic database is used to save the processed log data, and the database can
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provide us with quick queries. Relational databases can also realize the association
query of multiple database tables. Database queries can be simply implemented only
by using SQL statements, which are incomparable for queries bade on �le. Therefore,
this system uses the database based scheme in statistical analysis and correlation
analysis of logs.

Fig. 6. Interface to a forensic server subsystem

Fig. 7. Interface to a forensic server subsystem

The system uses relational database, using open source database software MySQL
to build the database, MySQL has cross platform, simple management and opera-
tion, able to handle large data, quick query and so on advantages. The database
is de�ned based on a log, a data table. The �eld of table is basically correspond-
ing to attribute domain of various log record tables, just removing some irrelevant
attribute domains and adding Logsource (log source, the source host IP address),
Result (possible outcome of events) and Condnion (event condition) [6]. The �elds
are set to facilitate the subsequent forensic analysis, and to �ll in the value of these
�elds in the data preprocessing of log data written to the database.

3. Results and discussion

After the completion of construction of computer network user behavior forensics
analysis system based on the system log, it is necessary to test various functions of the
system and determine the performance of the system, so as to verify the feasibility of
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the system. For the design of the computer network user behavior forensics analysis
system, part of the test results are as follows.

3.1. Acquisition performance test

It mainly tests the adaptability of collecting agents to load changes and the
rationality of acquisition model. The test method is to change the generation speed
of system log through the conscious �le, directory operations and process operations.

During the test process, when the speed of the log data changes rapidly, the
acquisition agent can automatically adjust the acquisition time interval, and timely
collect and transfer the log data, which executively protect the log security. When
the speed of log data generation varies little, the acquisition time interval remains
stable. Experiments show that the system has a certain self-adaptability. However,
there is a certain lag in the adjustment action, and the choice of time interval
increments a�ects the sensitivity of adjustment. The calculation of the initial time
interval will also a�ect the subsequent dynamic adjustment. If it is too large or too
small, it will lead to frequent adjustment of the time interval during the acquisition
process. The choice of the minimum time interval should be determined by the
maximum load of the system.

3.2. Transmission performance test

Through the SSL channel packet transmission, the speed and accuracy between
the acquisition agent and forensic agent are mainly tested. Table 1 gives the time
taken for di�erent size log data transmissions with di�erent lengths of the RSA key
(the data transmission bu�er takes 4096 bytes). As can be seen from the table, the
length of the RSA key has little e�ect on the transmission time. This is because in
the SSL protocol, the RSA public key algorithm is used to exchange the session key,
the data transmitted is encrypted with a symmetric key algorithm DES and CBC3
[7]. The changes in key length RSA only a�ect DES session key encryption speed.
DES key is only 64 bits long, and a data acquisition only exchanges for a session key.
In the case of software implementation, the DES algorithm is 10 times faster than the
RSA algorithm, and 100 times faster than the hardware implementation. As can be
seen from the table, the data transmission time is directly proportional to the data
size. The SSL channel transmission data can reach an average of 600KByte/second,
which fully meets the needs of log transmission of server in a medium-sized and
small-sized LAN. As long as the suitable acquisition time interval is selected, it will
not cause the evidence server congestion and denial of service.

Another factor a�ecting the transmission speed of the acquisition is the log bu�er
size, which is the size of log data for one time transmission of a client and server.
Table 2 gives the e�ect of bu�er on the log transmission speed (RSA key length is
4096 bits). As can be seen from the table, the bu�er size is directly proportional
to the data transmission speed. However, as discussed in [8], when a transmission
data is less than the bu�er size, the capacity of the bu�er has little e�ect on the
transmission speed. Of course, the bu�er cannot be too large. On the one hand, it is
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because the sampling interval is not too large, and the amount of log data generated
will not be too great. On the other hand, the bu�er is too large so that it requires
fragmentation and reassembly in the TCP message, and large bu�er requires large
memory that it will a�ect the performance of the host server. In combination with
the above factors, the system bu�er is set to 4096 bytes in size.

Table 1. Transmission performance test

RSA key length

Data size 1024 bits 2048 bits 3072 bits 4096 bits

1000 kB 1.613 1.583 1.604 1.617

2000 kB 3.195 3.275 3.149 3.249

4000 kB 6.309 6.449 6.374 6.509

8000 kB 12.528 12.613 12.463 12.614

12000 kB 18.797 18.867 18.591 18.572

Table 2. E�ect of bu�er size on the speed of log transfer (time unit: seconds)

Bu�er size

Data size 1024 bytes 2048 bytes 4096 bytes

8000 kB 47.874 24.419 12.614

20 kB 0.150 0.095 0.080

10 kB 0.050 0.050 0.047

3.3. Log analysis test

Log analysis test mainly tests the accuracy and reliability of system's analysis of
log data. After the test, the system can count on the log data according to the type
of event, establish a network and user behavior, and �nd the abnormal log records.
The two times statistics provided by the system can further narrow the scope for
analysis. The number of data in the database table is an important factor a�ecting
the performance of statistical analysis. The greater the amount of data, the slower
the query and statistics, and the greater the demand for memory at the same time.
Therefore, the database must be backed up regularly, with only a week's data left
in the database and reimported into the database when needed.

In association analysis, the system can �nd the relevant log records of security
events according to the time stamp and relevant features of log records. Factors
a�ecting the accuracy of correlation and analysis velocity are the main selection of
4t value, correlation property, and relevant log table, and the de�nition of condition
and result �eld value in the pretreatment. What is more, the accuracy of clock
synchronization network is also an important factor.

The memory size of the forensic server also a�ects the performance of log analysis,
and large memory support is required for database query, log query and extraction.
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4. Conclusion

Through in-depth research and analysis of computer forensics technology, system
log forensics analysis and other related technologies, computer network user behavior
analysis system based on the system log is designed. In the design process, this
paper chooses client/server structure as a whole system structure. At the same
time, it makes speci�c design and implementation of two sub-systems log acquisition
agent and forensics server constituting the whole system. The work �ow is given,
and the system database and interface are designed. Finally, the performance test
of the designed system is carried out. The analysis results show that the system
has basically reached the expected goal, to achieve the requirements of computer
forensics.
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Security of robot wireless network
remote control system

Yu Lin1, Ding Mi1

Abstract. The purpose is to study the security of wireless remote-control system of robot.

A new EAP-TLS Plus protocol is proposed. At the same time, the robot remote control system

is simulated by using the advantages of the absolute safety of quantum technology. The security

performance is analyzed and studied respectively. In the case of improving the security performance

of user access authentication, the simulation and analysis of the robot remote control system based

on EAP-TLS Plus protocol are carried out. A quantum secure direct communication scheme and a

quantum signature scheme based on four - particle cluster state are proposed. The simulation and

performance analysis are carried out. At last, the idea of applying quantum technology to robot

remote control system is put forward, and theoretical analysis and research are carried out. The

results show that the security performance of the new protocol is enhanced, but the time complexity

(authentication delay) is also increased. Therefore, it can be concluded that the improvement is

only a temporary solution. Only by physically changing its security performance can this security

problem be better resolved.

Key words. Wireless local area network, robot, information security, quantum communica-

tion, remote control.

1. Introduction

Human society has entered the era of information. With the rapid development
and popularization of computer information technology, people depend too much
on the information life. People's awareness of the protection of information has
gradually risen from the embryonic stage to a more conscious stage. All kinds of
communication means are inseparable from our daily life [1]. It has become the basic
requirement to ensure communication �uency and communication security. Wireless
local area networks (LAN) has good mobility and low operating cost. It can also
organize the network �exibly, and management is very convenient. This makes up
for the lack of wired networks [2]. At present, wireless LAN has been widely used in
manufacturing, robotics and other �elds. With the continuous improvement of the
wireless LAN transmission rate, the application of the wireless LAN in the robot

1Zhengzhou Shuqing Medical College, ZhengZhou Henan, 450064, China
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industry is increasing. Many robots work in dangerous and harsh environments,
which can greatly a�ect the e�ciency and personal safety of the operator. Therefore,
the control of robots, from traditional �eld control and wired network control to
wireless network control, has become an urgent need for the development of robots
[3].

However, the security performance of the wireless local area networks is not as
stable as that of wired network. At present, the most widely used wireless LAN is
the 802.11 standard. Although 802.1x makes up for some of the 802.11 standard
defects, there are still some shortcomings. The reason is that the protocol lacks
two-way authentication between the client and the authenticator, and lacks the
encryption protection of the authentication message. Illegal users can use these
defects to achieve a variety of attacks [4]. There are three main types of attacks:
the �rst is a fake attacker attack, the second is the session hijacking attack, and the
third is to refuse service attacks. These security �aws have become the bottleneck
of restricting the development of robot remote control technology based on wireless
network to a certain extent. Figure 1 is a schematic diagram of the IEEE802.1x
protocol architecture. Figure 2 is the IEEE802.1x authentication protocol process.

Fig. 1. 802.1x structure diagram

The security performance of robot remote control technology based on wireless
network should be improved. Wireless LAN not only can play a greater role in robot
development, research and application, but also can make wireless remote-control
technology more secure and practical. This is conducive to the further development
of robot remote control technology and the popularity of robots in various �elds. At
the same time, it will also help promote the industrialization of robots, especially
industrial robots in our country. Therefore, it is an important task to realize secure
information transmission in the wireless remote control of robot. However, so far,
no attention has been paid to the security of the robot remote control system in
wireless networks.
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Fig. 2. IEEE802.1x authentication protocol process

2. State of the art

2.1. Research status of wireless network security

At present, both at home and abroad have put forward the wireless LAN secu-
rity standards. However, they have some security �aws [5]. In 2004, in view of the
DCF mechanism in the MAC layer of IEEE802.11 protocol, Ji Xiaomei conducted
an analysis and improvement. The improved solution achieves better channel uti-
lization e�ciency and more stable performance through two "virtual competition"
phases. In 2005, Feng Liuping and Liu Xiangnan analyzed the vulnerability of
IEEE802.11 authentication protocol and denial of service attack. In 2006, based on
the framework of 802.1x protocol and EAP protocol, Zhao Lin proposed a password
based authentication enhancement scheme. The scheme can meet the security re-
quirements of WLAN authentication to a certain extent, and it e�ectively enhances
the authentication mechanism of 802.11i. In 2010, in order to enhance the security
of IEEE802.1x protocol, Du Hui and Zhu Zhixiang proposed a new scheme, that
is, EAP-DH. Through veri�cation of the identity of the authenticator, the scheme
can e�ectively prevent the impersonation of the IEEE802.1x protocol from attack,
so that the security performance of the protocol has been improved. In 2011, Zhou
Chao pointed out the root of the 802.1x protocol being vulnerable to attack. Pro-
tocol state machines are unequal and incomplete. It lacks protection for message
integrity and source authenticity [6]. Then, an improved scheme of bidirectional
challenge handshake and o�ine veri�cation is proposed and implemented.

Quantum cryptography, based on quantum mechanics, is di�erent from classical
cryptography. It is the full use of physical characteristics. The quantum cryptog-
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raphy can develop an absolutely secure cryptosystem. Because if there is external
eavesdropping, it will disturb the original state of the quantum system. Theoret-
ically, the quantum states of quantum channels in quantum cryptography are not
allowed to be measured by illegal users, because illegal measurements are bound to
disturb both sides of the communication. In terms of methods, quantum cryptog-
raphy is not used to transmit secret messages, but rather to transfer and distribute
encryption keys (or create a password manual). In practice, quantum cryptography
can guarantee the absolute security of communication. However, there are still some
shortcomings. The quantum system itself is susceptible to interference from the
communication environment, resulting in a higher communication error rate. It will
a�ect the communication quality [7].

Compared with foreign countries, China's achievements in quantum cryptogra-
phy is more signi�cant. China University of Science and Technology achieved a
key distribution of 150 km. Through the use of communication �ber optic cable,
the long distance QKD was completed in Beijing, Xianghe and Tianjin. After long
time monitoring, the bit error rate has been stable below 6%. At the same time,
USTC (University of Science and Technology of China) has successfully developed a
prototype of quantum telephone. Through the commercial optical �ber network, a
quantum communication network has been set up in Hefei, and a free quantum tele-
phone network has been set up. The network's coverage is 1000 square kilometers,
and it has successfully implemented a call encrypted quantum phone. This achieve-
ment not only demonstrates the absolute security of quantum communication, but
also shows that quantum communication technology can be realized completely. At
the 2011 Nobel prize winner forum in Beijing, Professor Pan Jianwei announced
that China plans to launch a quantum communications satellite in 2016. Quantum
information technology ensures that our calls are not bugged, and quantum unique
parallel computing capabilities make quantum computing extremely fast.

2.2. Research status of robot remote control

With the continuous research and exploration of human nature, more and more
complex and dangerous working environment is involved in the �eld of space, ocean
and so on. In this context, people began to study the robot remote control technology
in the 60s of last century [8]. The robot remote control system (RRCS) can provide
basic functions, such as remote operation, data transmission, remote monitoring,
network conversation and abnormal feedback. With the continuous development of
science and technology, especially the maturity of computer information and commu-
nication technology, robot remote control system has become more rapid, convenient
and intelligent [9]. The robot remote control system is designed according to the
speci�c task and the actual working environment. As shown in Figure 3, it describes
a simple framework for the hardware of a robot remote control system. A robot
remote control system usually performs point to point remote control by the control
device and the execution device. Furthermore, it can be further designed as remote
control of multi-control equipment by multi-control equipment. The robot remote
control system is mainly composed of control equipment, execution equipment, wire-
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less communication module and sensor. The hardware frame diagram of the robot
remote control system is shown in Fig. 3.

Fig. 3. Robot remote control system hardware frame diagram

When the robot remote control system is working, the sta� login to the remote-
control client at the control device end, and realize the remote control of the device
(robot) in the human-computer interaction interface [10]. The control device com-
municates with the execution device through the wireless local area network. As
shown in Fig. 4, it can be seen that on the basis of wireless LAN communication,
this paper is mainly responsible for the authentication of client (control device) and
server (execution device). It can ensure the safe communication between the control
device and the executing device, and verify the origin, authenticity and integrity of
the transmitted data. Further, it guarantees that the remote execution equipment
is not damaged, the remote operation is free from interference, and the surround-
ing operating environment is not polluted and destroyed [11]. The connection and
control of the robot can be realized by installing the client at the end of the con-
trol device. After the connection is successful, the man-machine conversation can
be carried out. The software frame diagram of the robot remote control system is
shown in Fig. 4.

Fig. 4. Robot remote control system software frame diagram

To sum up, the robot remote control technology is an important part of robot
technology. The wireless communication technology is used in the robot remote
control system, which can not only realize the remote control of the robot, but also
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make the robot interact with other intelligent software and intelligent sensor. It will
make robots more intelligent. The remote control of robot plays an important role in
deep-sea exploration, space exploration and dangerous environment operation. At
present, the research of robot remote control technology is not mature enough. The
security risks of user access control are not noticed. The security defects of wireless
networks restrict the development of remote control technology to a certain extent.
In the �nal analysis, its physical limitations limit the security performance of com-
munication technology. Only through breaking through this physical limitation can
we fundamentally solve the security problems of access control. Although quantum
communication is a new subject, it has shown its strong security advantages. Quan-
tum cryptography can ensure unconditionally secure communications. Therefore,
a new EAP-TLS Plus protocol is proposed in this paper. At the same time, the
remote control system of robot is simulated by using the advantages of the absolute
safety of quantum technology, and the security performance of the robot is analyzed
and studied respectively.

The following aspects are mainly studied. The basic knowledge and existing prob-
lems of IEEE802.1x protocol and EAP protocol are introduced. The authentication
process and authentication method of IEEE802.1x protocol and EAP protocol are
analyzed, and several security defects of IEEE802.1x/EAP authentication protocol
and the speci�c reasons for these defects are deeply studied. The EAP-TLS Plus
protocol is proposed, and the robot remote control technology is used to analyze
it. First of all, the IEEE802.1x / EAP authentication protocol security �aws were
studied. A kind of targeted improvement protocol is proposed and its safety perfor-
mance is simulated and analyzed. Then, the robot remote control was introduced.
In the case of improving the security performance of user access authentication, the
simulation and analysis of the robot remote control system based on EAP-TLS Plus
protocol are carried out. A quantum secure direct communication scheme and a
quantum signature scheme are proposed. According to the strong correlation degree
and large entanglement of four particle cluster states, a quantum secure direct com-
munication scheme based on four particle cluster states and a quantum signature
scheme are proposed. The simulation and performance analysis are also carried out.
Then, the idea of applying quantum technology to robot remote control system is
put forward, and theoretical analysis and research are carried out.

3. Methodology

3.1. Research on RRCS based on EAP-TLS Plus

EAP-TLS protocol is vulnerable to session hijacking. From the three points of
view, the shared secret instruction, the shared encryption and decryption key and
the increase of the authentication between the client and the authenticator, the
EAP-TLS protocol is improved. A more secure EAP-TLS Plus authentication pro-
tocol is proposed. The pre-shared secret instruction completes the authentication of
the client identity at the �rst time, and the legal user refuses directly. If an illegal
user initiates an authentication request, when the authentication server's Challenge
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is queried, the illegal user needs to submit a hash value Xi in the con�dential in-
struction information shared by the client and the authentication server in advance.
The possibility of an incorrect user submission is clearly very low. This not only
saves the computing resources and storage resources for the authentication server,
but also e�ectively avoids malicious denial of service attacks. Therefore, it e�ectively
protects the key information frames transmitted during the authentication process.
The improved EAP-TLS Plus authentication protocol is applied to RRCS. The se-
curity performance of the new authentication protocol is analyzed by simulation and
compared with the EAP-TLS protocol.

3.2. Research of RRCS based on quantum technology

Traditional cryptography systems are based on mathematical calculations, where-
as quantum cryptography is based on quantum mechanics. Quantum cryptography
is an absolute security cryptosystem based on quantum attributes. The Heisen-
berg uncertainty principle shows that if a quantum state is measured, it must cause
some degree of interference to the original quantum state. The measured quantum
states will be di�erent from those of the original state. Similarly, if a quantum
system is measured, the resulting measurements cannot include complete informa-
tion about the original system. According to the uncertainty principle, it can be
known that both sides of the communication can detect the eavesdropper at the
�rst time. Because the eavesdropper does not measure the quantum states on the
quantum channel, it cannot guarantee the undisturbed state. Once disturbed, the
measurement results of both sides of the communication will change, and then it
will �nd the existence of eavesdroppers. At present, the safety of the principle of
quantum state uncertainty has been proved. Therefore, even a computer with su-
percomputing power is of no avail. In addition, the quantum has the characteristics
of non-cloning. In the case of communication under the conditions of channel secu-
rity, the third party cannot steal any useful messages. The quantum technology is
applied to robot remote control technology. According to the process of quantum
secure direct communication protocol, the �ow of simulation algorithm is designed.
The protocol is simulated by Microsoft Visual 2010 platform, and the information
security performance is analyzed and studied.

4. Result analysis and discussion

4.1. Analysis of EAP-TLS Plus and EAP-TLS comparison
results

In the simulation of the robot remote control system, the IEEE802.1x / EAP-
TLS Plus protocol is simulated by the security performance. On the basis of sim-
ulation and simulation, it is found that the security of classical information cannot
fundamentally eliminate the attacker's attack. On the basis of the EAP-TLS Plus
protocol, the security performance of the wireless remote control system based on
the wireless network is greatly improved. However, in the �nal analysis, its safety
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performance is dependent on classical cryptography. In the simulation system based
on IEEE802.1x / EAP-TLS Plus protocol, the user's authentication from the con-
trol device to the user's identity is successfully validated by the robot authentication
server, which takes a longer time. In view of this, the simulation program based on
IEEE802.1x/EAP-TLS protocol is also made in this paper, and several experiments
have been carried out. Through experiments, it can be found that the EAP-TLS
Plus protocol takes longer than the EAP-TLS protocol. According to the experimen-
tal results, it can be seen that the EAP-TLS Plus protocol has some shortcomings
in the speed of authentication. As shown in Fig. 5, it is the result of the 50 times
test contrast.

Fig. 5. Comparison of authentication delay between EAP-TLS Plus and EAP-TLS
protocols

4.2. Analysis of RRCS security simulation results based on
quantum technology

Through the previous analysis, in the ideal channel, the quantum communica-
tion for the non-coherent attack is safe. The communication e�ciency has also been
improved. Before formal access to coded communications, probe photons are intro-
duced. It mainly carries on the second detection to the security of the quantum
communication channel. The security and defense capability of the communication
protocol is improved. In fact, the noise of the quantum channel in�uences the se-
curity of the communication scheme to a certain extent. This scheme has three
advantages. First, the secret message is transmitted directly without the need to
send a password. Second, the trial photon is inserted in the communication phase, so
that the security performance of the communication is strengthened. With the clus-
ter state as the information carrier, the entanglement is the largest, the correlation
is the highest, and the communication e�ciency is high.

Figure 6 is a statistical survey of the 20 test of channel safety before analog com-
munication. It can be seen that before the communication, the protocol can always
detect whether the channel is secure, which provides the security guarantee for the
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protocol. The dotted line in the picture is a security line, which indicates that the
channel is unsafe. The security performance of the protocol can be proved directly
from the experimental results. It also re�ects the security of quantum communica-
tions.

Fig. 6. Experimental results of secure detection for quantum communication
channels

5. Conclusion

The security defects of IEEE802.1x / EAP authentication protocol are analyzed,
and a modi�ed protocol�EAP-TLS Plus is put forward. The EAP-TLS Plus pro-
tocol is combined with robot remote control technology. The control system is
simulated, and the security performance of the access control is analyzed. Through
simulation tests, the results show that the security performance of the new protocol
is enhanced, but the time complexity (authentication delay) is also increased. Al-
though the EAP-TLS Plus protocol has enhanced security performance, it can still
be deciphered and attacked. Therefore, the improvement is only a temporary solu-
tion. Only by physically changing its security performance can this security problem
be better resolved. The four particles cluster state is chosen as the information car-
rier. A quantum secure direct communication scheme and a quantum signature
scheme based on four particle cluster states are proposed, and their performances
are analyzed respectively. Then, based on the research of quantum technology, the
security performance of the robot remote control system is analyzed and studied
in detail. Finally, it comes to the conclusion that quantum technology is uncondi-
tionally secure. If human beings could design and produce quantum computers, our
information would not be stolen by others. However, the quantum channel noise
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is still not resolved at the moment. The future research should try to improve the
feasibility and reliability of quantum experiment.
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Text mining technology based on cloud
computing

Chong Xing1, Kunhao Wang2, 3

Abstract. The purpose is to study the text mining technology based on cloud computing.

Text mining is the process of getting user care and valuable information from unstructured text

data. With the developing of informatization, the massive data processing has become an urgent

problem. Based on this, the Hadoop cloud computing platform and the MapReduce programming

model are described in detail. The Chinese word segmentation and the new word recognition

algorithm are mainly studied. In addition, based on the Hadoop platform, the MapReduce solution

of the two algorithms were presented. By setting up Hadoop experiment platform, the two improved

algorithms are programmed. Finally, the performance and advantages of the new algorithm are

analyzed by experiments. The results show that the MapReduce programming model can improve

the e�ciency of processing large-scale data. Therefore, it can be concluded that it is very meaningful

to combine cloud computing with text mining to deal with massive text data.

Key words. Chinese word segmentation, new word recognition, cloud computing, mining.

1. Introduction

At present, most of the information on the Internet is in the form of text. There-
fore, it is important to extract resources e�ciently from a large number of unstruc-
tured text messages [1]. The study of text mining e�ectively solves this problem.
As an important research direction of data mining, mining has been applied to
many �elds such as search, classi�cation, recommendation system, public opinion
and viewpoint mining. It has social and economic signi�cance for scienti�c research
and enterprise applications [2]. Today, the blowout of the Internet's massive infor-
mation also poses a serious challenge to traditional information processing methods.
The traditional information processing methods cannot deal with large amounts of
data [3]. The vast majority are in the stand-alone processing, which is easily re-
stricted by computer hardware devices such as processors and storage media. When
dealing with large amounts of data, it seems powerless. Nowadays, the industry has
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2School of information engineering , Changchun Sci-Tech university, Jilin, 130600, China
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paid more and more attention to this problem, and has accumulated some expe-
rience. Among them, the parallel processing of data is an important and e�ective
means [4]. Cloud computing is the development and continuation of parallel comput-
ing, distributed computing, and grid computing. It is the result of a combination of
virtualization, utility computing, Iaas (infrastructure as a service), Paas (platform
as a service), Saas (software as a service), and so on [5]. The basic principles of
cloud computing are as follows. By distributing computing on a large number of
parallel computers, the operation of enterprise data centers is more similar to the use
of the internet. As a result, the enterprise can switch the resource to the required
application at any time, and access the computer and storage system according to
the requirements [6]. It is foreseeable that cloud computing technology has a broad
development prospects. Therefore, the application of cloud computing to other ar-
eas has become the focus of the current research. Based on this, text mining and
cloud computing technology have been studied. Combining the classical algorithm
of text mining and cloud computing technology, the improved text mining algorithm
overcomes the shortcomings of traditional algorithms. It meets the requirement of
dealing with mass data [7].

2. State of the art

2.1. The word segmentation algorithm

An example is given to illustrate the main �ow of the segmentation algorithm.
Entering a sentence "Liu Shuang welcomes you", the participle of the body �ow
is as follows. First, Participle Liu / double / welcome / you"; second, posTagging
(part of speech tagging) Liu /q double j/ welcome /v you /r"; third, NE identi�cation
(name, transliteration name, place name), identi�cation "Liu /q, double j/, welcome
/v, you /r", Liu Shuang /nr"; fourth, re-word: "Liu Shuang / welcome / you";
�fth, re-posTagging (verbose) "Liu Shuang / nr / welcome / v you / r". �nally,
the participle is �nished. The main idea of Chinese segmentation algorithm is to
segment the word by CHMM (cascaded Markov model) �rst. Through layering, it
not only increases the accuracy of word segmentation, but also ensures the e�ciency
of word segmentation. It is divided into �ve layers. The Chinese lexical analysis
framework based on CHMM is shown in Fig. 1.

First, the dictionary is loaded. Then, the atoms are segmented. On this basis,
the N- shortest path segmentation is carried out, and the segmentation results of
the previous N are found out. The binary wordbook is generated. Then, the word
formation result is generated. Finally, the part of the annotation is carried out and
the main word segmentation step is completed.

2.2. The new word recognition algorithm

New words are one of the unregistered words. It is a word that does not appear
in the dictionary [8]. Language develops with the development of society. In vo-
cabulary, its big performance is the new words and the emergence of new phrases.
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Fig. 1. The Chinese lexical analysis framework based on CHMM

The new words are �rst proposed in a particular �eld. After that, the frequency
of its repetition increases. Finally, the new words stabilize [9]. It not only appears
many times in a document, but also occurs repeatedly in many documents, which
is a prerequisite for the recognition of new words. The emergence of new words
re�ects the emerging of new things, but it brings challenges to the processing of new
Chinese words. Therefore, the emergence of new words has aroused special attention
of linguists in recent years [10].

The new words mainly fall into two categories: the �rst category is named en-
tities. It includes geographical names, names and institutional names. The second
category is the emergence of new things with the words, such as "Super Girl", "Ray",
"scienti�c concept of development" and so on [11]. The two main indicators to judge
the pros and cons of the new word recognition algorithm are accuracy rate and recall
rate. The following are the de�nitions of these two indicators:

Accuracy rate P =
Identification of new words correctly

Total number of candidate words
× 100% , (1)

Recall R =
Identification of new words correctly

New number of candidate words in total
× 100% . (2)

Among them, the total number of new words in the candidate words is generally
calculated by manual.
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3. Methodology

MapReduce is a major feature and core part of the Hadoop platform [12]. There-
fore, the focus of the algorithm design is how to make the original single machine
algorithm reasonably MapReduce, and transplant it to Hadoop. The proposed new
word recognition algorithm based on cloud computing uses the combination of rules
and statistics to identify [13]. It cooperates with the dictionary and noise dictionary.
In order to achieve better accuracy and recall rate, a pruning strategy is used to �lter
out noise words. The new word recognition algorithm MapReduce process is shown
in Fig. 2.

Fig. 2. Process of new word recognition algorithm

The new words are extracted from the word segmentation after the word pro-
cessing. The recognition process of the new words is essentially the process of fusing
these successive string fragments. That is, to �nd a string that is adjacent to each
other and should not be cut, and combine them to form new words. According to
statistics, most new words are combinations of single words or combinations of single
words and multiple words. The combination of multi-word and multi-word is less
frequent. Therefore, the candidate string extracted from the corpus data is mainly
concerned with the string that contains the single word. Due to the relationship
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between massive data, the corpus data that used in this paper is handled by pre-
compression. The compression format is Sequence File Input Format. This format
is the compression method that used on the Hadoop platform. It can reduce the size
of the data and can e�ectively improve the speed of reading and writing.

3.1. MapReduce design of Chinese word segmentation

Since the Chinese word segmentation process is a global serial structure, it cannot
be split into parallel processing. So, this approach is as following. First, the system
con�gures the parameters globally and initializes the dictionary, so that each Data
node does not have to separate the dictionary separately. It saves a lot of overhead
and time to initialize the dictionary. Second, the input data is fragmented, and then
assigned it to each Datanode for a complete word segmentation process. After the
Map operation, the e�ective word segmentation has been obtained. Therefore, this
algorithm does not require Reduce operation, as long as the segmentation results of
each segmentation is compressed and output to the �le directly. The �ow chart is
shown in Fig. 3. MapReduce parameters and logic instructions is as shown in Table
1.

Fig. 3. Chinese word segment MapReduce process

3.2. The MapReduce design of new word recognition algo-
rithm

The MapReduce �ow chart is shown in Fig. 4. The main idea of the new word
recognition algorithm MapReduce is as follows. On Namenode, con�guration in-
formation such as dictionaries and parameters is initialized. This information is
shared by all nodes in the cluster (including Namenode and Datanode). Accord-
ing to the size of the input data and the number of machines in the cluster, the
input data is sliced and sent to the corresponding Datanode to wait for processing.
A Chinese word segmentation is performed on the data fragmentation, and each
Datanode performs a complete and independent Chinese word segmentation process
for the assigned slice data. The advantage of our Hadoop platform design is that
the designer cannot care about this data allocation and communication problem at
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all, because the platform itself provides a stable and intelligent solution for distribu-
tion. The extraction of candidate words integrates the successive words remaining in
the segmentation fragments after the end of the participle, and forms the candidate
words.

Table 1. MapReduce logic instructions

Map function Reduce
function

Input data seg-
mentation logic

Sequence �le A key-value pair is a cut

Enter Key,
value

Key: it is the key of the Sequence �le, that is, the
path of the source text �le
Value: the contents of the text

Output Key,
value

Key: the path of the source text �le; Value: word
segmentation result

Function calcu-
lation logic

The value corresponding to each input key, that
is, the text, is processed by word segmentation

Global data Word segmentation dictionary and part of speech
display parameters

Fig. 4. The new word recognition algorithm MapReduce process

The so-called continuous word, refers to a combination of two or more consecutive
words. For example, the "melamine incident is a hot spot of recent concern", the re-
sult of word segmentation (without part of speech) is "three / poly / cyanide / amine
/ event / yes / near / attention / a /�. The single words are "melamine", "one", which
can generate candidate words for "trimeric", "melamine", "cyanide", "melamine",
"cyanamide", " one "and so on. The candidate word frequency statistics collects the
candidate words and word frequency statistics processed on all Datanodes (the same
word frequency is added). The candidate words are �ltered �rst, and the frequency
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of candidate candidates is counted. By comparing it with the pre-set threshold,
the candidate words whose frequency is smaller than the threshold are �ltered out.
Then, in conjunction with a stop dictionary, a noisy dictionary, a pruning strategy
is used to �lter the remaining candidates. The candidates left by the above steps
are considered new words.

3.3. New word �ltering method based on pruning strategy

Because the garbage strings and the redundant information exists in a large num-
ber of candidate words from the word fragments, such as melamine". If "melamine"
is selected, then "trimer" and "cyanuric chloride" must also be selected. However,
these are redundant information, and they should be deleted. Based on the fre-
quency �ltering of candidate words, and combined with the stop word dictionary
and noise dictionary, a pruning strategy to e�ectively �lter the noise words and
redundant information is proposed. The pruning strategy is de�ned as follows.

First, if N (cici+1...ci+j) = N (ci+1ci+2...ci+j+1) = N (cici+1...ci+jci+j+1), then,
N (cici+1...ci+j) and N (ci+1ci+2...ci+j+1) are deleted.

Second, if N (cici+1...ci+j) > N (cici+1...ci+jci+j+1) or N (ci+1ci+2...ci+j+1) <
N (cici+1...ci+jci+j+1), then, N (cici+1...ci+jci+j+1), where N is the frequency at
which strings appear, and c is a single word.

If the frequency of a parent string is equal to the frequency of its two largest
substrings, it is also assumed that the parent string is a word, the substring is
deleted, and the pruning ends. On the contrary, if any of the largest substring
frequencies are greater than the parent string, the parent string is not considered
a word and the parent string is deleted. The cycle was repeated until no string
substring, and the pruning is ended. The overall �ltration process is shown in Fig. 5.

The new word recognition algorithm only takes into account the recognition of
four words (including four words). The reason is that after statistics, the word more
than four words is little, and the frequency is not high. Through the experimental
summary, the frequency of the occurrence of four words and more than four words
is obviously di�erent. Therefore, this paper proposes a double threshold strategy to
deal with four words and four words respectively. It achieves better results.

4. Result analysis and discussion

4.1. Chinese word segmentation

The test data uses lab internal data for plain text �les, and the total size of the
source �le is 1.6G, totaling more than 9000 �les. After transformation, the size of
sequence �le was 635MB. The test result is related to the machine condition and
network at that time. The tests were conducted in a cluster with Datanode numbers
of 2 units, 4 units, 6 units, and 8 units. After several tests, the acceleration ratio
curve is obtained. The test acceleration is shown in Fig. 6.

It can be seen from the �gure that as the number of clusters increases, the accel-
eration ratio is getting higher and higher. Due to the use of a speci�c compression
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Fig. 5. Filtering process of candidate words

Fig. 6. Test of acceleration ratio
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format, it saves a lot of time compared to processing the raw data directly. However,
the experimental results show that the number of cluster machines is relatively small
when the overall performance increase is not obvious. There are two main reasons
for this situation. The communication between clusters takes a certain amount of
time. The advantage of Hadoop platform is to deal with massive data through large-
scale cluster mode. The number of experimental clusters is small, and the test data
is small. It is di�cult to play Hadoop platform of this advantage.

From this, it can be guessed that if the data scale is increased, the speedup ratio
will be improved obviously. To verify the conjecture, another experiment is carried
out in this paper. The scale of the experimental data is increased by two times to
4.8G. After compression, it is 1.8G, and the experiment is repeated many times
with the number of two Datanode added. The experimental results are shown in
Fig. 7.

Fig. 7. Acceleration of ratio comparison

As can be seen from the Fig. 7, as the amount of data increases, the acceleration
ratio is signi�cantly improved. Moreover, as the number of clusters increases, the
speedup is faster. The experimental results are in line with the expected conjecture,
which veri�es the advantages of the Hadoop platform for processing large data. The
test data used in this article, even if it has reached nearly 5G. However, in the mass
storage and massive data of today, it is not too large. And the size of the 9 cluster
is also small. Because of the constraints of these experimental hardware, this article
has not done more testing. However, it can be inferred that the advantages and
e�ciency of the Hadoop platform, especially the MapReduce programming model
in dealing with large-scale data, are quite objective.
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5. Conclusion

On the Hadoop platform, the MapReduce improvements of the two text mining
algorithms are implemented. It solves the problem that traditional mining algo-
rithms are relatively di�cult to deal with large-scale mass data sets. By brie�y
introducing the principle of Chinese word segmentation and new word recognition
algorithm, a method of MapReduce of these two algorithms is proposed. At the
same time, through the cluster experiment, the feasibility of the method is veri�ed.
It gets the ideal speedup e�ect.
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Design and implementation of
improved distributed data mining

algorithm

Ang Li
1

Abstract. Faced with the rapid growth of data, the traditional data mining algorithm is

not capable of dealing with this issue. Although the existing data mining algorithm has taken

into account the distributed operation, it does not apply to wireless sensor networks. Therefore,

a method of data mining algorithm for wireless sensor networks is proposed. The design and

implementation of improved distributed data mining algorithm DDMAW is described, and its

performance is analyzed. Based on the performance comparison of �nding events algorithm based on

distributed K-means with the improved distributed algorithm DDMAW. After that, the DDMAW

algorithm itself is discussed in parallel. The comparison results show that DDMAW algorithm has

the characteristics of low time complexity and high accuracy, and it is more suitable for use in

wireless sensor networks.

Key words. Wireless sensor network, data mining, distributed.

1. Introduction

In recent years, the research on all aspects of wireless sensor network has in-
creased, and the research on distributed clustering algorithm and anomaly detection
algorithm is growing to be more. But applying the traditional, centralized data
mining algorithm to the wireless sensor network environment is not feasible [1]. The
traditional data mining algorithm processes data in a uni�ed and centralized way,
but not the use of distributed processing method. If a large amount of data is
processed in a centralized data analysis algorithm, it is possible to cause signi�cant
tra�c and computational complexity, and cost a lot of time, which rapidly consumes
the energy of the sensor and increase the overhead, which leads to the reduction of
the sensor life. The wireless sensor network technology and distributed data mining
technology should be dynamically integrated [2].
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2. Design and implementation of distributed clustering
algorithm

2.1. The algorithm overview

As the basic algorithm of data mining in wireless sensor networks, it is accord-
ingly improved to be centralized K-means algorithm. The improvement can make it
can apply to the distributed environment [3]. The K-Dmeans algorithm solves the
parallel problem, but there are still problems that will delete part of the point sets.
For wireless sensor networks, the above method may lose some data points, resulting
in the loss of observed events [4]. However, it is feasible to divide the detection area
into grid.

2.2. The improved DMAW algorithm

In the wireless sensor network, the normal working sensor nodes are able to receive
data. But only a part of the sensor nodes can detect the occurrence of the event.
Therefore, in the process of data mining, there is only need to do the clustering
analysis of selected point set including events rather than each data [5]. And the
selected data, not only contains the observed data, but also should be attached
with the data information of the geographical coordinates. After selecting the point
sets containing events, the geographical position range of the point set is delineated
to determine the area of the event. Within this range, the event and the location
of occurrence can be obtained through the data mining algorithm [6]. The whole
algorithm is divided into two parts. The �rst is the data processing, and the other
part is the determination of the K value, �nding clustering centroids, returning the
observed value and the corresponding position coordinates.

Before data mining, the data is pre-processed so that the observed data is in
an e�ective detection environment. Then SSE is calculated starting from K = 1
iteration. If the threshold is exceeded, iteration will continue. Otherwise stop,
output K value, and event center point coordinates.

The time complexity of the grid-based algorithm is mainly the time complexity
of the assignment point set to the grid cell, and the time complexity of deleting the
sparse grid and induction [7]. Therefore, the time complexity based on the grid algo-
rithm is O(N). The time complexity of the improved algorithm�DMAW algorithm
is approximately O(N). And the time complexity based on the grid algorithm is also
O(N). That is to say, the time complexity of the DMAW algorithm is basically the
same as the time complexity of the grid algorithm. The communication complexity
of DMAW algorithm is also analyzed. The communication complexity of the DMAW
algorithm is denoted as: TM. According to the description of the DMAW algorithm,
it can be assumed that the tra�c is generated in the following parts.

1. Scan data points and �nds data that exceeds the normal values

2. Determine the e�ective detection area

3. Iterate starting from K = 1 for the preprocessed data
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Scan the data points and �nd out the data exceeds the normal value, and operate
this on N points respectively. The communication complexity of this part is

TM1 = N × (TD + TC) . (1)

Next, the process of determining the e�ective detection area is to compare the
values of x and y, respectively. The communication complexity required for this
process is:

TM2 = Na × (logNa) . (2)

Then, iterate the processed data.
The �rst traversal communication complexity is

TM31 = TD . (3)

The second traversal communication complexity is

TM32 = 2× TD . (4)

The Kth traversal communication complexity is

TM3K = K × TD . (5)

Therefore, the communication complexity of the iteration process is

TM3 = (1 + 2 + · · ·K)× TD + TC . (6)

Based on the analysis above, the communication complexity of DMAW algorithm
is

TM = TM1 + TM2 + TM3 . (7)

Namely,
TM = (N +Na logNa +K(K + 1)/2)TD . (8)

Since the connection setup time is much smaller than the actual communication
time, the communication complexity of the DMAW algorithm can be approximated
by formula (8).

The data set points in the whole detection area are 1000, 2000, 4000, 8000,
16000, 32000, respectively. The number of events in each detection area is 2, SNR
is 10 dB. The analysis and discussion is undergone through the computation time
and data mining e�ect of DMAW algorithm. The experimental results show that
the computation time of DMAW algorithm is proportional to the number of nodes
in the case of di�erent nodes. The corresponding DMAW algorithm computing time
at 16000 points is 146.767 milliseconds. And the corresponding DMAW algorithm
computing time is 350.784 milliseconds at 32000 points. That the time complexity
of the DMAW algorithm is O(N), it can be obtained in the case of di�erent numbers
of nodes.



88 ANG LI

2.3. The improved DDMAW algorithm

The centralized algorithm can only be applied to local parts as for distributed
environments [7]. As for the distributed, not only the local processing of data is
necessary, but also it needs to consider how to improve in the overall situation [8].
In view of this problem, this paper proposes DDMAW algorithm. The core idea of
the DDMAW algorithm is the parallel implementation of DMAW algorithm in each
detection area, and then fuses data when the local model is aggregated to the global
level.

The idea of data fusion is listed as follows:

1. To determine whether there exists a value v falling on the detection area bound-
ary or the coordinates of the two events are close to each other.

2. For both centroids, �nd the e�ective detection area before the calculation.

3. Integrate the e�ective detection areas corresponding to the two centroids.

4. Implement the data mining in the new area.

5. Return the new centroids of events.

The DDMAW algorithm is based on the improvement of DMAW algorithm. The
DMAW algorithm is used for local models. Multiple detection areas simultaneously
use the DMAW algorithm to work in parallel to form a distributed underlying archi-
tecture. Each detection area reports its own event centroid after computation, and
then on the basis of this to implement the data fusion. After the integration, a new
event center is created [9].

As for DDMAW algorithm, it is analyzed by means of time complexity and
communication complexity. It is assumed that the time complexity of the DDMAW
algorithm is TD. The communication complexity of DDMAW algorithm is TC. The
number of data points per detection area is N . Suppose the number of detection
areas is M . The computation time is mainly composed of the parallel data mining
time and the time of data fusion to the data reintegration. Thus, the time complexity
of the DDMAW algorithm should be O(N).

The communication complexity of DDMAW algorithm is discussed hereby. As-
suming that TD is the data communication time, and TC is the connection setup time,
the communication complexity of the DMAW algorithm is given by the formula (8)
mentioned above.

Since � N , and Na logNa � N , the communication complexity of the DMAW
algorithm can be approximated as: TM = N × TD. Considering that there are four
detection areas, then TMM = N ×M × TD.

In the process of transmitting K1 +K2 + · · ·+KM event centroids to the upper
level, the needed communication complexity is (K1 +K2 + · · ·+KM )× TC which is
negligible.

Extract the two e�ective detection areas for the event. Since the extracted area
is given in the parallel execution of the DMAW algorithm, and the comparison is for
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the values of the x and y values of the region. Thus, the communication complexity
of this part is approximately 4TD. Calculate the communication complexity for the
new e�ective detection area event computation center. The DMAW algorithm is
still adopted here. So, the communication complexity of this part of is TM = N ×
TD. Based on what is discussed above, the communication complexity of DDMAW
algorithm is TM = (N × M + 5) × TD. Since N × M � 5, the communication
complexity of the DDMAW algorithm can be approximated as TM = N ×M × TD.

The data set points of all the detection area are 1000, 2000, 4000, 8000, 16000,
32000. The number of events of each detection area is 6, SNR is 10 dB. The analysis
and discussion is undergone through the computation time and data mining e�ect of
DMAW algorithm. Experiments show that in the detection area, you can accurately
�nd its centroids as for the occurrence of speci�c events, and the event falls on the
edge of the detection area. The DDMAW algorithm fuses the data for this event
and other events may occur in the adjacent area according to its principle.

1. The number of nodes in the detection area is di�erent, the number of events
is the same and the noise condition is the same. The DDMAW algorithm
can accurately �nd out each event and its centroid point in the case of the
variation of the number of nodes in the detection area. Therefore, the DDMAW
algorithm can also be used if the detection area node is small. The running
time of DDMAW algorithm is basically linear with the number of nodes in the
detection area. And the computation time of the algorithm increases with the
increase of the number of nodes in the detection area.

2. The number of nodes in the detection area is di�erent, the number of events
is the same and the noise condition is the same. The DDMAW algorithm
can accurately determine the number of event, its time and position in the
case of the variation of the number of events in the detection area. Therefore,
the DDMAW algorithm can apply to the case of single event occurrence and
multi-events occurrence. The running time of DDMAW algorithm is basically
linear with the number of events in the detection area. And the computation
time of the algorithm increases with the increase of the number of nodes in
the detection area.

3. The number of nodes in the detection area is the same, the number of events
is the same and the noise condition is di�erent. The negative value of SNR
is regarded that the noise power exceeds the signal power. The DDMAW
algorithm set a threshold for excluding most of the noises in data processing.
The result of �nding the centroids of event points may drift to some degree due
to the noise disturbance, but the disturbance is little under the condition of a
certain SNR. The event could be accurately found out when the SNR value is
negative.
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3. Comparison of the DMAW algorithm and other algorithms

3.1. Performance analysis and comparison

The time complexity of the iteration is O(KTN) through analyzing the time
complexity of K-means. Since K,T � N , so the time complexity of this part is ap-
proximately O(N). The spatial complexity of K-means algorithm is O((K +N)m)
through analyzing the spatial complexity of K-means algorithm. Analyze the com-
munication complexity of K-means algorithm, and the communication complexity
of K-means algorithm is

TK = T ×N ×K × TD . (9)

The time complexity of DMAW algorithm is O(N), and the communication com-
plexity of DMAW algorithm is given by formula (9).

3.2. Experimental analysis and comparison

The method to �nd the event based on the K-means is the analysis and com-
putation of, all the data points, including the points of the normal circumstances.
Therefore, there is a certain error in the determination of the event and the event
centroids. The DMAW algorithm is more accurate in �nding events, since it only
processes the event area and excludes the redundant data in the sensor network.

This paper also explores the time required to �nd an event based on the K-
means. The time required to �nd the event based on K-means is analyzed through
MATLAB simulation. The DMAW algorithm runs faster because it only processes
the event occurrence area. And the number of events in the DMAW algorithm is
determined by iteration, which greatly improves the accuracy of determining the
number of events. In addition, the data mining of the e�ective detection area of the
event can accurately determine the event position.

Analyze the cases that the number of nodes of each detection area is 1000, 2000,
4000, 8000, 16000, and 32000, respectively. Assume that there is one event in each
detection area, and the SNR is 10 dB. The required time comparison is shown in
Fig. 1.

4. The comparison of the DMAW algorithm and other
algorithms

4.1. Performance analysis and comparison

The time complexity and communication complexity of K-Dmeans are analyzed,
and compared with DDMAW algorithm.

The time complexity of K-Dmeans algorithm is O(N2). Then the communication
complexity of K-Dmeans algorithm is analyzed, and the result is O(N2).

The time complexity of DDMAW algorithm is O(N). The time complexity of the
distributed algorithm based on K-means is much larger than that of the DDMAW
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Fig. 1. Required time comparison of the two algorithms

algorithm. Therefore, the DDMAW algorithm performs better than the distributed
K-means algorithm theoretically. The communication complexity of the K-Dmeans
algorithm and the DDMAW algorithm are O(N2) and O(N) respectively. There-
fore, the DDMAW algorithm is superior to the distributed K-means algorithm in
communication complexity.

4.2. Experimental analysis and comparison

The event centroids based on the K-means event �nding algorithm is not con-
sistent with the pre-assumed event in the detection area. In the same situation,
DDMAW algorithm can accurately �nd all six events. Therefore, the accuracy of
the DDMAW algorithm is better than that of the K-means in terms of the algorithm
e�ect. For the computation time, the time required for the event �nding algorithm
based on K-means and the DDMAW algorithm both increases with the number of
nodes in the four parallel areas. The time required for the event �nding algorithm
based on K-means is much higher than that of the DDMAW algorithm. The time
required to �nd an event based on K-means is signi�cantly higher than that of the
DDMAW algorithm. The computation time for the event �nding algorithm based
on K-means and the DDMAW algorithm both increases with the number of nodes
in the four parallel areas in the case of 8 parallel areas. Moreover, the time required
of event �nding algorithm based on K-means is higher than that of the DDMAW
algorithm. Therefore, the event �nding algorithm based on K-means has the draw-
backs in determining the number of events, and the DDMAW algorithm can �nd
out the number and the centroids of the event accurately.
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4.3. The comparison of self- performance of DDMAW al-
gorithm

The DDMAW algorithm is improved based on the DMAW algorithm. The
DMAW algorithm and the DDMAW algorithm are compared, and the experiment
adopts the man-made data sets. The number of data set points in all detection
areas are 100, 1000, 4000, 8000, 16000, and 32000, respectively. The computation
time and data mining results of the DDMAW algorithm parallel in 4 areas and the
DDMAW algorithm parallel in 8 areas are analyzed and discussed. Assuming that
there are 1000 nodes in the local area, and two events in the area, namely (4, 5),
(16, 15), and the SNR is 10 dB. In the case of four areas in parallel, the DDMAW
algorithm can still accurately �nd the location of the event.

Fig. 2. Average required time of each area in di�erent cases of parallel area number

Figure 2 compares the average time for each area of the four parallel areas and
eight parallel areas respectively. It can be seen from the �gure that the average time
spent on each detection area in the four parallel areas (dots) is slightly higher than
that of 8 parallel areas (square points). Among them, in the case of four parallel
areas, there is a higher value when the data set point number is 2000. To explore
the reasons, it is possible that in the four 2000-points parallel areas, the number
of event occurrence is relatively more, therefore the computation time is relatively
long. In the case of more parallel areas, the average computing time of DDMAW
algorithm in each detection area is less adversely. This shows that the DDMAW
algorithm e�ciency is higher in the cases of relative more parallel areas.

5. Conclusion

In a wireless sensor network environment, the collected data is distributed across
many nodes. If the data of these nodes are processed uniformly, the amount of
data will be extremely enormous. And the large amount of data will lead to a
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long computation time, which lacks timeliness in data application. Therefore, the
distributed data mining technology is applied to wireless sensor networks, which can
improve the computation e�ciency and e�ectively �nd useful information. As the
fact that it is not practical to apply the distributed data algorithm directly to the
wireless sensor network for actual situation, the relevant data mining algorithm is
improved, making it suitable for wireless sensor network structure.

Firstly, a new distributed model for wireless sensor networks is proposed accord-
ing to the principle of distributed data mining algorithm. The model is divided into
multiple parallel detection areas. There are several nodes in each detection area.
The data of each node in the work is collected to one of the nodes. In the parallel
process, each node aggregates the data to the cluster node. Then the cluster nodes
fuse the data of the information. Then, an improved DMAW algorithm is proposed.
The algorithm �rstly determines the area of events. Secondly, it determines the
number of events in the area and �nd the centroid of the event. At the same time,
a distributed DDMAW algorithm is proposed based on the DMAW algorithm. The
results show that the comprehensive performance of the DMAW algorithm and the
DDMAW algorithm is better.

As for the distributed data mining technology in the sensor network in this pa-
per, the algorithm design idea of the algorithm determines that the algorithm can
accurately determine the number of events and �nd out the centroids of the events.
Moreover, the algorithm time is superior to other data mining technology. However,
considering the abnormal points in the experimental analysis, it is obvious that there
may exist other factors impacting the running time of algorithm except for the num-
ber of data set point. The next work will speci�cally explore other factors that a�ect
the running e�ciency of the DMAW algorithm and the DDMAW algorithm.
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Modular design of electronic control for
automatic production line of brasque

burdening packing

Wang Liliang1

Abstract. The electronic control modularization technology of the automation production
line of brasque burdening packing provides a positive impetus to the development of related indus-
tries. In order to further improve the theory and technology of electronic control module in China,
in this paper, the related theories were first outlined, and the design of the electronic control mod-
ularization technology for automation production line of brasque burdening packing was discussed,
and the associated diagnostic system was further referenced to analyze the constructed modules.
The results show that the control module hardware and software equipment are running normally,
and the system has higher productivity than traditional technology. The aim of the study is to
provide reference for the development of related technologies.

Key words. Brasque burdening packing, automatic production line, electronic control mod-
ular.

1. Introduction

With the development of the times, today’s international environment has begun
to gradually toward the direction of development, and has begun to take economic
and scientific development as the theme of the development of the times. Under
the theme and background of new era development, each country and region have
begun to regard scientific development as the first productive force of its economic
development. In this context, many new technologies and theories have been contin-
uously introduced and applied in the production of various industries, which have
had a significant positive impact on the further development of the industry and the
improvement of production efficiency. With the rapid development of the times, the
world economy has been greatly improved. At the same time, various industries in
the world have begun to develop in a more automated and concise way. Especially
since the industrial revolution, each country and region has greater demand for the

1Beijing Union University, Beijing, 100101, China
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promotion of economic strength. Due to the further liberation of human hands, the
process of automation has made human resources more efficient. Because of the
reduction of the negative influence caused by subjective factors, the development of
the whole enterprise is more sustainable. China has also begun to apply automa-
tion technology in the production process of some industries, and has achieved some
results in the development of the times. This study will design and research the
electronic control modularization of automatic production line of brasque burden-
ing packing. The research aims to provide theoretical support and reference for the
improvement and development of related technology and theory in China.

2. State of the art

In the new era of economic development, a number of new enterprises and fields
began to be developed, such as the development of the electronic control module,
which gradually becomes one of the basic industries for the production of various
electronic products in the high-speed development of the electronic age [1]. Through
the analysis of the current status of the development of electronic control module,
many research scholars found that the production of the electronic control module
has the defects in the manual operation, which makes the packaging of the ingredi-
ents not perfect enough, which has a negative impact on the development of other
electronic industries [2]. With the gradual increase in the importance of electronic
control module, now the industry has gradually become an important industry in
the development of today’s era, which can provide some parts for the development
of other electronics industry, so as to provide a great impetus to the economic de-
velopment of the world electronics industry [3]. In the demand of the times, many
scholars have put forward new technologies and theories and have applied them to
the practical development of electronic control modular production [3]. As a new
technology, computer technology has brought more new technology to the develop-
ment of today’s era and has had a positive impact on the development of various
industries [4]. Now a lot of research scholars believe that computer aided technology
has enabled many industries to become more automated, and enabled enterprises to
collect large amounts of related basic data, at the same time, it also further enhanced
the production efficiency of related enterprises, thereby enhancing the level of en-
terprise’s comprehensive competition [5]. Therefore, the automated production line
processes are also being gradually applied to the development of electronic control
modules.

3. Methodology

Since the first industrial revolution, the world has gradually entered the era of
industrialization, making people’s production and life greatly changed. Since the
modern industrial revolution, the world has gradually entered the era of electronic
information. The development of this era is characterized by the gradual emergence
of some electronic products and the application of people’s production and life, so
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as to bring more comprehensive joy to people’s life. In the new era background,
China has further followed the course of the development of the times, and gradu-
ally entered the era of electronic information, China’s electronic industry has begun
to develop. With the rapid development of some electronic industries and the in-
evitable trend of the times, nowadays, in order to make our electronic products more
colorful, our electronic industry needs to design the control module of all kinds of
electronic products [6]. A lot of control module production has been applied to the
actual electronic products, such as television sets, air conditioning and other control
modules, which makes it more satisfied with some of the needs of people compared
with the early electronic products, and then makes its function have a more perfect
development [7]. With the increasing diversity of electronic products, the design of
electronic control templates has gradually been required and put into actual indus-
trial production. More perfect electronic control template production technology
plays an important role in the development of production in the electronic indus-
try, and gradually becomes an indispensable technology for the development of the
times [8]. In this study, through the investigation of the current electronic module
design enterprises in China, the author found that nowadays, in the top ten elec-
tronic module design enterprises in our country, foreign-funded enterprises accounted
for a larger proportion, Sino foreign joint ventures enterprises followed. There are
only one local electronic module enterprises in our country (Fig. 1), which indirectly
shows that the comprehensive level of electronic module design enterprises in China
is still relatively backward.

Fig. 1. China’s top ten electronic module design enterprises

On the basis of understanding the present situation of the development of elec-
tronic module design enterprises in our country, the author summarized the causes
of the backward production of electronic control module in China (see Fig. 2). The
main reasons are as follows: (1) because the electronics industry started relatively
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late, China has not yet formed a more perfect development model, therefore, the
continuity of the production structure has further affected the development of the
electronic model design enterprise; (2) the electronic model design enterprises in our
country use more traditional methods of manual production because of more, so that
the production efficiency is low, and the cost of human resources increases, which
further indirectly affects the improvement of comprehensive level of the industry; (3)
because the enterprise has not formed the pillar enterprises of our country, which
makes the country pay less attention to it and leads to less research on this industry
in China, China has not formed a more perfect theoretical system, which makes
the development of this enterprise suffer some theoretical restrictions; (4) because
the enterprise is deeply affected by the traditional technology, the enterprise cannot
integrate with the new technology and theory, and then cannot form a new produc-
tion mode suitable for the development of the times. On the basis of research on the
related problems, many research scholars have begun to put forward some new tech-
nology into the production of electronic module design enterprises, which promotes
the continuous improvement of production efficiency, further makes its products
more perfect, so as to provide certain technical support for the development of the
entire industry scale [9]. As an important innovation link in the design of electronic
control module, the automatic production line of brasque burdening packing has a
positive influence and a great impetus to the development of this enterprise. How-
ever, due to the backward development concept of some enterprises in our country,
the introduction and combination of this technology are not enough, which has a
negative effect on the improvement of the design of the electronic control module
[10]. In view of this situation, this study researched and analyzed the relevant the-
ories of the electronic control module design of the automated production line of
brasque burdening packing, and summarized the advantages of the technology. The
research aims to provide some reference and theoretical support for the continuous
development of related products and industries.

Fig. 2. Lack of enterprise development of electronic control module in China
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Firstly, through the reading of relevant materials, this study summarized the
process flow of the production line of brasque burdening and its related subsystems
to determine the design principle of the production line process and comprehen-
sively analyzed the characteristics of its various subsystems, thus forming a clearer
theoretical basis.

Secondly, according to the relevant theoretical basis, this study chose and de-
signed the main hardware equipment of the electronic control module of the brasque
burdening production line. The design of electronic control module was mainly
based on SIMATIC S-300 system. The module is highly scalable and has relatively
high performance. On the basis of the acute design of the control system of the
main control module, the author designed and studied the sensor and transmitter of
the production line, including temperature, temperature, weighing and speed mea-
surement and other main sensors. The model formulas for the working process of
weighing and speed measuring sensors are formulas (1) and (2). Only by optimizing
the parameters of the system can the sensor be more efficient. The model formula
is as follows

M

0.7×N
≤ m ≤ M

0.6×N
, (1)

where M is the total weight of the product delivered by the production line, N is
the number of weighing sensors in the whole production line, and m is the weight of
a single weighing sensor.

w(t) = qv , (2)

where w(t) is the comfortable flow of a speed sensor, q is the actual load value of
the material on the sensor (kg/m), and v is the speed of the conveyor belt of the
production line (m/s).

Thirdly, after the selection of the hardware equipment for the entire brasque
burdening production line was completed, the author further designed the system
communication of the entire production line. The main application technology was
the PROFIBUS system. Through the network information link way, the research
enabled each link to obtain certain connection through the local area network, thus
realizing the final basic data sharing.

Fourthly, based on the design of all the programs, the study further introduced
the PR0RIBUS theory to carry out anti-jamming diagnosis of the whole transmission
system. The basic characteristics of this kind of theory are shown in Table 1.

Table 1. Basic features of a transport medium based on PR0RIBUS-DP

Network topology Linear bus, there are active bus terminals at both ends
of the bus, bait rate ≤ 1.5Mbit/s allows the use of short
wiring

Medium Shielded twisted pair cable

Station count Without repeater, each divided into 32 stations; with re-
peaters, there can be assigned up to 127 stations

Plug connector 9-pin D-type plug
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This research finally put the related production line to the actual electronic prod-
ucts enterprises, studied and discussed the modular design of electronic control of
automatic production line for brasque burdening packing and the advantages of its
applications from an example point of view.

4. Result analysis and discussion

All aspects of the traditional packaging production line mainly include the charg-
ing of the raw material of the product, the storage of raw materials, the weighing of
raw materials, raw material delivery of the conveyor belt, mixing and packaging of
raw materials. The associated process is shown in Fig. 3 (Mishra et al. 2009) [11].

Fig. 3. Process flow of brasque material production line

As an important part of the automated production line of brasque burdening
packing, the electronic control module can meet the needs of people, and can also
effectively improve the production efficiency in the whole production process. Studies
have pointed out that the electronic control module of automatic production line for
brasque burdening packing is mainly composed of workstations that monitor and
control the entire operation process (see Fig. 4) and related SIEMENS PLC S7-300
systems. The whole control module collects the data of all the links and sends the
commands generated by the central system into the control module of each link
through the monitoring equipment, and carries on the relevant parameter operation
to the whole process, monitors the whole operation process, so that the parameters
produced by all links can be recorded and adjusted in a timely manner, which can
effectively help the central control system for real-time monitoring of all sectors,
and further help the staff to conduct real-time monitoring, so as to realize the whole
operation process and improve the production efficiency, and convenient for the
management.

Based on the understanding of the relevant theories, this paper further analyzed
and discussed the application of the electronic control module of the automatic
production line for SIMATIC S-300 brasque burdening packing in the actual elec-
tronic products enterprises (Rashid et al. 2015) [12]. The author introduced the
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Fig. 4. Construction of automatic electronic control module for brasque burdening
packing

PRORIBUS system to diagnose the hardware and software of the automated pro-
duction line to determine the safety and reliability of the control system (Francisca,
et al. 2010) [13]. Firstly, this study analyzed and diagnosed the hardware of the
electronic control module. Among them, the diagnosis of hardware equipment was
mainly in its sensor and calculator and analysis of operation process of electromag-
netic valve, so as to determine whether the operation process was normal, and ensure
the normal operation of the whole automation production line (Arasan et al. 2008)
[14]. The related hardware test results are shown in Table 2. The results show that
all the sensors, transmitters and actuators of the electronic control module used in
this system can be operated normally, which can provide technical support for the
subsequent applications (Srivastava et al. 2014) [15].

Table 2. Hardware device test results of electronic control module system of automatic
production line of brasque burdening packing

Sensors and transmitters

Temperature
sensor

Weighing
sensor

Speed sen-
sor

Displacement
sensor

Flow sensor Level sensor

30–40 ◦C 0.6–0.8 kg 1–1.5m/s 1–1.5m 0.4–0.5M 4–20mA

Actuator

Solenoid valve Electric control valve

Magnetic force can operate normally After collecting the relevant data, it can be
adjusted automatically
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Then, this study further studied and analyzed the software equipment of the
whole system. The diagnosis of software was mainly based on the transmission
rate of its basic data. In connection with different links, it is necessary to diagnose
the length of the network cable, and the cable should be selected first without a
screw lines. This study compared and used three different cables, A, B and C. The
parameters of different cables are shown in Table 3. Then, the author analyzed
the relationship between baud rate of three different cables and the length of cable,
as shown in Table 4. Through the analysis, it can be seen that in three different
cables, the performance of cable A is better, which has stronger impedance strength
under the influence of the electromagnetic radiation environment, so it has higher
anti-interference performance, so as to make the operation process more stable.
And the results show that when the baud rate exceeds 500, this may have a higher
requirement for the length of the cable, so the author believes that in order to ensure
the transmission efficiency of the cable for the relevant basic data, it is necessary to
determine the length of the cable used

Table 3. Cable parameters of different models

Cable type Impedance Capacitance Loop resis-
tance

Gauge Conductor
area

Type A 135–165Ω <30 pf/m 110Ω/km 0.66mm >0.34mm2

Type B 95–125Ω <20 pf/m 140Ω/km 0.82mm >0.34mm2

Type C 65–80Ω < 20pf/m 120Ω/km 0.66mm >0.52mm2

Table 4. Correlation analysis of baud rate and cable length of different types of cables

Baud rate (kbit/s) Distance/segment (m)

Type A cable Type B cable Type C cable

9.6 1200 1100 950
19.2 1200 1100 950
93.75 1200 1000 950
187.5 1000 900 700
500 400 350 350
1500 200 170 190
12000 100 90 50

Finally, this study compared and analyzed the electronic control modularization
of the automatic production line for brasque burdening packing and the traditional
production line technology. The results are shown in Fig. 5. The results show that
the electronic control modularization technology of the automatic production line
for brasque burdening packing can effectively improve the production efficiency of
the production line, and further save human resources, thereby reducing the cost and
making the production benefit higher. Therefore, in the subsequent development of
related industries, it is necessary to continuously improve and develop the electronic
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control module technology of the automatic production line for brasque burdening
packing, so as to provide technical support for the development of related industries.

Fig. 5. Comparison and analysis of the electronic control modularization of the
automatic production line of brasque burdening packing and the traditional

production line technology

5. Conclusion

With the development of the times, every industry has developed a lot, especially
the development of electronic enterprises has brought a very important impetus to
the development of the comprehensive economic level of the world. In this trend, the
electronic control module technology of the automatic production line for brasque
burdening packing has brought a positive impetus to the development of various
electronic industries. However, the relevant industry in our country still lacks a
deep understanding of the technology and theory, the technical development of the
relevant industry in our country is not perfect enough. In order to provide theoretical
basis for the development of related technologies and theories in China, the relevant
theories were summarized, the design theory of hardware and software facilities
was further described, and the hardware and software performance of the electronic
control module was diagnosed. It is concluded that the electronic control module
technology of the automatic production line for brasque burdening packing has a
positive influence on the development of the related industry. Because of the lack
of cognition of the relevant theories, the research has some shortcomings, but it can
provide the theoretical basis for the related research.
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The analysis and application of B-H
curves shearing in adjustable

inductors1

Zhengrong Jiang2, Jingjiang Qu2, Jiahui Li2

Abstract. The desirable characteristics of the orthogonal inductor are explained by the

mathematical and experimental analysis, and those important characteristics are derived from an

inclining B − H curve. The e�ective constitution of the grain oriented lamination core presented

here is capable of representing the response of the core subject to the orthogonal magnetization.

Considering the DC bias �eld as an additional anisotropy and magnetostrictive energy, the e�ective

constitutive is satisfactory for describing the e�ect on hysteresis loop caused by the DC orthogonal

bias current. Thus it is anticipated that the method will provide a helpful base for the designing

of such kind of inductor. The conclusion can be summarized as the following: The orthogonal

bias �eld can be regarded as an extra energy, which changes the magnetization characteristics of

the core of inductor. The inclining B-H plane is created with various DC bias currents put on

the inductor, and when the working point is in the linear region of the plane, the linearity of the

control characteristics can be gained. The characteristic of the orthogonal inductor is suitable

for improving the performance of the passive �lter, and the harmonic content can be decreased

remarkably with the application of the orthogonal technology. Due to the arrangement of the AC

winding and DC bias winding, the decoupling e�ect is signi�cant. The advantage is bene�cial for

the application in EVH and UVH transmission system.

Key words. Adjustable inductor, B −H curve, magnetization, harmonic, simulation.

1. Introduction

An adjustable inductor based on orthogonal magnetization shows that it o�ers
some desirable advantages, such as linear regulation, and higher safety in the ap-
plication of EVH or UVH and lower loss. Most of advantages are derived from the
special magnetization mechanism, which must be analyzed, taking into account the
movement of domains. A magnetization relation of DC exciting �eld and AC ex-

1This work was sponsored by National Natural Science Foundation of China (51377006) and
Beijing Natural Science Foundation (3132008).

2School of Electrical and Control Engineering, North China University of Technology, Beijing,
100144, China

http://journal.it.cas.cz
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citing �eld has been researched in [1]. In [2],the extra energy is used to analyze
the magnetizing process and deduce the mathematical formulas. For the analysis
of the DC bias �eld, the �nite element method is applied to model the magnetic
distribution on the ferrite inductor [3]. Due to the domain moving involved in the
orthogonal magnetization, it requires to study the characteristics of B − H curves
to �gure out how the bias �eld a�ects magnetizing process. In the proposed work,
the analysis di�ers from above-mentioned methods, and here the analysis mainly
considers tensor permeability in the core which is subject to orthogonal �elds; it
is a special consideration under an orthogonal magnetization [4], so B − H curves
under the orthogonal bias �eld are investigated �rstly, and then the hysteresis is
modeled by comparing the performance of the magnetic material under the action
of compressive stress; �nally, a prototype inductor is presented, the characteristics
are measured and the �lter application is discussed. With the calculation and mea-
surement results, relative conclusions are deducted for the magnetization mechanism
and applications.

2. State of the art

The strong correlation between the inductance and reluctance has not only been
used to elucidate the magnetic mechanism, the design of magnetic structure and
decomposition of all kinds of losses, but it has also been selected to change the
inductance, and the speci�c strategic adjustment of the inductive reactive power
often becomes the concept of the electromagnetic table.

As an important component for limiting overvoltage, improving power quality
and providing reactive power compensation, reactor plays an important role in the
stable operation of power network. The expansion of network capacity makes the
system short-circuit capacity ratings increase rapidly. In order to limit the short-
circuit current, power transmission line protection device must be installed, reactor,
that can reduce the short-circuit current and voltage of the short-circuit while the
system remains unchanged. Series reactors are mainly used to limit short circuit
currents, while shunt reactors are used to adjust the operating voltage of power
lines. Shunt reactors are widely used on long distance AC transmission lines, for
absorbing excessive reactive power of light load or no-load lines. In UHV and EHV
transmission systems, shunt reactor is of special signi�cance, it can improve the
transmission capacity of the power system, reduce over-voltage and so on. In the
application of the arc suppression coil, shunt reactor provides an inductive current to
counteract the capacitive current when the arc suppression coil is grounded, therefore
protecting the power equipment.

However, a �xed reactor has some disadvantages, such as:
(1) A �xed reactor reduce the voltage regulating ability when system character-

istic changes.
(2) A �xed reactor bring about the power loss when the transmission system is

in heavy load.
(3) A �xed reactor increases the equivalent impedance, weakening the line power

transmission capacity. In addition, it becomes an additional burden of the transmis-
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sion line under heavy load conditions.

2.1. Methodology

The schematic structure of the orthogonal adjustable inductor is shown in Fig. 1.
It contains a cylindrical hollow core made of grain-oriented Fe-Si lamination. The
overall size of the core is 120×150×80mm. The toroidal DC winding with 150 turns
goes through the bore of the core; outside of the cylinder core, there is a main coil
with 220 turns which is connected with power system and creates the AC exciting
�eld in the axial direction. The toroidal winding, like DC bias winding, is connected
with DC power to create bias �eld in the circumferential direction. The two �elds
are orthogonal to each other.

Fig. 1. Con�guration of the orthogonal inductor

In order to reduce the e�ect of demagnetization, two yokes made up of grain-
oriented silicon lamination are used, and B−H curves are measured on S&T tester
platform. The platform is used to measure the magnetization process of the inductor
core under AC �eld and DC �eld. It is obvious that B − H curves change with
the increase of DC �eld when the alternating excitation gives Hac = 50A/m and
the B − H curves inclines with the increase of the DC �eld. Meanwhile, the area
of B − H curves decreases simultaneously, which means that the remanence and
coercivity descend as well [5].

It appears that B −H curve rotates clockwise in the loci plane remarkably with
the increase of the DC bias �eld. When DC bias current reaches 5A, the B − H
curve becomes a straight line and the enclosed area nearly decreases up to zero,
but the magnetization curve has no noticeable hysteresis. However, in case of open
path, there is a strong demagnezation �eld in two terminals [6], even when the AC
exciting and DC bias �elds have a higher amplitude, and the magnetization process
is not completely reversible. In this case, the bias �eld can be used to adjust the
inductance of inductor with this kind of core by altering the e�ective internal AC
�eld, and the variable range becomes more pronounced due to the shortening of the
air path. For the semi-core variable inductor, the inductance is described as

L =
µn2Dδ

l
. (1)
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Here, n is the number of main winding turns, D is the external diameter of
the core, δ is the net thickness of the core and l is the core length. Symbol µ is
determined by DC bias current while the main current is constant.

Measurement results show that the linearity of the B − H curves is increasing
with the increase of the DC bias current. The fact brings about a characteristic
of linear permeability. This derives from two facts: one is that the bias winding
independent on the ac winding, so there is no mutual inductance between the two
windings. The other is that the reversible domain motion is the main process in the
initial magnetization, while domain rotation plays a role in the later magnetization
[7]. It is contrary to the magnetization in the axial direction. Hence the DC bias
�eld strengthens the reversibility motion ac �ux. Due to the demagnetization in the
iron core, the e�ect of the DC bias �eld on the ac direction is no longer pronounced
even if the bias �eld is higher.

The domain movement is studied toward a perpendicular direction when a press
strain works on magnetic material [8]. The e�ect on hystersis of magnetic material
is similar to that of the orthogonal �eld. So the orthogonal magnetization modeling
can be derived referring to the e�ect caused by the compressive stress.

The magnetization movement in Cartesian coordinates is as shown in Fig. 2.

Fig. 2. Magnetization movement in Cartesian coordinates

When the DC bias �eld increases, an additional anisotropy energy and elastic
energy can be e�ectively calculated and included into the generalized anhysteretic
function described previously [9], and the energy E of domains can be described as

E = −µ0m · (H‖ +H⊥ + αM) + Ẽan + Ẽσ . (2)

Here, H‖ means the DC H �eld whose direction is parallel to AC H �eld and
H⊥ means the DC H �eld whose direction is perpendicular to AC H �eld.

From the minimum energy theory, the magnetic material will get elastic distor-
tion when the magnetization changes, so the modeling of domain rotating can be
established to analyze the changing of the system energy [10]. All these phenomena
are connected with the magneto mechanical �eld, which can be described as follows:
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EH = −µ0MsH(cos θ1 cosφ1 + cos θ2 cosφ2 + cos θ3 cosφ3) , (3)

Ẽan = E0 +K1(cos
2 θ1 cos

2 θ2 + cos2 θ2 cos
2 θ3 + cos2 θ3 cos

2 θ1) . (4)

Ẽσ = −3

2
λ100σ(cos

2 θ1 cos
2 β1 + cos2 θ2 cos

2 β2 + cos2 θ3 cos
2 β3) +

− 3λ111σ(cos θ1 cos θ2 cosβ1 cosβ2 + cos θ2 cos θ3 cosβ2 cosβ3 +

+ cos θ3 cos θ1 cosβ3 cosβ1) ,

µij =
1

8π2

∫ π

0

∫ 2π

0

∫ 2π

0

µij(θ, ϕ, ψ) sin θ dψ dϕdθ . (5)

Here, Ẽan is the e�ective anisotripic energy, EH is the exciting �eld energy, Ẽσ
is the e�ective magnetostrictive energy, θ1−−3, φ1−−3, β1−−3 are the mean three
directions of the turning magnetic domains in the local coordinate system (indices
1�3 correspond to three conditions) M and H, e�ective strain force and grain axial
direction, respectively. The total energy is

Etotal = EH + Ẽan + Ẽσ . (6)

The e�ective constitutive equation can be presented as

Bi = qijkσkl + µijHj + Jri , (7)

where qijk is the magnetostrictive coe�cient, σkl is the stress tensor, µij is the
permeability tensor, and Jri is the remanent magnetization. Because of the hysteresis
of the grain oriented lamination, the direction ofM deviates the sum vector of two H
�elds. Like the analysis mentioned above, the bias �eld is e�ective on an additional
magnetostrictive energy. In order to explain the magnetization process under the
bias �eld, a perturbation equations is necessary [2].

The anhysteretic function can be quoted as

Maniso =Ms

∑
all−moments e

− E
kBT cos θ∑

all−moments e
− E

kBT

. (8)

When the orthogonal bias �eld is increased according to equation (8) (kB denoting
the Boltzmann constant), the change of E makes B−H hysteresis �shearing�, which
is a quantitative agreement with the experimental result.

The additional anisotropy energy a�ects the magnetization of the grain-oriented
core, which can be calculated from the following equation [11]. The corresponding
anhysteresis can be gained and the result curves are shown in Fig. 3.

dM

dH
= (1− c)

Man −M

δk − α (Man −M)
+ c

dMan

dH
. (9)



110 ZHENGRONG JIANG, JINGJIANG QU, JIAHUI LI

Fig. 3. Anhysteresises under various DC bias currents

3. Result analysis and discussion

Generally, a saturation adjustable inductor is based on the controlled saturation
in part of the magnetic circuit, and the permeability and saturation are two of the
critical magnetic properties [12]. A constant permeability is nearly a �at magneti-
zation curve across the origin of the B−H plane, and the saturation magnetization
at a high �eld can be described by a horizontal line in the B −H plot, as is shown
in Fig. 4. When the DC bias current increases, the magnetization curve will vary
gradually from the constant permeability regime to the saturation one. Therefore,
the core operating point is critical for the accurate changing of the reactance of the
inductor [6].

When the DC bias current increases, a bias �ux sums the ac �ux in the core
and the working point shifts into the non-linear area; the output current becomes
distorted due to the non-linearity [13]. For example, when the working point moves
from b to a, the output current waveform is changed from 3' to 2'. So the inductance
changes with the DC bias �ux. With the continuing increase of the DC current,
the working point gets closer to the saturate area, and the inductance decreases
remarkably. Accordingly, the harmonic content becomes worse.

It is obvious that the non-linearity of the magnetization curve leads to a substan-
tial harmonic distortion. On the contrary, when the operating points are retained in
the linear region of B−H �cluster�, the output current waveform can be expected to
retain sinusoidally in a wide control region, as is shown in Fig. 5. The FEM analysis
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Fig. 4. Ideal and actual B −H curves

also supports the estimation [14].

Fig. 5. B −H clusters result in sinusoidal wave

Here, the particular curves represent the typical B −H loops�characteristics of
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the magnetic material.
The orthogonal adjustable inductor is expected to achieve the goal mentioned

above. In the case of B −H cluster, each curve can be expressed as two lines, and
the cluster can be simply described as a lot of lines with di�erential incline angles,
as are shown in Fig. 6.

Fig. 6. B −H simple descriptions

Then B −H curve can be described as

H = B tanα1 for B < Bs ,

H = (B −Bs) tanα0 for B > Bs . (10)

So the working winding current is described as

iac = (1/2Bm tanα0)•

(−Bm cosωt+B0) tanα1 −Bm cosωt+B0 < Bs (11)

(−Bm cosωt+B0 −Bs) tanα1 −Bm cosωt+B0 > Bs

Using Fourier series analysis, the harmonic current values are gained, as is shown
in Fig. 7.

Here the horizontal axis represents the angle between B and H and vertical axis
denotes the harmonic content per unit.

It is obvious that the linearity of the permeability is improved with the increase of
the orthogonal �eld , so the harmonic characteristic of the inductor becomes better
with the increase of the orthogonal �eld.

In order to verify the harmonic characteristic of the inductor, an experiment is
performed and the experiment circuit is shown in Fig. 8.

Here, Ue is AC power which is connected with the working winding of the in-
ductor, Us is the DC power which is connected with DC bias winding, R1 and R2
are changeable resistances, and X1 is the adjustable inductor. Given Ue = 220V,
through changing DC bias current, based on the experiment results, the harmonic
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Fig. 7. Incline angles versus harmonics per unit

Fig. 8. Experimental platform

characteristic is gained, as is shown in Fig. 9.

Fig. 9. Harmonic characteristics of the orthogonal magnetization inductor

4. Conclusion

The desirable characteristics of the orthogonal inductor are explained by the
mathematical and experimental analysis, and those important characteristics are
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derived from an inclining B-H curve. The e�ective constitution of the grain ori-
ented lamination core presented here is capable of representing the response of the
core subject to the orthogonal magnetization. Considering the DC bias �eld as an
additional anisotropy and magnetostrictive energy, the e�ective constitution is sat-
isfactory for describing the e�ect on hysteresis loop caused by the DC orthogonal
bias current. Thus it is anticipated that the method will provide a helpful base
for the designing of such kind of inductor. The conclusion can be summarized as
the following: The orthogonal bias �eld can be regarded as an extra energy, which
changes the magnetization characteristics of the core of inductor. The inclining B-H
plane is created with various DC bias currents applied to the inductor, and when
the working point is in the linear region of the plane, the linearity of the control
characteristics can be gained. The characteristic of the orthogonal inductor is suit
for improving the performance of the passive �lter, and the harmonic content can be
reduced remarkably with the application of the orthogonal technology. Due to the
arrangement of the AC winding and DC bias winding, the decoupling e�ect is signif-
icant. The advantage is bene�cial for the application in EVH and UVH transmission
systems.

References

[1] Q.Yu, X.Wang, Y.Cheng: Electromagnetic modeling and analysis of can e�ect of
a canned �nduction electrical machine. IEEE Transactions on Energy Conversion 31
(2016), No. 4, 1471�1478.

[2] D.Hu, J. Sheng, J.Ma, L.Yao,Z.Y. Li, Z.Hong, Z. Jin: Characteristic tests and
electromagnetic analysis of an HTS partial core transformer. IEEE Transactions on
Applied Superconductivity 26 (2016), No. 4, Article No. 5500305.

[3] S. Shen, Y.Tang, L.Ren, Z.Wang: Electromagnetic calculation of a 35 kV/3.5
MVA single-phase HTS controllable reactor with �eld�circuit coupled-FEM. IEEE
Transactions on Applied Superconductivity 26 (2016), No. 7, Article No. 5603305.

[4] B.Gustavsen, M.Runde, T.M.Ohnstad: Wideband modeling, �eld measurement,
and simulation of a 420-kV variable shunt reactor. IEEE Transactions on Power De-
livery 30 (2015), No. 3, 1594�1601.

[5] S.Mukhopadhyay, D.Maiti, A. Banerji, S.K.Biswas, N.K.Deb: A new har-
monic reduced three-phase thyristor-controlled reactor for static VAr compensators.
IEEE Transactions on Industrial Electronics 64 (2017), No. 9, 6898�6907.

[6] M.Young, Z. Li, A.Dimitrovski: Modeling and simulation of continuously variable
series reactor for power system transient analysis. Proc. IEEE Power and Energy Soci-
ety General Meeting (PESGM), 17�21 July 2016, Boston, MA, USA, IEEE Conference
Publications (2016), 1�5.

[7] Z.Deng, X.Wang, F. Zhou, X. Lei, K.Yu, Y.Qiu: Modeling of extra-high voltage
magnetically controlled shunt reactor. Proceedings of the CSEE 28 (2008), No. 36,
108�113.

[8] S. S. Sinha, J. Shah, H.Nerkar: Harmonics measurement using FFT algorithm in
digital signal controller for smart micro-grid system. Proc. IEEE Region 10 Humani-
tarian Technology Conference (R10-HTC), 21�23 December 2016, Agra, India, IEEE
Conference Publications (2016), 1�5.

[9] Y.Yao, B.Chen, C.Tian: Modeling and characteristics research on EHV mag-
netically controlled reactor. Proc. IEEE International Power Engineering Conference
(IPEC), 3�6 December 2007, Singapore, Singapore, IEEE Conference Publications
(2007), 425�430.



THE ANALYSIS AND APPLICATION OF B-H CURVES 115

[10] R.Bramanpalli: Accurate calculation of AC losses of inductors in power electronic
applications. Proc. PCIM Europe 2016; International Exhibition and Conference for
Power Electronics, Intelligent Motion, Renewable Energy and Energy Management,
10�12 May 2016, VDE Conference Publications (2016), 1�8.

[11] X.Wei, Y. Ji, J.Wang, G.Tan: Orthogonal core harmonic model analysis with
magnetization curve and magnetic saturation. Proc. IEEE International Conference on
Industrial Technology (ICIT), 15�17 December 2006, Mumbai, India, IEEE Conference
Publications (2006), 2148�2153.

[12] B.Chen, Y.Gao, M.Nagata, K.Muramatsu: Investigation on harmonics sup-
pression of saturable magnetically controlled reactor using nonlinear magnetic �eld
analysis. Proc. IEEE International Conference on Electromagnetic Field Problems
and Applications (ICEF), 19�21 June 2012, Dalian, Liaoning, China, IEEE Confer-
ence Publications (2012), 1�4.

[13] K.Nakamura, S.Hayakawa, S.Akatsuka, T.Ohinata, K.Minazawa,
O. Ichinokura: Three-dimensional reluctance network analysis considering an
iron loss characteristic for an EIE-core variable inductor. IEEE Transactions on
Magnetics 41 (2005), No. 10, 4033�4035.

[14] A.Lamecki, L. Balewski, M.Mrozowski: E�ect of mesh deformation on the ac-
curacy of 3D FEM electromagnetic analysis. Proc. IEEE MTT-S International Con-
ference on Numerical Electromagnetic and Multiphysics Modeling and Optimization
(NEMO), 27�29 July 2016, Beijing, China, IEEE Conference Publications (2016), 1�2.

Received May 7, 2017



116 ZHENGRONG JIANG, JINGJIANG QU, JIAHUI LI



Acta Technica 62 No. 2B/2017, 117�128 c© 2017 Institute of Thermomechanics CAS, v.v.i.

Vehicle continuity tracking in traffic
monitoring video based on mean hash1

Honghui Fan2, Hongjin Zhu2, 4, Jiawei Li2,

Dongming Yuan3

Abstract. To further improve the vehicle detection and tracking accuracy, the detection

and tracking of target vehicles in tra�c surveillance video were discussed. Depending on the

characteristics of the tra�c video monitoring, Gaussian mixture model algorithm and the improved

background subtraction algorithm were discussed and optimized to detect vehicle. And mean hash

algorithm was used on the target vehicle continuously. Cloudy and foggy surveillance monitoring

videos were utilized to verify the proposed proposal. At the same time, vehicle detection and

tracking at di�erent speeds were also veri�ed. Through these experiments, it was veri�ed that

the target vehicle could adapt to the background model and update when it was traveling at low

speed, and it was possible to maintain a relatively stable detection and tracking of the target

vehicle. Veri�cation experiments meant it had a bene�cial e�ect on the in�uence of the weather

environment.

Key words. Gaussian mixture model, background di�erence, vehicle detection, mean hash,

vehicle continuity tracking.

1. Introduction

In recent decades, with the rapid development of information technology and
greatly improve the performance of hardware, video monitoring system has been
widespread deployment, around the city roads everywhere [1]. In the �eld of com-
puter vision detection and tracking of moving targets has been a research hot spot,
in robot navigation, intelligent transportation systems, and other �elds have a wide
range of applications. Tens of thousands of cameras can produce huge amounts of
tra�c monitoring data every day, through the tra�c surveillance video data real-time
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analysis and processing, can build a lot of smart services: such as vehicle tracking,
tra�c control and tra�c violation detection and so on [2, 3]. Therefore, the intel-
ligent transportation system (ITS) becomes research and development hot spots in
the world transportation vying [4, 5]. Although the intelligent transportation system
has been got rapid development and a series of signi�cant achievements have been
made, but still have a certain gap with people's expectations. Collins and others
using multiple cameras to realize intelligent tra�c detection system, can identify the
target vehicle state, and can be updated road information in real time [6, 7]. These
research works have improved the intellectuality of the intelligent transportation
system, but continuities of tracking of the same vehicle needs to be improved.

Continuous tracking of moving targets, the �rst thing to the moving object of
video sequence detected in the frame, to provide initial targets information for follow-
up. Moving target detection is mainly divided into two parts, background model
and foreground detection. General methods of background model include mean
�lter method, median �lter method and Gaussian mixture model (GMM) method
[8�10]. Which of Gaussian mixture model method can detect the moving objects
more completely, and adaptable to changes in the scene [11]. In the background
after the success of the modelling, the use of background di�erence algorithm, can
get the foreground image-moving targets. Using background subtraction algorithm
would be in�uenced by external factors, such as light, weather and other factors,
and if using the improved background subtraction algorithm, can eliminate these
problems [12�14].

In this paper, Gaussian mixture model was used to the background model and
update. Then improved background subtraction algorithm foreground detection to
detect the moving vehicles. Finally, the hash algorithm was adopted to the same
continuous tracking of the vehicle for monitoring video.

2. Background update and foreground detection principle

2.1. Background updating based on Gaussian mixture model

Gaussian model could represent the characteristics of each pixel in image [15].

For any pixel in the tth moments the observed values of Xt = [rt, gt, bt]
T
. So the

probability representation of the background is given by the equation

P (Xt) =

k∑
i=1

ω(i,t)η(Xt, u(i,t),
∑
(i,t)

) . (1)

In (1), ω(i,t) is the weight of the ith Gauss components at the T moment. Quan-
tity η(Xt, u(i,t),

∑
(i,t)) is the probability density function of the ith Gaussian com-

ponent at time T , and the mean value is u(i,t). The covariance matrix is
∑

(i,t).
The current value of pixels is matched with theK-th Gaussian distribution of the
Gaussian mixed model. If new pixel values and Kth Gaussian distribution match
successfully, determine the pixels as the background, otherwise the prospects for
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points.
If a new pixel value with one of the Gaussian distribution satis�es

∣∣X(i,t) − u(i,t)
∣∣ ≤

Dσi (D representing custom parameters for the user, typically 2.5, and σi is vari-
ance), the weight w of the kth Gaussian distributions in the model is adjusted
according to the equation

ω(k,t) = (1− α)ω(k,t−1) + α(M(k,t)) , (2)

where, α is the learning rate, and its size determines the speed of the background
update. If the detected pixel valueX(i,t) matches the kth Gaussian distribution, then
M(k,t) = 1, the other values of M(k,t) = 0. To match the success of the Gaussian
distribution, the mean u(i,t) and variance σ2

(i,t) also need to be updated according
to the formulae

ρ = αη(Xt |uk, σk ) , (3)

u(i,t) = (1− ρ)u(i,t−1) + ρX(i,t−1) , (4)

σ2
(i,t) = (1− ρ)σ2

(i,t−1) + ρ× (X(i,t−1) − u(i,t−1))
T × (X(i,t−1) − u(i,t−1)) . (5)

For matching of unsuccessful Gaussian distribution, the mean and variance re-
main unchanged when the background is updated. Therefore, the algorithm of mixed
Gaussian model can update background accurately. The experimental results are
shown in Figure 1.

Figure 1 is the result of a background update using a mixed Gaussian model
algorithm in a complex environment. From Figure 1(A) to 1(F), there are shown
respectively the numbers of frame 1, 50, 100, 200, 100, and 350. In the experimental
results, we can see that the 350th frame is basically recovered from the original
background. This result veri�es the validity of the background update of the mixed
Gaussian model algorithm

2.2. Foreground detection based on improved background
di�erence algorithm

The common background di�erence algorithm is similar to the image subtraction
operation, that is, the two images are point-to-point subtracted. Background dif-
ferent results are �nalization processing. Mathematical expression is shown in (6).
Symbol R(i, j) is the di�erence image, F (i, j) is the current frame, and G(i, j) is the
background image. Where the value of R(i, j) is 1, the region is the target area to be
detected. Symbol T is a gray scale threshold whose size is related to the sensitivity
of the recognition target.

R(i, j) =

{
1, |F (i, j)−G(i, j)| > T,
0, otherwise.

(6)

The conventional background di�erence algorithm is simple to implement, but
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because the gray scale threshold T is a �xed value, the segmentation e�ect is greatly
a�ected in a complicated environment. Dynamic thresholds can solve this problem.
It can automatically �nd the appropriate threshold for segmentation. Therefore, a
background di�erence algorithm based on dynamic threshold is proposed, the basic
principle is built on the two images have been obtained when the light changes,
which can dynamically adjust the threshold. Therefore, the background di�erence
algorithm could be improved based on the original algorithm to increase the dynamic
threshold increment T . The corresponding mathematical expression is

∆T = λ× 1

M ×N

N−1∑
i=0

M−1∑
j=0

|F (i, j)−G(i, j)| (7)

R(i, j) =

{
1, |F (i, j)−G(i, j)| > T + ∆T,
0, otherwise.

(8)

Symbol λ in (7) is the suppression factor. It could be accorded with the actual
situation value. Product M × N represents the size of each processed image, the
numerical result indicates the number of pixels in the detection area. Symbol ∆T
re�ects the overall environment changes. It changes with the change of the light. As
a result, the background subtraction algorithm based on dynamic threshold could
e�ectively inhibit the e�ects of the light changes. The experimental results as shown
the Fig. 2.

Fig. 2. Application of improved di�erence method in complex background
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3. Persistence tracking based on mean hash principle

Hash algorithm maps a binary value of any length to a �xed-length binary value,
which is called a hash value [16]. So hash value is a unique and extremely compact
numerical data representation, so as long as the hash of a letter is changed, then
the subsequent hash value will change. For two di�erent inputs it is not possible to
have the same hash value, so the hash value of the data can verify the integrity of
the data.

Average hash algorithm is used primarily for a similar image search. Average hash
of their main role is to each image to create a "�ngerprint" string, then compare
di�erent �ngerprint images. The result of the hash is very close, and it means that
the image is very similar. Average hash algorithm is mainly using images of low
frequency information, and the working process was illustrated in Fig. 3.

Fig. 3. Hash calculation process diagram

A picture is a two-dimensional signal. It contains the di�erent frequency compo-
nents, and the low frequency component is the region where the brightness changes
are low and describe a wide range of information. The place of intense brightness
change is the high-frequency component (such as the edge of the object), which de-
scribes speci�c details. This means that the high frequency can provide the details
of images, and low frequency can provide a framework of images. In general, the
frequency of large and detailed images is high, and small images lack the details
of the image, so the miniature image seems to have a lot of low frequency compo-
nents. The down sampling in image process, that has also the form of narrowing the
pictures, is actually a process of loss of high-frequency information.

Hamming distance could compare the similarity of two images. The �rst is to
calculate the hash of two images, that is, 64-bit 0 or 1, and then calculate the
separate digits. If the Hamming distance value is 0, it means that the two images
are very similar, if the Hamming distance is less than 5, it means there are some
di�erences, if the Hamming distance is greater than 10, it shows the two images
are di�erent. As it can measure the similarity of two images, it should be used for
target tracking. In the process of processing, as long as each frame to �nd the closest
target location, according to the threshold of the same target can be matched. The
principle of matching the template is similar, but the similarity measure used by the
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template match is the correlation of the two images.
Assume the original image size is m×n, distribution range of pixel value is from

0 to 255, reduce image size is 8×8, so the pixel value distribution range is from 0 to
63. Assume that the image is f(x, y). Then the speci�c steps are as follows:

Step 1: The quickest way to eliminate the high frequency and detail is to reduce
size of the image. The image is reduced to 8×8 sizes, and it is comprised of 64 pixels.

Step 2: Convert 8×8 small images into gray-scale images.
Step 3: Calculate the average gray scale level in the all 64 pixels.
Step 4: The gray scale of each pixel is compared with the average. A mark

greater than or equal to the average is 1 and the rest is 0.
Step 5: Combine the previous comparison results into a 64 bit integers, which is

the hash key for this picture. The order of the combinations is a need, just make
sure all the pictures are in the same order.

Thus, continuous tracking of the same vehicle based on the mean hash algorithm
can be achieved. The target vehicle is to be tracked to �nd and then save, calculate
its hash code, scan the next frame image and calculate the hash code of each scan
window, and compare the target vehicle hash code. The distance from the smallest
scanning window is the most similar to the target vehicle, which is the image of
the target vehicle location. In order to expedite, only the image area around the
previous frame is scanned. In order to accommodate changes in the target, it is also
necessary to update the target vehicle to be tracked for each frame after successful
tracking.

4. Experimental results

In order to verify the validity of the proposed method two groups of test experi-
ment were used. Group 1 was under the condition of the same vehicle speed, and the
vehicle in di�erent weather conditions under the condition of continuous tracking.
Group 2 was under the condition of the same weather environment, and the vehicle
at unusual speed under the condition of continuous tracking. The experimental en-
vironment was based on Windows 7, visual studio 2010 and opencv2.4.9. We used
foggy and low speed vehicle, cloudy and low speed vehicle and high speed vehicle
to verify the vehicle tracking result. The three videos with a size of 240×360 pixels
and the frame rate was 30. In order to quantitatively compare the performance of
the proposed method, three metrics were used to evaluate the tracking performance.

The �rst set of video images (cloudy and low speed vehicle) had the total of 311
frames. The tracking results were shown in Fig. 4. A second set of video images
(foggy and low speed) had the total of 313 frames, and tracking results were shown
in Figure 5.

The �rst and second set videos were used for a group of comparative experi-
ments. In the experiments, under the condition of vehicles running at low speed
(less than 60 km/hour), the weather environment was di�erent. In the cloudy and
foggy weather for the same vehicle continuous tracking test, number of successful
tracking was recorded. For this group of experiments, in the case of cloudy weather,
the target vehicle in the �rst group of video appeared in a total of 188 frames, using
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Fig. 4. Cloudy and low speed vehicle tracking experimental result

the proposed method in this paper could successfully track 181 frames. In the foggy
weather, the target vehicle in the second group of video appeared in a total of 118
frames, target vehicle could be successfully tracked 101 frames.

Group 3 video images (cloudy and high speed vehicle) had a total of 353 frames,
tracking results were shown in Fig. 6.

The �rst and second set video was used for a group of comparative experiments.
In the experiments, under the condition of vehicles running at low speed (less than
60 km/hour), the weather environment was di�erent. For the cloudy and foggy
weather for the same vehicle and continuous tracking test, a number of successful
tracings were recorded. For this group of experiments, in the case of cloudy weather,
the target vehicle in the main group of video appeared in a total of 188 frames, using
the proposed method in this paper could successfully track 181 frames. In the foggy
weather, the target vehicle in the second group of video appeared in a total of 118
frames, target vehicle could be successfully tracked 101 frames.

In order to quantitatively compare the performance of the proposed method,
using an accuracy rate, omission rate and error rate three metrics to evaluate the
tracking performance. Accuracy rate relates to the target vehicle has success tracking
number of frames and the target vehicle in the ratio of total number of frames.
Omission rate refers to the target vehicle has no success tracking the number of
frames and the target vehicle in the ratio of total number of frames. Error rate
relates to the target vehicle has error tracking number of frames and the target
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Fig. 5. Foggy and low speed vehicle tracking experiment result

vehicle in the ratio of total number of frames. The �rst group, the second and third
group detailed performance parameters of the video image tracking results were
shown in Table 1.

Table 1. Vehicle continuous tracking performance evaluation

Video sequence
number

Evaluation fac-
tors

Accuracy rate
(%)

Omission rate
(%)

Error rate (%)

1 Cloudy Low
speed

96.28 3.19 0.53

2 Fog Low speed 85.59 5.08 9.33

3 Cloudy High
speed

55 36.5 8.5

As shown in Table 1, the �rst set of video tracking accuracy was highest, the third
set of video omission rate was highest, the second set of video error rate was highest.
The �rst and second groups of video tracking results could be seen that the weather
environment a�ect the target vehicle tracking accuracy. Accuracy rate had fallen by
about 10%. In the �rst group and the third group of video tracking results it could
be seen that vehicle speed a�ects the target vehicle tracking accuracy. Accuracy
rate had fallen by about 40%. The weather environment changes and vehicles run
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Fig. 6. Cloudy and high speed vehicle tracking experiment result

at low speed. Using the proposed method to keep track of the same vehicles, good
results can be achieved. But there was no con�rmation that the weather changes
with vehicle speed would a�ect the vehicle tracking accuracy. By comparison, vehicle
speed had a greater impact on the vehicle continuous tracking in proposed method.

5. Conclusion

In this paper, moving target vehicle detection and tracking were discussed. In the
intelligent transportation system we used a Gaussian mixture model to update road
background, and the improved background di�erent algorithm was used to detect
foreground. Simulation experiments were conducted in di�erent weather conditions
and vehicle speeds. Experiments showed that the proposed method could adapt
to the background model and update when the target vehicle was running at low
speed, and had a bene�cial e�ect on the in�uence of the change of the weather
environment. And the proposed method could remain relatively stable detection of
the target vehicle and tracking.

However, when the vehicle was traveling at high speed, the accuracy of the target
vehicle's continuous tracking using the proposed method was not satisfactory. At
the same time, this study had not been compared with other algorithms, which were
a future research direction.
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Design and implementation of
meteorological prediction and early

warning information system for slope
geologic hazard based on the WebGIS

of RIA

Guan Xinbang
1

Abstract. In geological disasters, heavy rainfall is the cause of slope geological collapse, debris

�ow and other disasters, and will lead to greater property, life and safety crisis. Meteorological

prediction and early warning information system for slope geologic hazard based on the WebGIS

of RIA was designed and implemented; �rst of all, the present situation of geological disasters was

introduced, and the main technologies of the WebGIS of RIA and the algorithms of weather forecast

and early warning for slope geological hazard were analyzed; and then meteorological forecast and

warning information system of slope geological hazard based on WebGIS of RIA was designed;

�nally, the application status of early-warning information system in high incidence area of slope

geological hazards in China was analyzed. Therefore, the system is helpful for the rescue personnel

to carry out remote consultation and decision-making command of the slope geological disaster

area.

Key words. RIA, WebGIS, weather forecast of slope geological hazard, early warning

information system.

1. Introduction

With the expansion of the population of the world, the scope of human activ-
ities expands, and the natural environment is deteriorating, and the occurrence of
geological disasters is more and more frequent, which brings more and more serious
losses to human society, the incidence of geological disasters is high in China [1]. Ge-
ological disasters are widespread, and characterized by extensive distribution, which
will produce serious threat to the safety of people's lives and property, a�ect social
and economic development, and restrict the long-term sustainable development of
society. Especially in recent years, China's geological disasters occur frequently, the

1China University of Mining and Technology (Beijing), Beijing, 100083, China

http://journal.it.cas.cz



130 GUAN XINBANG

�ood season is a�ected by meteorological factors, slope geological disasters occur
frequently, and any disaster prevention must be based on early warning [2]. The
occurrence of geological disasters is a dynamic process of change, and also a very
big project for the study and early warning of geological disasters. Therefore, it is
necessary to use modern science and technology, information technology and multi-
disciplinary collaboration to assist in the study.

Up to now, all countries in the world have set up special geological disaster
prevention and prediction institutions. Combined with the knowledge of computer
science and geographic information system, a speci�c information management sys-
tem for geological disaster prediction and early warning has been developed. With
the rise of Internet technology, some countries have basically realized WebGIS based
on the publication and application of the geological disaster prediction information
system [3]. The researchers have carried out the deformation monitoring of the land-
slide and timely captured the relevant information of the landslide indications, so
as to e�ectively prevent and control the geological disasters of the landslide. De-
formation monitoring generally includes surface deformation monitoring and depth
deformation monitoring, and surface monitoring includes geological inspection, sim-
ple monitoring of surface instruments, geodetic leveling network [4].

2. State of the art

Since 1980s, great progress has been made in the research and development of
the geographic forecast and early warning information system. The geographic in-
formation system (GIS) is a tool based computer, which can be used to map objects
on the earth and analyze events in detail according to the research and development
of the techniques and methods for the prediction of sudden geological disasters [5].
Based on the analysis of boundary conditions and structural elements of geological
disasters, the geological hazard environment and various parameters are determined
by the number of parameters (experimental or instrumental determination) or linear
change values, then the rigid body equilibrium equilibrium theory or the improved
limit equilibrium theory is used to establish mathematical expressions or empirical
expressions to predict the distribution of geological hazards and dynamic processes
[6]. This method is applicable to the prediction and assessment of a single geologi-
cal hazard (falling gradient), but not suitable for large area regional forecasting [7].
Although speci�c (especially early) engineering examples play a part, this simple
problem gradually exposes the approximate defects of geological disasters and it is
always unsatisfactory when predicting the dynamic disaster of instability with the
continuous recovery of geological disasters [8].
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3. Methodology

3.1. The main technology of WebGIS based on RIA

RIA technology can be introduced, and its visual e�ects can be added into We-
bGIS applications to suit the user-friendly needs of the system. Therefore, it's
feasible to construct WebGIS architecture under RIA, and the design and imple-
mentation of the system are more in line with the idea of object-oriented software
development. The main techniques include the following:

The spatial database management system and relational database management
system are quite mature, commercial RDBMS not only supports B/S and C/S mode,
but also supports data distribution, through SQL and ODBC, almost all GIS soft-
ware can work together based on public identi�cation numbers. Object relational
database technology and object oriented database technology are mature gradually,
and become the main technologies of GIS spatial data management in the future.

Life cycle of the whole information system includes object -oriented, object-
oriented (OOA), object-oriented design (OOD) and object-oriented language (OOL),
and object-oriented data management (OODBM). The object-oriented control database
technology is gradually mature, spatial object query language (SOQL), spatial object
relational analysis, object-oriented database management, object-oriented software
technology and GIS are closely related, and this is a good way to describe geography
from the development of object-oriented technology [9].

Client/server has a wide range of meanings, database technology and distributed
processing technology are closely related. Data communications and geography
operations of client / server are balanced to take advantage of the server's high-
performance bene�ts, handle complex critical services, and reduce network tra�c,
and users can make full use of the various resources of the network by planning the
client / server model of the GIS system [10].

WebGIS not only has the functionality of most or all of the traditional GIS
software, but also has the advantage of using Inetmet's unique features. These
unique features include that users don't have to install GIS software on the local
computer to access remote GIS data and applications on the Internet, perform GIS
analysis, and provide interactive maps and data on the Internet. The main features of
WebGIS are object-oriented, distributed and interoperable. Any data and functions
of GIS are an object. These are deployed on di�erent servers on the Internet and
are assembled and integrated when needed, and any other system on the Internet
can exchange and interact with these objects. Architecture of WebGIS is as follows
(see Fig. 1):

The client will complete three operations:
(1) The �rst one is to manage user interfaces and deal with application logic.
(2) The second one is to generate a database request and send a request to the

GIS server, and then accept the result from the GIS server.
(3) The third one is the formatted result, which is published to the user, and the

corresponding function of the network server is to accept the request of the client
user and generate the dynamic web page content to return to the client.
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Fig. 1. Architecture of WebGIS

The corresponding functions of the GIS server are as follows:
(1) The �rst one is to accept database requests from the client.
(2) The second one is the processing of requests of the database.
(3) The third one is the formatted result, which is sent to the client.
(4) The fourth one is to maintain the database.
The implementation of this system architecture is based on the implementation of

the server (thin client), that is, clients only need browsers, and no other Java plug-ins
need to be downloaded; the server is responsible for dealing with customer's requests,
as well as related space calculation, data query and other high load operations,
non-map requests are executed on the network server side, while map requests are
switched to the ArcIMS application server via the network server, and the result is
returned after the server processing of the ArcIMS is established.

3.2. Warning algorithm for meteorological forecast of slope
geological hazard

The occurrence of meteorological disasters and geological disasters is a process
from chronic change to a variety of natural factors, including human factors. Ge-
ological condition is a necessary regulation of MGD, and rainstorm is a su�cient
condition for occurrence of MGD. Thus, MGD is a function of geological factors (d),
human factors (m), and precipitation (r). That is, MGD = f(d,m, r). For speci�c
regions, MGD is a function of precipitation (R) in the medium and short term fore-
cast of MGD, that is, MGD = f(r), geological conditions and human factors are
basically the same. Precipitation monitoring and prediction produce MGD short-
term, medium term forecasts and alarms. The prediction of the risk (possibility) of
MGD is calculated by the formula

MGD(r) =

n∑
i=1

Yi(r) + g , (1)

where Y represents the cumulative rainfall of multiple storm periods, i represents the
value in the sample, n is the number of sample data, and g denotes the threshold of
the non resistance factor. The principle of the formula is calculated and the relation-
ship between weather conditions and prediction, establish the prediction equation,
and assuming that the numerical prediction results exactly, and the numerical re-
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sults as predictor equation (Hofer et al. 2015 [11]). In addition, the MGD forecast is
similar to the strong rainfall forecast, and the general statistical method is used as
the model. In daily and �xed-point MGD forecasts, small probability events rarely
occur in daily precipitation events (Youssef et al. 2015) [12].

The ETA numerical prediction model is simply referred to as η prediction model,
which is a way to forecast by analyzing the intensity prediction of precipitation
centers above regional moderate rainfall that is basically consistent with the actual
situation. According to the di�erent con�guration of weather system, and degree of
deviation between rainfall and actual weather is predicted by η model, precipitation
predicted by η model is treated as a post process. That is correct for the intensity
of center of the rain, position of the rain, and precipitation of each point in the
predicted rainfall

Rb =
Ra

Rmax
×Ri +Ri . (2)

Here, Ri is a forecast of the ETA model rainfall rainfall in value, Ra is the �xed
point correction before rainfall, Rmax denotes the maximum rainfall data collected
before the correction value, Rb needs to be corrected after correction for point rain-
fall. The rain area should be considered in the drift correction e�ect of average wind
speed forecast area and direction on drift. The weather forecast system area forecast
rainfall correction and intensive rain drift process of rainfall products using the ETA
model (Kadiyala et al. 2015) [13]. Then using the weight method and successive
correction method, the prediction of the ETA model lattice into rainfall weighting
method is

y0 =

∑n
i=1 Wiyi∑n
i=1 Wi

. (3)

Here, y0 is the ETA model grid point precipitation interpolation to forecast the
precipitation forecast value of single station and Yi is the forecast value of precipi-
tation lattice precipitation at the ith grid point near the single station. Symbol Wi

is the weight coe�cient of the ith grid point, and n is the total number of samples.

3.3. Design of meteorological forecast and early warning in-
formation system for slope geological hazard

The prediction and warning information system for sudden geological disaster
makes use of the various functions of GIS which are determined by the characteristics
of geological disasters. The uncertainty of geological disasters and the complexity of
the interaction among geological factors cause that GIS is used to manage the data
of these geological disasters after a large number of basic geological environment
data are collected. E�ective treatment methods, temporal and spatial distribution
of geological disasters are presented in the analysis of the probability of occurrence
of geological disasters. Slope geological disaster area and its prevention are shown
in Fig. 2.

The system uses GIS technology, network technology and decision support sys-
tem, and provides decision support system for designing and developing meteorologi-
cal early warning for geological disasters. The real-time weather information and the
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Fig. 2. Meteorological forecast and early warning information system for slope
geological disasters

prediction of geological disasters are analyzed through the study of the relationship
between geological disasters and their induced factors-meteorological factors [14].
The system automatically receives weather information, once there is the possibility
of inducing disaster, the system will reach the threshold of the weather information
displayed on the map, a preset warning prediction scheme is automatically entered,
a warning device is used to trigger through an alarm device. Through the warning
forecast with light sound, alert messages are automatically sent to related personnel
of the group defense system and mobile terminals of the population threatened to
achieve the purpose of early warning and prediction [15]. The framework of the
meteorological forecast and early warning information system for slope geological
disasters is depicted in Fig. 3.

Fig. 3. Meteorological forecast and early warning information system for slope
geological disasters
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4. Result analysis and discussion

4.1. Con�guration and implementation of meteorological
forecast and warning information system for slope ge-
ological hazard of based on WebGIS of RIA

The meteorological forecast and warning information system for slope geological
hazard of based on WebGIS of RIA needs to be equipped with advanced spatial
data server software, provides users with greater support for spatial databases, and
supports multi-user editing, a large number of spatial databases and any number
of users. The system consists of a uni�ed ArcSDE data management for geological
disaster, database for prediction and release of sudden geological hazard. The data
contained in this database includes: special data of sudden geological disasters,
thematic data of rainfall observations reported by �ood stations, and the auxiliary
basic terrain data. The spatial database is organized according to Table 1.

Table 1. Composition of a spatial database

Data of sudden
geological disasters

Forecast map of
disaster probability

Ground �ssure

Caving-in

Disaster spots and
disaster prone areas

Mud-rock �ow

Hill-creep

Data of margin
observation of news
station

Rainfall in the past 1
hour

-

Rainfall in the past 2
hour

-

Data of basic terrain Administrative bound-
aries, water systems,
roads

-

The background service program will carry on the real-time update to maintain
the updating of the data. Attribute structure of disaster probability forecast chart
is set with the �eld of "Probability", and attribute structure for observing rainfall
element class is set with the �eld of "Rainfall", which are used for thematic symbol
rendering respectively.

The con�guration of the ArcIMS application server: ArcIMS maps are con�g-
ured in two main ways: Author and ArcMap. The LAPS system is selected in the
map con�guration selection ArcMap to publish more complex thematic maps. Two
topics need to be published respectively: disaster probability prediction and rainfall
monitoring station, they all use basic terrain data to assist in thematic maps and
communications. Each observed rainfall elemental class is based on the �rainfall�
�eld, and represented by graduated value and magnitude of rainfall, di�erent sizes
and di�erent colors. The prediction of sudden geological disaster is divided into �ve
grades. Among them, the third and fourth levels represent the release of forecast
and the �fth level represents the release of alerts with yellow and orange as signs
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respectively, as shown in the following Table 2.
The probability value of characteristic class stores of the probability �eld (range

0�1) of prediction of sudden geological disasters is based on the value of �eld, and
presented as unique value. Basic ground features are mainly used to assist display,
and display the proportion of di�erent distribution according to management level
and visual e�ect, so that the location of the disaster area is very clear through the
realm and place names.

Table 2. Grade of prediction and early warning of geological disaster

Rank The �rst
level

The second
level

The third
level

The fourth
level

The �fth
level

Probability 0.0�0.2 0.2�0.4 0.4�0.5 0.5�0.8 0.8�1.0

Possibility Little Less Large Larger Great

4.2. Analysis of application of meteorological forecast and
warning information system for slope geological hazard
based on WebGIS of RIA

China's slope geological disasters occur mainly in Sichuan and Yunnan Provinces.
Meteorological forecast and early warning information system was applied in

the above two areas. The meteorological forecast and warning information system
for slope geological hazard based on WebGIS of RIA showed that the relationship
between MGD and the current precipitation in Yunnan was: the MGD during period
of rainstorm was the pre 0�4 days, the number of storms was between the sixth
and the eleventh day. In the precipitation patterns caused by rainstorm and MGD
relation models, the key rainfall periods of rainstorm induced in many days were 0�5
days and 6�12 days, the key rainfall period of continuous rainy induction was 0�40
days, as shown in Fig. 4.

Collection and analysis of debris �ow and landslide disaster in Sichuan basin
were carried out through the application of geographic information early warning
and forecasting system based on RIA. In the prediction model η, through the analysis
of the precipitation of the same day, the precipitation of the �rst 3 days and the rainy
days of the �rst 30 days of debris �ow landslide, the relevant threshold values for
the associated weather forecast and warning information of slope geological hazard
were obtained and listed in Table 3.

Table 2. Correlation threshold of meteorological forecast and warning information for slope
geological hazard
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Fig. 4. Information area map of MGD

Forecast precipita-
tion

Rainfall for the
�rst 3 days

The �rst 30
days before the
rain/precipitation
rain fall

The possibility of
slope geological
hazard

Above 200mm ≥ 100mm ≥ 16 days Great possibility

Below 200mm Between 12 and 36
hours 100�200mm

- Small possibility

50�10mm ≥ 40mm ≥ 16 days Large possibility

30�50 mm - ≥ 100mm Little possibility

As can be seen from the above data, in the prediction model η, the meteorolog-
ical information in the time period was all taken into account, the meteorological
information such as rainfall during the period of time was compared with the me-
teorological information of slope and geological disaster, an alarm was issued once
the threshold was exceeded to remind local authorities and personnel to take ap-
propriate defensive measures. In addition, according to the forecast data model η,
e�orts should be made to build appropriate protective structures and equipment on
hardest hit areas of slope geological disasters.

5. Conclusion

The prediction information system of slope geological hazard is based on the
condition that rainfall is relatively slow in the case of geological disasters caused
by geological environment factors, and combines the geological disasters caused by
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geological and meteorological conditions with slope geology and weather. From the
point of view of system analysis engineering, it is necessary to put forward a meteo-
rological forecast and warning information system for slope geological disaster which
is cooperative and suitable for the application of prefecture level business by using
advanced GIS technology, database technology and computer programming technol-
ogy. In this paper, the meteorological forecast and warning information system for
slope geological hazard based on WebGIS of RIA was studied and designed, �rst of
all, the present situation of slope geological hazard and its loss for people's life were
introduced; then, the current situation of the related information technology system
of prediction and early warning for slope geological disaster was introduced, and
WebGIS of RIA technology, correlation algorithm of prediction and warning, and
design framework of the whole system were introduced in detail; �nally, the con�gu-
ration, implementation and application of the weather prediction and early warning
information system for Slope Geological Hazard based on the WebGIS of RIA were
analyzed. The results show that the system can meet the urgent requirements of
disaster prevention and mitigation, and can e�ectively reduce the slope geological
hazards induced by meteorological factors, but there is still a lack of geographical
positioning technology.
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Production prediction model of coalbed
methane wells at stable production

stage

Jia Liu1, Yinghong Liu1, Ruyong Feng1, Kailei
Yang1

Abstract. To calculate the production capacity of coalbed methane wells at stable production
stage, a seepage mathematical model suitable for coalbed methane wells at stable production stage
is established based on the theory of seepage and the adsorption and desorption characteristics
of coalbed methane to get the productivity equation of coalbed methane production so that the
production capacity of coalbed methane wells can be predicted. The results show that the low
critical desorption pressure leads to the lack of energy in the course of methane production. The
weakness of gas expansion energy and the difficulty in pressure dropping will also seriously affect
the gas production. The reduction of bottomhole flowing pressure can effectively improve the
productivity of coalbed methane wells, and the increase in gas production is more prominent when
the bottomhole flowing pressure is relatively high. It is advisable to install pump hanging tools in
coalbed methane wells whose bottomhole flowing pressure is greater than 1.5MPa

Key words. Coalbed methane, capacity prediction, critical desorption pressure, bottomhole
flowing pressure, pump hanging tools.

1. Introduction

Since a vast majority of the coalbed methane adsorbed into the solid matrix
of the coal, the main method of coalbed methane mining is depressurization. The
coalbed methane is different from conventional natural gas in terms of hydrocarbon
accumulation mechanism, occurrence state, distribution law and exploration and
development mode [1–3]. During the period of 2011–2015, China has accelerated
the construction of two industrial bases in the Qinshui Basin and the eastern Or-
dos. The new proven geological reserves in China are 350.41 billion m3, and the
accumulated proven geological reserves are 629.27 billion m3. However, in terms of
coalbed methane production, the production of a single well is still too low [4–5].

1CNOOC Research Institute, 100028, Beijing, China
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Therefore, it is of great importance to predict the methane production capacity of
coalbed wells since it is helpful for decision-makers in selecting wells and predicting
the single production capacity of a single well when it is comes to new wells and to
determine whether the current production is normal or whether the gas production
has reached the peak in terms of old wells so that the data can be used to guide
the work and adjust the work system. Thus, how to effectively predict coalbed
methane production capacity and how to effectively determine the production pos-
sibility curve of coalbed methane wells becomes an important research topic in the
development of coalbed methane.

Currently, there is no deep understanding on the prediction of coalbed methane
production capacity. One approach to obtain the methane production capacity in
coalbeds with artificial cracks and stress-sensitive coalbeds based on the seepage the-
ory [6–7]. By calculating the production capacity of coalbed methane wells under
different production pressures, they found that the extraction of coalbed methane
needs to set up reasonable production pressures and strictly control the mining
intensity. However, these models treat coalbed methane as a conventional reser-
voir, considering nothing about the adsorption and desorption properties of coalbed
methane reservoirs. The coalbed methane production capacity could be predicted
by he numerical method with taking desorption, diffusion and seepage processes
of coal seam methane into consideration [8]. A neural network back propagation
(BP) model was established for time series forecasting the dynamic production ca-
pacity of coalbed methane wells, with the modern artificial intelligence theory and
mathematical statistics theory. The model could well fit the production history of
coalbed methane wells and can make accurate quantified prediction [9–10]. Another
method has established a type curve to analyze the correlation between the dimen-
sionless production and time and established an equation to show the relationship
between dimensionless production under different Langmuir pressures and practice
and proposed some methods to use the type curve to predict the coalbed methane
production [11]. However, the two above-mentioned formulas are established only
on practice and do not take the seepage into consideration. This paper, based on
the theory of seepage and the adsorption and desorption characteristics of coalbed
methane, establishes a seepage mathematical model for coalbed gas wells at stable
production stage. By introducing the pressure variable into the model and solve it,
we can get an equation to predict the coalbed methane production, which is helpful
to guide the efficient extraction of coalbed methane.

2. Analysis methods

Suppose in a mean circular strata whose temperature is in a constant state and
of equal-thickness, a coalbed methane well located at the center of it is producing
gas at a small time step with a fixed production. If the seepage flow is steady at
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this time, the differential equation can be expressed as

d

dr

(
r

dP̃

dr

)
= 0 . (1)

Equation (1) is a second-order ordinary differential equation, whose general so-
lution is

P̃ = C1 ln r + C2 , (2)

where r is the radius and P̃ is the pressure coefficient given by the relation

P̃ =

∫
ρdP + C . (3)

Here, P denotes the pressure. The pressure coefficient P̃ was created to make the
calculation easier.

Substituting the following boundary conditions

borehole wall : r = rw P̃ = P̃w , (4)

external boundary : r = re P̃ = P̃e . (5)

As the coalbed methane is adsorbed gas, only when the pressure is lower than the
critical desorption pressure the coalbed methane can desorb from surfaces, diffuse
through the coal matrix and become free gas. However, the strata not in the range of
desorption sees no gas flow. Therefore, in equation (5), P̃e is the critical desorption
pressure, re is the desorption radius, P̃w is the bottomhole flowing pressure, and rw
is the radius of the wellbore.

Then we obtain:

C1 =
P̃e − P̃w

ln re
rw

C2 = P̃w − P̃e − P̃w

ln re
rw

ln rw . (6)

Substituting C1 and C2 into (2) we can obtain the equation for the pressure
function in the form

P̃ = P̃e −
P̃e − P̃w

ln re
rw

ln
re
r
. (7)

In order to obtain the production Q, Darcy’s law is used. Usually the volume of
gas will change with the pressure. However when seepage flow is stable, the mass
flow rate is a constant which can be obtained by multiplying area of the cross-section
and mass flow rate.

M =
2πKh(P̃e − P̃w)

µ ln re
rw

. (8)

In the above equation, h is the formation thickness, K is the cleavage permeabil-
ity, Q is the gas production in standard conditions and µ is the gas viscosity.
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The volume flow rate of the planar radial flow well under the standard condition
is then

Q =
πKh

µ

Ta
Paz̄Tf

P 2
e − P 2

w

ln re
rw

. (9)

Here, Ta is the temperature under standard conditions, Tf is the formation tem-
perature, Pa is pressure under standard conditions and z̄ is the compression factor.

3. Analysis and discussion

In order to verify the applicability of this model, this paper chooses the real block
to carry on the contrast simulation. Since the southeastern part of the Shizhuang
South Block has been recovered for a relatively long time and its control system is
relatively stable, this paper will take this block as the example to test the veracity
of this model by comparing the prediction results of this model separately with the
data in numerical simulation and actual mining process.

First, the result difference between the capacity prediction model and the com-
mercial numerical simulation software is compared. By analyzing the geological
parameters of the existing mining wells, among which, the thickness, porosity and
initial pressure etc. are measured values while permeability, gas content, and critical
desorption pressure etc. are calculated values based on the production data. Then,
a typical coalbed methane geological model suitable for the target block is estab-
lished on the average of the above-mentioned parameters. The parameters used in
the model are shown in Table 1. Based on these parameters, capacity prediction
model and numerical simulation software will be used separately to predict the gas
production of coalbed methane wells.

Table 1. Typical model parameters in the target block of four kinds of light sources

Well control area 300m×300m Thickness 6m

Permeability 10−3 µm2 Porosity 5.82%

Gas content 17.2m3/t Initial pressure 6.0MPa

Critical desorption pressure 2.2MPa Bottomhole pressure 0.2MPa

Then, the commercial numerical simulation software is used to simulate the ge-
ological model. The dynamic fluid level will be declined at a speed of 3m/d in the
process of water-pumping and depressurization, that is, the descent speed of the
bottomhole flowing pressure will be controlled at 0.03MPa/d. After gas comes to
the surface, slow the descent speed of the dynamic fluid level to 0.1m/d. The sim-
ulation results are shown in the Fig. 1. This coalbed methane well enters the stable
yield period after experiencing the water-pumping and depressurization period and
the production-rising period, whose gas production remains at about 1350 m3/d.

Then the capacity prediction model will be used to calculate the coalbed methane
production under the same geological parameters. It can be seen from the formula
(9) that the gas production in the coalbed methane wells is mainly related to the
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Fig. 1. Curve of numerical simulation results of gas production in target area

desorption radius. The larger the desorption radius is, the smaller the daily gas
production is. This is because the larger the desorption radius is, the smaller the
pressure drop of each grid can get from the same water production, and therefore
the less the desorbed gas will be. However, it can be seen from the calculation result
that the gas production is reduced at a small rate and basically maintains stable.

For the convenience of comparison, we will use the daily gas production data
whose desorption radius is 70m. The results show that the calculated gas production
at stable stage is about 1400m3/d in the capacity prediction model (see Fig. 2), and
the error between the results of the capacity prediction model and the numerical
simulation is within the reasonable range. Therefore, it can be concluded that the
capacity data derived from the prediction model and the numerical simulation are
in good agreement.

Fig. 2. Calculated results of gas production of a single well in target area

The production data of 32 single wells in Shizhuang South block that have pro-
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duced gas and whose drainage system is stable and production rate per hour is high
are selected in the calculation process. The calculation parameters are selected ac-
cording to the actual well test data, among which, the viscosity is 0.013 mPa s and
the well diameter is 0.1m. The permeability is 0.25mD–3.74mD according to the
coalbed well gas test. The thickness of the coal seam is based on the actual test
data of each well, and the critical desorption pressure and the bottom hole pressure
are taken from the actual production data. The critical desorption pressure is the
bottomhole flowing pressure when the gas comes to the surface of the wells. The
results are shown in Fig. 3.

Fig. 3. Comparison between the theoretical gas production and the actual gas
production in target area

The results show that 85% of the predicted results are in good agreement with
the actual mining data, with an average error of 10% and a minimum error of less
than 3%. Therefore, it can be concluded that this model can be used to predict
coalbed gas production. Some of the wells (15%) have poor prediction of gas pro-
duction. There are two main reasons accounting for this poor prediction. First,
the permeability of coal seam is unclear, and the underground permeability cannot
be truly reflected. Second, there is some error in the measurement of bottomhole
flowing pressure.

Based on the capacity prediction model, the influencing factors of coal seam per-
meability, coal seam thickness, critical desorption pressure and bottomhole flowing
pressure are analyzed respectively.

The results show that the gas production of coalbed methane wells increases with
the increase of coal seam permeability, thickness and critical desorption pressure
and there is a linear relationship between the permeability, coal thickness and gas
production.

The critical desorption pressure is proportional to the gas production in terms of
power function, i.e., with the increase of the critical desorption pressure, the daily
production is increased.

However, the above-mentioned three parameters (permeability, coalbed thickness,
critical desorption pressure) all are the attributes of coal seam itself, so it is difficult
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to increase the production through the existing technology. Although the artificial
fracturing technology can increase the permeability to a certain extent, its function
is only limited to the range around the coalbed methane wells, and the secondary
fracturing will not only increase the cost but also bring higher risk, so it is unlikely to
adjust the coal seam permeability after the production. Therefore, the bottomhole
flowing pressure becomes one of the important parameters to control the production
of coalbed methane wells. Reducing the bottomhole flowing pressure can improve
the gas production of coalbed methane wells and the bottomhole flowing pressure
can be further reduced in the well site by the installation of pump hanging tools.

The calculation results show that the gas production of coalbed methane increases
with the pressure drop of the bottom hole, and the increase rate is getting smaller
and smaller. So, when the bottom hole pressure is high, reducing the bottomhole
flowing pressure can get a larger increase in gas production.

Fig. 4. Curve of coalbed methane production and bottomhole flowing pressure

Presently, there are some wells in the southeastern part of the Shizhuang South
Block have installed pump hanging tools in their operation and the daily gas produc-
tion has increased to a certain extent. The following figure shows the relationship
between the bottomhole flowing pressure before the operation and the increase of
gas production after installing the pump hanging tools. The results show that the
larger the bottomhole flowing pressure is, the larger the growth rate is, which is
in agreement with the theoretical results of this study. In order to obtain a better
yield effect, it is suggested to select the coalbed methane wells with the bottomhole
flowing pressure greater than 1.5MPa t before installing the pump hanging tools.

4. Conclusion

Currently, there is no deep understanding on the prediction of coalbed methane
production capacity. This paper establishes capacity prediction model of coalbed
methane wells at stable production stage based on the classic theory of seepage and
the special mining rule of coalbed methane. Based on the geological parameters of
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Fig. 5. Curve between the bottomhole flowing pressure and production increase
with pump hanging tools of the coalbed methane wells in the target area

the southeastern part of the Shizhuang South Block, the gas production capacity
of coalbed methane wells at stable production stage is calculated by the capacity
prediction model, which is then compared with data produced by the numerical sim-
ulation and the data in the actual production. The results show that this model has
good applicability. The influencing factors: permeability, coal seam thickness, crit-
ical desorption pressure and bottomhole flowing pressure, are analyzed separately
by the capacity prediction model and the finding shows that the gas production of
coalbed methane wells increases with the increase of coal seam permeability, thick-
ness and critical desorption pressure, and decreases with the increase of bottomhole
flowing pressure. The results of this paper provide a theoretical basis for the rational
selection of wells and layers before the production and how to increase the coalbed
methane production and keep it stable after production.

The results of this study are only suitable for the stable stage of coalbed methane
wells, but the gradual decrease in coalbed methane production is also a relatively long
stage in the coalbed methane development. So it is the future research direction to
predict the production capacity of coalbed methane wells when the coalbed methane
production is gradually decreasing.
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Design and implementation of
automatic assembly software system

based on machine vision

Yao Liying
1

Abstract. At present, relative technology and research of high precision measurement and

automatic assembly have attracted extensive attention. In this paper, optical measurement theory,

image processing technology and visual positioning technology were used, and a precise part mea-

suring and assembling system was set up. Then the image preprocessing algorithm was analyzed

and compared, and a mixed distortion model considering radial distortion and centrifugal distor-

tion was proposed. The camera calibration method was adopted, and the camera was calibrated,

and thus the e�ect of camera lens distortion on measurement accuracy was reduced. In addition,

an improved Canny algorithm combined with elliptic curve �tting algorithm was adopted, and

the sub-pixel precision edges of the parts were extracted. And the accuracy of measurement and

positioning were further improved, thus providing the basis for automatic assembly of parts. The

experimental results prove that the system can meet the industrial requirements.

Key words. Machine vision, automatic assembly, distortion model.

1. Introduction

With the quickening pace of human life, mobile, portable, micro machinery and
electronic equipment have become the mainstream. Most of these devices are made
of tiny, precision parts, usually of micron size. At present, the measurement and
assembly of most micro precision parts require manual micrometer or microscope,
which greatly reduces the detection e�ciency, and may damage parts, and is also
very easy to cause eye fatigue, low e�ciency. In addition, assembly personnel should
have a certain professional knowledge, which increases the cost of product produc-
tion, and assembly consistency is poor, and stability is low. Therefore, high pre-
cision micro size measurement and precise assembly method are required, so as to
further improve the detection e�ciency, and have important signi�cance to the ac-
tual production. In recent years, machine vision has made great progress in quality
inspection, size measurement, and object recognition and so on. Machine vision is a

1Mianyang Teachers' College, Mianyang 621000, Sichuan, China
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multidisciplinary �eld, and requires the support of related �elds such as biology, dig-
ital vision processing, and communication and so on. With the increase of computer
processing speed, the research and development of algorithms, and the deepening
of theoretical research, high speed and stable image processing and control system
has been developed more and more, thus widening the applicable areas of machine
vision.

2. State of the art

Machine vision technology abroad has developed earlier and has been widely
studied and applied. Moreover, it has been heading for a higher rate of devel-
opment, higher accuracy, unknown detection environment and diversi�ed testing
objects [1]. Machine vision technology was �rst used in the manufacturing industry
in the United States. Through the analysis of the development of machine vision
to all the applications now, in the world, there are: printed circuit board inspection
�eld, automobile parts inspection �eld, parts defect �eld and agricultural products
detection [2]. In China, the research and application of machine vision have been
developing rapidly. Yue Xiaofeng and others have developed the automatic detection
system of engine cylinder bore by using digital image processing algorithm and the-
ory, and have achieved higher detection accuracy; Chen Yongguang and others have
realized the defect edge morphology according to the gray morphological characteris-
tics of wood and using threshold segmentation algorithm; Liu Xuefang has analyzed
and compared two edge detection algorithms from the point of view of whether the
edges are continuous or consistent, and has come to an ideal conclusion [3]; Zhang
Xiaobo and others have developed automatic detection and classi�cation methods
which are independent of subjective factors and can quantitatively analyze the e�ect
of detection; aiming at the defect detection, size measurement and analysis of aero-
engine turbine blade, Cheng Yunyong and others have developed a nondestructive
testing system based on CT technology [4]; according to the optimization theory,
Ma Qiang and others have used a�ne transformation technology, and have studied
the contour detection system based on machine vision; Feng Bin and others have
studied the rapid processing algorithms for fruit morphology and defects, and have
summarized the related techniques and theories [5].

3. Methodology

In order to realize the vision measurement and automatic assembly of the parts,
the coordinate value of the target position and the central position of the assembly
parts are required, and so two vision systems are needed in this paper. Moreover,
the correct selection of visual system is the prerequisite and guarantee for subse-
quent image processing. Through the correct selection of the visual system, image
acquisition can be carried out and high-quality images will be obtained. Thus the
di�culty of image preprocessing can be reduced, so as to facilitate the extraction of
image features, and ultimately to reduce visual measurement errors and assembly
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errors (Ma et al. 2004) [6]. The visual hardware system is mainly composed of
industrial cameras for photographic imaging, lenses for changing light paths, and
light sources providing illumination. The selection of these three kinds of vision
acquisition hardware is analyzed.

Industrial cameras can obtain more stable images, and can transmit image signals
quickly while resisting external interference. At present, the industrial camera's
photosensitive sensors include CCD or CMOS sensors. In the process of image
acquisition, the CCD camera �rstly performs photoelectric interchange, stores the
obtained charge, and then realizes the transmission of the electrical signal through
the charge movement, and �nally reads the signal. The CCD sensor is a typical
imaging sensor with charge as signal [7]. CCD is not easy to be burned in the
process of imaging, with fast response, no delay and low working power. With the
development of large-scale integrated silicon manufacturing process, CMOS sensors
are also developing rapidly. In the process of CMOS imaging, the weak image signals
are modulated and transformed, and the digital signals are analyzed and processed
on the signal processor, and �nally the image signals are output. CMOS sensors can
integrate photosensitive devices and processing circuits on small chips. Its power is
small, and the speed of signal transmission is fast, thus becoming the �rst choice for
users.

The camera lens acts on the camera just as the lens does to the eye, which enables
the object to be imaged clearly on the image sensor. When the lens is imaged,
there may be aberrations that can a�ect the quality of the image, which can make
the beam of light unable to meet the spherical aberration at the same location of
the main axis, and sharp points, astigmatism can't be formed on the ideal plane.
Therefore, it is necessary to select the proper parameters of the lens according to the
environment and object of the lens, so as to reduce the aberration e�ect on output
image [8]. Generally, it is necessary to judge the industrial lens selection according
to the resolution, the maximum relative aperture, and the depth of �eld. Resolution
re�ects the extent where the lens senses the detail, and the depth of �eld re�ects
the extent of the spatial depth range in the image plane, and the maximum relative
aperture location re�ects the degree of illumination of the lens. Since the assembled
parts may vary in thickness, if the zoom lens is used, the measurement plane of all
parts can't be guaranteed on the focal plane. Two telocentric lenses were selected in
this paper, in which, the magni�cation of the lens used to determine the center of
the component was 0.2, the focal length of the object was 118mm, and the view size
was 15×20mm2; the magni�cation of the lens having the position of the assembly
target was 0.34, the focal length of the object was 113mm, and the view size was
33×36mm2.

In the vision system, the light source plays an important role in guaranteeing
the quality of the image. Choosing the appropriate light source can improve the
contrast between the target and the background, and provide convenience for feature
extraction and analysis. Common light sources are shown in Table 1.

Depending on the visual system, the incident angle of the light source can be
di�erent [9]. When the angle between the illumination direction and the target is
small, the contour of the object to be measured can be displayed better; when the
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angle between the illumination direction and the target is larger, the brightness
of the image is higher, which is used for the illumination of the object with more
rough surface; when illuminated from multiple angles, the image is softer and used
to detect curved surfaces; when the backlight is illuminated, the object is black and
the surface details of the object can't be seen, so that the size of the object to be
measured is detected; and when the light is irradiated by the coaxial light, the light
is uniform, and the utility model is suitable for detecting the defect of the surface
of the object.

Table 1. Performance comparison of four kinds of light sources

Light source Fluorescent
lamp

Halogen lamp LED lamp Laser

Lifetime (h) 5000�7000 5000�7000 6000�10000 more than
10000

Brightness bright bright bright very bright

Response
speed

slow slow fast fast

Other features less expensive,
less fever

less expensive,
more fever

less expensive,
less fever

good quality
and low power
consumption

In traditional camera calibration methods, the size of calibration objects must
be known. By establishing the relative relation of the points in the two coordinate
systems, the internal parameters that re�ect the property of the camera itself and
the external parameters that can re�ect the spatial position of the camera can be
obtained according to the related algorithms. And the calibration object can be
two-dimensional or three-dimensional [10]. Since the former is easy to manufacture
and preserve, the method of calibrating multiple images from di�erent angles is used
to �nd all the parameters. When the requirement of the application is higher and
the camera parameters do not change frequently, the traditional camera calibra-
tion method can achieve higher calibration accuracy. The calibration method of
self-calibration camera is a very �exible calibration method. It can be calibrated
according to the image of the object which is used to determine the motion infor-
mation. Table 2 shows the comparison of the three classes of calibration methods in
four ways.

When assembling precision parts, it is necessary to determine whether the assem-
bly is quali�ed according to speci�c technological requirements, technical require-
ments, and through inspection. In this paper, the process and technical requirements
for the assembly problem are based on the thickness of the parts. There are three
kinds of parts to be assembled. The �rst class includes the base and nut, and the
second class consists of metal parts, including parts 3, parts 4, parts 7, and the third
kind is quartz �ake. Moreover, the second and third kinds are round.

The mathematical model for the problem is as follows: the thickness of the part
5 which is assembled in a set is x1j , the number of slices is e, the thickness of part 6
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is x2, the thickness of part 3 is x3, the thickness of part 4 is x4, the thickness of part
1 is x5k, the number of pieces outside the part 3 is a, the number of pieces outside
the part 4 is c, the thickness of part 2 is x6l, the number of pieces outside the part
3 is b, the number of pieces outside the part 4 is d, the thickness of part 7 is x8.

Table 2. Comparison of three calibration methods

Calibration
method

Accuracy Calibration
process

Dependence on
device

Dependence on
calibration ob-
jects

Traditional
calibration
method

high tedious low high

Active vision
method

higher more compli-
cated

commonly commonly

Self-calibration
method

low simple high low

If the ith suit is quali�ed, then yi = 1; if the ith suit is not quali�ed, then yi = 0.
The model consists of six following equations:

1.02 < x3 −

(
a∑

k=0

x5k +

b∑
l=0

x6l

)
< 1.15 , (1)

1.02 < x4 −

(
c∑

k=0

x5k +

d∑
l=0

x6l

)
< 1.15 , (2)

4 <

e∑
j=1

x1j + x2 + x3 + x8 + x4 < 4.1 , (3)

1.57 <

(
a∑

k=0

x5k +

b∑
l=0

x6l

)
< 1.61 , (4)

2.05 <

(
c∑

k=0

x5k +

d∑
l=0

x6l

)
< 2.12 , (5)

yi =

{
1, i sets of assembly qualified,
0, i sets of assembly unqualified.

(6)

The objective function is

fmax(y) =

4∑
i

yi . (7)

Aiming at the precise parts which make up the precision products, the require-
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ments of high-precision measurement and automatic assembly are achieved, a high
precision measurement and automatic assembly system is designed, and an exper-
imental prototype is built. The overall block diagram of the system is shown in
Fig. 1.

Fig. 1. Overall block diagram of the system

As can be seen from Fig. 1, the overall design of the prototype includes software
system design and hardware system design. The software system design mainly
includes: the visual system program design, combination search algorithm design,
character recognition program design, program design, database management sys-
tem and communication system design and human-computer interface design; the
hardware system design includes: the mechanical structure design, the origin of the
manipulator, and the establishment of the tool coordinate system.

Mechanical structure design is the basis of the whole system design. The machin-
ing and installation accuracy of the mechanism will directly a�ect the realization of
the system function. And perfect and reasonable mechanical structure can reduce
the di�culty of software system design and make the whole system more stable. The
three-dimensional appearance of the experimental prototype of the system designed
in this paper is shown in Fig. 2.

The main mechanical structure of the prototype is as follows:

Feed mechanism: the mechanism consists of a tray for placing precise parts, a
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parallel guide rail, and a servo motor that drives the tray into and out of the assembly
space, and is used to deliver the assembly parts to the measuring and assembling
stations.

Fig. 2. 3D appearance of the prototype

Discharging mechanism: the discharging mechanism is composed of a servo mo-
tor, a discharging tray and a sealing guide rail, a �nished product is arranged on the
discharging tray, the adjusting nut is used to adjust the levelness of the tray, and
the pallet level is guaranteed as much as possible, and the speci�cations and models
of the servo motor are the same as that of the feeding mechanism. In the process
of �nished product delivery, the quali�ed rate of the �nished product is tested. In
order to meet the requirements of non-contact measurement of polishing parts and
parts with surface topography requirements, Keyence high-speed and high-precision
CCD measuring instruments are selected. Through servo drive system, the �nished
product is controlled by the detecting device in turn. The system will obtain the
height of the �nished product, so as to determine the quali�ed rate of the assembly.

Thickness measurement mechanism for precision parts: the measurement of the
thickness of precision parts is the premise of assembly. In assembly, the search
combination of parts is based on the thickness of the parts superimposed, and the
thickness measuring device is mainly composed of a rotating cylinder, a magnetic
grating ruler, a thickness gauge and a measuring platform.

Part holding mechanism: the part holding mechanism is used to measure and
assemble parts during the process of parts measurement or assembly. In this paper,
there are three kinds of parts to be taken, so the clamping mechanism of the parts
must be multi-functional, and the three parts can be taken out. For di�erent parts
of the di�erent ways to grab, the three point air is used to claw the base, and then
parallel �nger driven U card groove is used to take the nut. Finally, the vacuum
suction head is used to absorb the precision sheet parts. There are four metal vacuum
suction heads, and the vacuum suction is the maximum -101 kPa vacuum generated
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by a vacuum generator.
Nut tightening mechanism: tightening the nut on the base is the last step in the

assembly process. Before tightening, the assembly shall be pressed with a pressure
bar to prevent the shift of the parts.

4. Result analysis and discussion

According to the above research results, the �nal experimental prototype is shown
in Fig. 3.

Fig. 3. Sample drawing of experimental prototype

In the system studied in this paper, the two processes of measurement and as-
sembly should be completed. The high precision measuring procedure refers to the
measurement of the outer diameter of each precise circular part, and the measuring
accuracy is 0.01mm. In order to verify the accuracy of the system for measuring
the diameter of parts, measurements were made on the components of the 1 set of
ligands. In each package, in addition to the base, nuts, and parts 8, the di�erent
parts in the 7 also remained to be measured, and each part was measured 10 times.
The concrete steps are as follows:

Firstly, a part was repeatedly taken to the camera position, so as to obtain the
part image.

Secondly, the target image was pretreated.
Thirdly, the sub-pixel outer diameter edge was extracted from the preprocessed

image, and the outer diameter pixel size was obtained, as shown in Table 3.
Fourthly, the internal and external parameters of the camera were obtained by

calibrating the camera, and the actual size of the outer diameter in the world coor-
dinate was calculated. The measurement results are shown in Table 4.

According to the camera calibration, the imaging model was established and
the distortion model was considered. The internal and external parameters of the
camera were calculated, and the outer diameter results in pixels were converted to
the actual size results in mm.
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Table 3. Measurement results of outer diameter of parts (unit: pixel)

Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7

1 653.27 615.04 672.41 433.82 542.36 622.41 667.64

2 653.54 615.36 672.54 433.95 452.50 622.32 667.41

3 653.41 615.17 672.36 433.73 452.59 622.23 667.36

4 653.09 615.27 672.18 434.00 452.45 622.45 667.59

5 653.23 615.45 672.27 433.86 452.41 622.18 667.50

6 653.14 615.09 672.14 433.73 452.54 622.00 667.54

7 653.45 615.32 672.41 433.68 452.68 622.14 667.77

8 653.00 615.18 672.59 433.91 452.64 622.09 667.73

9 653.27 615.41 672.50 434.10 452.36 622.50 667.36

10 653.32 615.23 672.23 433.95 452.18 622.32 667.45

Table 4. Measurement results of outer diameter of parts (unit: pixel)

Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7

1 14.372 13.531 14.793 9.544 9.952 13.693 14.688

2 14.378 13.538 14.796 9.547 9.955 13.691 14.683

3 14.375 13.533 14.792 9.542 9.957 13.698 14.682

4 14.368 13.536 14.788 9.548 9.954 13.694 14.687

5 14.371 13.540 14.790 9.545 9.953 13.688 14.685

6 14.369 13.532 14.787 9.542 9.956 13.684 14.686

7 14.376 13.537 14.793 9.541 9.959 13.687 14.691

8 14.366 13.534 14.797 9.546 9.958 13.686 14.690

9 14.372 13.539 14.795 9.551 9.952 13.695 14.682

10 14.373 13.535 14.789 9.547 9.948 13.691 14.684

Average value 14.372 13.536 14.792 9.545 9.954 13.690 14.686

According to the above table, the standard deviation of the average value of the
outer diameter of the 7 parts was obtained. The result is shown in Table 5.

Table 5. Average deviation of parts outside diameter (unit: mm)

Parts category 1 2 3 4 5 6 7

Standard deviation (%�) 3.7 3.1 3.4 3.1 3.3 3.6 3.2

Available from Table 5, in measuring the diameter of the 7 parts, the maximum
standard deviation was σ1max = 0.0037mm.

In order to further validate and calibrate the visual measurement accuracy, in
this paper, the 0 stage length standard block was used for calibration, and the length
limit deviation was 0.14m. The visual measurement method was adopted, and the
standard blocks of nominal length 15mm, 14mm, 13mm, 12mm, 11mm, 10mm
and 9mm were measured respectively. And each standard block was measured 10
times. The measurement results are shown in Table 6.

The standard deviations of the 7 standard blocks were calculated. The results
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were shown in Table 7.

Table 6. Measurement results of standard blocks (unit: mm)

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 Block 7

1 9.002 10.001 11.002 12.002 12.999 14.002 15.001

2 9.002 10.002 11.003 12.004 12.998 14.004 15.004

3 9.001 10.004 11.004 12.002 12.997 14.002 15.002

4 9.003 10.000 11.000 12.003 12.996 14.003 15.003

5 8.999 9.999 11.002 12.001 13.000 14.002 15.003

6 9.001 9.998 11.003 12.003 13.001 14.001 15.001

7 8.999 10.003 11.003 12.004 12.998 14.002 15.002

8 9.004 10.002 11.004 12.002 12.997 14.002 15.004

9 9.003 10.004 11.002 12.001 12.997 14.003 15.001

10 9.003 10.003 11.004 12.004 12.996 14.003 15.003

Table 6. Average deviation of parts outside diameter (unit: mm)

Standard block 1 2 3 4 5 6 7

Standard deviation (%�) 2.3 2.5 2.9 2.0 2.6 2.2 2.6

Available from Table 7, through the method of visual measurement in this pa-
per, the maximum standard deviation of the standard block length was σ2max =
−0.0029mm. For measuring the precision parts, the maximum standard deviation
of the parts' outer diameter measurement value relative to the parts' true value was
set as σmax, where σmax = σ1max +σ2max = 0.0066mm, thus meeting the industrial
requirements.

5. Conclusion

In this paper, the precision measurement and automatic assembly system of pre-
cision parts based on machine vision was studied. Then software system design,
related algorithm design, and visual system hardware design were completed. And
the problem of measurement and assembly in automated production of precision
electromechanical products was solved. The results of this paper were obtained as
follows: the edge detection algorithm based on pixel precision was analyzed and
compared; through the algorithm simulation, the detection e�ect of each detection
algorithm was obtained; on this basis, the method of improving Canny edge detection
algorithm was proposed, and the best edge extraction e�ect of the improved algo-
rithm was proved; then, the sub-pixel edge detection algorithm was analyzed, and a
sub-pixel edge detection algorithm was proposed according to the shape character-
istics of the detected part; in addition, an improved Canny edge detection algorithm
was used to obtain the pixel precision edge, and then the sub-pixel edge was obtained
by ellipse �tting method. The experimental results show that the measurement and
assembly system in this paper can achieve the measurement accuracy of 0.0066mm,
as well as the assembly accuracy of coaxiality of 0.017mm. Both of the measurement
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accuracy of 0.01mm and the coaxial assembly accuracy requirements of 0.05mm for
industrial design can be achieved. Of course, there are still some shortcomings in the
process of system research and design, which need further studies. For example, the
calibration process of the camera calibration algorithm used in this paper is done
manually, and it is tedious.
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riparian materials on the purification
ability of riverine organic pollutants1
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Abstract. Because China has only focused on economic development but ignored environ-

mental protection in the past few decades, which has caused serious water pollution and water

shortage in China. Rivers are �ooded with all kinds of pollutants, including organic pollutants.

In this paper, the construction of water quality model for the in�uence of riparian materials on

the puri�cation ability of riverine organic pollutants was studied. The present situation of water

pollution in China was �rst introduced, and then the process of constructing water quality model

which a�ected the puri�cation ability of organic pollutants was studied, �nally, the water quality

model was established for ecological river course. Correlation analysis shows that organic pollu-

tants are similar to model parameter coe�cients, and the model can accurately re�ect the overall

puri�cation ability of riparian materials to organic pollutants in water.

Key words. River water quality model, organic pollutants, riparian materials, ecological

river course.

1. Introduction

In recent years, the importance of river ecology has been widely recognized,
concept of river hardening has been abandoned gradually, and the ecological river
channel has been introduced into the river improvement project, more attention
has been paid to the study of quality of river water in rivers and streams, and the
results have showed the in�uence of ecological river channel mechanism. However,
there is little research on riparian water quality models, and there is no reliable
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mathematical model to explain the impact of riparian resources on water quality.
The mature water quality model can be used to simulate the characteristics and
rules of water pollutants migration and transformation, and study the in�uence of
pollutants on water quality development. According to the mechanism of river bed
degradation a�ecting organic pollutants in water bodies, the river water quality
model issued by the International Water Association was simpli�ed, and the river
water quality model was simpli�ed to simulate the di�erent ecological processes. In
addition to the degradation of organic pollutants, references can be provided for
water environment pollution control planning and decision analysis to improve the
existing river water quality model, and evaluate the ecological e�ects of rivers.

2. State of the art

Ecological restoration of rivers refers to the restoration of rivers by means of
integrated methods, resulting in the loss or degradation of natural functions [1]. At
present, the ecological restoration methods at home and abroad are mainly physi-
cal methods, chemical methods and biological ecology methods, some successes in
pollution control of rivers are achieved. Physical means mainly refers to sediment
dredging, machinery, algae and so on, this method can quickly deal with the eu-
trophication of rivers in the short term, however, because the process of pollutants
itself will not degenerate and transform, this method is often used to cure and cannot
completely improve the water environment [2]. Chemical methods, such as conden-
sation, precipitation, chemical removal of algae, the chemical method is faster than
the physical remediation method, and the operation is more convenient [3]. But a
lot of drugs can cause damage to rivers in other organisms, causing two pollution,
the repeated use of drugs can cause resistance to water in algae and a�ect treatment
outcomes [4]. In recent years, the method of biological ecological restoration is a fast
developing new technology, and it is also one of the hot spots of scholars at home
and abroad [5]. The purpose is to realize puri�cation pollution of the river water
by using the water puri�cation facilities in the river space with the advantages of
good e�ect, low cost, low energy consumption and low running cost. The viewpoint
of ecology and ecological restoration technology is starting from the overall opti-
mization of the ecological system to gradually restore damaged ecosystems, improve
water puri�cation capacity, improve the water quality of the environment, and es-
tablish a healthy aquatic ecosystems [6]. Usually the cultured plants or inoculated
microorganisms are used for life activities; pollutants in the water are transferred,
transformed and degraded so that water can be puri�ed. Ecological restoration
of landscape water technology includes: channel aeration technique, microbial en-
hancement techniques (bacteria), bio�lm technology and biological contact oxidation
process, constructed wetland technology, pond stabilization techniques and aquatic
phytoremediation techniques.
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3. Methodology

It is generally believed that rivers are naturally �owing water that has a con-
siderable amount of water on its surface or perennial or seasonal. Some scholars
believe that the urban river water environment covers the city's linear water (nat-
ural rivers, arti�cial channels, and moat) and the composition of the water cycle
space. Compared with natural rivers, urban rivers and regional human activities
interact greatly [7]. On the one hand, the region's healthy rivers provide a variety of
services for socio-economic activities [8]. On the other hand, the river water, water
cycle, water quality, health conditions are also a�ected by high-intensity social and
economic activities. With the rapid growth of population and the rapid development
of economy, more and more pollutants are discharged into rivers, much more than
the self-puri�cation capacity of rivers [9]. In addition, due to changes in environmen-
tal conditions, river pollutants enter the river bed sediments, with the river water
temperature, change of pH and biodegradation, the function of water �ow back to
the river makes it di�cult to control the source of pollution, the concentration of
dissolved oxygen in highly polluted river water is very low, or even zero, which causes
the smell of rivers, or even massive death of �sh, and seriously damages the river's
ecosystem. The speci�c pollution phenomenon is shown in Fig. 1.

Fig. 1. Current situation of organic pollution in rivers
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The total amount of industrial wastewater and domestic wastewater has reached
more than 5000 tons, and many rivers have become the retention areas of sewage
[10]. The total length of rivers in the United States is about 420 thousand km,
accounting for about 29% of the river pollution. The content of pesticides, phe-
nol, arsenic, mercury, and chloride in the famous Mississippi River far exceeds the
required standard, the turbidity and the smell of black of the river lead to the ex-
tinction of many aquatic animals. Half of the main river su�ers serious damage, and
rare shrimp is near extinction due to serious water pollution. Rivers in China are
also seriously polluted. According to China's environmental status bulletin issued
by the State Environmental Protection Administration in 2012: the pollution cross
section ratio of Yangtze River, the Yellow River, the Pearl River, Songhua River,
Huaihe River, Haihe River, Liaohe River, Zhejiang Minji River, Northwest River and
Southwest River was about 20.9, rivers in China's cities were experiencing a series of
environmental problems with the rapid development of cities. At present, more than
80% of the city's rivers are polluted. The problems of water pollution and ecological
degradation in China's urban rivers highlight the deterioration of the water quality
and even the stench of life, water ecology is seriously degraded and even destroyed,
the dike art and river geometry, urban �ood, and river landscape are greatly hurt.
In short, urban rivers in China are faced with a variety of environmental problems,
as shown in Table 1.

Table 1. Results statistics of watershed segmentation

The impact of acceler-
ated urbanization

With the accelerated pace of urbanization, a large
number of industrial waste water and some domestic
sewage are discharged directly (or not up to standard)
to the river without treatment, resulting in serious pol-
lution of water quality, and COD, BODS, ammonia
nitrogen, total nitrogen and total phosphorus exceed
the standard.

The e�ect of one-sided
pursuit of function

In the process of urban construction, only the �ood
control function of the river channel or the beauti-
�cation function of the river channel are taken into
account, but the resources functions and ecological
functions of the river course are ignored, bending and
straightening, stone revetment and high building are
adopted.

The in�uence of river
bank hardening on
channelization

Many of the city's black odor rivers covered the under-
ground river, the hardening and channelization of the
river banks lead to the loss of water space, which re-
duces the habitat of aquatic organisms and has many
negative impacts.

In this paper, RW QM 1 model is studied. The components involved in the RW
QM 1 model are complex, and their mathematical models are more complex, and
it is di�cult to apply the full model directly to practice. Therefore, the RW QM 1
model is simpli�ed for the problems that need to be addressed in this study. Pre-
liminary studies show that riparian substances have important e�ects on microbial
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biomass and enzyme activities, which will a�ect the enzyme activities of microbial
biomass and key biochemical reactions such as nitration, and a�ect the degrada-
tion of organic pollutants in rivers. Therefore, it is assumed that the degradation
process of organic pollutants is only related to suspended bacteria, the e�ects of
algae and plankton are ignored. Based on the RW QM 1 model, it is necessary to
establish a solution containing biodegradable dissolved organic matter, and seven
components and six biochemical reactions such as heterotrophic bacteria, ammo-
nia nitrogen, nitrite nitrogen, nitric acid nitrogen, dissolved inorganic phosphorus,
and dissolved oxygen. River biochemical reaction model is simpli�ed. S-RW QM 1
control equation is selected for the continuous mixing reaction tank (CSTR)

∂c

∂t
=

Q

V
(c− d) , (1)

where Q is the in�uent �ow, V is the volume of the reach, c is the concentration
of the in�uent concentration, and d is the component e�uent concentration. The
upper formula is the rate equation of component transformation process.

Organic pollutants are characterized by TOC, in RWQM 1 model, COD is ex-
pressed as organic matter, and the RWQM 1 model is used to classify COD compo-
nents. The model converts conventional COD data into component data that meets
the model requirements. TOC COD Total organic carbon (TOC) is an indicator
of the total amount of organic matter in carbon bodies. Chemical oxygen demand
is the amount of oxidant consumed by the reducing substance in the water that is
easily oxidized by the strong oxidizing agent; the results are expressed in terms of
oxygen content. In the river body, the composition of the reducing material is rel-
atively stable, or the proportion of inorganic reducing substances in COD is small,
the change is not enough to cause the linear relationship between COD, TOC and
COD can be used, TOC data can enter the model's available COD data. In the
present study, the experiment was conducted with water obtained from the new
port of Guangzhou; the TOC content of the river was stable at 21.01 to 24.99mg/l,
COD and TO were used to analyze six batches of water samples, content of organic
pollutants in experimental water. The results of linear regression analysis, detection
and regression analysis are shown in Table 2 and Table 3.

Table 2. Content of organic pollutants in experimental water

TOC COD1

20.03 23.63

20.39 24.58

20.83 29.63

20.64 31.25

Due to the lack of simple and e�ective heterotrophic bacterial methods, hy-
pothesis modeling was commonly used in model simulations. In this study, COD
accounted for 10% of the total COD. The reduction rate of COD in the experimental
water body reached 94%, and the inert organic matter S was 6% of the total COD.
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The content of ammonia nitrogen in the experimental water was 0.41∼0.54mg/L,
the content of nitrate nitrogen was 1.04∼1.35mg/L, content of nitrite nitrogen was
0.11 to 0.18mg/L, the proportion of organic nitrogen that accounted for 80 total
phosphorus percentage was neglected, with a content of 0.45 to 0.54mg/L.

Table 3. Linear regression analysis of TOC and COD

R Standard error P Regression con-
stant

Regression co-
e�cient

0.8536 0.2363 0.0086 15.3665 0.5693

The model stoichiometry and kinetic parameters used in this study were based
on the typical values given by the International Water Association (IWA) as the
initial values of the simulations. Sensitivity analysis was used to analyze the e�ect
of parameter variations on the results. According to the hydrophilicity of di�erent
riparian materials, it can be seen that microbial biomass and adjustment of MK/UQ
value can a�ect the kinetic parameters of simulated COD values and improve the
accuracy of simpli�ed RW QM 1 model. The sensitivity was calculated by the
formula

S =
Y −X

X
, (2)

where S is the sensitivity and Y , X are the concentrations of components before and
after the change of kinetic parameters. When S is greater than 1, the parameter
values have a great in�uence on the computation results of the model components.

The ecological riparian based on the ecological characteristics is the main eco-
logical problem of riparian. According to the basic principle of ecology, the river
construction of ecological riparian comprehensive evaluation index and evaluation
method was discussed, and some technical extension systems of urban ecological
riparian construction in the middle reaches of the Yangtze River were summarized.
Most ecological riparian ecological problems are mainly re�ected in the destruction
of ecological balance, low plant diversity, river heterogeneity decreased in the case
of serious water pollution. The principle of ecological river bank planning should
not only follow the principles of nature and rational allocation of plants to avoid
biological invasion, maintain sustainable development and unity, but also increase
the riparian hydrophilic space, strengthen the comprehensive management of rivers,
parks and surrounding parks, and form distinctive waterfront landscape according
to the natural characteristics of the original river bank and ecological problems. In
the ecological river bank planning and construction, the engineering measures and
plant measures should be organically integrated. Species and communities are the
main considerations for the restoration of aquatic vegetation in the construction of
riparian ecosystems. Selection of species and allocation of community are one of the
key factors for the success of vegetation restoration. The choice of pioneer species
is to screen species that are tolerant and adapted to river water quality as a pio-
neer species in restoration of aquatic plant communities on the basis of biological
characteristics and pollution tolerance of aquatic plants, at the same time, commu-
nity species are provided for the restoration of communities. In combination with
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domestic and international studies on the ecological management of aquatic plants
in lakes and rivers, the pioneer species of aquatic plant communities should comply
with the following principles. The ecological disasters caused by improper species se-
lection have many precedents in China, the ecological safety of species is considered,
in principle, it's generally possible to consider local or existing species or historical
species (including the introduced species that grow safely) as pioneer species and
constructive species. The selected species should have better adaptability to climate
and water temperature in the river basin, plants with strong reproductive ability,
resistance to wind and waves, low transparency requirements, and adapted to the
survival of deep water are selected. In the process of water ecological restoration,
there are many adverse habitats such as high pollution load, large phytoplankton
reproduction and single spatial structure of communities. Therefore, pioneer plants
must have a strong ability to resist pollution, survive and grow in harsh polluted
water bodies, and form a �xed community.

Plant design has been applied to native trees. The banks of the park will be
divided into di�erent functional departments. Upstream can be designed for use
in water management areas, water management area retains the original dike foun-
dation and returns along the road, the original vertical embankment can be used
to enter the planting pool, at the side of the dam, hydrophilic area is designed in
high cruise terminal, the hydrophilic area retains the original cement embankment
foundation and returns along the road, the planting area is formed in the original
vertical embankment slope soil, and pebbles are laid on the embankment to form a
hydrophilic interface, the water level is above the water level platform. The lower
reaches are designed as play areas, the iris is planted to form obstacles of wind and
waves, the original pieces are transformed into embankment to reduce the slope of
the river bank and form a gentle slope, lawns and local plants are planted, visitors
can close hydrophilic footprint of low water network at the interface of water, as the
scene designed in Fig. 2.

4. Result analysis and discussion

The content of lipid, metabolic state and organic pollutant of microorganisms in
the experimental water was simulated at the end of the river circulation. The results
show that microbial biomass, dehydrogenase, �uorescein, ethylidene diacetate and
nitrate reductase activities are signi�cantly di�erent under the in�uence of di�erent
river bed materials. The enzymes involved in microbial, nitrifying, and other key
biochemical reactions di�er in their activity, so that degradation of organic pollutants
in rivers is di�erent. The mole ratio of methyl naphthoquinone and ubiquinone
can re�ect the metabolic state of microorganism, the higher the ratio is, the more
pronounced anaerobic metabolism will be. From the experimental results, it is can
be seen that the better the hydrophilicity of the riparian materials is, the higher
the microbial biomass will be, and the lower value of the aerobic metabolism is,
the higher the degradation rate of organic pollutants will be. The characteristics
of the West Jinye �ller a�ect the growth of microorganisms on their surfaces. In
the three �llers of Gebin Bank, the pebbles are porous, the most sediment in the
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Gobbin structure can provide the largest surface area for microorganisms, and is
more conducive to the growth and reproduction of microorganisms. The larger
microbial biomass per unit volume of �ller leads to higher dehydrogenase activity,
resulting in a strong degradation of organic pollutants. It can be seen that the
kinetic parameters which a�ect the biodegradation of organic compounds in the
COD component of RW QM 1 are microbial biomass. According to the results
of microbial biomass, MK/UQ and sensitivity analysis, the constants of aerobic
growth rate of heterotrophic bacteria and the constants of aerobic absorption rate of
heterotrophic bacteria were investigated respectively; the simulation accuracy was
improved by constant value calculation. The results are shown in Table 4.

Fig. 2. Ideal state after processing

Table 4. Results of simulation calculations

Category Material End time of
the run cycle

Simulated value
after check

Fractional
error

Riparian materials
Permeable brick 60.36 57.36 �2.36

Pine wood chips 46.36 59.36 �3.35

Gabion revetment
Granite 17.86 17.56 5.36

Pebbles 12.96 16.34 6.31

After adjusting the kinetic parameters, the relative error between the COD sim-
ulation value and the measured value during the operation of the river channel was
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small. Model parameters and the content of microbial lipids, and the relationship
between MK/UQ molar ratio and organic pollutant were analyzed. Correlation
analysis shows that microbial index is highly correlated with organic matter and
riparian matter; it is consistent with the degradation of organic pollutants in rivers.
Therefore, the model can re�ect the in�uence of riparian substances on the puri�ca-
tion ability of organic pollutants in water, and simulate the degradation of organic
pollutants in rivers.

5. Conclusion

In this paper, in view of the degradation mechanism of organic pollutants in the
water body, the river simulation results of "simpli�ed river water quality model 1"
(S-RW QM 1) based on river water quality model 1 (RW QM 1) were established to
simulate the process of biochemical reaction and degradation of organic pollutants in
riverbed. After adjusting the relative parameters, it can be found that the relative
error of COD simulation is small; S-RW QM 1 has good simulation results. In
addition, sensitivity analysis of the kinetic parameters indicates that the parameter
a�ecting the COD fraction simulation is molar ratio. According to the in�uence of
riparian resources on microbial biomass and metabolic status, the adjustment of the
molar ratio can improve the accuracy of COD simulation. S-RW QM 1 can re�ect
the e�ects of riparian substances on the puri�cation ability of organic pollutants in
water, and simulate the degradation of organic pollutants in rivers. There are still
some shortcomings in this study because of the limited time and ability, for example,
the results of this study may not be suitable for other areas due to the imbalance in
the level of organic pollution in rivers, and the further research is needed.

References

[1] Y.Wang, P.Wang, Y.Bai: Assessment of surface water quality via multivariate
statistical techniques: A case study of the Songhua river Harbin region, China. Journal
of Hydro-environment Research 7 (2013), No. 1, 30�40.

[2] J.Qu, M.Fan: The current state of water quality and technology development for
water pollution control in China. Critical Reviews in Environmental Science and Tech-
nology 40 (2010), No. 6, 519�560.

[3] B. Spänhoff, R.Bischof, A.Böhme, S. Lorenz, K.Neumeister, A.Nöthlich,
K. Küsel: Assessing the impact of e�uents from a modern wastewater treatment
plant on breakdown of coarse particulate organic matter and benthic macroinvertebrates
in a lowland river. Water, Air, and Soil Pollution 180 (2007), Nos. 1�4, 119�129.

[4] J. Soininen: Responses of epilithic diatom communities to environmental gradients in
some Finnish rivers. International Review of Hydrobiology 87 (2002), No. 1, 11�24.

[5] R.C.Nijboer, P. F.M.Verdonschot: Variable selection for modelling e�ects of
eutrophication on stream and river ecosystems. Ecological Modelling 177 (2004),
Nos. 1�1, 17�39.

[6] R.F. Spalding, M.E. Exner: Occurrence of nitrate in groundwater: A review. Jour-
nal of environmental quality 22 (1993), No. 3, 392�402.

[7] P.F.Wang, X.R.Wang, C.Wang: Experiment of impact of river hydraulic char-



172 HE FEI, XIE YUFENG, LIU AIPING, HANG XIAOSHUAI, LI WEIXING, GAO JIXI

acteristics on nutrients puri�cation coe�cient. Journal of Hydrodynamics, Ser. B 19
(2007), No. 3, 387�393.

[8] F.Wang, J.K.Burton: Second life in education: A review of publications from its
launch to 2011. British Journal of Educational Technology 44 (2013), No. 3, 357�371.

[9] E.O. Igbinosa, A. I. Okoh: Impact of discharge wastewater e�uents on the physico-
chemical qualities of a receiving watershed in a typical rural community. International
Journal of Environmental Science & Technology 6 (2009), No. 2, 175�182.

[10] D.F. Juang, W.P.Tsai, W.K. Liu: Treatment of polluted river water by a gravel
contact oxidation system constructed under riverbed. International Journal of Environ-
mental Science & Technology 5 (2008), No. 3, 305�314.

Received May 7, 2017



Design and research of pulsed vacuum
sterilizer based on digital PID

Bian Jiang1, 2, Cao Hong-Ying2

Abstract. The design and application of pulsed vacuum sterilizer based on digital PID can
provide a certain technical support for the development of related industries. In order to make
the theory and technology of pulsed vacuum sterilizer more perfect in our country, a simple design
of the sterilizer was made, and the influence of air pressure on pulsed vacuum sterilizer was also
compared and analyzed based on a clear overview of relevant theories in this study. The results
show that the high pressure pulsed vacuum sterilizer has better sterilization effect. Compared with
the traditional sterilizer, the pulsed vacuum sterilizer based on digital PID has better sterilization
performance. The purpose of this study is to provide a scientific basis and reference support for
further studies.

Key words. Digital PID, pulsed vacuum, sterilizer.

1. Introduction

A certain number of microbial communities live in the living environment of the
human body, these microbial communities may have a damaging effect on people’s
bodies depending on their own skills, while some microbial communities may have
some positive effects on the normal functioning of the organism and some physio-
logical activities. These microbial communities include microbes, fungi, and other
microorganisms. The quantity and kind of microorganisms existing in the human
organism’s living environment may be closely related to human health and disease,
which have a certain impact on the health of the human body. For example, they
may cause certain damage to the human immune system, and allow more bacteria
or fungi to stimulate the human organism, thereby reducing the body’s own im-
mune levels and increasing the recurrence and severity of the disease. Therefore,
the elimination of some harmful microorganisms has gradually been paid attention
to by some countries. More timely measures have begun to be gradually applied to
the actual sterilization process, which has provided a guarantee for human beings to
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create a better living environment. This research will study and discuss the design
of pulsed vacuum sterilizer based on digital PID technology. The purpose of this
research is to provide a theoretical basis and reference for the follow-up research and
technical improvement and development.

2. State of the art

In the production and life of people, some microorganisms always affect people’s
normal life more or less. Many medical researchers believe that the presence of
harmful bacteria in the environment for a long time may have an impact on people’s
health and may be an increase in people’s disease outbreaks [1]. In recent years,
the relevant international medical organizations and biological organizations have
fully realized the negative impact of harmful microorganisms on human health and
stability. And some western developed countries have been gradually carry out the
relevant work and human body micro-biome research through some related tech-
niques and methods, and obtained some achievements [2]. The sterile environment,
especially the environment without harmful bacteria is necessary in many industries.
In some hospital systems, some premature neonate can’t complete its invasion of the
external bacteria through its own immunity because of its relatively weak immune
capacity. A sterile environment can help them go through this difficult period [3].
In some biological industries, a sterile environment is extremely important for the
design and operation of industry related biological experiments. Only in a sterile
environment can the process of the experiment be smoother and the results obtained
are more reliable [4]. There are many researches on sterilization instruments, and
the gradual improvement of sterilization instruments has made more industries de-
velop. Under this trend, pulsed vacuum sterilizer based on digital PID technology
has been studied more and achieved more achievements [5].

3. Methodology

In the present era, the economic level of our country has been greatly improved.
However, our country’s economic development model is more extensive mode of
development, which has caused great damage to the relevant environment of our
country to a certain extent. The harmful microorganisms in our environment have
been increasing. And it does harm to the survival of people and other organisms
[6]. It can be found in more reports in our country that with the development of
the times, the physical quality of our citizens has declined. This trend is not only
due to the lack of a certain amount of physical exercise, but also partly because of
the gradual deterioration of people’s living environment [7]. Many reports indicate
that the harmful microorganisms in the soil and water bodies in our country are
showing a gradual trend with the accumulation, which may have a great negative
impact on our national health in the future to a certain extent. Under this trend,
the research on killing some harmful bacteria in our country began to increase in
the selection of better technology and theory. And in the development of some
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industries, the creation of a sterile environment is also extremely demanding. To
some extent, it may promote the development and progress of some industries in our
country, and obtains more research results directly or indirectly. Especially in the
development of the medical and biological industries in China, the use and operation
of these industries may require the use of certain sterile environments, which can
promote the human body to obtain a greater degree of health. Especially in the
development of the biological industry, due to the operation of some pathological
experiments, it may cause the relevant researchers to adhere to the harmful bacteria
during the experiment. If it is not possible to sterilize the body or related tools
and clothes in time, it may cause some harm to its health. The development of the
food industry in our country also attaches great importance to the sterilization of
related raw materials so that more healthy foods have been developed and put into
market production [8]. Under this trend, sterilizer has been gradually applied to the
development of various industries in our country (see Fig. 1).

Fig. 1. Development and application of sterilizer

Under this kind of demand, the related profession in our country has begun
to increase for the sterilizer research. The sterilizers with different sterilization
properties have been gradually put into practical industrial application, and have
provided certain technical guarantee for the safety production and the safe use of
products in related industries. However, due to lack of knowledge about sterilization
theory in some industries or fields in our country, this makes the development and
application of sterilization equipment still have certain limitations, and has laid a
certain security risk for subsequent development. Nowadays, the design and research
of pulsed vacuum sterilizer based on PID technology have provided certain positive
impetus for the demand of sterilization treatment in various industries [9] (Fig. 2).
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However, because of the high production cost of the sterilization technology, and
the lack of mastery of the technology in some sectors of our country, it makes it
impossible to better integrate the technology with the actual demand of the industry.
This limits the further development of some industries to a certain extent [10].
Therefore, a clear overview of the design theory of digital PID based pulsed vacuum
sterilizer was given and the feasibility of its practical application was analyzed in this
study. The purpose of this study is to provide theoretical support for the gradual
improvement of this technology, and to provide technical support for the integration
of this technology with other industries.

Fig. 2. The use of digital PID technology in the development of sterilizers

In order to obtain more accurate and reliable analysis results, the study was
further carried out by the following related research analysis. The detailed methods
of study are as follows:

First of all, the relevant information was read and summarized in this study.
On this basis, the relevant theories were clarified, and the main deficiencies of the
commonly used sterilization system in our country were explained and analyzed.
Then, the sterilizer was designed and optimized on the basis of the cognition of the
design principles of the sterilizer.

In view of the pressure and temperature detecting system of sterilizer, the control
algorithms of steam generator and temperature in the sterilization cavity were stud-
ied and discussed. The algorithm model of PID was introduced in the design concept
of pulsed vacuum sterilizer [11]. The related formulas of the algorithm model were
introduced as follows in this study.

(1) The deviation between the preset value of the pulsed vacuum sterilizer and
the actual output value of the sterilizer was calculated. The formula model is

e(t) = r(t)− c(t) , (1)
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where r(t) and c(t) represent the set value and actual output value respectively.
(2) The control expression of PID was analyzed. Because this kind of control is

composed by many different links, the model equation is constructed as follows:

u(t) = Kp

[
e(t) +

1

T1

∫ 1

0

e(τ) dτ + TD
de(t)

dt

]
, (2)

where Kp, T1 and TD represent the proportion of each link, integral time and differ-
ential time, respectively.

(3) In order to better reduce the static error in the PID control process, the
stability of the vacuum sterilizer was higher. The study further optimized the above
formula so that the system could maintain the maximum output value and speed up
the control. The model equation is

u(k) = Kp

{
e(k) +

TD
T

[e(k)− e(k − 1)]

}
. (3)

Finally, the actual case was introduced, and the sterilization efficiency and perfor-
mance of pulsed vacuum sterilizer based on digital PID were analyzed and compared
under different pulse modes. The comparative study was mainly based on the cur-
rent international standard of ISO11140-4/5, and the judgments and measurements
of final elimination effect (BD) of steam sterilizer on air pre-vacuum pressure of
pulsed vacuum sterilizer at high and low atmospheric pressure and whether all links
can meet the anticipated conditions (PCD) of the sterilizer in the process of recycling
were conducted. A common sterilizer was introduced as a negative control. Thus, a
better condition for the application of the pressure of the pulsed vacuum sterilizer
based on digital PID technology was determined. Furthermore, the advantages of
this technology were summarized and analyzed. The research aimed at providing a
theoretical basis for further improvement and development of sterilizer technology
and providing technical support for the development of other subsidiary industries.

4. Result analysis and discussion

Nowadays, with the increasing attention of science and technology, various new
technologies begin to appear constantly. Computer technology is one of the most
influential sciences and technologies in the development of various industries in the
world [12]. Many fields have begun to apply this technology to the development of
themselves field. In recent years, the demand for aseptic conditions has increased
gradually in some industries. Many fields in the world begin to develop the tra-
ditional disinfection equipment into the pre-vacuum and fully automatic way. In
particular, researchers have a better understanding of the structure and proper-
ties of certain microorganisms. This provides some positive effects on the research
and development of some disinfection and sterilization instruments [13]. Under this
background, pulsed vacuum sterilizer based on digital PID has been developed and
applied in actual industry or field (Fig. 3). The sterilizer combines with the digital
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PID technology of computer technology, so it has more advanced R & D technology.
It can achieve better disinfection effect in the absence of unattended, so it begins to
be popularized gradually (Fu et al. 2011) [14]. The performance advantage of pulsed
vacuum sterilizer based on PID technology in our country is mainly manifested in
the vacuum validity. Thus, a plurality of bacteria and viruses can be killed so as
to achieve better sterilization effect. And because of the more pre-vacuum validity,
the sterilization equipment has relatively high validity and efficiency. Its system
structure is relatively simple and the system function is more perfect, which can be
used by more industries [15].

Fig. 3. The use and development of pulsed vacuum sterilizer

On the basis of understanding the relevant theories, the author studied and de-
signed the pulsed vacuum sterilizer used in this research. The control system of the
pulsed vacuum sterilizer designed in this paper is mainly composed of a single-chip
microcomputer based on PIC technology and a generator that can control the steam
and integrate it. In the design process of the sterilizer, the perfection of the circuit
has a very important influence on the normal use of the pulsed vacuum sterilizer
with digital PID technology. The utility model can further improve the service life
and time of the sterilizer on the basis of ensuring that the sterilization process of
the sterilizer is more reliable. Therefore, more attention should be paid to the sci-
entificality and the systematicness of the pulsed vacuum sterilizer so that the final
instrument sterilization effect is better. According to reading relevant information,
the circuit of this sterilizer was summarized and perfected, so as to provide the basis
for the performance of the sterilizer. The circuit design of the sterilizer in this study
is shown in Fig. 4.

Based on the relevant theories and the basic design of sterilizer, the judgments
and measurements of final elimination effect (BD) of steam sterilizer on air pre
vacuum pressure of pulsed vacuum sterilizer at high and low atmospheric pressure
and whether all links meet the anticipated conditions (PCD) of the sterilizer in the
process of recycling were conducted in this study. The results of the measurements
are shown in Table 1 and Table 2. The results show that the rate of BD negative
test of pulsed vacuum sterilizer at high pressure is as high as 99.34% and 95.18%
at low pressure. Therefore, the evacuation efficiency of the pulse sterilizer at high
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pressure for cold air is obviously higher than that at low pressure. When the cold
air is not completely discharged, the steam in the sterilizer can not penetrate more
effectively, which may affect the sterilization effect. In order to verify the BD effect
of autoclave under different pressure, further validation was carried out by positive
experiments. The results show that the autoclave with high pressure has a higher
pass rate that 46.38%, which has better penetrating effect.

Fig. 4. The circuit operation flow of the sterilizer used in this study

Table 1. Comparison of BD test results of pulse sterilizer at low atmospheric pressure and high
pressure

Test cycle
negative

Experiment
times

Low atmospheric pressure
pulse BD test

High pressure pulse BD test

Qualified
number

Qualified
rate (%)

Qualified
number

Qualified
rate (%)

Positive 457 435 95.18 454 99.34

Test cycle 457 25 5.47 212 46.38

The effects of different pulse modes on PCD in sterilization pot were analyzed in
this study. The results show when the negative test is carried out, the sterilization
effect of the pulse sterilization pot is higher than that in the low pressure air, and
its qualification is up to 99.76%. However, the risk of sterilization may still be
incomplete under qualified sterilization conditions. Therefore, positive detection
was further carried out in this study. The results show that the qualified rate of
pulse sterilization is higher in high pressure, which can reach 42.49%.
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Table 2. Comparison of BD test results of pulse sterilizer at low atmospheric pressure and high
pressure

Test cycle
negative

Experiment
times

Low atmospheric pressure
pulse PCD test

High pressure pulse PCD
test

Qualified
number

Qualified
rate (%)

Qualified
number

Qualified
rate (%)

Positive 859 850 98.95 857 99.76

Test cycle 859 12 1.39 365 42.49

The experiment confirmed that the PID vacuum pulse sterilizer with high pres-
sure has better effect. Then, the disadvantage reasons of the pulsed vacuum sterilizer
for PID technology at low atmospheric pressure were analyzed. The analysis results
are shown in Table 3.

Table 2. Comparison of BD test results of pulse sterilizer at low atmospheric pressure and high
pressure

Low atmospheric pressure pulse negative High pressure pulse negative

Failure
times

Improper
han-
dling of
staff

Sterilizer
leak

Poor
perfor-
mance
of vac-
uum
pump

Failure
times

Improper
han-
dling of
staff

Sterilizer
leak

Poor
perfor-
mance
of vac-
uum
pump

BD 22 11 7 4 3 1 1 1

PCD 9 2 3 4 2 2 0 0

Finally, the performance of pulsed vacuum sterilizer based on digital PID tech-
nology and traditional sterilizer was analyzed in the study. The analysis results are
shown in Fig. 5. The results show that the sterilization efficiency of this kind of
sterilization pot is high, and the sterilization is more thorough. And the operation
is simple, so it is more suitable for the application of related industries.

5. Conclusion

With the development of the times, the demands for aseptic conditions have
gradually increased in the development of many industries, so that the research of
sterilizer has gradually become one of the necessary needs for the development of the
industry. In this trend, more sterilizers have been developed and applied to the actual
industry development. Because the traditional sterilizer is difficult to operate and
the sterilization efficiency is low, which cannot meet the actual needs of the industry.
The research of pulsed vacuum sterilizer based on PID technology can provide some
technical support for solving this problem. However, the research of pulsed vacuum
sterilizer in our country is still few, and the related theories and techniques are
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Fig. 5. Performance comparison between a pulsed vacuum sterilizer and a
conventional autoclave based on digital PID technology

not perfect enough. In view of this deficiency, relevant concepts were defined and
outlined by reading relevant data in this study. On this basis, the simple design
of pulsed vacuum sterilizer based on digital PID technology was studied, and the
performance of the sterilizer under different conditions was compared and analyzed.
The results show that the pulsed vacuum sterilizer based on digital PID technology
has better sterilization effect. Only the influence factor of air pressure has been
studied in this study, which makes the research have certain deficiency. But this
study still can provide the theoretical basis and support for the follow-up research.
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A text information extraction algorithm
based on label path clustering1

Jing Qiu2, 3, Yuhan Chai2

Abstract. XML documents are widely used in computer and Internet technology. Based

on XML documents, data exchange can be e�ective. However, the extraction of text information

determines the utilization and e�ciency of the data. The traditional text information extraction

algorithm has low accuracy and low e�ciency. Therefore, a text information extraction algorithm

based on label path clustering was proposed in this paper. Then the traditional PBClusreing

algorithm was improved. Finally, the veri�cation test was carried out. As can be seen from

the result, compared with the traditional algorithms, the improved text information extraction

algorithm has signi�cant advantages in noise elimination and e�ciency. Therefore, the improved

text information extraction algorithm can be applied to the speci�c practice, which is conducive

to promoting communication and utilization of Internet data, and has positive signi�cance for the

development of the Internet.

Key words. Clustering, information extraction, frequent path, XML.

1. Introduction

With the continuous development and application of modern computer technol-
ogy and Internet technology, people rely more and more on the Internet, and the
Internet has greatly changed people's way of life [1]. When people use computers
and the Internet to communicate with each other, there are more extensible markup
language applications (hereinafter referred to as XML), which can exchange data
among di�erent data sources [2]. In terms of structure and function, XML can
not only represent structured data, but also represent unstructured data of the Web
class, which is widely used in database, data exchange, e-commerce, natural language
conversion and so on, and has become a standard language for data representation
and exchange [3]. With the increasing of XML class data, how to e�ectively carry
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out this kind of data information has become more important. XML data is mostly
represented in the form of XML, and in the XML document, the two main forms
are hierarchical and semi-structured. At present, the data mining methods for this
kind of document include classi�cation processing, clustering analysis and structure
mining (Yan et al. 2015) [4]. The clustering processing of XML documents is usu-
ally done in two aspects: structured clustering processing and content clustering
processing [5]. In this paper, a text information extraction algorithm based on label
path clustering was proposed to achieve the rapid and accurate extraction of XML
class information. And the algorithm was compared with the traditional method.
Thus, the accuracy and practical value of the algorithm were understood.

2. State of the art

The development of information technology leads to exponential growth of In-
ternet information, and it is harder and harder for people to acquire the knowledge
they want. It is a challenge to �nd the desired information from heterogeneous,
dynamic and distributed Web information library and convert it into the informa-
tion and knowledge that users need [6]. When using Web retrieval to query relevant
information, a list of results is returned to the user, and according to the correlation
algorithm, a variety of factors are calculated to carry out sorting [7]. In these sorting
algorithms, the frequency, location, number, importance, and number of clicks being
queried are considered synthetically [8]. At present, the related clustering analysis
of HTML language �les applied in Internet has been studied more and more, and
the fast and accurate extraction of text information has been realized. However, the
research of information extraction algorithms for XML documents is relatively small,
which is not conducive to the use and communication of Internet information [9].
At present, TreeFinder and Tag-based are the main methods to extract structural
information of XML documents. In this paper, a collection of paths from roots to
leaf nodes was used to represent XML documents [10].

As extensible markup languages, both XML and HTML belong to the category
of SGML, and there are many similarities between them. They are the common
standard languages in the world [11]. XML is a subset based on the SGML language,
but di�erent from the SGML language, it avoids the complex features of SGML
language to some extent [12]. As for the basic functions of XML, in terms of �le data,
documents are varied and diversi�ed by description, and its technology is mainly
oriented to data applications, in which, the meaning of some data and material can
be explained by marking [13]. In processing patterns, XML documents are often
abstracted into semantic layer, syntax layer, character layer, structure layer, binary
�le and so on, which are similar to network protocol TCP/IP [14].
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3. Methodology

3.1. Preprocessing of XML documents

The XML document can be represented in the form of a tree. The main idea
of the new algorithm proposed in this paper is to use sequential pattern mining to
obtain frequent path sets among di�erent XML documents. XML documents with
similar structure have similar frequent paths, while, for XML documents of di�erent
structure, similar frequent paths will be relatively few. Therefore, the clustering
documents, frequent paths can be used as their characteristics. Converting the
XML document into a tree structure, then each node in the tree corresponds to an
element of the XML document. In this paper, tree structure was represented based
on path. In this way, each tree is represented by a collection of paths, and the
ordered nodes form the root node to the leaf node together form the paths. In the
study, a simpli�ed XPath was used to represent the path. It contains both element
information and hierarchical information in the path, so that the XML document
can be represented by a simple collection of XPath expressions [15]. Firstly, the
XML document was preprocessed, to extract the corresponding path set from the
tree structure. And then the duplicate path was deleted. The speci�c process is
shown in Fig. 1.

Fig. 1. The path set for the XML document

When using this representation, in the path, in order to indicate a change in
the hierarchy of the di�erent elements, a "/" will be added behind the element.
Therefore, the Xpath paths obtained after preprocessing include both path element
information and hierarchical information. Since the XML path is a relatively simple
sequence, each element is a XML node and can't be a collection containing multiple
items. Then, in the XML path, if a path is not included in all other paths, then the
path is the maximum path. Path support is involved, the computational method of
which is the ratio of the number of occurrences of a path to the number of documents
in a path set. If in the XML document the path A is contained in the path B, then
the path A can be called a subsequence of path B. It is assumed that a XML path
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set is D, which can be determined by the document number and serial numbers to
which each path belongs, respectively doc− id, seq − id.

The number of occurrences used to compute path support refers to the number
of XML documents that s is contained in D. In this paper, only the frequent paths
among di�erent documents were searched, while the XML paths that were repeated
in the same document were not counted repeatedly. If the given support threshold
is min sup p, the support number of the sequence database for paths in XML is
no less than min sup p, and s is known as the path model. The document set of
XML is converted to the corresponding path set. According to the given minimum
support threshold min sup p, the sequential pattern mining algorithm is used to �nd
the path patterns of all XML. After removing all the paths contained by other paths,
the maximum path pattern can be obtained.

3.2. Frequent path mining process and document clustering

The two XML document trees are input to sample the mining process of the
XML frequent path pattern, as shown in Fig. 2. The minimum support is set to
100%. Preprocessing is performed in the manner described earlier to obtain a XML
path set.

Fig. 2. Two XML document counts

The speci�c steps of XML frequent path mining are:
(1) All frequent nodes satisfying minimum support, referring to the frequent

paths of length 1, should be found out.
(2) According to the frequent nodes found, a Hash mapping table based on fre-

quent node sets is constructed. By using this mapping table, the path of the XML
document machine can be converted and represented. Each frequent node name is
replaced by a corresponding integer, and the result of the conversion is shown in
Fig. 1. After the processing and transformation, the integer sequence can be used
to represent the path, thus reducing the identi�cation space of the XML document
path sequence set, and improving the subsequent mining speed.

(3) AprioriAll algorithm is used to carry out iteration, and thus a collection of
frequent sequences of lengths from 1 to maximum length can be obtained.

(4) The path contained in other patterns in the frequent sequence is eliminated,
so as to obtain the maximal frequent sequence.

The path transformation representation is described in Table 1.
The XML frequent path is used as clustering feature. The number of its maxi-

mum path patterns is a�ected by the minimum support of the path mining phase.
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The appropriate minimum support can e�ectively eliminate noise data and avoid ex-
cessive features missing, so as to ensure that the classi�cation features of the XML
document set can be e�ectively represented in the smaller dimension feature space.

Table 1. Path transformation representation

Document number 1 1 2 2

Path number 1 2 1 2

Original path A/B/C A/B/D A/B'/C A/B'/D

Converted path A//C A//D A//C A//D

After mapping 1,2,2,3, 1,2,2,4 1,2,2,3 1,2,2,4

In the vector intermediate model, the PBClusreing algorithm represents the XML
document set. If the number of maximal frequent paths obtained by XMNL frequent
paths in the excavation stage is n, then an n dimensional vector is used to represent
each XML document. If an XML document contains the maximum frequent path m,
then in the corresponding vector Sm = 1 or Sk = 0. When PBClusreing algorithm
calculates the similarity between documents, the traditional Euclidean distance is
used to perform calculations, and then the clustering algorithm is adopted to perform
clustering.

3.3. Improvement of text information extraction algorithm

There are some problems in the existing information extraction algorithms, and
previous studies have also tested the performance of the PBClusreing algorithm. The
problems existing in the traditional PBClusreing algorithm are mainly embodied in
the following aspects. The accuracy of clustering is not high. Even if the minimum
support of very frequent and veri�able frequent paths is selected, the accuracy of
the �nal clustering results is only about 70%, which is also the reason for the im-
provement of the algorithm. In addition, the sensitivity of PBClusreing algorithm
to noisy data is high. In the performance of arti�cial data and actual high noise
data, the actual noise situation has not been fully considered. And the scalability of
the traditional PBClusreing algorithm is poor. Due to the use of aggregation hierar-
chical clustering algorithm and AprioriAll algorithm, the time complexity required
is higher. In the face of large amounts of data, it is di�cult to e�ectively deal with
the data, and its processing e�ciency is low. Therefore, aiming at many problems
existing in the algorithm, some targeted improvements and research were made in
this paper.

The principle of PBClusreing algorithm is to de�ne the distance between docu-
ments directly through Euclidean distance. Although it is very easy to understand in
the low latitude space, the distribution of the data will obviously improve the noise
level when the high-dimensional data is encountered. And thus, in the conventional
sense, Euclidean distance de�nition is no longer valid, and cosine similarity can be
used to document similarity calculation.

Boolean vectors are often used when documents containing frequent paths are
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represented by the PBClusreing algorithm. However, the di�erences among the
lengths of the frequent paths are not fully taken into account. There are nowa, b, c
documents, and two documents a, b contain the frequent path s1, and b, c documents
contain the frequent path s2. If the frequent paths1 is longer than s2, it is considered
that a is closer to the document b than c. The vector of the XML document can
be weighted, and integer vectors are used to represent an XML document, such as
{s1, s2, · · · , sn}. If there is a k maximum path model in a XML document, then
its corresponding length assignment is sk, or sk = 0. The key codes based on
experiments to obtain weighted paths are shown in Fig. 3.

Fig. 3. Key codes for weighted paths

In the use of PBClusreing algorithm, the relatively classic AprioriAll algorithm
is applied, the principle of which is anti-monotone. If a sequence fails to pass the
test, all sequences that contain it are considered impossible to pass the test. Based
on this feature, the search space can be cut to make sequential pattern mining
more e�cient. But whether it is AprioriAll algorithm or agglomerative hierarchical
clustering algorithm, the time complexity is still relatively large, and can't meet
the requirements of large document set processing. On this basis, the more e�cient
Pre�xSpan algorithm can be applied. In addition, the K-mean algorithm can be
used in the clustering division, and the e�ciency of the algorithm is also higher. In
this paper, di�erent types of XML document formats can be considered as clustering
centers, and the high-dimensional vector space was relatively sparse, so that the K-
mean algorithm was also applicable. The K-hierarchy algorithm was used to replace
the hierarchical clustering algorithm. Thus, the improved PBClusreing algorithm
based on the K-mean algorithm and the Pre�xSpan algorithm can be obtained.

4. Result analysis and discussion

4.1. Similarity calculation of documents

In this study, a comparative analysis of di�erent clustering algorithms was carried
out. In the four classes of use, each class contained 150 documents. When the
minimum support degree of the frequent path was 5%, Euclidean distance and cosine
similarity coe�cients were compared and analyzed. And the clustering hierarchy and
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K-mean clustering algorithm were adopted. The speci�c results are shown in Fig. 4.

Fig. 4. Contrastive analysis of two methods of measurement

It can be seen from Fig. 3 that the clustering accuracy obtained by cosine similar-
ity coe�cients is better than that of Euclidean distance under the same algorithm.
And in the case of using the same metric method, the K-mean clustering algorithm
has better e�ect than the hierarchical clustering algorithm. It can be seen that,
when calculating the document similarity of the path schema, the cosine similar-
ity coe�cient can achieve better results compared with the traditional Euclidean
distance method.

The path weighted analysis was further carried out. In 11 classes of documents,
each type of document contained 150 �les. When the minimum support of the
frequent path was 8%, the contrast experiments were conducted to analyze whether
the 10 groups joined the path length weight. From the results of the study, it can be
seen that when the path length is added, the accuracy of clustering is improved, and
the range of improvement is about 5�10%. Therefore, the path model can e�ectively
reduce noise and eliminate the in�uence of short path noise.

4.2. Algorithm comparison

In the case of frequent path with minimum support of 5%, Pre�xSpan algorithm
and AprioriAll algorithm were compared in terms of the time e�ciency. The size
of the document, ranging from 200 to 1400, was divided into 7 levels. The speci�c
results are shown in Table 2.

Table 2. Comparison and analysis of time e�ciency between Pre�xSpan and AprioriAll algorithms

Time (s) 200 400 600 800 100 1200 1400

Pre�xSpan 0.29 0.85 1.21 1.51 1.76 1.82 2.03

AprioriAll 13 40 57 58 53 111 125

As can be seen from Table 2, the Pre�xSpan algorithm is more e�cient and
has a signi�cant advantage compared with the AprioriAll algorithm. Four types of
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documents were further selected, 150 in each category. When the support was 5%
and 15%, respectively, 117 and 49 frequent paths were obtained. Then the K-mean
clustering and aggregation hierarchy were compared and analyzed in terms of time
and accuracy. The speci�c results are shown in Table 3. As can be seen from Table
3, the clustering accuracy obtained by the two algorithms is comparable in the 117
and 49 dimensions. However, further analysis shows that the K-mean algorithm has
a more signi�cant advantage than the aggregation level algorithm.

Table 3. Comparative analysis of time e�ciency between aggregation level and K-mean

Time (s) Aggregation level K-mean

49 dimensional 112 (100%) 0.017 (98%)

117 dimensional 173 (96%) 0.03 (94%)

5. Conclusion

XML documents are used more frequently in data usage. However, there are
many problems such as low e�ciency and low accuracy in the traditional text in-
formation extraction algorithm. Therefore, a more e�cient and reliable algorithm
for text information extraction is urgently needed. Based on the traditional PB-
Clusreing algorithm, the K- mean algorithm and the Pre�xSpan algorithm were
introduced in this paper, and the large data text set can be processed. In order to
verify the practicability of the algorithm, the computation of document similarity
and the performance of other algorithms were compared and analyzed. It can be
seen that the cosine similarity coe�cient has better e�ect, and the path model can
reduce the in�uence of noise e�ectively. In addition, the Pre�xSpan algorithm will
have higher time e�ciency than the traditional AprioriAll algorithm. As for the ac-
curacy of clustering, the K- mean algorithm also has a more prominent advantage.
In summary, compared with the original algorithm, the improved text information
extraction algorithm has better application e�ects, especially for high noise and large
number of processing. And the accuracy is also improved by 10�20%, and the time
e�ciency is also signi�cantly improved.
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Study on seismic shear strength of
concrete hollow block masonry1

Jintao Cui2, 3, Yue Zhang2

Abstract. Concrete hollow block masonry is a common method used in civil and commercial

buildings. However, inadequate brittleness, tensile and shear strength of concrete hollow block ma-

sonry, especially the performance of masonry collapse and ductility under the action of earthquake,

have seriously restricted the development of masonry structure. In this paper, the basic mechanical

properties of concrete block masonry, such as seismic and shear strength, were studied according

to standard test method. The seismic shear strength tests of 24 sets of standard specimens of 36

hollow concrete block masonry structures were carried out. Finally, the formulas for calculating

the seismic shear strength of hollow block masonry were obtained, and the recommended values

were given.

Key words. Concrete, hollow block masonry, shear strength, friction coe�cient.

1. Introduction

The structure of hollow concrete masonry has a wide range of applications all over
the world because of better convenience for the construction, good �re resistance,
excellent chemical stability and atmospheric stability, long safe service life, good heat
insulation and sound insulation performance [1]. The structure of masonry concrete
hollow masonry is a complex anisotropic material composed of hollow brick, block,
mortar, and so on [2]. In the aspect of mechanical properties of materials, the average
tensile strength, �exural tensile strength and shear strength of unreinforced masonry
are only about 10% of their axial compressive strength [3]. There are three ways
to improve the seismic and shear strength of concrete hollow masonry structures:
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Nos. 11402166 and 51408400), the General Projects in Tianjin Research Program of Applica-
tion Foundation and Advanced Technology (Grant No. 13JCYBJC39100), the Youth Projects
in Tianjin Research Program of Application Foundation and Advanced Technology (Grant No.
12JCQNJC05000).

2School of Civil Engneering, Tianjin Chengjian University, Tianjin, 300384, China
3Corresponding author
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increasing the strength of the material, changing the structure form and exerting a
certain degree of pre stress [4].

After the prestressing force is applied to the masonry structure, the shear capacity
will be greatly improved, and the integrity and resilience of the structure will be
improved. Under the action of prestressing force, the masonry structure can bear
more deformation, and it also includes the improvement of crack resistance. In this
case, the masonry structure can be subjected to greater deformation, and it can even
further reduce the cracking caused by temperature changes and mortar shrinkage.
Cracks due to occasional loads will also tend to close after the load disappears
due to preload (Yu et al. 2015 [5]). Therefore, the study on the shear behavior,
the relative mechanical properties and the seismic capacity of masonry structures
under the combined action of shear and compression is carried out, which is of great
signi�cance to the application of prestressed masonry structure in China.

2. State of the art

He [6] systematically collected and sorted out the failure modes of masonry dur-
ing shearing, and considered that vertical joint did not transfer stress, especially
shear stress. In 1990s, the concrete hollow block had gradually replaced the solid
clay bricks become the mainstream in bulk. The masonry structure code revised
by the American Masonry Standards Federation included the prestressed masonry
structure as a separate structural form, and gave the corresponding calculation in-
dexes [7]. Incerti carried on the shear test of masonry specimens, and proved that the
experimental values of the shear strength of masonry under shear compression com-
posite were in good agreement with Coulomb friction theory [8]. Sathiparan carried
on the shearing proof and the compression test to the hollow brick masonry standard
brick, and he proved the comprehensive in�uence of various factors such as surface
treatment and groove shape of block [9]. Elmenshawi analyzed the results of double
brick single shear strength test of solid brick and hollow brick masonry, and proved
that it was elastic before breaking [10]. Buch conducted the two-way shear compres-
sion interaction test, and it was proved that the shear strength of standard joints
was approximately linearly related to the increase of compressive strength [11]. Min
carried out the masonry shear test under axial compression, and he proved that pro-
cessing the bulk surface could improve the shear strength of masonry [12]. Mansouri
proved that the wetting of block before masonry and maintenance could improve the
shear strength of masonry [13]. The shear tests of masonry walls were carried out
by Janaraj. It was proved that the calculated strength of the main tensile stress fail-
ure theory was close to the experimental results [14]. The single shear test of brick
masonry was carried out by Chourasia, and the tension and compression model of
masonry under shear was put forward. The results of microscopic numerical analysis
and �nite element analysis showed good agreement with the test [15].
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3. Methodology

3.1. Design and manufacture of specimen

The study applied the prestressing force to masonry structures, so as to give some
advantages to prestressed concrete structures. The channels of prestressed masonry
structure can avoid the complicated procedures of the channel reservation and the
second grouting construction during the construction of prestressed concrete, which
can not only save the project cost, but also enhance the e�ciency of the project.
In general, the prestressing force of prestressed masonry structures is low, so that
even relatively simple equipment, such as jacks and torque wrenches, can be used to
perform prestressing tensioning. As a result of prestressed tensioning, the material
of masonry block has basically been completed contraction. Therefore, its shrinkage
and creep are smaller than the prestress loss of prestressed concrete. However,
the prestressed masonry structure also has some shortcomings. For example, the
prestressing bars can only be arranged in a straight line due to di�erent type and
manner of the blocks. Due to the prearranged prestressed steel bars, there will be
some inconveniences in the subsequent construction process. The shear specimens
used in this study were made of three skin staggered masonry, which consisted of 2
plates and 2 standard blocks. The size of the sample was 590mm×390mm×190mm.
The arrangement is shown in Fig. 1.

Fig. 1. Sketch map of standard parts (units: mm)
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In the process of testing, the basic mechanical properties of specimens were ob-
tained by compression test of standard parts, and further analysis was conducted.
In order to ensure the consistency of the compressive and shear specimens, the shear
standard component speci�cation and the three-skin and non-�ve-skin staggered
joint masonry standard were adopted. In this way, it can be more standardized
to point out that the compressive strength of the specimens was not signi�cantly
di�erent when the ratio of height to thickness of masonry was 3 and 5, respectively.
The test method for shear strength of masonry along the through section is shown
in Fig. 2.

Fig. 2. Test method for shear strength of masonry along the through joint

In this experiment, the orthogonal design method was adopted to complete the
one-way shear test of 24 hollow block standard parts, tests on pre compression joint
shear of 12 hollow block masonry standard pieces, and uniaxial compressive test of 15
hollow block masonry standard parts. The orthogonal combination of the strength
grade of block and mortar was mainly considered in the hollow standard parts. The
speci�c design scheme is shown in Table 1.

Table 1. Design scheme of standard parts for hollow block masonry

Block strength Mb5 Mortar strengthMb10 Mb15

MU10 K1\MK1 K2

MU15 SK2\MK2 K3\SK1\MK3 K4\SK3

MU20 MK4 K5\MK5

The letter number K represented the shear specimen of the through seam with
EN loading method. The letter number SK represented the shear specimen of the
through seam with GB loading method. The letter number MK represented the
uniaxial compression specimen. There were 3 specimens in each group. The material
used in the pre compression joint shear test had the same strength grade as MU15,
Mb10 and Cb20. The variable was the magnitude of the preload. The speci�c
design is shown in Table 2. The letter number YK represents the prestressed hollow
masonry shear specimens.

Since the standard block had very strong water absorption, it was necessary to
ensure that all the blocks were adequately wetted before masonry. All the smooth
boards were prepared in advance, and all the standard pieces were made on the
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boards. In order to ensure the smoothness of the boards, cement mortar was used
before the masonry. In the construction process, we e�ectively discriminate the
plasma surface and bulk surface, so as to avoid the reverse situation. Because the
bulk was inevitable certain di�erence, it was di�cult to ensure bulk of the two
planes parallel. Therefore, in carrying out speci�c construction, the main task was
to ensure the parallelism of each paste surface and each surface. The plumpness of
mortar directly a�ected the shear area of the ash joint, and then a�ected the shear
strength. Therefore, it was necessary to ensure the mortar plumpness of the test
block. The mortar was cleaned or removed if the mortar was smoothed.

Table 2. Design standard for shear compression standard piece of pre compression joint

Specimen
Preload size

0.28 0.41 0.55 0.68 1.02

Hollow YK1 YK2 YK3 YK4

After the completion of masonry, it needed to be cured and sealed with test
�lm. Continuous watering during the maintenance period was needed to ensure a
moist environment for 7 days. Grouted standard parts needed pouring column 7
days later in the masonry. The adopted concrete was fabricated by �eld mixing, and
the method of layered casting was adopted in the pouring process. After pouring,
the vibrator should be vibrated to ensure the compactness of the concrete. In the
30 days after the completion of the casting, the sealed moisture conservation was
needed, so as to ensure the strength of concrete.

In the building design of standard parts, because the bulk may have rough surface
inequality defects and construction error, it was di�cult to ensure absolute �atness
and surface parallel test on the surface. If the masonry surface was not smooth, it
may cause uneven stress within the masonry and a�ect the mechanical properties in
the shear stress and compression test. Therefore, during the construction process,
reasonable measures must be taken to ensure the smoothness of the surface of the
specimen and ensure the uniformity of the specimen.

3.2. Measurement scheme

In the test process, the concrete steps of loading scheme were as follows.
(1) Firstly, the initial limit load of block and mortar strength specimens were

estimated.
(2) The appearance breakage and defects of the specimen were inspected and

recorded, and the force surface size of the standard parts was measured in detail.
In particular, it was necessary to measure the height di�erence between the upper
and lower surfaces of the shear and prestressed specimens, so as to ensure their
parallelism.

(3) The installation of the specimens was carried out. The relevant measuring
instruments were checked, calibrated and reset to ensure the normal use of the
measuring instruments.

(4) The loading of the specimens: the loading schemes of di�erent specimens were
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di�erent, and the shear standard parts were subjected to continuous loading with
constant rate. The standard component of prestressing force adopted horizontal
pressure loading. Preloading was used for compression of standard parts.

(5) As long as a shear surface was destroyed, the one-way shear criterion deter-
mined the loss of its bearing capacity. The prepressed standard continued to load
when the peak was reached, until a sudden drop or slippage of the load occurred.
The pressure gauge continued to load until it was broken.

(6) The loading of the specimen: the cracks and characteristics of the specimens
were observed, and the corresponding load values were recorded. After loading the
load, a crack map and took pictures were drawn.

In the process of testing, the data of shear standard parts should be continuously
measured, including shear load, shear deformation, horizontal axial pressure and
so on. Among them, the load sensor was used to measure the load size, and high
precision displacement sensors were used to measure shear deformation. In addition,
the measurement of horizontal and vertical deformation of standard parts was also
included. The vertical load was measured by force sensors.

In the test of the compressive strength, according to the test requirements in the
test method, the 190mm standard block with the same batch of masonry blocks was
selected. In order to minimize the in�uence of the uneven surface of the block on
the results of the test, it was necessary to use high-strength gypsum (1:2) to process
the upper and lower surfaces of the block and test it on the 5000KN press. Sand
�lling method was used to measure the void ratio of standard blocks, and the �nal
porosity was 46.7%. The mean strength and coe�cient of variation of compressive
strength of each block are shown in Table 3.

Table 3. Block compressive strength

Strength grade Average
compressive
strength

Single block
minimum
strength

Coe�cient of
variation

Rating of
strength

MU10 13.51 11.73 8.15% MU10

MU15 19.86 16.05 9.68% MU15

MU20 20.91 19.01 12.61% MU20

Standard blocks were leveled and damaged, as shown in Fig. 3.

4. Result analysis and discussion

The failure state and crack propagation of concrete hollow compression specimens
are shown in Fig. 4.

Based on the comprehensive research at home and abroad, the experimental
phenomena and results, the study was carried out in this paper. When the concrete
block masonry was subjected to uniaxial compression, the loading failure process
could be divided into the following four stages according to the development of
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cracks.

Fig. 3. Setting and destruction of building blocks

Fig. 4. Failure state of hollow compression standard parts

The �rst stage was the compression of the standard piece and the presence of
the �rst crack. In this stage, the vertical deformation of the standard parts was
relatively small. This stage was the elastic force state, and the load displacement had
the linear relationship. The strain at this stage failed to produce initial microcracks.
The second stage had the �rst crack. As the load continued to increase, the standard
parts began to make minor noises from the inside, and cracks began to appear at
the chamfer of the specimen. The cracks in this stage were slender and developed
slowly, and the load displacement was linear.

The third stage: as the load increased to the peak, the cracks continued to
expand, and the �nal specimen had plastic deformation. Cracks expanded with the
increase of load, and more narrow vertical cracks appeared in the narrow surface of
standard parts, which showed a remarkable nonlinear load displacement curve. The
slope decreased until the �nal plastic deformation occurred.
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The fourth stage: when the load exceeded the peak value, the specimen presented
a brittle failure and lost the ability to continue bearing. When the load exceeded
the peak value, the bearing capacity of the specimen continued to decline, and
the specimens began to appear through the vertical cracks, which had eventually
brittle fracture and the loss of carrying capacity. The initial load, the peak load,
the compressive strength, the initial crack coe�cient and the coe�cient of variation
measured by the hollow compression standard are shown in Table 4.

Table 4. Compressive strength of hollow standard parts

Group Number Initial
crack
load
(kN)

Peak
load
(kN)

Compres-
sive
strength
(MPa)

Compres-
sive
strength
average
(MPa)

Coef-
�cient
of vari-
ation of
Compres-
sive
strength

Initial
crack
coef-
�cient

Mean
of
initial
crack
coef-
�cient

Coef-
�cient
of vari-
ation of
initial
crack
coef-
�cient
(%)

MK1 MK1-1
MK1-2
MK1-3

268
523
276

482
640
401

6.49
8.61
5.38

6.82 19.5 0.556
0.816
0.688

0.687 10.5

MK2 MK2-1
MK2-2
MK2-3

404
333
569

711
739
741

9.60
9.94
9.99

9.84 1.74 0.568
0.450
0.767

0.595 6.19

MK3 MK3-1
MK3-2
MK3-3

422
466
589

734
797
911

9.95
10.68
12.29

10.94 9.24 0.576
0.584
0.646

0.602 6.10

MK4 MK4-1
MK4-2
MK4-3

411
464
385

569
938
687

7.63
12.55
9.19

9.79 20.9 0.722
0.494
0.560

0.592 7.75

MK5 MK5-1
MK5-2
MK5-3

1147
614
830

1229
1069
966

16.53
14.34
2.89

14.59 10.2 0.932
0.574
0.878

0.788 4.76

Through the analysis results, it can be seen that under the action of load, the
specimen usually cracked from the hole of the block. The stress tended to focus on
the block than rib thickness reduced parts, so that the transverse tensile specimen
stress was much greater than its tensile strain limit of material. Furthermore, it
could be seen from the table that the initial split coe�cient of hollow standard parts
was in the range of 0.6∼0.8. Because of the great brittleness of the specimen, the
crack was developed rapidly and �nally destroyed.

The compressive strength of mortar with block and mortar were f1 and f2. The
coe�cient of masonry category and the coe�cient of mortar strength were k1 and k2,
respectively. For hollow masonry with the strength grade of MU20, the compressive
strength needed to be multiplied by 0.95 of the correction factor. A formula for
calculating the average compressive strength of concrete hollow block masonry f0m
is as follows.

f0m = k1f
0.9
1 (1 + 0.07f2)k2 . (1)

The comparison between the measured compressive strength and the calculated
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values is shown in Table 5.

Table 5. Comparison of compressive strength test values and calculated values of hollow standard
parts

Group f1 (MPa) f2 (MPa) fm (MPa) f ′
m (MPa) f0

m (MPa) fm/f0
m

MK1 13.49 5.78 6.82 12.81 6.78 1.006

MK2 19.84 5.96 9.84 18.47 9.59 1.025

MK3 19.84 10.48 10.94 20.53 11.68 0.936

MK4 20.89 10.48 9.79 18.38 11.62 0.842

MK5 20.98 13.72 14.59 20.89 12.71 1.146

Average value 0.991

Coe�cient of variation 10.1 %

From the further analysis in Table 5, it could be seen that the results obtained
from this test had a good �tting e�ect with the calculated results based on the
speci�cations, which showed that the data was relatively reasonable. However, there
were still some problems. When calculating the compressive strength of masonry,
the ratio of the load value to the gross sectional area was obtained. This was not
su�ciently related to the failure criteria of mortar and block materials. Therefore,
it was di�cult to carry out the relevant mechanical analysis and formula deduction
based on theory. Even when considering the coe�cient of 1.1 times, because the void
ratio was small, the hollow block masonry was still low in formula calculation. In
the calculation of high strength block and mortar, we must consider the correction
factor, which increased the complexity of calculation.

In fact, the compressive strength of hollow block masonry was determined by the
compressive strength of the material and its net cross sectional area A. The formula
for calculating the compressive strength f ′m of material per unit area is

f ′m =
N

A(1− α)
, (2)

where N is the pressure, A denotes the per unit area, α is the e�ect of hole ratio
coe�cient on compressive strength of masonry (this formula considering the e�ect
of hole ratio on compressive strength of masonry with A(1 − α) net section area,
calculated in the calculation of compressive strength of f ′m). Even the masonry
bearing capacity to meet the requirements, but due to the void ratio are not satis�ed
with limited time and the compressive strength of material f ′m is insu�cient, the
calculating method for bearing hollow block masonry in numerical value is the same.
In the design and construction practice, should be void ratio δ as a control index.

5. Conclusion

Based on the seismic shear strength test of standard parts of hollow concrete
block masonry and the existing research results, the in�uences of loading mode,
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material strength, structure form and pre-stress on the seismic and shear resistance
of masonry were analyzed. Main results were as follows: the modulus of elasticity
of hollow block masonry was higher than the calculation value of masonry in the
present standard, and the value of masonry was improved to a certain extent. The
results of the compression test coincided with the calculated results. The shear stress
composite stress coe�cient given in the present masonry speci�cations was not ap-
plicable to concrete hollow block masonry built with special mortar, which presented
a low state. Therefore, it was necessary to cancel the correction factor of the av-
erage formula on the basis of the original standard, and the friction coe�cient was
0.7. Based on the measured shear load displacement curve, the coe�cient expres-
sions of seismic shear strength of prestressed hollow brick masonry were obtained.
Furthermore, a piecewise expression of the dimensionless load displacement curve of
masonry under seismic shear was obtained. In this paper, the seismic shear strength
of hollow block masonry was studied in this paper, and the seismic shear strength
of grouted masonry will be studied in the next step. Because of the higher shear
capacity of grouted masonry, the grouted masonry test under di�erent axial com-
pression ratio was used to establish the intact shear compression bearing capacity
curve of masonry.
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Inertial/celestial integrated navigation
algorithm for long endurance

unmanned aerial vehicle1

Fang Ting2, 3, Huang Xiaoming2

Abstract. In recent years, unmanned aerial vehicle (UAV) technology has been widely

used in military and civil �elds because of many advantages, such as low cost and no need of

personal operation, among them, the most strategic value is long endurance UAVs. The strapdown

inertial navigation system proposed in this paper was an inertial navigation algorithm for such long

endurance UAVs. Simulation analysis and practical application of the algorithm were carried out

to verify the feasibility of the algorithm in speci�c applications. In addition, the characteristics of

pure inertial navigation system without correction and the reasons for the occurrence of navigation

error were analyzed, so as to provide a reference for modular design of integrated navigation system.

Key words. Long endurance unmanned aerial vehicle (UAV), strapdown inertial navigation

system (SINS), integrated navigation system.

1. Introduction

The development of UAVs makes our production, life and other �elds have un-
dergone great changes. Whether it is in agriculture or military applications, it is
hoped that UAVs can have longer time navigation. However, high-altitude long en-
durance UAVs has higher requirements for navigation, such as higher accuracy and
autonomy, which is di�cult to achieve for traditional single navigation systems [1].
It can be seen from the analysis that both celestial navigation and inertial naviga-
tion system have their own characteristics. After combining them, they can give
full play to the advantages of the two, realize complementary advantages, and even-
tually build a strong anti-interference, high precision navigation system [2]. The
success of high-altitude long endurance UAVs is inseparable from a stable and re-
liable navigation system. Compared with other types of UAVs, its particularity of
operating environment makes it more demanding for navigation system [3]. For the

1School of Electrical and Information Engineering, Anhui University of Technology, Maanshan,
Anhui, 243000, China

2Corresponding author
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high-altitude photography, measurement and control, and reconnaissance tasks con-
ducted by aerial high-altitude (HALE) unmanned aerial vehicle, it is necessary to
equip with optical/electronic detection equipment and provide accurate positioning
accuracy and a stable working environment for the equipment [4].

In addition to aerial reconnaissance and control class UAVs, when the HALE UAV
is engaged in similar work such as geographical mapping, it also requires navigation
systems to provide very high precision for these devices, so as to guarantee high
resolution images and other information in the process of geographical mapping
[5]. In the long standing environment, the internal and external environment of
UAVs is relatively complex, and there is a great deal of interference. Therefore,
the UAV navigation system must be highly reliable and have high anti-interference
capability [6]. In view of this special demand, the UAV navigation sensor, whether it
is con�guration or system structure, has a higher demand. Therefore, the algorithm
of relative integrated navigation has certain application value.

2. State of the art

The UAV technology of our country is relatively advanced in the world. From
the initial development so far, it has experienced forty years. A series of di�erent
purposes, di�erent properties of the drone reconnaissance aircraft, and general UAVs
have been successfully developed, which are now widely used in various industries
[7]. The UAV technology of our country is relatively mature, and the UAVs have
excellent performance, which are loved by domestic and overseas users. One of
the most typical representatives of the long endurance UAV is Xianglong UAV. Its
continued sailing time has reached more than 10 h, which is prominent in the same
type of UAVs [8].

After decades of development, the current methods of celestial navigation used
by UAVs mainly include direct and indirect sensitive horizon. The latter uses the
principle of starlight refraction to make a higher progress [9]. The existing indirect
sensitive horizon method has to be realized on the basis of orbital dynamics. But
for long endurance UAVs, their kinematic characteristics do not meet the conditions
of use [10]. In this case, it is necessary to design a strapdown inertial navigation al-
gorithm that can be used in engineering practice. According to di�erent installation
methods of measurement devices, the inertial navigation system can be divided into
two types, platform type and strapdown inertial navigation system [11]. Because
inertial platform is relatively large in volume and quality, it results in higher cost of
platform inertial navigation system. In addition, because of its complicated struc-
ture, the failure rate is relatively high, and its reliability is di�cult to be e�ectively
guaranteed. The development of inertial sensors has led to strapdown inertial navi-
gation gradually replacing platform type systems. With the development of modern
computer information technology, an inertial/satellite integrated navigation system
has come into being in order to satisfy the rapid development of UAV industry.
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3. Methodology

3.1. The basic principle of strapdown inertial navigation

Strapdown inertial navigation system (SINS) used in UAVs is an inertial ac-
celerometer, such as accelerometer and gyroscope, which is �xed on UAV platform.
These sensors are used to carry out the UAV body coordinate system, as well as
acceleration and angular increments. The accelerometer calculates the projection
of the acceleration component in the inertial coordinate system in the body coordi-
nate system. What are measured by the gyro include the projection of the UAV in
the body coordinate system and the angular rate of rotation relative to the inertial
space. The coordinate system of UAV is relative to the navigation coordinate sys-
tem, which is the required navigation information. According to the situation, the
Northeast terrain coordinate system is adopted. In order to obtain the strapdown
matrix, it is necessary to convert the volume of the body coordinate system relative
to the inertial coordinate to that of the geographic coordinate system. The strap-
down attitude can be used to calculate the relative information of the body, and the
relative information can be transformed from the relative coordinate system to the
geographical coordinate system.

An example of long endurance unmanned aerial vehicle that could be equipped
with the strapdown inertial navigation is shown in Fig. 1.

Fig. 1. Long endurance unmanned aerial vehicle

The working principle of strapdown inertial navigation system is that when the
initial conditions are determined, the attitude, position and velocity of the vector
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are computed by the measured results of the inertial component, and the navigation
parameters in the navigation coordinate system are converted into the navigation
parameters. For only a simple inertial navigation system, the accurate navigation
parameters cannot be obtained if the accuracy of the inertial period is low. In the
case of integral action, there will be cumulative errors. Therefore, it is necessary to
combine it with visual navigation or satellite navigation, and the Kalman �lter is
used to correct the initial and parameter errors in inertial navigation to ensure the
accuracy of navigation parameters. The principle of strapdown inertial navigation
system is shown in Fig. 2.

Fig. 2. Scheme of strapdown inertial navigation system

The design scheme of the UAV navigation development contains many contents,
including the measuring information of simulated gyroscope and accelerometer, the
output of the GPS module design, trajectory generation module planning, the de-
sign of strapdown inertial navigation module and the design of visual measurement
module [12]. The �rst step is to simulate the track according to the actual situation
of the planning, and obtain the UAV attitude, velocity, acceleration and angular
speed and position of the ideal information. In addition, the error is added to the
real error model to simulate the outputs of inertial devices, satellite systems and vi-
sual system measurements. Finally, the outputs of the inertial navigation system are
calculated. Then, according to the needs of UAV navigation, the appropriate data
fusion method is chosen, and the corresponding sensor output is called to estimate
the parameters of the strapdown inertial navigation system. The error correction
is also included in the calculation result, which includes the deviation of the sens-
ing element. Finally, the output of the combined system is shown, and �nally the
simulation design of the UAV integrated navigation system is completed.

3.2. Design of linked inertial navigation algorithm

The attitude of UAV is solved by using strapdown navigation system, which is to
solve the attitude di�erential equation by using the angular increment information
produced by inertial component. Finally, the angle information rotation relationship
between the machine system and the navigation system is obtained by using the cal-
culated results. By calculating the attitude matrix values, the attitude information
in di�erent directions of the UAV can be obtained, and the attitude information
matrix can be updated by using the continuous output of the inertial components,
so that the attitude update can be carried out. Whether it is speed, posture, or po-



INERTIAL/CELESTIAL INTEGRATED NAVIGATION 209

sition, the navigation parameter information must have a reference standard when
it is expressed. On the other hand, the output information of inertial devices such
as inertial sensors in inertial navigation systems is relative to the inertial coordinate
system. Therefore, the de�nition of the common coordinate system must be carried
out. In the process of navigation, the types of coordinate systems used by UAVs
are very large. According to this demand, the department of geography is chosen as
the navigation system of unmanned aerial vehicle during �ight. Based on the needs
of the research, the conversion of the full text and the analysis of the coordinate
system are carried out in this paper.

A rigid body acts as a �xed point at one point of the body and rotates on an axis,
so that it can rotate to achieve any gesture. The rotation process of the quaternion
can be expressed as follows:

q = cos
θ

2
+ sin

θ

2
· n = cos

θ

2
+ sin

θ

2
cosα · i+ sin

θ

2
cosβ · j + sin

θ

2
cos γ · k . (1)

In formula (1),
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2
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2
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2
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2

sin
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2
sin
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2
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2

cos
ϕ0

2
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2
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2

sin
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2
sin
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2
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2
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2
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2
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2
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2
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2
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γ0
2
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2

cos
ϕ0

2
sin

γ0
2
.

In the upper form, q represents the displacement vector of the rigid body and
has a directionality. Symbol θ represents the angle of rotation of a rigid body with
an axis, and α, β, γ represent the angles between the motion direction of the rigid
body and coordinate axes, respectively. In addition, in order to facilitate full text
coordinate conversion, the subscripts are interpreted as follows: geographic coordi-
nate system - subscript t, earth coordinate system - subscript e, inertial coordinate
system - subscript i.

It is assumed that the rotation angle speed of UAV is ω. When the quaternion
di�erential equation and its own coordinate system are in line with the coordinate
system of the UAV, the attitude calculation formula of the UAV can be obtained:

q̇ =
1

2
q · ω . (2)

Formula (2), since the true value corresponding to the quaternion can be seen as
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0, can be rewritten and the corresponding matrix is obtained
q̇0
q̇1
q̇2
q̇3

 =
1

2


0 −ωx −ωy −ωz

ωx 0 ωz −ωy

ωy −ωz 0 ωx

ωz ωy −ωx 0



q0
q1
q2
q3

 (3)

The calculation of the angular rate in formula (3) is

ωb
tb = ωb

ib − ωb
it = ωb

ib − Cb
t

(
ωt
eb + ωt

ie

)
(4)

By solving the di�erential equations of the quaternion, the real-time attitude of
the UAV can be obtained by using the result of the calculation, and the strapdown
attitude matrix T (Ct

b) is obtained in the form

T =

 q20 + q21 − q22 − q23 2 (q1q2 − q0q3) 2 (q1q3 + q0q2)
2 (q1q2 + q0q3) q20 − q21 + q22 − q23 2 (q2q3 − q0q1)
2 (q1q3 − q0q2) 2 (q2q3 + q0q1) q20 − q21 − q22 + q23

 . (5)

The Picard solution method is selected for the solving the quaternion may be
written as

q̇ (t) =
1

2
Ωbq (t) . (6)

It is further converted into an iterative form

q (t) =

{
cos

∆θ0
2

· I +
1

∆θ0
sin

∆θ0
2

∆Θ

}
q (0) , (7)

q (n+ 1) =

{
cos

∆θ0
2

· I +
1

∆θ0
sin

∆θ0
2

∆Θ

}
q (n) . (8)

The solution of the di�erential equation can be calculated. The attitude angle is
calculated by using strapdown matrix, and the following parameters are included

θ = sin−1 T32 , (9)

γ = tan−1

(
−T31
T33

)
, (10)

ϕ = tan−1

(
−T12
T22

)
. (11)

Here γ =


γ T33 > 0,
γ + 180o T33 < 0, γ < 0,
γ − 180o T33 < 0, γ > 0,

ψ =


ϕ T22 > 0, ψ > 0,
ϕ+ 360o T22 > 0, ψ < 0,
ϕ+ 180o T22 < 0.

On this basis, the most important information about the navigation, including
pitch, roll and yaw can be obtained. With the rotation of the earth, the angular
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velocity component of the geographic system in three directions is calculated as ωt
ieE = 0,
ωt
ieN = ωie cosL,
ωt
ieU = ωie sinL.

(12)

With the UAV movement, the change of angular velocity between the geograph-
ical coordinate system and the earth coordinate system can be expressed as

ωt
etE = − V t

N

Rm+h ,

ωt
etN =

V t
E

Rn+h ,

ωt
etU =

V t
E

Rn+h tanL.

(13)

Thus, the sum of the angular velocity components between the geographical
coordinate system and the earth coordinate system can be calculated. And the
tracking angle rate of sins is obtained:

ωt
itE = − V t

N

Rm+h ,

ωt
itN = ωie cosL+

V t
E

Rn+h ,

ωt
itU = ωie sinL+

V t
E

Rn+h tanL.

(14)

In the above formula, Rm represents the radius of curvature on the meridian
of the earth ellipsoid, Rn represents the radius of curvature of the earth reference
meridian, and ωt

itE , ω
t
itN , ω

t
itU represent the matching information of the white noise

measured by the gyro in all directions of the earth. Symbol ε represents the platform
equivalent error rotation caused by gyro drift, φ denotes the attitude deviation of the
UAV mathematical platform written in the corresponding variables in the geographic
system and L denotes latitude information. Finally, V represents the speed vector
of the UAV in all directions.

The output measured by the accelerometer on the UAV is not the data of the
aircraft system relative to the navigation system, so the geographic system t is
needed as the navigation system of the UAV. By using the matrix Ct

b, the relative
information of the machine system relative to the inertial system is converted into
the comparative information relative to the geographic system

f t = Ct
bf

b . (15)

In the upper form, f t represents the comparative information of the geographic
system, Ct

b represents the transformation matrix, and f b represents the comparative
information of the machine system.

The formula (15) is unfolded and we can obtain the formula as follows f tE
f tN
f tU

 =

 T11 T12 T13
T21 T21 T23
T31 T32 T33

 f bE
f bN
f bU

 . (16)
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In summary, the basic equation of inertial navigation system can be obtained

V̇et = f − (2ωie + ωet) × Vet − g . (17)

The formula (17) is unfolded and we can obtain the formula as follows. V̇ t
E

V̇ t
N

V t
U

 =

 f tE
f tN
f tU

−

−

 0 − (2ωt
ieU + ωt

etU ) 2ωt
ieN + ωt

etN

2ωt
ieU + ωt

etU 0 − (2ωt
ieE + ωt

etE)
− (2ωt

ieN + ωt
etN ) 2ωt

ieE + ωt
etE 0

 ·

·

 V t
E

V t
N

V t
U

+

 0
0
−g

 . (18)

3.3. Flow arrangement of linked inertial navigation algo-
rithm

By inertial navigation, a very accurate horizontal attitude can be provided. On
this basis, the platform type astronomical positioning can further obtain the accurate
two-dimensional position information through the height di�erence method. The
study of inertial celestial navigation is the analysis of integrated navigation based on
the whole platform model. When using celestial navigation positioning, in order to
avoid the accuracy of positioning due to the lack of height information, the pressure
altimeter is usually used for auxiliary positioning to ensure the observability of the
height channel. Through the combination of navigation system design, the autonomy
and navigation precision of the navigation system can be guaranteed.

Fig. 3. Scheme of inertial/astronomical position combination

In the design of strapdown inertial navigation algorithm, the initial velocity, at-
titude and location information must be calculated or given. Each of these initial
parameters contains both the true initial information and the initial error. By using
the initial information alignment method in inertial navigation, the initial attitude
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misalignment angle can be determined, and the integrated navigation can also be
estimated under static conditions. After the initial state of UAV operation is deter-
mined, the strapdown inertial navigation algorithm can be used to calculate. The
�ow of the design using this algorithm is shown in Fig. 4.

4. Result analysis and discussion

Based on the above mentioned UAV integrated navigation system algorithm and
related design, the simulation research was carried out. The simulation time was
84 h, and the acceleration time of the accelerometer and gyroscope in the UAV
navigation system was 0.01 s. The initial attitude was a stationary condition, and
the velocity was 0. The initial parameters are as follows:

(1) Initial position: latitude and longitude were 105.63 and 45 degrees, and the
height was 1 km.

(2) Initial error: the deviation of initial position and velocity was zero, and the
deviation of pitch angle was 0.2 degrees.

(3) Gyro error: measurement noise and Changzhi drift were 0.05 and 0.5 de-
gree/h, respectively.

(4) The error of accelerometer: noise measurement and bias error were 10−5 g
and 10−4 g, respectively.

Fig. 4. Trapdown inertial navigation system algorithm
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In simulation, the period of Kalman �ltering information fusion was 1 s, and the
output frequency of INS CNA data was 1Hz. In order to facilitate the analysis, it
was assumed that the positioning accuracy and altimeter measurement accuracy of
CNS were 300m and 50m, respectively. The initial value of the �lter is shown in
Table 1.

Table 1. Working initial value of Kalman

Error term Horizontal
attitude

Heading
angle

Speed Latitude
and longi-
tude

Height

Initial
value

360 ◦ 1800 ◦ 0.6m/s 100m 100m

During the �ight of the UAVs, the gyro and accelerometer were set to 0.01 s.
After the take-o�, the UAVs climbed 7 times in succession. Finally, the UAVs �-
nally climbed to the highest position, and maintained the current position for 800 s
�at �ight. After the �at �ighted, they gradually were downhill and landing. The
test time was a total of 2500 s. The sensing elements used throughout the �ight
included micro accelerometers and mechanical gyroscopes. Under static conditions,
the navigation simulation results of UAV Based on sins are shown in Figs.5�8.

Fig. 5. Longitude error characteristic curve

In the stationary state, the accuracy of celestial navigation and positioning of
UAV was simulated and analyzed, and the inertial navigation system was simulated
by computer. The selected inertial navigation system was equivalent to gyro drift
0.1 degrees/h and acceleration zero bias to 10−4 g. The error of inertial attitude
angle was not taken into account, and the observation error of celestial navigation
sensitive phase was . Under the simulation condition, since the inertial navigation
system provided the horizontal datum for the astronomical positioning under the
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Fig. 6. Latitude error characteristic curve

airborne environment, it was necessary to take full account of the accuracy of the
astronomical positioning, which was a�ected by the inertial attitude error angle. The
error was the superposition e�ect of steady state and random error. Through the
synthetic analysis of the simulation curves, it can be seen that the results obtained by
the strapdown inertial navigation system are consistent with the error propagation
equations under static conditions. The conclusions are as follows:

Fig. 7. Pitch angle error characteristic curve

If the initial errors of gyro, accelerometer and navigation parameters are consid-
ered at the same time, the height, accuracy, direction, velocity and other positional
parameters of the UAV will be divergent, and the deviation of angle and latitude
will occur. In addition, position information, posture, and speed all oscillate in
three directions. The oscillation errors can be divided into positional oscillation,
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Fig. 8. Bias angle error characteristic curve

earth oscillation and Foucault oscillation, and their periods are 84.4min, 24 h and
51 h respectively. The Foucault oscillator is the longest in the cycle time. As the
dimension changes, the value of the dimension determines the length of the cycle
directly. At the equator, the Foucault oscillation period is 0. But at the poles
of the earth, Foucault oscillations degenerate and eventually degenerate into earth
oscillations. Finally, the oscillation law of navigation parameters can be summed
up as follows. There are earth oscillation and Schuler oscillation existing in navi-
gation information such as heading angle, precision and dimension. The oscillation
of the earth Schuler oscillation plays an obvious inhibitory e�ect. In the horizon-
tal direction of the velocity and attitude information is the existence of Foucault
and Schuler oscillation, and Foucault oscillation has a signi�cant inhibitory e�ect on
Schuler oscillation.

5. Conclusion

High altitude long endurance UAVs are now more and more popular, but they
have very high precision and autonomy requirements for navigation systems. The
traditional single navigation system is di�cult to meet its performance requirements.
Therefore, according to the actual demand, the strapdown inertial navigation algo-
rithm was proposed in this paper on the basis of the advantages of celestial naviga-
tion and inertial navigation system. On this basis, the simulation and application
analysis of related algorithms were carried out. Through analysis, the scheme of
integrated navigation system for unmanned aerial vehicle (UAV) which is oriented
to engineering practice planning was successfully carried out. The design of time
inertial navigation algorithm was studied according to the system principle. Finally,
the simulation of the algorithm was improved under static conditions, and the feasi-
bility and e�ciency of the algorithm were veri�ed. The speci�c analysis was carried
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out by the measured data. Through the analysis of the measured results, it can be
seen that the error of this algorithm is relatively small, which e�ectively solves the
autonomy problem of the traditional GPS integrated navigation system and can be
widely used in engineering practice, and it plays a very active role in promoting the
development of UAV at high altitude and long endurance in China, which has a very
strong application value
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Mechanism analysis of
mechanochemical action in

preparation of polymer composites1
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Abstract. Mechanochemistry is one of the most important methods for preparing polymer

composite materials, and there are not many studies on the mechanism of its preparation. There-

fore, the mechanism of mechanochemical action in the preparation of polymer composite materials

was analyzed in this paper. After discussing the development of mechanochemistry, the green cel-

lulose polymer, nano cellulose, was studied as an example. The results show that in the process of

preparation, mechanochemistry changes the morphology of cellulose, and also makes the molecular

chain of cellulose recombine, which leads to the change of crystal structure.

Key words. Mechanochemistry, polymers, materials, preparation, cellulose.

1. Introduction

Since people began using cremation rubber as a representative of the modi�ed
natural polymer materials in nineteenth century, polymer materials have developed
toward the direction of composite materials with the gradual progress of science and
technology, and have played an increasingly important role in the production and
life of human society [1]. The polymer composite materials are found everywhere
in various kinds of plastic products which are very common in people's life and in
the aerospace industry. It is precisely because of this polymer composites have had
an important impact on the change in the world outlook since twentieth century.
Therefore, Time Magazine has named polymer composite as the most important
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invention in human society [2]. In addition, polymer composite materials also have
important in�uence on the cultural �eld and life style of human society. Therefore,
the preparation of polymer materials has become the most important production
activities in the society [3].

In general, the preparation of polymer composites involves many aspects, such
as formula design, processing technology and processing equipment. Formulation
design refers to the combination design of the properties and structure of various
raw materials, which is the most important process for the preparation of polymer
composite materials [4]. After the formulation design is completed, it is necessary
to make use of various processing techniques and processing equipment to complete
the manufacture of polymer materials. At present, due to the rapid development
of science and technology, the preparation methods of polymer composites are also
various [5]. Among them, mechanochemistry is one of the methods of preparing
polymer composites in recent years. However, there are few studies on the applica-
tion of mechanochemical methods in polymer materials. Therefore, in this paper,
the mechanism of mechanochemical action in the preparation of polymer composite
materials was proposed.

2. State of the art

Mechanochemistry is a technique that uses mechanical energy to stimulate chem-
ical reactions to alter the structure and properties of materials. This technique is
mainly used to prepare new materials or to modify materials. These materials are
often unable to be treated or prepared by conventional chemical methods [6]. The
mechanochemical method �rst appeared in the early part of the last century and
was �rst proposed by German scholar W.Ostwald. He de�ned the mechanochemical
method �rst and explained the two by theoretical analysis, but the basic principle
was not clearly explained [7]. After nearly thirty years of silence, the golden age of
development was ushered in. As time went on, mechanochemistry began to develop
from the original high value-added materials to the �elds of chemistry, metallurgy
and alloy. Nowadays, mechanochemistry has been widely used in many �elds, such
as nanocomposites, minerals and waste treatment, synthesis of new materials and
metal re�ning [8].

Mechanochemistry has been applied in more and more material �elds, which
has prompted scholars from all over the world to study the theory and application
of mechanochemistry [9]. Takahashi used the mechanochemical process to grind
the clay so that the part of the clay was dehydrated and its structure changes.
China's research in this �eld has focused on the application of biomaterials, and has
made great progress. Scholar Shi Junli once used the mechanical force to carry on
the success research to the rice starch structure. In addition, some scholars have
applied it in the Chinese herbal medicine treatment of traditional Chinese medicine,
and it can improve the curative e�ect of Chinese medicine by super�ne mechanical
treatment of Chinese herbal medicine. It is believed that with the deepening of
national research, the application of mechanochemistry will be more extensive [10].
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3. Methodology

Nowadays, with the development of science and technology, there are many kinds
of polymer composite materials. Therefore, in this paper, when analyzing the mech-
anism of mechanochemical action in the preparation of polymer composite materials,
Nano-cellulose was chosen as the object of this study, which was the most impor-
tant raw material of polymer composite. Cellulose is a kind of natural biomass
polysacharide formed by glycosidic linkage of glucose units, which belongs to natu-
ral polymer materials [11]. Because of its wide range of sources, renewable nature,
biodegradable nature and good biocompatibility, it has become a kind of green and
environment-friendly biomass energy. Today, with the worsening of the ecological
environment, the characteristics of its green environment protection will be widely
used in more and more �elds. Fig. 1 shows a kind of common cellulose [12]. How-
ever, cellulose as a natural polymer material, its strength and chemical resistance are
relatively poor, and it is di�cult to be dissolved in general solvents. These disadvan-
tages have severely limited the development and utilization of natural cellulose [13].
Therefore, people can obtain Nano-cellulose by means of retaining the amorphous
region of cellulose and decomposing the crystalline region by speci�c means. While
retaining the advantages of cellulose degradation and broad source, Nano-cellulose
has been greatly optimized for its physical and chemical properties, which makes
it one of the most widely used materials in composite materials [14]. Because of
its environmental protection and wide application, it is the important reason that
Nano-cellulose is chosen as the object of this study.

Fig. 1. Currently more common cellulose

In the analysis and study of Nano cellulose, Nano cellulose was �rstly prepared
by mechanochemical method. Then, the mechanism of the preparation of cellulose
by mechanochemical method was analyzed. First of all, the experimental materials
and methods involved in the experiment were described in detail. The raw material
of this experiment is rayon grade pulp, phosphotungstic acid, and anther. α-cellulose
content of rayon grade pulp exceeded 94%, which was the main raw material in this
experiment and purchased from Nanzhi Limited by Share Ltd. in F province. Phos-
photungstic acid and ether were purchased from the National Pharmaceutical Group
Chemical Reagents Co., Ltd. Phosphotungstic acid is a kind of solid heteropoly acid
with mild conditions. It has high catalytic activity, low toxicity, easy recovery, good
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thermal stability and so on. It belongs to the green environmental protection cata-
lyst [15]. It is widely used as catalyst in condensation, esteri�cation and oxidation
reactions, and this is also an important factor in the use of phosphotungstic acid
in this experiment. The related instruments and equipment involved in the test are
shown in Table 1.

Table 1. The related instrument and equipment used in the test

Instrument Model Manufacturer

Standard �ber breaker GBT-A Changchun on small test ma-
chine limited liability company

Variable frequency planetary
ball mill

BXQM-
0.4L

Nanjing special wheel new in-
strument Co., Ltd.

Heat collection type constant
temperature heating magnetic
stirrer

DF-101S Gongyi Hua Hua Instrument
Co., Ltd.

Numerical control ultrasonic
cleaner

KQ-250DB Kunshan Ultrasonic Instrument
Co., Ltd.

Electrothermal constant tem-
perature blower drying box

DHG-
9246A

Shanghai precision experiment
equipment Co Ltd.

TGA STA449C NETZSCH

Vacuum freeze drying apparatus TB-1B-50 Beijing boyikang experimental
instrument factory

Fu Liye transform infrared spec-
trometer

NICole80 Thermo electron, USA

High speed freezing centrifuge GL-20G-I Shanghai Anting Scienti�c In-
strument Factory

Transmission electron micro-
scope

JEM-1010 JEOL

X-ray di�ractometer MiniFlex Japan Science Corporation

Fiber analyzer Mor� Com-
pact

French Techpap

Before the test, the mill was used to break the raw material, rayon grade pulp, so
as to obtain cellulose pulp and dry it at the temperature of 60 ◦C. 2 g cellulose slurry
and 40ml phosphotungstic acid were dissolved in two ball milling tanks of 90ml in
volume. Each pot used 20 agate balls with a radius of 3mm for ball milling in
0.5 h to 2.5 h. The 600 r/min of agate ball speed was appropriate. After completing
the above procedure, the sample was transferred to a round bottomed �ask with
a volume of 200ml for a certain period of time with a temperature of 90 ◦C. After
cooling, the sample was centrifuged several times until the reactants were neutral.
The obtained acid solution was treated with ethyl ether to obtain phosphotungstic
acid and recovered. The reactant suspension was subjected to ultrasonic treatment
for 1 h, and the ultrasonic treated suspension was centrifuged using a centrifuge.
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After treatment, the upper layer of white latex suspension was collected to obtain
Nano-cellulose. Cellulose powder was obtained by drying with a vacuum freeze
drying apparatus.

0.03 g rayon grade pulp was extracted and diluted to 1000ml. The morphology
of the �ber was observed with an instrument, and the length and width of the �ber
were analyzed. The projection electron microscope was used to observe the mor-
phology and size of Nano-cellulose to disperse the situation. Subsequently, cellulose
suspensions with a content of 0.01% were disposed and adsorbed by copper nets.
After the use of phosphotungstic acid solution for dyeing 1min or so, it was naturally
dried. The 100 kV accelerated voltage was used in this paper. The rayon grade pulp
was blended with Nano-cellulose to form powder and then mixed with KBR at a ra-
tio of 1:100 to be fully ground and pressed. Fourier transform infrared spectroscopy
was used to analyze the chemical structure of cellulose. The crystallinity analysis of
cellulose was carried out by X-ray di�ractometer. The cellulose sample was to be
powdered in the experiment. Using Ni �lter and Cu Kα ray, the range of scan and
step scan was 6�900. The cellulose crystallization strength was calculated using the
crystalline index CrI, and the cellulose type I was calculated as follows

CrI =
I002 − IIamorph

I002
× 100% , (1)

where, I002 represents the maximum di�raction intensity of the main crystallization
peak 002 with a value of 22.60 and IIamorph indicates the di�raction intensity of the
scanning range of 180.

The formula for cellulose type II is as follows:

Cr‖ =
I101 − IIamorph

I101
× 100% , (2)

where, I101 in the formula represents the maximum di�raction intensity of the 101
peak with a scanning range of 20.8 ◦C, and IIamorph indicates the di�raction intensity
of the trough at the scanning range of 160.

The thermogravimetric analysis of nano�bers was carried out by thermogravi-
metric analyzer. The experimental condition was that the temperature under argon
protection rose to 550 ◦C at a rate of 5 ◦C/min, and the gas �ow rate was 30ml/min.

4. Result analysis and discussion

Firstly, morphological analysis of nano�bers was carried out. Fig. 2 shows the
�ber morphology of the rayon grade pulp. As can be seen from the diagram, the �ber
state of the raw material was elongated, and some short �bers were mixed. Fiber
length and width were measured by �ber morphology. The �nal results showed that
the length of the �ber was between 0.68�5.31mm and the width of the �ber was
between 15�60 nm.

After observing the �ber morphology of the rayon grade pulp, the morphology of
cellulose jelly and nano�ber was observed by transmission electron microscopy. First
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Fig. 2. Fiber morphology of the rayon grade pulp

of all, the aqueous solution of nano�ber paste was mainly white in appearance. A
transmission electron microscope was used to observe cellulose jelly, and it could be
seen that the length of the �ber was between 200�300 nm and the width was between
20�40 nm. In terms of length and width, nano�bers underwent a mechanochemical
process, and their �ber length and width underwent signi�cant physical changes.
The �bers presented a micro�bril state, and the structure was a network of inter-
twining structures. Under transmission electron microscopy, the length and width
of nano�bers were shorter than those of the gel. The length was about 100�300 nm,
and the width was between 10�40 nm. The nano�bers were in the shape of bars,
and they were also intertwined with each other into a network. The results show
that the �bers of the nano�bers become �ner and shorter under ultrasonic action,
but their structure is not destroyed, as shown in Fig. 3.

Fig. 4 shows the infrared spectra of the rayon grade pulp, jelly, and Nano-cellulose
in Fourier infrared spectrometer. It can be seen from the infrared spectrum that the
characteristic peaks of the rayon grade pulp, jelly and Nano-cellulose were basically
the same, and three of them had the basic structure of cellulose. This spectrum
showed that acid hydrolysis did not change the basic structure of cellulose during
the preparation of Nano-cellulose. There was a broad and strong hydroxyl absorption
peak at the 3445/cm position in the three, and the absorption peak belonged to the
stretching vibration of -OH. The characteristic peak around 2900/cm was the C�H
symmetric stretching vibration of �CH2�. The peak around 1640/cm was formed by
water absorption of the cellulose samples, and the emergence of this characteristic
peak showed that the water absorption capacity of cellulose samples was very strong.
The absorption peaks around 1382/cm belonged to the C-H symmetric stretching
vibration. The C�O stretching vibration around 1060/cm and the rocking vibration
around 897/cm belonged to cellulose alcohol. The only big di�erence between the
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Fig. 3. Nano�ber under transmission electron microscope

three infrared spectra was the peak around 1429/cm. There was a small absorption
peak in the human plasma, which was due to the �CH2� symmetric bending vibra-
tion. The peak intensity of the other two in this position was obviously weakened,
which was accompanied by a slight blue shift. The reason for this may be that
the mechanochemical action leads to fracture and reconstruction of hydrogen bonds
around C66 in cellulose molecules. The appearance of this phenomenon indicates
the emergence of cellulose II crystalline variants.

Fig. 5 shows a di�raction diagram of raw material, the rayon grade pulp, and the
�nished product of Nano cellulose under X-ray di�ractometer. First of all, from the
di�raction curve of the rayon grade pulp, the di�raction peaks were located around
14.50, 160 and 22.50 of the scanning range. This result indicated that the �brous
crystal belonged to the �ber type I. The analysis of the di�raction peaks of Nano
cellulose showed that the position of the nano�bers was within 12.10, 19.50 and 220
of the scanning range. This result showed that the crystal of cellulose belonged to
the �ber type II. From the di�raction of X-ray di�ractometer, it indicated that in
the process of mechanochemical preparation of nanometer cellulose, phosphotungstic
acid was used as reagent to promote the dissolution of natural cellulose, and then to
regenerate. Mechanochemical changes led to changes in the crystal type of cellulose.
The crystallinity of the rayon grade pulp and Nano cellulose was calculated by
crystallization index CrI. The �nal calculation results showed that the crystallinity
of the rayon grade pulp was 66.44%, and the crystallinity of Nano cellulose was
59.62%. The results showed that the crystallinity of Nano cellulose was less than
that of human cellulose. In the preparation of Nano cellulose by mechanochemistry,
the crystallinity of cellulose decreased. The reason was probably that during the
mechanochemical process, the small molecular chains of cellulose underwent the
reorganization when the rayon grade pulp was dissolved and reconstituted.

Fig. 6 shows a thermogravimetric diagram of the nano�bers prepared from raw
material, rayon grade pulp, and mechanical power. Firstly, the raw material and
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Fig. 4. Infrared spectra of di�erent cellulose samples

pulp were analyzed.

Fig. 5. X-ray di�raction patterns of human plasma and Nano-cellulose
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Fig. 6. Thermogravimetric diagram

It could be seen from Fig. 6 that there was no weightlessness in the rayon grade
pulp at about 150◦C, which showed that the water in the pulp contained less water.
Starting from 200◦C, the thermogravimetric curve of the sample began to decline
rapidly until slowly at 375◦C. At the temperature of 200�375◦C, the total mass loss
of the sample was about 85%. From 375 to 500◦C, the rate of thermal degradation
decreased very slowly, and the total mass loss was about 90%. Thermogravimetric
analysis of Nano cellulose showed that the thermogravimetric curve of Nano-cellulose
decreased slowly at 35�150◦C. The main reason was that there was a slow evapo-
ration of water at this stage, and the total mass loss was about 3 
%. The thermal
gravimetric curve of the cellulose decreased rapidly at 200◦C and slowed down at
325◦C. The total mass loss was 49% mainly because of the decomposition of Nano-
cellulose. When the temperature reaches 500◦C, the total mass loss was about 70%.
By comparing the thermogravimetric curves of two samples, it could be seen that
the thermal decomposition temperature of Nano-cellulose was lower than that of the
rayon grade pulp. The results showed that the stability of Nano-cellulose was less
than that of human plasma. The main reason was that the size of the Nano-cellulose
became much smaller than the size of the raw material through mechanochemical
action. In addition, the surface area increased considerably, and the exposed active
group changed more.
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5. Conclusion

Nowadays, with the rapid development of science and technology, all kinds of
industrial products made of polymer composite materials have become one of the
most important factors in the production and life of human society. In this context,
the mechanism of mechanochemical action in the preparation of polymer composite
materials was proposed in this paper. Nano-cellulose, a green and environmentally
friendly polymer material, was chosen as the object of this study. Firstly, Nano-
cellulose was prepared and analyzed by mechanochemical method. It can be seen
from the analysis that the �ber morphology of the human �ber changed under the
action of mechanochemistry. The main reason is that the length and width of the
�ber become smaller, but the whole structure is not destroyed. However, the crystal
structure of cellulose was changed, and the crystallinity of cellulose was reduced. The
reason is that the small molecular chains of the cellulose undergo recombination when
the rayon grade pulp is dissolved and reconstituted by mechanochemical action.
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Abstract. The development and the progress of modern society have made the iron and
steel industry facing increasingly severe environmental pressure load and the risk of a shortage
of resources. Therefore, it is necessary to develop a new ironmaking technology that can meet
the needs of modern economic development and environmental protection. Factor analysis of the
numerical simulation of the oxygen-rich top-blowing smelting furnace was carried out by using
software of fluid mechanics and related effects. Through the numerical simulation and industrial
test monitoring results of comparative analysis, it was found that the results of the two were
relatively consistent. This shows that the technology can be applied in specific engineering practice
and can promote the healthy development of China’s iron and steel industry.
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1. Introduction

Since the establishment of Chinese, a thousand things wait to be done. The
economy of our country is developing rapidly. In order to meet the production and
construction of our country, the output of iron and steel is increasing year by year.
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China’s crude steel production increases from 450 thousand tons in the founding
to 100 million tons by 1996. The annual output reached 6.02 tons in 2015 [1].
It is foreseeable that the demand for steel is still great in a long period of time.
As long as the supply of coke is enough, the blast furnace ironmaking process is
needed to produce and supply the steel. However, the process of blast furnace
ironmaking has many deficiencies. On the one hand, the coal resources needed are
relatively small. On the other hand, a large amount of air pollution is produced in
the process of ironmaking. This is clearly not in line with China’s current strategy
for the protection of the ecological environment. At the same time, China’s coke
oven imports from abroad mainly. But the aging of coke ovens in the major steel
producing countries around the world makes the supply of coke more stressful, which
makes the traditional process of blast furnace facing severe challenges.

Internationally, various countries have begun to carry out extensive research on
the new ironmaking process of non-coking coal and iron ore. The utilization of
resources is improved and environmental pollution is reduced through new processes.
After nearly 30 years of development time, the United States, Japan, Australia
and other foreign countries has achieved remarkable results in the new iron making
process of the developer, and it has been widely used in actual application promotion.
China’s iron and steel production has increased year by year, which means that the
demand for focusing coal is increasing year by year. The amount of coking coal
needed per year must reach 57 thousand and 400 tons [2]. According to the reserves
of China’s coking coal resources and the demand of our country, it is likely that
China will be faced with the depletion of coking coal resources in 2026. Under such
circumstances, it is imperative for China to carry out a new type of ironmaking
process to reduce or no longer use the coking coal resources.

2. State of the art

Since the latter half of the last century, people have begun to actively attempt
to develop and study new types of non-coking coal iron making process. From the
initial reduction process to the current smelting reduction process, many countries
in the world have invested a lot of material and financial resources, and made out-
standing achievements in South Korea. Among them, there are typical Jindal steel
mills in India, Saldanha in South Africa and POXCO. They have built many large
demonstration plants by using the new smelting reduction process, and actively seek
investment in order to achieve commercial production [3]. The most important fea-
ture of the new iron making process is the direct use of iron ore and coal that have
not been treated. It uses direct reduction process to directly iron ore into solid iron,
or it uses the smelting reduction process to realize the reduction reaction of iron ore
in the high temperature slag phase [4].

Through the existing research and new technology, it can be seen that the new
iron smelting process can skip the sintering of iron ore and the process of coking
coal compared to the traditional iron smelting process. In this way, the economic
benefits of ironmaking can be improved while the pollution to the environment is
reduced. The comparison and analysis of all kinds of new iron making process shows



NUMERICAL SIMULATION AND EXPERIMENTAL STUDY 233

that smelting reduction method has very good potential and research value. It can
make use of the high temperature environment provided by the combustion of coal
so that the molten iron can be melted and reduced to be molten iron. The reaction
rate is faster. The strength of molten iron smelting by this method is more than 5
times of that of blast furnace [5].

3. Methodology

3.1. Mathematical model for oxygen-rich top-blowing smelt-
ing reduction furnace

The flow of fluid is satisfied with the conservation equations of physics, which
includes the conservation of energy, the conservation of mass, and the conservation
of momentum (Weiland et al. 2013 [8]). If the flow of fluids has different components
and can be burned with each other, additional component transport equations are
needed. If the studied fluid is turbulent, the turbulent transport equation needs to
be further considered [6]. We need to consider the turbulent combustion reaction to
construct the mathematical model, and the basic equations are as follows:

The continuity equation of mass conservation equation is

∂ (ρ)

∂t
+ div (ρU) , (1)

where ρ is the fluid density, U is the free velocity and t is the time.
The momentum conservation component equations may be written in the form

∂ (ρu)

∂t
+ div (ρuU) = div (µ grad u)− ∂p

∂x
+ Su , (2)

∂ (ρv)

∂t
+ div (ρvU) = div (µ grad v)− ∂p

∂x
+ Sv , (3)

∂ (ρw)

∂t
+ div (ρwU) = div (µ grad w)− ∂p

∂x
Sw , (4)

where u, v, w are the components of velocity in three dimensions and p is the internal
stress tensor of fluid.

The energy conversation equation is

∂ (ρT )

∂t
+ div (ρTU) = div

(
λ

Cr
grad T

)
+ Sr . (5)

Here, T is the fluid temperature, λ is the fluid volume viscosity and C is an
empirical coefficient.

By arranging the equations in front, the following general equation can be ob-
tained

∂ (ρφ)

∂t
+ div (ρφU) = div (Γφ grad φ) + Sφ . (6)
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In the preceding equation, φ represents a generic variable that can be used to
represent variables such as u, v, w and T in the governing equations. Symbols Sφ
and Γφ represent diffusion and generalized source terms [7]. In formula (6), the
items from left to right are represented as transient terms and convection terms,
respectively. And from left to right, they are diffusion terms and source terms,
respectively.

3.2. Establishment of geometric model of smelting reduction
furnace

The main research model is used in cylindrical geometry of the model is relatively
simple, less difficult when rendering 3D geometry of the GAMBIT can be used to
draw three-dimensional graphics rendering of the smelting reduction furnace, as
shown in Fig. 1. The calculation area is mainly composed of a smelting reduction
furnace, in addition to a combustion nozzle and a part of the flue area. In the process
of simulation, it is unnecessary to carry out the calculation of the combustion nozzle,
so the modeling of the spray gun is not necessary when the geometric model is built,
but only the exit section of the nozzle jet flow is taken into account. After the
completion of the collection model, it is necessary to partition the grid, and the
quality of grid partition will have a very important impact on the accuracy of the
entire process and the accuracy and economy of the results.

Fig. 1. The model for the reduction of oxygen top blown melting furnace

In order to obtain excellent mesh quality, (Milbourne et al. 2013) [9], it can be
divided into different regions. According to this method, the main part of the smelt-
ing reduction furnace can be divided into 3 zones, and the results are shown in Fig. 2
(furnace mesh and flue grid, respectively). In order to improve the mesh quality as
much as possible, the cylinder is divided into 4 equal volume fan-shaped columns
along the axial direction. Each column is 90 degrees in the ground, and is divided
into hexahedral regular network. But the flue and the cylinder intersecting part to
be divided into hexahedron regular mesh is difficult, and divide it into tetrahedral
meshes according to the situation, because this part is only in the whole grid occu-
pies a small proportion, this also shows that the quality of the entire grid. When the
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central cylinder is meshed, it is necessary to take into account the characteristics of
the jet region in the central cylinder region, and its gradient is relatively large, so it
is necessary to encrypt the mesh.

Fig. 2. Mesh diagram of oxygen top blown smelting reduction furnace

In the simulation of the model, the fuel oil is injected from the source into the
furnace with the form of discrete phase, in which the air is joined by continuous phase
[10]. The burner is not involved in the calculation, which simplifies the calculation.
The fuel injector and the air inlet can be simplified into two surfaces [11]. The
fuel oil can be selected according to the actual needs of the appropriate atomization
model, and will not be affected by the model inlet conditions.

By studying the combustion temperature distribution of different fuels, the tem-
perature field distribution under 21%, 35% and 46% oxygen-enriched concentration
was analyzed respectively [12]. The analysis results show that the average temper-
ature of fuel combustion increases with the increase of oxygen enrichment concen-
tration, and the combustion state tends to be stable. This is mainly because the
effect of volume of combustion products on combustion temperature is remarkable.
If oxygen or air is replaced by oxygen enriched air or nitrogen as an oxidant in com-
bustion reactions, the volume of combustion products will be reduced significantly.
The combustion temperature increases with the increase of oxygen concentration,
and the distance of ignition is shortened, and the high temperature zone at the bot-
tom of the furnace is further expanded [4]. However, because of more than 70% heat
and mass transfer in the furnace are realized based on the radiation, the increase of
the oxygen content is accompanied by a decrease in radiation gases such as carbon
dioxide, which is not conducive to the temperature in the furnace to improve the
heat transfer and radiation. It is also true that when the oxygen enrichment con-
centration in the furnace is greater than 50%, the effect of oxygen concentration on
the temperature rise is not obvious.

In the numerical simulation, the exit cross section of the model is monitored.
The parameters of different combustion furnace outlet oxygen concentration under
top-blowing smelting reduction furnace, and the specific test results are shown in
Table 1 [2]. As a result of the monitoring of the export section, the total amount
of oxygen, nitrogen, water, and nitric oxide and nitrogen dioxide is about 100%. In
addition, carbon smoke is not monitored. The amount of carbon monoxide in the
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monitoring results is relatively small, indicating that the furnace then reacts fully.
The oxygen content is too large, and it shows that the combustion in the furnace is an
excessive combustion of air, which is conducive to the full and complete combustion
of combustion [13].

Table 1. Exit parameter

Oxygen
density
(%)

Average
temperature
(K)

Mass fraction of each component (%) Exit
velocity
(m/s)O2 CO N2 H2O CO2

21 1715.2 4.32 0.64 78 3.74 12.30 4.56

35 1853.3 4.12 0.57 66 7.47 22.84 4.04

46 1920.5 9.98 0.52 53 9.96 31.56 3.68

3.3. Raw materials and test scheme in the oxygen top-
blowing smelting reduction experiment

According to the previous design ideas, the oxygen top-blowing smelting reduc-
tion experiment was studied. The raw materials used included anthracite and high
phosphorus iron ore. They were mixed with MgO, fluorite and lime in a certain
proportion, and then added to the furnace after mixing. The design idea of the test
scheme is as follows:

The smelting reduction of high phosphorus iron ore was carried out by using P =
0.9% alone, so as to obtain the best control parameter for smelting high phosphorus
iron ore. The smelting reduction of high phosphorus iron ore was carried out using
root mineral (P = 0.305%) alone. The industrial test of amalgamation and reduction
of Huimin mine and root ore according to the ratio of P = 0.7% and P = 0.5% was
carried out. In the reduction reaction, high phosphorus iron ore and bituminous
coal with C/O = 1.1 and R = 2.0 were added. In order to improve the fluidity of
slag iron and be easy to separate, 1% CaF2 of slag and 4% MgO were added.

Table 2. Test parameters

Oxy-
gen
den-
sity
(%)

Oxygen
flow
rate
(m3/h)

Thermo-
couple
tempera-
ture
(◦C)

Smoke analyzer reading

O2

(%)
CO
(mg/
m3)

NO
(mg/
m3)

NO2

(mg/
m3)

SO2

(mg/
m3)

CO2

(%)
Speed
(m/s)

Tem-
pera-
ture
(◦C)

21–30 30–37 1350–1410 2.31 327 623 731 156 14.65 4.33 1029

31–40 27–33 1450–1530 4.01 436 568 607 190 25.24 3.78 1137

41–50 23–30 1495–1580 3.14 355 495 533 186 33.52 3.46 1190

51–60 21–27 1500–1590 2.55 334 467 512 167 33.46 3.19 1216

61–70 20–25 1480–1590 2.71 319 451 598 182 34.25 2.89 1215
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After the prepared reduced molten iron was cooled, it was put into the crucible
for grinding and the sample of 500 g was obtained. The sample was placed in a high
temperature furnace and was continuously heated up to 1450◦C. At this temper-
ature level, it was cooled down gradually after holding the temperature for 1.5 h.
When the temperature was reduced to normal temperature, samples were taken and
analyzed accordingly. The chemical analysis, SRD analysis and SEM analysis at
different stages of molten iron and slag prepared by the oxygen-rich top-blowing
smelting reduction ironmaking furnace were carried out. During each experiment,
measurement and analysis were needed to determine the effect of smelting under
different experiment parameters.

4. Result analysis and discussion

4.1. Comparison of the results of oxygen-rich top-blowing
smelting reduction experiments and numerical simula-
tion results

The chemical analysis of oxygen-rich top-blowing smelting reduction experiments
under different conditions of molten iron and slag is shown in Table 3.

Table 2. Test parameters

Fused reduced iron Tempe-
rature

Smelting reduction slag

T.F M.F S P C Si M ◦C MgO CaO SiO2 Al2O3

98.01 95.36 0.16 0.15 0.95 0.37 75.68 1526 13.26 47.19 8.23 15.32

The sample obtained was subjected to X-ray diffraction analysis to observe the
presence of reduced iron. As a result, the comparison results of the standard diffrac-
tion pattern of metal iron X-ray diffraction and ray diffraction were obtained, as
shown in Fig. 4. It could be seen from the figure that in the X-ray diffraction pat-
terns of smelting reduction iron, the most important was the line of iron, and the
iron was in the form of iron, as well as part of the Fe2O3, FeO and Fe3O4. In addi-
tion, the spectra of some small amounts of C were also included in the spectra, which
was due to the excess pulverized coal. In addition to heating and reducing agent
consumption, this part of coal powder also had C penetration in some pulverized
coal.

4.2. Comparison of smoke monitoring at outlet

Through simulation and experimental monitoring of temperature, the analysis
and comparison was carried out. The numerical simulation results showed that
when the oxygen concentration was 21%, 35% and 46%, the corresponding 2100K,
2250K and 2280K were converted, and the actual combustion temperature was
1386 ◦C, 1504.5 ◦C and 1528.3 ◦C, respectively. Based on the comparative analysis



238 YIQIN LIU, SHAN QING, YINGCHUN LIU, AIMIN ZHANG, ZHAO GUI

Fig. 3. XRD diagram of fused reduced iron

of the results of the oxygen-rich top-blowing smelting reduction experiments, it was
found that the oxygen concentration of 21%∼30,% corresponded to the temperature
of 1350 ◦C to 1410 ◦C. When the concentration of oxygen was between 31% and
40%, the corresponding temperature was between 1450 ◦C and 1530 ◦C. When the
concentration of oxygen was between 41% and 50%, the corresponding temperature
was between 1495 ◦C and 1580 ◦C. After the numerical simulation, the converted
temperature is 1386 ◦C, 1504.5 ◦C and 1528.2 ◦C, respectively, and the temperature
was fluctuated in the range of the experimental data. This showed that the measured
results of thermocouples were in good agreement with the numerical simulation
results.

Numerical calculation and experimental monitoring results were compared and
analyzed. By simulation, it could be seen that when the oxygen concentration
was 21%, 35% and 46%, the average temperature of flue gas outlet is 1081.6 ◦C,
1176.7 ◦C and 1239.5 ◦C, respectively. The temperature under the different oxygen
concentration measured by the smoke analyzer in the test was shown as follows.
When the oxygen concentration was 21%∼30%, 31%∼40%, and 41%∼50%, the
corresponding flue gas temperature was 1029 ◦C, 1136 ◦C, and 1198 ◦C, respectively.
By comparing and analyzing, it could be seen that the results measured by the
experiments and the results of numerical simulation were close. However, the tem-
perature of flue gas analyzer was slightly lower because of the loss of energy in the
process of the experiments.

A comparative analysis of smoke flow velocity was carried out by monitoring and
numerical simulation. In the numerical simulation, when the oxygen concentration
was 21%, 35% and 46%, the average velocity of flue gas at the corresponding out-
let was 4.57m/s, 4.03m/s, 3.68m/s, respectively. Correspondingly, when oxygen
concentrations were 21%∼30%, 31%∼40%, and 41%∼50%, the average speed of
smoke monitoring at the exit was 4.32m/s, 3.97m/s, 3.41m/s, respectively. By
comparing and analyzing, it could be seen that the results measured by the exper-
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iment was similar to the results of numerical simulation analysis. However, due to
the possibility of collisions between the fly ash and flue gas in the process of flue gas
flow, partial energy loss occurred, which led to a decrease in velocity.

Through monitoring and numerical simulation of oxygen content in flue gas out-
let, we could see that in the numerical simulation, when the oxygen concentration
was 21%, 35% and 46%, the corresponding oxygen content in the flue gas at the
outlet was 4.31%, 4.13%, 3.97%, respectively. When the concentration of oxygen
in the flue gas at the exit was 21%∼ 30%, 31%∼ 40%, and 41%∼50%, the oxy-
gen content in the flue gas at the corresponding outlet was 2.31%, 4.01%, 3.14%,
respectively. The comparison found that the two of them were identical, and no
oxygen was found.

5. Conclusion

Under the new social situation, the traditional iron and steel production process
is difficult to meet the needs of economic efficiency and environmental protection.
Therefore, more economical and environmentally friendly production processes need
to be replaced. In this paper, the mathematical model of oxygen-rich top-blowing
smelting reduction furnace was constructed by software. Firstly, the study on air
coefficient, furnace temperature and oxygen enriched combustion was carried out,
so as to construct the mathematical model. The influence factors of oxygen jet,
combustion, combustion temperature distribution and combustion characteristics
were analyzed. By comparing and analyzing the monitoring results and the results
of numerical simulation in the furnace, the deviation of the results of industrial
test and numerical simulation were obtained. The results show that under different
oxygen concentrations, the temperature of the furnace, the average temperature of
the flue gas outlet, the velocity of the smoke flow and the oxygen content of the
smoke outlet are in good agreement with the monitoring results. However, it is
necessary to further improve the applicability and reliability of the model, so as to
achieve better application results in engineering practice.
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An improved stable election protocol
based on node energy consumption

(EC)

Peng Duo2, 3, Li Suoping3, 4, Zhang Qiuyu3

Abstract. Sensors and wireless communication technology are embedded in wireless sensor
networks, which are widely used in industrial production and defense, military and other industries.
However, the sensor nodes’ energy compensation is limited, which affects the service life of wireless
sensor networks. Therefore, it is very important to design an improved network routing election
protocol based on node energy saving. Based on the SEP protocol introduced by DEEC, a stable
clustering election protocol was proposed in this paper to achieve the energy loss of balanced nodes.
In addition, Matlab software was used to simulate and analyze the improved election protocol, so
as to prove the scientific validity of the protocol.

Key words. Routing protocols, energy consumption; election protocols, wireless sensor
networks.

1. Introduction

The twenty-first century is the era of the Internet and the electronic information.
With the continuous development of science and technology, people’s detection space
is more and more broad. Therefore, the detection system cannot be limited to a
single operating system. A large number of sensors are required to cooperate, so
as to perform more accurate detection tasks [1]. At the same time, the test results
are passed to the actual users, so that users can complete the detailed calculation
and analysis. With such a strong market demand, wireless sensor networks have
become the focus of research of experts and scholars. The modern wireless sensor

1This work reported in The National Natural Science Foundation of China (No. 61663024,
No. 61363078); The open research fund of National Mobile Communications Research Laboratory,
Southeast University (2014D13).

2College of Electrical and Information Engineering, Lanzhou University of Technology, Lanzhou,
Gansu, 730050, China

3School of Computer and Communication, Lanzhou University of Technology, Lanzhou, Gansu,
730050, China

4Corresponding Author

http://journal.it.cas.cz



242 PENG DUO, LI SUOPING, ZHANG QIUYU

network, which combines sensing technology and wireless communication technology,
is the industrial revolution of computer network communication technology since
the computer revolution [2]. WSN is a wireless sensor technology with sensing and
computing power, which is the world’s second largest network structure that keeps
pace with the Internet. At the same time, WSN has broad application prospects in
the civil, military, agricultural and environmental monitoring. Because WSN is the
key factor to transmit information efficiently in wireless networks, the performance
of the network itself has a great impact on the overall operation of the network [3].
The traditional network routing protocol nodes are controllable in number. WSN
network nodes are huge, and the storage and energy consumption of nodes is very
large, which makes that the traditional ADHOC routing algorithm cannot meet the
actual application of multi-node and multi-energy WSN. Therefore, according to
the characteristics of WSN, it is necessary to develop a routing protocol suitable for
WSN [4]. Aiming at the above problems, this paper proposed an improved and stable
routing voting protocol based on the characteristics of node energy consumption
equalization, so as to achieve the purpose of WSN normal operation.

2. State of the art

Wireless sensing network (WSN) originated from the early warning system of
military operations in America. At the beginning of the invention, only a single
signal acquisition could be carried out, and the collected signals were only be trans-
mitted between nodes. Later, American military research experts set up a research
team for distributed sensing networks, which officially opened the door to WSN’s
research [5]. In the late 1990s, the research team established a simulated dynamic
environment which could adapt to the military battlefield and transmit the actual
data of the military battlefield in real time. Wireless sensor networks were moving
into people’s field of vision. After entering the twenty-first century, industry and
academic fields began to be more interested in WSN, and research funding began
to be heavily invested in WSN research projects [6]. In 2003, Japan’s science and
technology enterprises jointly launched the "IPV6 sensor networks" industry plan
to accelerate the application of WSN in environmental detection range, so as to es-
tablish long-term strategic development goals in environmental testing and national
defense military [7]. The distributed sensing networks deploy more sensor terminals
in their own system structures. The peripheral nodes need energy supplement to
keep the running off. But sometimes the energy cells of these nodes are not able
to effectively replenish the power, which causes some of the peripheral nodes to die
prematurely during normal operation [8].

In the actual application phase of distributed sensor networks, data transmission
is constantly fluctuating and changing, and it is not fixed. The peripheral sensor
nodes of WSN are the basic detection unit of distributed sensing network, which
are responsible for detecting random detection of objects, and passing the detected
data to the users. If in the actual application process, the node’s premature death
will lead to the detection blind spot. The test data returned will be distorted and
the result will be unstable and stable [9]. Domestic and foreign have carried on the
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related research work to this kind of question, and proposed many kinds of routing
protocols, including LEACH, HEED, DD and other routing protocols. According
to the topology ontology structure, the network routing protocols are divided into
hierarchical and planar routing protocols [10]. Hierarchical routing protocol is a
cluster structure, which has more advantages in application in terms of energy saving
and adaptability. LEACH routing protocol is a node energy-saving routing protocol
designed based on this idea.

3. Methodology

The design of WSN routing protocol must first consider the efficient supplemen-
tary energy of nodes. Although the energy consumption of a single node needs to
be monitored and supplemented, the overall energy loss balance is also the focus of
consideration. The long distance transmission of WSN needs to consume a great deal
of node energy. In order to avoid such a situation, a multi-level jump data trans-
mission is used within a limited range [11]. Because the calculation of nodes is too
complex, the computation and storage capacity of sensor nodes is greatly impacted.
Therefore, it is more important to design simple and efficient routing protocols to
meet the cost of resources. In addition, environment differences also need to design
heterogeneous features of nodes. In view of the above design characteristics of WSN
wireless network routing, the improved routing protocol has the characteristics of
low energy consumption, scalability and heterogeneous features [12].

The classification of routing protocols mainly consists of planar routing protocol
and clustering routing protocol. The planar routing protocols are divided into flood-
ing routing protocol, chatting method, SPIN center routing protocol and so on. The
late development of directed diffusion routing protocol improves the speed of data
transmission, but the data transmission gradient leads to data transmission delay.
Directed diffusion transport protocol is a data inquiry type data transmission mode,
and it cannot meet the practical application of continuous detection and sensing data
[13]. Clustering routing protocol divides the network structure into several cluster
regions, and each well divided cluster can be divided into several nodes. Figure 1
shows the basic structure diagram of a clustered routing protocol. As can be seen
from Fig. 1, the cluster heads of each cluster are based on the high-level network
structure of the original network. The high level network clusters cluster into clus-
ters to push to a higher level network structure. The role of each cluster is not only
to fuse and collect node data, but also to transmit data to a higher level cluster
head. Therefore, the energy consumption of nodes is relatively large. In order to
maximize the lifetime of the network, clustering routing protocols need to improve
algorithms and update voting protocols.

Compared with the traditional network protocol, LEACH network transport pro-
tocol can reduce the energy consumption of the network and realize the energy bal-
ance of the network. In the actual operation process, the data transmission can
meet the transfer within the cluster. Because the distance of information trans-
mission is relatively close, only a few cluster heads can transmit data with remote
sink nodes in actual operation. For data transmission and information communica-
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Fig. 1. Basic structure of clustering routing protocol

tion, the shorter the distance, the lower the node energy consumption, the longer
the network life. In addition, the LEACH network protocol guarantees that each
end node can achieve the same probability as the cluster head. Thus, the energy
consumption of the network nodes can be balanced. Combined with data fusion
computing, redundant data can be removed, the data of the collected nodes can be
efficiently calculated and processed. According to the current usage, the use of the
network protocol reduces the energy consumption of the network, and confirms that
the LEACH network protocol can increase the service life of the network by at least
10%.

Figure 2 shows an energy consumption model for LEACH protocols in wireless
network applications. As shown in Fig. 2, the nodes of the sensor are evenly dis-
tributed in the effective monitoring area, and the nodes do not move randomly
when they are used. The energy initial values of the whole network sensor are the
same, and the node energy of sink is unrestricted. Sensor nodes do not die randomly
during work, and only die out in constant consumption. Wireless communication be-
tween sensor nodes and the outside world is unrestricted, and energy consumption is
lost in each direction. The system’s sensors are controllable in terms of power usage.
In the process of transmitting data transmitted by nodes, reasonable radio power
can be given according to the actual detection and calculation of distances. Based
on the characteristics of the network energy consumption, the energy consumption
is mainly the energy consumption of the node when the data is transmitted and
transmitted back to the node.

The sensor node is the relay station and amplifier for data transfer. After the
data transmission enters the node, it needs to calculate the distance transmitted
to the next node, and the reasonable transmission power is then arranged. The
data sent consumes a certain amount of energy. The expression of energy consumed
during the computation of node sending is calculated as follows [14]

ETx(L, d) =

{
LEelec + Ld2, d ≤ d0,
LEelec + Ld4, d > d0.

(1)
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Fig. 2. Energy consumption model of LEACH protocol in wireless network
application

Symbol Eelec in the formula represents the node energy value consumed by the
wireless network when transmitting one section of data, and d represents the effective
distance between the previous node’s transmission and the location of the latter
node. According to the law of conservation of energy in the transmission process,
the nodes that receive data also need to consume part of their energy. The energy
value consumed by the node that receives one section of data is calculated as

ERX(L) = LEelec . (2)

The clustering process for wireless network transmission needs to be made by an
election protocol. Each node can determine which node as the cluster head, which
mainly depends on the distributed network WSN in cluster head probability, and
whether a node become cluster head in the transmission of data in the previous
stage. The threshold formula for a node to become a cluster head is [15]

T (n) =


p

1−p(r mod 1
p )

if n ∈ G,

0 if n /∈ G.

(3)

In formula (3), p represents the proportion of nodes that become cluster heads
at each node, which is the basic probability value that we often call cluster heads,
r is the data transmission cycle in wireless networks and G represents the overall
integration of nodes into cluster heads.

In the current cycle, the node that becomes the cluster head is announced to
all nodes in the message inside the node, which expresses the ID information of the
node. Cluster heads adopt protocol broadcast, and each cluster capital sends energy
consumption information broadcast. The nodes of non-cluster heads decide which
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cluster header to join according to the incoming message. Typically, non-cluster
heads choose the nearest cluster head, which reduces the energy consumed by signal
transmission.

Compared with the establishment stage of the cluster, the stable transmission
nodes consume much longer time, and the energy consumption of each node is also
the largest. After the cluster is determined, the gap table can be confirmed, and data
transmission is officially initiated. The gap table divides the transmission phase into
frames at each time frame. Each frame is divided into a plurality of gaps according
to the node condition in the cluster. The nodes in the cluster randomly assign a
reasonable gap and send the received information to the cluster head within the gap.
Fig.3 shows the detailed operation of the agreement. The protocol assumes that the
nodes in the cluster keep the data transmission and ensure that each node does not
conflict with the competition.

Fig. 3. Specific operation flow of network transport protocol

According to the requirements of the above process, when the node becomes a
cluster head, it must always be ready to receive data from other nodes in the cluster.
After the data is collected, the data is fused and the redundant data is removed by
itself. First, the converged data is passed to the sink node. At the same time, the
cluster head is far away from the sink position at this stage. Therefore, the process
consumes the most energy, and the specific output transmission process is shown
in Fig. 4. In the stable transmission phase, the LEACH protocol adopts periodic
cluster head election, which makes the distributed network transmission structure
with more balanced energy consuming.

In order to propose an improved stable election protocol, the cluster head election
method is used to compute the residual node energy with the expression as follows

p(si) =
npopt(1 + ai)

n+
∑n

i=1 ai

Ei(r)

E(r)
. (4)

In the formula, p(si) represents the cluster head probability of a single node,
ai denotes the multiples of the node si above a certain base energy, and popt is the
cluster head probability, which can be solved by the ratio of the optimal cluster head
number to the total number of nodes n in the network. Symbol E(r) represents the
residual energy of the node in the rth cycle, and E(r) represents the average residual
energy value of all nodes in the entire network in the rth cycle.
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The threshold expression for which the node becomes the cluster head is

T (si) =


p(si)

1−p(si)(r mod 1
p(si)

)
fi, si ∈ G,

0 otherwise.

(5)

Fig. 4. The receiving and sending process of node energy

In the above formula, T (si) represents the threshold of each node, and r is the
cycle of node calculation. It is assumed that the energy consumption of each node
in the energy cycle of each node is the same. Symbol Etot is the initial total energy
of the network and R is the total number of the network. Then, the average energy
consumption E(r) of the round nodes is the average energy consumption of the
network

E(r) =
1

n
Etot(1−

r

R
) (6)

According to the energy loss calculation method of average node, the election
mechanism of cluster head in traditional DEEC protocol is improved. In order to
select the cluster head intelligently for the remaining nodes, the energy of other
nodes should be estimated. Elections can’t be held beyond the threshold. Since
the energy consumption in the process of the cluster head’s receiving data, fusing
data and sending data, the nodes with high residual energy should be elected as
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cluster heads during the next round of election. In this study, the design of dynamic
threshold interval is proposed. The reason for this design is that the nodes with
higher residual energy value become larger, so that the energy consumption of each
node is uniform, and the network transmission lifetime is extended.

4. Result analysis and discussion

Figure 5 shows a curve relation between the number of messages and the time in
the process of data transmission in the sink node of a multistage network protocol,
which shows the changes of protocol nodes’ receiving and transmitting information
over time. When receiving and transmitting messages with the same amount of
energy consumed, DEEC-TA nodes receive more information. This shows that the
protocol has more information throughput, and it can transmit more efficient data
under the same energy consumption. In addition, it is found that the ability of sink to
transmit data between DEEC and the improved DEEC protocol is relatively large.
This is because the traditional DEEC protocol predicts the running cycle, which
makes the average energy value of nodes too large, the election number of cluster
heads in the whole operation cycle relatively small, and the total number of sink too
small to explain. The optimized DEEC protocol can optimize the threshold interval.
According to the nodes of different energy values, different threshold intervals are
designed. In this way, the cluster heads formed in each cycle of the network are
more reasonable, and the data received and sent by sink is more uniform.

Fig. 5. Node data transmission message and time relation curve

Figure 6 shows the relation between the energy loss and the time of the nodes
in the multistage heterogeneous wireless network transmission. As we can see from
Fig. 6, when the wireless network is running, the total energy consumption of each
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protocol is increasing. Before 1200 weeks, the total energy consumption of the
network transmission protocol selected in this paper has no significant difference
in the actual operation process. After the curve equal ratio method is adopted,
the total energy consumption of the improved DEEC network transmission protocol
proposed in this paper is minimal. When the cycle time is more than 1200 weeks,
the total energy consumption of LEACH is the least, the total energy consumption
of DEEC is the most, and the total energy consumption of SEP-M is centered. At
this time, the running time of LEACH and SEP-M has exceeded the stable stage
of normal operation, and the survival of nodes has been reduced, so that the total
energy consumption has been reduced. Therefore, when the cycle is greater than
1200 weeks, the DEEC and the modified DEEC protocol do not have the research
value of comparative analysis. To sum up, in the stable data transmission phase,
the improved DEEC protocol has the least total energy consumption. According
to the simulation of the improved protocol simulation results, compared with other
protocols, the improved network transfer protocol can better balance the energy
consumption of the network nodes, enhance the data throughput of the network and
stabilize the data transmission cycle.

Fig. 6. Relationship between energy loss and time of nodes in multistage
heterogeneous wireless network transmission

5. Conclusion

WSN is a comprehensive subject technology, involving interdisciplinary fields of
many subjects, which is widely used in information collection, defense, and military
and natural environment detection. Based on the lowest comprehensive energy con-
sumption of wireless network node and the minimum maximum data throughput
as the research object, the research of WSN routing protocol was carried out, and
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the heterogeneous cluster election protocol of wireless network was improved in this
paper. The key technologies of WSN wireless network structure were summarized
and analyzed. On the basis of discussing the characteristics of routing technology
in wireless networks, the traditional DEEC protocol defects were improved and an
improved DEEC algorithm was proposed. The objective of the improvement is to
minimize the energy consumption of nodes and to change the election of cluster
heads into more reasonable agreements. The improved protocol and its calcula-
tion method of extremum interval can set the dynamic extreme range of the cluster
head election, which can greatly improve the probability of high energy nodes be-
ing elected as cluster heads, and reduce the probability of low energy for nodes to
be elected as cluster heads. In addition, the energy consumption is more balanced
throughout the network operation. In this study, it was assumed that the trans-
mission positions of sensor nodes and sink remained unchanged, whereas nodes had
moving characteristics in practical applications. Therefore, the research of wireless
network routing protocol also needs to incorporate the node’s mobile features into
the research factors, which needs to be considered.
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Indoor location algorithm based on
RBF neural network1

Xushan Peng2, 3, Yongping Li2, Xiaoming

Zhang2, Shui Wang2

Abstract. At present, indoor location technology is widely used in the �eld of wireless

communication network. Due to the relatively complicated indoor environment, the wireless signal

changes at any time, which brings great di�culty to the establishment of �ngerprint map. In

this study, a location algorithm based on RBF neural network was designed for the indoor location

technology. Then, the prediction model of radial RBF neural network was adopted by the prediction

technique and the K neighborhood algorithm was used to test the performance of this method. In

order to make the �ngerprint map adapt to the changing state of the environment at any time,

the map construction method of the dynamic RF �ngerprint was adopted. After optimizing the

algorithm, the map was compensated according to the environmental parameter value.

Key words. RBF neural network, indoor positioning, wireless sensor network.

1. Introduction

Wireless sensor network is a comprehensive interdisciplinary. In practical ap-
plications, the number of nodes of the wireless sensor network is relatively large,
and after the detection, the sensor passes the data to customers. Wireless sensor
network location technology is the core technology of the wireless sensor network
technology, which has a strong application value [1]. Then, the indoor location ap-
plication is to use the navigation system, and the global application is to use GPS

1This paper is supported by projects: 1) Zhejiang public welfare Technology Application Re-
search Project, Study of chaotic synchronization and information �ow in large scale coupled non-
linear systems (2017C35013). 2) Zhejiang Provincial Natural Science Foundation, Research on
Multi-order Brillouin Scattering Mode Locked Laser in RoF systems (LQ13F01004). 3) Ningbo
science projects, he development of Dendrobium automatic screening grading equipment of ma-
chine vision technology (2016C10056). 4) The scienti�c research project of Ningbo Dahongying
University, Research on Frequent Itemsets Mining Based on block transaction data (1320133017).

2School of Information Engineering, Ningbo Dahongying University, Ningbo, Zhejiang, China,
315175
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outdoor location system, the location e�ect shows that the anti-interference ability
is relatively strong. However, GPS is only suitable for outdoor open environment.
Without the block of buildings or other objects, the energy consumed in the process
of completing the task is relatively large. Thus, GPS is not suitable for being applied
to WSN [2]. Indoor location can bring great convenience for human life, such as the
o�ce object location and the rescue location in the emergency circumstances. As
a result, the market demand for indoor location technology is relatively large, more
researchers are concerned about this aspect, furthermore, the value of research has
a very broad prospect [3]. Indoor location technology uses the distance measure-
ment and the non-distance measurement location calculation methods. The distance
measurement location technology can carry out the time di�erence location, angle
location, the location accuracy is relatively high, and meanwhile, the original cost is
reduced. The non-distance measurement location algorithm includes the mass cen-
ter calculation method and the RSSF RF �ngerprint matching algorithm [4]. The
requirements on the nodes are relatively low and the in�uence of the indoor environ-
ment is relatively low. RSSI radio frequency (RF) maps have low technical costs for
the indoor RBF neural networks, while the achievement e�ciency of the installation
and operation is high. As a result, more scholars are focusing on this research.

2. State of the art

Wireless sensor network was launched in the US military industry in last century.
In the later period of development, the wireless sensor network has made great
progress in theory and practical application [5]. Then, key technologies are widely
used in the �elds of environmental observation, medical care and building inspection.
The foreign countries have attached great importance to the application given in this
respect, which have provided a lot of manpower and material resources [6]. Although
the domestic WSN research starts relatively late, the country's policy support in
this area is more. With the development and progress of wireless sensor networks,
indoor location technology has also been widely studied. Then, the non-distance
measurement location technology has obtained great attention in the academic �eld
in the indoor location technology research and development [7]. The research on the
RF map matching method based on RSSI is more concentrated, and the location
algorithm and the latter part of the training location phase also obtain researchers'
attention. In the o�ine trial, the construction of the �ngerprint RF map requires
the acquisition of most of the reference position signals. If the indoor area is large,
the construction of RF �ngerprint map will consume relatively large human and
material resources [8]. In addition, the signal will encounter the role of obstacles in
indoor communication, and the changes with the time and space are relatively large.

If the map can not adapt to the current real environment, then, the node geo-
graphical position of the calculated position needs to be reestablished [9]. Therefore,
the o�ine algorithm training stage is the core technology of indoor location. And it
has become the key to indoor location technology about how to optimize the algo-
rithm, so as to build dynamic RF �ngerprint [10]. RADAR indoor location system
proposed by the scholars is the design work completed by adopting the WSN indoor
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location technology. In the system, using the method of collecting data point by
point to create a �ngerprint RF is special, which is relatively close to the actual re-
sults. However, the workload is relatively large, which is not suitable for the indoor
environment location system [11]. The di�erence calculation method given in the
literature can reduce the work of collecting data point by point, and the workload
of training can be reduced in the later stage. The method is more suitable in the
case of that there are a few obstacles in the indoor environment [12]. The classical
algorithm in the location phase is the calculation method of K value approaching lo-
cation, the advantages and disadvantages of the localization algorithm are analyzed,
and the algorithm is further optimized and transformed into RSSI's RF �ngerprint
map internal location calculation method.

3. Methodology

Indoor location algorithm is applied into the location process of RF �ngerprint.
In order to obtain high algorithm accuracy and practical application e�ect, the sam-
ple point �ngerprint data needs to undergo a lot of training, so that the better spatial
characteristics of the indoor environment can be show. However, the collection of
the �ngerprint data for indoor spatial characteristics requires a point-by-point mea-
surement to each position, and this work method consumes physical strength [13].
At the aspect of nonlinear measurement, the neural network shows the advantages
of this, and RBF neural network convergence performance is better, which makes
up for the BP neural network's local shortcomings and restrictions in many places.
The precision of the method of taking data point by point is higher than that of
the prediction method, and the main idea is to conduct the derivation according to
the grid data acquisition part, then, the correlation between the basic coordinates
of the measurement point and the signal intensity is obtained, so that a map of the
RF �ngerprint is constructed in accordance with the signal strength of the model
prediction grid [14]. Figure 1 shows a prediction method of the propagation model,
this method can e�ciently establish the radio frequency �ngerprint map in a short
time, and the workload of the later data training is relatively small. At the same
time, the data predicted by this model will also have errors, so it is the best to use
the point sampling method with higher precision.

Fig. 1. Propagation prediction model

According to the propagation model, the linear interpolation algorithm is more
widely used. The algorithm is simple to use, and the signal strength of the detected
nodes is predicted according to the propagation distance of the theoretical signal
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and signal. Linear interpolation can reduce the intensity of training. Set up RSSIR
and RSSIL respectively for the interpolation points on the right and left position of
the adjacent signal strength value, set RSSID and RSSIU for the interpolation point
of the lower and upper position near the signal strength value, horizontal direction
interpolation RSSIH, vertical interpolation with RSSIV. The expressions calculated
by interpolation in horizontal and vertical directions are considered as follows

RSSIH =
RSSIL +RSSIR

2
, (1)

RSSIV =
RSSIU +RSSID

2
. (2)

Although the linear interpolation method can reduce the workload of o�ine train-
ing, there will be non-line-of-sight problem in the actual application process. There-
fore, the indoor location calculation e�ect is relatively poor in the case of that there
are obstacles. The �ngerprint database established by adopting the interpolation
method by neural network can save training time. Most of the indoor location sys-
tems can use the method of taking the average after the point-by-point sampling
to establish a �ngerprint map. In the stage of o�ine training, evenly divided small
grids can be divided in the locating area. The average value of the signal strength
of each grid node is collected, and the data is summarized into the database, at
the same time, more data points are required to collect, therefore, the workload is
relatively large and the measurement accuracy obtained is relatively high.

According to the radial basis function of multivariable interpolation, Darken pro-
posed neural network structure (RBF). This kind of network structure also belongs
to a kind of forward neural network structure, which can realize the continuous
function of in�nitely approximating to the real value. The RBF neural network uses
three layers of structure, the �rst layer belongs to the input layer, which consti-
tutes the initial structure of the signal source; the second layer is the hidden layer,
which determines the speci�c requirements of the speci�c problem; the third layer
is the output layer, and the corresponding value is made for the input signal. The
data transformation between the �rst and second layers is non-linear and the data
conversion between the second and third layers is linear. Figure 2 is a schematic
diagram of the neuron structure of neural network structure. The distance between
the weight and the input vector is used as an independent variable.

The expression for the activation function R is

R(‖dist‖) = e−‖dist‖
2

. (3)

In the formula, ‖dist‖ is the distance between the weight vector and the input
vector, and it is also the independent variable of the formula.

According to the structure function role of the input layer, output layer and
hidden layer of the neural network structure, the input layer is only responsible for
the transmission of the signal, and the works of the output layer and the hidden
layer are only di�erent learning strategies. The output layer needs to adjust the
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Fig. 2. Schematic diagram of neural structure of neural networks

linear weight, which has a strong learning speed. The hidden layer simply calls
and activates the function, and the learning strategy is not linear, so the learning
speed is relatively slow. Then, the learning method used by RBF neural network
is the center selection method of the intelligent self-organization. The radial basis
function used by RBF neural network is generally a Gaussian selection function, the
expression is

R(xp − ci) = e−
‖xp−ci‖2

2σ2 . (4)

In the formula, xp − ci represents the constant, ci represents the center value of
the Gaussian function, and σ is the variance of the Gaussian function.

Neural network is the total intelligent information processing technology in the
future, which can build the model according to the data's ontology characteristics,
and it has strong self-learning and adaptive features. RBF can conduct the adaptive
learning and self-regulation in accordance with the speci�c problems described, so
as to make the network have a good practicality. In addition, RBF neural network
training algorithm can realize the adjustment of intelligent hidden layer unit data,
the excellent learning performance is shown.

According to the description above, the prediction method based on radial nerve
RBF network was proposed and the uniform indoor sampling was selected for �n-
gerprint database �nishing. In order to minimize the impact brought by the signal
acquisition �uctuations, the average of the collected 100 200 data was taken as the
basic database of the radial basis function neural network. Figure 3 shows a predic-
tive model of the network. According to the coordinates of the nodes, the receiving
intensity of di�erent signal nodes was predicted and the node signal strength of the
trained network prediction target was used e�ectively. This algorithm can restrain
the incomplete map problem of the �ngerprint radio frequency training method.

A�ected by the indoor environment, after matching the measured values received
during the location calculation process with the previous RF �ngerprint map, it is
found that the e�ect of location is not ideal. According to the RSS value of the node
received by the reference node, the calculated expression for the compensation is

RSS′i = RSSi −
∑n

j=1(RSS
′
ij − RSSij)

n
. (5)



258 XUSHAN PENG, YONGPING LI, XIAOMING ZHANG, SHUI WANG

Fig. 3. Prediction model of network

In the formula, n represents the number of reference nodes and RSSi is the average
value of the o�ine training. This kind of calculation method can compensate the
dynamic error of spatial data motion measurement to a great extent, and the periodic
precision is relatively high. At the same time, the position reference point arranged
will increase the input cost of the hardware, sometimes the dynamic compensation
formula (5) and the actual environmental signal changes may not be consistent.

The mobile node and the prearranged reference node are set as the receiving
node, and then, the emission signal of the con�dence node is received. Assuming
that the signal strength values received establish a mapping relationship at di�erent
spatial positions, the mapping relationship is relatively stable, then, a prearranged
signal acquisition point can be used as an estimated value of the signal strength of
the spatial location. The calculation expression is:

s = f((rj)
J
j=1) . (6)

In the formula, f is the mapping function expression and (rj)
J
j=1 represents a

wireless signal received by a prearranged reference node.
The o�ine training phase selects massive beacon nodes to construct RF �nger-

print maps. According to the previous research results, it is shown that the in�uenc-
ing factors of RF �ngerprint map have time variability. In this paper, a dynamic RF
�ngerprinting method based on environmental status parameters was proposed in
accordance with RBF neural network optimization indoor location algorithm. The
method can be divided into two stages for the arrangement of the algorithm. The
�rst stage is the calibration environment parameter con�rmation of the �ngerprint
database, the previous RBF neural network prediction model is established and
the data is sent out through the mobile node, then, the convergence node signal is
transmitted to the computer through the serial port, and the RF �ngerprint com-
position is completed. The map is constructed according to the RF �ngerprints of
the established environmental status parameters. Assuming the environmental state
parameters and combining with the signal intensity values, the calculation formula
of the environmental change degree is

C =
(RSS2 − RSS′2) + (RSS3 − RSS′3) + (RSS4 − RSS′4)

3
, (7)
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where RSS2, RSS3 and RSS4 are the assumed environmental state parameters.

4. Result analysis and discussion

In this paper, the interpolation calculation method and the algorithm proposed
in this study were compared and analyzed. The RBF neural network prediction
algorithm and the linear interpolation calculation method were used to construct RF
�ngerprint maps respectively. When the value of k was 3, the location veri�cation
analysis of the indoor environment was carried out, and the probability of sampling
was 0.9, 0.7, 0.5 and 0.3 respectively. The cumulative results of the two methods are
shown in Table 1. Due to the impact of indoor obstructions, the collected data may
show that the signal of some points is weak, while the signal of some points is very
strong, so the calculated results may not be in line with the actual situation. And
furthermore, the data of the random two collection points uses the interpolation
method to calculate will bring a lot of data error. RBF neural network is the
total intelligent information processing technology in the future, and the model is
established according to the correlation of the data itself. The algorithm can have
a good nonlinear ability of approximating to the actual value. In addition, it also
has good adaptability and good learning performance, which has strong superiority
in the intelligent processing of data. The experimental results show that the smaller
the probability value of the collected data is, the more reasonable the neural network
prediction result of the interpolation method is. The experimental results show that
when the probability of the acquisition point was greater than 0.9, the cumulative
error would be between 1.5m and 3m, and the algorithm in this paper was superior
to the interpolation method. When the probability of collecting data was about
0.5, the indoor location error reached the cumulative error ratio of 2.5m to 3.5m.
Besides, the RBF neural network prediction method is superior to the precision
control of the interpolation calculation method. In the status of using the point-
by-point acquisition method, and the indoor location RF �ngerprint map building
process, the indoor location algorithm of RBF neural network can be reduced at
least half of the work, and the location accuracy can be improved by at least 5%.

Table 1. Cumulative results of two methods

Error Linear
interpola-
tion ratio
(70%)

Paper al-
gorithm
(70%)

Linear
interpola-
tion ratio
(50%)

Paper al-
gorithm
(50%)

Linear
interpola-
tion ratio
(30%)

Paper al-
gorithm
(30%)

0.5 25 23 18 18 5 11

1.5 54 60 51 58 25 46

2.5 88 91 81 88 57 77

3.5 98 100 93 98 80 91

4.5 100 100 100 100 96 100

5.0 100 100 100 100 100 100



260 XUSHAN PENG, YONGPING LI, XIAOMING ZHANG, SHUI WANG

Figure 4 shows the location comparative results of the proposed reconstructed
updating algorithm and the linear compensation algorithm. In order to show the re-
sults more clearly, when the c value was less than or equal to 1.34, the curve changed
relatively gentle. The results show that the impact of the environmental state pa-
rameters to the results was relatively small, and the errors of the reconstructed
updating calculation method and linear compensation algorithm to the indoor lo-
cation calculation were basically the same. According to the previous algorithm
features, it was considered that the stage that c was less than or equal to 1.34 was
more suitable for dynamic compensation algorithm. When c was greater than 1.34,
the slope of the curve changes was relatively large, which showed that the in�uence
of the environment state parameters to the results was relatively large. However, in
contrast, the indoor location error of the reconstructed updating algorithm method
was smaller than the linear compensation calculation method. Therefore, this stage
is more suitable for the reconstructed calculation method with higher accuracy.

Fig. 4. Location comparison results between the reconstructed update algorithm
and the linear compensation algorithm

In the indoor online location based on RBF neural network, the �rst was to
con�rm the observation value to the environment, and what kind of algorithm was
adopted to optimize the RF �ngerprint map database to build the database was
determined according to the consignment of the measured value c. Then, the com-
parative analysis was carried out to the dynamic RF �ngerprint map construction
algorithm and the static RF �ngerprint map construction algorithm. The results
are shown in Fig. 5. It can be seen from Fig. 5 that the indoor location error rate of
the environment adaptive dynamic RF �ngerprint map construction algorithm was
reduced and the reduction value was about 20%. Due to the signal in the network
environment, the indoor location had time variability, therefore, there might be the
static RF �ngerprint data map location matching defects. Then, a dynamic RF �n-
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gerprint mapping algorithm was proposed. According to the algorithm advantages
and disadvantages of the �ngerprint database which is nearly mature application
currently, this paper proposed a two algorithm tradeo� selection algorithm based on
the environmental parameter values. The experimental results show that the indoor
location algorithm based on RBF neural network dynamic environment can improve
the location accuracy.

Fig. 5. Construction algorithm of dynamic RF �ngerprinting map and
construction algorithm of static radio frequency �ngerprinting map

5. Conclusion

The convenience of the location technology to the mankind is obvious, GPS
location also provides a great help for driving and navigation, and human life en-
vironment is mostly indoors. However, the indoor location data collection will be
a�ected by obstacles, so it is necessary to set a reasonable indoor location algorithm
according to di�erent environmental state parameters. In this study, a prediction
algorithm based on RBF neural network was proposed, and an indoor location RF
�ngerprint database was established. At the same time, this algorithm was com-
pared with the linear interpolation algorithm, and it was considered that the indoor
location algorithm based on RBF neural network was superior to the linear inter-
polation algorithm. As the indoor wireless signal environment changed with time,
the environmental state parameter values were used to determine the positioning
algorithm under the online location state. Then, 1.34 was taken as the boundary of
environmental state parameter, when the environmental parameter was less than or
equal to 1.34, the dynamic compensation algorithm was adopted to match. When
the environmental parameter was greater than 1.34, the RBF reconstructed updat-
ing algorithm was used for the indoor location. The experimental results showed
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that the location error value of the dynamic RF �ngerprint was smaller than that of
static error value, and the ratio of error reduction was about 20%. The algorithm
proposed in this paper can e�ectively balance the calculation complexity of the al-
gorithm and the precision e�ect of indoor location. Under the premise of not adding
the computational cost and the hardware cost, the algorithm and the corresponding
location method can show good environmental adaptability.
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Multi-terminal data integration
analysis of internet of things based on

middleware1

Weiqing Qu2, 3, Yuedou Qi2, Qi Zhang2,

Chunliang Zhou2

Abstract. With the emphasis on environmental protection in China, the development of

electric vehicles in China is getting bigger and stronger. However, traditional electric vehicles

still have the problem of mobile terminal positioning, which is not only ine�cient but also low in

reliability. Therefore, in order to solve these problems, in this paper, the method of multi-terminal

data integration analysis of Internet of things based on middleware was proposed, and the network

physical structure of charging station of electric vehicle was constructed. By adjusting routing

con�guration and topology structure, the design of the middleware of the electric vehicle charging

station network was completed. Through the simulation test, it can be seen that the system has

the function of fast locating and searching electric vehicle charging station by means of mobile

terminals, which speci�es a number of data for the mobile terminal device, and has good data

integration performance.

Key words. Internet of things, middleware, electric vehicle, RFID technology.

1. Introduction

In order to provide e�ective information for mobile terminal equipment, this
paper explored that how to locate and search the electric vehicle charging station
with the help of mobile terminal, and solved the problems of charging pile navigation,
communication and fast positioning during the use of the electric vehicle. With the
help of gateway equipment, including the Internet of things, sensor networks and
mobile Internet network and other network interfaces, wireless sensor networks are

1This work reported in this research was supported by Zhejiang Province public nonpro�t tech-
nology applied research plan project (No. 2015C33236), Zhejiang Province University youth disci-
pline leader academic climbing program (No. pd2013443), and Ningbo Natural Science Foundation
project (No. 2012A610071).

2Ningbo Dahongying University, Ningbo 315175, China
3Corresponding author
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integrated with the Internet to solve heterogeneous network convergence issues after
accessing the Internet through the use of design gateways, which provides charging
pile navigation and communication technology support for electric vehicles [1]. This
paper described the traditional electric vehicle mobile terminal positioning problem.
With the RFID technology as the breakthrough point, this paper discussed the
non-contact automatic identi�cation technology, improved the algorithm and design
level of traditional problems, such as low location search e�ciency and poor data
integration performance. In the charging station search, this paper entered the
low frequency transmitting antenna area through the RFID card, and designed the
method of multi-terminal data integration analysis of Internet of things based on
middleware, discussed the system construction and hardware model design and the
problem of Internet of things gateway from the following two aspects: With the
help of gateway technology, software platform design and hardware platform design
can complete the task of heterogeneous network integration of cloud computing, and
achieve the goal of data fusion of the information resources of the electric vehicle
charging station, can highlight the good performance of the equipment in the process
of system testing, so as to better serve the owners of electric vehicles.

2. State of the art

Since 2005, the International Telecommunication Union (ITU) has proposed
"ITU Internet Report 2005: Internet of Things", the report formally declared that
the Internet of things is an extension of Internet applications, the following core
technologies can achieve the Internet of things: RFID, Sensor technology, intelligent
embedding technology and nanotechnology [2]. In 2009, IBM proposed the concept
of "wisdom of the earth", many countries incorporated the Internet of things into
the strategic system for future information development [3]. Up to now, the world
has not made a uni�ed de�nition of the Internet of things. The European Internet of
Things project research team argues that the Internet of Things is an important part
of the Internet, belonging to a dynamic global network architecture that contains
self-organizing capabilities for communication protocols [4]. Physical and virtual
"objects" include features: physical attributes, virtual properties, identity, and it
can be applied to the information network [5]. The de�nition of the current setting
of Internet of things: With the help of various information sensing equipment, in-
cluding the integration of global positioning system, laser scanning, infrared sensor
and RFID device with Internet, it constitutes a huge network, the main objective
is to make the network accessible to all objects, which improves the e�ciency of
management in the process of integrating identi�cation resources. In the Internet of
things, "CPS" "M2M" belongs to the key application forms [6].
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3. Methodology

3.1. Internet of things technology

In the current environment, the Internet of Things is used in many �elds, includ-
ing logistics sales, intelligent transportation, public services, furniture life, environ-
mental monitoring and so on, involving industrial agriculture and logistics industry
and other �elds. Among them, smart grid is one of the key �elds of Internet of things
[7]. Power transmission and transformation equipment has many characteristics as
rich species, large quantity, which makes the equipment information sources more
abundant. The access methods are also di�erent. At the same time, the equipment
evaluation and decision making technology is uneven, which brings a series of in-
�uence to the operation state of power transmission and transformation equipment,
and makes the operation safety of power grid be impacted to varying degrees. Ac-
cording to China's data grid report, since the 21st century, due to natural disasters
and equipment failure problems, the grid accident rate increased signi�cantly. The
use of Internet of Things technology can e�ectively reduce the risk, reduce the ir-
rationality of equipment condition maintenance, help the equipment to achieve the
goal of optimal management, improve the detection performance level of substation
equipment and standardize the standard detection framework [8]. For the power
transmission and transformation equipment of Internet of things, it is closely re-
lated to information space and physical space and belongs to the extension of the
smart grid in the intelligent environment of the equipment. For the Internet of
things, by using intelligent perception technology, it can improve the e�ciency of
on-line monitoring of equipment and solve the demand of smart grid for equipment
status data. As shown in Fig. 1, the modern Internet of things technology connects
all �elds to integrate communication, so as to carry out information exchange and
management. The standardization construction function in the Internet of things
technology makes the information model of power transmission equipment more sci-
enti�c, which is of great signi�cance to the scienti�c framework of the grid, and
has a positive impact on the integration of the information system and detection
system of power transmission and transformation equipment, so as to better serve
the equipment [9].

ITU Internet pointed out in its report in 2005 that the Internet of things covers
four key application technologies, namely, RFID technology, sensor technology, in-
telligent technology, nanotechnology, its functions include tagging things, perceiving
things, thinking about things, and reducing things [10]. The research center of In-
ternet of things technology in China focuses on communication network technology,
information processing technology and perceptual identi�cation technology. The
extension application of Internet of things is based on perceptual identi�cation tech-
nology, which can sense and identify a range of data, including components such as
radio frequency identi�cation, smart sensors, electronic code, and two-dimensional
code [11]. For the communication network technology, its role is to enhance the
realization of perceived identi�cation information reliability, to build a more secure
transmission environment. The network covers the wireless self-organizing network,
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Fig. 1. Sketch map of modern Internet of things

the sensor network, the next generation network with the Internet protocol version as
the core. In terms of communication technology, it mainly involves ultra-wideband,
global microwave interconnection, Bluetooth, wireless �delity, near �eld communica-
tion, 3U and so on. It is necessary to deal with more di�culties after expanding the
scale application of Internet of things, including: data storage, information fusion,
information mining and knowledge update. The Internet of things is an information
processing technology based on cloud computing, which is based on e�cient use of
information [12].

With the rapid development of smart grid, non-renewable energy is becoming
increasingly depleted. The important components of the smart grid construction,
such as the new distributed energy of electric vehicles, can meet the demand for the
rational use of energy in time by adjusting the price and peak shaving of the power
grid [13]. The application of IT technology in the Internet of things in electric ve-
hicles will enable them to play an important role in rechargeable batteries, charging
facilities and electric vehicles. In addition, the use of smart sensors can help cities
achieve full coverage. The Internet of things has a series of advantages, including low
investment cost, extensibility, �exibility and applicability of network topology. The
application of Internet of things technology in the charging facilities can give full
play to the advantages of dispatching and make the metering and accounting func-
tions scienti�c and reasonable. In the con�guration of intelligent sensors for electric
vehicles, it sets the electronic tag, which can transfer data messages to the charging
facilities scheduling platform by means of Internet of things wireless technology. The
platform is based on the following issues: car operation status, the number of electric
vehicles charged, the use of charging facilities and so on, so as to improve service
e�ciency [14]. This paper designed the main controller of the system as S3C2440
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module, interface circuit, 485 network and Ethernet communication-based interface
circuit, made many improvements to the multi-terminal data integration algorithm,
and �nally completed the data integration goal of the multi-terminal of the electric
vehicle charging station information resource.

3.2. Construction of network physical architecture for elec-
tric vehicle charging station

When the electric vehicle enters the charging pile area, the owner of the electric
vehicle uses the electronic tag, and the reader in the charging station can automat-
ically scan the identity and basic information of the user, including personal name,
identity card number and telephone and so on, while sensing the corresponding bat-
tery charge information. This information will be automatically transferred to the
automatic toll collection system, and then the charging charge will be measured.
The settlement center will pay automatically according to the value, and will obtain
the consumer information on the user's SMS with the form of short message. With
the help of Internet, users can query their personal account information. Internet
of things not only has the charging facilities management functions, but also has a
series of advantages in the rechargeable battery. This paper combined the di�er-
ent intelligent charging service network operation mode, charging assets change two
issues, analyzed battery management in network operation mode and developed a
series of system solutions.

Based on the perspective of multi-terminal equipment, in order to achieve the goal
of resource sharing and data integration, electric vehicle charging station is set as the
research subject, so that it can provide a series of services for the owners, including
the search charging station, accurate positioning, searching charging pile. Based on
the design of the system model, the designed electric vehicle charging station has
the characteristics that in the monitoring area, the isomorphism is set as a micro
sensor node with data acquisition function, at the same time, it guarantees that the
communication distance, energy supply and computing ability of each node can be
well coordinated. In the cloud node control environment, that is, wireless sensor
network, e�cient algorithm is used to make the adjacent nodes trust each other by
monitoring the behaviors of two adjacent nodes, so as to obtain the comprehensive
trust value after tradeo�. In the process of loop computing, the communication
link data of wireless sensor networks can be assigned a series of tasks. At the same
time, the transmission results can be sent to the data to achieve the purpose of
data transmission and distribution. Based on the above principle, the structure of
the physical system of the electric vehicle charging station in the framework of the
Internet of Things system is shown in Fig. 2.

According to the above principles, the electric vehicle charging station network
physical architecture is constructed. In this paper, the middleware technology is used
to complete the following contents: the heterogeneity of charging station network,
hierarchical structure design, some common functions of the business layer based on
sensor network infrastructure. The hierarchical structure and heterogeneity of the
charging station for electric vehicles are shown in Fig. 3. As shown in Fig. 3, the
use of network middleware technology can achieve the following service functions:
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Fig. 2. Station network physical architecture of electric vehicle charging

network generation services, network connectivity services, wireless sensor network
access services and network self-healing services. Middleware can be used as the
carrier to transmit interactive messages. It is worth noting that the node of the
key way of completing middleware is information transmission. Applications can be
applied to the OS environment and multiple platforms through middleware.

Fig. 3. Heterogeneous and hierarchical structure of electric vehicle charging
station network

3.3. Heterogeneous network hierarchical data fusion model
for electric vehicle charging station

In this paper, the NES C design idea is used to construct the heterogeneous
hierarchical data fusion model of the charging station network. The component
takes the connected interface as a carrier, and describes a set of functions command()
and event() in the gateway structure, among them, the former is provided by the
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interface provider, and the latter is implemented by the interface user. Components
have the function to implement the logic function module, which belongs to the
basic unit of the program NES C. In the whole Tiny0S node, many components
constitute a program. In the electric car charging station, Fig. 4 shows its network
node application program and communication hardware design and module design
system.

Fig. 4. Station network heterogeneous hierarchical data fusion diagram of electric
vehicle charging based on Tiny0S

4. Result analysis and discussion

Through the hardware module synthesis, this paper puts forward the concept
of multi-terminal data integration algorithm, and used the gateway technology to
achieve the goal of cloud computing heterogeneous network convergence, and dealt
with the following problems: the real time and validity of network transmission, data
integration strategy. In order to improve the e�ciency of network data transmission,
this paper proposed an access algorithm to enable heterogeneous network networks
to improve problem processing e�ciency during convergence. For the algorithm
design, it is described as follows: by using the above-mentioned branch situation,
the number of scheduling task instructions is predicted. After the terminal data
integration analysis, the number of scheduling task instructions is measured by the
corresponding formula. In this formula, p (q |e ) is mainly used for the description
of the time interval, so that the distribution of q is more logical, δ is a collection
that consists of the total number of location instructions in the charging station,
this formula is used to complete the description:

δ = {q |el + 2eq ≤ q ≤ Q} (1)

Among them, based on the middleware task in the Internet of Things, Q is
the maximum value of the allocation period. According to the above algorithm,
this paper used the network technology to integrate and realize the heterogeneous
network of cloud computing, so that multi-terminal of information resources for the
electric vehicle charging station achieved data integration, and met the requirement
of fast and accurate positioning of the electric vehicle during the use, meanwhile, it
dealt with the navigation and communication of power station, charging pile.
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In order to test the design proposed in this paper, from the perspective of multi-
terminal data integration of Internet of things based on middleware technology,
this paper tested the performance of data gateway terminal fusion, that was, the
location and search performance of electric vehicle charging station. Firstly, the
gateway serial port based on middleware technology was constructed. Computer
gateway port was taken as a carrier, telos B node and another telos B node were
connected, a data was output every 1 s, and the search for the electric car charging
station was completed. According to the simulation background design, the search
positioning and data integration function of the electric car charging station was
completed. The serial port debugging tool software allowed the system to output
interface data after completing multi-terminal data integration, as shown in Fig. 5.

Fig. 5. Multi terminal data integration analysis results

The results of the data location experiment of the charging station of the electric
vehicle in city A are shown in Table 1.

Table 1. Station data information localization results of electric vehicle charging in city A

Number Real data loca-
tion

Traditional al-
gorithm results

Algorithm re-
sults in this pa-
per

1 (21, 48) (22, 49) (20, 47)

2 (46, 35) (49, 36) (49, 35)

3 (56, 73) (55, 75) (54, 74)

According to the results of data integration described in Figure 4 to charge high
search station detection, assuming the charging station distribution area belongs
to random distribution, on the basis of cloud computing in heterogeneous network
proposed fusion principle, can realize the fast charging station coordinates, during
the search for the best navigation, take the mobile terminal fast positioning function
to search for electric vehicles the charging station, by mobile terminal equipment
can obtain e�ective information, after a series of testing system can obtain di�erent
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charging city of A in the simulation environment the station coordinate map, we
conducted a total of three positioning experiments, as shown in Table 1, the actual
position location respectively (21, 48), (46, 35), (56, 73), and the traditional posi-
tioning method for the position (22, 49), (49, 36), (55, 75), by using the method
of this paper is (20, 47), (49, 35), (54, 74), obviously, this method is more close
to the true position, positioning is more accurate, complete data integration in the
mobile terminal, can e�ectively improve the charging station location coordinates
positioning accuracy, guarantee the precision of navigation, the networking gate-
way designed load balance display in this paper, the Balanced Routing system has
higher, re�ecting the data integration and network communication function, so as to
electric vehicle charging pile in navigation and communications to provide technical
support.

5. Conclusion

The use of smart sensors and electronic tags in the charging station can sense
the position and running state of the electric vehicle in real time, which helps the
owner understand the performance of the rechargeable battery pro�le. When the
charging facilities have problems, the de�ciencies can be solved in time. In this paper,
the rapid positioning of mobile terminals and the search of electric vehicle charging
stations were discussed, so as to provide service information for mobile terminals and
e�ectively solve a series of problems for owners in the use of electric vehicle, including
rapid positioning, charging pile navigation and communication. In this paper, the
method of multi-terminal data integration analysis of Internet of things based on
middleware was proposed. System construction and hardware model were designed
and analyzed. From the point of view of software platform design and hardware
platform design, the Internet of things gateway was analyzed, the convergence goals
of cloud computing heterogeneous networks were accomplished by relying on network
management techniques, the multi-terminal data integration of information resources
of long power station of electric vehicle was realized. According to the system test,
the multi-terminal data integration system of Internet of things of the electric vehicle
charging station designed in this paper can locate and search the coordinates of the
charging station, and improve the e�ciency of network communication and data
integration, which makes it easier for the owners of electric vehicles to �nish rapid
positioning, charging pile navigation and communications during the use. Of course,
the results of the study also re�ect the room for further improvement. Therefore,
the lack of continuous improvement research is a weakness.
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Unmanned aerial vehicle (UAV)
intelligent wayfinding system based on

inertial navigation technology

Yunjie Qu1

Abstract. In the modern war, UAVs play an important role. With the increasing complexity

of the war environment, the army's demand for unmanned aerial vehicle systems is getting higher

and higher. In this paper, the inertial navigation technology of unmanned aerial vehicle (UAV) and

the technical problems of intelligent way�nding system were studied. According to the algorithm

characteristics of inertial navigation path, the ant colony fusion particle algorithm was designed, and

the calculation method of inertial guided solution was discussed. Based on the inertial navigation

technology, the related algorithms and the simulation of the intelligent navigation system were

studied. The veri�cation results show that the intelligent way�nding system designed in this paper

has good reliability.

Key words. Unmanned aerial vehicle (UAV), inertial navigation, intelligent algorithm.

1. Introduction

Compared with manned aircraft, UAVs can save a lot of money in terms of
design, manufacturing and training maintenance. UAVs are relatively light and
agile in operation, and have strong air combat capability, which can be used for
radar attack in the course of reconnaissance operations [1]. Infrared detectors are
installed on UAVs to acquire information about each other's operations in the air.
In combination with the above performance characteristics, UAVs are irreplaceable
in military power. UAVs need to avoid military threats in the air during their actual
use. Because they do not have the air-to-air combat strike capability, the enemy's
air strike �repower should be predicted in advance [2]. Therefore, unmanned aerial
vehicle (UAV) requires intelligent navigation of the �ight path for man-machine
safety, so as to perform the task e�ciently. Scienti�c UAV path guidance system
is the safeguard of UAV's reconnaissance operations. Intelligent �ight operations of
UAVs can be realized only by using optimizing intelligent algorithms and calculating
the optimal �ight path in the process of air operation. In order to achieve the

1School of Astronautics, Harbin Institute of Technology, Harbin, 150001, China
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strategic role of UAVs in the air, it is necessary to have a predetermined optimal
�ight path reference and combine intelligent precise navigation system to provide
precise location information for UAVs [3]. In order to improve the �ight reliability
of UAVs, the UAV navigation guidance system should be equipped with sensors.
Therefore, the requirement for the precision of the UAV intelligent navigation system
is higher [4]. More and more researches have been done on the precision promotion
of the intelligent navigation and way�nding system of UAVs, and the problem has
become a hot research topic.

2. State of the art

The intelligent way�nding problem of UAVs also belongs to the optimal path
problem, which means that under certain environmental constraints, the UAV navi-
gation system can plan the path algorithm and accomplish the best �ight path from
the starting �ight position to the end point [5]. The path selection and planning
of combat UAVs are di�erent from those of conventional trajectory planning prob-
lems. The optimal solution for the variability of the three-dimensional space and
the complex features of the environment makes the optimal planning process of the
�ight path more di�cult [6]. The UAV �ight path planning problem can be divided
into the following steps. The simulation system of UAV �ight environment should
be established. In addition, the optimal route of �ight path should be evaluated.
In order to ensure the safety performance of �ight, a reasonable planning algorithm
must be adopted to calculate the safe and e�cient �ight path [7]. UAV �ight path
planning algorithm needs a certain evaluation to complete. And it is necessary to
predict the �ying distance and the threats that may occur in the �ight path. In
order to verify the superiority of UAV �ight path planning method, a certain path
evaluation condition and principle should be established.

The UAV mission planning is the main part of the UAV design, which is com-
posed of many modules, and can form comprehensive and detailed functions through
di�erent functions and task planning [8]. The initialization function module contains
the preset settings for related parameters of the job, the maximum �ight angle of
the UAV and the corresponding constraints. In the course of �ight, in order to avoid
radar detection and protect its �ight concealment, the �ying radar detection blind
zone should be set up in the UAV �ight guidance system [9]. Although a radar
network composed of several radars can narrow the detection blind area, it cannot
completely eliminate the blind area. UAVs usually �y close to the ground, and such
a �ight may experience ups and downs of the terrain. However, in order to satisfy
the concealment and �ight safety, it is necessary to make such a challenging �ight
strategy [10]. The navigation system studied in this paper is close to the actual
situation, and the environment threat module is established. Finally, the �ight en-
vironment of UAV in 3D space is e�ectively fused, and then the real combat �ight
characteristics of UAVs can be simulated completely.
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2.1. Methodology

The navigation control system of unmanned aerial vehicle (UAV) is the main link
to realize the scheduled �ight target. The requirements for the �ight performance of
UAVs are relatively high, so that UAVs need to exhibit speci�c performance for dif-
ferent battle�eld environments. In order to realize the intelligent navigation system
of UAV, it is necessary to analyze and discuss the navigation control system of un-
manned aerial vehicle (UAV). Figure 1 shows a control chart of an UAV navigation
and way�nding system. In order to control the UAV to �y e�ectively, the control
system and navigation system need excellent performance, and each module needs
to work cooperatively. In a real combat environment, UAVs need to overcome the in-
terference environment, thus putting forward higher requirements for the intelligent
navigation system of UAVs.

Fig. 1. Control chart of UAV navigation and way�nding system

The particle swarm optimization (PSO) algorithm for the �ight path choice of
UAVs is a computational method proposed in the 1990s. The principle of this method
is derived from the competition mechanism among microscopic particles, and the
optimal solution is selected by competition elimination. In the particle swarm op-
timization algorithm, �rstly, the population of particles should be initialized. The
feasible solution of the search space is expressed by random particles in the popula-
tion, and is endowed with a special �tness function. By random motion, the particle
has a regular change of position trajectory, representing the degree of motion �t-
ness of particles. And according to the degree of motion �tness of particles in the
trajectory, the optimal solution of particles in motion and in the whole trajectory
can be searched. Each movement updates the particle, and eventually the synthetic
optimal solution is obtained [11].

It is assumed that the range of motion of the particles in three-dimensional
space is represented by D. The total number of particles is represented by m, and
the coordinates of the particles in the three-dimensional space are represented by
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xi, i = 1, 2, 3. The optimal value of the particle motion and the optimal value of
the swarm are updated with the coordinates of pg. The trajectory of particles in
three-dimensional space is regular. According to the update speed of the particle's
own optimal solution, the updating formula for the optimal solution of particles is
established as follows:

xid(t+ 1) + xid(t) + vid(t+ 1) , (1)

vk+1
id = wvkid + crandk1(pbestkid − xkid) + crandk2(gbestkd − xkid) . (2)

In the formula, vi denotes the velocity vector, subscript d means that the di-
mension of the particle has the degree d, superscript k represents the number of
iteration, r1 and r2 stand for the stochastic constants between [0,1] ω is the adap-
tive weight factor, c1 is the self learning factors, including self learning ability, and
learning environment factor c2 regulates the social learning ability. From the above
formulae, it can be seen that the particle search results are limited by three levels of
factors. The three factors are the particle velocity, particle self learning ability, and
other learning ability of particles. The particle motion rate can balance the global
search ability of particles, and the self reinforcement ability of particles can avoid
the falling into [12] in the process of particle movement.

The design of ant colony algorithm, inspired by ants foraging in groups, belongs
to an optimization method for simulating bionics. Through the transformation of
several feasible solutions in space, a series of operator transformations and corre-
sponding transformations, �nally, the optimal solution can be obtained. Ants re-
lease information and receive information from other ants in the course of a random
path, which is the information sharing process of ant colony algorithm. The move-
ment of the ant colony will be concentrated with the colony e�ect of the ant colony,
and the ants will move constantly toward a large amount of information [13]. Ant
colony algorithm has the mechanism of e�ective information feedback. The more
the selection path, the greater the amount of information will be, and the higher the
probability of eventually obtaining the optimal solution will be. The expression of
the path selection probability of ant colony algorithm is

pkij(t) =
[τij(t)]

α[ηij ]
β∑

j∈U [τij(t)]α[ηij ]β
. (3)

In the formula, p indicates the movement rate of ants from one point to another,
τij represents the basic strength of the trajectory, ηij denotes an inducer, and U
represents the collection of all trajectories.

Ants may form a concentration gradient in the course of movement. Therefore, in
the process of ant movement, the concentration of information at random locations
will change, and the formula for calculating the concentration of information is.
There holds

τij(t+ n) = ρτij(t) + ∆τij , (4)
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and

∆τij =

m∑
k=1

∆τkij . (5)

In the above formulae, ∆τkij describes the information intensity that ants release
at the edges of trajectories and ρ indicates that the retention strength of information
may change over time.

By analyzing the characteristics of ant colony algorithm and particle swarm al-
gorithm, it can be found that particle swarm optimization method can achieve rel-
atively strong search results, but it may fall into the loop of search. Ant colony
algorithm is not easy to fall into the loop, but the early calculation speed is slow
and the latter calculation speed is faster. In this paper, combining the advantages
of the two algorithms, the global search feature of particle swarm optimization al-
gorithm was utilized to carry out the global search. Then, the ant colony algorithm
is used to calculate the optimal solution.

In order to give full play to the maximum performance of the two algorithms, the
computational advantages of the two algorithms should be complementary. The key
of calculation is the grasp of the computational time node, which refers to the critical
value of particle swarm optimization and ant colony algorithm. The con�rmation of
the time point of the two algorithms will a�ect the overall application of the fusion
algorithm. Figure 2 shows the convergence rate of the particle swarm optimization
method and the ant colony algorithm. As illustrated in Fig. 2, in the practical T
range, the convergence of particle swarm optimization method is more obvious, and
as time goes on, the rate of convergence is speeding up. Over the T range, the ant
colony algorithm is better. Therefore, from the point of view of fusion calculation,
the method of particle swarm optimization is adopted within the range of T , and
after the time is greater than T , the ant colony algorithm can be adopted.

In this paper, the �ight path planning of unmanned aerial vehicle (UAV) in
three-dimensional space is analyzed. It is considered that before the plane takes o�,
according to the existing information, the fusion method of particle swarm algorithm
and ant colony algorithm can be used to obtain the optimal path of UAV from the
starting position to the termination position. In this paper, the particles are divided
into sub layer particles and low dimensional particles according to the �ight state
of UAVs. When the particle search of the parent layer is completed, the particle is
transferred to the sub layer. Finally, the sub layer completes the search process of
the parent layer and guides the optimal solution to �nd the location.

Figure 3 shows the principle frame diagram of an inertial navigation system. As
shown in Fig. 3, the gyroscope is used to determine the acceleration of the UAV
in the inertial navigation system. After the acceleration is measured, the two are
compensated for the error control, and the result is used as the e�ective input of the
four element method. The e�ective output of the four element method is the attitude
matrix. The attitude angle is calculated by inertial navigation system, and after the
integral solution, the velocity and position information of the �nal calculation point
can be obtained.

In inertial navigation system, the result of signal measurement based on inertial
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Fig. 2. Convergence rate diagram of particle swarm optimization method and ant
colony algorithm

Fig. 3. Principle frame diagram of inertial navigation system

component is the key of attitude angle position information. In a coordinate sys-
tem of an inertial component, the signal is converted into the data of the navigation
coordinate system. There is a certain degree of data association between the naviga-
tion coordinate system and the carrier coordinate system. And a relative coordinate
system can be established by the angle of �ight deviation and the rolling angle of the
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UAVs. The four element method is used to solve the inertial navigation algorithm:

Cnb (q) =

 C11 C12 C13

C21 C22 C23

C31 C32 C33

 . (6)

The method for calculating the optimal �ight path of unmanned aerial vehicle
(UAV) was given. The working mechanism of inertial navigation system was ana-
lyzed by combining the particle swarm calculation method and ant colony algorithm,
and the algorithm of inertial navigation system's working mechanism was studied.
It is necessary to design an intelligent and digital simulation system to simulate
the above algorithms and the UAV intelligent way�nding system. And then in the
MTALAB platform, the system calculation method can be veri�ed scienti�cally, and
the structure of the system is shown in Fig. 4. UAV intelligent way�nding simula-
tion system based on inertial navigation technology is divided into: path calculation
module, emulator module, anaphase solution module and data output module.

Fig. 4. Composition structure of the system

3. Result analysis and discussion

In order to verify the excellent algorithm performance after the fusion of par-
ticle swarm algorithm and ant colony algorithm, in this study, the fusion method
and standard ant colony algorithm and standard particle computing method were
compared and analyzed. It was assumed that the �ying environment of UAVs was
a number of overlapping peaks. And the central position of a mountain peak was
di�erent. In order to facilitate the simulation, cone structure was used to replace
the mountain structure between peaks. The central coordinates between peaks were
(22, 67), (23, 19), (44, 54), (44, 26), (54, 78), (74, 26), (76, 68), (82, 44). The
starting position of the UAV was (0, 0), and the terminal position was (89, 69). The
parameters of each algorithm should be pre-set, and the particle self-learning factor
and other self-learning factors were constant 2 in the particle swarm optimization
method. The total number of particles was set to 50, the number of iterations was
5500, and the total number of searches was 6 layers. In ant colony computation, the
number of ants was 50, and the total number of iterations was 5500. The constant
parameter values of the fusion method were consistent with the standard calcula-
tion methods, and the iteration times of the two methods were 2900 and 2600 times
respectively. According to the operating parameters, the simulation curves obtained
in the MATLAB simulation platform are shown in Fig. 5.

It can be seen from the simulation results that the standard particle computing
method can't completely solve the problem of unmanned aerial vehicle (UAV) in
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Fig. 5. Simulation curves of di�erent calculation methods

case of emergency danger, and the UAV �ight path planning is relatively long, even
the route is also relatively tortuous; although the path calculated by the standard
ant colony algorithm is relatively smooth, it can also minimize the possibility of
an emergency. However, the �ight path is still relatively long; while the fusion
method allows the planning of the nearest �ight path, thus making the use time
shortest. The experimental results show that the convergence performance of the
global optimization algorithm can be obtained by the fusion method. To sum up,
the fusion computing method can obtain a better �ight path planning scheme for
UAVs.

The �ight path of unmanned aerial vehicle (UAV) can be obtained through the
UAV �ight path simulation calculation. By varying the associated analog parame-
ters, di�erent �ight trajectories can be set. And the �ight path is generated by UAV
trajectory generator, including attitude angle, acceleration and other �ight param-
eter data. The actual output of the simulated gyroscope is completed by the IMU
simulation accelerator. And then in the process of actual use, the calculation model
of the error is added to the calculation model of gyroscope. Figure 6 is the result
of acceleration related information obtained by using the IMU simulator. As can
be seen from Fig. 6, the true output of the X axis forms a straight line curve, the
output data of the Y axis and the Z axis forms a wave curve; the output data of
the X axis and the Y axis of the acceleration line forms straight lines, and the true
output of the Z axis is the curve. As can be seen from Fig. 6, the IMU simulation
element designed in this research can truly re�ect the �ight situation of UAVs, and
the data of acceleration and gyroscope is closer to the real state of operation. By
calculating the drifting characteristics, the two are of great value in actual use.
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Fig. 6. Results of acceleration related information

4. Conclusion

The �ight path of unmanned aerial vehicle (UAV) has always been the focus of
research on UAV navigation technology. In this paper, the segmented fusion method
of particle algorithm and ant colony algorithm was proposed for UAV trajectory cal-
culation. Subsequently, the simulation of related algorithms was studied. From the
theoretical and practical point of view, inertial navigation technology and intelligent
way�nding system were organically combined. Then the characteristics of particle
swarm optimization and ant colony algorithm were analyzed. The fusion method
proposed can not only complement the disadvantages of the two methods, but also
retain the advantages. In addition, in the MATLAB platform environment, the per-
formances of two independent algorithms and fusion algorithms were compared and
analyzed. Simulation results show that the fusion method combined with inertial
navigation system can perform great performance in UAV navigation design. Due
to the limitation of time, the experimental simulation research of UAV's hardware
in the loop navigation system has not been completed in this paper. Therefore, in
engineering practice, further empirical analysis and discussion are needed.
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Abstract. BP neural network has a good ability to �t nonlinear functions. But the con-

vergence speed of traditional BP algorithm is slow, so that it is di�cult to achieve the desired

results. Many scholars begin to study the initial weights and thresholds of BP neural networks, so

as to strengthen the reliability of BP algorithm by optimizing initial weights and thresholds. In

this paper, a BP neural network algorithm based on wolf pack optimization was proposed. Then

the initial weights and thresholds were obtained by the wolf optimization algorithm. Finally, a

nonlinear function was used, and the reliability of the algorithm was veri�ed. The results show

that the BP neural network based on wolf pack algorithm optimization has been greatly improved

in terms of prediction accuracy and reliability, and it takes less time to process, which not only

improves reliability, but also saves a lot of time.

Key words. Wolf pack algorithm, BP neural network, optimization.

1. Introduction

Traditional BP neural networks often su�er from slow convergence and local
minimum. One of the reasons is that the connection weights and thresholds are
arbitrarily taken between < −1, 1 > [1]. Particle swarm optimization, genetic algo-
rithm and ant colony algorithm have the function of global search and optimization
Therefore, many researchers use these algorithms to study the optimization of initial
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weights and thresholds of networks [2]. These algorithms have more or less defects,
and the optimization results of genetic algorithms are not accurate [3]. In the wolf
pack algorithm, based on individual ability di�erence, the wolves are divided into
leader wolf, detective wolf and �erce wolf. And iterative optimization is performed
by three intelligent behaviors. The choice of the leader wolf and the regeneration of
population reduce the chances that individuals will fall into local minima. The wolf
pack optimization method is a kind of intelligent algorithm which is summarized
after an analysis of a large number of hunting behaviors [4]. The algorithm has a
good advantage in optimizing the multidimensional parameter matrix of neural net-
works. At present, there is no wolf pack algorithm to optimize BP neural network
in the existing research [5]. Therefore, the wolf pack algorithm and BP neural net-
work are combined together to form an improved BP neural network model, so as to
prevent the network from falling into local extremum, and to improve the network
performance [6].

2. State of the art

BP neural network has a good ability to �t nonlinear functions, but the tradi-
tional BP algorithm is easy to diverge. Many scholars begin to study the initial
weights and thresholds of BP neural networks, hoping to strengthen the reliability
of BP algorithm by optimizing initial weights and thresholds [7]. Therefore, the
improved BP neural network algorithm came into being. A BP neural network al-
gorithm based on wolf pack optimization has been proposed, in which, the initial
weights and thresholds can be obtained by the wolf pack optimization algorithm [8].
Arti�cial neural networks based on wolf pack optimization can also be used for spec-
trum sensing, and can realize the neural network spectrum sensing with the optimal
structure of neural networks [9]. In the algorithm, on the basis of spectrum sensing
algorithm including self-organizing neural networks, the training sample generation
is described in detail. And after the training of neural network and the training
phase of neural network, the weight matrix is further optimized by using the wolf
pack optimization method [10]. Recently, a method of handwriting identi�cation of
probabilistic neural network (WAPNN) based on wolf pack optimization algorithm
has been proposed [11]. The method contains the advantages of probabilistic neural
networks (PNN) and wolf pack algorithm (WA), forming WAPNN. By using wolf
pack algorithm, the optimal smoothing parameter α of PNN can be obtained, and
the structure of probabilistic neural network can be optimized. The application
shows that the method of probabilistic neural network based on wolf pack optimiza-
tion algorithm can greatly improve the reliability of machine identi�cation and save
a lot of time, which can provide scienti�c theory support for further development
of handwriting identi�cation, and has certain application value [12]. Aiming at the
problem of the extraction accuracy of fault signal frequency components and the
accuracy of fault location, the Prony algorithm is used to extract the natural fre-
quency of the fault voltage signal as a sample, and then the wolf pack algorithm is
applied to optimize the structure of BP neural network and train it, thus to improve
the defects that are easy to generate multiple local minima, enhance the training ef-
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�ciency and convergence speed of the network, and make the distance measurement
more accurate [13]. The BP neural network based on wolf pack algorithm optimiza-
tion has been greatly improved in terms of prediction accuracy and reliability, and
it takes less time to process, which not only improves reliability, but also saves a
lot of time. ERNN is one of the most e�cient feedforward neural networks learning
algorithms. In the ERNN training process, the gradient descent technique is used,
and therefore, there are no problems such as local minima and slow convergence.
The new heuristic search algorithm, known as wolf search (WS) based on predatory
behavior of wolves, can achieve faster convergence and avoid local minimization by
training weights in ERNN [14].

3. Methodology

3.1. Wolf algorithm principle

The wolf pack optimization algorithm is an intelligent algorithm derived from
the natural behavior of the wolf race in nature, which has high accuracy and good
reliability, and can optimize other algorithms accurately. Based on the behavior of
wolf colony hunt, the bottom-up design concept was adopted. As shown in Fig. 1,
after a great deal of behavioral analysis, the speci�c process of information exchange
and responsibility allocation among wolf groups is summed up. Thus, the wolf
algorithm is de�ned, and the speci�c wolf hunting model is shown below. The
speci�c wolf hunting model is shown below [15].

Fig. 1. Wolves hunting model

A resource for wolves to hunt is an N×D space. Here, N is the number of wolves
in a wolf pack, and D is a hunted quantity. The state of an arti�cial wolf i can be
expressed as Xi = (xi1, xi2, · · · , xid), where xid is the position of the ith arti�cial
wolf in the d-dimensional (d = 1, 2, · · · , D) variable space. The concentration of
arti�cial wolf hunting can be perceived as Y = f(X), Y being the expected value.
The distance between the wolf p and wolf q is de�ned the Manhattan distance
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between their state vectors L(p, q) =
∑D

d=1 |xpd − xqd|. Other methods may be used
to de�ne distance without a�ecting actual results and research steps.

The speci�c steps of the wolf algorithm are as follows.
Step 1: Initially, the data is computed to obtain some values. The wolf positions

Xi and their number N are initialized in the wolves. The maximum allowable
number of iterations is kmax, the wolf scale factor is α, the maximum number of
trips is Tmax, the distance determination factor is ω, the step size factor is S, and
the update scaling factor is β.

Step 2: As the optimal individual in the group, the position of the leader wolf is
extremely important. It is necessary to iterate to determine the relationship between
the odor concentration Yi of detective wolf i and Ylead. Then, Step 3 can be executed.

Step 3: If the odor concentration perceived by �erce wolf Yi > Ylead, thenYlead =
Yi, and then the convening behavior can be carried out; on the contrary, if Yi < Ylead,
Step 4 cannot be executed until dis ≤ dnear.

Step 4: With the formula in Step 3 as standard, the location update and execution
of group siege are carried out.

Step 5: According to the mechanism of survival of the �ttest, the position of the
leader wolf should be constantly updated. In this way, the entire wolf pack can be
renewed to ensure overall consistency.

Step 6: It is necessary to determine whether the maximum allowable number of
iterations has been reached.

The �ow chart of the algorithm is depicted in Fig. 2.

3.2. The principle of �tting function of BP neural network

Neural network is a new method to imitate the working mode of human brain. In
recent years, many scholars have done a lot of research and simpli�cation on it. The
traditional neural network learning experience shows that one layer is good enough.
However, recent depth learning denies the claim. Just like every update value of the
gradient descent function, every time a sample is updated, the cost function becomes
smaller and smaller. Similarly, weights are �rstly given with random initial values.
Then, the calculations are carried out until the last layer (output layer). If there is
an error between the output and the actual value (which is certain in the normal
case), then the error back propagation algorithm is used to optimize the value of
each layer (the weight value).

(1) Node output model
Hidden node output model:

Oj = f(
∑

Wij ×Xi − qj) . (1)

Output model of output node:

Yk = f(
∑

Tjk ×Oj − qk) . (2)

(2) Interaction function model
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Fig. 2. Flow chart of WPA

The activation function is generally a continuously valued Sigmoid function in
(0,1):

f(x) =
1

1 + e−x
. (3)

(3) Error calculation model

Ep = 1/2
∑

(tpi −Opi)
2 , (4)

where tpi is the theoretical output value of the ith node and Opi is the actual result
of the ith node.

(4) Self-learning model
The network output error is reduced to an acceptable level (or to the preset

number of studies). The error between the output and expected output is obtained
through the output layer to adjust the weight of the hidden layer indirectly. Self-
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learning model is

∆Wij(n+ 1) = h× Φi ×Oj + a×∆Wij(n) . (5)

The optimization strategy of BP network model includes:
(1) Optimization of learning factor h
The step size can be adjusted to make the target value the best, and then the

number of operations can be reduced and the e�ciency of calculation can be im-
proved.

h = h+ a× (Ep(n) − Ep(n−1))/Ep(n) , (6)

where a is the adjustment step size, and its value is 0∼1.
(2) Optimization of node number in hidden layer
The number of hidden nodes has a great in�uence on the performance of the

algorithm, and the empirical formula can be used to determine the number of hidden
nodes. In the BP algorithm, the weights and thresholds are adjusted once every
training session. Firstly, the weights are assigned with a random initial value, and
then the calculation is run until the last layer (output layer). If the output result
is in error with the actual value, it is necessary to continue to judge; if there is no
error, the discriminant can be terminated. It is di�cult to determine the optimal
value among the neurons in the actual hidden layer, which is usually determined by
trial and error method or optimization algorithm. The number of nodes in the input
layer is 3, the number of nodes in the output layer is 1, and the number of nodes in
the hidden layer can be within 2�8. The empirical formula of the best hidden node
number L is

L = (m+ n)1/2 + c . (7)

(3) Algorithm optimization
In the BP algorithm, a gradient descent method is used. Weights are �rstly given

with random initial values. Then, the calculations are carried out until the last layer
(output layer). If there is an error between the output and the actual value (which
is certain in the normal case), then the error back propagation algorithm is used to
overcome the shortcomings.

3.3. BP neural network based on wolf pack algorithm opti-
mization

The basic idea of the BP neural network based on wolf pack algorithm optimiza-
tion is derived from the natural behavior of the wolf race in nature. The algorithm
has high precision and good reliability, and can optimize the BP neural network
algorithm accurately. Based on the behavior of wolves during hunting, a bottom-up
design concept is adopted. According to the speci�c process of information exchange
and responsibility allocation among wolf groups, an algorithm can be obtained to op-
timize the BP neural network. In other words, the state of the arti�cial wolf is used
to represent the weights and thresholds of the BP neural network. Then through
the process of information exchange and responsibility allocation among wolf groups,
the best weights and thresholds can be found as initial values. After screening the



BP NEURAL NETWORK 289

initial values in the above steps, the BP neural network can be trained to achieve the
prediction e�ect. Because its initial value is derived from the wolf pack optimization
algorithm, instead of arti�cial substitution according to experience, this method is
more accurate and rigorous compared with the traditional prediction model. After
the Wolf algorithm optimization, training was carried out. Under the same condi-
tions, the BP neural network based on wolf pack algorithm optimization has been
greatly improved in terms of prediction accuracy and reliability, and it takes less
time to process, which not only improves reliability, but also saves a lot of time.
Thus, this method is rigorous in theory and is clear in logic, and is suitable for
theoretical research and practical application in engineering. The main steps of the
algorithm are as follows:

(1) Initialization parameter, including the number of individual wolves, the max-
imum number of iterations, the wolf scale factor, the maximum number of trips, the
distance determination factor, the step factor, and the update scaling factor.

(2) Determination of odor concentration function. This method can obtain two
values at the same time, one is the expected value, and the other is the predictive
value. The size of the two is generally unequal, and the odor concentration function
is the sum of the absolute error between the expected value and the predicted value.
Formula (8) shows the concrete operations.

F =

n∑
i=1

|yi − oi| . (8)

(3) Detective wolf's wandering behavior. As the optimal individual in the group,
the position of the leader wolf is extremely important. It is necessary to iterate to
determine the relationship between the odor concentration Yi of detective wolf i and
Ylead. Then, steps can be executed.

xpid = xid + sin(2πp/h)stepd
a (9)

In the formula, stepa is the wandering length.
(4) Fierce wolf approaches prey by formula (9), if Yi > Ylead, and then Ylead = Yi,

and the �erce wolf can replace the leader wolf; if Yi < Ylead, then �erce wolf continues
to approach the prey until dis ≤ dnear. The distance between individual wolves a
and b is de�ned as Manhattan, and the distance is L(a, b) =

∑D
d=1 |xad − xbd| dnew =

1
Dgw

∑D
d=1 |maxd−mind|. The range of variable d to be optimized is [mind, maxd].

The value stepb is the step size of �erce wolf approximating leader wolf.

xk+1
id = xkid + stepd

bg(gkd − xkid)/
∣∣gkd − xkid∣∣ . (10)

(5) Using the above formula, the status of the besieged individual wolf is updated:

xk+1
id = xkid + λgstepd

bg
∣∣Gk

d − xkid
∣∣ . (11)

In the formula, λ is the random number between <-1, 1>, and stepc is the siege
step of the ith wolf.
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(6) According to the mechanism of survival of the �ttest, the position of the
leader wolf should be constantly updated. In this way, the entire wolf pack can be
renewed to ensure overall consistency.

(7) The state of the arti�cial wolf is used to represent the weights and thresholds
of the BP neural network. Then through the process of information exchange and
responsibility allocation among wolf groups, the best weights and thresholds can be
found as initial values. After screening the initial value.s in the above steps, the BP
neural network is trained to achieve the prediction e�ect.

The �ow chart of the above algorithm is depicted in Fig. 3

Fig. 3. Flow chart of algorithm

4. Result analysis and discussion

MATLAB software was used to carry out simulation experiments. MATLAB is
the very powerful data processing software, which has a huge advantage in matrix
computing, also known as the matrix laboratory. Thus, using MATLAB to solve
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such problems is a good method. MATLAB software is used to write the m �le of
these algorithms and then carry out nested calls. First of all, the state of the arti�cial
wolf is used to represent the weights and thresholds of the BP neural network. Then
through the process of information exchange and responsibility allocation among
wolf groups, the best weights and thresholds can be found as initial values. After
that, the initial weights and thresholds are optimized to enhance the reliability of the
BP algorithm. After screening the initial values in the above steps, the BP neural
network is trained to achieve the prediction e�ect.

The above algorithms were written in MATLAB2012b by using MATLAB lan-
guage. MATLAB2012b is a classic MATLAB software series, which can carry out
simulation, numerical analysis, and graphics processing at the same time. To verify
the e�ectiveness of the BP neural network model based on wolf pack algorithm op-
timization (WPABP model) in �tting function, the BP neural network (BP model)
without optimization and the BP neural network (GABP model) based on genetic
algorithm optimization were compared in terms of the accuracy of function �tting.
The following �gure shows comparison results. The �tting error comparison is de-
picted in Fig. 4.

Fig. 4. Fitting error comparison

As can be seen from the diagram above, the predicted result �uctuates from top
to bottom near the expected value, and as the number of runs increases, the error
becomes bigger and bigger. This result is in line with the actual situation. In most
cases, as the number of runs increases, the computational burden of the computer
increases greatly, and a variety of problems such as storage space become prominent,
thus a�ecting the accuracy of the results to a certain extent. The results are shown
in Table 1.
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Table 1. Results comparison

Correct rate Test probability Time

Before optimization 0.8808 0.9903 7.7524

After optimization 0.9126 0.9966 7.6509

As can be seen from the table, after the Wolf algorithm was optimized, and then
the training was carried out. Under the same conditions, the results of comparison
were: in the case of no wolf algorithm optimization, the accuracy of the prediction
was 0.8808, and the training reliability was 0.9903, and the time required from the
start of the operation to the completion of the forecast was 7.7524 s; while in the case
of wolf algorithm optimization, the accuracy of the prediction was 0.9126, and the
training reliability was 0.9966, and the time required from the start of the operation
to the completion of the forecast was 7.6509 s. According to these speci�c data, it
can be found that the BP neural network based on wolf pack algorithm optimization
has been greatly improved in terms of prediction accuracy and reliability, and it
takes less time to process, which not only improves reliability, but also saves a lot
of time.

5. Conclusion

In this paper, a BP neural network based on wolf pack algorithm optimization
was proposed. The initial weights and thresholds were obtained by the wolf pack
optimization algorithm. Finally, a nonlinear function was used to perform simulation
experiments on MATLAB software, and then the reliability of the algorithm was
veri�ed. Under the same conditions, the results of comparison were: in the case of
no wolf algorithm optimization, the accuracy of the prediction was 0.8808, and the
training reliability was 0.9903, and the time required from the start of the operation
to the completion of the forecast was 7.7524 s; while in the case of wolf algorithm
optimization, the accuracy of the prediction was 0.9126, and the training reliability
was 0.9966, and the time required from the start of the operation to the completion
of the forecast was 7.6509 s. According to these speci�c data, it can be found that
the BP neural network based on wolf pack algorithm optimization has been greatly
improved in terms of prediction accuracy and reliability, and it takes less time to
process, which not only improves reliability, but also saves a lot of time.
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Spatial data integration of 3D GIS and
visualization technology

Yiping Tian1, Peng Chen1, Junhao Yang1

Abstract. GIS technology is more and more widely used in production and life, but the

study and apply of 3D GIS are urgent because the traditional two-dimensional model is di�cult

to meet the needs of people. The application facing the geometric �eld was combined with the

discrete �tting idea, the spatial database was converted through AutoCAD graphical data, the

automatic modeling was achieved by the hierarchical representation strategy and discrete algorithm,

�nally, the OpenGL was used to exaggerate the visualization of 3D models. In order to verify the

feasibility and reliability of the technology, the drilling data information of geological exploration

and production exploration in a mine was selected for analog simulation, therefore, the 3D model

that can slit, browse and roam, and can be applied in speci�c engineering practice was successfully

constructed.

Key words. 3D GIS, spatial data, visualization, geology.

1. Introduction

In the information age, the demand for information is increasing, and the require-
ments for its accuracy and real-time are higher. In this social situation, geographic
information system (referred to as GIS) comes into being, and it is applied to pro-
duction and life [1]. GIS can carry on the storage and processing of the spatial
location information of the research object, which makes the GIS more widely used
and have more functions. With the extension of the application of GIS technology,
it has developed into a new science which integrates information science, surveying
and mapping remote sensing, environmental science, computer science, management
science and so on [2]. Western developed countries have already started the research
and application of GIS technology. According to statistics, they have doubled their
investment in the GIS system every two or three years [3]. However, the research in
GIS in China started late. Although it has developed rapidly and achieved some re-
sults, the related technologies are not still mature enough to be popularized widely
[4]. The results of existing GIS research are more focused on the description of

1School of Computer, China University of Geosciences, Wuhan City, Hubei Province, 430074,
China

http://journal.it.cas.cz



296 YIPING TIAN, PENG CHEN, JUNHAO YANG

two-dimensional spatial information, so it is di�cult to give people the most orig-
inal feelings of nature [5]. In this case, three-dimensional GIS technology needs to
be used to truly show the three-dimensional spatial information for building the
information system which integrates the collection, analysis, management and re-
production of information data. The research aims at the analysis of 3D GIS spatial
data integration and visualization technology for geological applications, which has
certain research value for the development of 3D GIS technology in our country.

2. State of the art

The earliest research of GIS originated in the 80s of last century, and more
and more scholars began to study the three-dimensional GIS with the deepening of
research and the promotion of application of GIS [6]. In the initial study, the three-
dimensional GIS system is used mainly in the special applications of geology and
mining and other similar areas, and the spatial analysis is realized by constructing a
gridded data model, in this case, the functions of GIS are relatively single [7]. Thus,
the initial three-dimensional GIS system can only perform simple spatial analysis,
the three-dimensional GIS system has considerable technological progress in spatial
analysis ability with the in-depth study of people, but it is still not put into practi-
cal engineering applications [8]. With the development of computer technology, the
three-dimensional query and display functions of 3D GIS system are unable to meet
the needs of people, many analog systems begin to combine traditional GIS technol-
ogy with 3D visualization technology, so as to realize the access and visualization
of mass data on the basis of database [9]. In recent years, with the development of
network technology, GIS research has begun to develop towards the Internet net-
work, formed a Web-GIS on the basis of the Internet, and published spatial data on
Web, so as to provide users with relevant analysis, query and browse functions of
spatial data [10]. At present, many commercial GIS systems are added with 3D GIS
modules, and terrain analysis and real-time three-dimensional �ight browsing are
implemented by using three-dimensional terrain data related to data sets of remote
sensing image [11]. However, the focus of these 3D GIS systems is the analysis of
topography with two-dimensional surface, and the two-dimensional data which is
displayed in the three-dimensional environment cannot really be called the three-
dimensional GIS system. [12]. However, it is necessary to carry out research on
modern 3D GIS technology based on visualization technology as the demand for 3D
GIS system is getting higher and higher. The combination of GIS and visualization
technology can greatly enhance the realism and the operability of GIS graphics

2.1. Methodology

2.2. Construction of three-dimensional hierarchical model

In order to construct a 3D entity that can be applied to the geological �eld, it
is necessary to combine the idea of discrete �tting; the automatic construction of
the model is realized by using the hierarchical representation strategy and discrete
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algorithm of the 3D GIS model. The amount of data that 3D GIS needs to process
is enormous, the real-time spatial analysis and operation are required, which make
the visualization of 3D GIS model more di�cult. Based on the existing research, the
idea of combining discrete approximation was put forward in this study, the auto-
matic construction of the model was realized by using the hierarchical representation
strategy and discrete algorithm of the GIS model, and the OpenGL technology was
used to exaggerate the visualization of the 3D model. The speci�c principle is shown
as shown in Fig. 1.

Fig. 1. Construction principle of 3D model

After the data of the original geological borehole was given, ARX and ADO
technology was used to conversion of storage format in CAD graphics and GIS spatial
database, the information region in the position of transverse section was predicted
by an adaptive neural network, and the boundaries of ore and rock according to
the grade threshold of the boundary were determined. The 3D surface model could
be generated after constructing the topological relation between the control points
in the data hierarchy, �nally, the OpenGL technology was used to exaggerate the
visualization of the model. This method can e�ectively reduce the in�uence of human
factors on model construction, so the model constructed can re�ect the original
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spatial structure characteristics of geological bodies more truly; the whole modeling
process can achieve higher automation and avoid excessive interaction, which greatly
improves the e�ciency of modeling.

2.3. Conversion between CAD graphics data and GIS spa-
tial database

According to the habit of existing engineering practice, almost all of the data is
stored in the CAD graphics format either in the process of geological exploration or
in the production design. Building 3D model of geological body requires the storage
in the form of spatial database Therefore, in order to facilitate the operation and
improve the applicability, the realization of the conversion between CAD graphics
data and GIS spatial database was put forward based on ARX, MFC and spatial
database technology. Not only can the transformation of speci�c CAD primitives
be made, but also batch conversions can be made, so as to provide a perfect spatial
database support for the construction of 3D model. AutoCAD is a computer aided
software developed by American companies, and provides three embedded program-
ming languages: ARX, ADS, and AutoLISP. The call relationship between them
and AutoCAD is shown in Fig. 2.

Fig. 2. Call relationships for ARX, ADS, AutoLISP, and AutoCAD

The graphical data �le in CAD was de�ned as an object of AcDbDatabase class
and organized in a hierarchical structure, as shown in Fig. 3. Each hierarchy object
has two relations synchronously: including and being contained; the root of its
collection is the object of graphic database.

The technology combined with ARX, MFC and database was used to realize the
conversion of graphic database to spatial database, so that a 3D model was success-
fully constructed. The �rst step is that ARX extracts the attribute information of
the basic entities in the CAD graphics �le, and then the attribute information of the
graph area is written into the spatial database by using the object-oriented database
programming interface (ADO), so that the data can be converted smoothly. In addi-
tion, the attribute data can be obtained from the spatial database, and then drawn
and displayed by ARX technology, so the reverse conversion of the spatial database
can be realized.



SPATIAL DATA INTEGRATION 299

Fig. 3. The graphical data structure of AutoCAD

2.4. Three-dimensional hierarchical model and visualization

The construction of a hierarchical indexing mechanism is to facilitate the local-
ization of spatial objects, so as to achieve various retrieval operations. Di�erent
entities are made up of di�erent layers or sections, the layers contained in each en-
tity can be maintained with the corresponding ID current table, and the spatial
semantics is used to illustrate the binding attribute of the entity. In the same entity,
di�erent layers may also be composed of one or more closed polygons. The vectors
of the control points are connected together by turns and form polygons, the lin-
ear table of the control point is stored in the three-dimensional data point of the
underlying operation, and each control point is treated as an object with 3D data
attribute. Based on hierarchical indexing mechanism, localization of spatial target
and retrieval operations can be implemented more succinctly, and the operation is
more convenient for computer programming. The hierarchical indexing mechanism
is shown in Fig. 4

In order to construct a 3D model successfully, the key point is to establish the
topological relation between the control points correctly, which determines the ad-
jacency relation between the discretized surface triangles. When the topological
relation is properly established correctly, the distortion of surface of the model can
be reduced to a great extent, and the geometric features of the surface of the 3D
model can be re�ected more really. In traditional methods, the method which is
made in advance is often adopted; the data structure of this method is relatively
complex and has more work, so it is di�cult to make dynamic changes after the cre-
ation of a three-dimensional model. Therefore, the neural network model was used
for reference and a discrete network model was proposed to dynamically construct
the control point of the topology network. The geometric and attribute information
of the surface of the model are a�ected by the discrete topological relation of the
triangle plane, however, the surface model cannot really re�ect the spatial structure
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Fig. 4. Hierarchical indexing mechanism

relationship of the model, so it is necessary to exaggerate its visualization, speci�c
steps are included: settings for model scene variables, settings for color and environ-
ment variables, and material properties; calculation of light conditions, and the use
of chained library OpenGL of open graphics to realize visual operation.

2.5. Dynamic interaction and algorithm of 3D hierarchical
model

In the process of speci�c application of GIS, engineering designers should carry
out the dynamic interaction in real time. The model system not only can change
from many angles, arbitrarily cut and observe its internal structure at random, but
also realize the display of features of spatial structure from all directions.

In computer graphics, the introduction of homogeneous coordinate representa-
tion can be more convenient for the description of various algorithms of graphic
transformation. After the use of homogeneous coordinates, two-dimensional, three-
dimensional, or even three-dimensional high dimensional space graphics can suc-
cessfully achieve the easy and e�cient transformation from one coordinate system
to another coordinate system; in addition, the homogeneous coordinate system can
be used to represent in�nite points, and even make them transformed into �nite
distant points by using perspective changes.

In the production design in the geological �eld, the model should be able to cut
so that the internal structure of the model can be observed and thus the engineering
drawings can be generated, which is of great signi�cance to the whole �eld of geology.
The new cutting algorithm which combined the characteristics of 3D GIS hierarchical
data model was proposed, based on the principle of optimized search, the triangles
with small plane intersected with the cut section were searched according to the
data structure of hierarchical model. The schematic diagram of cutting is shown in
Fig. 5

In Fig. 5, the vertical plane perpendicular to the surface of the paper is a straight
line AB, the entry edge and the exit edge are de�ned as l1, l2, respectively, the former
is formed by intersecting the section and the triangular sides of surface of entity, one
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Fig. 5. Sketch map of model cutting algorithm

of the other two sides of a triangle is l2. Symbol Q denotes a triangle with a single
edge, and the exit edge is changed into the exit edge according to the topological
relation between discrete triangle planes, the �rst step of the cut algorithm is to set
the state variable, followed by the search the �rst edge intersecting the tangent plane.
On the basis of the two endpoints on the entry edge, the small triangles intersecting
the cut plane were searched, of which the edge that intersected the cut plane was the
exit edge, and intersection point was preserved after calculation. Three-dimensional
dissection can provide a virtual platform for engineering designers to observe the
geological structure from a wide range, so that they can propose a more reasonable
engineering design.

3. Result analysis and discussion

The related data was simulated based on the related techniques of 3D GIS spa-
tial data sets and visualization, the data used in this paper was the spatial data and
related attribute data of primary geological exploration and production exploration
drilling of a mine in China. The mine has been running for 8 years since 2008.
Therefore, the geological data obtained during the production process is relatively
perfect, there are also data provided by geological exploration boreholes in the areas
without construction. These �gures contain the spatial coordinates and grade at-
tribute information of the corresponding sampling section. The platform used in the
experiment was Windows2003, Server, OpenGL1.3 and MapInfo, and its hardware
was con�gured as 512DDR memory, 2.4GHz CPU, 128M NVIDIA graphics card.

First of all, the graphic data in CAD was transformed into the storage format of
extended SQL Server2003 by using the transition mechanism between CAD graphics
data and GIS spatial database. Secondly, the adaptive neural network prediction
was used to automatically generate the boundaries of ore and rock in each section so
as to form a three-dimensional pro�le of geology. Figure 6 shows the two-dimensional
section of the 3D cut and its sectional correspondence. After the conversion of data,
the two-dimensional data was converted into a spatial database that can be used.
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In the formed section, each section is composed of one or more closed polygons
which do not intersect each other, and di�erent colors represent di�erent geological
bodies. As long as the data is complete, the topological relation between the inner
control points of adjacent cross sections can be successfully established. The topo-
logical relation was constructed by the discrete network model, and the topological
relation of the control points in other adjacent sections was established according
to analogy, and then the wireframe model of geological body was constructed. Fi-
nally, OpenGL was used for visual rendering, and the wireframe model composed of
topological relation was transformed into surface model. After loading all kinds of
attribute data, the normal vector of triangle plane was calculated respectively; and
under the condition of illumination, di�erent material was represented by di�erent
colors, and a 3D solid model of geological body was generated.

The tools provided in the system can scale, rotate, and translate and so on, so that
the model can be cut arbitrarily. After the additional clipping planes were set, the
rest of the work was done automatically by the system. Figure 7 shows the typical
cut of a model, it is very clear to observe the construction of concrete structure
through the three-dimensional dissection results. Two dimensional mapping of the
model's cutting results was carried out to obtain the geological section of the two-
dimensional coordinate plane. In addition, the system can meet the needs of di�erent
statistical analysis and production.

After the 3D visualization model of the mine was built, the 3D visualization
and roaming of the corresponding area were carried out. Figure 8 shows a three-
dimensional view of the mine �oor.

From the point of comprehensive analysis, the system can not only realize geo-
logical, equipment, plant, terrain and other 3D models building based on GIS spatial
data set and visualization technology, but also realize the panorama and browsing
of the whole picture from the ground surface to the ground �oor. Three-dimensional
visual editing platform with relatively perfect function can be used to realize data
editing, coating management, automatic modeling, import and export and other
functions, and implement and the import and export of 3DMax; in addition, the
association between 3D virtual scene and integrated automatic data, the inquiry,
modi�cation and input of data of relevant equipment, as well as the real-time mon-
itoring in the process of operation can be realized.

4. Conclusion

Based on the three-dimensional spatial data model of GIS, the presentation of
geological structure from all aspects can be realized, and many limitations and
shortcomings of the traditional two-dimensional GIS plane can be e�ectively solved.
Based on ARX, MFC and spatial database technology, the conversion of CAD graph-
ics data and GIS spatial database was realized, and the visual rendering operations
of the model were carried out by OpenGL. This method can realize the conversion
of AutoCAD graphics data better, overcome the in�uence of human factors in the
process of model building, and automatically generate any section map. The actual
data of a mine in China was exploited in the analog simulation. It can be seen
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that a 3D model for geological application can be successfully constructed after the
conversion of CAD graphics data to the spatial database. The tools provided in the
system can realize the scaling, rotation, and translation of graphics, and the model
can be cut arbitrarily, and the section of corresponding model can be obtained. In
addition, roaming and browsing can also be carried out to facilitate the daily man-
agement of mines. However, the experimental system needs to be further improved,
and a whole set of platform for 3D GIS modeling, analysis and visualization can be
formed.
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Design of detection robot of fault oil
well1

Hangxin Wei2, 3, Wei Wu2, Wenkui Xi2

Abstract. The exploration instrument is very important for the breakdown maintenance of

the production of oil wells, and it can help to understand the internal conditions of the oil wells.

However, the traditional detection robot can not adapt to the complicated channel environment

and realize the function of detection in the well. The combination of traditional pipeline robot was

used for the design of a new detection robot of fault oil well, and virtual simulation technology was

used to design the structure of key parts, and the robot hydraulic system and the state of force in

di�erent states were calculated respectively. Finally, through the test, the force test of the pipeline

robot's performance was carried out. It is proved that the robot can satisfy the demand of the

movement and the force, which provides some reference for the design of detection robots of fault

oil well in our country.

Key words. Pipeline detection, robot, kinematics, oil well.

1. Introduction

Oil well is an important production device for oil and gas exploitation, and the
radial size is small and the depth degree is into the ground. According to their
di�erent types, the oil wells can be divided into oil wells, gas wells and injection
wells [1]. With the continuous development of China's economy, a large number
of oil-related resources have been mined. According to statistics, by the end of
2006, China has developed more than 100 thousand oil wells in service. According
to di�erent operations, the production unit of oil and gas can be divided into the
production operation well and the fault operation well [2]. Among them, the fault
operation wells refer to the oil wells which are in fault, and these oil wells need
troubleshooting. In our country, about 1/3 of the oil wells have faults every year,
and they need to be repaired so that they can continue to ensure that the well can

1This work reported in this National natural science foundation of China, Study on multidis-
ciplinary collaborative design modeling and deep knowledge acquisition for high parameter rotor
system with coupled �ow force and small clearance force, No. 51405385.

2School of Mechanical Engineering, Xi'an Shiyou University, Xi'an, Shanxi, 710065, China
3Corresponding author
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carry out the normal production operation smoothly [3].
The oil wells still rely mainly on water �ooding in China: it raises the pressure

by injecting water into the ground, thus eventually getting the resources we want.
However, due to the complex underground environment and di�cult judgment on
the geological condition, it is easy to cause serious faults, which makes workover
operations more important [4]. Now, when downhole operations are performed, it
is often possible to use the cables to put the detected instruments and operating
equipment into the well, but under self-weight, this can only be done with simple
ascending and descending operations [5]. The downhole production or maintenance
operation of the oil well can be carried out in a timely and accurate manner through
the downhole video detection system, and it also can distinguish and detect the
inside of the well [6]. In order to further expand the ability of downhole detection
instruments, improve the accuracy and e�ect of downhole detections, and accurately
determine the type and situation of downhole faults, the design of the fault oil well
robot is carried out to realize the intelligent detection of the downhole fault.

2. State of the art

Cable power is still the main power source of the existing downhole detection
equipment, which uses its own motor or �uid as the power and relies on the inertial
navigation robot to realize the active walking in the well, and the robot sends the
relevant instruments to the correct position [7]. The downhole robot has been used
as a downhole tractor or downhole retractor, and according to their di�erent driving
modes, they can be divided into wheeled downhole tractor, telescopic downhole
tractor, high-pressure jet recoil downhole tractor, and propeller downhole tractor [8].
In 2000, Smart Tract developed a retractable cable tractor that was the most new
type of tractor at that time and it could be operated in double ways [9]. This kind
of tractor is not only larger in size than moving through the urine, but also requires
less power, and the ground equipment is very compact, which is easy to operate
speci�c engineering applications. Sondex Company has also developed a wheeled
cable tractor that is much di�erent from the conventional tractor, which uses a non-
hydraulic pump. The maximum outer diameter is 54mm and the maximum pulling
force is 2.68 kN, and the bidirectional drive can be realized, and this tractor has
been perforated in Southeast Asia to recover remaining oil deposits [10]. "Bore-
shuttle" and "Baker-Hughes" downhole robots of Shell Oil Company can completely
be operated autonomously, which can realize the tube walking of robots by using the
built-in power source [11]. Based on pipeline robot, fault detection technology and
application in oil well can be further improved, and new fault detection technology
of robot in fault well is developed [12].
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3. Methodology

3.1. Conceptual design of robot

The research robot can realize the free intelligent walking in the complex envi-
ronment of the oil well, and it is possible to detect the conditions in the well. Based
on the design idea of the existing oil well exploration robot (as shown in Fig. 1),
this detection robot mainly consists of hydraulic components, electrical components,
components that support upper and lower and detection components. The hydraulic
components are connected together to the components that support walking, and
they form a closed-type system together, which is the control unit and drive unit of
the whole components that support walking. The pressure compensated fuel tank is
designed because of adopting the variable amplitude supercharging mode, and with
the increase of the depth of the robot and the increase of the well �uid pressure,
the tank pressure in the robot will also rise, and the working pressure of the whole
hydraulic system is a variable pressure working state. The electrical components
of the robot are in the rear position, and are mainly composed of communication
components, electrical control components, and drive motors, which can realize the
signal transmission, power transmission and power control of the robot with the
ground during the downhole operation.

Fig. 1. Common pipe robots

The detection module is located at the front end of the detecting robot. In this
selection of conventional ultrasonic imaging and other detection instruments, more
advanced downhole video detectors can be installed as required. The components
that support walking and the detecting components are connected together, which
is an important execution part of the mobile carrier of the robot, and it adopts the
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hydraulic driving mode. The driving principle of this kind of drive is the slip piston
type, and when the robot moves through the well, the upper and lower supporting
components will move, loosen, extend and shrink alternately. The walking compo-
nent with upper and lower support adopts a universal hinge joint, thus, the robot
can achieve the horizontal or directional wells of di�erent directions in the well.

3.2. Hydraulic system design of fault detection robot in oil
well

The hydraulic system of the robot is designed with a closed hydraulic system, and
the pressure compensating tank is operated with variable amplitude supercharging.
With the increasing depth h of the robot in the well, the �uid pressure P1 of the well
will also increase gradually, and correspondingly, the pressure in the tank is gradually
increasing. The pressure in the tank is greater than or equal to the hydraulic pressure
of the well, and the hydraulic pump pressure is ∆P . From this it can be seen that the
working pressure of the pump is equal to the sum of P1 and ∆P . In the process of
operation, when the oil �ow in the hydraulic circuit, there will be a certain pressure
loss, and coupled with the pressure damage of the pipeline and each valve, the total
pressure loss of the whole oil circuit is Ps = 1MPa.

The structural representation of the support cylinder is shown in Fig. 2. It is
assumed that inner diameter and the cross sectional area of the support cylinder
are, respectively, S1 , D1, the outer diameter and cross sectional area of the piston
rod are S2 , D2, and the left cross section of the piston is ∆S = S1 − S2.

Fig. 2. Chart of the support hydraulic cylinder

As the piston advances to the right, the force acting on the left and right end of
the piston is shown in the formulas

F = P∆S = (P1 + ∆P − Ps) ∆S (1)

and
F = PS1 = P1S1 . (2)

Then the force acting on the piston rod by the well �uid can be calculated as

F = P1S2 . (3)
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The force analysis and calculation formula of the whole piston is

F = (P∆S1 − PS1) ηm + P1S2 ≈ (∆P − Ps) ∆S . (4)

The minimum force required to support the cylinder piston and the minimum
card e�ort required for the support foot are both greater than the maximum load
that the piston receives. The main dimensions of the walking cylinder are shown
in Fig. 3. It is assumed that the inner diameter and the cross sectional area of the
walking cylinder are respectively D3 , S3, and the outer diameter and cross sectional
area of the piston rod are D4 , S4. Thus, the left cross section of the race can be
obtained in the form ∆S′ = S3 − S4.

Fig. 3. Chart of move of hydraulic cylinder

As the piston advances to the right, the force of the piston's left and right ends
is shown in formula (5) and formula (6), separately:

F = PS3 = (P1 + ∆P − Ps)S3 , (5)

F = P∆S′ = P1∆S′ . (6)

Then the force acting on the piston rod by the well �uid is

F = P1S1 . (7)

The force analysis and calculation formula of the whole piston is

F1 = (PS3 − P∆S′) ηmF ≈ (∆P − Ps)S3 . (8)

In summary, combined with the design parameters, the �ows, pressures and power
values of the hydraulic cylinder at di�erent stages are shown in Table 1.

3.3. Structural design of fault detection robot for oil wells

The operating conditions in the pipeline are relatively complex, which requires
that the detection robot must be �exible, so the shell of the robot is composed of
2 cylinders. The robot uses a wheeled carrier, with 3 sets of support wheels that
are uniformly distributed in the circumferential direction of the pipe, and the wheel
telescopic mechanism is used to ensure that the support wheel can be extended and
changed within the range of 300mm∼400mm in the pipe diameter, and the tight
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joint of the support wheel and the pipe wall can be realized by using the torsion
spring. Among them, the �rst section of the cylinder is instrument cabin, and the
second section is the battery cabin. The instrument cabinet contains modules such as
signal acquisition, data storage, electrode drive, etc., and the battery compartment
contains batteries for the entire instrument. With the joint of the universal joint,
the second section of the cylinder is more �exible, so that the robot can walk better.
The casing of the robot is nested and linked together, including a clamping cylinder
and a walking cylinder, and all the valves are embedded in the shell of the robot,
and the hydraulic circuit of the robot is also completed inside the shell.

Table 1. Pressure, �ow and power value of hydraulic cylinder in di�erent stages

Working condition Load Oil return
chamber pres-
sure

Inlet chamber
pressure

Support cylinder
Fast forward −P1S2 P1 P1

Feeding F − P1P2 P1 P1 + ∆P − Ps

Rewind P1S2 P1 P1

Walking cylinder
Fast forward P1S3 P1 P1

Rewind F − P1S3 P1 P1 + 103F

The clamping cylinder and the end cover of the running cylinder are connected
to the cylinder by welding, and end caps on the rod side of the hydraulic cylinder are
connected with the cylinder when the outer thread is used, but the rear end cap still
uses a welded joint. Through this connection, it is possible to reduce the exposure
of various parts of the cylinder as far as possible, so as to ensure the smaller size
and smooth appearance, and it can improve the robot's bearable impact load to a
certain extent and adapt to more adverse external environments. In the design of
the piston structure, the slip ring combination of piston - car foot type is selected,
and the direct guide sleeve of end cap type is used at the outer end of the piston
rod. The virtual design of the pipe robot is shown in Fig. 4

3.4. Kinematics analysis of fault detection robot for oil
wells

Because the environment in the oil well is complex, the requirement on the per-
formance of the fault detection robot is higher. The main factors that in�uence the
performance include the robot's supporting foot, clamping force, traction force and
piston thrust, which a�ect the stability and �exibility of the robot walking in the
mine. Among them, the traction force determines the robot's walking ability, and
the size of the supporting foot of the robot is a�ected by the thrust of the piston, and
there is a certain mathematical relationship between the two. Figure 5 illustrates the
force diagram of the supporting foot, and then uses a simple mathematical model to
represent the mathematical relationship between the three parameters. From their
mathematical relationship, it can be seen that the traction force of the robot is pro-
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Fig. 4. Virtual modeling of pipeline robot

portional to the supporting force of the foot, that is, the increase in the clamping
force of the foot will increase the traction of the robot accordingly.

Fig. 5. Force diagram of robot's feet

When the diameter of the borehole is in the range of 90 to 130mm, the stability of
the robot walking will also decrease as the bore diameter becomes smaller, similarly,
as the cable drag increases, the stability of the robot will also decrease. The fault
detection robot of oil well can keep relatively stable running state when walking in
vertical shaft, and the single walking distance can reach 160mm, and the average
walking speed is 7.1mm/s. Under the pulling force of the cable, the robot will be
locked between the support foot and the shaft lining, however, the self-locking will
decrease with the decrease of the bore diameter, which will lead to lower stability.
Taking the walking of the fault detection robot in the well with an inner diameter of
90mm as an example, when the pulling force of the cable reaches 5 kN, the support
foot of each walk will slide 10mm to ensure the stability of the robot while walking
in the well.

The upper and lower support legs of the robot are clamped to the shaft wall to
ensure its stability, but as the robot moves, this clamping force will change slightly.
Because of the impact of the weight of the robot, the force of the lower support foot
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varies greatly, and contact forces between the support foot and the shaft wall will
also change a little, so this change is directly re�ected in the speci�c stress changes.
When the support leg of the robot is clamped in the shaft wall, the cylinder piston
force under its support is 3 kN, and its range of change is 2.7�3.3 kN, which is due to
the �uctuation of the piston force caused by the change of the foot clamping force.

4. Results analysis and discussion

4.1. Environment condition

The modular design of the detection robot for the fault oil well is shown in Fig. 6.
The robot uses a three-axle di�erential type, and its main parameters are: the mass
of the robot is 26 kg, the normal running speed is 80mm/s, the axial length is 0.55m,
the pipe diameter is 0.31m, the input power is 120W, and the output tractive force
is 0.24 kN.

Fig. 6. Pipeline robot prototype

A test tube of the robot is made of a steel tube and an organic glass tube which
is connected by �anges, and the inner diameter and outer diameter of the pipeline
are 0.31m and 0.325m respectively. The material of the bent pipe in the pipe is
a steel tube, while the straight pipe is made of plexiglass tube, and the radius of
curvature is 0.93m.

4.2. Robot test

Speed sensor was installed at the driving wheel and driven wheel, and through the
measured results, the running speed was compared and analyzed, so as to determine
whether the robot is locked, turned or skidded during the operation. The robot
was set to move into the bent pipe according to di�erent attitude angles. The
walking test shows that the robot can smoothly pass through the elbow. Further
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comparison and analysis of the relative data show that the driven wheel has better
following e�ect, and slipping and motion interference do not occur in the driving
wheel. During the operation of the elbow, the robot walks at a uniform speed, and
its smooth walking shows that the three-axis di�erential actuator plays a good role
in di�erential regulation.

The di�erential e�ect of the robot attitude angle of 0◦ and 30◦ in the operation
of the elbow was analyzed respectively. When the attitude angle was in 0◦, the
curve of the angular speed of the driving wheel was obtained, as shown in Fig. 7.
Furthermore, the average angular velocity of the drive wheel and the result of the
theoretical calculation were compared and analyzed during the operation of the bent
pipe, and at the same time, the error analysis was carried out. By comparing and
analyzing the results, it can be seen that the analysis results of the two are equal and
the error is quite small, which further shows that the robot has very good di�erential
speed e�ects.

Fig. 7. Angular velocity curve of driving wheel

4.3. Traction test of robot

In order to ensure the stability of the load during the test and the real-time
adjustment function, a robot's end pipe friction tester was used to provide the load.
The traction test of the robot was carried out in the plexiglass tube section. The
preload of the robot was set at 0.35 kN, and its initial speed was 0.08m/s. When
the load was loaded to 0.24 kN, the robot could still run normally, and the robot did
not slip during the operation.

The maximum traction test of robot under di�erent preload was carried out, and
the friction tester was locked, so that the robot's drag force could be run by sensors.
When the driving wheel of the robot was slipping, the maximum tractive force of
the corresponding robot could be measured under the action of the pull force. In
the process of testing, the pretension was gradually increased, and the tractive force
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of the robot was gradually increased, but ultimately it was limited by the power
rating of the drive motor, and when the preload increased to 0.5 kN, there was a
stall phenomenon in the motor. The friction factor between the drive wheel and the
tube wall was 0.8, and the included angles of the pretightening mechanism α and
β were 44◦ and 42◦, respectively. By comparing the theoretical and experimental
values of the traction force under di�erent pretensions, the maximum error was only
6.3%. This shows that the experimental results are in good agreement with the
theoretical results.

From the test results, it can be seen that the robot preload is the same as the
result in the robot traction test with di�erent attitude angles, and the maximum
tractive force measured at the end is in good agreement with the theoretical result.
It also shows that there is no signi�cant relationship between the traction force and
the attitude angle of the robot.

5. Conclusion

The fault oil well can be detected through the use of pipeline robot, which can
walk autonomously in the well by carrying sensors or other operating devices, thus
transmitting information from the well to the ground. Considering the size of the
drive wheel and the attitude model of the robot running in the elbow, the short-
comings of the previous model were made up by the model that can be used as a
general model for solving the position and orientation problem of the bent pipe of
a robot, and the theoretical speed ratio relationship of the drive wheel was veri�ed
when the pipe was running. The bend test of the detection robot of fault oil well was
carried out further, and results of each parameter measured by the test were com-
pared with the results of the simulation analysis, so as to verify the performance of
the robot. Through the test results, it can be seen that the robot can run smoothly
in the bent pipe and meet the functional requirements, which coincides with the
simulation results. Compared with the traditional detection robot, the robot has
better stability and lower cost, so it has certain popularization values. But research
on robot intelligence is relatively small, so it can strengthen the intelligence research
of robot, thus further improving its performance.
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Design and implementation of
computer simulation laboratory

construction system

Liu Na
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Abstract. The design and development of computer simulation laboratory construction

system provide certain technical supports for the improvement of relevant theories in all sectors

of our country. By reading and summarizing the related data, the related concepts of computer

virtual laboratory construction system were summarized, and the simulation of the meteorological

laboratory construction system was also taken as an example. Compared with the actual setting

value, the error was relatively small. The results show that the computer simulation laboratory

construction system is more suitable for today's industry development. The purpose of this research

is to provide theoretical basis and technical support for the development of related industries in

China.

Key words. Computer, simulation, laboratory construction system.

1. Introduction

With the development of the times, the world economic level has been greatly
improved. In this trend, various industries have also been greatly improved. Various
new theories and techniques have been gradually applied to the development of the
industry. However, how to determine whether a theory or technology is necessary for
the development of the times and the progress of enterprises is necessary, and how
to judge a theory is more accurate and more reliable is of great importance. Under
this problem, the importance of the laboratory is beginning to be highlighted. The
laboratory is extremely important for the development of the industry, it can further
improve the relevant theories through the experimental design of some problems
raised by the industry, so that the relatively imperfect parts of these theories are
improved, and the relevant theories and techniques can provide greater impetuses to
the development of the industry. Therefore, as an important link of theoretical and
technical veri�cations, the development of laboratory is of great importance to the
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401120, China
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development of an industry or an area. Especially in today's era of theoretical and
technological innovations, it is necessary to make real-time evaluation and analysis
on all relevant theories, so that more advanced theories can be created and perfected
continuously, thus providing a scienti�c basis for the promotion of the overall level of
the industry as a whole. However, in the construction of laboratory, there are great
risks and high costs. For example, in the laboratory construction, if the relevant
laboratory construction link in a timely manner cannot be controlled, risks may
arise in the construction of certain links during the process, which has some negative
e�ects on the subsequent experimental operations and theoretical veri�cations.

2. State of the art

In the current era, with the development of various industries in the world, the
demand for more new theoretical knowledge has become one of the main concerns of
various industries [1]. In many industries, many theories in these industries are pre-
sented in the form of hypotheses. Therefore, in the development of these industries,
it is necessary to guarantee the relevant theoretical knowledge can be combined with
the actual development of the industry in the process of development, so as to achieve
the organic combination of industrial practices and theories and provide more pos-
itive impacts for the development of the industry [2]. Therefore, the construction
of laboratories has become a top priority in the development of various industries,
and many industries have constantly updated their related laboratory equipment,
so that the �nal evaluation results of the experiment have higher credibility, and the
data is more authentic and reliable, so as to provide a certain technical support for
the progress of the industry ultimately [3]. In the traditional laboratory construc-
tion, the whole experiment is done through manual operations, and there are many
risks, for example, there are a large number of toxic and harmful gases, so that the
body of the relevant personnel will su�er a certain degree of damages. And in the
construction, if the relevant links cannot be timely controlled to assess its various
links on the basis of the completion of the comprehensive evaluation of the entire
laboratory construction, it will have a negative e�ect on the construction process of
the laboratory, and then it will also a�ect the whole operation process of the labora-
tory [4]. The appearance of computer simulation system provides technical supports
for the development of the laboratory construction, and many research scholars be-
gin to study and analyze this link, which provides more theoretical supports for the
improvement of the laboratory construction process.

3. Methodology

With the development of the times, the overall economic level of the world has
been greatly improved. In this trend, countries around the world have begun to pay
more attentions to the development of their various industries, and more advanced
theories and techniques have been introduced into the development of various in-
dustries. And with the rapid development of the industry, many more correct and
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reliable theories are applied gradually, while there are many inaccurate assumptions
which cause some limitations for the development of the industry [5]. Therefore,
the relevant theories and technologies need to be veri�ed in a timely manner, so as
to ensure that more accurate information can be applied to the development of the
industry, which is extremely important to enhance the overall strength of the indus-
try. Since China's reform and opening up, the contact with the developed countries
has gradually increased, and the comprehensive strength of various industries in
China has been greatly improved. In this situation, China has also begun to intro-
duce related theories and technologies from many developed countries [6]. However,
whether the relevant theories and technologies that are introduced can be combined
with the actual situation and demand of our country is one of the important is-
sues that should be considered when introducing relevant theories and technologies.
Many advanced theories and techniques have been veri�ed to some extent in the later
stage, so the development of our country's industry level, China's economic level,
the overall strength of the country and the international status have been greatly
improved [7]. However, because of the blind use in the process of introduction, there
are some theories that cannot be better combined with the actual situation of our
country and the actual demand of the industry development, they have a certain
negative impact on the development of China's industry, and the related costs in
the development of some industries in China increase, so they fail to obtain relevant
incomes, thereby hindering the progress of the industry [8]. In this uncoordinated
phenomenon, our country begins to build various types of laboratories, and the labo-
ratory is veri�ed �rstly through the introduction of relevant theories and techniques.
On the basis of the expected e�ect in a small environment, the relevant theory is
further applied to actual industrial production, which can greatly reduce the risk
of the development of the industry, and it may also provide a basis for the devel-
opment of some new theories and innovative technologies in our laboratories [9].
Therefore, the establishment of laboratories is very important for the development
of various industries in our country (Figure 1). However, in the process of increas-
ing the number of our laboratories, although it provides more related theories and
techniques with innovative values for the development of the industry, there are also
some unharmonious factors that also need to be further considered. For example, in
the construction of laboratory, the arrangement and use of related instruments and
equipment in laboratories are important links of laboratory constructions. Because
our country still lags behind the developed countries in some aspects, the construc-
tion of some specialized laboratories remains at a relatively backward level, so that
the initial construction of the laboratory is not reasonable. This may result in the
harmful poisonous gases produced by some chemical experiments or biological exper-
iments in the course of experiments, which cannot be eliminated in time because of
the construction, thus causing certain losses to people's bodies; because some of the
more expensive instruments are not properly placed, which may do damage to the
equipment during use, thereby increasing the overall experimental costs or indirect
costs; in the course of some experimental operations, some of the more important
laboratory links may not be better connected because of the unreasonable design
of the laboratory, which may have an impact on the accuracy and reliability of the
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experimental results, thus a�ecting a series of subsequent veri�cation processes, and
it will also result in an increase in the cost or time cost of certain experiments or
a failure of the experiment. In serious cases, it may lead to erroneous theories and
cause irreparable damages to the development of subsequent industries. Therefore,
the design of the laboratory is very important for the development of the whole link
of the experiment [10].

Fig. 1. Laboratory development

In view of a series of discordant phenomena above, through the analysis of the rel-
evant data, the relevant theories of the computer simulation laboratory construction
were determined, and the advantages of laboratory construction under this technol-
ogy were further analyzed, so as to determine the theoretical basis of this study; on
the basis of the theory, the main in�uencing factors of the computer simulation tech-
nology for laboratory construction were generalized; and based on the importance
and advantage of computer simulation technology, the comprehensive evaluation of
its related construction links and the �nal construction were obtained by taking the
laboratory construction of a university as an example, so as to validate the study
from an example point of view; through the questionnaires for relevant university
laboratory managers, a comparative analysis of the mode of laboratory construction
based on computer simulation and the traditional laboratory construction method
was made in this paper, so as to con�rm the necessities of the development of this
technology and provide more authentic and reliable data supports for the follow-up
researches.

The computer simulation technology in tra�c weather laboratory was selected
as the actual laboratory operating platform. Firstly, the atmospheric visibility cor-
relation model of fog simulation systems in the meteorological observation was es-
tablished by the computer simulation system. Among them, the formulas of the
extinction coe�cient, visibility and other parameters in the meteorological observa-
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tion are shown as follows:

V is = − ln ε

β
, (1)

β = π

N∑
i=1

Qexnir
2
i , (2)

u(t) = Kp[e(t) +
1

T

∫ t

0

e(t) dt+ Td
de(t)

dt
] . (3)

In the above equations, V is represents the extinction coe�cient, ε and β represent
the correlation coe�cients, Q denotes the actual observation, n denotes the number
of actual observations, u(t) represents the visibility parameters, T is the model of
associated value and values of Kp represent P .

Then, the coe�cients of the related model were optimized to make the model
better. The main optimization scheme is shown in Table 1. By analyzing several
schemes of correlation coe�cients, the optimal operational parameters for the study
were determined.

Table 1. Optimization schemes of correlation coe�cients

Parameter esti-
mation scheme

Extinction co-
e�cient model

a b

Kunkel scheme β =
144.7W 0.88

144.7 0.88

Eldridge
scheme

β = 91.0W 0.65 91.0 0.65

Pinnick scheme β =
145.0W 0.63

145.0 0.63

Tomasi scheme β = 65.0W 0.67 65.0 0.67

4. Result analysis and discussion

Today, our country has begun to take the design of laboratories as an important
part of the experiment, and it has attracted more attentions of scholars. With the
emergence and development of computer technology, many scholars have begun to
apply the computer simulation technology to the construction and evaluation of the
laboratory, and they have achieved considerable results [11]. However, the research
in China is still in the initial stage, and the related theories and techniques are not
mature enough. In order to improve the related theories and technologies, the design
theories of computer simulation laboratory construction system were analyzed and
generalized in this research. The research aims at providing a reference for the
development of computer simulation laboratory construction system in our country,
and further providing technical supports for the development of related industries.

The development of laboratory and its role have become more and more impor-
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tant in the current era of rapid economic developments. No matter what the industry
is, it is inseparable from the understanding of the development of relevant theories
and knowledge. On this basis, more theories are veri�ed and analyzed, so as to put
forward more innovative theories and technologies and provide a theoretical basis
for the development of the industry as a whole. The construction of the laboratory
is one of the most important prerequisites for the accurate operation of the entire
experimental operation [12]. In the various industries of the world, many scholars
have started to take the construction link of laboratories as an important prerequi-
site for laboratory researches. For example, in the chemical or biological industry, a
large number of experiments are needed to verify the relevant theoretical knowledge
in the �eld. In the course of the experiment, there are more polluting drugs in the
chemical or biological industries, and the design of the laboratory may be harmful
to the human body because of the unreasonable design of the laboratory; or in the
physics industry, the related instruments and equipment with radiation may be ex-
posed to the industry and the structure of the laboratory is irrational, it may cause
more radiations, which will restrict the development of the whole industry. More-
over, some experimental operations may involve the use of expensive instruments
and equipment. If the design of the lab is not reasonable, it may cause some mis-
takes in the process of use, thus a�ecting the integrity of the expensive equipment
in the laboratory, which will lead to an increase in the cost of some experiments and
have a negative impact on the further development of laboratories [13]. Therefore,
in the laboratory construction, it is necessary to evaluate and analyze the relevant
aspects of laboratory construction in a timely manner, so as to con�rm the perfec-
tion of the whole construction link and then provide certain guarantees and positive
in�uences for the follow-up experiments. There are many related links in the con-
struction of laboratory, and many scholars have analyzed and explored them and
have made great achievements. The advent of computer technology has brought a
new technical support for the development of various industries. And because of the
existence of related characteristics of the computer technology, this technology can
be better combined with related industries, thus forming a new model of develop-
ment [14]. Under this trend, some of the computer's techniques such as computer
simulation systems have also been gradually introduced into the laboratory building
(Figure 2). In the construction of simulation laboratory system based on computer,
the main thing is to introduce the computer simulation technology into the actual
laboratory construction, and through the use of the system, all kinds of evaluation
indexes are collected in real time in the whole laboratory construction. And through
the computer simulation system, the whole construction process can be analyzed and
evaluated, so that the late construction has some basis and the whole construction
process is monitored in real time, thus evaluating the rationality of the whole process
construction [15]. Therefore, compared with the traditional construction model of
subjective judgments, the construction of laboratory based on computer simulation
system can obtain relatively large basic data and more perfect evaluation models,
and it considers the problem more comprehensively, so that there are more reliable
basis and data supports in the late construction.

On the basis of the clarity of relevant theories, a laboratory for fog detection in a
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Fig. 2. Development of computer simulation laboratory construction

weather processing laboratory was further built. The main links in the construction
of the fog laboratory based on computer simulation system included data acquisition,
data processing and data analysis. The major simulation building facilities are shown
in Table 2.

Table 2. Components for the construction of this computer simulated fog laboratory

Visibility
setting
point (m)

Conventional laboratory
measurements (m)

Computer simulation labo-
ratory measurements (m)

Error value

1# 2# 3# 4# 5# 6# Absolute
error
(m)

Relative
error
(%)

200 203 208 210 204 213 212 9 4.5

150 153 161 156 151 159 159 6 4

100 94 98 93 97 94 93 7 3

50 53 52 54 53 49 52 2 4

Then, by setting di�erent visibilities and using the constructed computer simu-
lation techniques, the laboratory technique and the traditional laboratory technique
were compared and analyzed, as shown in Table 3. The absolute error and relative
error of the set value of visibility in experiments and computer simulation systems
were analyzed. The results show that the error of computer simulations of the fog
laboratory is relatively small, and it is more convenient and reliable for laboratory
operations.

Table 2. Components for the construction of this computer simulated fog laboratory

Name version Technical parameter speci-
�cation

Number

Touch screen version Technical parameter speci-
�cation

Number

Programming cable 6ES7 810-4CC07-0YA5 1
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5. Conclusion

With the development of the times, every industry has made a great progress,
and more advanced theories and technologies have been introduced from developed
countries to some backward countries because of the increasing exchanges between
countries. In this trend, a large number of laboratories have been set up and es-
tablished for validation of relevant theories. However, in the traditional laboratory
construction, some non-standard construction methods may cause certain harm to
human health and increase the cost of researches. The theories and techniques of
computer simulations of laboratory designs have begun to be used in traditional lab-
oratory operations. The related theories and techniques of the laboratory design of
computer simulation technology were summarized in this study, and the model was
used in the fog laboratory as a practical case to compare and analyze the computer
model laboratory construction system. The purpose of this research is to provide a
theoretical basis for the construction of computer virtual laboratory in China. Due
to the lack of relevant theories, the depth of the discussion needs to be improved.
The following researches should consider all kinds of in�uencing factors in the con-
struction of computer virtual laboratories, so as to provide better references for the
development of computer virtual laboratories in China.
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Application of adaptive ant colony
algorithm in optimization of machine

process manufacturing route

Wang Chuan1, Xu Zhi2, Zhang Daoshun3

Abstract. Because there is no a standard design management concept in the mechanical

manufacturing industry, the quality of process design results is not high. Therefore, the application

of adaptive ant colony algorithm in the optimization of machine process manufacturing route was

discussed and analyzed in this paper. The principles of bionics ant colony algorithm, the mechanical

process route optimization based on adaptive ant colony algorithm and its scheduling design and

route optimization veri�cation algorithm were introduced. Taking the manufacturing process of

the gear shaft of Company A as an example, the adaptive ant colony optimization design was

carried out, and the manufacturing scheduling problem was veri�ed. The results show that the

optimized manufacturing route based on adaptive ant colony algorithm can e�ectively improve the

enterprise's machinery manufacturing e�ciency and corporate pro�ts.

Key words. Adaptive ant colony algorithm, mechanical process manufacturing route, opti-

mization.

1. Introduction

With the �erce market competition in recent years, the demand for diversi�ed
customers has rapidly developed, but also the speed of the product life cycle has
become shorter and shorter. Therefore, the society has also put forward higher
requirements for part of the process design [1]. As a bridge connecting product
design and manufacture, the design process of parts processing is empirical highly.
This process has a high degree of dependence on the environment. At present,
most enterprises in the quality of our process design still rely on the quality and
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experience of designers [2]. Although there are a number of mature process examples,
its inheritance cannot be used e�ectively, thus wasting a lot of time and e�ort in
some repetitive design work. At the same time, because there is no standard design
and management concept and standard, the quality of process design result is not
high, which makes the process design restrict the development of the enterprise.
Therefore, it is necessary to optimize the process design process. The quality of
process design needs to be improved and the existing mature design examples need
to be reused, which can be used as the research focus of process design [3].

In view of the optimization of mechanical manufacturing process, foreign scholars
have analyzed the design of CAPP process in the process of product design. Foreign
scholars have found that contemporary design cannot take into account the product
features while considering the characteristics of complex and diversi�ed manufac-
turing resources fully. And foreign scholars believe that the integration of product
design is to improve product �ow route design e�ciency. In order to prevent the
algorithm from falling into the local optimal solution or the excessive number of
components and the complexity of the part structure causing the iterative speed to
be too slow, domestic scholars have adaptively treated the evaporation of pheromone
in the process of ant transfer on the basis of ant colony algorithm, so as to guarantee
the convergence speed of the ant colony algorithm and improve the e�ciency of the
process route generation [4].

2. State of the art

Attention to bionics from people originated in the middle of 50 s. Arti�cial im-
mune algorithm, neural network, ant colony algorithm, genetic algorithm and other
new algorithms are proposed based on the principle of bionics. Researchers have
done a lot of experiments and optimization de�ciencies for the shortcomings of ant
colony algorithm. The application �eld of ant colony algorithm is mature, and the
application �eld is expanded gradually [5]. Ant colony algorithm: the ants begin to
explore food from the cave without knowing where there is food. Ants will be able
to use their own path to make other companions aware of chemicals in this process
to exchange information for each other and �nd the best path �nally [6]. A new
heuristic optimization algorithm which is called ant colony algorithm is proposed
in this way. Ant colony algorithm can be regarded as a mathematical model to
solve the spatial parameterized probability distribution model [7]. In fact, according
to the pheromone concentration, the algorithm updates the optimal solution of the
algorithm by searching in the probability distribution model continuously.

2.1. Methodology

2.2. Principles of ant colony algorithm

When ants are looking for food sources, they can release unique pheromones on
their routes. Ants can sense the presence and intensity of matter during movement,
and guide the direction of movement so that ants tend to move toward high intensity
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of matter [8]. When they encounter intersections that have not yet passed, they select
a path randomly and release the pheromone associated with the path length. The
longer the ant's path, the less information it releases. The more ants on the path,
the more likely the latter will choose the path. Thus, the collective behavior of ant
colonies represented by a large number of ants shows positive feedback phenomena.
The amount of information on the optimal path is more and more, and the amount
of information on the other path decreases as time goes on. Finally, the entire ant
colony will �nd the best path [9].

The number of ants is set to m. These ants have the memory function and have
the following characteristics:

(1) According to the concentration of network pheromone and heuristic informa-
tion, ants are moved to the next city that is the next node, they have corresponding
transition probability.

(2) The visited nodes are placed in the tabu list, and the ants will no longer
access the existing city or node in the tabu table.

(3) The ants will have certain rules at the edge of the pheromone just becoming
part of the local update after a step. And the ants will select global updates after
they have gone through the entire network [9].

2.3. Optimization of machine manufacturing process based
on adaptive ant colony algorithm

The core of the process route optimization design is the design process of all
processing methods to optimize the structural features of each component. Process
route optimization selects machining methods, processing equipment and mechanical
information to achieve design dimensions and accuracy of parts. This process is
a multi-objective optimization problem because of the need of considering various
machining accuracy, location reference, working time and cost. Routing optimization
and constraints include processing order and manufacturing resource constraints
[10]. The optimization of routing is to �nd a sequence of processes that is optimal
for multiple objectives (precision, cost, work hour, etc.) under these constraints.
There are three hypotheses when we build ant colony algorithm:

(1) Ants communicate with each other by making pheromones as medium. Each
ant responds only to a small fraction of its surroundings.

(2) The direction of action of ants is entirely based on the concentration of
pheromones, that is to say, the direction of action is the highest concentration of
pheromone.

(3) The behavior of a single ant is random. The group behavior is highly ordered
because of the internal self-organization process [11].

The choice of each processing element to the next processing element requires con-
sideration of various factors. Therefore, in addition to determining the pheromone
concentration, the subordinate group should also consider some constraints when
transferring the nodes. The constraints fall into the following two categories in the
process of optimizing the design process:

The �rst is to deal with the order of constraints. The "baseline �rst" principle
determines that the scheduling process requires a �ne work base to provide a more
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accurate benchmark for subsequent processing. The principle of "�rst thick, later
�ne" refers to the �nishing order of rough processing from one to half. As a result
of the above principles, it is necessary to establish a priority processing matrix at
initialization

pij = 1 . (1)

Formula (1) indicates that the machining primitive j is processed prior to the
primitive i. If pij = 0 is 0, it means other. The priority processing design route
matrix is as follows:

P (pij) =



0 0 · · · 1 · · · 0
1 0 · · · 0 · · · 1
...

...
...

...
0 1 · · · 1 · · · 0
...

...
...

...
1 1 · · · 0 · · · 0


. (2)

The entire priority processing matrix is updated after each processing element is
completed. The corresponding column of the machining primitive is set to 0. One is
that the processing element has been processed and will not constrain the processing
of other primitives [12].

The other is the restriction of processing equipment. The machining design is
often restricted by the existing processing equipment to a great extent. Enterprise
or processing unit determines the type of processing equipment on the basis of con-
sideration of cost. The model is certi�ed by experts, and the cost is optimal under
the condition of meeting the processing requirements [13]. However, the processing
of resources is limited to some extent, and the design process should consider how to
ensure the utilization and processing e�ciency of manufacturing resources. Frequent
replacement of machine tools, tools, �xtures will increase the processing auxiliary
time greatly and reduce processing e�ciency. Therefore, in order to ensure the e�-
ciency of mechanical manufacturing process, the best machining accuracy and cost,
it is necessary to try to adjust the order of processing in the design process. Number
of machines replaced times replaces tools to replace minimum quantities. At the
same time, the utilization rate of various processing resources is ensured [14]. In
addition to considering the characteristics of the parts, it is necessary to integrate
geometric constraints, feature accuracy, manufacturing resource selection, process
personnel experience and other factors. Mechanical process manufacturing site is
shown in Fig. 1.

2.4. Optimization of mechanical manufacturing scheduling
design and veri�cation

The e�ects of manufacturing results on the interests of enterprises are manifold.
The merits of manufacturing results should be a comprehensive evaluation of a series
of issues such as order time, production cost, inventory cost and so on. However,
the evaluation of manufacturing solutions is usually performed on a small number
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Fig. 1. Mechanical process manufacturing site

of questions or on the relative validity of each indicator in previous manufacturing
studies. Business managers considering all aspects of corporate interests cannot
be re�ected adequately without �exibility. This scheme can only be extensible to
describe the way in which business interests are presented. Therefore, in order
to make that the optimization results of mechanical manufacturing process are in
line with the interests of enterprises, the enterprise bene�t evaluation system was
established in this paper, and the default cost or pro�t, direct production costs,
inventory costs were considered as a measure of the composite index.

The solution of manufacturing scheduling is de�ned as x, and each factor that
a�ects the interests of an enterprise has an evaluation function fi. Each factor
that a�ects the interests of an enterprise has an evaluation value yi = fi(x). The
evaluation of enterprise bene�ts can be expressed as

y = f(y1, y2, · · · , yn) . (3)

Function f in the above formula must not be a simple function.
However, several manufacturing modes commonly used in enterprises include

Make To Stock (MTS), Make To Order (MTO), Assembly To Order (ATO) and
Engineering To Order (ETO). In addition to the inventory model oriented manufac-
turing, the order determines the revenue of the enterprise in other manufacturing
models. Therefore, enterprises can increase their interests only by reducing their
costs. For the inventory model oriented manufacturing, the income of the enterprise
is also predictable after the master manufacturing plan is determined at the market
level. Therefore, the way to increase business interests is often to cut costs rather
than expand revenues at the manufacturing scheduling level.

In consideration of that part of the impact of corporate interest is the loss of
intangible costs or the bene�ts of monetary measurement, the impact of other units
of measurement will be assessed as a monetary measurement company according
to the speci�c values and cultural circumstances. Finally, the evaluation of various
costs in monetary terms is an assessment of the interests of the enterprise. Depending
on the importance of the customer to the business, the same order is the invisible
loss caused by the delayed delivery of the enterprise. The customer should handle
the relationship with the customer and avoid important customer orders as late as
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possible. The second point is that the size of the product value will also a�ect the
default loss. The greater the volume is, the greater the default loss is. Finally,
the longer the order delivery delay, the greater the adverse impact on the enterprise,
and the higher the default loss. The main veri�cation and parameter analysis theory
should be considered in the design of the system architecture. Therefore, the results
that are convenient for case studies and analyses should be given priority. As a result,
data storage uses text �le format modi�ed easily, and the output of the algorithm
uses a machine friendly form. When it is required, the machine friendly output of
the algorithm is transformed into a user friendly form by using separate modules.
The snapshot of the production resource stored at the lower level is the BOM, the
list of devices, and the scheduling target [15]. In general, there are user friendly data
structure forms and machine friendly data structure forms mainly. User friendly data
forms are stored in text �les for ease of generation and modi�cation. The system
architecture is shown in Fig. 2.

Fig. 2. Ant colony algorithm validation architecture design

3. Result analysis and discussion

The mechanical manufacturing process of the gear shaft of the company A was
taken as an example. Pheromone is the most important parameter factor in ant
colony algorithm. The snail ants give birth to inherent information that is used
to communicate with each other in search of the shortest path during the cruise.
According to the relationship between the pheromone and the processing primitives,
the route matrix is shown in Table 1.

Then, adaptive route length, iteration number and the evaluation of enterprise's
bene�t were obtained by simulation of company A' gear shaft mechanical process
manufacturing route. The number of ants was set to 50. The data is shown in Table
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2.

Table 1. Part of the route matrix

Processing primitives 1 2 3 4 5

1 0 1 1 0 0

2 1 1 0 1 1

3 1 0 0 1 1

4 1 1 0 0 1

5 0 1 0 1 1

Table 2. Variable value of mechanical process route

Serial number Adaptive route length Iteration number Bene�t evaluation (y)

1 26.9 76 88.57

2 28.6 22 84.21

3 30.5 15 79.22

4 32.6 8 73.45

5 35.1 5 70.78

It can be seen from Table 2 that the global search capability was related to the
number of mother ants directly. The larger mother ant number was a good thing to
improve the global search ability, but it would reduce the convergence speed of the
algorithm. If the complexity of the problem was high, the number of mother ants was
relatively small. The path length of mechanical process was related to the number
of iterations based on adaptive ant colony. The more of the number of iterations,
the higher the degree of optimization of the manufacturing route was. Moreover,
as far as the evaluation of enterprise interests, the shorter of the manufacturing
process, the more e�ective the production e�ciency would be, and the bene�t of the
enterprise would increase. When the number of iterations was as high as 76, the
adaptive mechanical manufacturing route was 26.9, and the bene�t evaluation was
88.57.

The results of the optimization of the mechanical manufacturing process must
be validated to avoid the e�ects of non-quanti�able factors in the manufacturing
process. Adaptive ant colony algorithm and the correctness of production scheduling
problem in solving manufacturing environment with complicated process route were
veri�ed. Firstly, the same parameter runs, including random number seeds, were
used to validate the system. The correctness of the algorithm was veri�ed by two
scheduling objectives, namely, the shortest processing time and the maximization of
enterprise bene�ts. And the correctness of the algorithm was veri�ed when the work
center had an expected downtime. Supposing that the design process manufacturing
route of company A is shown in Fig. 3: (letters represent the chain of operations
needed for this process, and data after letters represent assembly quantities).

The enterprise manufacturing work center table is set out as follows, and this
table applies to the production �ow of such process products:
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Fig. 3. Process route

Table 3. Work center table

Work
center
number

Process chain Processing rate Unit cost Predictable
downtime

1 A 800 400 NULL

2 B 200 300 NULL

3 B 300 300 NULL

4 C 400 200 NULL

5 C 500 300 NULL

6 C 600 400 NULL

The order form is shown in Table 4.

Table 3. Work center table

Order
number

Final process Batch Delivery time Liquidated
damages

1 5 600 100 200

2 15 400 100 300

The production cost and the default cost were used as the basis of the enterprise
bene�t evaluation, and the calculation of the default cost was simpli�ed as the
tardiness time multiplied by the liquidated damages rate. The optimization results
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are shown in Fig. 4.

Fig. 4. Optimization results

The scheduling results show that the completion time of the last process was 96.
No breach occurred at this time, and the total cost 43400 was the direct production
cost. The order delivery time was revised to 70. The optimization results are shown
in Fig. 5.

Fig. 5. Optimization results that can be met by order times

When the delivery time was 70, the total cost was 43967, which was greater
than the previous scheduling result of 43400. This is because the time will cause
the cost of default, and the algorithm arranges a part of the process to the work
center with higher production cost. Although this will increase the cost of direct
production, it also avoids the occurrence of breach of contract so that the total cost
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is lowest. That is to say, the interests of enterprises are maximized. Therefore,
the ant colony algorithm can solve the production scheduling problem with multiple
optimization objectives, complex process routes and environments de�ned by this
example e�ectively. Ant colony algorithm is better for the optimization of mechanical
process route.

4. Conclusion

As the link of product design and manufacture, process design a�ects the machin-
ing e�ciency and quality of products to a great extent. However, there is diversity in
process design due to the characteristics of parts structure, manufacturing accuracy,
processing methods and manufacturing resource selection. Therefore, how to choose
the best manufacturing route for the various processing routes for product manufac-
turing to save costs and improve manufacturing quality is particularly important.
The decision making problem of mechanical process manufacturing is transformed
into the optimal ordering problem of manufacturing resource substitution rate under
the constraints of processing sequence and manufacturing resource. The application
of adaptive ant colony algorithm in the optimization of machine process manufac-
turing route was analyzed in this paper. Firstly, the background and the present
situation of the optimization of the mechanical manufacturing route were introduced,
and the bionic ant colony algorithm was analyzed. Secondly, the principles of ant
colony algorithm, the optimization of mechanical process route based on adaptive ant
colony algorithm, the optimization of mechanical manufacturing scheduling design
and veri�cation method were analyzed. Finally, the optimized design was carried on
by taking the gear shaft mechanical processing route of Company A as the exam-
ple. And the route veri�cation analysis was carried out based on its manufacturing
scheduling factors. Experiments show that ant colony algorithm can optimize the
design of mechanical manufacturing process according to the manufacturing process
factors, and improve the operation and production e�ciency of enterprises.
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Hierarchical protection mechanism of
network information based on

computer security model algorithm
terminal

Yue Peng1, Zhao Limin1

Abstract. With the continuous development of computer communication technology, people's

life, work and other aspects have undergone major changes, and have become more and more

dependent on the network information. At the same time as the network information continues to

increase, the increasing demand for its security has become the focus of its research. Therefore,

the research and implementation of hierarchical protection mechanism for network information

based on computer security model algorithm terminal was proposed. Through the construction

of the computer security model, the computer terminal network information was hierarchized and

protected. The experimental results show that the protection mechanism can e�ectively classify

the network information and e�ectively protect the network information.

Key words. Computer security model, algorithm terminal, network information level, pro-

tection mechanism.

1. Introduction

With the continuous development and popularization of computer communica-
tion technology, people's lives, work and other aspects have been inseparable from
the network, and the network has brought convenience to people's lives and work.
However, with the continuous increase of network information, its security problems
become increasingly prominent. In order to be able to provide users with better
security services, the concept of security platform has been widely extended and
widely used. The protection measures are mainly for the protection of the platform
outside, if the back of the platform is entered, there is no di�erence in its grade [1].
It is precisely because of this, that seemingly safe protection is actually very fragile,
once someone enters the security platform inside, its security does not make any
sense. Therefore, how to protect the network con�dence has become a hot topic in
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the �eld of computer and the community [2]. Our country has a large population,
although the level of computer development is still a certain distance from the inter-
national level, China's Internet users have reached 100 million, ranking �rst in the
world. This also means that people enjoy the convenience and favorable information
brought about by the network, at the same time, the demand for the protection of
network information is growing, so China needs to strengthen step in this respect.

2. State of the art

Since the advent of the information age, all countries in the world have strength-
ened their investment in network information security, and have continuously re-
searched and widely applied the technology of network information security pro-
tection, so that a series of security concept and corresponding protection methods
have been formed, and a number of network information security management and
protection systems have been established. For example, the United States has pro-
posed Protection of Critical Infrastructure in the United States, and has carried out
a number of organizations for the establishment of information security, including
the National Information Security Committee, the Chief Information O�cer Com-
mittee and the Federal Computer Event Response Action Group and other more
than 10 national institutions and organizations [3]. Subsequently, the US National
Security Agency developed the Information Security Technology Framework based
on the actual situation and future needs, and proposed the "deep defense strategy"
concept, determined the goals of network and infrastructure defense, as well as the
defense of environmental defense and supportive infrastructure [4].

Our country started relatively early in the construction of network information
security. The state has made great e�orts to support and promote the construction
of this aspect. After several years of e�orts, our country has achieved relatively good
results, and the network information security technology has been rapidly developed
and applied [5]. For example, the Regulations of the People's Republic of China on
Computer Security Protection formulated by the State Council of the People's Re-
public of China stipulates that the computer information system should carry out
security grade protection, and carry out the management through the security of
network information classi�cation standards and classi�cation management related
measures, in addition, the Ministry of Public Security in conjunction with relevant
departments should formulate the standards for the classi�cation of grades and the
measures for their administration. At the same time, the Opinions of the National
Informatization Leading Group on Strengthening Information Security Work for-
warded by the general o�ce of the Central Committee and the general o�ce of the
State Council clearly illustrates the importance of network information management,
information classi�cation and related management measures [6].

2.1. Methodology

Hierarchical protection of network information is the rational classi�cation pro-
tection and the guidance of classi�cation for the basic network information and
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important information systems related to the national economy and the people's
livelihood according to the degree of importance and actual demand. The phased
implementation and security information system can secure the normal operation of
information and improve the comprehensive ability of information security protec-
tion, so that national security can be guaranteed, social stability and sustainability
can be maintained, and the construction of information technology can be carried
out in a benign way [7]. Therefore, China has conducted a uni�ed management stan-
dard and technical standard for the hierarchical protection of network information,
and has implemented an e�ective hierarchical protection mechanism for the infor-
mation system through the organization of citizens, legal persons and institutions
[8]. According to the provisions of Guidelines for the Classi�cation of Computer In-
formation System Security Protection, the information security level can be divided
into �ve levels, that is, the �rst level is the user's independent protection level, which
is primarily the way of users to protect resources. The second level is the level of
system audit protection, that is, the security protection mechanism of this level is
to provide technical support for improving the ability of users to protect themselves,
especially in the ability to access audits [9]. The third level is the security tag protec-
tion, that is, the mandatory access control for visitors and interviewee is increased
on the basis of the second level protection capability, so as to access the permissions
set through di�erent tags. The fourth level is structural protection, which extends
the protection of the previous three levels to all visitors and interviewee, which has
a strong resistance to penetration [10]. The �fth level is access veri�cation, that is,
the arbitration of the visitor's ability to access is increased on the basis of the fourth
level of protection, which has a strong resistance to penetration. Fig. 1 shows the
computer network information level protection mechanism publicity map.

Fig. 1. Propaganda diagram of the computer network information level protection
mechanism

In the process of building the network information level protection mechanism
based on the computer security model algorithm terminal, for the terminal secu-
rity evaluation, it is necessary to classify the information security according to the
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test results in each structure, so as to realize the safe use of di�erent security level
requirements [11]. Therefore, the author chooses the support vector machine clas-
si�cation algorithm to construct the terminal security classi�cation model. The
ultimate goal is to realize the objective and accurate classi�cation of terminal se-
curity level information. According to the literature, it is known that the support
vector machine belongs to a two-class algorithm, which is obtained by super-plane
acquisition through a high-dimensional space, and the sample is divided into two
categories by the minimum error probability [12]. Support vector machine has the
characteristics of global optimization, simple structure and easy popularization in
the construction of terminal security classi�cation model, especially it has obvious
advantages in solving small samples, nonlinear recognition and high dimensional
pattern recognition [13]. The model construction of the support vector machine ar-
chitecture is carried out: �rstly, sample data set training is carried out in a space
of a given feature, that is, T = {(x1, y1) , (x2, y2) , ..., (xN , yN )}, xi ∈ χ = Rn in the
formula and yi ∈ γ = {+1,−1} , i = 1, 2, 3, ..., N . Then, the model is constructed
and the constrained optimization problem is solved, as shown in equation (1):

min
α

1
2

∑N
i=1

∑N
j=1 αiαjyiyj (xi × xj)−

∑N
i=1 αi,

s.t.
∑N
i=1 αiyi = 0,

αi ≥ 0, i = 1, 2, ..., N.

(1)

By combining the theorem with the optimal solution α∗ = (α1, α2, ..., αN )in
equation (1), the calculation is carried out, and the results are shown in formula (2)
and formula (3):

w∗ =

N∑
i=1

α∗
i yixi , (2)

b∗ = yi −
N∑
i=1

α∗
i yi (xi · xj) . (3)

In combination with the above results, the hyperplane needed by the model can
be obtained, as shown in equation (4):

w∗ · x+ b∗ = 0 . (4)

So, the decision function can be drawn as shown in equation (5):

f∗ (x) = sign (w∗ · x+ b∗) . (5)

According to the characteristics of the support vector machine, the author divides
the security of the network information level of the computer terminal into four
levels. So the model of this part chooses the hierarchical model to construct the
classi�cation. In the model structure, the decision function in the ith layer structure
is expressed as f (i) (x), and when f (i) (x) = 1, the y = i sample points can be
separated. When f (i) (x) = −1, it will enter the next level of the decision. Figure 2
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shows the module's hierarchical structure.

Fig. 2. Hierarchical diagram

As can be seen from the hierarchical structure diagram, in the �rst layer, the
sample is divided into 1 class, and the division of the grade 2, 3, 4 is performed, so
the new sample set is

T (1) =
{(
M1, y

(1)
1

)
,
(
M2, y

(1)
2

)
, ...,

(
MN , y

(1)
N

)}
,

T (2) =
{(
M1, y

(2)
1

)
,
(
M2, y

(2)
2

)
, ...,

(
MN1

, y
(2)
N1

)}
,

T (3) =
{(
M1, y

(3)
1

)
,
(
M2, y

(3)
2

)
, ...,

(
MN1

, y
(3)
N2

)}
.

The following is the initial optimization problem, with the �rst layer as an ex-
ample. In the sample set of the �rst layer{

y(1) = 1, y = 1;
y(1) = −1, y ∈ {2, 3, 4} ; , i = 1, 2, ..., N.

The structural optimization problem is shown in equations (6) and (7):

min
α

1

2

N∑
i=1

N∑
j=1

αiαjyiyj (xi • xj)−
N∑
i=1

αi , (6)

s.t.

N∑
i=1

αiyi = 0, αi ≥ 0, i = 1, 2, ..., N . (7)

And then, the optimal solution is α(1) =
(
α
(1)
1 , α

(1)
2 , ..., α

(1)
N

)T
and w(1) =∑N

i=1 α
(1)
i yixi is calculated, and the positive component of α(1) is chosen to cal-
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culate b(1) = yj −
∑N
i=1 α

(1)
i yi (xi · xj). Then, the decision function of the required

hyperplane w(1) · x+ b(1) = 0 can be obtained, as shown in equation (8)

f (1) (x) = sign
(
w(1) · x+ b(1)

)
. (8)

So, when f (1) (Mi) = 1, the network information security level is 1, when f (1) (Mi) =
−1, the network information security levels are 2, 3, 4, which then enter the next level
of the decision. After entering the second and third layers, the decision functions
are obtained by the above methods, as shown in equations (9) and (10):

f (2) (x) = sign
(
w(2) · x+ b(2)

)
, (9)

f (3) (x) = sign
(
w(3) · x+ b(3)

)
. (10)

Then, the network security level is judged and divided into the sample set.
In the aspect of the implementation of computer security model terminal network

information level protection mechanism, the author believes that the implementa-
tion of module multilevel security mechanism mainly involves the following three
aspects: the �rst is the access control decision module, which mainly marks the sub-
ject and object information and checks the information security strategy, accesses
the request information of the resource access and the related security policies ac-
cording to the subject and object, so as to provide corresponding ruling results for
access control enforcement [14]. The second is the access control execution module,
that is, according to the decision result of the upper module, it performs or rejects
the access to the subject and object. In addition, the implementation of identity
authentication module is needed. The authentication module mainly validates the
users who use the information through the trusted hardware device to obtain the
information authentication whose identity and user rights are consistent. At the
same time, during the veri�cation process, the system will perform mandatory ac-
cess control, the provider's markup, and permissions [15]. The third is the security
agent module, which mainly communicates with each other through the need of
Windows node system and the security management control center, including the
subject and object marking synchronization information, security policy download,
audit information submission and other information. Table 1 shows the function
index of Windows node subsystem.

3. Result analysis and discussion

This paper studied the implementation of the network information level protec-
tion mechanism based on the computer security model algorithm terminal. Accord-
ing to the above, the network information level security model was constructed. The
model of the network information level protection mechanism was tested. Therefore,
according to the principle of network information level protection, the model in this
test �rst controlled the user's access behavior in the network communication on the
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basis of the rule. Among them, the subject in the system was the user, the object
was the keyword. For subject of di�erent levels, there was a di�erence in the right
to use the object, so subjects with lower security levels had more restrictions on
network communications than subjects with higher security levels. Thus, subjects
with di�erent levels of security could only use objects that were consistent with
their security levels. If the subject had unauthorized use of the process of using
the network information, the system would handle violations according to relevant
regulations. The author divided the objects into �ve levels in the system, which were
open, secret, con�dential, top secret and prohibited. The security intensity of the
�ve grades was: public <secret <con�dential <top secret <prohibited. Therefore,
the security level for the main body was divided into four levels, namely, open, se-
cret, con�dential and top secret. Table 2 shows the control authority of the subject
access object.

Table 1. Function index of Windows node subsystem

Index type Index content

Mark It provides two-dimensional markings to mark the con�den-
tiality level, integrity level, and security class of the entities in
the system. The tagged objects include users in the system,
all �les and processes, ensuring that the tagged information is
accurate, complete, and consistent throughout the lifecycle.

Forced access
control

The mandatory access control mechanism implements the
same security policy as the system two-dimensional security
model, which can control all the operations of the process on
the �le. The mandatory access control mechanism should have
some �exibility to combine the application process to check
the behavior of processes that do not conform to the system's
mandatory access control policies. This ensures that those
that meet business needs without compromising system secu-
rity can be enforced; mandatory access control mechanisms
are always valid and will not be bypassed.

Identi�cation It can provide a secure identity authentication mechanism
based on trusted hardware devices to ensure that unautho-
rized users cannot access system information.

Table 2. Subject access object control authority

Subject/object Public Secret Con�dential Top secret Prohibit

Public allow prevent prevent prevent prevent

Secret allow allow prevent prevent prevent

Con�dential allow allow allow prevent prevent

Top secret allow allow allow allow prevent

In the case of the classi�cation of the sample set, the security level of the sample
set also needed to be divided according to the above-mentioned subject authority, in
which the network information of the public level could be divided when the sample
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set was divided. Therefore, this experiment mainly divided four levels of secret,
con�dential, top secret and forbidden; secret was level 1, con�dential was level 2,
top secret was level 3, forbidden was level 4. Therefore, the three threshold values
were set to the positive number, that was, η1, η2, η3 and η1 = 25, η2 = 50, η3 =
75. According to the three thresholds set, the four diversity points of the terminal
were divided, symbol y representing the level and y ∈ {1, 2, 34}, then the available
expression of y was: 

y = 1, 0 ≤ Y ≤ Y1,
y = 2, Y1 ≤ Y ≤ Y2,
y = 3, Y2 ≤ Y ≤ Y3,
y = 4, Y3 ≤ Y ≤ 100.

Here, the numbers 1, 2, 3 and 4 are the corresponding levels; the higher the
security level was, the higher the security was. In this paper, by testing N com-
puter network terminals 1 time, the resulting test results could be expressed with
M1,M2, ...,MN , and each test project was composed of various types of test items,
there were all out of 100 points; the higher the score was, the better the security was,
which could be expressed by Mi = [m1,m2, ...,mN ]

T
, 0 ≤ mi ≤ 100. At the same

time, the total score for each calculation was expressed as
−→
Y =

−−→
MT
i ·
−→
H . Therefore,

according to the above experimental process, the network information terminal of 55
known results was tested on the network information security protection mechanism.
The test results are shown in Table 3. From the data in the table, it can be seen that
the computer security model algorithm constructed in this paper can di�erentiate
the hierarchical protection of network information. The result of the di�erentiation
is consistent with the actual situation. Therefore, it can be proved that the network
information level protection mechanism based on the computer security model algo-
rithm terminal can e�ectively divide and classify network information and protect
it e�ectively.

Table 3. Test results of network information security mechanism of network information terminal

Subject/object Public Secret Con�dential Top secret Prohibit

Public 5 7 2 3 1

Secret 6 9 3 0 2

Con�dential 1 3 5 1 0

Top secret 0 1 1 3 2

As shown in Fig. 3, the statistical results of the e�ectiveness of the hierarchical
protection mechanism for 55 network information terminals were presented. It can
be seen from the �gure that the network information level protection mechanism
based on the computer security model algorithm terminal can achieve almost 100%
protection requirements, especially for information protection with high security
level. But for the information protection mechanism with slightly lower security
level, its e�ciency is weak, which needs further improvement and analysis.

In conclusion, the network information level protection mechanism based on the
computer security model algorithm terminal can e�ectively classify the computer
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Fig. 3. Statistical results of the e�ectiveness of the hierarchical protection
mechanisms for 55 network information terminals

network terminal information and protect it according to the security level of the
network information. At the same time, the protection mechanism also divides
users into di�erent grades and uses di�erent request limits for network users in
di�erent grades, so as to protect di�erent levels of network information. And the
experimental results show that the network information level protection mechanism
based on the computer security model algorithm terminal is e�ective in network
information protection. However, the protection of network information with low
security level needs to be improved.

4. Conclusion

Network information plays an important role in people's life and work, and people
depend more and more on it. At the same time, the increasing of network infor-
mation also makes its security problems increasingly prominent. How to improve
the security of network information has become the focus of the computer security
model. In this paper, through the construction of computer security model, the
network information security level division model was constructed according to the
actual situation, and the user's level and the security level of the network informa-
tion were divided. Through the computer terminal test, it can be found that the
computer security model constructed in this paper can e�ectively divide the network
information, and optimize the structure of the model to improve the e�ciency of in-
formation classi�cation. In addition, the user's level division can e�ectively protect
the network information, users of di�erent grades open corresponding network in-
formation, thus reducing the request rate of network information with high security
level, thereby improving the protection of network information. However, it can be
seen from the test results that the protection of low-security network information is
not in place, in certain probability, network information cannot be protected, which
needs further improvement.
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Logistics service transformation and its
system construction in colleges and
universities based on the "Internet

plus"

Chen Chaochao1

Abstract. With the continuous development of computer technology and network technology,
more and more people hope to establish a new logistics service model that can make full use of the
Internet. In order to study the new logistics service mode, in this paper, with the university logistics
service as an example and the method of literature research, sample analysis and other methods,
the information technique was introduced to construct the "Internet plus logistics system"; the
university logistics service mode based on Internet plus new services and micro video resources as
the core was constructed. The final experimental results show that the new logistics service mode
can promote the transformation of traditional logistics system upgrade, improve the management
efficiency, and innovate the education service industry state, so it is conducive to improve the
quality of university logistics service.

Key words. Internet plus, university logistics, strategic transformation.

1. Introduction

Pony Ma, a pioneer of Internet technology application and the chairman and
CEO of Tencent, put forward the "Internet plus" strategy at the National People’s
Congress in 2015. In simple terms, "Internet plus" strategy is to use the Internet
platform, information and communication technology, and big data to combine the
Internet with all walks of life, including traditional industries, so as to create a new
ecology in the new field.

"Internet plus university logistics system can fully optimize the optimization and
integration function of Internet in the allocation of logistics resources, so as to realize
the rational allocation of resources and the resource sharing. It can integrate the
innovative achievements of the Internet into management and services, construct the
digital work platform, build good and efficient management teams, form a mechanism

1Logistics Department of China West Normal University, Nanchong, Sichuan, China, 637000

http://journal.it.cas.cz
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with scientific decision, fine management fine, and quick response, and improve
the management and service level of education. In short, the Internet work is the
comprehensive concentration of pain and fatigue in everyone’s eyes. According to
previous experience, the logistics staffs rely on manual form, so not only the labor
is dense and heavy, but also the efficiency is relatively low. The traditional mode
of logistics management cannot meet the growing demands of the contemporary
teachers and students for food, shelter, transportation, study, purchase, medical
treatment, water conservancy and electricity, greening environment and so on. The
logistics department must quickly take advantage of "Internet plus" and the Internet,
big data, e-commerce technology and platform to carry out a full range of services, so
as to truly respond to demands of public and improve service satisfaction. Therefore,
the construction of "Internet plus university logistics" system is of great significance.

2. State of the art

As the "Internet plus" in today’s society is becoming increasingly popular, many
foreign experts and scholars have carried out comprehensive studies on specific In-
ternet plus. Based on the institutional drawbacks of many colleges and universities
over the years, some people have put forward the practice of the service system of
"big logistic view" in colleges and universities [1]. Among them, the two stage model
can simply and completely present the characteristics of the traditional university
logistics model. With the increasing demands of the group, the model can no longer
satisfy the needs of the modern people [2]. After research and comparison, the lo-
gistics service and management mode of universities in China and America were
compared. By comparing the logistics services of Chinese universities and the rear
service of American universities, the gap between the logistical services of Chinese
universities and colleges was found [3].

At present, China’s colleges and universities are faced with many "bottleneck"
problems that need to be broken through in the reform of social reform. Especially,
the dilemma of logistics service management caused by the pattern of individual
schools needs to be solved urgently. In addition, the improvement of service quality,
low work efficiency, scientific and reasonable performance distribution also need in-
novation policy urgently [4]. In the mobile Internet, the repaid development of cloud
computing, big data, networking, new media as the representative of the information
technology has undoubtedly become the bottleneck of logistics cracking in Chinese
universities, which is also a key factor to realize the transformation of traditional
logistics to modern logistics [5].

2.1. Methodology

The daily operation of today’s society is more and more inseparable from the
Internet. The report shows that as of December 2015, China university computer
usage rate, the proportion of computer usage in Chinese universities, the proportion
of Internet usage, and fixed broadband access ratio increased by 4.8, 10.3 and 8.9
percentage points, respectively, reaching 95.2%, 89% and 86.3% [6]. The total
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number of Chinese websites was 4 million 230 thousand, which was 880 thousand
higher than in 2014, and the annual growth rate reached 26.3%. At the same time,
the number of Chinese web pages has exceeded 200 billion for the first time [7].
Chinese colleges and universities have been increasingly using Internet tools to carry
out communication, information acquisition and distribution, internal management
and other aspects of work, which has laid a good foundation for the "Internet plus
application".

Chairman Yu Yang of the domestic well-known consulting firm Yiguan Interna-
tional first proposed the concept of "Internet plus" in public. On November 14,
2012, Yu Yang first proposed the "Internet plus" in the fifth session of the mobile
Internet Expo, and carried out the related interpretation: the nature of the "mobile
Internet" can’t do without "Internet plus". In the future, "Internet plus" should
be a way for our industry’s current products and services to achieve promotion and
sales through the network, and to combine the network platform and entity platform
[8]. The board of directors of the Tencent chairman Ma Huateng has carried forward
the concept of "Internet plus". Ma Huateng proposed that: the integration of the
Internet and traditional industries represents a need for the market now, and in the
case of multi resources and multi environments, it can improve various industries
[9].

With the development of a series of Internet technologies, they have been applied
to daily life and teaching practice. Figure 1 show the present situations of the
Internet application in the university logistics service in several universities for the
past ten years.

Fig. 1. Development of situation in the Internet application in the university
logistics service at several universities for the past ten years

According to Fig. 1, it can be seen that in the past ten years, the development
of Internet application in university logistics is showing a benign growth. In 2005,
Internet applications accounted for only 8% of logistics services. Within ten years,
the proportion of Internet applications in late service has reached 50% [10]. During
the ten years, it has maintained a growth rate of 2% to 6% per year.
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"Internet plus" is the integration of the two upgrade, and it regards the Internet
as the core feature of informatization development, and the key factor is innovation.
Only innovation can make this "+" really valuable and meaningful. Internet plus
logistics service mode gives the autonomy to the hand of the party being served:
under the support of information technology, service party can use a party to provide
services by making services, media services, software and service channels and a series
of service resources to accept service independent and complete logistics support
staff; and students can use activities of Internet plus service with high efficiency, high
quality and low interactive service to solve problems encountered in life, learning,
and work, with the realization of intelligence [11]. In brief, logistics services have
been integrated into the daily life of students and teachers, and the disadvantages of
the fixed time of traditional logistics services have been changed to services at any
time. Its comparisons with the traditional logistics service are shown in Table 1.

Table 1. Comparative analysis of traditional logistics and Internet plus logistics

Traditional logistics Internet plus logistics

Teaching staff The process is ineffi-
cient and material is te-
dious

Quick, convenient and
efficient

Student Unable to choose inde-
pendently

Self-choice

Service time allocation Working hours of ser-
vice personnel

Non-working hours for
service personnel

service content Areas of human ser-
vices that can be
reached

Human and computer
services

Application of service
means

Artificial services Internet intelligent ser-
vice

Service evaluation Paper test Multidimensional eval-
uation

The mobile phone client APP in the intelligent Internet plus post service should
not be ignored. As a third-party smartphone, few people use it in logistics. In this
field, Ocean University of China has made a positive exploration, and it has the
courage to try and come out of a new path. APP has the advantage of being more
convenient, quick and intelligent, and it can give people a new experience of mobile
terminals. It uses the same database as the digital logistics lobby website and the
logistics WeChat public number, so all the information is displayed synchronously,
which can avoid duplication and omission, and set up the "trinity" logistics online
service pattern of universities. In the maintenance declaration, after entering the
APP repair module, according to the prompts, teachers and students can enter the
corresponding information. Upon completion of the submission, according to the
project category, the system will automatically send information to the correspond-
ing maintenance staff on the mobile phone, and then the staff can go the scene
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according to information for inspection and maintenance. At the same time, the
repair will also receive information that the maintenance personnel have accepted
the project information [12]. When the staff member submits the completion of the
maintenance task, the maintenance personnel will receive SMS alerts, and then he
can confirm and evaluate the maintenance results.

Next, from the logistics department, this paper will set examples to analyze the
importance of the construction and transformation system on university logistics
service Internet plus.

Decentralized financial management model costs too high and it is inefficient, and
financial personnel are busy all day on the basic accounting work and accounting
data collation, so they are very difficult to have the energy to understand and support
the business work. Financial personnel and business people cannot communicate in
a timely manner, and can’t accurately analyze data.

With the increasing population of China, the number of students in higher ed-
ucation is increasing day by day. Under this kind of big premise, the university
enrollment expansion is the inevitable trend. The continuous expansion of the fi-
nancial departments of colleges and universities and how to reduce financial costs and
avoid financial risks has become the focus of attention of the financial departments
of colleges and universities. The existing management model of the financial depart-
ment of the university has exposed many problems, so the financial management
model should be designed according to the development strategy of the university
[13]. With the use of Internet plus in financial aspects, the construction of financial
shared services can help colleges and universities to reduce financial costs by im-
proving financial efficiency and avoiding risks, to optimize and refine the financial
process, to monitor the company’s financial condition and operating costs, and to
achieve the ultimate support of college enrollment strategy. Therefore, the logistics
management mode of Internet plus university has been gradually recognized and
applied.

As shown in Fig. 2, in the "Internet plus" era, under the cloud computing and
mobile internet background, the future trend of shared services is the use of cloud
computing and mobile Internet to push financial sharing services onto the "cloud",
so as to realize the service whenever and wherever possible. As the financial de-
partments of colleges and universities that are keeping pace with the times, they are
closely following the trend of the times and conforming to the times. They use cloud
computing, Internet plus mode to make SSC (shared service center) change to the
financial cloud services. Financial cloud is based on shared services, and it can use
cloud computing, big data and other emerging technologies to expand the sharing
center to more adapt to the development of the era of financial information systems.
The advantage of financial cloud is the sublimation of the advantages of financial
shared services [14].

The development of Internet economy in China started late, so it is not enough
concerned about the knowledge level and operation ability of financial personnel.
The relative shortage of talent also makes enterprises unable to innovate in the
Internet economy, and related work is also in a more difficult situation. In the "In-
ternet plus", financial practitioners not only need to have accounting professional
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skills, but also need to keep pace with the development of changes to increase. This
kind of talent is a complex type of accountant. Complex talents require accountants
to have both professional knowledge of accounting and proficiency in the operation
of the Internet, and they should skillfully use a variety of methods of account-
ing professional analysis, prediction and evaluation [15]. These requirements have
brought great impacts to accounting practitioners the under the "Internet plus".
For the older generation of accountants, the accounts on paper have fallen short of
the needs of the times. Modern accounting requires financial personnel not only
excellent in professional knowledge, but also qualified in business. They need to im-
prove their knowledge and skills in line with policies and the direction of the times.
The transformation of financial personnel will also promote the deeper integration
and development of financial accounting under the "Internet plus". The university
logistics service network is depicted in Fig. 3.

Fig. 2. Sketch map of university finance department

Fig. 3. University logistics service network
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3. Result analysis and discussion

In order to prove that the above Internet plus model of university logistic service
is feasible and advanced, the staff service was chosen to carry out experiments.
Through a year’s staff logistics support service, according to the school’s standards
and requirements, the service system was examined in practice, accompanied by the
ten points system. Comparisons between the experimental faculty group and the
control staff are shown in Table 2.

Table 2. Group comparison of laboratory staff and control staff

Experimental pop-
ulation (A)

Control population
(B)

A-B P

Payroll 6.99 5.01 1.98 <0.05

Research
cost

6.98 5.69 1.29 <0.05

Campus
welfare

7.45 6.20 1.25 <0.05

social
security

7.10 5.95 1.15 <0.05

Service su-
pervision

6.78 5.55 1.23 <0.05

Maintenance
declara-
tion

7.73 6.10 1.63 <0.05

Note: in the table, A, B are the average of the selected samples, respectively; P
is the probability value of significance test; A-B show that after the use of Internet
plus in the experimental group of staff, the indicators of the experimental faculty
group were higher than those of the control staff; staff and faculty group control
experiment showed a normal distribution.

As can be seen from the table, the T value was tested by a significant level of
0.05. SPSS11.0 computational statistics show that the contrast values between the
experimental staff group and the control staff group were significantly different, and
this difference should be interpreted as experimental factors and be summarized as
study results. The above chart can fully illustrate that the university logistics service
model based on the environment of Internet plus can improve the work efficiency
and convenience of teaching staffs, enhance the teaching efficiency of teaching staffs,
enhance staff’s concentration on class, and stimulate teaching effects.

According to the sample comparison in Fig. 4, the enthusiasm, efficiency, and
recognition of faculty were improved after the implementation of Internet plus ser-
vice in colleges and universities. Based on a numerical comparison of the figures,
the efficiency of the staff was particularly pronounced on the basis of the contrast
between the new service and the traditional service, which rose from 23% to 78%.
The amount of increase was up to 55 percentage points. From this point of view,
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compared with the traditional service mode, the university rear service based on the
Internet plus had remarkable effects on the efficiency of teaching staff. The valid-
ity, feasibility and advanced logistics service mode of university Internet plus were
verified.

Fig. 4. Data comparison after the implementation of Internet plus service

At the same time, Internet plus university logistics service has been introduced
into the students’ daily life. According to statistics, as of September 2015, there
were 370 student canteens in the whole province’s colleges and universities. Among
them, there were 131 self-operated university logistics, accounting for about 35%;
universities with the introduction of service management Internet plus management
accounted for about 65%. Figure 5 shows the comparison chart of the introduction
of Internet plus service mode and traditional service mode in the college canteen.
About 80% of the colleges and universities in the province have opened the catering
market to varying degrees, and more than 90 catering enterprises have entered the
universities.

Fig. 5. The comparison chart of the introduction of Internet plus service mode
and traditional service mode in the college canteen

Not only in the cafeteria, in terms of the student apartment management, there
were 223 flats for student apartments in the province which adopted the Internet
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plus management mode, and the number of students that it served accounted for
18% of college students throughout the province. Figure 6 shows the comparison
chart of the introduction of Internet plus service mode and traditional service mode
in the college dormitory.

Fig. 6. The comparison chart of the introduction of Internet plus service mode
and traditional service mode in the college dormitory

In addition, many colleges and universities have introduced high-quality social
enterprises to carry out hosting services in the green, cleaning, supermarkets, laun-
dry, bathroom, maintenance services and other aspects, we are not going to explain
them in detail with data here.

The difference of sample data show that, after the implementation of Internet
plus logistics "one-stop" service, colleges and universities can avoid duplication of
posts and waste of resources, save costs, and increase revenues, efficiency and quality
of service, and people-oriented management service model has won the recognition
and praise of teachers and students. Logistics services, on the other hand, can
become more efficient and transparent. The evaluation of teachers and students and
the big data analysis become important references for the performance appraisal and
awards. In this regard, the staffs are sincerely convinced, and their work enthusiasms
are greatly improved.

4. Conclusion

At present, computer technology and network technology are developing rapidly.
In order to study the logistics service model, through the analysis and summary of
theoretical basis of the Internet plus and the existing modes, with the university
as an example, the computer technology was introduced into the existing model to
construct the new service model, and all aspects of the model were introduced in
detail. Through this research, some conclusions were obtained as follows: compared
with the traditional logistics services in colleges and universities, the new logistics
service in colleges and universities is more practical, and it needs a lot of practice
related activities, so it is suitable for the independent and exploratory research
universities to study, so as to make the logistics service well develop. Internet plus
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service model has more service modes and more flexible business hours arrangement.
At the same time, the current colleges and universities have the conditions of access
to the Internet, and students and faculty members have the ability to accept Internet
plus new service, which is conducive to the advancement of Internet plus new service
in the university. Rear service in universities can use the Internet plus mode, and
can obtain good service effects. However, there are still shortcomings in this study.
For example, due to the lack of front-line work experience in the university logistics
services, this paper lacks the understanding of the logistics service practice process,
so the service design and completion process may not be complete.
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Establishment of building energy
conservation and green building model

system and database based on the
discussion of key technologies1

Hao Zhanguo2, 3, Su Xiaoming3

Abstract. The concept of green building aims to provide a safe, healthy and comfortable
environment for people, make efficient use of resources and minimize the impact on the environment.
Therefore, based on key technologies, the establishment of building energy conservation and green
building model system and database was discussed and analyzed in this paper. By constructing
the building energy conservation and green building model system framework and database, the
environment required for building energy conservation and green building database was analyzed.
Through the analysis of energy consumption of A building within the third ring road in Beijing, the
conclusion that its efficiency of energy consumption equipment is high was obtained. In the future,
it is necessary to strengthen the efforts to complete and update the green energy saving database,
so as to provide the information technology support to the promotion of the development of green
buildings around China.

Key words. Key technologies, building energy conservation, green building, model systems
and database.

1. Introduction

A large number of energy consumption has seriously affected China’s sustainable
economic development strategy, so how to reduce building energy consumption and
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improve building energy conservation has become a problem that can’t be ignored.
China should reduce building energy consumption and improve building energy con-
servation, and also needs to find a powerful tool to promote the realization of this
goal in the premise of the development of green energy-saving buildings [1]. At the
same time, database is the latest technology in data management. As the core and
foundation of information system, database technology has been widely used in all
walks of life [2]. The development situation of building energy conservation and
green building is relatively satisfactory, but there are still many problems, such as
the lack of perfect laws and regulations and the neglect of technology integration
and; at the same time, it has not yet formed a complete set of technical system and
standard system; a comprehensive system of geographical and functional suitability
for green building technology has not been formed; the promotion and demonstra-
tion scale of green buildings is still small; and it has not yet played a guiding role
widely [3].

There are few researches on the actual operation performance of green public
buildings in China, and the systematic analysis is deficient. Relevant research schol-
ars have defined the incremental cost of green building technology, including the
corresponding benchmark program of each technology and the impact of interactive
costs [4]. In addition, scholars have calculated the energy per unit area of the green
public buildings of different stars, and evaluated the commonly used energy-saving
emission reduction technologies with the cost effectiveness. Cost effectiveness is the
incremental cost of a single technology brought about by annual energy efficiency.

2. State of the art

The key technologies of building energy conservation are mainly embodied in the
construction of buildings and the construction of artificial materials with very light
and transparent textures. Low-E membranes can effectively block winter heat and
prevent heat loss during the summer. This open and closed electronic chrome film
can darken or completely opaque the building’s housing. Placing ultra-thin photo-
voltaic cells on the outer surface of the building’s skin structure can absorb 20% of
the light, thereby providing the vast majority of the energy needs of the building [5].
Generally, the load-bearing structure of a building is made of carbon material. The
load-bearing floor is made of lightweight carbon composite panels, and the intelli-
gent floor which is used for installing electrical, water, fresh air and wire connections
is located in the intermediate layer. In addition, it can be controlled according to
the temperature requirement of the temperature board [6]. The design concept of
green building uses the recycling of building materials in terms of the construction
quality, so the environmental pollution and space utilization are forward-looking [7].
Green building is the product of the times, and the rise of green building is not only
conducive to social harmony and stable development, but it also can improve the
human living standards and maintain the ecological balance of the building. The
consumption of natural resources will continue to decrease [8].

Therefore, the general idea of building energy conservation and green building
database construction is: the construction of basic database, dynamic monitoring
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database, database, business service database, model database and case database [9].
From building energy conservation to green construction design and to renewable
energy applications, this process includes building structures, construction equip-
ment, water supply lines, air conditioning, energy saving, low carbon emissions, and
so on. A multi-scale, multi-resolution, heterogeneous, and multiple data source data
platform and an efficient data update mechanism should be established [10].

3. Methodology

3.1. The establishment of building energy conservation and
green building model system framework

For the establishment of building energy conservation and green building model
system, first of all, the complete energy-saving operation system, management sys-
tem, monitoring system, evaluation system and a series of system frameworks should
be established according to the energy consumption in different buildings [11]. Sec-
ondly, the energy benefits of various functions should be built and constantly im-
proved, so as to guarantee the reliable data of building energy conservation data
and the smooth progress of energy saving [12]. The construction of building energy
conservation and green building system model needs to be carried out step by step
by using the hierarchical structure. After the statistical analysis of the judgment
matrix and the weight of the index above, the consistency test results can be ob-
tained. According to the results obtained, the building energy conservation experts
can carry out analysis and judgment, assess the weight indicators of various energy-
saving facilities, and obtain the final combination of weighted results. The system
skeleton diagram is shown in Fig. 1.

Fig. 1. Building energy conservation and green building model system diagram
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The building energy conservation and green building model system framework
requires the efficient operation of the platform, and it also has some configuration
requirements for hardware and software facilities. Through the study of typical
architectural features in various regions, the network remote transmission technology
is used to carry out the analysis of the collection and storage of database data. The
building energy conservation and green building management information platform
and the building energy conservation and green building simulation platform can
successfully complete the evaluation of building energy conservation.

3.2. The establishment of building energy conservation and
green building model database

The construction of building energy conservation and green building system
model not only requires the overall planning of the country, but also needs to grad-
ually carry out all relevant indicators and standards, and various data categories
formed can represent various building database systems, which can be gradually ap-
plied to the management information platform of building energy conservation and
green building, so that the modeling and simulation platform built up is in good
agreement with the current situation and the development trend and can make the
model system always have a solid data base, which has a positive impact on building
energy conservation and green building practices. Building energy conservation sys-
tem needs to enter the basic characteristics, energy consumption, service direction
and other information of different types of buildings in a database, so as to com-
plete the energy assessment work according to different construction information.
At the same time, according to the detailed data, the library model should be set
up, and the data composition of the system model should be improved. In the build-
ing energy consumption assessment, positive conclusions can be obtained, and the
building energy consumption assessment information needs to be incorporated into
the building information management platform. Building energy conservation as-
sessment information can provide corresponding data supports for building manage-
ment emergencies. Building energy conservation system construction mainly needs
to establish corresponding data simulation model and information service manage-
ment model, so as to complete the demonstration and simulation work of building
energy conservation link. In the process of building energy conservation emission
reduction guidance, complete energy-saving emission reduction targets should be
established; in all aspects of energy management and supervision, strict standards
should be adopted; building energy conservation and green building model should
be constantly improved. The database is subdivided according to Fig. 2.

In this paper, from the actual needs of green building energy consumption sta-
tistical work, the concept that the database should realize the use of green building
energy consumption statistics was clearly defined, which was mainly used for the
statistical management of green buildings. The required database tables, fields and
keywords were determined; secondly, according to the demand analysis, the database
system in the table was determined, and the fields and keywords in each table were
also determined [13]. Each table contained only the topic of the relevant informa-
tion, so that the table name based on the topic information was determined. In the
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Fig. 2. Building energy conservation and green building model database

same database, tables should not have the same name; for the same table, fields
should not have the same name. Then, by combining the main relationships in each
table, the relationships between tables were determined, so that tables were linked
to different topics [14]. Finally, the required tables, fields, and relationships between
the main keywords and tables were designed to be completed; the overall design
of the database was checked and the possible shortcomings for improvement were
identified.

The design and implementation of green building energy conservation database
system are the basic information and energy consumption based on the green public
buildings, civil buildings and commercial buildings. According to statistics and
summary analysis, from the point view of needs of managers, ordinary users and
anonymous users, permissions settings are shown in Table 1

Table 1. Permission setting

View statistics √ √ √

Building information input √ √ -

Data input of energy consumption √ √ -

Data modification √ √ -

Data upload √ √ -

Audit upload information √ - -

User information management √ - -

Page maintenance √ - -

Page upgrade √ - -

With the rapid development of green building, the system needs to finish the
data entry of green building timely, accurately and rapidly, input data of building
information, enhance information sharing, and achieve the management of user infor-
mation through password management. After the data is input, data review should
be carried out to prevent and modify information errors, and then the data can be
uploaded. The system can realize the data statistics management of green building
energy conservation. Data statistics and query is the main part, so the query and
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statistics function should be the minimum response time, and the efficiency of user
queries and the accurate data provided by each query should be improved through
the way of presenting form.

3.3. Energy consumption analysis of green building

Database technology plays an important role in the establishment of basic in-
formation, energy consumption information, statistical analysis of energy consump-
tion and other energy consumption statistics. Through the establishment of such
database of green energy-saving buildings, the actual operation of statistical person-
nel and construction owners can accurately grasp related buildings, so as to realize
the building operation and effective management of energy consumption. At the
same time, the green building energy consumption analysis and evaluation tech-
nology can be used to comprehensively analyze all kinds of energy-saving projects
at all levels from microscopic to global views, and add energy analysis data to the
building energy conservation and green building model database, so as to provide
important data supports for the improvement of key technologies of energy-saving
green building [15].

For the analysis of green building energy conservation, energy share analysis is
an intuitive method which can be easily implemented. The method of analysis can
be described by the following formula:

Input =
∑

Demand× Share/η . (1)

Here, the Input and Demand represent the input power and output power of
building energy consumption equipment, η represents the efficiency of energy con-
sumption device output power obtained by the improved technology and share rep-
resents the total output power of the share of equipment.

In addition, the promotion of energy-saving equipment such as energy-saving
lamps will reduce the indoor heat and heating requirements. Efficiency η is not
constant. At this point, the construction group splitting method will be adopted.

First of all, according to the type of building, the type of office buildings, shops,
hotels, hospitals and other heat sources systems, the size of buildings and the floor
planning, the clustering is carried out. In each construction category, the building
model of various building categories is chosen as a reference model. Secondly, the
typical building model is used, and various representative energy consumption data
can be counted through the energy consumption monitoring system, including the
daily cooling, heating, power and other requirements of typical buildings; modeling
and simulations of energy production and distribution systems are completed to
quantify typical terminal energy requirements for building models such as power and
winter heating coal. The energy consumption per unit area of each building category
is calculated. Finally, the total energy consumption is obtained by a method of
multiplying the total energy consumption (per unit area) by the typical building type
and total area. Common green energy-saving building designs are as the following
shown in Fig. 3.
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Fig. 3. Green energy-saving building design

4. Result analysis and discussion

4.1. Requirement analysis of database platform for building
energy conservation and green building model system

In order to ensure the smooth operation of the green building energy consumption
database system, one or more servers that can be accessed through the extranet
should be guaranteed. The client of the system can access the system server through
the extranet, and analyze the basic performance and configuration requirements of
the server and the client through the analysis of the characteristics of the system.
The requirements for server and client for the basic performance and configuration
of the system are as listed in Table 2.

Table 1. Permission setting

System hardware configuration System software configuration

Memory Hard disk

Server-side 2G 200G Microsoft SQL Server

Client 512M 80G Microsoft Windows
2000/NT/XP above
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Green building energy consumption database in A building within the third ring
road in the city of Beijing stores all green building information in A building within
the third ring road in the city of Beijing, including building details, energy con-
sumption data, contact information and other important information. Therefore,
it is necessary to do a good job of computer virus prevention work, and regularly
maintain the anti-virus function and password management of the system.

4.2. Data analysis of building energy conservation and
green building model system

The energy consumption data of the A building in the third ring road in Bei-
jing was analyzed, and the annual energy consumption of the building was audited.
During the test period, the elevator in the building did not run, and the restau-
rant only served as an employee’s dining place and did not undertake the cooking
functions of the kitchen. Therefore, the building functions were relatively simple.
With references to the sub node setting of the metering model, energy consumption
was divided into lighting sockets, HVAC systems, communication rooms and others.
The communication room was generally outside the scope of the discussion, so this
part was eliminated. The monthly change chart of energy consumption and the
distribution of energy consumption are shown as in Fig. 4 (energy consumption was
calculated by formula 1).

Fig. 4. Monthly energy consumption diagram of buildings and the distribution of
energy consumption

Statistics show that the annual power consumption of the building was 46.03 kWh/(m2.a).
The total energy consumption of the operation was evaluated. First of all, with the
database method, the electricity consumption data of 85 office buildings in Beijing
were compared. Compared with 81% of the buildings in the sample, the energy
consumption was lower, so the cumulative probability level was about 19%.

The efficiency of the building’s yearly cooling and air conditioning system per-
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formance is summarized in Table 3.

Table 3. Annual cumulative working condition, refrigeration and air-conditioning system,
performance, efficiency

Building refrigeration
season

Survey mean Limit

Accumulated cooling
load

20.00 - -

Air conditioning re-
frigeration power con-
sumption

5.58 - -

Air conditioning sys-
tem integration

3.58 2.3 -

Cold station system
EER

2.80 2.8 ≥3.8

Chiller EER 4.79 4.6 ≥4.2

Chilled water system 29.86 20.2 ≥30

Air conditioning termi-
nal system

18.87 18.7 FCU:≥9; FCU:≥24

The above data were obtained from the building energy conservation and green
building model database. The building load level, the system integrated energy
efficiency and subsystem energy efficiency were all analyzed, and a more specific
and comprehensive understanding of the operation of the building was made. Based
on the analysis of the operation of the case, it can be seen that the building did
not use special system equipment, but adopted the most traditional air-conditioning
terminal equipment. Through reasonable passive design, energy-saving operation
mode and good design intention in operation, it reduced the system cold and hot
load, and it did not pursue the efficient equipment operation alone, but made full
use of low-grade energy for cooling and heating. At the same time, it adopted
flexible terminal control equipment to meet the needs of the users during the overtime
period, thereby saving energy. The energy consumption assessment of the case
was summarized as follows: the total energy consumption level is extremely high;
the load control of the building is excellent; and the system energy efficiency level
is acceptable. Although further regulation of the equipment operation mode can
improve the energy efficiency, the operation performances are satisfactory in terms
of the whole system.

The green performance evaluation of building A was analyzed. In the case build-
ing, 89 valid questionnaires were reclaimed. Among them, in terms of the green
performance of the building, the function, aesthetic, spatial layout and maintenance
management of these four aspects were rated and evaluated. The statistical scores
are shown in Fig. 5.

As can be seen from the above figure, building function, aesthetic and main-
tenance obtained 4 points; the spatial layout score was relatively low as 3 points.
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Fig. 5. Green performance Statistical score

As can be seen from data extracted from the green performance database, there
were more open office spaces in the layout of the building space, so the user’s space
privacy and sound insulation were poor. In this regard, the user’s satisfaction was
relatively low. Therefore, all regions of the country should grasp the core technol-
ogy of building energy conservation and green construction as soon as possible. A
variety of experimental energy-saving technologies and green building technology
must comprehensively utilize the building energy conservation and green building
demonstration projects in different parts of China.

5. Conclusion

The establishment of building energy conservation and green building model sys-
tem is conducive to promoting the promotion of green building throughout the coun-
try, so as to provide THE guarantee for the overall construction of green buildings
in China. In the economic society where the building energy consumption is in-
creasing constantly, the implementation of building energy conservation and green
building technology can effectively reduce building energy consumption. Through
the construction of building energy conservation and green building system, the con-
struction of database and simulation platform, and the vigorous promotion of the
green building model in various areas, a complete green energy consumption system
can be constructed to achieve the energy saving and emission reduction effects. In
this paper, the research on building energy conservation and green building model
system and database based on key technologies was mainly carried out around the re-
lated technologies of reducing energy consumption and its detection database as the
core. Through the establishment of building energy conservation and green building
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system model framework and database, energy consumption of green energy-saving
building was analyzed; finally, based on the building energy conservation and green
building model systems and database of A building within the third ring road in
Beijing, its energy consumption was studied and analyzed, and the conclusions that
the energy efficiency of A building was high, and the building energy conservation
methods were excellent were obtained. However, in the future database of energy-
saving green building model systems, it still needs to strengthen the maintenance
work, so as to provide data supports for the future green building projects.
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Design and application of inventory
management system for manufacturing

enterprises

Liu Zhenhua1

Abstract. The application of manufacturing enterprise inventory management system is
of great significance to the development of manufacturing enterprises in modern times. In order
to improve the technology and theory of the system, in this paper, firstly, the relevant data and
theories of the system design were summarized, secondly, a simple warehouse management system
was constructed by relying on the database technology and the system was applied to a manufac-
turing enterprise. The results show that the inventory management system can effectively reduce
the production cost of the enterprise while improving the production efficiency of the enterprise.
The research aims to provide some theoretical basis and reference for the development of China’s
manufacturing enterprises.

Key words. Manufacturing enterprise; inventory; management system.

1. Introduction

With the development of the times, the world’s economic level has obtained
greatly improvement and progress and various industries have been a certain impe-
tus, so that a greater degree of comprehensive strength has been achieved. In this
trend, various companies begin to attach great attention on their various develop-
ment links, so as to provide some protection for higher and faster development of the
industry. As one of the important parts of the development of whole industry, the
inventory has a very important impact on the related costs of the industry develop-
ment and the profitability of the later stage. Today, the management of inventory
has gradually produced a huge role in promoting the development of various indus-
tries. Traditional inventory management is more to operate by relying on the manual
records, which suffers a greater degree of influence of subjective factors, and there is
a negative impact for the inventory accuracy records and the effectiveness of the final
assessment. With the development of the times, the current computer technology
has a more advanced development trend, as one of the most influential innovative

1Shaanxi Technical College of Finance and Economics, China, 712000
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technologies in the world today, the driving force of the computer technology for
the development of various industries is beyond doubt, then, because the technol-
ogy has excellent sharing and data collection and many other advantages, it can
be more organically combine with the industry. Nowadays, the technology begins
to be gradually applied to the inventory management of manufacturing enterprises,
moreover, a certain convenience and accuracy are provided for the manufacturing
enterprises’ inventory management, which makes the enterprise have a greater degree
of development and its comprehensive strength greatly improved. Based on relevant
theory and technology development of the design and application of the inventory
management system in China’s manufacturing enterprises, this study compared and
analyzed its advantages. The purpose of this paper is to provide a scientific basis
and reference for the further improvement of related technologies and theories in
China.

2. State of the art

With the development of the times, now, the world’s various industries have
suffered a certain impetus and positive impact under the background of the rapid
development of the world economic level. As one of the key pillar industries in the
rapid development of the current economic level [1], the development of manufac-
turing enterprises is of paramount importance for the progress of the world economy
[2]. Inventory management is an important part of its normal operation and compre-
hensive strength promotion in the manufacturing industry. Many research scholars
believe that in a manufacturing industry, only further understanding the inventory
can people face up to the status of the development of the industry, and the cur-
rent product production of the whole industry development can be further analyzed,
then, the future product production and resource requirements can be further de-
termined and certain theoretical and data support can be provided based on the
relevant analysis. Therefore, many manufacturing companies begin to regard the in-
ventory management as an important part and link of the development of enterprises
[3]. At present, the development of the computer industry has a very important role
for a variety of enterprises; in the manufacturing enterprises’ inventory management
process, the inventory management results can be more reliable by using the ad-
vantages of the technology and the obtained relevant data [4]. And only to have
a more systematic inventory management system, a theoretical support and basis
can be provided for the development of the industry ultimately, meanwhile, more
technical support can be provided for the promotion of the overall strength of the
entire manufacturing industry and the development of the national economic level.

3. Methodology

With the development of the times, the theme of world development is now peace
and development. In this big trend of development, the world’s economic level has
been greatly improved, and the economic level has been unprecedented development.
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As an important industry in the development of the times, the manufacturing in-
dustry has a very important practical significance for the development of the world
[5]. The development of the manufacturing industry makes more products produced,
which brings a very important impact for people’s production and life demands in
modern times, furthermore, people’s lives also get a great convenience, then, some
effective development is brought for people’s colorful life while people’s living stan-
dards are also constantly improved. In this large trend of development, China’s
manufacturing industry has also been a greater degree of progress. Especially since
the reform and opening up, as China’s manufacturing industry has brought great
impetus to the improvement of China’s economic level, China has gradually become
an important manufacturing industry in today’s world, and the products produced
by related industries in China have begun to be further sold to other countries, so
that the comprehensive level of China’s manufacturing industry has been greatly
improved (Figure 1). Then, many discordant phenomena are further exposed while
massive products produced in China bring great impetus to the national economic
level [6]. For example, because of the decision-making errors of the management layer
in related industries, many industries have decision-making mistakes on the status of
a product in the production of related products, which causes that the production of
the product is more, the supply exceeds the demand and serious product backlog [7].
This series of uncoordinated phenomena has caused a certain degree of waste for the
resources of related products in China, and has had a negative impact on the devel-
opment of China’s manufacturing industry [8]. With the progressive deterioration
of related issues, China has begun to gradually pay attention to manufacturing en-
terprise inventory management. It is extremely necessary for an enterprise to attach
great attention to the inventory management, only to timely check the inventory, the
actual condition of the main raw material in the stock can be discovered, and certain
raw materials that need to be purchased are bought timely, so as to avoid the delay
of enterprise’s production [9]. In addition, according to analyze the inventory status
of some products produced, the current situation of the production of the enterprise
can be realized clearly, so that the shrink production is carried out for the products
with large yield, so as to avoid the product backlog. While for some products with
relatively small output and relatively large demands, the production scale of this
part of the product can be expanded by adjusting relevant production links [10].
Therefore, the inventory management has extremely positive impact on the devel-
opment of some of China’s manufacturing enterprises. However, the relevant model
of inventory management in China is still in a relatively traditional calculation, the
inventory check and other links are more completed by relying on manual inventory,
this mode has a certain degree of subjective factors, and also has certain restricted
role for the development of inventory management [11]. With the development of
computer technology in China, China begins to apply computer technology to the
actual manufacturing enterprise inventory management system, and then, a certain
degree of progress is obtained, moreover, China’s inventory management technology
and related theories also begin to be gradually improved and developed. This study
analyzed the current status of the development of China’s manufacturing enterprise
inventory management system, so as to determine the advantages of this system
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model for the development of China’s manufacturing enterprises through the design
of inventory management system for manufacturing enterprises. The purpose of this
paper is to provide some theoretical support and reference for the development of
inventory management system for manufacturing enterprises in China. The time
evolution of gross output value of China’s manufacturing enterprises is shown in
Fig. 1.

Fig. 1. Analysis of gross output value of China’s manufacturing enterprises

Firstly, in this research, by reading and analyzing relevant data, the related design
concept of manufacturing enterprise inventory management system was determined,
and a certain theoretical foundation was laid for the further research on the basis of
clarifying the relevant concept.

Then, based on ASP.NET technology, this paper constructed the related system
of manufacturing enterprise inventory management. There are three layers in the
main structural model. The first layer is the UI layer, its main role is the user
use interface, which is mainly used to pass the user’s request and submit it to the
terminal, the composition structure is the client and the Web browser; the second
layer is the business logic layer, this layer is mainly to use the user’s related request
to accept and make appropriate treatment, and then, the results are displayed to
the user in the form of browsers, the main structure includes Web forms, XML
Web services and component services; the third layer is the data layer, when the
business logic processing layer is dealing with the request and the data processing is
involved, the data processing service is provided and returned to the business logic
layer, including ADO.NET and RDBMS. On the basis of the clear establishment
of the relevant system, based on this system structure, some small and medium
enterprises in China were adopted as the research objects to establish the database
of the inventory management system; after the establishment of the database, the
comparative analysis of the inventory management was conducted

4. Result analysis and discussion

With the development of the times, manufacturing enterprises have gradually
become one of the important support companies to promote the world’s economic
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development in modern times. In the manufacturing enterprises, as an important
part of the development of enterprises, the importance of inventory for the develop-
ment of the enterprise is no doubt (Fig. 2). After the reform and opening up, China’s
various industries have also made great progress, furthermore, the exchanges and
cooperation between China and other countries in the world have also gradually
increased. In this trend, China’s manufacturing enterprises have obtained a great
degree of improvement and progress [12]. The quantity of products in certain man-
ufacturing industries in China is increasing constantly, which makes our country
have a greater influence in the world, moreover, the economic level is also further
improved [13]. With the development of manufacturing enterprises, many scholars
in our country have begun to put forward to improve relevant theories and systems
of inventory management in some enterprises. Only in this way, the future develop-
ment direction of our country can be determined, and then, the waste of resources is
further reduced while making our country specify a more explicit decision-making,
so as to provide a certain theoretical basis for the sustainable development of the
economy.

Fig. 2. Development of manufacturing enterprises

The traditional inventory management is mainly the simple and manual record
way. With the development of the times, now, computer technology has brought a
certain impetus for the development and progress of various industries. The combi-
nation of technology and other industries has made more industries begin to develop
towards the direction of information technology. In this trend, China’s manufac-
turing enterprise inventory management system has also been a positive impact
[14]. Initially, due to the limitations of computer hardware and software facilities,
China’s manufacturing enterprise inventory management system development is rel-
atively backward and the system’s function is relatively simple. While with the
continuous progress of China’s science and technology, nowadays, China’s computer
network technology has been greatly improved, and the relevant database has been
established, besides, China’s innovative computer network technology has further
eliminated the single and relatively backward computer network technology, and the
inventory management system of China’s manufacturing industry has also obtained
a great degree of improvement and development [15] (Fig. 3). In today’s era, the
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advantages of manufacturing enterprise inventory management system are shown
in Fig. 3, the system is mainly composed of five kinds of databases, and the main
operation way of the database is shown in Table 1.

Fig. 3. Development and application of enterprise inventory management system

On the basis of the extremely clear manufacturing enterprise inventory manage-
ment system, this study took the discrete small and medium-sized enterprises in
China as the example. Firstly, by reading relevant information, the characteristics
and inventory requirements of small and medium-sized manufacturing enterprises in
China were analyzed and summarized. The results are shown in Table 2. Then,
according to the current development situation of discrete small and medium-sized
manufacturing enterprises in China, and based on ASP.NET database technology,
the warehouse and return data database of the small and medium-sized enterprises
were constructed, as shown in Table 3.

The inventory system designed in this paper was applied to the inventory man-
agement process for a manufacturing enterprise in X Province in China, and then,
the production costs and production benefits of the company in each quarter of
2016 were recorded and analyzed further. The results are shown in Figure 4. The
results show that after the application of the stock system, the production cost of
the enterprise in each quarter had a decreasing trend and the production efficiency
was increasing. While with the extension of the application time, the downward
trend of the production cost was large and the income of the production benefit
increased constantly, then, the two indicators basically tended to a saturated state.
This further indicates that the inventory management system of manufacturing en-
terprises has a very important positive influence and impetus to the development of
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small and medium-sized manufacturing enterprises in our country, thus, the better
and faster development of related manufacturing enterprises in the country can be
achieved and the continuous improvement of the overall level of China’s economy
can be promoted through the further improvement of the system.

Table 1. Research on the theory and technology of inventory management system for
manufacturing enterprises in China

Database and
method

Composition Brief description

ABC
classification of
the material
inventory
control

Class A mate-
rial control

This kind of material is an indispensable ma-
terial in the manufacturing process. The
database mainly considers the operation cost
at all aspects, such as procurement, trans-
portation and shortage of the material, and
then, further determines the best single pur-
chase cost, thus reducing the cost as much as
possible while ensuring the normal operation
of the industry.

Class B mate-
rial control

The proportion of this type of the materials
is between class A and class C materials, and
only the general attention and protection are
required in the inventory.

Class C mate-
rial control

Mostly are small materials, they have no close
relationship with the industry and direct cor-
relation, which can be purchased in large quan-
tities.

B/S three-tier
mechanism
model

WEB browser,
WEB server
and database
server

The system development, maintenance and
upgrade and user aspects of the model are rel-
atively simple, so they begin to gradually be-
come the preferred database in the warehouse
management system in China.

.Net platform
framework

Language
library, frame-
work

Through the construction of the relevant code,
the operation of the program can be further
achieved.

ASP.NET tech-
nology

Microsoft.NET The database often uses the code post method
in the process of use, furthermore, during the
calling process, the unordered compilation and
program are updated, so the operation process
is more high-speed, safe and powerful.

Microsoft SQL
Server
database

Microsoft SQL
Server 2008

The database is a relatively mature and fully
functional database in the inventory manage-
ment system of China’s manufacturing enter-
prises. The database is highly reliable, more
efficient and intelligent.
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5. Conclusion

With the development of the times, the manufacturing industry has gradually
become an important support for the development of the world economy today, and
the manufacturing enterprises have provided a great impetus and positive influence
for the development of the world.

Table 2. Characteristics of discrete small and medium sized manufacturing enterprises in China
and their special requirements of the inventory management

Research level Illustration

Features
Production technology changes more

Production technology changes more

Cost control is difficult

Inventory management
special needs

The practicality and miniaturization requirements of
inventory management information system

Reconfigurable requirements for inventory manage-
ment systems

Scalability requirements for inventory management
systems

Inventory management
link

Warehousing

Storage

Delivery of cargo from storage

Basic functions of
inventory management
system

Records of the varieties, specifications, leave the fac-
tory and other information of the storage goods

Inventory management
users

General user

Advanced user

Related business
analysis

Warehousing business

Business of delivering the cargo from storage

Return business

Inventory business

As an important part of the development of manufacturing enterprises, the man-
agement of inventory management link is conducive to reducing the cost of produc-
tion and further increasing the benefits of business operations. However, the inven-
tory management of China’s traditional manufacturing enterprise is more dependent
on the artificial form or a relatively simple computer operation program, so there are
some restrictions on the management of inventory. Today, the efficient development
of the computer industry provides certain technical support for the improvement
of the manufacturing enterprise’s database management system. In this research,
through the analysis of the relevant database technology of the manufacturing en-
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terprise inventory management system, a simple inventory management system was
established. Through the practical application, the results show that the system has
a positive effect on the reduction of the production cost and the improvement of the
production efficiency of a small and medium-sized enterprise. The research aims to
provide a theoretical basis for the development of China’s manufacturing industry.
However, due to the limitation of the author’ level, a more comprehensive system
construction is not understood, so there are some shortcomings in research results,
while the results can still be used as a reference for the relevant industries.

Table 3. Return system of the warehouse constructed by ASP.NET database technology

Serial number int 4 Not null Primarykey

Product serial number nvarchar 10 Not null
Product code nvarchar 20 Not null
Product name nvarchar 50 Not null
Application user nvarchar 20 null

Application quantity int 4 null

Application time datetime 8 Not null

User confirmation ntext 16 null
Quantity confirmation int 4 null

Time confirmation datetime 8 null
Type of operation nvarchar 20 Not null

Examination and verification nchar 4 Not null
Remarks ntext

Fig. 4. Impact of the warehouse relative to an industry’s production costs and
benefits
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Analysis of control design of
quadruped robot motion based on

motion stability theory

Bingqiang Yan1, 2, Weiqing Huang2, 3

Abstract. Quadruped walking robot can not only walk on uneven ground and complex terrain

by static walking, but also realize high speed walking with dynamic walking. The development of

quadruped walking robot has been paid much attention to by all countries. In order to study

the factors that a�ect the dynamic walking stability of quadruped robot, the ADAMS virtual

prototype software was used to simulate the dynamic walking of quadruped walking robot. In this

paper, MATLAB data was input into ADAMS by using trajectory planning of robot. According to

the force and constraint imposed by ADAMS, the speci�c method and steps of virtual prototype

of walking robot were established. The research results and the combined simulation method of

MATLAB- and ADAMS have guiding signi�cance for the design and research of quadruped walking

robot and the simulation experiment.

Key words. Motion stability theory, four groups of robots, motion process.

1. Introduction

Mobile robot technology is one of the most important and active research �elds
in the �eld of robot research. A quadruped robot is a robot that mimics the form
of quadruped locomotion. It not only exceeds the stability of biped robot, but also
avoids the redundancy and complexity of six legged robot mechanism. It can walk
slowly on complex terrain in static walking mode, and can walk at high speed with
dynamic walking. It has a very attractive prospect in many �elds such as military or
civilian materials transportation, �eld exploration, star exploration, disaster rescue,
agricultural production, education and entertainment in complex terrain environ-
ment. In order to realize the highly dynamic, strong adaptability and high stability
of the quadruped robot, the motion control strategy is the focus and di�culty of

1School of Mechatronical Engineering, Beijing Institute of Technology, Haidian District, Beijing,
100081, China

2Hebei College of Industry and Technology, Shijiazhuang, 050091, China
3Corresponding author
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the study, especially the multi-joint coordination control, environmental adaptabil-
ity control and dynamic stability control. At present, the motion control method of
biped robot is based on kinematics model and dynamics model. It adopts the idea
of modeling, planning and controlling. Firstly, the robot body and environment
are modeled accurately. Then, the optimal trajectory of the robot is obtained by
arti�cial programming. The feedback mechanism is used to control the deviation
between the actual motion and the ideal trajectory of the robot, so that the motion
of the robot can reach the ideal trajectory as much as possible. The control method
can achieve complex and precise motion of the robot. However, it needs complicated
kinematics and dynamics modeling with complex motion planning, discontinuous
planning process and poor real-time control, so it is di�cult to improve the robot's
environmental adaptability.

2. State of the art

In the aspect of CPG bionic control of quadruped robot, the research of The Uni-
versity of Electro and Communications is the most typical. A pioneering research on
the adaptive dynamic walking of quadruped robot in unstructured environment by
using neural system model was studied, and a series of quadruped robots were de-
veloped [1]. The researchers used the improved Matsuoka neuron oscillator model to
construct the robot's CPG control network [2], which was the basic rhythm genera-
tor movement. The stretch re�ex, vestibular re�exes, extensor �exor re�ex and other
biological re�ection mechanisms were integrated into the CPG control network. The
adaptive dynamic walking of Patrush series quadruped robot under complex terrain
and the running motion on the road surface was realized. In the gait transformation
of quadruped robot, researchers have made some attempts and explorations [3]. The
quadruped robot with a lumbar joint was investigated, and the gait transitions were
achieved by varying the robot's motion speed and the muscle tension at the lumbar
joint. In addition, the researchers veri�ed the existence of hysteresis in robot gait
transformation by simulation and experiment [4]. The research on quadruped robot
in our country started late, and there is still a big gap compared with foreign coun-
tries. However, in recent years, with the national attention to the robot industry
and increased investment, great progress in this area has been made and a series of
results have been achieved [5].

2.1. Methodology

The movement control system of higher animals is a complex network involving
higher nervous centers, lower nervous centers, skeletal muscles, executive systems,
receptors, and sensory organs, as shown in Fig. 1.

In Fig. 1, the high central nervous system consists of a series of motor centers,
including the cerebral cortex, the basal ganglia, the brainstem and the cerebellum.
Their main function is to send movement instructions, control the rhythmic motion,
select sport mode, and control the movement through the central comprehensive
CPG feedback, proprioceptive and visual information, so as to realize the advanced
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Fig. 1. Animal movement control network

movement function of obstacle avoidance and path planning in complicated envi-
ronment [6]. Central mode generator (CPG) is the central control unit of rhythmic
movement. The main function is to produce rhythm signals and control e�ector to
realize motion. CPG is a distribution network composed of intermediate neurons
with multiple oscillating centers. The self-oscillation is realized by mutual inhibi-
tion between neurons, and a multi-channel or one way periodic signal with stable
phase interlocking relation is generated to control the rhythmic movement of the
limbs or related parts of the body. In CPG, synaptic connections between neurons
are malleable and a variety of output behaviors are exhibited to control animals'
multiple motor patterns. E�ector, the musculoskeletal system, is responsible for
limb movements. There is a complex feedback network in the whole control system,
including central feedback, re�ective feedback and environmental feedback. These
feedback loops are used to achieve biological re�ex function. Central feedback is the
replication of the CPG output, and the central nervous system uses central feed-
back to understand the control process of CPG. The feedback provides the upper
body motion state or position information by using various proprioceptive sensors,
and adjusts the output of CPG through the re�ection mechanism, and coordinates
the relationship between CPG and ontology and environment [7]. Environmental
feedback monitors the relationship between the environment and the body mainly
through visual and tactile sensory, so that the upper control system can ensure the
appropriate command issued according to the environmental conditions or adaptive
response.

In order to study the high speed walking quadruped trotting gait to achieve
stable, trajectory planning and motion control curve were generated by using MAT-
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LAB software �rstly. And the virtual prototype was built by the ADAMS virtual
prototype software [8].

In order to reduce the impact of the ground motion of the quadruped walking
robot when swinging the legs to the ground, a high-speed dynamic and stable walk-
ing was carried out, and the trajectory of the foot was planned with the compound
cycloidal trajectory planning method. The displacement expression in inertial coor-
dinate system is as follows

x = s

[
t

Ty
− 1

2π
sin

2πt
Ty

]
, (1)

Z = 2H

[
t

Ty
− 1

4π
sin

4πt
Ty

]
, (2)

where, X is the displacement of the advancing direction, Z is the displacement in
the high direction, S is the step length (the moving distance of the center of gravity
in the unit cycle), H is the lifting height of the swinging foot, and Ty is the swinging
cycle of the swinging leg.

The movement pattern of a foot animal is represented by "gait". Gait is the
walking pattern with �xed phase relation between legs. The main characterization
parameters of gait are de�ned as follows [9].

Gait cycle T : the time taken for a complete motor cycle.
Step length S: within one gait cycle, the distance that the body center of mass

moves relative to the ground.
Load factor: the time at which the leg is supported on the ground, which accounts

for the proportion of the entire motion cycle.
Supporting phase and oscillating phase: leg movement is divided into two pro-

cesses: support and swing. The supporting phase refers to the state in which the
leg meets the ground, supports the body and pushes the body forward. A swinging
phase is the state of the leg lifting in the air. Load factor and phase di�erence are
the two most important parameters of gait description. Di�erent gait has di�erent
load factors, and the same gait can also have di�erent load factors at di�erent speed
[10].

According to the load factor of each leg, gait can be divided into regular gait
and irregular gait. Regular gait is the gait with the same load factor, the same
motion rule, and the same phase di�erence between the legs. The typical gait of a
four legged mammal has the following four kinds [11]. Walking gait: also known as
"wave gait", each leg rises and falls in turn, and the phase di�erence is a. Trotting
gait: diagonal legs rise and fall in pairs, and the phase di�erence between two pairs
is b. Walking with the same side: the same side of the legs up and down in pairs,
the di�erence between two pairs of c. Running gait: front and rear legs rise and fall
in pairs, and the phase di�erence between two pairs is d. According to the rhythm
of the movement, the above can be divided into double beat gait (trot gait, walking
gait with the same side, running gait) and four beat gait (walking gait). The phase
gait of the typical gait of a quadruped is shown in Table 1.
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Table 1. Typical gait phase relation of quadruped

Gait
Leg phase

Left foreleg Right foreleg Right rear leg Left rear leg

Walking gait 0 1/2 1/4 3/4

Trotting gait 0 1/2 0 1/2

Walking with
the same side

0 1/2 1/2 0

Running gait 0 0 1/2 1/2

Nios II embedded CPG supports 32 bit instruction set, 32 bit data line width, 32
general-purpose registers, 32 external interrupt sources, and 2GB addressing space,
including up to 256 user-de�ned CPU custom instructions [12]. The optional on-
chip JTAG debug module is a debug logic based on boundary tests that supports
hardware breakpoints, data triggers, and debug within an o� chip. In this system,
according to the corresponding requirements, the design of the system was based on
the kernel, and all kinds of basic F units were added to the system development and
application. The actual system design diagram is shown in Fig. 2.

Fig. 2. Nios II system chart

It can be seen from the above diagram, the kernel of Nios II system designed
in this paper includes Nios II CPU, JTAG UART module, JTAG Debug module,
PIO module, UART module, timer module, SDRAM controller module, and EPCS
controller module [13]. All data and programs in the system are transmitted via
the Avalon bus. The whole kernel is built on the software implementation by using
Altera's Quartus software and the SOPC builder tool. The whole design process
adopts the SOPC technology proposed by Altera Company. SOPC technology is a
�exible and e�cient design scheme for on chip system SoC. Its working environment
is SOPC builder in Altera of Quartus. Compared with other SoC designs [14], it has
the advantage of programmability and uses the programmability of FPGA for SoC
design. By using the SOPC builder tool, the user can easily connect the processor,
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memory and other peripherals to form a complete embedded system. SOPC mainly
consists of 2 parts: graphical user interface (GUI) and system generator from the
internal point of view. Each component within the graphical user interface can
also provide its own con�guration graphical user interface, and GUI creates the
system PTF �le to describe the system. The build program creates a system HDL
description for the target device [15].

3. Results analysis and discussion

In this paper, by changing the ground friction factor to simulate the movement of
the robot on di�erent ground, the paper analyzes the adaptability of the quadruped
robot with di�erent con�gurations to the terrain. In Adams, the static friction
coe�cient static coe�cient and the dynamic friction coe�cient dynamic coe�cient
are set as the design variables DV-1 and DV-2 respectively, and the di�erent ground
contact conditions are simulated by changing the values of the two design variables.
DV-1 is more and less prone to relative sliding, the robot in a larger range of changes
in the DV-1 stable walk re�ects better terrain adaptability; DV-2 larger, the relative
sliding, the robot foot and ground The greater the friction, the more easily o�, the
range of the two as shown in Table 2.

Table 2. Simulation data of di�erent starting

Design vari-
able

Standard
values

Minimum
value

Maximum
value

Static fric-
tion factor

DV-1 0.65 0.25 0.75

Dynamic
friction
factor

DV-2 0.55 0.15 0.65

It is found in the simulation experiment that when walking machine adopted
symmetrical starting (the supporting foot was symmetrical at the beginning of the
support and the end of the support relative to the airframe), the body soon collapsed
toward the rear as the robot walks along. After careful observation and analysis,
it is determined that the robot �ips around the diagonal of the support (the line
between two diagonal braces), which is not observed in previous physical prototype
experiments. After analysis, it was determined that the value of the step size was
very small in the physical prototype test, the original value was 12 cm, and the
values in the simulation experiments were greater than 100 cm. The larger the step
length, the greater the corner, and the more disadvantageous the walking stability
was. With the subsequent step lengths were 600mm, 450mm and 225mm, and the
simulation results proved this point. When the step size was 600mm, the robot fell
1 cycle after the start of the walk. When the step lengths were 450mm and 225mm
respectively, the robot did not fall during the 20 experimental periods. When the
step length was 225mm, the attitude stability of the robot was better than that of
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450mm (see Table 3).

Table 3. Simulation data for unsynchronized length

Step size (mm) Root mean square val-
ues of the roll angle in
walking

Root mean square
value of pitch angle in
walking

450 1.3 3.1

225 1.2 2.9

In order to study the in�uence of robot walking cycle on walking stability, the
robot cycle was simulated by 1.4 s, 1.0 s and 0.7 s. When the walking cycles were 1.4 s
and 1.0 s, the robot fell after less than two cycles after the start of the walk. When
the walking cycle was 0.7 s, the whole test cycle (20 cycles) did not fall. Obviously,
smaller cycles are good for stability. The longer the cycle, the larger the change of
the body of the walker's body, thus resulting in increased collisions and easy fall of
the robot.

In order to solve the stability control problem of quadruped robot subjected
to lateral impact, a lateral stability control strategy based on CPG and lateral
step re�ection was proposed. A CPG control network model considering lateral
motion of robot was constructed. A trigger mechanism for the quadruped robot
was introduced by constructing a trigger with a triggering property for the lateral
pendulum of the hip joint. The block studies and reasonable values of CPG network
connection weight matrix R were carried out, so as to make the output signal of the
front and back rotation of the hip joint and the lateral oscillation oscillator keep the
correct phase relationship at any time. Based on the ZMP theory and the linear
inverted pendulum model, the magnitude of lateral stride of quadruped robot was
predicted from the dynamics point of view. Finally, the joint simulation method of
MATLAB/Simulink and ADAMS was used to verify the feasibility and e�ectiveness
of the proposed control scheme. The simulation results show that under the in�uence
of CPG and lateral step re�ection, when the quadruped robot is subjected to lateral
impact, its lateral acceleration can be restored to the threshold within a relatively
short time, and then it terminates the re�ection and matches the normal linear
walking control scheme. The robot can successfully realize the stability control after
the lateral impact of the normal walking, and its ability to resist lateral impact is
improved signi�cantly.

The principle prototype of the quadruped robot is shown in Fig. 3. The total mass
of the prototype is about 100 kg. It is composed of a frame type airframe and four
articulated leg mechanisms. The machine consists of 45 parts, 27 kinds of standard
parts and purchased parts, totaling more than 1000 parts. The material is mainly
made of 2A12 alloy aluminum, the key connection which needs to be strengthened
adopts super hard aluminium 7050, and the joint shaft adopts No. 45 steel. It is
mainly made up of robot, thigh side, knee joint and leg assembly, single leg and leg
module.

In order to ensure the stability of the quadruped robot control system, it is



392 BINGQIANG YAN, WEIQING HUANG

Fig. 3. Principle prototype of quadruped robot

necessary to ensure that the data communication of the control system has certain
reliability, that is, the data cannot be misrepresented and lost. The purpose of this
experiment is to verify the data accuracy of the CNA bus network composed of
two main boards through continuous transmission and reception of large amounts
of data.

The experimental principle: the gait generator sends 8 bytes to the execution
drive as a set of consecutive data, and the execution driver sends the received data
back to the gait generator after each data is received. The gait generator compares
each received feedback data. If it is the same as the send data, count the correct
variable plus 1. If it does not match the send data, count the wrong variable plus
1. Then, through the number of correct data and errors the process of sending, the
correct rate of sending data can be obtained.

The prototype of quadruped robot was built in this chapter. Firstly, the CAN bus
communication experiment between the gait generator and the executive driver was
carried out to verify the reliability and real-time performance of the communication
protocol. Secondly, with one leg experimental platform of quadruped robot, the
single leg motion control experiment of robot was carried out to verify the rationality
of gait generator design and the accuracy of CPG based multi-joint coordinated
control method. The frequency response and load characteristics of the single leg
were obtained by testing. Finally, based on the test and control performance of
hydraulic drive unit, the gait planning test of the prototype was carried out to
verify the correctness and e�ectiveness of gait generation algorithm for Quadruped
Robot Based on CPG, so as to lay a foundation for the further movement of the
experimental prototype.



ANALYSIS OF CONTROL DESIGN 393

4. Conclusion

From the point of view of design and planning, the main factors that a�ect the
dynamic walking stability of quadruped robot were simulated and analyzed. The
simulation test method was carried out using ADAMS. Through a large number
of comparative analysis and theoretical analysis of simulation experiments, it can
be found that there are many factors a�ecting the dynamic walking stability of
quadruped walking robot, which are divided into the following aspects:

Stride length and walking cycle have important in�uence on walking stability.
In order to achieve stable walking of walking robot, both stride length and walk
cycle have a maximum limit value. The smaller the step size and the longer the
walking cycle, the better the stability of the robot. The quality of walking robot has
an obvious in�uence on the stability of walking. The quality of each component is
reduced by employing lightweight material and reducing the size of each component,
which can e�ectively reduce the collision between the ground and the ground when
the swinging leg touches the ground, so as to improve the di�erent e�ects of machine
elements, such as the swing leg trajectory planning, supporting the ground, the
robot's DOF con�guration, damping system design and speci�c control plan.

However, there were still some shortcomings in this study, such as further im-
proving the robot's ability to adapt to the environment. In this paper, the vestibular
re�ex and the �exor re�ex have been studied, but other biological re�ex mechanisms
should be introduced to make the robot more abundant.
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Additive manufacturing technology of
laser metal deposition with high

deposition rate based on Incone1718

Song Yang1, 3, Li Xu2

Abstract. Additive manufacturing technology is a new technique for making object entities,
which is different from traditional machining technology. Laser metal deposition is a typical example
of additive manufacturing technology. Compared with the traditional processing technology, laser
metal deposition can effectively reduce the waste of raw materials, which is more suitable for
the production of personalized parts processing. In this paper, the experimental system of the
additive manufacturing of laser metal deposition with high deposition rate based on Incone1718
was studied, and the system requirements were analyzed in detail; the characteristics of the system
and the characteristics of the powder materials used were also investigated; and the laser deposition
process with high deposition rate based on Incone1718 was developed; the characteristics control
of the process and the microstructure of the materials used were investigated and analyzed, so as
to lay a solid theoretical foundation for the research of the additive manufacturing of laser metal
deposition with high deposition rate based on Incone1718.

Key words. Incone1718, high deposition rate, laser metal deposition, additive manufacturing
technology.

1. Introduction

Additive manufacturing is a new practical technology which is different from the
traditional manufacturing technology. It is mainly through the gradual addition of
materials and the accumulation of continuous form to produce a certain geometric
properties of components. Compared with the traditional process, the components
obtained by the process have more carrying capacity [1]. In addition to the enhanced
carrying capacity, there are several other advantages [2]. For example, it can greatly
reduce the waste of materials, and significantly shorten the production cycle. The
production part of the product structure is more complicated, which is more able to
meet the requirements of the production process and also more suitable for individual
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parts [3]. Because of these advantages, additive manufacturing technology has been
widely used in many fields, such as space, aviation, automobile and ship [4].

Although the traditional additive manufacturing technology is relatively mature,
it has the disadvantage of low deposition rate [5]. The traditional process is difficult
to meet the current large-scale parts processing needs, and the production cycle is
longer with relatively high cost. The demand for additive manufacturing technology
is also constantly improved, so it is of great practical significance to develop additive
manufacturing technology with high deposition rate [6].

2. State of the art

With the widespread application of additive manufacturing technology, the re-
search on this technology is increasing year by year in China. Published papers on
the technology of making materials are increasing year by year, and the research
directions and fields are becoming more and more thorough [7]. Professor Huang
Weidong of the Key Laboratory of Solidification Technology of Northwestern Poly-
technical University has carried out many deep researches on the additive manu-
facturing of laser metal deposition with high deposition rate based on Incone1718,
including the microstructure of the selected material, the mechanical properties of
the material, the selection of the material and the differences in the solidification
process of the material. And the research results have been widely used in various
fields. For example, domestic C919 aircraft used additive manufacturing technology
to print the main aluminum alloy crazy block overall window frame [8].

The research on additive manufacturing technology of laser metal deposition with
high deposition rate based on Incone1718 has become more and more abroad [9].
Taking the research in Germany as an example, the Fraunhofer Laser Technology
Research Institute has carried out the research on additive manufacturing technology
for more than 30 years. The research fields are very extensive, including the study
of additive manufacturing technology based on a variety of alloys, such as titanium
alloy, IN718 alloy, and WC-CO alloy [10]. At the same time, they have made a
comprehensive analysis and research on the equipment used, process control, and the
choice of coating oxidation resistant gas in the additive manufacturing technology.
In addition, they have established a simulation model to simulate the detection of
a variety of research [11]. In addition, the United Kingdom and the United States
have made thorough study on the additive manufacturing of laser metal deposition
with high deposition rate based on Incone1718. The specific application of additive
manufacturing technology of laser metal deposition with high deposition rate based
on Incone1718 is mainly divided into four parts. The first is to design the 3D
model which is suitable for the parts processing; the second step is to design the
appropriate processing plan for the appropriate model, and do the concrete physical
processing [12]; the third step is to scan the processed 3D model by laser, compare
it with the designed CAD model for the adjustment and modification, and remove
the unsuitable position [13]; finally, the precise machining of the part model results
in the completion of the 3D physical entity of the qualified parts [14].
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3. Methodology

With the further development of science and technology in China, every industry
in our country has been greatly improved and the overall strength has been im-
proved. Especially in the related industries of machining, more technologies have
gradually begun to be applied and have brought some positive effects to the devel-
opment and progress of our country industry, which has enhanced the overall level of
our country industry continuously, and has gradually increased the economic output
value of China’s industry [15]. As one of the important technologies in the develop-
ment of some fields, the additive manufacturing technology has become more and
more perfect, and the development of some trades in our country has been greatly
influenced. Some studies have been done on the relevance of the economic output
value of China’s aviation industry and the improvement of additive manufacturing
technology (results shown in Fig. 1). The results show that there is a positive corre-
lation between the manufacturing output value of China’s aviation industry and the
improvement of China’s additive manufacturing technology. With the continuous
improvement of the related theories in China, the application of the industry has
been gradually enhanced, and the manufacturing output value of the aviation indus-
try in China has been increasing year by year. Therefore, from the point of view of
the examples, the application of additive manufacturing technology can effectively
promote the further development of related industries in China, greatly improve the
relevant industry in China’s economic strength, bring positive impetus to the overall
strength of China’s national economic promotion, and finally realize China’s overall
level and the improvement of international status.

Fig. 1. Correlation analysis of manufacturing output value of aviation industry in
China and the improvement of additive manufacturing technology

With the introduction and combination of the additive manufacturing technol-
ogy in various fields of our country, great progress has been made in various fields.
Many scholars in our country have begun to put forward some advanced science
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and technology in the current era and gradually combine with the traditional addi-
tive manufacturing technology, thus forming a relatively new additive manufacturing
technology. Through the improvement of this emerging technology, higher economic
benefits for enterprises can be obtained, and our enterprises have more competitive
performance. Laser technology with high deposition rate based on Incone1718 is one
of the innovative technologies in the world manufacturing industry. The development
of this technology has a positive impact on the improvement of additive manufac-
turing technology. Many researchers have begun to improve the two technologies
and theories. At the same time, the organic integration of the two technologies
is further realized to obtain some results, which brings important positive impetus
to the development of manufacturing enterprises and the level of economy. In this
trend, scholars in China have begun to improve the theory and application of this
technology. However, due to the shortcomings of our scholars in the knowledge level,
there are still some deficiencies in the related technology combination, which makes
the actual performance of the technology still have some shortcomings. This indi-
rectly affects the further development of related enterprises in China to some extent.
In this study, the related theory and technology application of the additive manu-
facturing of laser metal deposition with high deposition rate based on Incone1718
were discussed. The research aims at providing the theoretical basis and reference
for the development of the industry and the improvement of the new technology.
The main methods of this study are as follows: The traditional additive manufac-
turing technology cannot meet the demand of high deposition rate in the production
process. First of all, the requirements of all aspects of the additive manufacturing
technology with high deposition rate were analyzed, so as to determine the actual
needs of related technology development. On this basis, according to the actual
needs of building materials, the additive manufacturing technology and related links
with high deposition rate were constructed. The stability of the related system was
verified on the basis of the determination of related technologies and links. The
characteristics of powder spraying and laser output in the additive manufacturing
technology with high deposition rate were studied and calculated. The relevant
formulas are as follows:

v1 =
d1
∆t

, v2 =
d2
∆t

, (1)

where v1 and v2, respectively, indicate the velocity of powder particle ejection and
the velocity of entering molten pool, and ∆t is the time of powder movement.

The mathematical model of the process technology for the additive manufac-
turing technology with high deposition rate was established. Then, based on the
related theories, different additive manufacturing techniques and models with high
deposition rate were studied. The mathematical model established in this paper is
as follows:

AT =
2θ

2π
× πR2 − dL

2

(
R− dL

rA

)
, (2)

where, AT represents the area size of the entire plating cross section, dL represents
the diameter of the spot produced by the laser emission, and rA represents the ratio
of the width and height of the coating.



ADDITIVE MANUFACTURING TECHNOLOGY 399

For the quality of the coating, the relevant models are constructed as follows:

AT × L× ρ = η ×m× t , (3)

where,L,ρ,η and m, respectively, indicate the length of the coating, the density of
the metal material used, the deposition efficiency in the powder deposition process
and the weight of the powder.

The research finally analyzed and discussed the related technologies of this re-
search from the point of view of examples. The advantages of this technique were
confirmed by using actual cases. And a theoretical reference and foundation for its
popularization and application was provided.

3.1. Result analysis and discussion

The additive manufacturing technology is a new kind of new manufacturing tech-
nology based on laser cladding technology. First of all, the additive manufacturing
technology uses the laser to melt the metal powder, and the melted metal powder
forms a molten pool on the base material. Then the laser spot moves, and then
goes into the molten pool. The molten metal powder gradually solidifies, and forms
metallurgical bonding with the base material. Then 3D physical entities are slowly
formed in layers. Because the coating is easy to oxidize in the air, the inert gas, such
as helium and argon, is used as the protective gas in the process, so as to avoid the
oxidation of the coating.

There are two forms of powder feeding, namely, coaxial feeding and side feeding,
as shown in Fig. 1. The principle of coaxial feeding is that the powder beam formed
by laser beam and powder is the same central axis, so it is called coaxial feeding
powder. There are two patterns in the process of making materials: lateral pollina-
tion and coaxial pollination, the powder beam is very concentrated in front of the
nozzle, so the precision is relatively high, which is more suitable for the repair of
parts and other processing technology. The side feeding is completely different from
the central axis formed by the laser beam due to the powder being sent from side to
side in the dissolution bath, so it is called side feeding. The lateral feeding system
has a strong directionality, and there are different processing techniques in all di-
rections. Moreover, the powder beam formed before the nozzle is not concentrated
as coaxial feeding powder, but rather skewed to the rectangular shape. Therefore,
the machining precision is relatively weak, but the powder feeding rate is obviously
improved. Therefore, it is often used in the manufacture of metal cladding of tubular
parts, which plays a role in strengthening the wear resistance of tubular parts. Ma-
terial making technology in the process of physical objects as shown in Fig. 2. From
Fig. 3 left, it can be found that the powder beam formed by coaxial feeding is more
concentrated and more inclined to be cone shaped. In Fig. 3 right, the powder beam
formed by the side feeding powder is relatively loose, and tends to be rectangular or
banded, but the powder feeding rate is obviously larger.

The additive manufacturing system of laser metal deposition with high deposi-
tion rate based on Incone1718 includes the powder feeding system (powder feeder,
powder distributor, powder spraying, and various connected devices), laser system
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Fig. 3. Powder feeding system diagram with different additive manufacturing
technologies: left–powder feeding system of coaxial additive manufacturing
technology, right–powder feeding system of lateral additive manufacturing

technology

(laser light source, optical system and optical fiber connection) and auxiliary system
(machine, inert gas, cooling system and other monitoring system). The requirement
analysis of the three systems is carried out, and each system is deeply studied. The
research of powder feeding system mainly focuses on how to realize high feeding
powder. The realization of high feeding powder is the necessary condition to meet
the high deposition rate, and the key to realize the high feeding powder is the im-
provement of the component of the powder nozzle. First of all, the problems existing
in the traditional material making process are analyzed. The main problems are the
low powder output, the low powder mixing and powder gathering ability, and the
relatively low thermal capacity. The forming state of the powder beam is studied in
the case of different powder feeding rate. The results show that the powder agglom-
eration capacity of the powder beam is better when the feed rate is small. However,
with the increase of the powder feeding rate, the powder nozzle gradually losses the
power of powder gathering. In view of the above problems, a high deposition rate
LMD powder nozzle is developed. The main improvements are as follows: firstly,
the new nozzle should increase the distance between the inner and outer rings and
adjust the internal mixing system, in this way, the damage to the inner and outer
walls of the system can be avoided effectively; secondly, the new nozzle should ex-
tend the focal length of the powder beam, which can reduce the thermal load and
effectively prevent the particles from sticking to the front of the nozzle; at the same
time, the position of the protective mirror of the shower nozzle should be adjusted
properly, so that the lens is more favorable for the protection of the lens; in addi-
tion, the aperture at the top of the nozzle should be enlarged to better adapt to the
laser spot. Through the improvement above, the power of powder gathering can be
strengthened under the condition of high powder feeding. As shown in Fig. 4, the
top of the improved nozzle is enlarged and the focus of the powder is longer, and the
beam formed by the powder is more concentrated, which can meet the requirements
of precision machining.

The quality of powder material is the most important index of the quality of
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the process, and the physical and chemical characteristic of the powder material is
an important evaluation index to evaluate the quality of the powder material. The
physical and chemical properties of powder materials seriously affect the material
gain, manufacture technology and technological performance of powder. The physi-
cal and chemical properties of powder materials include the percentage of chemical
elements, porosity and morphological characteristics of powder. Firstly, the per-
centage of chemical elements in the powder material can be measured by ICP-AES
analysis. The N and O elements in the non-oxides of non-metallic elements can be
obtained by means of a gas transport heat extraction (CGHE) method. C and S ele-
ments are usually selected by incineration for determination and analysis. By using
the above three methods, the percentage of chemical elements in a powder material
is analyzed (Table 1). From the table, it can be found that the main components of
Incone1718 are Ni, Fe, Mo and Mn, and these four elements have significant influence
on the LMD characteristics of the material.

Fig. 4. Comparison of powder beam morphology between conventional powder
nozzle and high deposition rate powder nozzle under high powder feeding

condition: left–powder beam morphology of high deposition rate powder nozzles

Table 1. Percentage analysis results of chemical elements in powder

Ni (%) Cr (%) Nb (%) Mo (%) Ti (%) Al (%) Co (%)

51.3 19.2 5.2 3.0 0.99 0.56 0.038
Fe (%) Si (%) P (%) Mg (%) Cu (%) B (%) Mn (%)

19.0 <0.06 <0.01 <0.001 0.016 <0.005 0.037

Se (%) Ta (%) Ca (%) O (%) N (%) C (%) S (%)

<0.002 0.019 0.004 0.008 0.018 0.056 0.004

In this paper, the laser energy used in the calibration of the laser and the caustic
curve were analyzed. It can be found that the laser source connected to the control
system can effectively receive the voltage signal used by the system. The signal can
also receive the output power of the laser source. Therefore, the mapping relation
can be obtained by scaling the output power. Firstly, the diameter of the original
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light spot of the laser optical system is set to 3mm, and then the original dispersion
curve and the laser capacity distribution at the focal point of the laser optical system
are shown in Fig. 5. Caustic curve of laser optical system is symmetric hyperbolic
curve style. The narrowest point of the curve is where the focus of the laser is.

Fig. 5. Energy distribution curve and the original facula of non-zoom optical
system in the focal point

The original laser spot is set to 4mm, the distribution of laser forming caustic
curve is a type of state Gauss style. Similarly, the symmetry is better, but the
original spot is relatively decreased, as shown in Fig. 6.

4. Conclusion

In this paper, Incone1718 was used as the main material of research, and the ad-
ditive manufacturing technology of laser metal deposition with high deposition rate
based on Incone1718 was studied through the combination of theoretical literature
and experimental research. The results show that the physical entity of Incone1718
used in this study is superior to the entity obtained by traditional methods in terms
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Fig. 6. Energy distribution and the original facula of zoom optical laser system in
the focal point

of mechanical properties at normal temperatures, hardness of materials and duc-
tility of materials. Firstly, the experimental system of the additive manufacturing
technology of laser metal deposition with high deposition rate based on Incone1718
was studied and designed. The system has the advantages of better flexibility and
high powder output. Secondly, the characteristics of powder injection and the laser
characteristics of laser system were analyzed deeply. The results show that the pow-
der beam formed by coaxial feeding powder is more concentrated and more inclined
to be cone shaped, while the powder beam formed by the side feeding powder is rel-
atively loose and tends to be rectangular or banded, but the powder feeding rate is
obviously larger. Compared with the traditional process, the additive manufacturing
technology of laser metal deposition with high deposition rate based on Incone1718
is improved by about 20 times. Moreover, the opening at the top of the improved
nozzle is enlarged, and the focus of the powder is longer, and the beam formed by
the concentrated powder is more concentrated, which can satisfy the requirement
of precise processing. The research results of this paper can lay a solid theoretical
foundation for the research of the additive manufacturing technology of laser metal
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deposition with high deposition rate based on Incone1718.
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Applied research on site selection for
urban logistics distribution center
based on fruit fly optimization

algorithm

Yuan Xion
1

Abstract. Through the optimization algorithm of fruit �ies, there is a local optimum solution

for the location of logistics distribution center, and it is prone to fall into the local minimum. In

order to achieve reasonable allocation of the site of logistics distribution center, an improved opti-

mization algorithm for Drosophila melanogaster is proposed in this paper, and function optimization

problem and site selection of logistics distribution center are chosen as the objects of study. Func-

tion optimization problem veri�es that improved fruit �y optimization algorithm exhibits faster

convergence rate and higher convergence precision, so it can be applied in other research �elds. A

mathematical model for site selection of logistics distribution center is established according to the

coordinates of logistics distribution centers in 31 cities and their demand for goods and materials.

Besides, improved fruit �y optimization algorithm is applied for optimization solution to achieve

the optimal allocation of distribution path and save cost. The simulation result indicates that the

algorithm has the advantages of fast convergence rate and high precision.

Key words. Fruit �y optimization algorithm, logistics distribution center, chaotic system,

logistic system, demand quantity.

1. Introduction

As e-commerce grows rapidly, logistics industry as an emerging industry is de-
veloping at a fast speed. The site selection method of logistics distribution center
as a middle link connecting customers sand suppliers decides logistics distribution
mode and distribution distance and in�uences work e�ciency and economic bene�t
of logistics system. The study on site selection of logistics distribution center has
important practical signi�cance and theoretical value. Therefore, distribution cen-
ter site selection model and optimization method in logistics network layout attract
extensive attention of domestic and overseas research scholars.

1Nanchang University, Nanchang, 330031, China

http://journal.it.cas.cz
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Revelle and Swain [1] proposed slack linear programming algorithm for site se-
lection problem in 1970. In 1978, for large-scale logistics site selection problem,
Erlekotter [2] put forward both way slope algorithm and local search algorithm.
The empirical study shows this method has good e�ect and high e�ciency. In 1988,
Kazuyoshi Hidaka [3] applied greedy heuristic algorithm and balloon search heuristic
algorithm successively to solve large-scale facility site selection problem. In 1999,
Yamada took minimum transportation cost and minimum CO2 emission as the ob-
jective function[4] to select the site of logistics distribution center. Although tra�c
distribution was considered, this model could only handle small-scale site selection
problem. In 2001, Wang Zhanquan and Yang Dongyuan [5] applied global search
optimization technique, established site selection model based on genetic algorithm,
compared and analyzed it with traditional mixed integer programming solution.
With regard to logistics center site selection for perishable products, Jiang Dali and
Du Wen [6] combined global search capacity of genetic algorithm and local search
capacity of ALA method to put forward a mathematical model for logistics center
site selection based on AGA integer programming in 2003. The result indicates that
this algorithm can greatly increase the probability of acquiring the optimal distribu-
tion path and the optimal site. In 2006, Wu Bing, Luo Ronggui and Peng Weihua
[7] came up with logistics center site selection optimization model based on genetic
algorithm of priority coding. The result indicates that this method can e�ectively
reduce the di�culty in solving site selection problem. In 2008, Zhao Dongling, Yu
Longzhen and Chen Changju [8] established 0�1 integer programming model for lo-
gistics center site selection and proposed an improved single-point PMX intersection
method to solve large-scale logistics distribution optimization problem by combin-
ing the thought of genetic variation. The result shows the improved algorithm has
good e�ect, and is superior to improved single-point intersection method in terms
of convergence rate and optimal solution.

2. Improved fruit �y optimization algorithm

2.1. Fruit �y optimization algorithm

Fruit �y optimization algorithm (FOA) is a new evolutionary computation method
which was proposed by Pan [9] in 2011. At present, it is widely applied in function
optimization, SVM parameter optimization, knapsack problem and optimization of
neural network weight and threshold value, etc. Although this algorithm has such
advantages as few control parameters, fast convergence rate and high convergence
precision, it has local optimum problem and thus may be easily caught in local
minimum. This paper combines ergodicity, regularity and randomness advantages
of logistic chaotic system and proposes fruit �y optimization algorithm based on
logistic chaotic system to overcome local optimum problem of FOA.

Step 1: Set fruit �y population size popsize and maximum iteration times of
FOA; initialize fruit �y population position at random; the initialization results are
expressed as X_begin and Y_begin, respectively.
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Step 2: Calculate random optimizing direction and distance of fruit �y individuals
according to (1) and (2):

xi = X_begin+ V alue× rand() , (1)

yi = Y_begin+ V alue× rand() . (2)

In (1) and (2), V alue represents search distance of fruit �y, while xi andyi rep-
resent the position of fruit �y individuals in the next moment.

Step 3: Estimate the distance di between fruit �y individuals and the original
point according to formula (3); then apply formula (4) to �gure out smell concen-
tration si of fruit �y individuals:

di =
√
x2i + y2i , (3)

si =
1

di
. (4)

Step 4: Substitute smell concentration si into formula (5)�smell concentration
decision function�and calculate smell concentration of fruit �y individuals at cur-
rent position

Smelli = Function(si) (5)

Step 5: Find out the best smell concentration and the best position of fruit
�y individuals. The best smell concentration is expressed as Smellb, and the best
position is expressed as xb and yb.

Step 6: Reserve and record the best position and the best smell concentration
of fruit �y. The best smell concentration Smellbest = Smellb; the initial position
of fruit �y Y_begin = yb, X_begin = xb; besides, fruit �y population searches
towards the best position.

Step 7: Iterate for optimizing and repeat iteration steps 2�5 and judge whether
the smell concentration is better than that in the last iteration. If it is better, execute
Step 6.

2.2. Logistic chaotic system

Chaos phenomenon extensively exists in nonlinear system. It is an aperiodic
motion form. Since the sequence generated by chaotic system has good randomness,
ergodicity and regularity, chaotic sequence is widely applied in signal processing,
nonlinear control, image encryption and other relevant �elds.

The expression of logistic chaotic system is shown in Formula (6) [11, 12]

x(n+ 1) = ux(n)(1− x(n)), x(n) ∈ [0, 1] . (6)

In formula (6), n is iteration number, u represents chaos control parameter (when
u = 4, logistic system is in the chaotic state. A transformation calculation formula
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of chaos variable of Cxi is shown in formula (7)

Cx(n+ 1)i = 4Cx(n)i(1− Cx(n)i), i = 1, 2, ..., N . (7)

In Formula (7), Cx(n)i represents the value of the ith chaos variableCxi of
chaotic mapping after the nth chaos variable. When Cxi ∈ [0, 1] and Cxi /∈
{0.25, 0.50, 0.75}, the system is in the chaotic state. The optimization parameter
xi ∈ [ai, bi] in Formula (7) can be transformed through mutual mapping of formu-
lae (8), (9) and chaos parameter Cxi ∈ [0, 1].

Cxi = (xi − ai)/(bi − ai) , (8)

x′i = ai + Cxi(bi − ai) . (9)

In formula (9), x′i represents the value that the ith chaos variableCxi after chaotic
mapping is transformed to conventional variable.

2.3. Improved FOA

Logistic chaos theory is introduced in FOA to improve it. The main process of
improved FOA is as follows:

Step 1: Set fruit �y population size popsize and maximum iteration times Iteration
of FOA; initialize fruit �y population position at random between 0 and 1, and ex-
press it as vector zi.

Step 2: Map the zicomponent to chaos parameter Cz(n)i, Cz(n)i = [0, 1] ac-
cording to formula (8).

Step 3: Conduct chaotic mapping for chaos parameter Cz(n)i according to for-
mula (7).

Step 4: Carry out mapping transformation for each component according to
formula (9), and the mapping is conventional variable z′i in [ai, bi]; calculate �tness
f(z′i), choose the minimum f(z′i) in the population and record the minimum f(z′i),
fit(gen) = f(z′i).

Step 5: Optimize and iterate; repeat the steps 2�4.
Step 6: If the stop condition is met (iteration times is greater than the max-

imum iteration time Iteration), select the minimum fit and make Smellbest =
min(fit(gen)). At this moment, record smell concentration Sg of minimum f(z′i).

Step 7: To make sure the initial value to be gained is within the small inter-
val of optimal parameter in the initial iteration, if the parameter is greater than 0,
B ∈ [0, 1]. Through repeated veri�cation, B = 0.25 is chosen in this paper. Ap-
ply Si = Sg + 2B × rand() − B to generate tiny disturbance population near the
selected smell concentration Sg. Meanwhile, apply Si to assess f(Si). Choose f(Si)
with the smallest �tness in the population and make Bestsmell = min(f(Si)). If
Bestsmell < Smellbest, Smellbest = Bestsmell and make Sg = Si.

Step 8: Carry out secondary iteration and optimization; update smell concentra-
tion Si and repeat Step 7.
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Step 9: If the stop condition is met (iteration times is greater than the maximum
iteration time Iteration), output Smellbest, P = Sg.

2.4. Mathematical model for logistics distribution center
site selection

To achieve the optimal selection of urban logistics distribution center, the follow-
ing hypotheses are accepted [13]: goods capacity of logistics distribution center can
satisfy the demand for goods at each demand point, and total goods amount at the lo-
gistics distribution center is decided by goods demand of distribution demand point;
one distribution center only supplies a demand point; the transportation expenses
from the logistics distribution center to the factory are not taken into account.

Fig. 1. Distribution diagram

Based on the above hypotheses, the mathematical model for logistics distribu-
tion center site selection can be established. The distribution diagram is shown in
Fig. 1. The mathematical model is a site selection and distribution model. Under
the condition of meeting upper limit of distance, it is necessary to �nd out the dis-
tribution center from n demand points and distribute goods to each demand point.
The objective function is the minimum sum of product between the demand and
distance from each distribution center to the demand point. The objective function
is:

minF =
∑
i∈N

∑
j∈Mi

widijZij . (10)

The constraint conditions are∑
j∈Mi

Zij = 1, i ∈ N , (11)
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Zij ≤ hj , i ∈ N, j ∈Mi , (12)

∑
j∈Mi

hj = p , (13)

Zij , hj ∈ {0, 1}, i ∈ N, j ∈Mi , (14)

dij ≤ s . (15)

In the above constraints, N = {1, 2, ..., n} is the serial number set of all demand
points, Mi represents the set of alternative distribution centers whose distances
from the demand point i are less than s, i ∈ N ,Mi ⊆ N , and wi represent the
demand quantity of demand points, dij refers to the distance from the demand
point i to the nearest distribution center j, and Zij represents 0�1 variable and
service demand distribution relation of users and logistics center. When Zij = 1,
the demand quantity of demand point j is supplied by distribution center j, or else
Zij = 0. Symbol hj represents 0�1 variable. When hj = 1, the demand point j is
chosen as the distribution center. Symbol s represents the upper limit of distance
from the demand point served by the newly-built distribution center.

Formula (11) guarantees that each demand point can be served by only one
distribution center. Formula (12) guarantees the demand quantity of demand point
can only be set to point supply of distribution center. In other words, there will
be no customer where there is no distribution center. Formula (13) speci�es that
the number of selected distribution centers is p. Formula (15) guarantees that the
demand point is within the scope that the distribution center can reach.

3. Analysis and discussion

3.1. Optimization of logistics distribution center site selec-
tion using IFOA algorithm

The steps of optimizing logistics distribution center site selection with IFOA
algorithm are as follows. The �ow chart is shown in Fig. 2.

Step 1: Set population size popsize and maximum iteration times Iteration of
IFOA algorithm.

Step 2: Calculate �tness function value of fruit �y individuals according to for-
mula (10) and search the position and optimal value of fruit �y individuals and
global optimal individual.

Step 3: Update speed and position of fruit �y population.
Step 4: Figure out �tness and update position and speed.
Step 5: If gen > Iteration, save the optimal solution, otherwise gen = gen + 1,

and turn to Step 3.
Step 6: The best position and the best distribution path of corresponding logistics

distribution center according to the optimal position.
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Fig. 2. Flow chart of optimizing logistics distribution center site selection with
IFOA algorithm

3.2. Experimental simulation

To verify the e�ect and superiority of IFOA, set fruit �y population size sizepop =
20 and the maximum interaction times Iteration = 100. The optimization result is
shown in Figs. 3�6 for four di�erent standards.

1) Rastrigin function

min f(x1, x2) = 20 + x21 + x22 − 10(cos(2πx1) + cos(2πx2)), x1, x2 ∈ [5, 5] .

2) Schaffer function

min f(x, y) = 0.5 +
sin2

√
x2 + y2 − 0.5

(1 + 0.001(x2 + y2)2)2
, x, y ∈ [−10, 10] .
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3) F4 function

min f(x1, x2) = 100(x21 − x22) + (1− 2x1 + x21), x1, x2 ∈ [−1, 1] .

4) Sphere function

min f(x) =

n∑
i=1

x2i , |xi| ≤ 15, n = 10 .

Fig. 3. Convergence graph of Rastrigin function

Fig. 4. Convergence graph of Schaffer function
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Fig. 5. Convergence graph of F4 function

Fig. 6. Convergence graph of Sphere function

From Figs. 3�6 it is obvious that the convergence rate of IFOA algorithm superior
to that of FOA algorithm and GA algorithm. This veri�es superiority of IFOA.
Its convergence rate is faster, and its �tness function value further approaches the
theoretical value.

In order to prove the feasibility and e�ectiveness of IFOA during optimizing
distribution center site selection, the coordinates of 31 cities in China are gathered,
the position and the goods demand of each user are shown in Table 1. The data
in this paper go through standardized processing. 6 cities are chosen as logistics
distribution centers.



416 YUAN XIONG

Table 1. Users' position and their goods demand

j (Uj , Vj) bj j (Uj , Vj) bj

1 (1304, 2312) 20 17 (3918, 2179) 90

2 (3639, 1315) 90 18 (4061, 2370) 70

3 (4177, 2244) 90 19 (3780, 2212) 100

4 (3712, 1399) 60 20 (3676, 2578) 50

5 (3488, 1535) 70 21 (4029, 2838) 50

6 (3326, 1556) 70 22 (4263, 2931) 50

7 (3288, 1229) 40 23 (3429, 1908) 80

8 (4196, 1044) 90 24 (3507, 2376) 70

9 (4312, 790) 90 25 (3394, 2643) 80

10 (4386, 570) 70 26 (3439, 3201) 40

11 (3007, 1970) 60 27 (2935, 3240) 40

12 (2562, 1756) 40 28 (3140, 3550) 60

13 (2788, 1491) 40 29 (2545, 2357) 70

14 (2381, 1676) 40 30 (2778, 2826) 50

15 (1332, 695) 20 31 (2370, 2975) 30

16 (3715, 1678) 80

Set fruit �y population size sizepop = 20 and the maximum iteration times
Iteration = 100. The optimization results of logistics distribution center for 6
centers are shown in Fig. 7.

When there are 5 and 4 logistics distribution centers and the iteration times are
di�erent, the principle of calculation is similar to the above, convergence curves and
distribution path maps of IFOA are shown in Figs. 8 and 9.

According to the optimization result of IFOA algorithm under di�erent itera-
tion times and di�erent population size (Fig. 10), as iteration times and population
size rise, the optimal iteration times and di�erent population size tends to be bet-
ter. The simulation experiment shows that IFOA algorithm has high feasibility and
e�ectiveness during optimizing logistics distribution center site selection problem.

4. Conclusion

Although fruit �y optimization algorithm has such advantages as few control
parameters, fast convergence rate and high convergence precision, it has local opti-
mum problem and thus may be easily caught in local minimum. In order to achieve
reasonable allocation of the site of logistics distribution center and improve work
e�ciency and economic bene�t of logistics distribution system, this paper combines
ergodicity, regularity and randomness advantages of logistic chaotic system and pro-
poses fruit �y optimization algorithm based on logistic chaotic system to overcome
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Fig. 7. Distribution path and convergence map when there are 6 distribution
centers
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Fig. 8. Distribution path and convergence map when there are 5 distribution
centers
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Fig. 9. Distribution path and convergence map when there are 4 distribution
centers

local optimum problem of fruit �y optimization algorithm. A mathematical model
for site selection of logistics distribution center is established according to the co-
ordinates of logistics distribution centers in 31 cities and their demand for goods
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Fig. 10. Convergence comparison diagram of IFOA algorithm and FOA algorithm

and materials. Besides, improved fruit �y optimization algorithm is applied for op-
timization solution to achieve the optimal allocation of distribution path and save
cost. The simulation result indicates that, the algorithm has the advantages of fast
convergence rate and high precision. On this basis, distribution paths under di�erent
number of distribution centers and distribution paths under di�erent iteration times
and population size are compared to achieve optimization of objective function and
the lowest cost.
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Research on aircraft trajectory
optimization based on reducing

greenhouse effect1

Tian Yong2, 3, Wang Zhongfengyan2, Wan
Lili2, 3, Zhang Quan2

Abstract. Air transport plays an important role in people’s daily life. However, the envi-
ronmental impact caused by it has become increasingly serious. In order to reduce the greenhouse
effect caused by global aviation, the absolute global temperature potential (AGTP) was used for
the uniform quantization of aircraft emissions of CO2 and the generated contrails. Then, con-
sidering the control boundary and mobility constraints, the aircraft level optimization model was
established with the optimization objectives of minimizing greenhouse effect, and it was verified
using the actual radiosonde data and operational data of Guangzhou-Beijing route. Finally in the
optimized flight profile, the global surface temperature decreased, in three time level of 25 years, 50
years and 100 years, which was reduced by 36.39%, 13.98% and 11.21%, respectively. Therefore,
the optimization model can effectively reduce the greenhouse effect caused by aircraft operation.

Key words. Greenhouse effect, global warming potential, carbon dioxide emission, conden-
sation.

1. Introduction

As a new industry, civil aviation industry has brought convenience, comfort and
high efficiency. However, the impact of noise, fuel consumption, and pollution emis-
sions caused by air transport on the environment has attracted more and more

1This paper is supported by Jiangsu Province Graduate Student Training Innovation Project,
Study on green aircraft trajectory optimization (No. SJLX15_0131), Graduate Innovation Base
(Laboratory) Open Fund, Research on aircraft trajectory optimization based on multi objective
environmental impact (No. kfjj20150710) and National Natural Science Foundation of China,
Research on the Evaluation Method of Air Traffic Volume in Airport for Enviromental Protection
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attention. According to the United Nations Intergovernmental Panel on climate
change (IPCC) statistics, 13% of current fossil fuel is consumed by air transport, in
which air transport emissions of carbon dioxide (CO2) account for 2% of the total
global anthropogenic emissions CO2 [1]. Another cause of climate impact is the
contrail, and the impact of climate warming produced by it is even higher than the
aircraft’s CO2 emissions [2]. Aircraft flying at high altitude, long duration, emissions
of the gas is difficult to be absorbed compared to the ground, so the impact on the
environment is a long process. Environment is a part of the future development of
the aviation industry which cannot be ignored, and the altitude layer selection of
aircraft is not only to follow the high level of safety and efficiency principles, but
also needs to further consider the impact of the environment. Therefore, the estab-
lishment of a safe and environmentally friendly aircraft trajectory is one of the main
directions of the future development of the aviation industry.

Based on the current situation of the development of Chinese civil aviation, fac-
ing to the environmental protection which should be considered in the air traffic
operation, according to the characteristics of climate impact of CO2 and contrail,
the absolute global temperature potential (AGTP) [3] climate standard is used to
measure the effect of CO2 and contrail on global surface temperature, establish the
weight of CO2 and contrail, construct the aircraft altitude layer optimization model
with the goal of minimizing the greenhouse effect, and compare with the global
surface temperature increase value caused by the aircraft flying under the original
flight profile, so as to verify that the model can effectively reduce the impact of the
environment.

2. Current research status

While consuming a large amount of fuel in the upper air, the aircraft also brings
about a lot of pollution to the surrounding environment and the formation of the con-
densate. High altitude flight usually refers to the flight altitude of 7000m∼15000m
in altitude. For the aircraft during the height range, due to high altitude, the noise
pollution of flight trajectory is negligible, and the aircraft fuel combustion CO2 is
the greenhouse gas, which can absorb and release radiation to affect global climate
change, and cause a great threat to human survival. At the same time, the aircraft
is easy to generate the contrail, which can block the long wave radiation from the
earth’s surface in the atmosphere, increasing the greenhouse effect. Therefore, the
impact of high altitude flight on the environment is mainly reflected in the CO2

emission and the contrail.
As for the twenty-first century, the research of reducing the impact of high al-

titude flight on the environment has been carried out by foreign countries as the
following. In 2003, Victoria Williams et al. [4] proposed that the aircraft flying
height layer was in favor of reducing the impact of aviation activities on the Eu-
ropean climate. In 2008, Klaus Gierens [5] summarized a review of the methods
to relieve the contrail. In 2011, Banavar Sridhar et al. [6] combined with upper
wind data to optimize the horizontal direction and the height of the routes of the
12 cities in United States, and obtained the flight path with the minimal impact on
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the environment by solving the nonlinear optimal control problem. In 2012, Chen
et al. [7] measured the carbon dioxide and the contrail, and made the artificial de-
termination of weighing coefficient. Although more flexible, it was greatly affected
by human factors, which was not easy to unify the specification. In 2014, Manuel
Soler et al. [8] described the 4D flight path planning as a multi-stage mixed integer
optimization control problem, and replanned the route of the aircraft, so that the
impact of contrail on the environment was minimal. In 2015, Antonio Filippone
[9] evaluated the reduction measures of all kinds of contrails. There are few related
researches in China, currently only focused on research of greenhouse gases on global
climate change, less considering the impact of the aircraft operation on the climate,
thus not carrying out the research of reducing the impact of aircraft on the aircraft
environment by improving the operation. In 2011, Zhang Ruoyu et al. [10] used
the assessment method of global warming potential (GWP) to study the effect of
greenhouse gases on climate, and the global warming potential of greenhouse gases
was reviewed comprehensively. In 2011, Liu Ping [11] pointed out in his article
that China promulgated the "guidance on accelerating the work of energy conserva-
tion and emission reduction", which could reduce emissions through technology and
management innovation. In 2016, Wang Zhongfengyan and others [12] preliminary
discussed the aircraft flying height layer distribution program to reduce the green-
house effect through the establishment of the climate impact assessment method of
CO2 and the contrail.

3. Aircraft trajectory optimization model and its solution

The impact of high altitude flight on the environment is mainly reflected in the
formation of CO2 emission and the formation of contrail. CO2 emissions depend on
fuel consumption and combustion efficiency. The formation of contrail is related to
the atmospheric temperature and relative humidity, and the appropriate climate as-
sessment index should be selected to establish the global warming response function.
Aircraft trajectory optimization can reduce the impact of aircraft operation on the
global temperature change by optimizing the altitude layer of the flight phase, thus
forming an environmentally friendly path.

3.1. CO2 emissions model

CO2 is the main greenhouse gas, accounting for about 75% of all greenhouse
gases, no obstacle to light radiation, but it can absorb infrared and block infrared.
CO2 likes a greenhouse, and energy is easy to into and hard to go out. The more CO2,
the stronger the hindering effect of earth’s heat escapes to hinder the atmosphere,
so that the global warming effect is stronger. If the CO2 content is doubled, the
global temperature will rise 3∼5 ◦C, which may be increased by 10 ◦C in the Polar
regions, and the climate will be significantly warmer.

With the rapid development of the global airline industry, if not to take cor-
responding measures to protect the environment, the proportion of gas emissions
produced by air transport over the next 40 years will increase to 3% of global
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anthropogenic CO2 emissions, and the proportion causing the climate change will
reach 5% [13]. CO2 emissions from engines are mainly derived from fuel combustion,
while combustion and combustion efficiency are the decisive factors in determining
the total amount and composition of emissions.

The amount of CO2 gas emitted by the fuel consumed during the aircraft oper-
ation can be expressed as:

ECO2
= EICO2

· FW . (1)

In the formula, ECO2 is the emission of CO2, and its unit is kg, EICO2 is emission
index for CO2, and the emission index of aviation fuel is EICO2

= 3.155 kg/kg.
Quantity FW represents the fuel consumption, and its unit is kg.

3.2. The formation model of contrail

For aircraft flying at high altitude, the tail behind will form a cloud band at-
omization wake. The white cloud belt is produced by condensation of condensed
water from the engine and the surrounding cold air. They can be condensed into
tiny droplets to form a cloud, so this article will call it the contrail. The contrail
can absorb the heat of the ground radiation, thereby “adding fuel to the flames of
global warming”. Generally, above sea level 8000m, the temperature is low to minus
40 ◦C, and the contrail will form. Therefore, the high altitude cruise phase is more
likely to form the contrail.

The formation of contrails is related to the atmospheric temperature and relative
humidity of the atmosphere. Air humidity refers to the degree of humidity in the
air, which means the degree of vapor content in the atmosphere. At a certain
temperature, the smaller the air humidity, the faster the water evaporates. Whereas
the atmospheric humidity is bigger, water evaporates is more slowly. The high
temperature gas discharged by the engine cold air condenses into small droplets,
which is not easy evaporation, existing in the atmosphere in the form of cloud,
which is the formation of contrails. When the relative humidity (RHw) of ambient
air is greater than or equal to a certain humidity, it is easy to form a continuous
contrail, and the humidity is defined as the critical relative humidity RHcritical [14].

RHcritical =
G (T − Tcontrail) + eliqsat (Tcontrail)

eliqsat (T )
, (2)

eliqsat (T ) = e0 · 10
aT
b+T , (3)

Tcontrail = −46.46 + 9.43 ln (G− 0.053) + 0.72 ln2 (G− 0.053) , (4)

and
G =

EIH2OCpP

εQ (1− η)
. (5)

In the above formulas, eliqsat (T ) is the saturated vapor pressure at atmospheric
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temperature (hPa), e0 is the saturated vapor pressure at 0 ◦C and its value is
6.11 hPa. For water, a = 7.5, b = 237.3. Symbol Tcontrail denotes the critical
temperature for the formation of contrail in degrees of Celsius, EIH2O represents
the emission index of steam, Cp is the specific heat capacity of air at constant pres-
sure (J/kg K), P denotes the atmospheric pressure (hPa), ε stands for the ratio of
the molecular weight of water to the average relative molecular mass of dry air, Q
is the fuel combustion value (J/kg) and η denotes the average propulsion efficiency
of engine.

When the relative humidity of the atmosphere RHi is greater than or equal to
100%, the shape of the contrail can be kept.

RHi = RHw
6.0612e

18.102T
249.52+T

6.1162e
22.577T

237.78+T

. (6)

Therefore, the conditions for the formation of the continuous contrail are as
follows: the relative humidity of the water should satisfy RHcritical ≤ RHw < 100%.
And the relative humidity of ice needs to satisfyRHi ≥ 100%.

3.3. Linear climate model

3.3.1. Absolute global temperature potential (AGTP). The radiative forcing and
lifetime of different greenhouse gases are different, and the effect of increasing tem-
perature is not the same. AGTP [15] is the change in global mean surface temper-
ature caused by instantaneous or continuous release of a greenhouse gas in a future
given time. In order to measure the effect of aircraft operation on the global climate,
AGTP is used as the evaluation index to establish the global warming response func-
tion of the air exhaust and contrail by the linear system, so as to quantify the change
of global average surface temperature by the aircraft operation. The following equa-
tion is established through the convolution from t0 = 0 to t = H:

AGTP(H) =

∫ H

0

R (H − ζ) ∆F (ζ) dζ . (7)

Here, R (H − ζ) is the impulse response function, which represents the change
of the global surface temperature within the H time due to the radiative forcing of
∆F (ζ) at time ζ.

AGTP is divided into two kinds: one is the absolute global temperature change
potential pulse discharge, recorded as pulse discharge AGTP, the other is the ab-
solute global warming potential of continuous emissions, recorded as a continuous
emission AGTP. Because the continuous emission of AGTP considers the influence
of the gas on the surface temperature changes in the case of continuous emission,
the instantaneous emission of CO2 and the critical of the aircraft during the flight
are discussed in this paper. Therefore, using the pulse emission AGTP to measure
the effects of CO2 and the critical, the effects of CO2 and the critical are transferred
to the global surface temperature change.
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3.3.2. Pulse discharge AGTP of CO2 . Pulse emission AGTP model of CO2

describes the change of CO2 concentration due to the transport and absorption of
land and sea, which can be calculated as follows:

∆FCO2 (t) = ACO2

(
a0 +

3∑
i=1

aie
− t
αi

)
. (8)

The global surface temperature response to the radiative forcing of the unit pulse is
modeled using a quadratic linear model, and the impulse response function is

R (t) =

2∑
j=1

cj
dj

e
− t
αi . (9)

In the above formula, ACO2 is the radiative forcing of concentration change of
1 kg CO2, ACO2 = 1.82 × 10−15 Wm−2/kg. The values of ai, αi, cj , dj , which are
the given calculation parameters, are shown in Table 1.

Table 1. Parameter values of the impulse response function of CO2 concentration

No. of variable 0 1 2 3

ai (dimensionless) 0.217 0.259 0.338 0.186

αi (year) 172.9 18.51 1.186

cj (Km2/W) 0.631 0.429

dj (year) 8.4 409.5

From formulae (7)–(9), it can be seen that the pulse discharge AGTP of 1 kg
CO2 within H time level is as follows:

AGTPCO2 (H) =

= ACO2

2∑
j=1

[
a0cj

(
1− e

− H
dj

)
+

3∑
i=1

aiαicj
αi − dj

(
e
− H
αi − e

− H
dj

)]
. (10)

The value of the parameters is added into the formula (10). The calculation shows
that the value of the pulse emission AGTPCO2 at different times is only related to
time level. The MATLAB is used to draw the function curve, with the step size of
0.1, and the change trend of pulse discharge AGTPCO2 with the time level is shown
in Fig. 1.

3.3.3. Pulse discharge AGTP of the contrail. The AGTP modeling of the pulse
discharge contrail is the same with the CO2. The pulse discharge AGTP of the
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Fig. 1. Pulse AGTP for CO2

contrail can be simply regarded as the impulse response. It is calculated as follows:

AGTPCon (H) =

∫ H

0

R (H − ζ) δ (ζ − 0) dζ = R (H) . (11)

The above formula shows that AGTPCon(H) means the pulse discharge AGTP
of the contrail, and its value is equal to the impulse response function R(H). Net
radiative forcing (RFnet) of the contrail includes long wave radiative forcing (RFLW)
and short wave radiative forcing (RFSW):

RFnet = RFLW +RFSW . (12)

In the above formula, the radiative forcing has a unit of W/m2, which means
the energy produced by the condensation in each unit area. In general, the value
of RFnet is from 10Wm−2 to 30Wm−2. Due to the linear cloud of the contrail, the
expression of the contrail is optimized. Optimization is for the energy generated
by the unit of flight distance, and the total energy EF (GJ) of the contrail in unit
length within the life cycle is calculated as follows:

EF =

∫
lifetime

RFnet (ζ)Wc (ζ) dζ . (13)

In this formula, Wc is the width of the contrail, and its unit is meter.
Through formula (11)–(13), it can be seen that the pulse discharge AGTP of 1 kg
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CO2 within H time level is as follows:

AGTPCon (H) =

∫ H

0

R (H − ζ) δ (ζ − 0) dζ =

=

2∑
j=1

cj
dj

e
−
cj
dj · EF

Global surface area×A year
. (14)

In general, the value of RFnet [14] is during 10Wm−2–30Wm−2. And this article
assumes that RFnet = 10Wm−2, the width of the contrail is Wc = 1000m, life is
10000 s, and then EF = 100GJ. The value of the parameters is added into the
formula (14). The calculation shows that the value of the pulse emission AGTPCO2

at different time is only related to time level. The MATLAB is used to draw the
function curve, with the step size of 0.1, and the change trend of pulse discharge
AGTPCO2 with the time level is shown in Fig. 2.

Fig. 2. Pulse AGTP for contrails

Three time levels of 25 years, 50 years and 100 years are analyzed and theH = 25,
H = 50, H = 100 are brought into the formula (10) and (14) in this paper. The
results are shown in Table 2. Comparative analysis shows that the change of global
surface temperature 1 km of the contrail is the same as the effects of 44.6 kg, 12.1 kg
and 9.9 kg emissions of CO2 on the global surface temperature in 25 years, 50 years
and 100 years.

Table 2. AGTP values for CO2 and contrails at different time horizons
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Time horizon H (years) 25 50 100

AGTPCO2 (H) (K/kg) 6.73 · 10−16 5.76 · 10−16 5.13 · 10−16

AGTPCon(H) (K/km) 3.0 · 10−14 6.98 · 10−15 5.10 · 10−15

3.4. Locus model

Previous studies have indicated that only changing the cruising altitude can we
reduce the impact of aircraft flying on the environment during the flight phase
effectively. To reduce the height of the cruise is conducive to the elimination of the
contrail under normal circumstances, it is contrary to the corresponding economic
cruising altitude. Therefore, it is necessary to optimize the height layer to reduce
the influence of the aircraft operation on the global temperature change so as to
form an environment friendly path.

3.4.1. Objective function. In order to ensure the safety and economic operation
of the aircraft, it is necessary to make the following assumptions to simplify the
problem:

1) Aircraft study is considered to be a moving particle, without considering the
volume change of route and sector and airspace resources is adequate.

2) The assumption that Beijing time 20:00 to the next day 8:00 meteorological
conditions are unchanged.

3) The meteorological data is not accurate enough in the process of changing the
height layer, so the formation of the contrail is not considered.

4) Climbing or falling in the previous time slot are completed in the height of the
conversion process.

The flight operation of an aircraft in the air route is assumed to be: climbing
or descending. The objective function is constructed to minimize the global surface
temperature variation caused by aircraft operation. The following expression is
established:

minT env = AGTPCO2 · EICO2
·
(
FW cr

m + FWH
m

)
+ rlγm,lAGTPConLCona, . (15)

Here, rl and γm,l are decision variables, which are shown as follows:

rl = 1

when the height layer l meets the conditions of the formation of the condensation
layer and

rl = 0 (16)

when the height layer l does not meet the conditions of the formation of the con-
densation layer.

γm,l =

{
1, Aircraft m flies on the altitude layer l .
0, Aircraft m does not fly on the altitude layer l .

(17)
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Quantities FW cr
m and FWH

m are the fuel consumption of cruise and altitude
adjusted and they are calculated as follows:

FW cr
m = FF cr

m · tcrm (18)

FWH
m = χn

m ·
[
FF cl

m · tclm + FF des
m · tdesm + (FF cr

m + ∆FF cr
m ·∆Hm) · tncrm

]
. (19)

Here,

χn
m =

{
1, Height adjustment,
0, No height adjustment.

(20)

Further, FF cl
m and FF des

m are the fuel flow of climbing and falling and the model
data can be obtained from the BADA3.12, tclm and tdesm are the times of climbing and
descent processes, ∆Hm and ∆FF cr

m are the height of the aircraft changes m and
fuel flow rate changes. Finally, tncrm is a new height layer cruise time.

3.4.2. Constraint conditions. 1. Control boundary constraints
The height of an aircraft m cannot be above the boundary of the control area:

FLmin ≤ FLm ≤ FLmax . (21)

2. Height layer uniqueness constraint
Each aircraft m must and can only be assigned a height layer l:

lx∑
n=1

γm,l = 1, l = 1, . . . , lx . (22)

3. Mobility constraints
Up or down of aircraft m there can only change a height layer at most:

∆Hm ≤ |600| . (23)

4. Aircraft performance constraints
In addition to ensure flight safety, civil aviation also needs to take into account

the comfort of passengers. Therefore, the aircraft’s rate of climb and descent cannot
exceed the maximum rate of climb and descent:

ROC ≤ ROCmax , (24)

ROD ≤ RODmax . (25)

Here, ROC and ROD are the rate of climb and descent, respectively. ROCmax

and RODmax are the aircraft’s maximum rate of climb and the maximum rate of
decline, respectively.
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4. Example analysis and discussion

This article selects Beijing - Guangzhou route and the CA1336 flight from Guangzhou
to Hong Kong in January 2rd, 2016 20:38 of Beijing time as the research object.
Arrival time in Beijing is 23:17 and the route points are: Chenzhou, Changsha,
Yueyang, Wuhan, Zhumadian, Zhengzhou, Handan and Tianjin. Horizontal track,
height profile and velocity profile are shown in Figs. 3–5.

Fig. 3. Horizon track from ZGGG to ZBAA

The difference between the 3 sample points around the insertion point is treated
and the power exponent is 2 in the method of inverse distance weighting by means
of the available meteorological data from the University of Wyoming (Upperair air
data) according to the latitude and longitude information of route point. The esti-
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Fig. 4. Altitude profile from ZGGG to ZBAA

Fig. 5. Velocity profile from ZGGG to ZBAA

mated value of the insertion point is calculated is follows:

Z =

(
3∑

n=1

Zn

s2n

)/(
3∑

n=1

1

s2n

)
. (26)

Here, Zn is the measured value of the first n sample point and sn was the distance
between the first n sample and the point to be inserted in the formula. The weather
information of the aircraft flying over the route point is estimated from the known
meteorological site information. 118 national meteorological sounding station dis-
tributions are known and the route is divided into different layers when conducted
subtraction operation. Three characteristic values are used for a single sample point:
geographic longitude, latitude and air pressure (or temperature or relative humid-
ity). For example, the difference calculation is conducted according to the distance
and the selection principle of Yichang, Wuhan, Changsha radiosonde meteorological
information, and meteorological information when calculating the way of Yueyang.
The calculation results are shown in Table 3.

The weather information of route point can be calculated by interpolation method.
Aircraft flying height layer is a single layer according to the requirements of the Chi-
nese flying height layer due to the route direction is from east to west. The formation
of the condensate at different points in different height layers was determined by us-
ing formulae (25)–(6) and the results are shown in Table 4. (“√”represents formation
of the contrail, and “×” indicates not generating the contrail).

The flight model of CA1336 is A321-231 and Table 5 is M = 0.78. FFcr, FFcl,
ROC, FFdes and ROD are as follows when the models are at different heights (Data
source come from BADA3.12).

We can check the time and altitude of the flight path according to the ADS-B
FlightAware real-time position report and the statistics are shown in Table 6.

It can be seen from the above calculation that the environmental impact of the
contrail generation and CO2 emission is different due to different time levels. But
reducing the formation of contrail plays a major role in reducing greenhouse effect.

Data of Yichang, Wuhan, and Changsha in Table 3 are derived from the China
Meteorological data network, and the value of Yueyang is calculated by formula (26).
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Table 3. Atmospheric data after differential processing in some regions at 20:00 on 2 Jan 2016

Altit.
(m)

Yichang Wuhan Changsha Yueyang

atm.
press.

temp.
(◦C)

rel
hu-
mid.
(%)

atm.
press.

temp.
(◦C)

rel
hu-
mid.
(%)

atm.
press.

temp.
(◦C)

rel
hu-
mid.
(%)

atm.
press.

temp.
(◦C)

rel.
hu-
mid.
(%)

8100 357.9 -35.1 8.1 361.0 -33.7 83.3 363.3 -33.5 16.2 361.8 -33.8 33.4

8900 318.9 -40.5 7.0 345.8 -36.3 81.8 348.2 -36.0 16.6 346.7 -36.3 33.1

9500 292.2 -43.2 7.0 321.6 -40.3 78.4 324.1 -39.3 16.9 322.5 -39.8 32.2

10100 267.3 -45.9 7.0 307.7 -42.5 75.7 310.3 -39.4 17.0 308.8 -40.7 31.6

10700 255.4 -47.2 7.0 294.2 -44.6 72.5 296.9 -39.9 16.3 295.4 -41.7 30.3

11300 243.9 -48.7 7.0 281.4 -46.0 66.6 284.2 -40.8 14.3 282.7 -42.9 27.5

11900 232.8 -50.1 7.0 269.0 -47.8 61.8 271.8 -42.3 13.8 270.3 -44.4 25.9

11900 222.2 -51.6 7.0 257.0 -48.1 58.8 259.9 -44.1 14.8 258.4 -45.7 25.7

Table 4. The contrail-favorable regions at different level from ZGGG to ZBAA

Altit.
(m)

Guang-
zhou

Chen-
zhou

Chang-
sha

Yue-
yang

Wu-
han

Zhuma-
dian

Zheng-
zhou

Han-
dan

Tian-
jin

Bei-
jing

8100 √ × × √ √ × × × × ×

8900 × × × √ √ × × × × ×

9500 × × × √ √ × × √ × ×

10100 × × × √ √ √ √ √ √ ×

10700 √ × × × √ √ √ √ √ √

11300 √ × × × √ √ √ √ √ √

11900 √ × × × √ √ √ √ √ √

12500 √ × × × √ √ √ √ √ √

Table 5. The fuel flow of A321-231 at different level

Altitude(m) FF cr (kg/s) FF cl (kg/s) ROC (m/s) FFdes (kg/s) ROD (m/s)

8100 1.88275 2.99884 7.4 0.28557 9.8
8900 1.77090 2.83641 6.3 0.27475 10.0
9500 1.67235 2.63490 7.8 0.26393 14.3
10100 1.58691 2.42395 6.8 0.25311 13.5
10700 1.51445 2.23507 5.7 0.24230 12.9
11300 1.45724 2.04132 4.1 0.23148 11.4
11900 1.41602 1.84244 2.9 0.22066 11.1
12500 1.38789 1.66448 1.7 0.20984 11.0



436 TIAN YONG, WANG ZHONGFENGYAN, WAN LILI, ZHANG QUAN

Table 6. Live flight tracker of Flight CA1336 on 2 Jan. 2016

Waypoint Latitude Longitude Time(CST) Altitude(m)

Chenzhou 27.644 113.5167 21:26:32 10089
Changsha 28.225 113.5673 21:31:12 10089

Yueyang 28.88 113.5503 21:36:32 10089

Wuhan 30.593 114.3052 21:52:50 10089
Zhumadian 33.815 114.7294 22:17:54 10089
Zhengzhou 34.752 114.8201 22:25:39 10089

Handan 36.667 115.1591 22:41:29 10089
Tianjin 39.09 116.5129 23:04:16 5090

The aircraft is regarded as a moving particle and an aircraft trajectory optimiza-
tion model based on the reduction of the greenhouse effect is established in this
study. The basic modeling ideas are as follows: the vertical section of the aircraft is
divided into k× l two-dimensional grid according to the route points and the height
layers. Among them, k = 1, 2, . . . , kx represents the first k route points and l is
the height layer. Firstly, to check whether the condensate is formed at the end of
the first grid (k, l), that is to check the contrail generation coefficient rk,l. When
rk,l = 0, there is no need to convert the height layer at the current grid without a
condensation ending. While when rk,l = 1, it generates the contrail of the current
grid. And then to check the adjacent height layer of the contrail of the formation
coefficient, the aircraft can only be converted to a height layer by the aircraft mo-
bility constraints. Therefore, we consider only adjacent height layer l + 1 or l − 1.
If the coefficient of condensation at the end of the high layer l+ 1 or L− 1 is 0, the
aircraft is moved to the high layer, and if the height of the l+ 1 or l− 1 the contrail
of the formation of the coefficient are both 0, the calculation does not generate the
contrail of the total height of the global surface temperature T env and moves the
aircraft to the minimum height layer of T env. However, if the adjacent height layer
the contrail generation coefficient rk,l+1 and rk,l−1 are 1, then the adjacent height
layer is formed by the contrail and then the height layer is not converted. The flow
chart is shown in Fig. 6.

Comparison between the optimized flight profile and the original flight profile is
shown in Fig. 7. The real-time position report shows that CA1336 began to reach the
altitude of 10700m from Chenzhou. Route points are: Changsha–Yueyang–Wuhan–
Zhumadian–Zhengzhou–Handan–Tianjin–Chenzhou. It does not form the contrail
due to the height of the arrival of Tianjin has been reduced to 5090m and there is
no need to optimize the height of the route point. Therefore, it is only necessary
to optimize the remaining 7 point height and the height of the optimized layer are:
10700m–10700m–10700m–10100m–9500m–9500m–8900m. Comparison of global
surface temperature changes before and after CA1336 trajectory optimization is
shown in Table 7.

It can be seen from Table 7 that the use of a high degree of adjustment can reduce
the global surface temperature changes greatly. The global surface temperature
changes are different at different time levels. Global surface temperature decreases
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at 36.39%, 13.98% and 11.21% in 25, 50 and 100 years, respectively.

Fig. 6. Flow chart of aircraft trajectory optimization

Fig. 7. The flight profile comparison before and after optimization
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Table 7. The global temperature change due to flight CA1336 at different time horizons

H = 25 H = 50 H = 100

The global temperature change
due to flight CA1336 before op-
timization (K)

3.52×10−11 1.72×10−11 1.46×10−11

The global temperature change
due to flight CA1336 after op-
timization (K)

2.24×10−11 1.48×10−11 1.29×10−11

The change rate of global tem-
perature after optimization

-36.39% -13.98% -11.21%

5. Conclusion

Aircraft altitude layer optimization is studied by using simulation and optimiza-
tion algorithms based on the model of the contrail generation and the linear climate
relying on the Guangzhou–Beijing route sounding data and flight data in order to
reduce the impact of air transport on the environment. The main conclusions of this
paper are as follows:

(1) The effect of the condensation and CO2 emission on the environment is dif-
ferent at each time level, which causes that the global surface temperature increase
is also different, but the reduction of the contrail formation plays a major role in
reducing the greenhouse effect.

(2) The height of the flight after optimization are: 10700m-10700m-10700m-
10100m-9500m-9500m-8900m. The optimized height layer can eliminate the con-
trail by reducing the cruise height and reach to the economical cruising altitude as
close as possible in order to reduce the influence of the aircraft operation on the
global temperature change.

(3) The use of a high degree of adjustment can reduce the global surface temper-
ature change greatly, and the different time levels of the global surface temperature
change are different. The global surface temperature decreases by 36.39%, 13.98%
and 11.21%, respectively, within 25 years, 50 years and 100 years.

The aircraft trajectory optimization problem is studied and some useful conclu-
sions are obtained combining with the simulation data. But in view of the complexity
of the problem, the following issues needed further research: to deepen the research
of multi-flight collaborative operation trajectory optimization, to consider the limit
of the actual operation, such as route capacity and airspace structure, and to carry
out the optimization research on the rising and falling stage of the aircraft trajectory.
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Assessment of terrain slope effects on
GLAS waveform and canopy height
retrieval using 3-D vegetation model

Lu Xue-hui1, 2, Li Ai-nong1, 3, Bian Jin-hu1, 2, Jin
Hua-an1

Abstract. To assess the terrain effects on the Geoscience Laser Altimeter System (GLAS)
waveform and canopy height retrieval, the 3-D lidar waveform model was used to simulate the
GLAS waveform for the nine scenes with the slopes increasing from 0 to 30 ◦ in 1 ◦. When slope
increased from 0 ◦ to 10 ◦, the magnitude of the canopy peak decreased by approximately 2/5 to
3/5, but the magnitude of the ground peak decreased by more than 4/5 for all the simulated scenes.
The critical slope angle is in direct proportion to canopy height, and slightly decreases with the
increased stand density. Further analysis showed that average error for the RH100 was 5.4m when
the slope was 10 ◦, and reached 9.4m when the slope was 15 ◦. Meanwhile, the average error for
the physical terrain correction method was –5.6 meters even for the slopes up to 30 ◦. Thus, it is
suitable to retrieve tree height for areas with up to 10 ◦ slopes using the direct method. However,
a simple physical slope correction could be used in areas with greater slopes. This work enhances
our understanding of the interactions between surface topography, forest structure and waveform
shape.

Key words. Canopy height, surface topography, 3-D vegetation model, GLAS waveform.

1. Introduction

Forests are the largest carbon reservoirs in terrestrial ecosystems and play a crit-
ical role in the global carbon cycle and global warming mitigation. Forest canopy
height is considered to be among most useful structural parameters for estimating
forest biomass and productivity. It has been widely accepted that light detection
and ranging (lidar) provides the most direct measurements of forest structure includ-
ing canopy and forest biomass. The Geoscience Laser Altimeter System (GLAS)
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onboard NASA’s Ice, Cloud and Land Elevation Satellite (ICESat) was the first
space-borne lidar system to provide fast forest canopy height solutions. Successes
have been reported in many studies, in which GLAS waveform data served as the
core data for estimating the forest canopy height and above-ground biomass [1, 2].

The GLAS signal is very sensitive to surface topography due to its large foot-
print. The terrain effect makes it a big challenge to retrieve canopy heights over
mountainous regions. Modeling work allows the explicit calculation of the effects of
land slope. To data, several RTM models have been developed for simulating the
lidar waveforms of forest canopies. For example, Sun and Ranson (2000) developed a
3-D forest canopy model for simulating lidar waveforms from forest stands of varying
geometry and complexity [3]. North et al. (2010) presented a Monte Carlo radiative
transfer model for simulating lidar waveforms within the framework of the FLIGHT
model [4]. Yang et al. (2011) adopted the updated analytical GORT vegetation lidar
model to simulate lidar waveforms with changes of vegetation, structure, surface to-
pography, footprint size, off-nadir pointing, pulse width and surface roughness, and
ratio of the canopy and background reflectivity [5]. Although terrain effects on the
large footprint have been modeled in previous studies [6, 7], the efforts were usually
based on relatively simple experiment designs. The diversity of forest structures was
not accounted for in these study.

The 3-D lidar model developed by Sun and Ranson [3] is designed especially for
the simulating return lidar waveforms from forest canopies. It is flexible in the ex-
periment design. We extended the three-dimensional (3-D) lidar model developed
by Sun and Ranson [3] to account for land slope and applied the extended model
to assess the aforementioned impacts on vegetation lidar waveforms and height re-
trieval.

2. Modelling lidar waveform from vegetation canopies

2.1. The 3-D lidar waveform model of forest

The 3-D lidar waveform model was based on theory from geometric optics and
radiative transfer (GORT). To model the lidar waveform, the 3-D scene was divided
into cells according to the vertical resolution of the lidar (Fig. 1). The cell used in
this study was a 0.15m × 0.15m × 0.15m cube that corresponded to the vertical
resolution of GLAS. There were four different types of cells in the model: crown,
trunk, air, and ground cells. Every cell was assigned to one type according to its
position. The spectral reflectance and transmittance properties of the cells were also
specified by type. The ground surface is described as a plane with a specified slope
angle. The specific theory was shown in [3].

The assumptions in the following simulations were made:
1) Uniform tree crowns, i.e., the canopies within a waveform share the same

structure, and are uniformly distributed.
2) Uniform ground surface.
3) Only single scattering was considered.
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Fig. 1. The 3-D scene of a forest stand with certain slope (each cell in the model
could be assigned to one type according to its position in the scene)

2.2. Tree structural model

As mentioned above, the 3-D model requires information about every tree in the
laser footprint including DBH, height, crown geometry and species. In this study,
tree crown shapes were modeled as ellipsoids. The structural parameters of trees
were obtained from forest stand attributes. There were three tree models of different
height used for the waveform simulation. The geometry parameters of every tree
model are listed in Table 1.

Table 1. The parameters describing the simulated trees

Item Tree model 1 Tree model 2 Tree model 3

DBH (Diameter at Breast Height) 15 cm 20 cm 25 cm

Tree height 10m 15m 20m

Crown height 5.51m 8.27m 11.03m

Crown width 2.90m 4.35m 5.81m

Additional parameters used in the model were fixed to default: foliage area vol-
ume density is 1.25, G_factor is 0.5, leaf reflectance is 0.55, and ground reflectance
is 0.2.

2.3. LiDAR sensor model

In this model, the set of parameters defining the lidar instrument were specified
according to GLAS, approximating view and illumination geometry as nadir, which
would produce a footprint diameter of 65m. The angular divergence and temporal
spread of the emitted pulse were assumed to be Gaussian. The width of the trans-
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mitted pulse used was 5 ns, and the vertical resolution of the lidar waveform was
0.15m. The illuminating intensity decreased from 1.0 to e−2 from the center to the
edge of the footprint.

2.4. Experiment setup

In this study, the size of the three-dimensional stand scene was 75m × 75m
and the diameter of the laser footprint was 65m. Three tree distribution scenes of
different densities were designed. For each scheme, trees were distributed uniformly
as the hexagonal rules in the footprint. The distances separating adjacent trees in
the three scenes were 10m for scheme A, 8m for scheme B, and 6m for scheme C.
The three tree models described in subsection 2.3 were used for each scheme, and
the slope increased from 0 ◦ to 30 ◦ by 1 ◦ steps. Nine groups of model simulations
were, therefore, used in this study.

3. Simulation results and analysis

3.1. Terrain effect on vegetation lidar waveforms

Figure 2 shows the vegetation lidar waveforms at different slope angles and foot-
print sizes of 65m for the simulated forest scenes. From the figure, one can see
that terrain slope stretched the length of the waveform, and decreased the canopy,
particularly the ground peaks. The heights of the canopy peak and ground peak
also increased slightly with slope.

It is worth noting that the slope greatly impacted on the waveform extent. As
expected, greater slopes tended to generate longer waveforms. With increased slope,
the waveform was extended both in the signal-end and signal-start directions. Due
to the rapid decline of the ground peaks, the stretch in the signal-start directions
was more significant than in the signal-end direction. For a simulated scene with
a thick stand density, this trend was more obvious because the ground return was
weaker and disappeared more rapidly with increasing slope under that condition.

Figure 5 shows the variation in magnitude of the ground and canopy peaks with
slope. It was discovered that the decreasing tendency of the ground peaks for all
the simulated senses was the same. The magnitude of the ground peak from a flat
to a 10 ◦ slope decreased by more than 4/5. However, the decreasing rate of the
canopy peak was related to canopy height. The lower the canopy height was and the
faster the canopy peak decreased. The magnitude of the canopy peak from a flat to
10 ◦ slope decreased by approximately 2/5 to 3/5. From that, the ground returns
were more distorted than the canopy returns. At a 10 ◦ slope, the ground peak was
still noticeable for all the simulated senses except for the last one. As the slope
continued to increase, the ground and canopy peaks gradually merge; at a specific
slope or steeper, the ground peak disappeared.

3.1.1. The critical angle for ground peak identifying. To better address the slope
effect, the concept of critical angle was introduced in this study. It is defined as the
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Fig. 2. The simulated waveforms over different terrain slope: from top to bottom,
trees are distributed according to the scheme A in subsection 2.4 with the heights

of 10m, 15m, and 20m, from top to bottom, respectively
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Fig. 3. The simulated waveforms over different terrain slope: from top to bottom,
trees are distributed according to the scheme B in subsection 2.4 with the heights

of 10m, 15m, and 20m, from top to bottom, respectively
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Fig. 4. The simulated waveforms over different terrain slope: from top to bottom,
trees are distributed according to the scheme C in subsection 2.4 with the heights

of 10m, 15m, and 20m, from top to bottom, respectively
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Fig. 5. The variation of magnitude of the ground (top) and canopy peak (bottom)
with the slope (the oscillates of magnitude is because that ground peak mix with

the vegetation peak with the increasing slope)

slope angle where the ground and vegetation returns are completely mixed [5]. When
a slope exceeds the critical angle, it is quite challenging to estimate vegetation height
by identifying the ground peak.

The canopy height is a major factor that influences the critical angle for the
GLAS waveform. Table 2 shows the critical angle of the different simulated scenes.
From the table, one can see that the critical angle was directly proportional to
vegetation height. As discussed above, terrain slope leads to a mixture of the lower
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part of the canopy return and the higher part of the ground return. Taller trees
mean larger departures of the canopy bottom from the ground. Therefore, a larger
critical angle is needed to mix the vegetation return with the ground return. As
shown in Table 3, for scene A, the 20 m canopy has a critical angle of 20 ◦, whereas
the critical angles were 15 ◦ and 11 ◦ for the 15m and 10m canopies, respectively.
The simulated results of scenes B and C tell nearly the same story. A different case
is that of C with a canopy height of 20m. The canopy cover for that case reached
84.68%. Under that condition, the ground return was very small on a flat terrain.
With the increasing slope, the ground peak is declined rapidly, and the ground peak
thus could not be identified from the waveform at a small slope angle.

Another factor that affects critical angle is canopy cover. The increase in canopy
cover led to a greater laser return from the canopy or a decrease in the ground
return. Table 3 shows that critical angle slightly decreased with increased canopy
cover. An exception was scene C, which had a canopy of height 20m, for the reason
discussed above.

Table 2. The critical angles of the simulated scenes

Trees distribution Canopy height (m) Canopy coverage (%) Critical angle (◦)

Scene A 10 m 7.59 11
Scene A 15 m 17.02 15
Scene A 20 m 29.96 20
Scene B 10 m 11.89 10
Scene B 15 m 26.73 14
Scene B 20 m 47.62 19
Scene C 10 m 21.34 9
Scene C 15 m 47.44 13
Scene C 20 m 84.68 10

3.2. Canopy height error due to terrain slope

As discussed above, the topographic slope greatly affects the GLAS waveform
shape and relative parameters. Therefore, the slope is expected to affect the es-
timation of canopy height. With the direct method, RH100 was considered as the
maximum canopy height over flat terrain. Yang et al. (2011) developed an analytical
equation that could be used to estimate the canopy height [5]. In this section, the
estimation errors of the canopy heights calculated by the two methods are analyzed.

RH100 is the distance between the signal start and the ground return. Therefore,
precise detection of the ground peak is important because it is used as a reference
for calculating the quartiles. The identification of the ground peak in this study
was based on the Gaussian decomposition of the waveform. The last fitted Gaussian
peak was assumed to be the ground peak. In Fig. 6, top part, the canopy height
error is calculated as the difference in the RH100 values and the input canopy height
values of the 3-D lidar waveform model of the forest. As shown in the picture, height
error was a function of terrain slope angle when the slope was less than 15 ◦. As
the slope exceeded the critical angle, the RH100 values contained large errors from
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the misidentification of the ground return, and the height errors were irregular with
regard to slope. The average error for the RH100 was approximately 5.4m when the
slope was 10 ◦, and reached 9.4m when the slope increased to 15 ◦.

In Fig. 6, bottom part, the canopy heights were estimated using the analytical
equation developed by Yang et al. (2011).

Fig. 6. Relation between maximum canopy height estimation error and slope using
(top) direct method, (bottom) slope-correction model developed by Yang et al.

[5], error bars represent the standard error of each mean

Due to the underestimation of waveform extents in areas with high topographic
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relief, this method could be expected to result in lower height estimates. Higher
slopes and stand densities would lead to more increased underestimations of forest
canopy heights. For scene C with a canopy height of 20m, the absolute errors
in canopy height increased rapidly with increasing slope. The canopy height was
underestimated by 6.3m when the slope was 10 ◦. As the slope increased to 30 ◦,
this value reached to almost 16m. For other simulated scenes, the variation in the
estimation errors with slope was relatively small. When the slope increased from 0 ◦

to 30 ◦, the absolute errors of canopy height increased by only a few meters. Our
results have demonstrated that the GLAS height estimating approach described by
Yang et al. (2011) can be used in areas with slopes up to 30 ◦, but there may be
lager underestimations for high stand density forests.

4. Discussion

The work in this paper enhances our knowledge regarding the impact of terrain
slope on GLAS waveforms. The simulation results have shown that terrain slope
broadens and decreases canopy and ground peaks. This finding is in agreement with
pervious simulation results [1, 5, 7]. Our study has further revealed that although
the waveform extends both in the signal-end and signal-start directions, the stretch
in the signal-start direction is more significant than that in the signal-end direction,
especially for simulated scenes with thick stand densities. Moreover, compared with
the canopy peak, the magnitude of the ground peak decreased more rapidly. The
magnitude of the canopy peak from a flat to a 10 ◦ slope decreased by approximately
2/5 to 3/5. However, the magnitude of the ground peak from a flat to a 10 ◦ slope
decreased by more than 4/5 for all the simulated scenes.

The critical slope angle range was 9 ◦–20 ◦ at a 65m footprint size in this study.
The model simulations showed that the critical slope angle changed depending on
vegetation height and stand density. The critical angle was proportional to canopy
height, and slightly decreased with increasing stand density. This means that a high
and not too dense forest with a single one-layer canopy can generate a waveform
from which the ground peak could be identified, even if the terrain is steep and
rough. However, the critical angle can also be very small when the stand density
is too large regardless of whether the canopy height is high or low. The study by
Yang et al. [5] showed that the critical angles were 10.5 ◦ for a one-layer canopy
and 12.5 ◦ for a two-layer canopy at a 70m footprint size and noted out that the
critical angle decision could be much more complicated. In addition, Hilbert et al.
[13] found that slopes between 10 ◦ and 15 ◦ appeared to be a critical limit for the
usefulness of the waveforms. The results in this paper are essentially in agreement
with the predecessor conclusions and further found the critical angle could change
in a wider range depending on vegetation height and stand density.

The results from the simulation aid our understanding of the overall height error
caused by surface topography. The results from this study showed that average error
of RH100 for the nine groups of simulation results was about 5.4m when the slope
was 10 ◦, and reached 9.4m when the slope was 15 ◦. As the slope exceeded the
critical angle, the ground peak merged with the canopy peak, making it difficult to
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extract tree height using the direct method. Therefore, a conclusion was reached
that it is suitable for retrieving tree heights for areas with up to a 10 ◦ slopes using
the direct method. Some adjustment could be made according to the local conditions
of study sites in the actual operational process of tree height retrieval. These results
are consistent with previous studies [6, 8]. The simple physical slope correction
developed by Yang et al. [5] could be used in areas with slopes up to 30 ◦, but may
yield lager underestimation for forests with high stand densities. Previous studies
have shown that large-footprint lidar estimates of maximum canopy height can be
significantly improved using the simple physical slope correction [6, 9].

Modeling topographic effects on large-footprint lidar waveforms is an area of
ongoing research. A simplifying assumption in the 3-D lidar waveform model was
that only single scattering contributes to the returned signal. Blair and Hofton [10]
demonstrated that multiple scattering was not a significant contributor to wave-
forms. However, North et al. explicitly modeled multiple scattering within the
canopy using a Monte Carlo radiative transfer model, and found that it would cause
a ‘tail’ beneath the ground peak in both simulated and GLAS waveforms [4]. Under
this condition, the ground elevation may be underestimated due to increased path
length, and such uncertainties would be reflected in calculations of waveform metrics
and canopy height estimation. Some studies have suggested the presence of litter
on forest floors possibly contribute to multiple scattering [11]. Further studies are
needed to quantify the effects of multiple scattering in the canopies and understories
on lidar pulse waveforms.

To model the impacts of surface topography on the GLAS waveforms under dif-
ferent forest conditions, the topography was described as a horizontal plane with
specified slope angles. This method cannot model all topographic effects, but at the
scale of the GLAS footprint a sloped plane will suffice. Moreover, some settings are
simple and ideal in this model, such as the same vegetation structure, the uniform
distribution in the footprint and ellipsoidal crown, which also affect the lidar wave-
form [7, 12]. The model performance need to be validated by using an actual dataset
of field measurements and airborne lidar data.

5. Conclusion

In this paper, the 3-D lidar waveform model developed by Sun and Ranson [3]
was used to simulate the terrain effects on a large footprint lidar waveform and
on canopy height retrieval. Model simulations showed that terrain slope broadens
and decreases canopy and ground peaks. Although the terrain slope stretched the
waveform both in the signal-end and signal-start directions, the stretch in the signal-
start direction was more significant due to the rapid decline of the ground return.
The critical slope angle, where the ground and vegetation returns are completely
mixed, ranged from 9 ◦ to 20 ◦ in this study. It was in direct proportion to canopy
height, and slightly decreased with the increasing stand density.

The direct method and slope-correction model was employed to estimate canopy
height based on the simulation results. An error analysis showed that the direct
method could be used to retrieve tree height in areas with slopes up to 10 ◦. However,
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the simple physical slope correction could be used to could be used in areas with
slopes up to 30 ◦, but there may be increased underestimation for high stand density
forests. The present study clearly demonstrates the relationship between GLAS
waveform and topography. Therefore, it can help improve the accuracy of canopy
height estimation using GLAS or future spaceborne lidar data.
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Automatic color grading model of foie
gras based on machine vision

Pang Bin1, Liu Tai-lian2

Abstract. To make up a disadvantage of traditional manual grading method, an automatic

color grading model of foie gras was proposed based on machine vision and statistic recognition.

Foie gras sample images from four di�erent color grades were collected by a color CCD camera.

After preprocessing and segmentation of the images, 12 color features were extracted from the

foie gras area. To reduce color feature dimension, principal component analysis(PCA) was utilized.

Afterwards, a multiple linear regression (MLR) model and a canonical discriminate analysis (CDA)

model were set up respectively to predict color grade. The MLR model achieved the accuracy

of 92% and the CDA model of 100%, showing that the machine vision combined with statistic

recognition can provide an e�ective way for predicting foie gras color grades automatically.

Key words. Foie gras, color grading, machine vision.

1. Introduction

Currently, foie gras grading in China is carried out manually based on the quality
indices such as weight, color, resilience and defects. Nevertheless, manual grading
method relies on sensory experience of human grader, which usually lead to incom-
patible grading judgment. Besides, this method is costly and time-consuming for
modern foie gras industry. It is evident that use of such method can not quantify the
color index of foie gras. Therefore, utilization of new method such as machine vision
and statistic recognition can be a substituted solution for automatic color grading
of foie gras.

The machine vision technology has been considered as an objective and consis-
tent way to estimate the quality of food product [1]. Many related studies using
machine vision technology for color grading [2, 3], shape measurement [4-7] and de-
fect detecting[8, 9] have been reported. However, although there are many studies
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for meat products by using machine vision to predict color attributes, foie gras color
grading by machine vision has seldom been studied. Chen et al. proposed an auto-
matic method combined with machine vision and support vector machine(SVM) to
determine color score of beef fat. Results showed that the machine vision combined
with SVM discrimination method can predict color scores of beef fat e�ectively. Sun
et al.analyzed fresh beef lean color image features for predicting beef color scores. It
was reported that the machine vision combined with SVM classi�er can achieve the
best performance percentage of 94.7%. Jia et al. applied a locally liner embedding
(LLE) method to reduce the dimensions of pork color feature. The results showed
pork color grading accuracy can be improved combined with LLE manifold learning
method and SVM.

In this project, a color automatically grading method based on computer vision
system was established to predict foie gras color grades. The aim of this study was
to:

1) Segment foie gras sample from background using imaging processing.
2) Extract color features from RGB and L ∗ a ∗ b∗ color spaces.
3) Estimate correlations between color grades and color features.
4) Reduce dimension of color features using PCA.
5) establish and test two di�erent regression models for predicting foie gras color

grades.

2. Materials and methods

2.1. Sample preparation

A total of 75 Greylag Landaise geese at age of 150 days were selected to over-
feeding in the same condition. The duration of the preliminary experiment was 7
days and the duration of the formal experiment was 30 days. Then 75 geese were
slaughtered and livers were classi�ed manually by color according to Chinese foie
gras standard. The 75 foie gras samples were divided into four color grades. As
shown in Fig. 1, 14 pieces of grade one (G1) samples were marked with level 1,
15 pieces of grade one (G2) samples were marked with level 2, 30 pieces of grade
one(G3) samples were marked with level 3, 16 pieces of grade one (G4) samples were
marked with level 4.

2.2. Machine vision system

The machine vision system (Fig. 2) for collecting sample images consisted of a
color CCD camera(Dimage Z1, Minolta Co.Ltd., Japan) with the maximum resolu-
tion 2048 by 1536 pixels, two adjustable LED lamps (YX-BL25040, Yongxin Ltd.,
China) with 400Lux and a computer system (2.4GHz Intel Core Duo CPU with
2GB RAM).



AUTOMATIC COLOR GRADING MODEL 457

Fig. 1. Typical foie gras samples of di�erent color grades

Fig. 2. Machine vision system: 1�CCD camera, 2�LED lamp, 3�computer system,
4�foie gras

2.3. Image processing and color feature extraction

Once images were collected, image processing and color feature extraction were
performed using Matlab software. To remove the background, the Otsu's method
was used to select the segmentation threshold value automatically. Each sample
image was preprocessed to remove the background in the way and all of resulting
images were subjected to extraction of color features. As resulting images were
represented in RGB color space, a transformation from RGB to Lab was required.
Then the mean (µ) and standard deviation (σ) were calculated in RGB and L∗a∗b∗
color spaces.
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2.4. Data analysis

Twelve color features(µR, µG, µB, µL, µa, µb, σR, σG, σB, σL, σa, σb) were
evaluated using statistical software (SPSS 20.0). The 12 color features were reduced
by principal component analysis in order to �nd the comprehensive features to ex-
plain foie gras color. The comprehensive features were pooled into the MLR and
CDA model to quantify foie gras color grades.

3. Results and discussion

3.1. Color features extraction

As described in Section 2.3, twelve color features that characterized foie gras
color were extracted from the sample images. Table 1 lists the descriptive statistics
(means, standard deviations) of foie gras color features with di�erent color score.
As shown in Table 1, 12 color features (µR, µG, µB, µL, µa, µb, σR, σG, σB, σL,
σa, σb) were replaced by X1−X12 respectively. The standard deviation of the color
features �uctuated less signi�cantly than the mean, suggesting that the standard
deviation is not a critical index.

Table 1. Descriptive statistics of foie gras color features

CF G1 G1 G2 G2 G3 G3 G4 G4

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

X1 145.60 6.21 135.91 3.65 137.25 2.53 123.40 3.60

X2 132.37 3.58 122.51 3.99 118.23 3.63 104.69 5.04

X3 118.93 2.56 105.66 3.38 101.49 3.01 97.60 5.04

X4 142.42 6.19 134.55 2.91 130.34 3.42 118.25 2.64

X5 131.29 0.72 130.87 0.37 134.81 0.77 134.00 1.03

X6 136.14 1.38 138.84 1.26 139.99 1.59 134.99 1.65

X7 6.53E-02 2.66E-03 5.22E-02 3.10E-03 5.53E-02 2.36E-03 4.53E-02 1.90E-03

X8 6.57E-02 2.21E-03 5.02E-02 2.15E-03 5.06E-02 2.36E-03 4.46E-02 2.75E-03

X9 5.90E-02 2.83E-03 4.43E-02 3.03E-03 4.17E-02 2.72E-03 4.12E-02 2.60E-03

X10 6.77E-02 1.80E-03 5.22E-02 1.97E-03 5.29E-02 3.18E-03 4.70E-02 2.59E-03

X11 4.03E-03 2.57E-04 2.16E-03 2.64E-04 2.93E-03 7.02E-04 3.92E-03 3.21E-04

X12 5.08E-03 2.94E-04 5.34E-03 1.87E-04 6.85E-03 2.55E-04 4.31E-03 2.82E-04

Note: CF = Color features.

3.2. PCA of color features

Twelve principal components (PC1�PC12) were calculated from the 12 color fea-
tures extracted from 75 sample images. The variance contribution rates of each
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principal component are shown in Table 2.
As shown in Table 2, the eigenvalues of �rst 3 principal components (PC1, PC2,

PC3) with cumulative variance contribution rate of 86.24% are greater than 1. Thus,
the �rst 3 principal components (PCs) were chosen to replace the original 12 color
features. Fig. 3 showed the data point distribution of the �rst 3 PCs. As shown
in Fig. 3, the data point regions of di�erent color grade were plotted into 4 regions
clearly and had no overlap. The distribution of G3 data point region was rela-
tively scattered. The distribution of G1, G2, G4 data point regions were relatively
centralized.

Table 2. Variance contribution rate of each principal component

Principal compo-
nent

Eigenvalue Variance cntribu-
tion rate (%)

Cumulative vari-
ance contribution
rate (%)

PC1 6.36 53.02 53.02

PC2 2.70 22.43 75.45

PC3 1.30 10.79 86.24

PC4 0.58 4.81 91.04

PC5 0.29 2.45 93.49

PC6 0.21 1.74 95.23

PC7 0.16 1.32 96.55

PC8 0.11 0.94 97.48

PC9 0.10 0.84 98.32

PC10 0.08 0.62 98.95

PC11 0.07 0.59 99.54

PC12 0.06 0.46 100.00

3.3. MLR model of color grade

On the premise of guaranteeing sample proportion with 2:1 in di�erent color
grade, 50 samples were drew randomly in all 75 samples as the calibration set and
the rest samples were drew as the validation set. Then the �rst 3 PCs were calculated
from calibration set and MLR model was set up. The model could be expressed as
equation (1), where Y is the predict grade.

Y = −0.39PC1 + 0.01PC2 + 0.19PC3 + 2.63 . (1)

Figure 4 shows the calibration results of MLR model with R2 = 0.912 (R2 being
the determinate coe�cient of MLR model) and standard deviation of calibration set
is 0.307.
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Fig. 3. Foie gras color score plot of the �rst 3 PCs

Fig. 4. Calibration results of MLR model

Figure 5 shows the validation results of MLR model with R2 = 0.935 and stan-
dard deviation of validation set is 0.271. Similar predict results in two set indicated
that the MLR model of color grade has some stability.

Foie gras color grade was calculated using MLR model in calibration set and vali-
dation set. The calculated results were rounded to express the estimated color grade
using MLR model. Table 3 and Table 4 show the estimated results in calibration
set and validation set, respectively.

As shown in Table 3, two G2 samples were wrongly estimated to 3, one G3
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Fig. 5. Validation results of MLR model

sample was wrongly estimated to 4, two G4 samples were wrongly estimated to 3.
The accuracy in calibration set was 90%. As shown in Table 4, one G2 samples
were wrongly estimated to 3 and the accuracy in validation set was 96%. From
the above, six samples of all 75 samples were wrongly estimated and total accuracy
of MLR model was 92%. Results showed that MLR model has high accuracy and
stability. There were some error in MLR model, as adjacent color grade had similar
color features which lead to wrong estimation.

Table 3. Estimated results in calibration set using MLR model

Grade N Estimated grade Accuracy (%)

1 2 3 4

G1 9 9 0 0 0 100

G2 10 0 8 2 0 80

G3 20 0 0 19 1 95

G4 11 0 0 2 9 82

Total 50 9 8 23 10 90

Table 4. Estimated results in validation set using MLR model

Grade N Estimated grade Accuracy (%)

1 2 3 4

G1 5 5 0 0 0 100

G2 5 0 4 1 0 80

G3 10 0 0 10 0 100

G4 5 0 0 0 5 100

Total 25 5 4 11 5 96
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3.4. CDA model of color grade

Three canonical discriminate functions (F1, F2, F3) were calculated from the
�rst 3 PCs in validation set using canonical discriminate analysis. The variance
contribution rates of each function were shown in Table 5. As shown in Table 5, the
eigenvalues of �rst 2 functions (F1, F2) with cumulative variance contribution rate
of 97.18% were chosen to replace the �rst 3 PCs. The transformation relation was
CDA model of color grade which could be expressed as equation (2){

F1 = −2.72PC1 + 1.33PC2 + 1.00PC3− 0.23,
F2 = 0.50PC1 + 1.51PC2 + 1.18PC3− 0.03.

(2)

Table 5. Variance contribution rate of each canonical discriminant function

Function Eigenvalue Variance cntribu-
tion rate (%)

Cumulative vari-
ance contribution
rate (%)

F1 35.82 74.95 74.95

F2 10.64 22.23 97.18

F3 1.36 2.82 100.00

According to CDA model, data points of F1 and F2 in validation set are plotted
in Fig. 6. As shown in Fig. 6, data points of di�erent color grade are distributed
around their mass center. The G1 mass center was (-11.29, 0.38), the G2 mass
center was (-1.86, -1.16), the G3 mass center was (3.78, 3.16) and G4 mass center
was (4.04, -5.00). Data points of di�erent color grade around 4 mass centers have
no overlap.

Fig. 6. Foie gras color score plot of F1 and F2 in validation set
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To validate CDA model e�ect, data points (F1, F2) were classi�ed according to
minimum Euclidean distance from the mass centers. Table 6 shows the estimated
results in validation set. As shown in Table 6, samples of 4 color grade were classi�ed
correctly and the accuracy of CDAmodel was 100%. To further validate e�ectiveness
of CDA model, data points of F1 and F2 in calibration set were plotted in Fig. 7.
As shown in Fig. 7, the distribution is similar to Fig. 6. Table 7 shows the estimated
results in calibration set. As shown in Table 7, samples of 4 color grades are classi�ed
correctly and the accuracy of CDA model is 100%.

Fig. 7. Foie gras color score plot of F1 and F2 in calibration set

Table 6. Estimated results of foie gras color grade in validation set

Grade N Estimated grade Accuracy (%)

1 2 3 4

G1 9 9 0 0 0 100

G2 10 0 10 0 0 100

G3 20 0 0 20 0 100

G4 11 0 0 0 11 100

Total 50 9 10 20 11 100

Table 7. Estimated results of foie gras color grade in calibration set

Grade N Estimated grade Accuracy (%)

1 2 3 4

G1 5 5 0 0 0 100

G2 5 0 5 0 0 100

G3 10 0 0 10 0 100

G4 5 0 0 0 5 100

Total 25 5 5 10 5 100
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4. Conclusion

In this paper, the automatic grading of foie gras color was studied by combining
machine vision and statistic recognition. Conclusions were obtained:

(1) The MLR model of color grade had high accuracy and stability with total
accuracy of 92%. The model in validation set and calibration set had similar R2
and standard deviation.

(2) The accuracy of CDA model with accuracy of 100% was higher than that of
MLR model. The data points of 4 color grades in validation set and calibration set
had similar distribution. Above all, on-line color grading system of foie gras could
be developed using two models in order to replace manual grading in processing
workshop. Furthermore, as sample number limited the accuracy and stability of
the model, enlarged sample and repeated experiment were needed to make the color
grading model more accurate and stable.
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The optimization design of Off-Highway
machinery radiator based on genetic

algorithm and ε-NTU1

Liu Yang2, Qin Sicheng2

Abstract. The advantages and disadvantages of the construction machinery cooling system

are closely related to the machine performance. However, it is di�cult to design a high e�cient

radiator to manage the high heat emittance of the high-powered diesel engine. In this study, we

put forward an mechanical optimization design that uses the e�ectiveness-number of transfer units

(ε-NTU) method as the mathematical mode of the radiator performances estimation to build a

radiator parameters design model, which puts the heat transfer rate and pressure drop of airside

as the objective function, and also solves the alternative advantage solution set through genetic

annealing algorithms (GAA). Moreover, designers could achieve the expected performance indicator

or optimize the original radiators from revising radiator geometrical parameters at the beginning

of the design through verifying the model e�ectiveness by comparing the experimental data.

Key words. Wavy �n, heat transfer, numerical simulation, genetic annealing algorithms,

O�-Highway machinery.

1. Introduction

The compact heat exchanger has a broad applications in many �elds due to its
e�cient heat transfer rate and compact volume. The research and development of
current radiators are inspired by Kays et al. [1], who �rstly invented various kinds
of radiators in 1984, and they also obtained the original correlations between the
heat transfer and resistant features of the general �ns by experiences [2]. Between
2000 to 2010, Wang et al. [3] matched the laboratory correlations of the variations
between the Colburn factor and fanning factor in di�erent Reynolds numbers. Based
on the previous study, in 2007 Dong [4] utilized the wind tunnel test bench to test
67 di�erent structure parameters of �ve general �ns and matched the laboratory
correlations between their heat transfer and resistant features, which highly increased

1This work was supported by the National Key Technology Research and Development Program
of the Ministry of Science and Technology of China (Grant No. 2013BAF07B04)

2School of Mechanical Science and Engineering, Jilin University, Changchun 130022, China
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the �tting precision; and the deviations of correlations are only 12%. Caputo et al.
[5] applied the simulated algorithm to the solutions of industrial radiator optimized
problems. Copiello et al. [6] studied the in�uences of cross-cut �ow control on
�uid resistance and heat transfer rate of radiators by improving genetic algorithm.
Mostly, the traditional radiators were designed by using the method of logarithm
mean temperature di�erence (LMTD), which used the speci�ed parameter (inlet and
outlet temperatures of hot and cold �uids) to calculate the heat transfer rate and
the correction factor to decrease deviations. This method is less computed, which
can fast estimate heat transfer rate, but lower accuracy. In this study, we directly
applied the �ns' parameters into the calculation of heat transfer rate and pressure
drop by the laboratory correlations, which can accurate estimation of heat transfer
rate and pressure loss of the radiator. And also we could change the appropriate
heat transfer rate and pressure drop by regulating geometrical parameters of �n.

2. Mathematical model of radiator performance estimation

The design of radiators is for heat transfer rate and pressure drop of airside.
This study uses the ε-NTU as the theoretical basis, the wheel loader radiator from
LONKING as the vector to construct the mathematical model of radiator perfor-
mance estimation. This radiator is the wavy �nned tube heat exchanger. Figure 1,
top and bottom parts, show its structure and geometric parameters of �n and Table
1 shows the structural parameters of the radiator.

Table 1. Structural parameters of the radiator

Parameter Data Parameter Data

Core size 880mm×858mm×92mm Fin thickness δ 0.06mm

Cooling area A 44m2 Wavy angle β 150 rad

Fin height Fh 1.5mm Fin space Pf 3.3mm

Wavy pitch λw 12mm Fin number 262

Frontal area, hydraulic diameter and Reynolds number could be obtained by
calculating the geometrical parameter of the wavy �ns, which do not need to be
mentioned more. For other kinds of �ns, the design parameter is got only by changing
the speci�ed geometrical parameter. And also, the speci�ed parameter could be
obtained by operating the �n unit simulation with CFD program when there are no
experimental data. In addition, the NTU of radiator could be got by computing the
�n and �n facial e�ciency resulted from the formula (1). The e�ciency of radiator
is calculated by formula (2) and Colburn factor and friction factor are calculated
according to the method presented in [1]. At last, formulae (4) and (5) provide the
pressure drop and heat transfer rate [7]

R =
(qmCp)min

(qmCp)max

, (1)
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ε = 1 − exp

{
NTU0.22

R

[
exp

(
−R · NTU0.78

)
− 1
]}

(2)

{
Cmin = min

[
(ṁ · Cp)hot , (ṁ · Cp)cold

]
,

Cmax = max
[
(ṁ · Cp)hot , (ṁ · Cp)cold

]
.

(3)

Pressure drop:

∆P =
ṁ

2Acρ

[(
Kc + 1 − σ2

)
−
(
1 − σ2 −Ke

) ρin

ρout
+ f

4L

De
ρin

(
1

ρ

)
m

]
. (4)

Heat transfer rate:

h = jṁCp

(
Ac Pr

2
3

)−1

, (5)

Q = ε · Cmin (Thotin − Tcoldin) . (6)

In the above equations (1)�(6), Cp is the speci�c heat of the coolant, Q denotes
the heat transfer rate, ε represents the e�ectiveness of the heat exchanger, ṁ stands
for the mass �ow, NTU is the number of the transfer units, Tm is log mean temper-
ature di�erence, Kc is the entrance loss coe�cient, Ke is the exit loss coe�cient, δ
is the minimum �ow to face area ratio, Ac is the minimum cross-sectional �ow area,
Pr is the Prandtl number, De is the hydraulic diameter and A is the heat transfer
surface area.

This predicted mathematical model is commonly used to some extent. Besides
the tube-�n type shown in this study, it also can be used in plate-�n radiator and
ribbon-tubular radiator, which are general in O�-Highway machinery. The only way
that needs to be done is changing the speci�ed formula of geometrical parameter and
empirical formula such as the heat transfer surface area, colburn factor and friction
factor [8].

3. Designed model of optimized radiator parameter

3.1. Design parameter and objective function

The objective to optimize the radiator design is to adjust the heat transfer rate
and pressure drop to the range of designers' request by regulating the main structural
parameter of radiators. This procedure includes the selection of designed variable,
the extraction of constraint conditions, the construction of design objective and the
choice of algorithm. This study gets rid of some variables that slightly a�ect the
objective function and choose 8 parameters of radiators as the independent variables
[9]. The design variables should be constrained subjected to the limited volume of
production technology and power cabin. The range of design variables is shown
in Table 2. The objective function 1 is heat transfer rate as shown in (5), and
the objective function 4 is pressure drop as shown in equation (10), the volume
of new radiator, which is less than original radiator, as the constraint conditions.
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Fig. 1. Wavy �n: top�geometric parameter, bottom�structure of the �n and tube
radiator

The friction factor shown in (8) and Colburn factor shown in (7) make use of the
empirical formula from the wavy �n unit wind tunnel test data and the way of the
next section to get the heat transfer coe�cient �gured in (9) and pressure drop
correlation displayed in equation (10). The correction factors ffix1 and ffix2 are
obtained based on the data from di�erent �ns in di�erent radiators. This paper is
in the con�rmed process. So the correction factor ffix1 and ffix2 are valued 1.

Table 2. The value range of design parameter

Design parameter Range Design parameter Range

Ln 800∼880mm β 130∼170 rad
Lh 800∼858mm δ 0.05∼0.07mm
Lc 80∼92mm Pf 3∼3.6mm
λw 10∼14mm Fh 9∼13mm

j =

(
Pf

2Fh

)0.1284

·
(

Pf

4Fh + λw

)−0.153

·
(
Ln

λw

)−0.326

· 0.0836Re−0.2309 , (7)

f =

(
Pf

2Fh

)0.3703

·
(

Pf

4Fh + λw

)−0.25

·
(
Ln

λw

)−0.1152

· 1.16Re−0.309 , (8)
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h = 100η−0.283 · 9.2394 · C0.33
p · λ0.67 · (ρ · V )

0.731 · σ ·De · Pf · ffix1 , (9)

∆p = ρ−1 · σ−3
d · 1.07673 ·

(
A

Ac

)0.468

· (ρ · V )
1.68 ·

(
η

De

)0.32

· ffix2 . (10)

In the above equations, f is the friction factor, h is the heat transfer coe�cient,
j is the Colburn factor, ∆p represents the pressure loss, ρ denotes the density of air,
β is the wave angle, λ stands for the heat conductivity of air, λw is the wave pitch,
σ denotes the �n thickness, η represents the dynamic viscosity of air, ffix1 and ffix2

are correction factors, Fh is the �n height, K denotes the heat conductivity of the
radiator, Pf stands for the �n pitch, Re is the Reynolds number and sigmad is the
porosity of airside.

3.2. The selection of algorithm

Engineering problems always comes down to the complex multi-objective opti-
mization problems. These functions possess the features of nonlinear, multivariable
and hard redescender. Genetic algorithm (GA), as an easy computed and high ef-
�cient method, is widely used in engineering problems. However, it is limited by
premature convergence and lower partial searching ability, so it cannot usually get
the most optimized solution in global situation. The heuristic algorithms, such as the
steepest descent, hill-climbing, simulated annealing (SA) and the list of optimiza-
tion method have the strong global searching capability, and also some heuristic
algorithms, which contain some information that are related to the problems, are
highly e�ective. As hypothesized, merging the basic idea of SA in the search process
of GA to construct a hybrid genetic algorithm, which contains both advantage, so as
to improve e�ciency of the GA operation and the quality of solution, which could
help to adapt to the complex engineering problems in mechanical optimized design.
GAA, used in this study, overcomes the traditional genetic algorithms and improves
the search e�ciency as well. The introduction of elitist preservation (the individual,
which has highest �tness, will directly copy to the next generation instead of the re-
combination mutation) and disaster-modi�cation (when it cannot get the optimized
state after algorithms' several iterations, using probability 1 to mutate and interlace
operation, at the same time, keep the optimal individuals). Do not recover to the
normal cycle until a better individual is produced. The �rst one-the phrase has been
modi�ed to �If there is no better solution in the iteration step, the convergence of the
calculation result is considered. The algorithm in this paper reduces the possibility
that the algorithm falls into the local optimal solution, and improves the e�ciency
of calculation and the quality of solution.�

The brief steps of GAA in this study are:
1) Select the original populations randomly, and compute the original �tness.
2) Repeat step 3) and 7), until satisfy the convergent roles.
3) Stochastic tournament and select the optimal father generation, then repro-

duce.
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4) Simple mutation to the selected father generation and accept new individual
by the method of probability.

5) Arithmetic crossover to the father generation and mutated sub-generation.
6) Simulate annealing operation to the father generation and produced sub-

generation, then cool them down based on index.
7) Elitist preservation and judge if it need do disaster-modi�cation. Output the

global optimal results. �

4. Experimental comparative analysis

4.1. Optimal solution analysis

This study describes the optimized problem as the style of equation 10 with the
objective functions and constraint conditions that are derived from previous section,
and the simulation conditions are shown in Tables 3. Set the genetic algorithm as
follow: population size 100, crossover fraction 0.7, migration fraction 0.01, function
tolerance 1e-6, and max generation 100. The result are shown in Fig. 2, top and
bottom parts. Using NSGA-II algorithm (as shown in Figure 3) to verify the validity
of the Pareto optimal solution. It can be seen that the regions of the optimal solutions
are matched. However, the rate of convergence, equilibrium of distribution and the
capacity of global searching of GAA are better than NGSA-II.

minF (x) = [f1(x), f2(x)] ,
f1(x) = −Q,
f2(x) = ∆p,
g(x) = ∆V = V1 − V2 ≥ 0.

(11)

Here, g(x) is the volume change, while f1(x) and f2(x) are the objective functions.

Table 3. Simulation boundary conditions

Parameter Data Parameter Data

Ambient temperature 30 ◦C Coolant �ow rate 120 l/min

Airside inlet 30 ◦C Coolant inlet temperature 100 ◦C

Ambient pressure 101325Pa Velocity of the air�ow 12m/s

Multi-objective optimization function does not exist a set of solutions for all
constraints, replaced by an optimal solution set. The contradiction among many
objective functions in real engineering problems is always met. Designers should
make their choices and select the solutions that are �t to the whole designs through
their own request. In this study, the design goal of radiator is to pursue the high heat
transfer rate and lower pressure drop, which are obviously contradictory. However,
some compromised solutions with the optimized algorithm can be obtained. Table 4.
shows the result that comparing three typical preponderant solutions of GAA and
the experiment data of original radiator from wind tunnel test: Type solution 1 heat
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Fig. 2. Results: top�heat transfer rate of GAA, bottom�pressure drop of GAA

transfer rate increases slightly and pressure drop decreases slightly. Type solution
2 heat transfer rate and pressure drop grows signi�cantly. Type solution 3 pressure
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Fig. 3. Optimization results of NGSA-II

drop falls highly and the loss of heat transfer rate is higher as well. According to
the actual needs, designer can choose the solution with small pressure loss or large
heat transfer rate.

Table 4. Comparison of calculation results

Parameter Experiment data Solution 1 Solution 2 Solution 3

Q (kW) 124.55 126.65 129.74 121.41

∆P (Pa) 140.11 137.77 148.81 131.72

Ln (mm) 880 872.5 870.1 869.2

Lh 858 849.9 846.9 846.1

Lc 92 91.1 91.1 90.4

∆V (%) N/A �2.75 �3.36 �4.29

λw (mm) 12 11.4 11.6 11.1

β (rad) 150 135.5 153.2 147.2

δ (mm) 0.06 0.05 0.05 0.05

Pf (mm) 3.3 3.3 3.2 3.2

Fh (mm) 10 11.9 12.1 12
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4.2. Analysis of radiator performance

Radiator bench test was carried out according to Fig. 4.

Fig. 4. Radiator bench test

Establishing the radiator model with UG, we did the stimulation by putting the
viscous resistance coe�cients and inertial resistance coe�cients obtained from the
results of �ns parameters in the three groups (as shown in Table 4) into the porous
media model. As shown in Fig. 5, through bench test the pressure drop curves
and heat transfer curves at di�erent inlet velocities are compared with the original
radiator.

The heat transfer rate and pressure drop increase with the increase of the inlet
velocity; the growth rate of pressure drop increases with the increase of inlet velocity,
which is consistent with formula (4). The growing rate of heat transfer rate decreases
gradually with the increasing of inlet speed. To start from the Macro-view, the
increasing speed of inlet �ow led to the decreasing of heat exchange time. Although
the amount of air intake is increasing, the heat exchange time is reduced which
causes the loss of the heat exchange e�ciency. Theoretically, the heat transfer rate
of radiator is mainly related to the e�ectiveness of radiator and Cmin. In terms of the
experimental data, the e�ectiveness of radiator is in a convex function relationship
with the NTU. The value of NTU and e�ectiveness of radiator varies inversely with
the inlet velocity. According to the principle of heat transfer, while the inlet velocity
increased to a certain size Cmin and e�ciency will be changed to a certain value,
continuously increasing the inlet velocity will no longer increase the heat transfer
rate.

In order to verify the accuracy of the simulation, a new radiator is made according
to the �n parameters of the typical solution 1 and the bench test is carried out. The
bench test experimental results are compared with the simulation results as shown in
Table 5. We can �gure out that the new radiator made by typical solution1 basically
matches the simulation result, and the average error is about 6%, which con�rms
the accuracy of the GAA calculation model.
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Fig. 5. Important characteristics of radiator at di�erent inlet velocity:
top-pressure loss, bottom�heat transfer rate
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Table 5. Comparison of CFD simulation and experimental results

Inlet velocity 6m/s 8m/s 10m/s 12m/s

Pressure loss of type solution 1 320Pa 420Pa 555Pa 710Pa

Pressure loss of the new radia-
tor

322Pa 422Pa 559Pa 714Pa

Heat transfer rate of type solu-
tion 1

85.43 kW 102.72 kW 116.96 kW 126.65 kW

Heat transfer rate of the new
radiator

85.26 kW 102.52 kW 116.73 kW 126.42 kW

5. Conclusion

Using the ε-NTU as the theoretical basis, and the engine coolant radiator of
wheel loader (wavy �n-and-tube radiator) as the research object, the mathematical
model of radiator performance estimation was constructed. This model is powerful
generalization, and it could be adapted to Plate-�n radiator and can be used for plate
�n or Ribbon-tubular radiator when several geometrical parameters and empirical
formula changed. It can also focus on the performance study in di�erent �ns of the
same kind of radiators. When MATLAB to routinize mathematical model of radiator
performance estimation with the mix genetic algorithm was used, the introduction of
annealing algorithm complements the disadvantages of genetic algorithm in searching
process. Analyzing one group of the dominant results, we �nd that the volume could
decrease 2.7%, and the heat transfer rate grows 1.7%, when the pressure drop falls
1.7% by modifying the design of the original radiator. In addition, the optimal
dependability is veri�ed by Wind tunnel test of the new radiator. The heat transfer
rate and pressure drop of the radiator are greatly in�uenced by the �n parameters.
They are increasing with the growth of inlet velocity of cold side. The increased
heat transfer rate stops when the inlet velocity reaches to a certain extent. In
this paper, with ε-NTU theory as the basis for the establishment of the radiator
performance prediction model, combining with the genetic algorithm to optimize
the size of core and �n parameters, and the optimal solution is performed by CFD
simulation and wind tunnel tests to verify the e�ectiveness of the calculation model.
This paper provides a new idea for the design and optimization of the radiator,
which is conducive to shorten the development cycle and reduce the design cost.
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Model construction and application of
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Abstract. Resonance demodulation technology mainly adopts changing trends and the char-

acteristics of frequency spectrum to run the equipment fault diagnosis. Resonance demodulation

technology was applied to the automatic diagnosis of rolling bearings' faults has advantages of easy

operation, high reliability, especially when the rolling bearing of multiple components exist random

failure, analysis method is di�cult to diagnose, and using the method of resonant demodulation can

make accurate on such complex fault diagnosis, and the resonance demodulation technology will

has wide application in ships due to its advantages of accuracy, speediness and lower cost. Firstly,

this paper analyze the technology of resonant demodulation diagnosis principle. In addition, its

application in vessels is discussed, speci�c application of the ship rolling bearing is described in

detail. The application of resonant demodulation in ship fault diagnosis can enhance the overall

mechanical equipment diagnosis accuracy, maintain the normal operation of equipment and reduce

the economic losses of the enterprise.
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1. Introduction

The production of ship is very expensive and the procedure is complex. Due
to extreme complexity its construction is prone to a variety of mechanical failures.
The failure of the machinery [1], for example, will inevitably a�ect the operation of
the entire ship system, and even a�ect the safety of the ship system [2]. Therefore,
it is necessary to use modern detection technology for fault detection and predic-
tion. There are two kinds of fault detection methods for ship mechanical system,
one of them being the condition monitoring method, and the other is fault diagnosis
method. The diagnosis methods of ships supercharger, gear box, motor, pump and
other mechanical failures have been developed from the past "see, hear, smell, touch"
[2], a simple test based on processing of suitable signals. Along with development of
technology, vibration monitoring is one of the main methods. The traditional vibra-
tion signal analysis is mainly based on the fault characteristic frequency spectrum
that should indicate whether a fault occurred, but in some cases, relevant infor-
mation does not necessarily mean fault, but also some uncertainty. With the last
development of technology, particularly technology of resonant demodulation [3�4],
this becomes a line of sight of people.

Technology of resonant demodulation [5] is to detect the resonant waveform enve-
lope detection (that is, the demodulation) and low pass �lter of high frequency (more
than dozens of times the impact frequency) aroused by low frequency, and obtain a
relative low frequency ampli�er and the broadening of the resonance demodulation
impact wave, also calls the envelope. Through this resonance demodulation wave
amplitude and frequency spectrum analysis, determine the fault type and quantity,
so the technology of resonant demodulation is also known as shock pulse technology,
envelope detection technology or the early fault detection technology. The technol-
ogy of resonant demodulation is in accordance with the demodulation theory of wave
[6�7], must con�rm that whether the faults occur or not. Resonance demodulation
technology of impact on the fault have been widely used with the advantages of cor-
respondence, selectivity, ampli�cation, proportionality, broadening, low frequency
and multistage[8�9].

2. Resonance demodulation in the application of the ship

2.1. The choice of methods of fault monitoring

The monitoring system has been developed from the �rst generation of alarm
system, the analysis of the second generation system, the third generation of diag-
nosis system, the latest development of the fourth generation of intelligent system,
each generation system has its own superiority and the applicable scope, so the in-
troduction of technology must adhere to the principle of "�t is the best", rather
than "the more advanced, the better, the more expensive the better". The gear
box, main motor and other key equipment should be in the fourth generation sys-
tem. For ordinary motor, fan and other non-critical equipment are available to the
third generation system. The centralized area of pump equipment, such as main en-
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gine, auxiliary machinery and water chiller pump room is propitious to online third
generation system. While, zone of noncitizen was used for half online or o�ine.

2.2. Judgement of characteristic signs

Spectral analysis is to look for the frequency and amplitude and the vibration
signal contains a sine wave [10], and then �nd what kind of trouble they are produced
by. The two corresponding namely, �nd out why, but it is not easy. As with the
function of frequency spectrum analysis of vibration of the portable instrument,
simple give only spectrum, spectrum varies between equipment, performance feature
is di�erent also, only a person with rich spectrum knowledge can understand. In
addition, as a diagnosis of gearbox fault, each axis has two bearings, and at all levels
of the gear, the acquisition of signals passed through the structural spectrum is all on
the line, primary and secondary cannot be distinguished, even overlap, which causing
oscillation is very high, the results of spectrum �gure di�cult to understand. Now
the software built-in standard signs of libraries, the input parameters such as gear
teeth, bearing type, will list the symptom checklist, such as imbalance, misalignment,
loose information. If a theory of feature point warning, it will automatically on the
spectrum. If it �ts perfectly, the faults can be decided. Even if there is allowance,
it will be automatically matching.

2.3. The determination of characteristic symptom stan-
dards

The determination of impact pulse spectrum and standard spectrum is di�erent
from the traditional spectrum. Now amplitude of characteristic frequency of the
system can be acted as trend and set out their standard. The standard is obtained
after long time data according to the data, and not directly to national or inter-
national standards. Because the latter is to use equipment overall vibration value
de�nition, generally the velocity or displacement. However, the working condition
of each device is di�erent, even for the same equipment, such as motor, their hor-
izontal, vertical, axial control standard of each are not identical, and also cannot
use the same standards. So the standard combined with the actual data is the most
suitable. Of course, the experience of the crew can also be set standards.

3. The establishment of resonance model

Resonance demodulation can be realized by the computer equipped with data
collector by numerical algorithms in software implementation, and also can use the
hardware circuit implementation. The di�erence between the two is whether through
direct analysis of vibration signal spectrum to realize fault diagnosis.
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3.1. The establishment software resonance demodulation
model

Although there are many methods for the software to realize the shock signal
resonance demodulation, the most commonly used is the Hilbert changes to the
original resonant demodulation processing time domain or frequency domain signals.
Software resonance demodulation of original signal processing is divided into the
following four main steps:

The time domain signal FFT analysis, �nd the mechanical resonance frequency
of the resonator, as the center frequency and frequency band pass �lter; The Hilbert
transform for signal after �ltering; Structure of shock response signal envelope curve;
The envelope curve resampling and spectrum analysis.

The Hilbert transform is a key element in software technology of resonant de-
modulation. Real signal X(t) is de�ned as the Hilbert transform X̂(t)

X̂(t) = H
{
X̂
}

=
1

π

∫ ∞
−∞

X(t)

t− π
dτ =

X(t)

/
πt , (1)

where H means the Hilbert transform within the brackets on the signal, the function
of the Hilbert transform are π/2 phase di�erence with the function itself.

A new analytic function is

Z̄m(t) = X(t) + jX̂(t) . (2)

Therefore, the signal envelope equation is expressed as

Zm(t) =
√
X2(t) + X̄2(t) . (3)

Spectral analysis was carried out on the formula (3), and get more order section of
the adjustment spectrum characteristics. Figure 1 shows the �ow chart of resonance
demodulation method by software.

Fig. 1. Flow chart of resonance demodulation method by software
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3.2. The establishment hardware resonance demodulation

Hardware technology of resonant demodulation is the application of piezoelectric
and strain detection sensor technologies such as bearings, gears and other mechani-
cal operation caused by abnormal collision impact information. Use of the electrical,
mechanical, or other hardware resonator (surface acoustic wave, acoustic, etc.). By
harmonic resonance response to change weak shock signal into high frequency and
resonance wave attenuation oscillation of freedom, thereby gaining a weed out the
resonance demodulation of low-frequency vibration interference wave after the de-
modulation process. Finally, through the demodulated resonance wave amplitude
and frequency spectrum analysis to extract the low-frequency impact of informa-
tion, and determine the fault diagnosis methods of fault detection technology. As a
result, the hardware technology of resonant demodulation is not via the analysis of
vibration signal spectrum directly to realize the fault diagnosis.

To extract the fault signal of the rolling bearing impact hardware resonance
demodulation process, in turn in three main hardware function modules:

Figure 1 shows resonance demodulation transformation process by the analog
circuit of hardware. The principle and superiority of fault detection the resonance
demodulation can be observed from Fig. 1. Mixed in the vibration fault of shock
wave (see Fig. 2a)) time domain pulse width is very narrow. Amplitude spectrum
is rich. Using a high Q center frequency resonator for shock wave resonance re-
sponse (see Fig. 2b)), get one free attenuation of high frequency in intermittent
oscillation waveform. Envelope detection after the wave of resonant demodulation
(see Fig. 2c)) compared with the original shock waveform, repeat same frequency, but
the amplitude is ampli�cation, broadening and time domain. Thus for demodulating
resonance demodulation output pulse, compared with the low energy shock pulse,
the low frequency spectrum energy is greatly enhanced. Transformation process,
the resonator eliminated the interference of conventional vibration so the demodu-
lation output signal is compared with the original signal, can obtain several orders
of magnitude higher signal-to-noise ratio, made no fault, no resonance demodula-
tion a�ected its spectrum of obvious e�ect. Demodulation signal characteristics,
multistage comb spectrum diagram as shown in Fig. 2d).

When impact signal is larger, two kinds of demodulation can e�ectively extract
the fault characteristic. When early fault signal is weak, the latter using resonator
resonant ampli�cation e�ect to the fault, spectrogram fault characteristics signi�-
cantly, while the former e�ect is not ideal. But the hardware demodulation some
parameters cannot be adjusted, the lack of �exibility, and the hardware equipment,
weight, volume is larger, it is not easy to carry.

4. Instance analysis of ship rolling bearing

Take turbocharging system for example, bearing detection is the most important,
because bearing high-speed operation, often produce fatigue pitting. The advantages
of the monitoring device are high reliability and easy to install the system. At the
same time, vibration detection can be carried out, which can detect the vibration of
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the equipment and the imbalance between the scaling of the turbine and the carbon
adhesion. Figure 3 shows turbocharger bearing status monitoring system.

Fig. 2. Signal shift processes using hardware resonance-demodulation technology:
a)�shock pulse, b)�shock wave resonance response, c)�wave of resonant

demodulation, d)�multistage comb spectrum diagram

The bearings with inner ring, outer ring and rolling body maintain four parts
in Marine mechanical system, each each of them having its own characteristic fre-
quency. We use the condition monitoring equipment to judge the type and speed
of the bearing, and get the characteristic frequency of the part. Di�erent parts are
characterized by di�erent symbols, in dependence of the fault. For example, the
parts without fault are characterized by number 0.07, while the parts with failure
carry number 0.68. Figure 4 shows that the �rst node does not have a fault symbol,
which indicates the system is normal. The second node has a fault sign, so that the
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Fig. 3. Turbocharger bearing status monitoring system

maintenance personnel must replace it and then the system becomes normal again
(without failure) failure.

Figure 4 shows that the �rst node does not have any fault symbol, which indicates
that the system is normal. Further nodes have a fault sign, so that the maintenance
personnel must replace the damaged parts, and the system returns from the failure
state to normal state.

Figure 4 evaluates the speed and acceleration trend on the basis of comparison. It
is normally hard to see what part of bearing is damaged, but from after evaluation it
is easy to re�ect the outer ring. In theory, with long running and aging of equipment,
speed and acceleration exhibit upward and downward trends.

In this way, we are able to compare the system failure, speed and wear, to �nd
the mechanical fault, which can be avoided by the prediction method. With the
operation of machinery and equipment, the wear of each component is serious, and
the probability of failure greatly increases, so that it is necessary to predict and
replace the worn parts. Some parts have long running cycle and serious aging, so
they can be replaced regularly to avoid serious safety faults.

Clearing relationship between the two parts is helpful to determine the stage
of the fault, but the actual measured values are high and exhibit low volatility
(Fig. 4 middle and bottom), which is caused by the clearance of the bearing itself.
Maintenance downtime found that the bearing outer ring was serious worn and had
obvious pitting and spalling pits, which might be caused by poor lubrication.

5. Conclusion

Resonance demodulation fault diagnosis is di�erent with general vibration reso-
nance demodulation spectrum diagnosis. The traditional fault diagnosis is mainly
based on vibration signal of fault characteristic frequency spectrum to determine
whether there is fault, but if only one keeps the line does not necessarily have
failure, namely the uncertainty. And the technology of resonant demodulation is ac-
cording to the theory of demodulation waveform, make the pledge shall order more
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demodulation spectrum characteristics to determine whether there is fault, to have
characteristics of the defective means to be maintained. Thus increase the reliability
of the diagnosis. Its application in the ship mechanical failure promote maintenance
system by the later maintenance, planned maintenance to "reliability centered", ac-
curate prediction of initial fault, which guarantees safe and e�cient navigation of
the ship. However, the drawback of this method is that the signal processing is
more complicated. In addition, the selection of the monitoring band has a decisive
in�uence on the correctness of the diagnosis results when the bearing failure is di-
agnosed by the resonance demodulation method, so the study will be carried out in
the future.

Fig. 4. The tendency of chart: top�characteristic symptom trend chart,
middle�speed tendency, bottom�acceleration trend chart
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Integrated modeling and simulation of
wind power generation system based

on PVDF piezoelectric thin film1
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Abstract. PVDF piezoelectric �lm wind power generation technology is attracting more and

more attention because of its high e�ciency and practicability. And it has a wonderful development

prospect. This paper is devoted to the study of PVDF piezoelectric thin �lm wind power generation

technology, starting with analyzing its operation mechanism, and comparing the di�erence of �xed

pitch, pitch and PVDF piezoelectric �lm wind power. Finally it selected the doubly fed PVDF

piezoelectric �lm as the scheme: it's in the stage of low speed pitch adjustment pursuit of maximum

wind energy capture, and achieve the independent regulation of stator output constant frequency

and active and reactive power by controlling the rotor side power when it is in high wind speed. This

paper analyzes the basic operation characteristics, points out the advantages of PVDF piezoelectric

�lm generator that AC motor cannot match; studies the steady-state circuit and power balance,

and the establishment of the state equation; realizes decoupling of the stator active and reactive

power control, which makes the motor control simple. The research of this paper has promoted the

development of wind power industry.

Key words. Wind power generation, PVDF piezoelectric �lm, doubly fed induction genera-

tor, modeling, simulation.

1. Introduction

The process of industrialization in the world has led to an increase in energy
consumption and emissions of harmful chemicals. Thus caused climate anomalies,
disasters, and many malignant diseases. And the energy and environmental issues
become the two major issues [1�3]. The crisis caused by the energy problem and the
increasingly prominent environmental problems make us recognize that the devel-
opment of clean and renewable new energy is an objective need for the protection
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of the ecological environment and the protection of sustainable development [4]. At
present, in the development of renewable energy of wind power generation has the
most potential, and the generation cost decreased gradually, and technically mature,
which forms a new industry, has become the power system structure relative to the
fastest growth of new energy power generation [5�6] Therefore, the research of wind
power generation technology is of great signi�cance [7]. The paper makes an analysis
the basic operation characteristics, shows the advantages of PVDF piezoelectric �lm
generator that AC motor cannot match; studies the steady-state circuit and power
balance, and the establishment of the state equation; realizes decoupling of the sta-
tor active and reactive power control. The research has promoted the development
of wind power industry [8�9].

2. Methodology

MATLAB 6.5/Simulink software is used to build the simulation model of each
part of the system, and the simulation of the system was carried out.

The mathematical models can be expressed by the equations:

Mw =
π

2
pc1w , (1)

Cp = 0.5

(
rC

L
− 0.022B − 2

)
e−tiθ , (2)

dM

dt
=

1

T (M − U)
, (3)

and
dW

dt
=

1

C(M − U)
. (4)

Here, C is the piezoelectric stress constant, M is piezoelectric strain constant, B
is the electric �eld strength, T and U are piezoelectric constant matrix and transpose
matrix, L is the inductance and Cp is the circuit capacity.

The optimum operation principle of PVDF piezoelectric �lm wind turbine is
depicted in Fig. 1.

The PVDF piezoelectric �lm wind curve is depicted in Fig. 2.
According to Fig. 2, when the wind speed changes, as long as the speed of the

wind wheel is adjusted, and the tip speed ratio λmax = λ is kept the same, the
maximum wind power can be obtained, which is the best operation principle of the
wind turbine.

The simulation models of all parts of the wind power system are built up using
the software Matlab 6.5/Simulink 5.0 and simulation experiments are done, whose
results show that the models are proper and the VSCF wind power system has good
operating performance.

After the analysis of the essential operating characteristics, this work presents a
study on the steady equivalent circuit and the power �ow. Five-order-state equa-
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Fig. 1. Wind turbine simulation model

Fig. 2. PVDF piezoelectric �lm wind curve

tions in the M-T-0 reference frame are deducted in detail and the stator �ux-oriented
vector control system is built to decouple the stator active and reactive power reg-
ulations and make controlling of the motor more simple.

The main circuit structure is depicted in Fig. 3.
Matlab 6.5 software (MICROTEK Simulink/Power System Blockset model) was

set up to model single-phase positive and negative recti�er circuit.
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Fig. 3. Main circuit structure of system

3. Result and discussion

3.1. Simulation results of a wind turbine

Technical parameters of the model of G52-850 kW wind turbine are listed in Table
1, and the wind farm parameters are shown in Table 2.

The inverter is the key equipment to make the double-fed motor VSCF operate
so the 6-pulsed AC-AC inverter, (cycloconverter) is selected as the exciting power
supply. Through processing the interface between the inverter and the generator,
this paper builds up the mathematical model of the inverter by analyzing its main
con�guration of the circuit, the method of cosine crossing and the producing of trig-
ger pulses. Power characteristic curve and parameters of wind turbine are depicted
in Fig. 4.

Table 1. Technical parameters of wind turbine

Rated power 850 kW Hub height 55m

Impeller diameter 52m Swept area 2124m2

Rated wind speed 13m/s Safe wind speed 50�70m/s

Speed range 14.6�30.8 rpm gearbox ratio 1:61.74

Table 2. Wind farm parameters

Air density 1.04 kg/m3 Average speed 8m/s

Wind frequency spacing 2 rad/s Gap range 2000m

Surface roughness 0.004 Max. wind speed 20m/s

Maximum gradient wind speed 15m/s Distance between turbines >260m
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Fig. 4. Power characteristic curve and parameters of wind turbine

Fig. 5. PVDF piezoelectric �lm wind speed

Figure 5 is the power characteristic curve and parameter curve of PVDF piezo-
electric �lm wind speed. The highest value is reached when it is about 6 seconds.

3.2. Output curve of frequency converter

Let the control voltage amplitude be 100V and frequency 10Hz. Then the e�ec-
tive value of cycloconverter fed power supplied by excitation transformer is 100 V,
frequency 50Hz and load inductance L = 0.07H. Figure 6 shows the load voltage of
the cycloconverter, the voltage between the two neutral points and the load current
waveform.

From the simulation process it can be seen that the cycloconverter is a highly
nonlinear system, containing 36 thyristors, cosine wave generator, synchronous trig-
ger pulse generator, commutation logic control module, the system model of complex
structure, and large amount of feedback.
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Fig. 6. Two-phase load current waveform

3.3. Simulation model of doubly fed induction generator

The stator-oriented vector control of doubly fed generator is given. The structure
diagram is shown in Fig. 7, and the simulation model is similar to the block diagram,
no longer tired. Before the dynamic control is implemented, the motor is in a steady
state, and the following initial conditions can be determined by the equation of state
of the generator.

Fig. 7. Structure diagram of the doubly fed induction generator
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The double-fed generator, who is superior to a general AC one in many aspects,
and it is the hard core of the wind power system. After the analysis the essential
operating characteristics, this thesis makes a study on the steady equivalent circuit
and the power �ow. Five-order-state equations in the M-T-0 reference frame are
deducted in details and the stator �ux-oriented vector control system is built to
decouple the stator active and reactive power regulating and make controlling of the
motor more simple.

4. Conclusion

This paper presented an research on PVDF piezoelectric thin �lm wind power
generation technology, starting with analyzing its operation mechanism, and com-
paring the di�erence of �xed pitch, pitch and PVDF piezoelectric �lm wind power.
Finally selected the doubly fed PVDF piezoelectric �lm as the scheme: it's in the
stage of low speed pitch adjustment pursuit of maximum wind energy capture, and
achieve the independent regulation of stator output constant frequency and active
and reactive power by controlling the rotor side power when it is in high wind
speed.Above all, the way can get a better e�ect in wind power generation comparing
with other ways.
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Dynamic obstacle detection and
expression method of driverless vehicle

based on laser sensor

Huan Li1

Abstract. In the cell technology of the driverless vehicle, the detection, prediction and
collision avoidance of moving obstacles in complex outdoor environment is always the focus and
difficulty of the research. Aiming at the problems encountered in detection, prediction and collision
avoidance of moving obstacles in outdoor complex environment, and the overall design requirements
of the system. A driverless obstacle avoidance system for driverless vehicle was designed in this
paper. In this system, the methods of detection, prediction and collision avoidance were deeply
studied, and some specific techniques in engineering application and experimental test were intro-
duced. And an improved A* algorithm which can search continuous neighborhood was put forward
to achieve safe and intelligent autonomous driving of driverless vehicle in dynamic environment.

Key words. Laser sensor, driverless vehicle, dynamic obstacle.

1. Introduction

Specifically, both in daily life, in military and scientific research, the research goal
of unmanned vehicles is completely or partially replaced by the driver’s function. The
key technologies they involve are the same. In daily life, driving is not only boring
but also dangerous. Drivers need to pay attention to the change of environment at
all times, and at the same time, overcome their physical limitations such as fatigue
and carelessness. Driverless and its derivative technology can make drivers free from
boring and tedious driving behaviors to a certain extent. In military affairs, pilot-
less technology can replace human beings in performing dangerous missions such as
reconnaissance, mine clearance, radiation and battlefield, so as to reduce casualties
[1]. In scientific research, driverless vehicles can help humans engage in extrater-
restrial exploration activities such as the moon and Mars. Since 2000, with the
rapid development of computer vision, artificial intelligence, electronic circuits and
other disciplines, these disciplines are also widely used in vehicles. In recent years,

1Tianjin Sino-German University of Applied Sciences, Automobile & Rail Transportation School,
300350, Tianjin, China
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researchers have begun to shift the focus to auxiliary driving. Autonomous park-
ing, self-adaptive cruise, dangerous overtaking alarm and lane departure alarm have
been widely used in civil vehicles [2]. Nevertheless, there are still many problems
in fully realizing driverless vehicle under complex traffic environment. Urban road
environment information is large, complex and changeable. Rural road environment
is tortuous and road conditions are not good. The environment of expressway is fast
and dangerous. Through the research of autonomous driving technology under var-
ious traffic environments. We can improve the environmental awareness, intelligent
decision-making and vehicle control ability of the driverless vehicle. It has great
application prospect and strategic value [3].

2. State of the art

In the 80s of last century, our country began to study the intelligent mobile robot.
In 1980, the project of remote driving anti-nuclear reconnaissance vehicle was set
up in the state. Harbin Institute of Technology, Shenyang Automation Research
Institute and National University of Defense Technology three units participated
in the research and manufacture of the project [4]. During the 85 periods, ATB-1
unmanned vehicle was jointly developed by five units such as Beijing Institute of
Technology and National University of Defense Technology. This is the first self-
driving test vehicle in China, and its speed can reach 21 km/h. ATB-2 self-driving
vehicle was also successfully developed in 95, compared with ATB-1. Its function
has been greatly enhanced, and the linear speed can reach up to 21 meters per
second. In 2005, the third-generation autonomous vehicle Autonomous Test Bed-3
was also developed. ATB-3’s environmental cognition and trajectory tracking capa-
bilities have been further strengthened. National University of Defense Technology
also represents a relatively high level of research on autonomous vehicles in China.
They successfully developed the self-driving car, the red flag CA7460. It can auto-
matically change lanes according to the situation of vehicles with obstacles ahead,
and its maximum speed can reach forty-seven meters per second. THMR-V self-
driving vehicle was developed by Tsinghua University (Tsinghua Mobile Robot). Its
maximum speed can reach 42m/sec. Besides, vehicles can also choose two driv-
ing modes of expressways and urban roads according to different driving scenarios
[5]. The Springrobot developed by Xi’an Jiaotong University is also one of the fa-
mous driverless vehicle platforms in China. It has high ability of lane detection and
pedestrian detection.

3. Methodology

3.1. Searchable continuous domain A* algorithm

There are many raster-based path planning algorithms, such as A*, D*, D* Lite,
Focussed D* and so on. For a known static environment, A* algorithm can solve
the shortest path between two points most quickly and effectively. But raster-based
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path planning algorithm has a problem. They all take the center point of grid as
the searchable node in the state space. That is to say, its searchable neighborhood
number is 8 (at some time, it can also be set to neighborhood number 4). The search
direction of this path is also limited to 4 times the integer number, so that the path
obtained is not optimal. The length of path is not the shortest and the number
of turns is too much, which has great influence on large scale land robot [6]. A*
is a best priority algorithm put forward by some scholars combining heuristic and
conventional methods. The valuation function is as follows:

F (X) = g (X) + h (X) (1)

Among them, f (X) is the evaluation function from the initial point to the target
point through node X. Symbol g (X) denotess the actual cost from the initial point
to the node X in the state space. Quantity h (X) is the estimation cost from the
node X to the optimal path of the target point. When the estimated cost h (X)
is no larger than the actual distance value from node X to the target point, the
number of search points is large, and the efficiency is low. But the optimal solution
can be obtained. When h (X) is larger than the actual distance value from node X
to the target point, the number of search points is less, and the efficiency is high.
However, the optimal solution is not guaranteed. For real environment, Euclidean
distance between two nodes can be selected as the estimation cost. That is:

h (X) =

√
(x0 − xX)

2
+ (y0 − yX)

2 (2)

Among them, (xX , yX) are the coordinates of the node X. Quantities (x0, y0)
are the coordinates of the target point G.

This is a static grid diagram that describes the environment. The green grid is the
starting point A, the red grid is the destination B, and the blue grid is the obstacle.
We need to solve the shortest path from the starting point A to the destination B in
this grid graph. A* algorithm first creates two tables: open table and closed table.
The open table is used to save all the nodes that are generated but not inspecting.
The closed table is used to record nodes that have been visited and do not need to
revisit [7]. Then operate according to the following steps. Add the starting point A
to the pen table, add the raster dots adjacent to point A to the pen table. According
to different requirements, we can define the adjacency differently. If we define only
the upper and lower raster grids as adjacent grids, then the 4-neighborhood search. If
the four rasters of the diagonal is also defined as adjacent raster, it is 8 neighborhood
searches. The starting point A is moved from the pen table to the closed table, and
it is defined as the parent node of its 8 adjacent grids. It is marked by a pointer
from the child node to the parent node.

Then we solve the g value, H value and F value of grid points in the table. The
g value is the cost from point A to the grid, which can be directly represented by
distance. Suppose the length of each grid is 10, then the g value of the four grids
on the top and bottom is 10, and the g value of the four grids is equal to

√
200. Of

course, this is just the premise that grid is not occupied by obstacles. If the grid
is occupied by an obstacle, then g = ∞. The h value is the cost of the estimate of
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the grid point to the target point. In this case, the Manhattan distance between
raster and terminal points is set. From the open table, select the raster dot with the
smallest f value, and record it as the current node s. And move it from the open list
to the closed table. Investigate all the adjacent nodes of the current node S (record,
X). If X is neither in the closed table nor in the open table, it is added to the open
table to solve its g value, H value and F value, and the current node S is the parent
node. If point X is already in the open table, compare g (S) + c (S,X) (C(S,X) is
the cost from point S to point X) and G(X) size. When G(S) + c(S,X) < g(X),
G(X) is g(S), and the G(X). And update the F value of X accordingly, and set
S as its parent node. When G(S) + c(S,X) = g(X), do not do any treatment. If
X is already in the closed table, it will not do any processing. Repeat the above
steps until the current node S is ended by 3. As shown, the raster dot of pale blue
box is the point that is stored in the closed table after the whole search process is
finished. The raster point of the green box is the point stored in the open table.
From the end point B, find the parent node in turn until the starting point A. This
path is the shortest path solved by A* algorithm. The shortest path is the path
from the starting point to the end of the red marked grid. Where INSERT (x) joins
node X into open table. GET_FMIN (), function returns the minimum node in
the open table, and DELETE (X) moves node X from the open table to the closed
table. T (X) represents the current state of the node X. NEW indicates that it has
not been accessed. OPEN indicates that it is stored in the open table. CLOSED
indicates that it has been stored in the closed table. Quantity b(X)− Y represents
the parent node setting X node Y .

4. Result analysis and discussion

Based on the above model and algorithm, this paper has tested and verified
it. The parameter setting of intelligent pioneers is shown in Table 1. "Intelligent
pioneer" will detect the results on obstacles occupied by grid map. As shown in the
figure, the black box is a clustering area based on the driving state and environment
of the car, which is urgent and adaptive. When moving obstacles into the black
box are successfully detected, we will compare the test results of these two moving
objects with the actual results.

Table 1. Parameter setting of "smart pioneer"

tV tI a b c f0 λ λ′

90ms 10ms 2 1 3 3 1.2 1.2

5. Conclusion

In this paper, an obstacle avoidance system for unmanned vehicle (unmanned
vehicle) was designed based on the real-time, accuracy, security and intelligence,
which was based on the data fusion of multi-laser sensors, the building of the space-
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time barrier grid and the search for the continuous neighborhood A* algorithm.
In addition, the theory and method of detecting, predicting and avoiding obsta-
cles in moving vehicles were studied. Some specific technical means in engineering
application and experimental test were also introduced, and collision avoidance pro-
cess was divided into two sub processes: behavior choice and path planning. The
spatio-temporal obstacle grid graph provided the two sub processes with obstacle
information and prediction collision information description. The behavior decision
module chose reasonable driving behavior based on spatio-temporal obstacle grid
graph. It was also sent to the motion planning module in the form of local target
points. The motion planning module used a searchable continuous neighborhood A*
algorithm to plan the path on the space-time barrier grid, and finally generated an
optimal path to send to the control decision layer. The path distance generated by
this method is shorter and the trajectory is smoother. And it can guarantee multiple
driving safety of driverless vehicle. A large number of experiments prove that this
method is effective and real-time.
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Characteristics of three-phase
controllable reactor under orthogonal

field1

Zhengrong Jiang2, Zhenkun Sun2, Yunbo Liu2

Abstract. To solve the problem of additional losses, instability and harmonic currents in

�xed reactors, a three-phase controllable reactor is studied by means of physical and electrical

methods. The three-phase controllable reactor is based on the quadrature magnetizing energy to

provide three-phase bias inductance. When the DC bias current changes, the input impedance of

the three-phase reactor can be variable reactance to maintain three-phase balance. In addition,

the relationship between three-phase harmonic characteristics and control is also interrelated. The

magnetic mechanism of three-phase reactor under orthogonal magnetic �eld is introduced. A

domain motion model is established. The permeability of tensor is calculated and its harmonic

characteristics are analyzed. A prototype of three-phase controllable reactor is proposed, and

its control characteristics are discussed. The calculated results are in good agreement with the

experimental results.

Key words. B-H loop cluster, orthogonal �eld, tensor permeability,controllable reactor.

1. Introduction

Controllable reactor is an important equipment in power line and distribution
system. Traditionally, discrete �xed shunt reactors are installed on power transmis-
sion lines and switched in or out according to the system loading. But a �xed reactor
has some drawbacks, such as extra losses, less capacity of voltage stability and har-
monic current generation [1]. If the �xed reactor is substituted with a controllable
one, the compensation reactive power can be adjusted according to the needs of the
load of the transmission and thus leads to the following advantages: lower transmis-
sion losses, higher transmission capacity of active power and less harmonics injection
to the system.

1This work was sponsored by National Natural Science Foundation of China (51377006) and
Beijing Natural Science Foundation (3132008).

2School of Electrical and Control Engineering, North China University of Technology, Beijing,
100144, China
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There are two types of controllable reactors as an alternative to the �xed reactor:
Magnetically Controlled Reactor (MCR) and Thyristor Controlled Reactor (TCR).
The main di�erence between MCR and TCR is that MCR changes the reactance by
adjusting the permeability of the iron core of the reactor, while TCR usually depends
on the current through the reactor. The latter employs some power electronics to
control current but results in extra harmonic current [2].

From the viewpoint of application, TCR-based SVC are suitable for some high
voltage situations, such as 220 kV and below. There are some di�culties for their
applications in EHV/UHV line due to the cost and insulation problems. In these
cases, the MCR-based SVC has signi�cance advantages in respect of the cost and
insulation.

MCRs can be sorted into two types according to the relative direction of the
DC �ux and AC �ux which role as DC bias control �ux and main working �ux,
respectively. One is called Magnetic Controlled Reactor in which DC �ux direction is
parallel with AC �ux, and the other is called orthogonal �ux reactor in which DC �ux
direction is orthogonal with AC �ux. The latter is named as MCR+ for the di�erence
with the former one, where the �+� signal is for the orthogonal magnetization.

2. State of the art

A controllable saturation reactor generally consists of two windings on an iron
core. One of the windings, which is excited by DC current source, is called control
winding; another winding is the main AC working winding, which is excited by AC
voltage. Changing the DC current can adjust the saturation of the iron and the
reactance of the main winding [3].

Because the reactor is based on the controlled saturation in part of the magnetic
circuit, the permeability and saturation are two of the critical magnetic properties
[4]. A constant permeability is nearly a �at magnetization curve across the origin
of the B −H plane, and saturation magnetization at a high �eld can be described
by a horizontal line in the B −H plot. When the DC bias current is changing, the
magnetization curve will change gradually from the constant permeability regime to
the saturation one. Therefore, the core operating point must be considered in order
to accurately change the permeability of the core and the reactance of the reactor
[5].

The working principle of three-phase MCR and saturable reactor is the use of
magnetic saturation principle, the e�ect of excitation DC current to change mag-
netic work point and magnetic properties, magnetic saturation control degree, thus
changing the reactance value of AC winding to smooth the self adjusting reactor
capacity.

Although MCR is developed from the traditional controllable saturable reactor,
it has its own characteristics, mainly in the following aspects:

Without external DC excitation, the traditional controllable saturable reactor
needs an external large capacity DC excited power supply, while the MCR itself is
DC excited by the commutation of the lotus root and controlled by silicon recti�er.

The main and control winding mutual traditional saturated controllable AC wind-
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ing and DC control winding of the reactor from around the core, and the working
winding and control winding MCR interoperability, not only simpli�ed the structure,
save material, and reduce the loss.

The volt ampere characteristics of saturable reactor special structure of the mag-
netic valve with traditional nonlinear, and MCR because of its small section core,
namely the magnetic valve structure, when working, the volt ampere characteristics
of the magnetic valve section is only nonlinear saturation, while the remaining sec-
tion is in unsaturated linear state. This reduces the harmonic content and loss, and
improves the response speed.

Single phase double column MCR, because the two AC winding in parallel, wind-
ing direction, through the core of the magnetic �ux direction is the same, so must
add side choke, can make AC �ux loop. But the three-phase six column MCR, be-
cause its three-phase voltage is symmetrical, in the magnetic circuit the three-phase
alternating current magnetic �ux size is equal, the phase di�erence is 120 degrees.
Thus, in the upper and lower iron chokes, the magnetic �ux vector and zero, no
excess harmonic, and no need to add a side choke to form a loop, the three-phase
winding adopts triangle connection mode, and can also �lter the third harmonic.
Compared with three single-phase combination MCR, the three-phase MCR reduces
the harmonic content, saves the material, reduces the occupation area, and improves
the economic bene�t to a great extent.

2.1. Methodology

The theory of controllable saturation reactor is shown as following Fig. 1.

Fig. 1. Theory of saturation controllable reactor
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When the operating point close to the non-linear region of the B −H curve, a
harmonic current is created inescapably. For example, the point is moving from b
to a, the output current waveform is changed from 3′ to 2′. It is obvious that the
non-linearity of the magnetization curve leads to a substantial harmonic distortion.

When the operating points are retained in the linear region of theB−H �cluster�,
the output current waveform can be expected to maintain sinusoidal in a wide control
region [6], as shown in Fig. 2.

Fig. 2. Operating points in linear region results in sinusoidal waveform

When the DC bias current is changing, the magnetization curve should be decided
in the cluster of B −H plane, which maintains in the linear area, so the changing
accurately reactance of the reactor depends on the selection of the B − H curve
other than the core operating points [6]. In the end, the corresponding permeability
of the core is decided.

The key element is a cylinder iron core which is wound by strips of grain oriented
silicon steel and two kinds of windings are arranged orthogonally around the cylinder
core. The inside winding is the bias coil connected to DC supply, the outside winding
is the AC main coil connected to AC supply. The structural scheme is shown in Fig. 3.

Fig. 3. Structure of the orthogonal core
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Based on the above structure of the orthogonal core, AC main winding yields an
AC �ux in direction of the axis of the cylinder iron core when AC current is applied.
The DC control winding is wound through the hollow cylinder and yields a DC �ux
along the azimuthal direction when DC current plus on. Subsequently, the AC �ux
and the DC �ux are orthogonal in the cylinder core and a semi-rotating magnetic
�ux is formed. Fig. 4 shows a circumferential �ux produced by DC current and axial
�ux generated by AC current.

Fig. 4. Fluxes in the orthogonal core

The three-phase controllable reactor consists of two types of elements: up and
down yokes which are wounded by strips of grain oriented silicon steel and some
control discs which are stocked as three-phase limbs (the number depends on the
designed capacity). These control discs are wound also by silicon steel in the way of
involute as shown in Fig. 5, which are the key elements for the three-phase reactor,
playing the main role to determine the orthogonal �ux and making the reactor
controllable.

Fig. 5. Structure of three-phase controllable reactor

Each phase limb is the main core of the reactor as well as the return path of other
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two phases' �ux. For each phase core, AC current yields an AC �ux in direction
of the axis of the limb. In the meantime, DC current yields a DC �ux along the
annular direction. Subsequently, the AC �ux and the DC �ux are orthogonal in the
control disc, and a semi-rotating magnetic �ux is formed.

3. Result analysis and discussion

Generally, magnetic parameters of grain-oriented silicon steel is presented by
magnetic permeability matrix without diagonal items of µxx and µyy [7]. However,
when the grain-oriented core is subject to orthogonal �eld, the tensor permeability
should be considered instead of above mentioned matrix. In the case a semi-rotating
�eld is formed and the magnetic characteristics are di�erent from that parallel �eld
conditions, the following equation is used to describe the relationship between B
and H (

Bx

By

)
=

[
µxx µxy
µyx µyy

](
Hx

Hy

)
. (1)

When the inclination between H and grain-oriented steel is di�erent, the ratio
of components of �ux density Bx/By is di�erent, and the permeability tensor is the
function of the ratio [8]. The permeability matrix must include inclination items.
These added items can be measured with two-dimensional excitation, the magnetic
permeability is related to the inclination angle. As shown in Fig. 6.

Fig. 6. Permeability relative with inclination angle

Furthermore, the tensor permeability is expressed as following:
µxx
µxy
µyx
µyy

 =


k11 k12 k13 k14

k21 k22 k23 k24

k31 k32 k33 k34

k41 k42 k43 k44




1
H2
x

HxHy

H2
y

 , (2)
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where kij is the element of the coe�cient matrix [9].
Let us setting AC exciting while ID = 0, AC current creates magnetic �eld H1

which establishes a magnetic �eld density B′
1. The B − H loop depends on the

magnetization characteristics of the magnetic material. If H1 is constant with ID
producing HD, the composed �eld intensity becomes H = Haex + HDey where
ex and ey are, respectively, the unit vectors in the Ha and HD directions. The
composed magnetic �ux density B is along with the direction of H, and its value
can be calculated from the B −H curve.

The composed �eld B can be divided into orthogonal components, as shown in
Fig. 7. It is obvious to see B1 < B′

1. Hence, the bias HD is caused the variation of
B′

1 to B1 [10].

Fig. 7. DC bias �eld causes B varying

It is clear that the two windings (AC winding and DC winding) are coupled
through the tensor of permeability [11]. The DC current changes the B −H curve
in the plane into a new one and the magnetic behavior of the core depends on the
new characteristics.

Considering the coupling among magnetic moments in the grain-oriented mate-
rial, the energy E of the magnetic moment in an excitation �eld with the presence
of an orthogonal bias �eld can be expressed as [12]

E = −µ0

(
H‖ +H⊥ + αM

)
, (3)

where M is the magnetization, which is determined from both �elds (AC �ux and
DC �uxes), and α is the magnetization coe�cient. The resultant direction is not
along the direction of the vector sum of the two H �elds.

The DC bias �eld generally reduces the magnetization in the AC �ux direction.
It is similar to an additional anisotropy along the orthogonal direction [13], and
makes a perturbation of the original hysteresis along the excitation �eld.

When DC bias �eld is created, an additional anisotropy energy and elastic energy
can be e�ectively calculated and included into the generalized anhysteretic function
described previously [5]. The energy E of domains can be described as

E = −µ0m(H‖ +H⊥ + αM) + Ẽaniso + Ẽσ , (4)

where Ẽaniso is the anisotropy energy and Ẽσ is the elastic energy.
From minimum energy theory, the magnetic material will get elastic distortion

when the magnetization changes, so modeling of domain rotating can be established
to analyze the system energy changing. All this phenomena are connected with
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magneto mechanical �eld, which can be described as

Etotal = EH + Ẽaniso + Ẽσ , (5)

where

Ẽaniso = E0 +K1(cos
2 θ1 cos

2 θ2 + cos2 θ2 cos
2 θ3 + cos2 θ3 cos

2 θ1) , (6)

EH = −µ0MsH(cos θ1 cosφ1 + cos θ2 cosφ2 + cos θ3 cosφ3) , (7)

Ẽσ = −3

2
λ100σ(cos

2 θ1 cos
2 β1 + cos2 θ2 cos

2 β2 + cos2 θ3 cos
2 β3)−

− λ111σ(cos θ1 cos θ2 cosβ1 cosβ2 + cos θ2 cos θ3 cosβ2 cosβ3 +

+ cos θ3 cos θ1 cosβ3 cosβ1) (8)

and

µij =
1

8π2

∫ π

0

∫ 2π

0

∫ 2π

0

µij(θ, ϕ, ψ) sin θ dψ dϕdθ . (9)

Here, EH is the exciting �eld energy, θ1, φ1, β1 are the angles between M , H,
e�ective strain force and grain axial direction, respectively.

The magnetization equation now can be applied to calculate the above problem.
After incorporation of the anisotropic and anhysteretic magnetization Maniso, the
magnetization curves can be calculated as the following functions:

dM

dH
= (1− c)

Man −Mirr

kδ − α(Man −Mirr)
+ c

dMan

dH

Bz =
µ0MsatHz√
(Hz)2 + (Hϕ)2

+ µ0Hz . (10)

The relationship between M and H is given by �shearing� M −H curves under
di�erent DC current biases through computer simulation.

Once the magnetization is obtained, the e�ective core permeability µeff may be
found. Subsequently, the core inductance L can be obtained from the following
approximate expression:

L ≈ µeffN
2
aπ(D

2 − d2)

4l
, (11)

where Na are the turns of the main coil, l is the core length, D and d are the out
diameter and the inner diameter of the cylinder iron core, respectively.

A prototype of the proposed three-phase controllable reactor is fabricated, as
shown in Fig. 8.

The overall size of the reactor is 600× 450× 500mm. The reactor body includes
up yoke, down yoke and center limbs between the yokes. Each limb consists of 5
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Fig. 8. Three-phase controllable reactor

control discs with outer diameter 160mm and inner diameter 50mm. The limb
cylinder is with the parameters: l = 250mm, Na = 250mm and Nd = 100mm.

The prototype was investigated experimentally. The DC bias currents are ad-
justed to generate 0, 100, 200, 400A/m orthogonal bias �elds, separately. The
e�ective inductance values of the prototype are shown in Fig. 9. It is obvious that
the change of DC bias indeed leads to a change of the inductance value.

Fig. 9. Control characteristic of the reactor

In order to investigate the relationship between the orthogonal bias current and
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the harmonic content, a further experiment was performed. When maintaining the
main AC voltage 70V and varying the orthogonal DC bias current from 0A to 10A,
the work currents corresponding to di�erent DC bias are gained. The corresponding
harmonic analysis shows that with the increasing of the orthogonal bias current, the
harmonic contents of the main current are relatively stable. This can be explained
very well by the analysis above. The result indicates that variation of the orthogonal
bias �eld does not only change the inductance, but may also lead to a good linearity
of the inductance. It is a direction to develop a high quality controllable reactor
[14].

4. Conclusion

Based on the quadrature magnetization, the three-phase controllable reactor can
adjust the three-phase inductance under the in�uence of the DC bias current. The
advantages of the new controllable reactor include:

1) Realization of the electrical insulation between AC voltage and DC control
circuit to ensure the safety of the reactor, when using EVH or interference.

2) Three phase inductance can be adjusted at the same time, which secures
balance of interests of the power grid and three-phase load change;

3) Low harmonics can adjust the three-phase inductance, and the current drives
the corresponding iron core bias, which is much lower than the saturation point of
the magnetic group". The advantage of low harmonic content is the reaction of high
quality.

4) The magnetization mechanism can be described as changing the anisotropic
magnetic �eld from the bias magnetic �eld, thereby providing additional energy for
the anisotropy of the nucleus, thereby changing the e�ective permeability.

5) The new three-phase controllable reactor can be used for �ltering or reactive
power compensation.
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Application analysis of Diffusion
magnetic resonance imaging in the

diagnosis of prostate cancer

Hao Lei1, 2, Gao Yuehua1, 2, 3

Abstract. The surrounding environment of human survival was polluted and damaged to

a great extent, and the living habits and eating habits were changing, which caused a rise in the

incidence of serious diseases. Cancer was one of the major diseases. The diagnosis of cancer was

of great importance. This study was mainly focused on the new technique of magnetic resonance

di�usion imaging in the diagnosis of prostate cancer. The theories were summarized and perfected,

and were applied to the actual case study, which can provide theoretical basis and scienti�c support

for the application and popularization of cancer diagnosis technology.

Key words. Magnetic resonance imaging, di�usion imaging, prostate, diagnostic techniques.

1. Introduction

With the development of the times, people's living standard has been improved
and all kinds of new technologies were emerging. The emergence of new technology
brought more convenience to people, but also brought a lot of trouble. The destruc-
tion of the environment was a threat to human health because of the pollution of
the environment. Among them, cancer has begun to have an increasing trend year
by year in today's era [1]. For example, the leakage of nuclear material caused skin
cancer and other cancers. The combustion of various fuels created a greenhouse ef-
fect, which caused the atmosphere to become empty, thereby increasing the amount
of ultraviolet radiation, which led to an increase in the incidence of skin cancer. In
recent years, the pollution caused by industrial pollution haze around caused lung
cancer and other cancers has been an outbreak of the trend. Cancer was known as
a malignant tumor, including more than 100 types of cancer. The tumor cells in
the body were activated under the in�uence of some external factors, thus forming
the rapidly growing tumor cells. There was a great di�erence between tumor cells
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and other cells, and it was a kind of apoptosis gene [2]. Because of the rapid growth
rate and the lack of apoptosis, tumor cells can cause damage to the surrounding
tissues and organs. With the increase of tumor cells, they caused the related tissue
and cell swelling, resulting in tissue and organ stress. Malignant tumor cells will be
separated from the original tissue into the body environment, and they spread from
the original tissue to other tissues or organs in the internal environment through
the tissue �uid circulation, which caused the whole body damage, and even cause
human death [3].

This study focused on prostate cancer as the main research object. Prostate
cancer was one of the most common malignant tumors in male patients. According
to statistics, prostate cancer was after lung cancer in all the incidence of cancer [4].
There were many factors that led to prostate cancer, which were a�ected by many
factors, such as the body's own heredity and so on. With the improvement of peo-
ple's living standard in recent years, more and more people eat more pickled foods,
and because of the bad habit of smoking in men's living habits, the incidence of
prostate cancer has been rising in recent years. Because of the continuous improve-
ment of medical technology, people's medical detection technology has been used
in the monitoring of tumor. Therefore, the current data showed that the incidence
of prostate cancer in men was increasing with the development of the age [5]. The
increasing incidence of prostate cancer has begun to attract the attention of many
scholars. A number of disease detection techniques and theories have been used
to detect prostate cancer. Moreover, there was a lot of theoretical analysis on the
mechanism of related diseases. Through the analysis of the relevant data, we can
determine the pathogenesis and the related gene expression level. On the basis of a
large amount of data, the pathogenesis can be analyzed to determine and activated
genes in cancer cells, which provided a theoretical basis for the treatment of prostate
cancer, and provided scienti�c support for the supplement and improvement of the
theory. This study was mainly to study the diagnostic methods of prostate can-
cer, and many methods are used in the diagnosis of prostate cancer. The method
of magnetic resonance di�usion imaging was selected and the related theory and
application were analyzed in this paper so as to provide theoretical basis for the
improvement of the theory, and to provide theoretical support for the application
and analysis of other prostate cancer diagnosis methods.

2. State of the art

2.1. Research status of prostate cancer at home and abroad

Prostate cancer was one of the most common malignant tumors in men, and it
showed a rising trend with age. The overall incidence of prostate cancer increased
year by year due to changes in people's eating habits and living habits in recent years
[6]. There were a lot of studies on the research of prostate cancer, and the research
mainly focuses on the data analysis of the incidence of cancer, the pathogenesis of
prostate cancer and the detection of related control genes. Based on the pathogenesis
of the relevant treatment methods, and with the improvement of human health, the
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detection of prostate cancer technology has begun to be used. This study was based
on the previous scholars for the relevant theoretical research and summary. Prostate
cancer showed a growing trend with age. With the increase of the pathogenesis of
prostate cancer in recent years, the early diagnosis of prostate cancer has been greatly
developed, and the incidence of prostate cancer was increasing year by year in recent
years. However, due to the application of the new technology, the recovery rate of
prostate cancer after surgery has also been a certain upward trend, especially in
the era of emerging disease diagnosis technology. The recovery rate of patients with
prostate cancer was increasing for the e�ective diagnosis and prevention of prostate
cancer.

2.2. Research status of prostate cancer diagnosis technology
at home and abroad

At present, the clinical diagnosis of prostate cancer mainly included the extrac-
tion of the serum of the examiner and the corresponding prostate cancer speci�c
antigen. The results could be used to determine whether the examiner had prostate
cancer. The rectal cavity of the examiner was examined by ultrasonography, and the
patient's condition was determined by the results of the examination. The possibil-
ity of prostate cancer was analyzed based on the results of microscopic examination
in some hospitals. The following will summarize several common methods:

(1) Some speci�c antigens which were used in the diagnosis of prostate cancer
were commonly used in the early diagnosis of prostate cancer. This speci�c antigen
was a glycoprotein that was synthesized from prostate gland cells. The secretion of
some lesions in the prostate gland will continue to rise because of prostate cancer.
However, due to the low expression level of tumor cells and the degree of speci�city
was relatively low, only the antigen with high speci�city can be identi�ed and com-
bined with it so as to enhance the possibility of fusion between antigen and antibody.
In view of these characteristics, the advantage of speci�c antigen recognition ability
can be played to identify the relevant regional lesions of secretion, which can make
the fusion and lesions secretions better, and the �uorescence quantitative analysis
was performed by fusion results. The �nal outcome of the quantitative analysis
of �uorescence was used to determine whether prostate cancer had occurred. This
method can e�ectively reduce the subjective factors in the diagnosis process, and the
objective result analysis can make the diagnosis result more credible and convincing
[7].

(2) The method of rectal cavity examination mainly determined the physiological
and biochemical indexes of the chamber. The physiological and biochemical compo-
nents in the tissue �uid were classi�ed and the content was determined through the
extraction of some internal environment tissue �uid, and some of the physiological
and biochemical indexes related to prostate cancer were compared with the normal
concentration. Through the comparison of the results, the relevant mathematical
model was used for a comprehensive analysis [8]. According to the results of the
�nal data analysis, the incidence of prostate cancer and the health of the body were
evaluated so as to achieve the purpose of diagnosis of prostate cancer. This method
had a more objective credibility. However, when the physiological and biochemical
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indexes were measured, it may have a certain degree of impact on the �nal results
due to the in�uence of physiological and biochemical parameters on the extraction
and determination of the relevant steps, which may lead to bias in the results of the
analysis.

(3) Rectal examination. The doctors examined the rectum by means of a mi-
croscope and conducted prediction and diagnosis of prostate cancer incidence by
number and size of lesions. This method was easy to operate. Although the dis-
ease can be predicted and diagnosed according to the related lesions, the diagnosis
of prostate cancer was in�uenced by the subjective consciousness of the doctors by
using this method, which may have some in�uence on the diagnosis results.

(4) Application of other technologies. Now, with the development of medical
technology, more and more new technologies have begun to be applied in the di-
agnosis of prostate cancer. A combination of imaging theory and prostate cancer
diagnosis techniques has led to the widespread use of imaging diagnostic techniques
(Fig. 1). Imaging technology was based on the principle that it can be quickly formed
according to the density and the formation of the tissue, which played an important
role in the diagnosis of prostate cancer and other diseases [9]. Compared with the
CT technology, the imaging results are more authentic and reliable, which can be
used in the diagnosis of prostate cancer.

Fig. 1. Magnetic resonance di�usion imaging in the diagnosis of diseases
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3. Methodology

3.1. Magnetic resonance di�usion imaging technology con-
cept and application status analysis

Magnetic resonance imaging technique can be used to scan the related lesions,
and the image data was generated by the chemical �uorescence signal during the
scanning process. We can measure the size of the tumor by a�ecting the data, and
we can also study and analyze the di�erent stages of the lesions through the data
of the image data so as to determine the development process of the lesions, and
ultimately determined the location of the lesions. It can be seen that the research and
application of magnetic resonance technology was of epoch-making signi�cance in the
diagnosis of prostate cancer. However, the study of prostate cancer in China started
late and it cannot form a more systematic research system. Therefore, the diagnosis
technology of prostate cancer was still in the basic research stage. For the application
of magnetic resonance di�usion imaging in the diagnosis of prostate cancer, we had
a relatively low awareness of prostate cancer because of the late prostate cancer.
When prostate cancer was detected, the patient has entered the advanced stage of
cancer, which delayed the best treatment period and indirectly a�ected the level
of treatment of patients so that cannot be better for the patient's recovery and
rehabilitation [10]. In order to solve these problems, this paper made a further
summary and analysis of the concept of magnetic resonance di�usion imaging, and
clearly related to the theory and operation process so as to lay a foundation for the
implementation of relevant theory and application in the diagnosis of prostate cancer
in China disease areas, which also provided technical support for combination with
other diagnostic methods.

3.2. The research process of this study

This experiment was mainly based on the analysis of some relevant information
and summary. Information needed to query included not only the domestic and
foreign research related to the diagnosis of prostate cancer in technology to query
Chinese HowNet system database, and included the relevant aspects of the data. In
addition to the data query of the relevant theory, this study also selected the data of
the medical records of a hospital to carry on the statistics and analysis of prostate
cancer related data. The statistical indicators included the relevant methods used in
the early diagnosis of prostate cancer and the related physiological and biochemical
indexes and the evaluation criteria [11]. In addition to the data collection and
statistics, the article also interviewed some well-known doctors and experts and
scholars in order to document their experience with many years and knowledge of
the technical aspects of the diagnosis and treatment of prostate cancer. Based on
this, some suggestions were put forward to supplement the de�ciencies of the above
theory so as to better realize the integrity and credibility of the theory and data
[12]. The collection process of hospital related cases was as follows:

(1) Collection of clinical data information. This study was conducted to analyze
the data of patients with prostate cancer who were admitted to the hospital from
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2015 to 2016. Through the inquiry and statistics of all the cases, the examiner's
almanac was removed in all of the patients with prostate cancer who were admitted to
the hospital and the choice of the examiner was checked, and the statistical analysis
of the number of cases and the proportion of the various inspection methods were
conducted.

(2) Physical �tness standards for the subjects. Based on the statistical results of
the above data, the reasons for the selection of the diagnostic methods were analyzed.
On the basis of voluntary examination, a group of people with no heart disease and
normal liver and kidney function were selected as the subjects of this study. There
were no other diagnostic methods for the diagnosis of the disease, and there was no
fracture in the near future (the �xation of the fracture will produce some deviation
to the scanning result).

(3) Scanning and analysis of magnetic resonance di�usion imaging. The sub-
jects should be informed of the emptying of the body in advance, and there was
no food intake in the application of magnetic resonance di�usion imaging (MRI).
Participants needed to keep on lying state table scan in the trial process. Relieve
respiratory rhythm can reduce the tension caused by the experimental process. The
experimenter should be informed in time to stop the experiment to ensure the safety
of the subjects in case of any discomfort and condition. We used a dual gradi-
ent whole-body MRI system in this experiment. The operating parameters of the
instrument were shown in Table 1.

Table 1. Display of operation parameters of whole body magnetic resonance imaging instrument

Scanning
parame-
ters

TR
(ms)

TE (ms) View
(FOV
cm)

Encourag-
ing times
(NEX)

Matrix Thick
layer
(mm)

Zeng in-
terval

Numerical
value

5250 71�83 28 2.0 128×128 3.5 0.5

Prostate cancer inspection process is shown in Fig. 2.

3.3. Data processing

All the data obtained were conducted statistical processing and the software used
included Excel 2007 and SPSS 22. Excel 2007 was mainly used for data statistics
and simple data analysis, and SPSS 22 software was used to analyze and deal with
the correlation and signi�cance of all the data.

4. Result analysis and discussion

4.1. The concept of magnetic resonance di�usion imaging
and its application

People's eating habits and unhealthy living habits caused that the incidence of
some diseases of human being was increasing year by year in the current era [13].
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Fig. 2. Summary of prostate cancer diagnosis and treatment process

Human life production caused serious pollution of the living environment, and their
genetic causes made that cancer has become a threat to human health and was the
main form of disease. And there were experts counted that lung cancer was the �rst
cancer incidence in the outbreak of cancer. Prostate cancer was the most common
form of cancer that has the highest incidence except lung cancer for men. Because of
some of the characteristics of cancer cells, the treatment of cancer has not been able
to prevent the spread of cancer cells from cancer so that the treatment of cancer
has shown poor results. The disease still needed to be taken from its source for
cancer, and the diagnosis of cancer also played an important role in the treatment
of cancer. The disease can be found earlier through the diagnosis and the earlier
�ndings for the treatment of late cancer was also better [14]. The diagnosis of cancer
has remained on the basis of technology for a long time. However, it has been proved
by practice that the basic diagnostic techniques had some disadvantages, so the
reliability of diagnosis results was not high. This study was focused on the diagnosis
and application of di�usion tensor imaging (DWI) in the diagnosis of prostate cancer.
Di�usion magnetic resonance imaging (MRI) was mainly used to scan the blood �ow
of the lesion tissue through the relevant data query and statistics, and its velocity
and other changes were analyzed to generate a kind of image data �nally. We
can diagnose the presence of prostate cancer by analyzing the image data. The
method had the advantages of high sensitivity, and overcame the problems of the
traditional in�uence of imaging detection technology such as the signal intensity was
too strong or too weak. At the same time, the advantages of non-invasive and non-
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ionizing radiation accelerated the application and popularization of this technique
in diagnosis [15].

4.2. Application of magnetic resonance di�usion imaging
in the diagnosis of prostate cancer

62 patients with prostate cancer were examined by magnetic resonance di�usion
imaging. It can be seen that a total of 35 patients with prostate cancer were found
and a total of 27 cases with hyperplasia. The results checked are shown in Table 2.

Table 2. Analysis of magnetic resonance di�usion imaging

Incidence of dis-
ease

Number
of cases

Place of occurrence Number
of cases

Magnetic
reso-
nance
di�u-
sion
imaging

Prostatic cancer,
Benign prostatic
hyperplasia,
Incidence of
disease prostatic
cancer

35

Peripheral zone 19

Central gland 12

Peripheral and central gland
involvement

4

Extracapsular spread 5

Distant metastasis 2

Benign prostatic
hyperplasia

27 27

Total 62 62

4.3. Analysis of ADC and MRS values in prostate cancer

In order to better determine the incidence and the incidence of prostate cancer in
all subjects, the present study was performed to investigate the actual situation of
the lesion. The ADC value and MRS value of the lesions were analyzed by magnetic
resonance di�usion imaging software. SPSS 22 was used to analyze all the data.
The results of data analysis were shown in Table 3 and Table 4. The results showed
that there was a signi�cant di�erence between the ADC value and MRS value in
the cancer and non-cancerous regions (P<0.001), which passed to test and the t
values were higher. Thus the results were of great reliability. Therefore, magnetic
resonance di�usion imaging can be applied to the diagnosis of prostate cancer, and
its application had a greater degree of credibility.

Table 3. ADC value of cancer and non-cancer

Partition Number of cases Average value T value P value

Cancer area 35 0.47±0.17 15.833 0.000

Non-cancerous area 27 1.09±0.25 - -
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Table 4. MRS value of cancer and non-cancer

Partition Number of cases Average value T value P value

Cancer area 35 1.64±0.63 11.826 0.000

Non-cancerous area 27 0.61±0.28 - -

5. Conclusion

With the continuous improvement of the production and living standards, the
surrounding environment of human being has been a�ected to a great extent. And
because of the impact of di�erent physical �tness, unhealthy habits and eating habits
even caused a number of disease incidence increased. Taking the prostate cancer as a
research object, the concept and de�nition of magnetic resonance di�usion imaging
diagnostic techniques were summarized in this study and a clear theory of MR
di�usion imaging was established �nally. And the study made this technique used
in the application of prostate cancer diagnosed, which provided a theoretical basis
and scienti�c support for the popularization and application of new technology in the
diagnosis of prostate cancer, and laid a theoretical foundation for the introduction
of new diagnostic techniques in other cancers.
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Motion rehabilitation detection system
based on artificial fish swarm

intelligent algorithm

Ma Chao1, Zhang Henan1, Wu Dongmin2

Abstract. The motion rehabilitation system based on artificial fish swarm intelligence algo-
rithm has a positive impact on the recovery of motor function in patients with disabilities. In order
to better apply this detection system to the clinical treatment of disabled patients in our country,
in this paper, the motion rehabilitation detection system based on artificial fish swarm intelligent
algorithm was constructed. Then, the running performance was tested. It is found that the vortex
signal frequency obtained by the system is 118.60Hz, which can effectively collect the weak signals
of the sensor, and the control ability of the limbs is improved after the disabled patients use the
system. Therefore, the motion rehabilitation detection system is beneficial to the recovery of motor
function in patients with disabilities. The purpose of this study is to provide a theoretical basis for
the improvement of motion rehabilitation detection system.

Key words. Artificial fish swarm intelligent algorithm, motion rehabilitation, detection
system.

1. Introduction

Since the beginning of the new century, medical care has become one of the most
important issues affecting social development in the current situation. Diseases
such as bone diseases and brain tissue injuries are the main diseases that affect
the normal life of the people because of their high incidence and disability in the
population. With the rapid development of the society, the improvement of medical
level has provided some positive effects on the diagnosis and treatment of some
diseases, and has reduced the mortality of patients effectively. However, due to a
variety of complications and sequelae, many patients have disabling symptoms in
different degree, thus weakening the ability of the self-help movement, and directly
or indirectly affecting the normal life and work of patients. The rehabilitation of the
damaged nervous system is one of the key links in the later diagnosis and treatment

1The National Police University for Criminal justice, Baoding, Hebei, China, 071000
2Baoding Vocational and Technical College, Baoding, Hebei, China, 071000
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of the disabled. The development of rehabilitation medicine has prompted some
techniques for rehabilitation training to be developed and gradually applied to the
recovery of neurological deficits in patients with disabilities. However, there are still
some problems in the movement rehabilitation training, such as the movement of the
therapist and the inaccuracy of the exercise, so that the rehabilitation testing system
needs further improvement and development. In view of this situation, the motion
rehabilitation detection system based on artificial fish swarm intelligent algorithm
was studied in this paper, so as to provide theoretical basis and support for the
improvement of motion rehabilitation training mode and theory in China.

2. State of the art

In the process of rapid development of the times, the medical level of the world
has also been greatly improved. Although studies have suggested that improve-
ments in medical standards provide technical support for the reduction in mortality
from diseases, many patients still suffer from some damage to the nervous system,
which weakens their motor function, and then affects their psychological and life [1].
In the 80 s of last century, researchers put forward that the motion rehabilitation
testing can be applied in the diagnosis and treatment of some diseases, and can
be further developed into an auxiliary means of clinical medical treatment [2]. In
1991, the Massachusetts Institute of Technology designed and developed the world’s
first rehabilitation equipment for human upper limb rehabilitation exercises, which
can collect information about the movements of the upper limbs of the patient and
provide visual feedback for the therapist [3]. With the continuous development of
science and technology, motion rehabilitation testing system with better algorithms
and more sensors has been constantly researched and developed, thus promoting the
rehabilitation of patients and increasing the effectiveness of rehabilitation training
[4]. However, with the development of motion rehabilitation testing system, many
researchers gradually realized that the detection of the weak feedback signals from
sensors can have a positive impact on the improvement of the motion rehabilitation
system. Under this demand, due to the strong adaptability, artificial fish swarm in-
telligent algorithm is gradually combined with the traditional motion rehabilitation
system, and has achieved great development [5].

3. Methodology

3.1. Motion rehabilitation detection system

Under the development of our national economy, unhealthy lifestyles affect peo-
ple’s normal production and life directly or indirectly, thus causing damage to the
nerve center of the body movement and causing frequent diseases [6]. Although the
medical level of our country has improved in the development of the times, and the
cure rate of the national disease has also improved, the related diseases and compli-
cations may cause the rise of our national physical disability rate [7]. China’s motion
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rehabilitation field has made great progress and development. However, compared
with the developed countries in the west, China’s relative theories and techniques
are still relatively backward, and most of the studies are only in the initial stage, and
thus are in lack of mature practical application of theory and products. Nowadays,
many colleges and universities in China have developed a multifunctional rehabilita-
tion system for motion rehabilitation to interact with a variety of secondary modes.
These related systems can detect the state of the user in real time, and improve the
structure of the system, so that it can be more effective in practical clinical appli-
cations. In addition, it provides some technical support for some patients to recover
their normal body through the auxiliary training of motion rehabilitation system in
a more efficient manner (Fig. 1).

Fig. 1. Clinical application of motion rehabilitation test system

3.2. Artificial fish swarm intelligent algorithm

The motion rehabilitation testing system has been developed greatly, and has
provided a clinical auxiliary role for the recovery of motor function in the disabled
population. However, in the process of studying the related system, the collection
of the weak signals of the system sensors and the understanding of the causes of the
system have become the most important parts in the motion rehabilitation testing
system [8]. In the course of mechanical operation, the stochastic resonance among
the links may cause noise pollution to the weak signals of sensors [9]. Therefore,
in practical applications, only by further improving the relevant algorithm of the
system operation can the resonance problem among the mechanical links be effec-
tively controlled, so as to provide scientific support for the accurate operation of
the whole motion rehabilitation system. Therefore, in this demand, a large number
of algorithm models have been studied and applied to the rehabilitation of clinical
patients in our country. As a new and scientific intelligent algorithm theory (Fig. ,
2), artificial fish swarm algorithm provides some ideas and methods for solving the
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problem of resonance in mechanical operation [10]. In this study, by reading rele-
vant literature, the related theories of artificial fish swarm intelligent algorithm were
summarized. The algorithm, derived from the observations of Li Xiaolei and others
on the foraging behavior, clustering and pursuit of fish stocks, is the type of algo-
rithm that can obtain the best purpose according to the related behavior. Compared
with the traditional genetic algorithm, the artificial fish swarm intelligent algorithm
can more easily and quickly optimize the local extremum [11]. Since the artificial
fish swarm intelligent algorithm can select the best factor from various factors, its
optimization function is usually expressed as follows: the x and y in the function
represent the main influencing factors of the project respectively. And its specific
algorithm steps are detailed as follows:

(1) The establishment of related parameters of fish stocks includes the scale of
fish, the number of iterations, the range of perception, the maximum moving distance
of fish stocks and the crowding degree of fish stocks.

(2) In the set of parameters, a certain number of fish are selected randomly and
defined as the initial fish group of the algorithm.

(3) The concentration of food consumed by fish stocks is used as the objective
function of fish swarm algorithm, and the optimal value is calculated and defined as
the announcement value.

(4) The best behavior strategy is select by calculating the rear end collision and
swarm behavior of fish stocks. The optimal behavior strategy is defined as the
movement strategy of fish, and the foraging behavior of fish is defined as the default
behavior. And according to these parameters, the optimal target parameters of each
fish are calculated and compared with the announcement value:

Maxf(x, y) = sin
√
(x− 10)2 + (y − 10)2/

√
(x− 10)2 + (y − 10)2 . (1)

Fig. 2. Application of artificial fish swarm intelligent algorithm in motion
rehabilitation detection system
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3.3. Development of motion rehabilitation detection system
based on artificial fish swarm intelligent algorithm

On the basis of fully understanding the related theories, the motion rehabilitation
detection system based on artificial fish swarm intelligent algorithm was developed
and constructed. In the process of building the system, the visual programming
tool of Lab VIEW was introduced, and the design of the rehabilitation system was
carried out, the operation mode of which was mainly accomplished by the mixed
programming methods of Lab VIEW and MATLAB. Then, artificial fish swarm in-
telligent algorithm was embedded into the system, and then a motion rehabilitation
detection system suitable for this study was built, providing the research foundation
for the subsequent rehabilitation training. Therefore, on the basis of understanding
the relevant theories, first of all, the motion rehabilitation testing system involved
in this study was constructed. Then, artificial fish swarm intelligent algorithm was
introduced into the system, thus providing theoretical support for the rational re-
habilitation scheme of the later treatment [12]. Then, in the design of the motion
rehabilitation system, the mixed programming mode of Lab, VIEW and MATLAB
was mainly used. Only by combining the two programming methods can the op-
timization process of artificial fish swarm intelligent algorithm mentioned in this
study be more efficient [13]. Thus, the whole movement rehabilitation system can
be in a relatively stable running state, so as to further promote the whole system
to intelligently detect the weak signals emitted by the sensors, and provide certain
technical support for the accurate collection of the patient’s rehabilitation data [14].
Part of the program diagram of the motion rehabilitation system based on artifi-
cial fish swarm intelligent algorithm developed in this research is shown in Fig. 3.
The performance parameters of the whole motion rehabilitation system are shown
in Table 1. Then, the performance of the system was evaluated and analyzed.

Table 1. Summary of the performance parameters of the motion rehabilitation test system
designed in this paper

Parameter name Function Numerical value

Working space
Translation Φ160×110mm

Rotate 240×140×180 deg

Grab 25mm

Freedom
Translation 3

Rotate 3
Grab 1

Power Sustaining power 12.0N

Grasping force ±8.0N

Resolving power
Linear displacement <0.01mm

Angle 0.09 deg

Grab 0.006mm

Interface Standard USB2.0
Refresh frequency Up to 8 kHz
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Fig. 3. Part of the program diagram of the motion rehabilitation system based on
artificial fish swarm intelligent algorithm

4. Result analysis and discussion

4.1. The test of motion rehabilitation detection system
based on artificial fish swarm intelligent algorithm

The motion rehabilitation system based on artificial fish swarm intelligent algo-
rithm is mainly divided into two parts: the test of the system itself and the test of
its application effect. All aspects of testing indicators and procedures are described
below:

(1) Test of vortex signal Vortex signal is mainly used in the measurement of
system running flow. In traditional algorithms, vortex signals in the process of
running a motion rehabilitation system may be disturbed due to the irrationality of
some links. And the result of the test is low, and even unable to obtain the relevant
data, so that the system’s detection results can’t be timely fed back to the user,
thus affecting the normal use of motion rehabilitation detection system [15]. In this
study, the related parameters of artificial fish swarm intelligent algorithm were set
up, the collection of vortex signals was analyzed, and then the feasibility of this
algorithm in rehabilitation system is confirmed.

(2) Application test of motion rehabilitation test system The performance of the
motion rehabilitation system based on the artificial fish swarm intelligent algorithm
is not only reflected in the operation of the system itself, and it is also necessary to
evaluate the effect of motion rehabilitation objectively, and evaluate the effectiveness
of the algorithm from the practical point of view. In this study, two patients with
upper limb hemiplegia were taken as an example, and relevant data of catching
movements at different stages was collected after applying the motion rehabilitation
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detection system based on artificial fish swarm intelligent algorithm. And then, the
kinematics indexes such as the upper limb rate and the whole motion smoothness
were evaluated. Thus, the application effect of the detection system was illustrated.
The formulas for calculating the speed and the smoothness of the whole motion are
as follows:

v =
S

t
, (2)

where v represents the rate at which upper limbs move, S represents the trajectory
displacement of motion and t stands for the exercise time. Further

NJS =

√√√√1

2

∫ ((
d3x

dt3

)2

+

(
d3y

dt3

)2

+

(
d3z

dt3

)2
)

dt

(
t3

S2

)
, (3)

where NJS represents the overall smoothness of the limbs, x, y, z represent the coor-
dinates of the limb movements obtained by the sensors, S represents the trajectory
displacement of motion and t stands for the exercise time.

4.2. Detection results of vortex signals in motion rehabili-
tation system based on artificial fish swarm intelligent
algorithm

On the basis of the design of the system, it is necessary to evaluate and ana-
lyze the performance of the system further, so as to determine the feasibility and
accuracy of the system. As one of the important parameters in the operation of the
whole system, traffic flow effectively reflects the data information collected by the
sensors in the whole system and the efficiency of the transmission. And the vortex
flowmeter provides technical support for accurate flow measurement. Therefore, in
order to better determine the performance of the motion rehabilitation detection
system based on artificial fish swarm intelligent algorithm designed in this paper,
the vortex signal collected by vortex flow meter is detected during the operation of
the system. The parameters of the designed rehabilitation system are as follows: the
number of system runs is 100 times, the system detection displacement is 0.1, the
system perception of distance Visual is 2.5, and the number of system iterations is
50 times. Then, the system runs, and the vortex signal frequency is 118.60Hz, which
proves that the artificial fish swarm algorithm can effectively achieve the collection
of weak signals.

4.3. Test results of motion rehabilitation system based on
artificial fish swarm intelligent algorithm

The ultimate goal of the motion rehabilitation detection system of artificial fish
swarm intelligent algorithm is to apply it to the actual rehabilitation of patients.
Therefore, two disabled patients were included in the study, the catching movements
of patients before and after applying the motion rehabilitation detection system were
mainly used as evaluation actions, and the moving speed and the smoothness of the
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whole movement were tested. The rate of movement of the patient before and
after applying the rehabilitation system is shown in Fig. 4. The results show that
the motion rehabilitation system based on artificial fish swarm intelligent algorithm
has certain influence on patient movement rate. After using the system, the rate of
catching movement of the two patients tended to be relatively stable, indicating that
the patient’s ability to control the body was stronger after the use of the motion
rehabilitation test system.

Fig. 4. Changes of catching movement before and after training

Furthermore, the number of catch, the quality and time of the grasping object
after the rehabilitation treatment were examined, and the formula (2) was used to
calculate the smoothness of the patient’s movement. The relevant data is shown
in Table 2. The results show that with the increase of training time, the catching
movement of patients is increasing, and the weight of what the limbs can take is
also increasing. Furthermore, the scores of limb movement smoothness are also
increased, which shows that the system has a very important positive effect on limb
rehabilitation in patients with disabilities, and has practical value.

Table 2. Analysis of the experimental results before and after applying the motion rehabilitation
detection system based on artificial fish swarm intelligent algorithm
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Catch quantity Pinch power

Time The
sixth day

The thir-
teenth
day

The
nine-
teenth
days

Time The
twenty-
fourth
day

The
thirty-
first
day

Catch
number

2 5 8 Object
weight

0.15 kg 0.45 kg

NJS
(points)

13 22 37 NJS
(points)

39 53

Brunnstrom I I II Brunnstrom II III

5. Conclusion

With the development of the times, more diseases have further affected people’s
normal life and production. However, with the improvement of the medical level,
although the cure rate of disease has increased, complications after disease treatment
may cause people physical disability, and directly or indirectly affect the develop-
ment of the whole society. As a supplementary means of limb rehabilitation, the
rehabilitation test system has a positive effect on the recovery of the motor func-
tion of the disabled patients. Artificial fish swarm intelligent algorithm, as a perfect
algorithm of motion rehabilitation system, can select the best parameters from the
system and provide some data support for the patient’s rehabilitation training. In
this study, based on the understanding of the relevant theories, the motion reha-
bilitation detection system based on artificial fish swarm intelligent algorithm was
constructed, and the operation performance and the effect of the patients were an-
alyzed. The results show that the system has a positive effect on the rehabilitation
of disabled patients. However, due to the limitations of the theoretical level, there
are still some shortcomings in the study, but the study can still provide a reference
for follow-up research.
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Service optimization model of
mechanical manufacturing under

cloud manufacturing mode

Yeyingzi Guo1

Abstract. The service optimization model of mechanical manufacturing under the cloud
manufacturing model has played an important role in the development of manufacturing industry.
In order to perfect the related technologies and theories in the manufacturing industry of our
country, the related theories of cloud manufacturing model and machining were summarized in this
paper. Furthermore, a customer demand and manufacturing company were taken as the cases.
And based on the mathematical model of multi-granularity manufacturing service optimization,
the operation efficiency of different modes was contrasted and analyzed. The results show that
the service optimization model of machining manufacturing in the cloud manufacturing model has
certain practical significance for the development of manufacturing companies. The purpose of the
study is to provide theoretical research for follow-up studies.

Key words. Cloud manufacturing model, machining manufacturing, service optimization
model.

1. Introduction

With the development of the times, "peace and development" has gradually be-
come the theme of the development of the world. All the industries in the world have
been greatly developed and improved, which has brought a very important driving
role and practical significance for the promotion of the comprehensive strength of
each country. In the new era of development needs, science and technology have
gradually become an important productive force in the rapid development of the
times, and various new technologies have been constantly researched and produced,
thus providing important impetus for the development and prosperity of some in-
dustries and fields, and bringing positive effects on the revival of some countries and
peoples. In the process of rapid development of the times, the important influence
brought by the progress of science and technology has provided more opportunities
and challenges for the development of various industries and fields.

1Jiangsu Vocational College of Agriculture and Forestry, Jurong, Jiangsu, China, 212400
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2. State of the art

As an important industry in the development of the times, the mechanical manu-
facturing industry can provide certain parts and components for the development of
related industries, so as to be one of the basic industries of the world economic devel-
opment [1]. With the development of various industries in the world, the machinery
manufacturing industry is becoming more and more important. However, in the
traditional mechanical manufacturing industry, because more procedures are carried
out by manpower, there are some shortcomings such as low productivity, so that
the further improvement of the world economic level has been negatively affected to
some extent [2]. Nowadays, many scholars have put forward new technologies and
theories and applied them to the development of actual manufacturing industry. As
a new technology, computer technology has a positive impact on the development of
the world manufacturing industry [3]. Many researchers have believed that because
computer aided technology can collect relevant data information, machinery manu-
facturing industry based on computer aided technology can connect the enterprise
with the advanced world level, and then recognize the shortcomings, improve the
efficiency of enterprise development, and thus enhance the overall level of enterprise
[4]. Many researchers have believed that today’s computer technology is also affected
by the increasing amount of data [5].

3. Methodology

With the development of the times, China’s various industries have achieved
greater progress and promotion, which has positively affected the comprehensive
level of our country, and has further enhanced the international status of our coun-
try [6]. Under the influence of the rapid development of the world economic level,
the development of China’s various industries has also been affected. Manufacturing
enterprises, as one of the important pillar industries in the rapid development of
China’s current economic level, has provides some basic support for the develop-
ment of other related industries in China [7]. However, in the traditional machinery
manufacturing industry in our country, the manufacture of related mechanical parts
is done more manually, which may result in poor accuracy of components due to
some subjective factors, thereby affecting the further development of other related
industries. In addition, manual work may be affected by physical strength, and the
work efficiency may be low in the whole work process, thus to produce a negative
impact on the continuous development of the industry, and further affect the com-
prehensive level of China’s machinery manufacturing industry. Statistics show that,
in the larger machinery manufacturing industry in China, more is the introduction
of other developed countries or industries due to defects in some manufacturing pro-
cesses, which directly or indirectly improves the production cost of our country, and
has a negative impact on the development of other industries [8]. Therefore, many
scholars in China have put forward more perfect theory and technology of machine
building industry, and have gradually introduced these technologies into the actual
mechanical manufacturing process, thus making the level of China’s technology in-
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dustry greatly improved. Now, the machinery manufacturing industry in China is
moving towards a more vigorous development direction, and its important influence
is also gradually increased. Through the statistics of the output value of the machine
processing industry in China from 2008 to 2016, with the continuous development
of its industry, the output value of China’s machinery manufacturing industry has
shown an increasing trend year by year [9]. This has provided a certain degree of
scientific and technological support for further development of other industries, and
has provided a very important driving force for the overall development of China’s
economic industry.

In order to better determine the advantages and development of the machining
industry in the cloud manufacturing mode, through the combination of theory and
practice, the follow-up related research was carried out. And the research methods
are as follows:

1. On the basis of a clear understanding of the relevant theories, the relevant
tasks in the mechanical manufacturing services were further optimized. And
the optimization model of process level and component level manufacturing
service in the process of mechanical manufacturing service was constructed.

2. Then, the mathematical model of multi-granularity manufacturing service op-
timization was constructed, and the related characteristics of the constructed
mathematical model were analyzed (Cheng et al. 2014) [12]. Thus, the rel-
evant index values of each influence factor were determined. The relevant
mathematical models used in the study are as follows:

f(t) = f(tt) + f(ts) , (1)

f(ts) =

m∑
i=1

ni∑
j=1

xijt(ij) , (2)

f(tt) = α

n1∑
j=1

x1jt(0j) +

m−1∑
i=1

ni∑
j=1

ni+1∑
k=1

xij(i+1)k
t(ij, (i+ 1)k) + βmjt(mj) . (3)

Here, f(tt) and f(ts) represent the running time of the whole machine manufac-
turing operation process and the processing time of each process for the related
products. The formula (2) represents the total time cost of the whole machin-
ing process for the manufacture of the product, and the formula (3) represents
the final time cost of the whole mechanical manufacturing process, which con-
sists of three different operating processes: α

∑n1

j=1 x1jt(0j) represents the to-
tal process time required by a customer to book a mechanical product to the
manufacturing process,

∑
i = 1m−1 ∑ni

j=1

∑ni+1

k=1 xij(i+1)k
t(ij, (i + 1)k) repre-

sents the running time between processes in different mechanical products,
and βmjt(mj) represents the total time spent from the processing of the prod-
uct to the end of the customer’s premises.
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3. Finally, a mechanical manufacturing enterprise in our country was taken as an
example. And the operation cost, operation efficiency and operation income
of the enterprise before and after the application of the service optimization
model of mechanical manufacturing under cloud manufacturing mode were
compared and analyzed. Thus, the advantages of this technology for the pro-
duction of machinery manufacturing industry in China were determined, and
the technical support for the improvement of other technologies and theories
was also provided.

4. Result analysis and discussion

Under the trend and background of the times, the promotion of the compre-
hensive strength of various industries has become one of the important criteria for
the national economic strength and comprehensive level. After China’s reform and
opening up, more innovative technologies and theories have been introduced, so that
the comprehensive strength of China’s various industries has been developed to a
certain extent. In this context, the machinery manufacturing industry has gradually
become an important pillar industry of China’s economic development. With the
continuous improvement of the industrial model, a variety of new technologies are
gradually integrated with the industry, making the overall level of the industry fur-
ther developed. Cloud manufacturing technology is a new technology which obtains
relevant results through the cloud computing of basic data in the background of the
rapid development of information technology. In the development of this technology,
there are many advantages and characteristics of service oriented and converged with
network technology. The main architecture includes physical resource layer, basic
information resource layer, central service, application layer and other main struc-
tures (Fig. 1). In actual use, in the operation process of the platform technology,
the industry related manufacturing information resources are input to the platform
center, and then the manufacturing service is formed. After entering the relevant
platform, the customer can understand and analyze the status of the enterprise’s
production, so as to determine some of the services they want to obtain and release
the requirements. Then, enterprises and customers form relevant contracts and carry
out related work. In this technique, cloud computing is used to run traditional op-
erating processes, so that the operation efficiency of the whole operation process is
improved, the resource sharing is further increased, the time cost is reduced, and
the overall production efficiency of the enterprise is higher, and the overall economic
strength of the enterprise is improved.

On the basis of a clear understanding of the relevant theories, in this paper, a
service model framework for machining manufacturing in the cloud manufacturing
model was proposed. It consists of three levels: task release level, service level and
final decision interface layer, in which, the framework of service hierarchy. The pro-
cess is mainly in the related platform of manufacturer’s related product production
information input value. Then, the system sets the platform’s daily maximum ac-
cess and access time parameters. When the customers meet these two requirements,
they can browse the relevant information and release their own demand. Thus, the
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Fig. 1. Development of cloud manufacturing model

connection between the customer and the producer and the sharing of relevant in-
formation resources are realized, thereby reducing the cost increase caused by the
restriction of time and space in the traditional communication process.

Then, taking the mechanical manufacturing industry in a city as an example, the
application of cloud manufacturing technology in the process of mechanical man-
ufacturing was analyzed. First of all, it was assumed that a customer needed to
order a batch of outer products in a stepped bearing. The information about all the
product processing is shown in Table 1. The two kinds of information was input to
the mechanical processing of the above construction manufacturing service system,
so that customers were able to query the relevant information to obtain relevant
information about the machinery manufacturing enterprises.

Based on the input of relevant information, the model of multi-granularity manu-
facturing service optimization was applied to evaluate the service model of mechan-
ical manufacturing and the efficiency of the acquisition of related tasks for different
manufacturing companies. And the whole process of mechanical product transporta-
tion were contrasted and analyzed. Its results are listed in Table 2. The results show
that compared with the traditional mechanical manufacturing and operation mode,
the production efficiency and operation efficiency of each company in the cloud man-
ufacturing mode are increased to some extent, and the operation cost is reduced.
Therefore, from an example point of view, compared with the traditional machining
manufacturing services, the service optimization model of mechanical manufacturing
in the cloud manufacturing model can produce relatively high operational efficiency.
Through the comparison of the three companies, it can be found that, compared
with other companies, there is higher production efficiency in Com.2, which can
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better meet the actual needs of customers.

Fig. 2. Sequence diagram of service behavior in mechanical manufacturing

Table 1. Task information for manufacturing products outside the circle

Demand side name (customer) User1

Address U.1
Machining process The car outside the circle and chamfer

Type Lathe

Material Steel
Main feature The outer circle

Diameter (mm) 500

Length (mm) 700

Accuracy class 9

Indicates roughness (Ra) 2.5

Part weight (g) 20

Total ceiling (yuan) 1000

Quantity (unit) 20

Start time 2016-09-04
Harvest time 2017-09-11
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Table 1. Task information for manufacturing products outside the circle

Model Company f(tt) f(ts) Total oper-
ating cost
(yuan)

Operation
efficiency

A service optimization
model for mechanical
manufacturing in cloud
manufacturing

Com.1 4 12 1327 0.67

Com.2 2 11 1149 0.71

Com.3 3 13 1424 0.59

Traditional mechanical
manufacturing service
model

Com.1 5 17 1539 0.44

Com.2 4 15 1227 0.52

Com.3 4 18 1644 0.38

5. Conclusion

With the development of the times, manufacturing industry has gradually become
one of the most important economic pillar industries in the world. And the devel-
opment of computer technology has further promoted the comprehensive strength
of manufacturing industry. As a new theory in the manufacturing industry, the de-
velopment of the cloud manufacturing model has a positive impact on the operation
efficiency of the whole machinery manufacturing industry. In order to perfect and
analyze the technology and theory, in this paper, the relevant data was read and
summarized, and the relevant theory was confirmed and clarified. On this basis,
the relevant model formulas used for the study were constructed. Then, a customer
demand and different mechanical manufacturing companies were taken as examples,
and customer requirements and related information about company production and
logistics were systematically input. Then, based on the mathematical model of multi-
granularity manufacturing service optimization, the operation efficiency of different
models and different companies were compared and analyzed. The results show that
the service optimization model of mechanical manufacturing under cloud manufac-
turing model has a positive effect on the development of related industries. Because
the cognition of the relevant theories is not perfect enough, there are still some short-
comings in the study, but it can provide reference for the study of related major.
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Application of hybrid compression and
converging technology in wireless

sensor network routing protocol in
China1

Yang Chen2

Abstract. In order to give full play to the advantages of wireless sensor and make use of
the restriction of it, it is very important to study and design the proper routing protocol and
data fusion. In this paper, the basic structure, characteristics and classification of wireless sensor
networks were discussed systematically, and several typical routing protocols were introduced and
compared. Based on the analysis of existing network layer routing protocols and key technologies,
the network layer routing protocols and their key technologies in wireless sensor networks were
studied. Finally, the conclusions that the data compression rate is basically a fixed value, and the
influence of the depth of the ternary tree is very small, which can greatly increase the scalability
of the network were drawn.

Key words. Wireless sensor networks, hybrid routing model, data fusion.

1. Introduction

In the past ten years, the rapid development of network information technology
has made the connection between people in every corner of the world more and
more close, and people can talk and communicate conveniently anytime and any-
where. Because of the passive nature of things, the communication between people
and things will not be very smooth. Therefore, in order to make the physical world
useful to us, other tools and techniques must be used to explore everything in the
world, such as various sensors. Based on the development of communication technol-
ogy, sensing technology and micro electromechanical systems, sensors are so small
that they can be encapsulated into a millimeter scale chip, with low cost, but high

1The study was supported by the Key natural science research project supported by Anhui
province (KJ2016A303) Research on data fusion technology of wireless sensor network for privacy
protection; Quality engineering project supported by Anhui province (2016sjjd041) Anhui Xinhua
University & Hefei City Cloud Data Center Co., Ltd, practice education base.

2College of Information Engineering, Anhui Xinhua University, Hefei, Anhui, China, 230088
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robustness and more powerful functions. The "intelligence" of sensors can help peo-
ple complete the collection, arrangement and communication of data, thus greatly
expanding the application field of sensors. Wireless sensor networks will fundamen-
tally change the interaction between human and the natural world, and make the
virtual network world and the physical world and the various fields communicate
with people. People can get rich and reliable information from the physical world by
means of tools, and realize the desire of "ubiquitous computing". It is no exaggera-
tion to say that the widespread application of wireless sensor networks is the trend
of the development of science and technology, which will always lead to changes in
the wireless sensor and related research fields to the human world.

2. State of the art

Wireless sensor networks are at the forefront of new technologies, and there are
still a lot of hot issues to be discussed, such as data fusion. In recent years, a large
number of routing protocols have been developed in the process of data collection,
most of which can support data fusion functions, so as to reduce energy consumption
and communication costs [1]. In the process of building a cluster, considering the
influence of the residual energy and the distance from the sink node to the routing
protocol design, a routing protocol supporting data fusion was designed. The node
structure was upgraded to heterogeneous, and the establishment of cluster and data
transmission path under heterogeneous condition were analyzed [2]. Considering
the coverage of nodes, the most comprehensive information was transmitted with
the least nodes. Linear regression model was used to fuse data and reduce data
transmission. At present, most data fusion research focuses on the shortest path
tree junction, but the focus of different application scenarios is certainly different.
Much of the work of data fusion is focused on intra-data fusion in wireless sensor
networks [3]. For fusion queries, a certain amount of computation within the network
is acceptable. The sensor sensing data is processed into individual parts and then
constantly updated during the delivery to the sink node or base station. Each sensor
node only delivers one or relay a small amount of data to other nodes, thus forming
an energy efficient method [4]. Current data fusion protocols are mainly divided into
three categories: cluster based data fusion, tree based data fusion, and multipath
based data fusion [5].

2.1. Methodology

A large number of wireless sensor nodes are deployed in a certain range of moni-
toring target areas, and a network is generated among nodes through self-organizing
and adaptive methods, and the structure of the wireless sensor network is shown in
Fig. 1.

The whole network is usually composed of sensor nodes, sink nodes sink, Internet
and satellite console in the monitoring area. The working principle is as follows: a
large number of sensor nodes are randomly distributed within a certain range of
target regions, and the data parameters in the region are collected according to
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Fig. 1. Structure of wireless sensor network

specific requirements. And a single hop or multi-hop communication mode is used
to send the collected data to the sink node. Then, after the connection with the
console and the satellite, the user can find data at the end of the console or send
instructions to each node in the network [6].

In general, sensor nodes can be considered as a micro embedded system powered
by batteries, and the storage capacity and communication processing capability are
weak, which limits the direct communication between the sensor nodes and the
sink node. From the point of view of network function, in addition to local data
acquisition and fusion, sensor nodes also relay and forward data from other nodes,
which acts as double roles of terminals and repeaters [7]. The sink node can be
a powerful node with enough energy support and more memory and processing
capabilities, and can also be used as a gateway device to connect the wireless sensor
network and realize the conversion between the two protocol stacks.

Wireless sensor network protocol stack provides the necessary software support
for communication between sensor nodes. According to the identification of the
majority of scholars, wireless sensor network protocol stack is divided into five layers,
namely application layer, transport layer, network layer, data link layer and physical
layer. And there are three supporting parts, energy management platform, mobile
management platform and task management platform stack [8].

Data fusion technology includes the collection, transmission, synthesis, filtering,
correlation and synthesis of useful information given by various information sources,
so as to assist people in the determination, planning, detection, verification and
diagnosis of situation environment [9]. Sensor data fusion technology needs to get
the internal relations and rules of various information, and combine with the spatio-
temporal correlation of sensor nodes, thus to eliminate redundant and erroneous
information, retain the key and correct information components, and ultimately
simplify and optimize the information. A single sensor may only obtain partial
information segments of the environment or the object under test, while the multi-
sensor information can reflect the characteristics of the environment perfectly and
accurately after fusion. Data fusion technology plays an irreplaceable role in the
research of intelligent information processing technology [10].
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According to the level classification, data fusion can be divided into pixel level
fusion, feature layer fusion and decision level fusion. Pixel level fusion is the fusion
directly on the original data layer, which is synthesized and analyzed before the raw
data of various sensors are preprocessed, belonging to a low level of convergence.
Feature layer fusion extracts features from the original data of the sensor, and an-
alyzes and processes the features comprehensively, belonging to the intermediate
levels of convergence [11]. For each sensor, the decision level fusion firstly completes
the basic processing locally such as preprocessing, feature extraction, recognition or
decision, and establishes the preliminary conclusion, and then makes decision fu-
sion by association processing, and finally obtains the joint inference result, which
belongs to high-level fusion.

When the deployment density of nodes is large, the sensor sensed data will be
redundant, that is, multiple neighboring sensor nodes will acquire the same infor-
mation. In order to save the energy of sensor nodes, it is necessary to remove the
redundant information and reduce data transmission [12]. In a network with thou-
sands of sensor nodes, the energy consumed to deliver a message is far greater than
the energy consumed by the computation, and data fusion can remove the redundant
information very well, which makes the transfer of information small.

Space means that different kinds of data come from different places and spaces,
while time means that the database can adapt to changes in the objective environ-
ment over time. If the nodes in a wireless sensor network are similar in the near or
continuous time period, then the sensed data or attribute values are similar or have
a regular change. Even if there are still a few nodes that fail to be sensed at a certain
point in time, a set of data can also be obtained by using the similarity of data to
have very little error or a slight change to real data. Then, these nodes have time
correlation [13]. In a wireless sensor network, because of the random deployment of
nodes, especially in some remote locations, the use of aircraft to broadcast nodes
will result in high density of some nodes. At the same time, the data sensed by some
geographically similar nodes have a high degree of similarity. And then the data
induced by these nodes have spatial correlation.

In order to store and find the convenience, the tree structure is used to store
and transmit data, and a complete trinomial tree can be constructed. A child node
transmits only a set of coefficients to its parent node, which is used for data fusion
and data query, greatly reducing energy consumption and effectively prolonging the
life cycle.

In a network where a large number of sensors are deployed, the minimum span-
ning tree is used to solve the problem of how the sensor nodes pass to the base
station via the optimal path. Greedy algorithm is a commonly used algorithm. But
the greedy algorithm is a local optimal algorithm, which just makes what seems the
best choice at the moment, and if it is not considered from the overall optimum,
it is only a locally optimal solution in some sense [14]. In this paper, a complete
trinomial tree is constructed for propagating data. The role of each node of a fully
ternary tree is the cluster head of a hierarchical network that performs only the
functions of receiving data, transmitting data, and merging data. And the structure
of the CTETREG data fusion tree is shown in Fig. 2.
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Fig. 2. The structure of the CTETREG data fusion tree

For the choice of roots, in order to facilitate the coordinate representation, the
wireless sensor network area is set to a square area, and the length is L. If the
length of each subregion is Ls, then, the whole network can be divided into L/Ls

subregions. The roots of adjacent areas must be as close as possible to meet the
needs of querying multiple regions while minimizing the propagation path. So, the
root of each query subtree is best deployed in the corner of the square sub region.
For odd sub regions, the root is selected in the upper right corner of the subregion,
while the even region is selected in the upper left corner, so that the roots of the
neighboring four sub regions are clustered together [15].

When the roots of each tree are determined, tree analysis and selection are nec-
essary. Using the topological structure of the complete trinomial tree, each parent
node has a 3 child node, which ensures the full coverage of the tree and the accuracy
of the data processing. The entire sensor network area is S, and the total number
of nodes deployed is N , and then the node density N/S is ρ, each subregion is Ss,
and the average number Ns of nodes in a subregion is ρSs.

In a full trinomial tree, the total number of nodes is Nat as shown in equation
(1):

Nat =
3p+1 − 1

2
. (1)
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Here, p is the depth of the tree of the complete trigeminal tree.
Tree depth can be obtained by type 1, as shown in type 2:

p = log3

(
2N

ns + 1

)
− 1 . (2)

Here, ns is the number of non-tree nodes corresponding to a tree node.
Using formula (2), the following formulae (3) and (4) are obtained:

N = nsNat +Nat , (3)

Nat =
N

ns + 1
. (4)

In this paper, it is assumed that there are N = 3000 nodes in sensor networks,
areaS = 800×800 is a square area, and the subregion is Ss = 400×400. The average
number of nodes in each subregion is

Ns = ρSs =
N

S
Ss =

3000

800× 800
× 400× 400 = 750 .

The depth of the tree is p = 3, and the number of tree nodes in each subregion is

Tc = Nat =
3p+1 − 1

2
= 40 .

Further, ns = 15, and, therefore, the number of nodes in the subregion is

nst+ t = 15× 40 + 40 = 640 < 750 .

From the above calculation, it can be seen that the maximum tree depth p = 3
is appropriate.

In a wireless sensor network, a large number of distributed nodes are constantly
sensing the data of the surrounding environment and transmitting it to other nodes.
If the environment changes suddenly or the sensor node receives interference, an
abnormal signal value is generated. In order to keep the accuracy of the data, it
is necessary to identify abnormal data in time and analyze them or discard them
directly. which was very important in some application fields. For example, in forest
fire monitoring, a large number of sensor nodes are deployed, and each sensor node
will continue to transmit information to the base station in an active or passive
manner. In general, the temperature of sensor induction is within a fixed range.
Once a fire occurs, the sensor sends out an abnormal data value that touches the
warning signal, which requires timely identification to control the spread of the fire.
But sometimes because of human factors, for example, when outdoor enthusiasts
cook in the forest, just the furnace is located near a sensor, the abnormal data value
will also be generated. If the node is restored to normal in a short time, and the
value of the neighboring sensor is normal, it can be done without any processing.
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There are three performance indexes of CTETREG data fusion tree, percentage
error, compression ratio and fusion data output size.

Percentage error is the representation of the error between the induced data and
the real data in the form of a percentage.

The compression ratio is the ratio between the number of output data of the
neutron nodes in the query tree and the total data received by the other query tree
nodes and the non-query tree nodes, which is the ratio between output and input.
The greater the compression ratio, the smaller the ratio of the reduction will be, and
the more redundancy of the data will be. And the smaller the compression ratio, the
less redundancy of the data will be. Generally, the smaller the compression ratio,
the better the effect can be. However, considering the completeness and accuracy of
data, the compression ratio is not as small as possible.

For the fusion data output size, it is expected that when the tree depth is different
and the node density is changed, the output of the data is a fixed value, which is
beneficial for network expansion and energy savings.

3. Result analysis and discussion

Based on the conclusions obtained by the simulation platform MATLAB, the
advantages of the method were compared. The specific simulation reference data is
shown in Table 1.

Table 1. Simulation parameters

Notation Value Unit

Z 800×800 m2

R 40 m
S 3000
ρ 0.0047

Zs 400×400 m2

pn 0.33

p 3

ns 15

The simulation results are shown in Fig. 3. Symbol Z is measured by the width of
the node coverage in the monitoring area, and R is measured in terms of the accuracy
of the area being covered. Node Zs is randomly distributed in the 400m×400m
squared plane region.

As shown in the figure, when the tree depth was 1, there were only 4 nodes in each
subregion for processing the whole sub region parameter value. In the distribution of
dense nodes, the received data was limited, and sometimes the real data value can’t
be accurately reflected, so that the percentage error was 120%. When the tree depth
was 2, the node of the tree reached 13. Compared with the 4 nodes, the number
of nodes involved in the data fusion increased, and the accuracy of the data fusion
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value was improved. However, the simulation can also see up to 65%, but when the
tree depth was 3, the fusion effect was greatly improved, and the percentage error
rate was only about 5%. All of the above results were better than two fork tree,
even if the two fork tree was deep; its percentage error rate was 5%.

Fig. 3. Comparison of the error percentage and tree depth of the complete two
fork tree and the complete trinomial tree

Figure 4 shows the comparison of the compression ratio and tree depth of the
full two-fork tree and the complete trinomial tree.

Fig. 4. Comparison of the compression ratio and tree depth of the full two-fork
tree and the complete trinomial tree

A low compression ratio can reduce data redundancy, reduce broadband duty
cycle and save transmission energy. As can be seen from the simulation Fig. 2, the
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compression ratio of a fully two fork tree was between 0.0248 and 0.0249, while the
compression ratio of the complete trinomial tree was almost 0.02478 to 0.02489. The
full trinomial tree node was more than the full two fork tree, and the data was much
more. The base of the denominator was large, but the compression ratio was smaller.
Therefore, the amount of data transmission was less, but the difference between the
two was not large, thus having little impact on the accuracy of the data. From the
change of the compression ratio, it can be seen that the range of change was very
small, basically a constant, which was beneficial to the expansion of wireless sensor
network.

From the simulation Fig. 5, it can be seen that the output size of the data fusion
was (Sx +Sy +Sc) bit value based on the regression approximation of the trinomial
tree model. When a node was passed to another node and base station, the final
output data value was a constant, which also confirmed that the data values included
the coefficients and coordinate ranges obtained from data fusion. In theory, the
coefficient is a fixed number, and the coordinate range is a value, and the length
of the data added by it is considered to be a constant value. From the simulation
results, it also can be seen that the output of the data was independent of the number
of nodes and the tree depth, which greatly increased the scalability of the network,
and facilitated the application of this method in a wider range.

Fig. 5. The effect of a full Trident tree with and without data fusion

4. Conclusion

In order to solve the limitations of wireless sensor and make full use of its advan-
tages, in this paper, on the basis of studying the systematicness of routing protocols,
the application scope of the protocol was extended and simulated, and the energy
saving and security of data fusion in data transmission were studied. Some con-
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clusions were drawn as follows: a regression analysis data fusion algorithm based
on full trinomial tree structure was proposed to reduce the data transfer and the
energy consumption. Moreover, the data packets transmitted by each tree node
were always of the same size, and even if the number of nodes and the tree depth
increased, the size of packet transmission would not be affected, so that there was
a good scalability in the network. In addition, every parent node of a full trinomial
tree had more child nodes than that of a full two fork tree. In the same case, the
complete trinomial tree required less tree depth, which makes its performance better
than that of the fully two fork tree. Simulation results show that, compared with the
algorithm of fully two tree structure, the data fusion method based on the complete
trinomial tree structure can greatly prolong the network life cycle. Of course, there
are some problems that deserve further study, such as how to apply fuzzy control
and intelligent control to data fusion.
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Analysis of the key technologies of

practical application based on

embedded reconfigurable computing

system

Jingshu Cao1, 2, Wenxin Li1

Abstract. With the continuous development of science and technology, recon�gurable com-

puting has become one of the current research hotspots as a new computing model. However,

with the increasing complexity of the embedded recon�gurable computing system, it is increasingly

necessary to design from the system level to improve the design e�ect. Therefore, the practical ap-

plication technology of the recon�gurable computing system has become a very important research

topic. In this paper, the development of the subject was understood, the relevant theory of the

subject was analyzed, the key technology was researched and analyzed, the example experiment

was carried out, and the results were compared and analyzed, which proves the feasibility and

e�ectiveness of the study, and is of great signi�cance to the development of key technologies.

Key words. Recon�gurable computing, system level design, operating system.

1. Introduction

Traditional computing systems usually use two di�erent methods to implement
the algorithm. Firstly, the use of special integrated circuits, this method has a very
high execution speed and accuracy of the operation. Once designed, its function
cannot be changed. In order to implement di�erent algorithms, it is necessary to
redesign the circuit, the development cycle and the cost is high, and only the mass
production can show its superiority. Secondly, the use of general-purpose micropro-
cessors, the �exibility of the method is high, and once the requirements change, the
function of the system can be changed by software instruction, but the serial exe-
cution of the instruction and the bottleneck of memory access bandwidth make the
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performance of general-purpose microprocessors often di�cult to meet the actual
requirements. A single processor-based software implementation does not provide
good support for complex algorithms with potential parallelism [1]. Semiconductor
industry has been in accordance with the generalization and specialization of the
alternating development, once every twenty years. The �rst common and dedicated
loop is characterized by pure hardware design, that is, through the hard wired way to
achieve the algorithm. The second loop is characterized by sequential programming
of software, that is, through the order to achieve the algorithm. The third cycle is
characterized by structural programming, that is, through the recon�gurable logic
device to implement the algorithm [2]. As a new way to calculate, recon�gurable
computing is in line with the development trend of semiconductor technology. It
combines the advantages of generalization and specialization, uses the FPGA to re-
con�gure the logic unit functions and interconnection characteristics, which is a form
based on the application requirements of the dynamic con�guration of the circuit and
has the high performance of hardware implementation and software implementation
�exibility [3]. Recon�gurable systems based on recon�gurable computing techniques
can be simply de�ned as computing systems that contain at least one recon�gurable
hardware module. The function of the hardware module can be modi�ed by the
end user. The modi�cation process is realized mainly by refactoring or partially
reconstructing the programmable logic device in the system. The recon�gurable
system can combine the advantages of software implementation and hardware im-
plementation with only a small amount of hardware resources. Its appearance makes
the boundaries of hardware and software in the traditional sense become blurred,
the hardware system to be software [4]. Recon�gurable systems have been presented
with powerful computational performance and data processing capabilities in a num-
ber of data-intensive applications, particularly in the presence of large parallelism
and waterborne applications within the algorithm. One of the most representatives
is the Splash 2 developed by the US Supercomputer Research Center in 1992 [5].

2. State of the art

2.1. Recon�gurable computing overview

Estrin of the University of California, USA, �rst proposed a recon�gurable con-
cept and developed a prototype system. The system consists of non-�exible but
programmable processors and �exible digital logic components reconstructed by pro-
gram control. Although the abstraction level of the system software and hardware
is not high, it can be programmed and reconstructed [6]. As the implementation of
the technology is not yet perfect, the system developed by Estrin is only a rough ap-
proximation of the design concept, but it is the core of the recon�gurable computing
system.

In 1986, Xilinx companies developed the world's �rst FPGA chip, and obtained
a very good application e�ect in practice. To the early nineties of last century,
there has been some FPGA-oriented development for a certain type of application
computing equipment. The common practice is to combine one or more FPGAs,
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CPUs, and memories together. As part of the coprocessor accelerator program that
can be executed in parallel (typically the loop body), the FPGA is managed by the
refactoring [7]. The computing device of this structure was known as a recon�gurable
computer. This way of working is also called refactoring.

From a di�erent research point of view, the understanding of recon�gurable com-
puting is not the same. We see it as a class of computer organizational structure,
and has the following characteristics which are di�erent from other organizational
structure, that is, the chip customization capabilities after manufacture (di�erent
from the ASIC), can achieve the mapping of the algorithm to the computing engine
to a large extent (di�erent from the general microprocessor) [8].

Recon�gurable computing is a numerical model of the spatiotemporal domain
which uses FPGA as the technical basis, changes the function of the logical unit
in FPGA and the interconnection mode of the connection according to the pro-
gramming information in the recon�gurable device con�guration �le, thus changing
the function of the computing system. It can use custom recon�gurable devices to
customize the computing components while designing the implementation, and can
reuse the computational resources to achieve a number of di�erent computational
tasks [9]. Recon�gurable computing makes up for the performance gap between
microprocessor implementation and ASIC implementation, the calculation speed is
comparable to that of ASIC at the same time, which has the �exibility similar to the
microprocessor, and provides a �exible and e�ective computing solution for a wide
range of applications.

2.2. Research at home and abroad

As the recon�gurable system has broad application prospects and potential mar-
ket value, programmable device manufacturers Xilinx and Altera are represented.
Industry has carried out in-depth research on recon�gurable devices since the mid-
1990s. The goal is to improve the device reconstruction speed, there have been some
partially recon�gurable devices, as well as recon�gurable devices using compressed
con�guration �les [10]. In addition, �eld-speci�c recon�gurable chips have also been
successful, such as recon�gurable multiprocessor systems developed by IMEC and
Freescale semiconductors, recon�gurable communication chip series which are capa-
ble of handling 50 channels at a chip rate of CDMA 2000 developed by Chameleon
Systems, and the dynamic recon�gurable processor "DAPDNA-2" developed by
Japan IPFlex for image processing and so on.

At the same time, the academic research on recon�gurable system has made
great progress, and many new architectures, algorithms and tools have emerged.
According to the degree of coupling, the recon�gurable computing platform is divided
into system-level loose coupling system, chip-level loose coupling system and on-
chip tight coupling system. In order to improve the speed of reconstruction, the
researchers put forward a number of strategies and methods, some of which have been
implemented in commercial products, such as partial recon�guration. In addition,
scholars have proposed to use multi-context and con�guration data Cache to reduce
the con�guration time [11]. In terms of compilation tools, the Single-Assignment C



554 JINGSHU CAO, WENXIN LI

project already has the ability to compile some C fragments into assembly language
and map it to a recon�gurable system.

With the progress of the level of programmable devices and integrated circuits,
recon�gurable computing has been widely used in many areas from embedded sys-
tems to high performance computing, including digital image processing, network
security, bioinformatics and supercomputing, However, for the further application
of recon�gurable computing, there are still many key problems that need to be
solved and improved. In the aspect of system design support, with the increasing
complexity of embedded recon�gurable computing system design, it is necessary to
design from the system level at the same time. In the aspect of running environment
support, because the traditional operating system can't adapt to the new recon�g-
urable system application requirements, it is one of the most important problems
to be solved that how to manage the recon�gurable computing resources through
the operating system, how to shield the details of the implementation, and how to
provide the hardware and software uni�ed programming model to the application
developers [12].

In the domestic, Zhejiang University, China University of Science and Technology,
Xi'an University of Electronic Science and Technology, National University of De-
fense Technology and the Chinese Academy of Sciences Institute of Computing and
other research institutes have carried out fruitful research on the related problems
in recon�gurable operating system. Our labs use the improved uni�ed multitasking
model to design the SHUM-UCOS operating system for recon�gurable computing,
which has been able to support the dynamic creation of hardware tasks and provide
a variety of topology and communication support.

3. Methodology

3.1. Recon�gurable device foundation

FPGA is the most commonly used recon�gurable device. The most widely used is
based on SRAM technology. It uses the con�guration SRAM to store con�guration
information for logical and routing resources, and the con�guration information
is written to the internal con�guration SRAM of the FPGA to change the logic
functions and interconnections between the logical units [13]. As shown in Fig. 1,
Q is determined by the circuit design or hardware description language, and the
corresponding con�guration is controlled by programming "read" or "write".

The island structure is an early programmable device structure, and it is also a
commonly used device model for academic discussion. The island structure consists
of a logical cell array, routing resources, and input and output pins. Fine-grained
logical units are small lookup tables (LUTs).

Existing recon�gurable devices mainly support the following recon�guration mod-
els:

Single context model: In this model, each rewrite of con�guration information
must override the entire con�guration memory.

Multi-context model: The main idea of this model is to prepare a plurality of
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Fig. 1. SRAM-based FPGA programming principles

con�guration �les for the logical array of devices and store them in di�erent ad-
dresses.

Dynamic partial reconstruction model: In this model, only some of the resources
on the recon�gurable device can be recon�gured selectively without a�ecting the
other resources on the device [14].

3.2. Dynamic recon�gurable system architecture

In this paper, the dynamic recon�gurable system based on bus connection is
studied. The system is mainly composed of CPU, recon�gurable device, system
memory, con�guration controller and communication controller, as shown in Fig. 2.

Fig. 2. Dynamic recon�gurable system based on bus connection

In Fig. 2, the operating system runs on CPU, which is responsible for manag-
ing the entire recon�gurable computing system and handling software tasks. As an
additional computing unit other than the CPU, the recon�gurable device contains
a number of CPUs for performing coarse-grained computationally intensive tasks.
The communication controller is responsible for handling the underlying communi-
cation details and provides support for inter-task communication. The system has a
dynamic partial refactoring capability that can be reconstructed on a recon�gurable
device to load new hardware tasks without a�ecting the other running parts. Refac-
toring refers to the process in which the con�guration controller reprograms the
RPU in units of frames according to the corresponding hardware task con�guration
information in the con�guration memory.
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3.3. Experimental platform and operating environment

The experimental platform consists of XC2VP30 FPGAs and related peripher-
als that support DPR. The PPC 405 hardcore CPU and recon�gurable computing
resources are included in the FPGA, both sharing the OPB bus, CPU clock fre-
quency and bus frequency are 100MHz [15]. According to the Xilinx EAPR re-
con�gurable system design �ow, the platform is designed to be divided into AES
encryption/decryption PRM and the basic design except PRM. They are located
in FPGA dynamic PRR and static area. Due to the limited resources within the
FPGA, the experimental platform contains only one PRR, the PRR and the static
region are communicated via the bus macro, and the routing results are shown in
Fig. 3.

Fig. 3. XC2VP30 FPGA wiring diagram

The extended Xilkernel 3.0 operating system kernel is loaded on the above ex-
perimental platform, in addition to support priority preemptive scheduling, dy-
namic/static bu�er allocation and semaphore synchronization, the kernel also added
PRR resource management and hardware task management module. In the process
of extending the thread concept from the software, the computing resource manage-
ment is extended from CPU to PRR. As Xilkernel itself supports Pthread multi-
threaded programming model, on this basis, it is further extended to support the
creation of hardware threads, control and data transmission, to provide designers
with dynamic recon�gurable hardware and software uni�ed multi-threaded program-
ming model SHUMDR.

Taking the AES application driven by data �ow as an example, it is assumed that
the data source to be processed is stored in Compact Flash in binary �le format.
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The application is divided into multiple threads for processing. Among them, the
data producer software thread acquires the data block to be processed, the data
encryption hardware thread, the thread of the data decryption hardware sharing
the PRR resources, and the data block is processed. Data consumer software thread
will handle the results of the data block output, through the serial port on the host.
The process �rst allocates two shared data bu�ers, and then creates three threads.
Among them, when hardware encryption thread was created, the dynamic binding
of the pile thread, the thread between the pile thread and the producer software
thread, the consumer software thread can achieve an orderly access to the shared
bu�er through two semaphores to complete the communication between software
and hardware. According to SHUMDR, when the system is running, the operating
system can dynamically reconstruct the PRR according to the resource usage and
hardware task description. Once the hardware encryption thread is exited, the PRR
resource is released and the data decryption thread can be created to decrypt the
data. The data decryption process is similar to the data encryption process.

4. Result analysis and discussion

4.1. Hardware thread resource usage

In the previous experimental platform, the hardware thread is the hardware logic
module which is run on the PRR through the HTI package, and is communicated
with the CPU through the OPB bus, and is accepted by the operating system. The
results are shown in Table 1.

Table 1. Usage of HTI resources

HTI resource usage Number of XC2VP30
FPGA resources

HTI resource occu-
pancy

Slice 433 13696 3.20%

FF 773 27382 2.80%

LUT 574 27392 2.10%

BRAM 2 136 1.40%

As shown in the table above, the number of Slice used is only 3.2% of the review.

4.2. Hardware thread creation

Table 2 shows the time required to create encryption and decryption hardware
thread. The average creation time of the software thread set by the default attribute
is 19µs; and the hardware thread creation time includes task con�guration time, task
management time, and stub thread creation time.

As can be seen from Table 2, if the hardware task con�guration hits, there is
no need to recon�gure, the hardware thread creation time only includes task man-
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agement time as well as the thread creation time for 50µs. If the hardware task
con�guration is invalid, task recon�guration is needed. In order to reduce the cre-
ation time of the hardware task con�guration failure, SHUMDR uses CBB in the
system memory to improve the data transmission rate. With AES encryption hard-
ware thread, for example, task con�guration time reduced from 821.9ms to 32.29ms.
As can be seen from Table 2, the use of CBB signi�cantly shortens the hardware
thread creation time.

Table 2. Hardware thread creation time

AAES encrypts hardware threads
(bit stream �le size: 307525Bytes)

AES decrypts the hardware thread
(bit stream �le size: 293821Bytes)

Use CBB Not used CBB Use CBB Not used CBB

Task con�gura-
tion time

32.29 821.90 31.48 776.63

Task manage-
ment time+
Pile thread cre-
ation time

005 0.05 0.05 0.05

Create time for
hardware task
con�guration
failure

32.34 821.95 31.53 776.68

Create time for
hardware task
con�guration
hit

0.05 0.05

4.3. Communication and synchronization between threads

Table 3 describes that when data cache (D-Cache) is turned on, shared bu�er size
is 2K, 4K, 8KByte, CPU direct data I / O read and write mode is used to extend
the communication time between threads corresponding to the communication API.
Among them, the extended communication API combined with di�erent shared
bu�er allocation, which is corresponding to di�erent data transmission delay.

As can be seen from Table 3, compared with the way that CPU is directly re-
sponsible for data transmission, SHUMDR uses the DMA in the communication
controller, which e�ectively improves the communication e�ciency between threads.
Among them, the dynamically allocated bu�er is located in the D-Cache bu�er mem-
ory area, while the static allocated bu�er is located in the non-bu�er address area.
Compared with the static bu�er allocation method, because of the need to maintain
the consistency of Cache data, the communication time of dynamic bu�er allocation
is relatively long, which is characterized by better communication �exibility and
programming transparency.
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Table 2. Hardware thread creation time

Communication time from software thread to hardware thread

Shared bu�er
size (bytes)

Dynamic bu�er allocation Static bu�er al-
location

Direct I/O read
and write

D-Cache up-
date

Data transmis-
sion

Data transmis-
sion

Data transmis-
sion

2K 85.64 18.46 24.52 184.29

4K 167.56 33.50 43.12 369.21

8K 331.41 63.45 81.22 739.02

Communication time from software thread to hardware thread

Shared bu�er
size (bytes)

Dynamic bu�er allocation Static bu�er al-
location

Direct I/O read
and write

D-Cache void Data transmis-
sion

Data transmis-
sion

Data transmis-
sion

2K 83.47 18.46 24.52 184.29

4K 165.59 33.50 43.12 369.21

8K 329.10 63.45 81.22 739.02

5. Conclusion

As a new computing model, recon�gurable computing has high performance and
�exibility, which is one of the hot research areas of the current architecture. It can
con�gure the realization of the circuit according to the application requirements
and can be used in the �eld of embedded system design. In this paper, through the
analysis and research of the previous technology, the key technologies of practical
application were deeply studied, the experimental platform was built, and the case
analysis was carried out.

In this paper, a model-driven design method for recon�gurable embedded sys-
tems was proposed to design and implement a dynamic recon�gurable operating
system prototype guided by a uni�ed multitasking model, which provides designers
with a uni�ed multi-threaded programming model of hardware and software com-
bined with the programming model. Performance of load applications was analyzed
and predicted. From the di�erent semantics and implementation of hardware and
software tasks, an operating system framework based on uni�ed multitasking model
was designed.

In this paper, the key issues in system-level design and operational environment
support were discussed, some progress was achieved, but there are still many areas to
be improved. For example, in the prototype of recon�gurable operating system, the
communication between hardware tasks still needs to be realized by the task of the
pile, and the communication e�ciency between hardware tasks has not been fully
exploited. It is necessary to further improve the existing hardware task interface and
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the inter task communication mechanism, so as to reduce the communication and
synchronization overhead between the hardware tasks, to improve the performance
of the operating system.
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The large data particle clustering
algorithm based on minimum variance

response1

Zeng Jun2

Abstract. Large data clustering has good application value in the field of pattern recognition
and fault diagnosis. A large data clustering algorithm based on minimum variance response is
proposed. Firstly, the standard particle swarm algorithm is analyzed, the principle of minimum
variance response and large data clustering is studied. Using the method of particle swarm optimiza-
tion to reconstruct and extract the feature vector of large data information flow. Two approaches
are proposed based on the limitation conditions of the minimum variance distortionless response
beamforming [1]. The first one translates the uncertainty Constraints into the uncertainty for the
whole extended steering vector. The second one uses the structure information of signal. Simu-
lation results show that the algorithm can effectively improve the accuracy of data classification,
reduce the error rate and improve the performance of data mining and feature extraction.

Key words. Large data clustering, particle swarm, minimum variance distortionless, re-
sponse, beamforming.

1. Introduction

With the development of information computing science, the research of biology
is applied in computational science, which realizes the design of intelligent bionic
optimization algorithm and improves the processing and analysis ability of large
data. The intelligent bionic algorithm mainly includes ant colony algorithm, Parti-
cle swarm optimization and quantum swarm optimization. Through the biomimetic
principle of this kind of biological group or particle, the mathematical model of man
and nature is simulated to realize the design of group intelligent optimization al-
gorithm. The group intelligent optimization algorithm has better performance in

1This work was supported by the Project of Education Commission in Chongqing: Research on
parallel mining of large data based on Hadoop architecture, KJ15012021 and "Chunhui" project
of Ministry of education: Preliminary application of big data on intelligent agriculture platform of
Internet of things, S2016038.

2College of Computer Engineering of Yangtze Normal University, Chongqing, China, 408100
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artificial intelligence design, data clustering analysis and computer control [2].Large
data clustering has a good application value in the fields of pattern recognition and
fault diagnosis. In this paper, we introduce particle swarm optimization algorithm
to improve the data clustering algorithm, and propose a large data particle cluster-
ing algorithm based on minimum variance response. Particle Swarm Optimization
(PSO) is a population-based adaptive stochastic optimization algorithm, which is de-
rived from Kennedy and Eberbar’s research on foraging behavior of bird population.
Now particle swarm optimization (PSO) is widely used in pattern recognition, data
mining and intelligent control. In this paper, the standard particle swarm algorithm
is analyzed, and the principle of large data clustering is studied by particle swarm
optimization algorithm. Particle swarm space recombination method is used to re-
construct and extract the feature vector of large data flow, and optimize clustering
is realized. Finally, performance tests were carried out by simulation experiments,
showing better data clustering performance.

2. Standard particle swarm optimization and data clustering

2.1. Standard particle swarm optimization

Particle swarm optimization (PSO) is based on the simulation of biological ac-
tivities, and a new intelligent optimization algorithm is constructed by simulating
the ability of the group to cooperate with each other. But the particle swarm algo-
rithm itself comes from the phenomenon of biological groups, the theoretical basis is
not complete. And because of its stochastic approximation optimization algorithm,
it is mainly applied to continuous region, so the algorithm has the disadvantages
of premature convergence and difficulty in applying discrete problem. Therefore,
it is very important to study the theoretical analysis, algorithm improvement and
discretization of particle swarm optimization [3].

The standard particle swarm algorithm and the discrete binary particle swarm
algorithm are analyzed and improved. We obtain the following results: (1) Particle
swarm algorithm is a heuristic stochastic optimization algorithm, each particle chase
its own optimal particle and global optimal location search, and chase with random
factors. Particle swarm algorithm in this random search process, the particles even-
tually converge to the group optimal particles. In this paper, it is theoretically
proved that the trajectories of the particles converge to the optimal particle position
of the population under the condition of increasing the randomness and the opti-
mization of the particle optimal point. According to the theoretical results of the
analysis, the principle of algorithm weight selection is further explained.

(2) Since the particle trajectory finally converges to the population optimal par-
ticle, this paper defines the concept of similarity between particles, and designs
the concept of calculating the diversity of the population particles. By calculating
the average similarity of the population particles and the optimal particles of the
population, and measure the diversity of particle groups. Based on the population
clustering degree and its similarity with the optimal particle size, each particle is
randomly generated [4]. Thus, an improved algorithm for the standard algorithm is
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constructed to improve the global search ability of the algorithm, to avoid premature
convergence, and to improve the standard performance of the algorithm.

(3) The weight of the standard algorithm is the parameter of the global search
and local search ability of the equilibrium algorithm, and its value affects the perfor-
mance of the algorithm.The weights of the standard algorithm are linearly decreasing
from the early to the later, but the weight of each particle is the same. In this pa-
per, according to the similarity between particles and the optimal particles of the
population, different weights are given to different particles, so that the weight of
each particle is different, and it changes with the iteration of the algorithm. This
constructs a particle swarm algorithm with dynamic change of weight.

(4) The theoretical analysis of the algorithm constructs a mathematical model,
and the mathematical model clearly reflects the mathematical meaning of the algo-
rithm itself from a mathematical point of view [5].By using this mathematical model
instead of the updating formula of the original algorithm speed and position, a new
evolutionary algorithm is obtained, and the selection of new evolutionary algorithm
parameters is analyzed. The new algorithm can directly reflect the mathematical
thinking of the algorithm. The simulation results show that the new algorithm is
not worse than the standard algorithm.

2.2. The basic flow of particle swarm optimization

The basic particle swarm algorithm is as follows:
Step 1: Initialization: The position and velocity of the particles are randomly

generated in the dimension space of the problem space.
Step 2: Evaluation of particles: For each particle, evaluate the applicable value

for the dimension optimization function.
Step 3: Update the best: 1) Compare the particle value and its individual optimal

value pbest, if better than pbest, its pbest position is set to the current particle position.
2) Compare the value of the particle to the population’s optimal value gbest. If
the current value is better than gbest, set the gbest position to the current particle
position.

Step 4: Update the particles: change the speed and position of the particle.
Step 5: Stop condition: the loop returns to Step 2 until the termination condition

is met, usually satisfying the applicable value and the maximum iteration algebra.
Corresponding to the above algorithm flow, the basic framework of particle swarm

algorithm is shown in Fig. 1.

2.3. Clustering algorithm overview

Traditional clustering algorithms such as hierarchical, average-linkage clustering
algorithm, segmented K-Means clustering algorithm, neural network-based pre-SOM
clustering algorithm and density-based DBSSAN algorithm, etc. They have been
proven effective in many applications, but they also have some problems: scholars
have not yet proved that they can produce the global optimal cluster, and these
clustering algorithms can not be efficient and accurate processing of high-dimensional
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Fig. 1. The basic framework of particle swarm optimization

large number of data clustering. So we propose a large data clustering algorithm
based on the nature and characteristics of the minimum spanning tree MST in graph
theory. The algorithm tries to simplify the clustering problem into the edge of the
MST. It is also the edge of the maximum weight of the MDT. The MST is divided
into several sub-trees [6]. Each sub-tree is an optimal cluster. The process does not
need to consider the size of the data and the distribution of the data shape, not
only solve the above problems, but also efficient and accurate processing of large
quantities of data. The algorithm can find abnormal points, and can be used in
combination with other clustering algorithms, which has some expansibility.

Based on the theory of graph theory, the data set is preprocessed by quantifying
the interrelatedness of each data object point. The data clustering analysis based
on the network is based on the large data of Kth high dimension. Constructing
adjacency: W data points are vertices, and the adjacency matrix between the data
is the weight of the edge, and a full graph is constructed: and then the MST of
the whole graph is generated. According to the actual problem and the distribution
state of the data, A sub-tree is the sub-tree of the smallest spanning tree, and a
sub-tree is an optimal clustering of the data set.

An adjacency matrix is a data matrix that uses a two-dimensional data set to
represent the relationship between data points. If graph G is the weighted network
graph, we can define it as:

Aij =

 wij if (vi, vj) or < vi, vj > ∈ E(G),

0 if (vi, vj) or < vi, vj > /∈ E(G).
(1)
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Here, wij represents the weight of the edge, and Figs. 2 and 3 show the process
of generating the adjacency matrix from the graph

Fig. 2. The original distribution of large data

Fig. 3. Generate adjacency matrix by empowering the whole graph

From this we can see that the adjacency matrix of the network graph is a sym-
metric matrix, and the elements of the ith row in the matrix are the distances wij

between the vertex Vi and the vertex Vj in the weighted graph.
In this paper, we obtain the adjacency matrix between the data object points,

so we get the full graph represented by the adjacency matrix, and let the weight of
the data object point. The algorithm of the minimum tree gets the MST of the full
graph, and then divides the edge of the smallest tree. And then in accordance with
the size of the MST edge of the division of the smallest tree edge, get a number of
the smallest tree subtree. Each subtree is an optimal Cluster.

The clustering algorithm is an unsupervised machine learning method, which
is a method of dividing data between the degrees of data objects. It can classify
data with high similarity or high relevance as a cluster, but the algorithm’s own
subjectivity is very strong; the algorithm uses different, the starting point assumes
that the difference in the number of clusters specified or pre-defined will make the
results different.

2.4. Realization of large data optimization clustering

The method of particle swarm optimization is used to reconstruct and extract
the feature vector of large data flow. The optimization of the algorithm is described
as follows: The hybrid algorithm based on particle swarm optimization is a pair of
chromosomal data with three segments. In the process of calculating the use of each
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region of the data parallel operation to improve efficiency [7], as a basis for large
data clustering to get clustering center vector distance:

(dik)2 = ||xk − Vi||2 . (2)

The particle swarm optimization is performed to obtain the particle recombina-
tion state:

c∑
i=1

µik = 1, k = 1, 2, ..., n . (3)

Set the population size M , the total number of iterations of the algorithm T ,
the current number of iterations TN , and obtain the phase shift velocity Vi =
(vi1, vi2, ..., viD)T and position xi = (xi1, xi2, ..., xiD)T of the zero point trajectory
of the multi-beam particles. Based on the constraint condition, the maximum value
of the clustering objective function is obtained by using the particle swarm depth
zero point trajectory optimization theorem [8]

µik =
1∑c

j=1

(
dik

jk

) 2
m−1

, (4)

Vi =

∑m
k=1(µik)mxk∑n
k=1(µik)m

. (5)

The disturbance variables loaded into the population of individuals are

xn,G = xn,G + ∆xi . (6)

For each particle, a random number between [0, 1] will be generated. If r ≤
m, and the subscript is the i 6= gbest, the large data stream is reconstructed and
extracted according to the information of each particle in the population Pi and Pg,
we obtain the characteristic space of the multi-beam particle group depth zero locus:

xi = (xi1, xi2, ..., xiD)T . (7)

The multi-beam particles are added into the population to produce the recom-
bination Schwefel 1.2 function z of the particle swarm space, which is the C×D
dimension. Through the above processing, the particle swarm optimization data
clustering algorithm is improved [9].

3. Simulation experiment and result analysis

In order to test the performance of this algorithm in the realization of large data
clustering, we conducted a simulation experiment, the experimental use of personal
PC as a hardware environment, PC operating system: Windows 7, the processor Intel
(R) Core (TM) 2 Duo CPU frequency 2.93GHz. The number of particles is Ns =
200, 500, 700, and 1000. The sampling interval is 1024 dB, the interference signal
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to noise ratio is -3 dB, the other parameters are n = 30K, m = {20, 50, and 100,
the data is sampled at a sampling time of 20 s, Each component of the cluster
population is between (0, 1) [10]. According to the simulation environment and
parameter design, the large data clustering simulation is carried out. First, the
distribution of the large data samples is given as shown in Fig.4.

Fig. 4. The original distribution of large data

With the above data as test samples, large data feature extraction and classifica-
tion processing, improve the data fusion and mining capabilities, we get clustering
results shown in Fig. 5, we can see from the figure, this algorithm can effectively
achieve large data clustering. The accuracy of clustering is 99.39%, the precision
is higher, the error rate is 12% lower than that of the traditional method, and the
application value is better.

Fig. 5. The original distribution of large data
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Simulation experiments are carried out to simulate the algorithm in this paper.
Based on the minimum variance response, the large data particle clustering algorithm
has obvious advantages both in the accuracy of the result, the complexity of the
calculation or the efficiency of the calculation. This algorithm has the advantages of
dealing with high - dimensional large - scale data, and it is an accurate, efficient and
fast clustering algorithm, which can solve the shortcomings of traditional clustering
algorithm. And in today’s large data for the mainstream of the era of the algorithm
has a very good practicality, can quickly and efficiently solve the problem.

4. Conclusion

This paper expounds the importance of data mining under the era of large data,
and points out that the main content of this paper is based on the analysis of
large data particle clustering based on minimum variance response. As an impor-
tant means of data mining, clustering analysis is a kind of important data mining
method, which divides the similarity data objects into the same data class cluster
through certain criterion. Each subset in the sample cluster has some similar At-
tributes. However, the traditional clustering algorithm presents the shortcomings
of low clustering efficiency, low precision and long calculation time when faced with
high-dimensional large data set. Based on the nature of the minimum variance
response, this paper proposes a clustering analysis of large data by using parti-
cle swarm optimization method. The adjacency matrix between each data object
is constructed by correlation analysis. Through simulation experiment using the
clustering method, we compare the algorithm with the traditional clustering algo-
rithm: the large data particle clustering algorithm based on the minimum variance
response, regardless of the accuracy of the result, the complexity of the calculation
or the efficiency of the calculation. The algorithm has the advantages of dealing
with high-dimensional large-scale data.
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The application of reactive power
compensation technology in electrical

automation engineering

LiMin Xu1

Abstract. In recent years, with the rapid development of China’s social economy and the
continuous improvement of science and technology, the power industry has begun to develop in the
direction of electrical automation. And the reactive power compensation is of great significance for
China’s electrical automation. In this paper, based on the application of reactive power compensa-
tion technology in electrical automation, firstly, the key technology of reactive power compensation
was introduced. Secondly, the way for realizing the application of reactive power compensation
technology was discussed. Finally, the application measure of reactive power compensation tech-
nology in electrical automation was put forward, so as to provide some reference for the reactive
power compensation technology in electrical automation.

Key words. Electrical automation, reactive power compensation technology, application.

1. Introduction

Reactive power compensation technology is developed recently in China, accord-
ing to adjust the electronic power supply system, the maximum power grid power
is achieved, and its utilization is improved. In this process, the power supply trans-
former and transmission line consumption is minimized, so as to improve the power
efficiency in the whole electric automation, and continually improve the power sup-
ply environment [1]. With the continuous improvement of the level of electrical
automation, the non-linear and unstable changes in electrical equipment increase
the reactive power of the transmission line to a certain extent. While in electri-
cal automation, the rational use of reactive power compensation technology cannot
effectively improve the energy efficiency of electrical equipment, while the reactive
efficiency in the automation process can be reduced, at the same time, to a cer-
tain extent, the stability and reliability of the electrical equipment operation can
be improved [2]. From the current actual situation to see, China’s power operation
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mode is divided into three kinds: low-voltage network, medium-voltage network and
high-voltage network. In these three power operation modes, the medium-voltage
network is relatively stable, and compared to high-voltage network, the low-voltage
network unstable. And then, how to ensure the stability of low-voltage network and
high-voltage network becomes an important issue that is urgent to be solved in the
power industry [3]. Through the use of reactive power compensation technology,
the stability of low-voltage network and high-voltage network has been significantly
improved. Reactive power compensation technology can effectively reduce the loss of
network operation and improve the utilization rate of power resources, thus increas-
ing the capacity of power supply equipment, and effectively controlling the voltage of
distribution system and power supply system in electrical automation [4]. Then, the
application of reactive power compensation technology in the process of electrical
automation can better maintain the stability of the power grid, thereby reducing
the damage of the break current to the internal components caused in the electrical
automation process, which has a good improvement role [5].

2. State of the art

2.1. The development situation and realization way of re-
active power compensation technology in electrical au-
tomation

In essence, the reactive power compensation technology is mainly used to improve
the high power factor of electrical automation, according to the fundamental way
by combining with the current filtering technology, to achieve the purpose of har-
monic compensation, and reducing the negative sequence. From the development of
reactive power compensation technology at this stage, China has made considerable
achievements in the research work of this technology [6]. In recent years, according
to apply the reactive power compensation technology to the problem of harmonic
control, to a large extent, a role in improving the power factor is played, so that the
ultimate purpose of filtering or counteracting the harmonics in electrical automation
is achieved.

Under the normal circumstances, in the electrical automation, the application of
the effective way of reactive power compensation technology can be divided into the
following several. Firstly, the simple filter design, which can be achieved by installing
a fixed capacitor and reactor, but before designing this filter, the actual power should
be considered, so as to ensure that the reactive power compensation technology can
improve the power factor and reduce the negative sequence. Secondly, the design of
vacuum circuit breaker, which has the characteristics of small investment and easy
operation, however, due to at the time of closing, the vacuum circuit breaker will
bring high-voltage withstand pressure for the capacitor, resulting in that dynamic
compensation effect is affected. Thirdly, the hybrid voltage regulator, that is, the
device consists of the fixed filters, capacitors and reactors, etc.; in general, it is to
use the bus bar voltage of the regulated step-down transformer to adjust the filter or
reactor voltage, so as to achieve the purpose of reactive power change. In addition,
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theoretically speaking, through the thermistor on-off regulation, tap-changer no-load
regulation, the electrical life will not be limited [7].

2.2. The problems of reactive power compensation technol-
ogy in electrical automation

Line wear problem. Because of the restriction of the development of China’s
actual uncompensated compensation technology, in a large number of use processes,
the current in China’s electrical automation circuit is transferred in a variety of high-
voltage transformer, then, through the transmission line, the current is conveyed to
middle and low voltage substation with the indirect help of external machines and
lines, so it is conveyed to the electricity enterprises or units that have different
demands step by step [8].

Effect of harmonic content on the capacitor, in the operation of electrical au-
tomation, the capacitor in the reactive power compensation technology has a certain
degree of anti-harmonic ability, and if the harmonic content in the circuit exceeds
the national standard, then, the capacitor life will suffer certain impact, and it will
be greatly shortened, or even appears in serious problems, resulting in that the ca-
pacitor cannot work, and the overall operation of the system is affected, which brings
running errors and troubles for the whole system.

Reactive power compensation capacity configuration is unreasonable. The appli-
cation of reactive power compensation technology in the field of electrical automation
in China is still in a primary stage, for the reactive power compensation technology,
in all relevant operations, such as the configuration coordination, it is inevitably
that there will be loopholes, which causes that in the process of electric automatic
operation, the power factor is too low at high load, or the phenomenon of compen-
sation will often occur when the load is low, and this seriously affects the quality of
electrical automation application [9].

2.3. Significance for applying the reactive power compen-
sation technology in the development of electrical au-
tomation

At the same time of the rapid development of China’s economy, the scientific
and technological fields have also secured big development, especially the develop-
ment in the field of electrical automation. Whether it is in the substation or the
high-speed rail traction system, the degree of application of the electrical automa-
tion is very high. However, there is a more serious problem in the application of
electrical automation technology, that is, the load problem of conventional single-
phase electric traction, the variation of the load is very complex, which results in the
unnecessary power increase, and then, it will affect the utilization rate of electrical
automation system, which is not conducive to improving the overall efficiency. For
the application of reactive power compensation technology in electrical automation,
its advantages can be divided into the following points: Firstly is to provide stable
support for the electrical automation system, this can not only stabilize the entire
system’s voltage, but also greatly improve the entire power grid quality and safety,
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at the same time, the regulator can also be configured properly, so as to improve the
transmission capacity of the whole system. Secondly, the partial electrical appliances
will produce overheating, and the main cause of the problem is due to the existence
of high harmonics, then, the use of reactive power compensation technology can
avoid that better [10]. The working principle is to set the static reactive power com-
pensator in the electrical automation system, thereby improving the voltage load
in the power grid, and avoiding the phenomenon of overheating temperature, so as
to protect the capacitor. Thirdly, if we meet the case of three-phase load imbal-
ance, the reactive power compensation technology can be used, and this can balance
the power. Besides, the rational application of reactive power compensation tech-
nology in electrical automation technology can effectively improve the stability and
anti-interference of the electrical system.

3. Methodology

3.1. The principle of reactive power compensation

Reactive power compensation, which is referred to as reactive power compensa-
tion, it plays a role of improving the power factor of the power grid in the power
supply system, reducing the power supply transformer and transmission line loss,
improving the power efficiency and the power supply environment. Therefore, in
the power supply system, reactive power compensation device is in an indispensable
and very important position. The reasonable choice of the compensation device can
minimize the loss of the power grid and improve its quality [11]. On the contrary, if
the choice or use is improper, it may cause the increase of the power supply system,
voltage fluctuations, harmonics and many other factors.

Power output power includes two parts: Firstly is the active power: direct con-
sumption of electricity, the electrical energy is transformed into mechanical energy,
heat, chemical energy or sound energy, according to use these work, this part of the
power is known as active power; secondly is the reactive power: electricity consump-
tion, this is only to change the electrical energy into another form of energy, which
is the essential condition for the electric device to be able to work, furthermore, this
energy can conduct the periodic transformation with the electric energy in the power
grid, which is called as reactive power (such as the occupied electric energy for the
electromagnetic components to establish the magnetic field, the occupied electric
energy for the capacitor to establish the electric field) [12].

3.2. The significance of reactive power compensation

Compensating the reactive power can increase the proportionality constant of
active power in the power grid.

Reducing the design capacity of power supply equipment, reducing the invest-
ment, for example, when the power factor cosϕ = 0.8 increases to cosϕ = 0.95,
the capacitor that takes 1 kvar can save equipment capacity 0.52 kW; conversely,
for the original equipment, increasing 0.52 kW is equivalent to increase the power
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supply equipment capacity. Therefore, the new construction and alteration of the
engineering should take full account of reactive power compensation, so that the
design capacity can be reduced, thereby reducing investment.

Reducing the line loss, the formula for calculating the change of power factor is
shown in Fig. 1.

∆P (%) = 1 − cos θ

cosϕ
× 100 % . (1)

It can be derived from (1), that cosϕ is the power factor after the compensation,
cosθ is the power factor before the compensation, then: cosϕ > cosθ, Therefore,
after increasing the power factor, the line loss rate is reduced, besides, reducing
the design capacity and the investment, increasing the transmission ratio of active
power in the power grid, and reducing the line loss directly determine and affect the
economic benefits of power supply enterprises [13].

3.3. Function of reactive power compensation technology in
electrical automation

The continuous advancement of electromechanical integration and the application
of electrical automation have greatly accelerated the development speed of power sys-
tem. The reactive power compensation technology system of electrical automation
is shown in Fig. 1, and its function is shown in Table 1.

Table 1. Function of the reactive power compensation technology of the electrical automation

1 When the three-phase load appears in the unbalanced conditions, the reactive
power compensation technology can balance the three-phase apparent power,
which plays an important role in improving the overall performance and anti-
interference of power system.

2 Because the power network composed of a large number of power transmission
lines can be divided into three modes: high, medium and low. In most cases,
the flow voltage of the high-voltage network and low-voltage network is very
unstable, and then, the use of reactive power compensation technology can
improve the stability and reliability of the electrical automation system, so
that the power system can greatly improve the transmission quality in more
secure conditions. Moreover, in actual use, the corresponding regulator can
be equipped with, and then, according to cooperate with the reactive power
compensation technology, the overall performance of the system operation is
improved, and the system’s anti-interference is enhanced.

3 Application of reactive power compensation technology in electrical automa-
tion can improve the power factor of the power grid and its load, and reduce
the capacity of each part of the electrical equipment as much as possible, thus
saving the operating costs and energy consumption.

4 In addition, the reactive power compensation technology can also configure
the corresponding static vary compensator for the system, on the one hand,
it can regulate the voltage of the power grid in the operation of electric au-
tomation; on the other hand, it can also provide safety guarantee for the cable
and capacitor in the operation of electrical automation, so as to prevent the
local heating failure caused by the high-frequency harmonics.
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Fig. 1. Reactive power compensation system of the electrical automation

3.4. The key technology of reactive power compensation

Power factor was introduced as follows in this paper. The so-called power factor
mainly refers to the proportion of the active power supplied by the apparent power
of the transformer and the line in the power network. In the operation of power
network, the power factor should be increased as much as possible. Because the
bigger the power, the better it is. If the power factor is large, most of the active
power can be supplied by the apparent power of the power equipment. Therefore,
the transmission of reactive power and the loss of active power are reduced [14].
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The power factor of the power supply equipment can be improved and the quality
of the voltage can be guaranteed by improving the power factor of the users within
a reasonable range. In this case, when Q is 0, the power factor is 1. Therefore, in
order to reduce the reactive power consumption of power equipment, it is necessary
to improve the power factor.

The method of compensating reactive power of shunt capacitor is as follows. The
adjustment of reactive compensation voltage: the removal and input of shunt com-
pensation capacitor will have certain influence on the voltage change of transformer
load side. Therefore, the quality of the voltage can be improved by the removal and
input of the capacitor. Firstly, the capacitor input is adjusted to the load side volt-
age of the transformer, which is shown in formula (2). The adjustment of the voltage
measured by the transformer when the capacitor is cut out is shown in formula (3).

UH =

√√√√ ∞∑
n=2

U2
n, IH =

√√√√ ∞∑
n=1

I2n , (2)

Uh =

√√√√ 25∑
k=1

XkIk . (3)

Here, Uh is harmonic voltage limit, Xk is the impedance of the kth harmonic, Ik
is the current of the kth harmonic.

3.5. Design method of reactive power compensation technol-
ogy in electrical automation

Table 2 summarizes the design method of reactive power compensation technol-
ogy in electrical automation.

3.6. Solving measures of the reactive power compensation
technology in the application of electrical automation

Strengthening the management of the user side, according to strengthen the
energy saving and management of the user side, the users can be fully aware of the
importance of reactive power compensation technology in electrical automation, and
then set up a consciousness of correctly treating the relationship between reactive
power compensation technology and power loss, so that to a large extent, the loss
of electrical energy in transmission lines can be reduced from the internal part.

Determining the actual capacity of substation reactive power compensation, in
determining the actual capacity size of the substation reactive power compensation,
people should be fully aware of the actual situation in different regions, and besides,
there are differences in the regulation of substation [15]. On this basis, the reactive
power compensation technology is used to conduct the reactive power compensation
for the low load, transformer of the transformer substation. And the latest tech-
nology, equipment and technology, the reasonable compensation capacity of power
industry are used. In addition, it is necessary to strengthen the skill training of staff,
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and try to reduce and prevent the occurrence of reactive power back phenomenon.

Table 2. Design method of reactive power compensation technology in electrical automation

Method Concrete content

The method of com-
bining the thyristor ad-
justment reactor phase
with the stable filtering
equipment

Through the method of combining the thyristor adjustment
reactor phase with the stable filtering equipment, the induc-
tive current of the inflow loop can be influenced at the time
of adjusting the saturation degree of saturation reactor, so as
to enable the extra capacitive power in the parallel filter to
achieve a balance. At the same time, because the filter can be
put into irregularly, to a certain extent, the use of thyristors
is reduced, and the processing speed of the system is greatly
guaranteed, but the drawback will be generated by filtering.

Method of combining
with a stable filter,
the capacitor adjust-
ment pressure and ca-
pacitor

Before using this method, it is necessary to adjust the bus
voltage of the two sides of the transformer low voltage, so as
to connect the filter on the low-voltage bus or the voltage on
reactor, and achieve the purpose of changing reactive power.
However, in terms of the present situation, the technical level
for achieving the combination of stable filter, capacitor adjust-
ment pressure and capacitor is not mature and perfect enough.

Method of combining
with the stable filtering
harmonic device and
controllable saturation
reactor

Series reactors and anti-parallel thyristors can play a role of
balancing and paralleling the compensating current of the ad-
ditional capacitive reactive power of filter, so as to meet the
requirements of the power factors. Relatively speaking, this
technology has several advantages: high investment time, easy
to operate, fast adjustment speed, and does not produce res-
onance and other advantages, while because this technology
has higher technical requirements, the risk is higher, the cost
is relatively expensive and other factors, resulting in that this
technology cannot be well applied.

Effectively compensating the low-voltage side of the distribution network capac-
itor group, in this regard, it is necessary to pay attention to the reduction of the
power and electric power caused by the transformer and line passing through the
reactive current transmission, while for the common transformer unit that its load
is relatively large, it is necessary to consider whether setting the capacitor bank at
the side of low-voltage distribution network, and then to implement the effective
compensation.

4. Result analysis and discussion

4.1. Cyclic switching test of simplified structure of reactive
power compensation system

Intelligent low-voltage reactive power compensation system simplified architec-
ture consists of two intelligent compensation capacitor integrated modules, and the
two integrated modules are equipped with two three-phase capacitors that the ca-
pacity is 5 kVAr. After power-on, firstly is to set the ID number of the capacitor
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and the corresponding capacity; then, it is to set one of them as the main controller
mode, and the other is the non-controller mode. The experimental results of con-
necting the reactive power compensation system into the power grid are shown in
Table 3.

Table 3. Experimental results of simplified structure of reactive power compensation system

Three-phase
voltage U
(V)

Current
value I (A)

Apparent
power S
(KVA)

Reactive
power Q
(kVAr)

Power
factor cosϕ

Before com-
pensation

211 106 22 15.3 0.73

After com-
pensation

217 78 16.8 5.4 0.95

It can be found that, firstly, the thyristor conduction, that is corresponding to the
first capacitor, the capacitor is put into the grid, indicating to compensate 5 kVAr
of amount of reactive power; and after a period of time, the thyristor conduction,
that is corresponding to the second capacitor, the capacitor is put into the grid,
then, there is no capacitor to be put into. After the three-phase motor’s operation is
stopped, the first capacitor is first removed, then, followed by the second capacitor,
indicating that the desired effect of the recirculation is achieved.

4.2. Optimized switching test for standard architecture of
reactive power compensation system

Intelligent low-voltage reactive power compensation system standard architecture
consists of a reactive power compensation controller and two intelligent compensa-
tion capacitor integrated modules, and among them, the capacity of one integrated
module is 5 kVAr three-phase capacitor and 10 kVAr three-phase capacitor; then, an-
other integrated module has 20 kVAr three-phase capacitor and 40 kVAr three-phase
capacitor. According to connecting this set of reactive power compensation system
to the power grid, the experimental results after operation are shown in Table 4.

Table 4. Experimental results of the standard architecture of reactive power compensation system

Three-phase
voltage U
(V)

Current
value I (A)

Apparent
power S
(KVA)

Reactive
power Q
(kVAr)

Power
factor cosϕ

Before com-
pensation

211 106 22 15.3 0.73

After com-
pensation

218 82 17.6 4.9 0.96

Through the experiment, it can be found that after the compensation capacitor
of the reactive power compensation system, the power factor of the power grid is
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compensated from the original 0.73 to 0.96, and the voltage value is increased from
211V to 218V. After the capacitor is put into the power grid, the reactive power
value is reduced a lot, and the quality of the power grid is highly improved.

5. Conclusion

In electrical automation, the use of reactive power compensation technology not
only enhanced the coordination and integrity of the entire system, but also played
a key role in improving its stability, at the same time, it also provided the condi-
tions for the use and utilization of the resources and energy of the whole system
more effectively, which played an important role in ensuring that the equipment
could be safely used in the electrical automation system. Then, according to dis-
cuss the development status, ways of realization, design method of reactive power
compensation technology in the electrical automation, as well as the problems in
the application process, a reasonable and effective way to solve these problems was
found, so that the efficiency of electronic automation was further improved, and
the loss of power energy during transmission was reduced. Moreover, in order to
further promote the reform and development of electrical automation industry, it
is necessary to strengthen relevant technical personnel’s research and development
efforts, and strengthen the improvement of technology and equipment, then solve
the problems existing in the application of reactive power compensation technology
in electrical automation.
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Environmental forecast of the solar
greenhouse based on the weighted

Markov chain1

Dongsheng Zhou2, 3, 5, Yikui Bai3, 5, 6, Rongfei
Zhao3, 5, Yingchun Jiang4, 5

Abstract. The prediction of Greenhouse environment is greatly important for solar green-
house modeling. Solar irradiation, humidity and soil temperature are the main influence factors of
the temperature in the greenhouse. The paper builds the weighted Markov chain model, it uses
sequential cluster to realize the state classification of sample output, it calculates the coefficients
and weights of each order autocorrelation, in order to simulate and predict the parameters in the
short term, which include the average solar irradiation, the average humidity and soil tempera-
ture, and then it predicts the average temperature of the greenhouse. Simulation results show that
environmental forecast interval is reasonable; the short term prediction modeling is accurate. It
provides a theoretical basis for the greenhouse temperature prediction, which has important guid-
ing significance in the light of the analysis of uncertainty parameter in greenhouse. It is easy to
bring about, it is less time to calculate, and provides a broader prospects

Key words. Solar greenhouse, simulation, sequential cluster, the weighted Markov chain,
environment prediction.

1. Introduction

Chinese solar greenhouse is the main production style of vegetables and fruits in
the north of China in the winter. Solar irradiation is the main source of energy, and it
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is affected by the season and weather; humidity reduces with temperature rises, and
humidity rises with temperature reduces; soil temperature rises or reduces with the
temperature of greenhouse [1, 2]. So mastering the relation of temperature and the
three influence factors is of great significance for the production of the greenhouse.

Research of environment of greenhouse focuses on the irradiation, temperature
and humidity. Light model is established to calculate the direct solar radiation and
scattered radiation [3, 4], time series method [5], nerve network [6], constrained
predictive control model and self-adapting mechanism model to forecast the tem-
perature of the solar greenhouse [7, 8]. The paper puts forward improving extreme
learning machine algorithm [9], grey prediction model to forecast the temperature
and humidity [10]. Daily change and math-expression method is used to analyze the
temperature variation [11]. Markov chain is used to simulate and predict the PV
output and wind speed in recent years, and got the better effects [12–15].

2. Materials and methods

2.1. Data analysis

The experimental greenhouse is located in the Shenyang Agricultural University
scientific research base (123.4 ◦E, 41.8 ◦N). The greenhouse toward for 5 ◦ south by
west, the length is 60m, the span is 10m, the angle of south roof is 30.5 ◦, the
height of roof is 5m, the height of back wall is 3.2m, the wall is multilayer that is
combined bricks and benzene board, the film is PE. The structure of greenhouse is
main structural style in the Liaoning China.

The samples were selected from December 1st, 2015 to January 19th, 2016, a
total of 50 days of data. The experiment measured the data of solar irradiation that
entered greenhouse, inner temperature of greenhouse, inner soil temperature, inner
humidity and outer temperature through using the wireless meteorological station
made by ADCON, spectral range of pyranometer is between 400 nm and 1100 nm, op-
erating temperature is between –30 ◦ and 70 ◦C, sensitivity is between 60VW−1m−1
and 100VW−1 m−1, max irradiation is 2000Wm−2, accuracy of temperature sensor
is < ±0.2 ◦C, measure range is between –40 ◦C and 60 ◦C. The equipment records
data every 15 minutes. We selected the data from 9:00 to 15:00 and calculated
the total solar irradiation, average humidity, average inner temperature and average
outer temperature.

The environmental data samples in solar greenhouse are shown in Figure 1. The
distribution curve shows random distribution characteristics, and there is distinct
boundaries interval range. Therefore, Markov chain short-term prediction is suitable
for matching the characteristics of temperature interval distribution. In the actual
engineering design, the temperature specific values in solar greenhouse are unde-
termined, but their state boundaries can be predicted to achieve by Markov chain.
So the feasible range is provided for engineering design by means of Markov chain
prediction.

Inner temperature of greenhouse is a main indicator that measures greenhouse.
Solar irradiation, outer temperature and soil temperature are major impact factors.
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Fig. 1. Temperature range of data samples

The linear relationship analysis is based on SPSS 20.0 and significance level is less
than or equal to 0.05. The analysis result is shown in Table 1.

Table 1. The linear relationship analysis of impact factors and inner temperature

Impact factor Association Sig. R2

Solar irradiation 0.711 0.000 0.769
Soil temperature –0.790 0.000

Humidity 0.789 0.000

Analyzed from Table 1, the three impact factors and inner temperature exhibit
a linear relationship. Multivariate regression linear equation is y = 0.907 + 0.10x1−
0.65x2 + 1.111x3.

For next processing, Consider the method presented by Fisher in 1958. It is used
to deal with sequential data. The steps of classification are as follows: Ordinal sam-
ple is X, b (n, k) represents the kth classifications of n samples. Symbol G represents
one of the classifications and contains parameters

{
X(i),X(i+1), . . . . . . , X(j),

}
(j > i).

The average vector

X̄G =
1

j − i + 1

j∑
t=i

X(t) .

Let D (i, j) represents diameter of the classification,

D(i, j) =

j∑
t=i

(
X(t) − X̄G

)′ (
X(t) − X̄G

)
.
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If m = 1, then D (i, j) =
j∑

t=i

∣∣X(t) − X̄G

∣∣, X̄G representing the median of data.

Define the error function L

L [b (n, k)] =

k∑
i=1

D (it, it+1 − 1) . (1)

If L [b (n, k)] is smaller, the sum of deviations is also smaller. The classification
is then more reasonable. Then, based on the equation (1), we achieve the optimal
segmentation through the iterative method.

Obtain the optimal solution. First, find jk as the point of division, make the
result of (1) the smallest possible, and obtain Gk. Now, based on the above method,
obtain all classifications G1, G2, G3, . . . , Gk. This can be written as

p (n, k) = {G1, G2, . . . , G1k} . (2)

2.2. Weighted Markov chain

Markov Chain is a random process that meets two hypothesizes as follows:
1. Probability distribution of system state at the T + 1th moment relates with

T th moment, and has nothing to do with phenomena before T th moment.
2. State transition from T th to T + 1th moment has nothing to do with the T th

moment. A Markov Model is represented by triple E = (S, P,Q, where S represents
the state space, P represents the state transition probability and Q represents the
initial probability density.

The weighted Markov Chain is an improved Markov chain. It can be used to
describe a lot of dynamic in economic, weather forecast, etc. It can predict the
current state based on the number of past states, then predict and analyze through
weight on the basis of the relationship of the current state and the past states,
achieve the aim of prediction adequately and reasonably. The method is suitable for
prediction in short term.

3. Case study and discussion

The experimental greenhouse lies in the science and research base of Shenyang
Agricultural University. Select 50 sets of data of total irradiation, average humidity
and average soil temperature. Adopt the Weighted Markov Chain to predict total
irradiation, average humidity and average soil temperature. Based on the three in-
dicators, analyze the range of inner temperature of greenhouse. Explain the process
based on the irradiation. The steps are as follows:

Step (1). Classify the data in accordance with the Sequential Clustering Method,
generate the classification standard. In the example, the data is classified five classes,
which includes total irradiation, average humidity and average soil temperature. The
standard is shown in Table 2.
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Table 2. Classification standard of data

State Total irradiation Average humidity Average soil temperature

1 <1000W/m2 >85 <12.5 ◦C

2 1000∼3000W/m2 75∼85 12.5∼14 ◦C

3 3000∼4500W/m2 65∼75 14∼15 ◦C

4 4500∼5900W/m2 58∼65 15∼17 ◦C

5 >5900W/m2 <58 >17 ◦C

Step (2). Transform the irradiation value into the corresponding state, which is
shown in Fig. 2.

Fig. 2. Irradiation and state classification

Step (3). Calculate autocorrelation coefficient of every order rk, k ∈ E.

rk =

∑n−k
l=1 (xl − x) (xl+k − x)∑n

l=1 (xl − x)
2 . (3)

In the equation, rk represents autocorrelation coefficient of the kth order, xl

represents irradiation of the lth moment, and x̄ represents average irradiation. The
autocorrelation coefficient is shown in Table 3.

Table 3. Autocorrelation coefficient of orders from 1 to 8
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1 2 3 4 5 6 7 8
rk 0.9542 -1.3977 -1.3171 -2.9484 1.3758 0.9132 1.2616 0.9707

zk 0.0857 0.1255 0.1182 0.2647 0.1235 0.0820 0.1133 0.0871

Step (4). Normalize the autocorrelation coefficient.

wk =
|rk|∑m
k=1 |rk|

. (4)

Here, wk represents the weight of the kth order, m represents the max order.
The weights are also shown in Table 3.

Step (5). Calculate respectively eight-order transfer matrices, the matrices rep-
resenting the probability rules of state transitions.

P (1) =


1/6 0 1/3 1/2 0
1/7 2/7 2/7 1/7 1/7
1/14 1/7 2/7 3/7 1/14
2/15 2/15 2/5 2/15 1/5

0 1/7 0 4/7 2/7

 ,

P (2) =


0 1/6 1/2 1/3 0

1/7 0 3/7 2/7 1/7
3/14 3/14 3/14 3/14 1/7
1/15 1/15 4/15 7/15 2/15

0 1/3 1/6 1/6 1/3

 ,

P (3) =


0 0 2/3 1/3 0
0 0 1/3 1/2 1/6

3/14 0 3/14 5/14 3/14
2/15 1/5 1/5 4/15 1/5

0 1/2 1/3 1/6 0

 ,

P (4) =


1/3 1/6 1/6 1/6 1/6
1/5 0 1/5 2/5 1/5
1/14 1/7 2/7 5/14 1/7
1/15 1/15 4/15 2/5 1/5

0 1/3 1/2 1/6 0

 ,

P (5) =


0 1/6 1/2 1/3 0

1/5 1/5 1/5 1/5 1/5
1/13 1/13 2/13 6/13 3/13
1/5 2/15 1/3 4/15 1/15
0 1/6 1/3 1/6 1/3

 ,
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P (6) =


0 0 1/3 2/3 0

1/5 2/5 1/5 1/5 0
3/13 0 4/13 3/13 3/13

0 3/14 2/7 3/14 2/7
1/6 1/6 1/6 1/2 0

 ,

P (7) =


0 1/6 1/2 1/6 1/6

1/5 1/5 1/5 2/5 0
1/13 2/13 4/13 4/13 2/13
1/7 1/7 2/7 2/7 1/7
1/5 0 0 2/5 2/5

 ,

P (8) =


1/3 0 0 1/6 1/2
1/5 0 2/5 2/5 0
0 4/13 4/13 4/13 1/13

1/13 1/13 5/13 3/13 3/13
1/5 0 1/5 3/5 0

 ,

Step (6) Calculate the state probability of the moment. P
(k)
i , i ∈ E, k =

1, 2, . . . ,m Predict the irradiation state on the January 20. The results are shown
in Table 4.

Table 4. Prediction table of total irradiation on January 20

Initial
day

State Hysteresis
time
(day)

Weight State Probability
resource

1 2 3 4 5

Jan.19 4 1 0.0856645 2/15 2/15 2/5 2/15 1/5 P (1)

Jan.18 5 2 0.1254783 0 1/3 1/6 1/6 1/3 P (2)

Jan.17 2 3 0.1182479 0 0 1/3 1/2 1/6 P (3)

Jan.16 2 4 0.2647003 1/5 0 1/5 2/5 1/5 P (4)

Jan.15 3 5 0.1235196 1/13 1/13 2/13 6/13 3/13 P (5)

Jan.14 4 6 0.0819807 0 3/14 2/7 3/14 2/7 P (6)

Jan.13 5 7 0.1132639 1/5 0 0 2/5 2/5 P (7)

Jan.12 4 8 0.0871448 1/13 1/13 5/13 3/13 3/13 P (8)

Pi (the sum of weights) 0.103 0.087 0.224 0.337 0.249

Step (7). The weighted sum of every same state prediction probability is taken
as the prediction probability of the state

Pi =

m∑
k=1

wkP
k
i , i ∈ E , (5)
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where max {Pi, i ∈ E} is the prediction probability. In Table 5, the state of total
irradiation on the Jan. 20 is 4, the result agrees with the actual value. And so on,
we predict the state for the next 5 day; the results are also shown in the Table 5.

The same method is used for calculation of prediction of humidity and soil tem-
perature. The results are shown in Table 6 and Table 7, respectively.

Table 5. The results simulation and prediction of total irradiation

Date State Prediction
state

Actual
state

Actual
value

1 2 3 4 5

Jan. 20 0.1032 0.0870 0.2235 0.3373 0.2490 4 4 5767.4

Jan. 21 0.1500 0.1198 0.2598 0.3238 0.1466 4 4 5680.0

Jan. 22 0.0921 0.2133 0.3332 0.2417 0.1198 3 3 4424.4

Jan. 23 0.0922 0.1639 0.2690 0.3165 0.1583 4 4 5803.4

Jan. 24 0.1502 0.1324 0.2677 0.3298 0.1199 4 4 5066.9

Table 6. The results simulation and prediction of humidity

Date State Prediction
state

Actual
state

Actual
value

1 2 3 4 5

Jan. 20 0.4948 0.1450 0.2042 0.0854 0.0706 1 1 39.320

Jan. 21 0.5123 0.1360 0.2270 0.0749 0.0500 1 1 41.540

Jan. 22 0.5003 0.1576 0.2368 0.0517 0.0536 1 1 45.716

Jan. 23 0.4406 0.1725 0.2745 0.0581 0.0542 1 1 39.204

Jan. 24 0.4633 0.1535 0.2974 0.0497 0.0361 1 1 43.808

Table 7. The results simulation and prediction of soil temperature

Date State Prediction
state

Actual
state

Actual
value

1 2 3 4 5

Jan. 20 0.2321 0.1363 0.1482 0.3286 0.1548 4 4 16.412

Jan. 21 0.3115 0.1432 0.0590 0.1474 0.3389 5 5 17.596

Jan. 22 0.1384 0.1309 0.1637 0.0743 0.4928 5 5 17.221

Jan. 23 0.1344 0.1282 0.1975 0.0337 0.5062 5 5 17.412

Jan. 24 0.1017 0.2254 0.1801 0.1930 0.2998 5 5 17.152
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In the practical production, the temperature of inner greenhouse is major con-
sideration. When the temperature is over 20 ◦C, the environment is suitable of
the growth of vegetable, so the indicator that the temperature is over 20 ◦C is a
very important parameter. Through predicting inner irradiation, humidity and soil
temperature, we can establish a relationship of the three and temperature of inner
greenhouse. The results are shown in Table 8.

Table 8. The relationship of temperature and the three (irradiation, humidity and soil
temperature)

Parameter Value The count of tem-
peratures >20 ◦C

Value Temperature >
20 ◦C

Irradiation > 4400W/m2 > 13 < 2000W/m2 0

Humidity < 60 > 18 > 80 0

Soil tempera-
ture

> 15.5 ◦C > 12 < 13.5 ◦C 0

From the above table, we can observe that the prediction state is matched with
actual state. This indicates that the method is effective, and we can use the method
to predict the environmental parameters of greenhouse.

Predicting the main impact factors of the inner environment of solar greenhouse
with Weighted Markov Chain, which has been built, presents the predictive state of
irradiation, humidity and soil temperature in the solar greenhouse, and shows the
actual state and actual values.

In summary, the above data show that the effect of simulation and prediction
of impact factors is satisfactory, the prediction agrees well with the actual situa-
tion, and the model is successful. Table 8 shows that irradiation, humidity and
soil temperature are the important impact factors. When irradiation value is over
4400W/m2, the count of the inner temperature over 20 ◦C is over 13, when irra-
diation value is under 2000W/m2, the count is 0. When humidity value is under
60, the count of inner temperature over 20 ◦C is over 18 when the value is over 80,
the count is 0. When soil temperature is over 15.5 ◦C, the count is over 12, when
the value is under 13.5 ◦C, the count is 0. So we can predict whether the weather
is suitable for the growth of plants in the short term, and provide the basis for the
environment control.

4. Conclusion

In the study, the Weighted Markov Chain method was adopted to predict the
major environment impact factors in the solar greenhouse. The results show that
predictive accuracy of the model is high, and predictive states are according with the
actual states. The predictive results are objective and reasonable, and the impact
factors have a strong nonlinear relationship. Therefore, the model can be applied to
forecast the indicators (including irradiation, humidity and soil temperature).
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Adopted Sequential Clustering Method to classify the data, make the data groups
more reasonable. With the help of MATLAB, it is easy to classify the data.

Weighted Markov Chain method is adopted to forecast the inner environment of
solar greenhouse and which will be targeted to improve the management level in the
solar greenhouse. It can also provide a realistic approach to environment control in
the greenhouse.
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Anti-collision algorithm and security
authentication mechanism of radio
frequency identification system1

Jinyan Liu2, Quanyuan Feng2

Abstract. Radio frequency identification (RFID) is a non-contact automatic identification
communication technology. Based on the requirement analysis of anti-collision algorithm and se-
curity authentication function of radio frequency identification system in this paper, the improved
binary search anti-collision algorithm and the RFID security authentication protocol based on Hash
function and state locking were proposed respectively, so as to ensure the promotion of the effi-
ciency and security of radio frequency identification system. The results show that the improved
binary search anti-collision algorithm has a shorter data transmission length, and is more efficient
for large-scale object label recognition, and the RFID security authentication protocol based on
Hash function and state locking can avoid illegal attack and complete tag authentication effectively
through Hash function, symmetric encryption, ID updating and K value.

Key words. Anti-collision algorithm, RFID, binary search, hash function.

1. Introduction

With the innovation of information technology, it is possible to establish commu-
nications between object information through information sensing devices, identifi-
cation systems and the Internet, so as to realize the automatic and intelligent system
of information system in the development of modern industry [1]. Radio frequency
identification (RFID) system, as an important component of the perception layer in
the architecture of Internet of things, is the key module to support the Internet of
things. RFID technology allows contactless and unique identifying objects, and the
Internet of things transfers this information from the sense layer to the application
layer through the network layer, so that the interconnected neural net of things is
formed.

1This work is supported by the National Natural Science Foundation of China under Grant
61531016.

2School of Information Science and Technology, Southwest Jiaotong University, Chengdu,
Sichuan, China, 610031
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Compared with other identification technologies, RFID technology can adapt to
long distances, and it can make a batch and other advantages, so it has been widely
concerned and applied to the logistics, access control and other industries [2]. Al-
though the RFID technology in the world has been widely studied and applied, there
are still some problems such as high costs of electronic tags, overlapping aliasing of
multiple labels and information security, which restricts the popularization and pro-
motion of RFID technology. Based on this, the research on anti-collision algorithm
and security mechanism of RFID technology was launched in this paper, so as to
improve the operation efficiency of RFID system and guarantee the security of data
and channel.

2. State of the art

In RFID system, information collision refers to the superposition of multiple tag
information when multiple tags are identified at the same time, thus, it is difficult
for readers to recognize the tag information, which seriously reduces the operation
efficiency of RFID system [3]. The anti-collision algorithm based on RFID system
is built on the principle of time division multiplexing (TDMA), and scholars have
also done a lot of researches on anti-collision algorithms of RFID system, but in the
past research on anti-collision algorithm, it will still face such problems. On the
one hand, some anti-collision algorithms have too long recognition times and high
requirements on the moving speed of tags, so the efficiency is too low; on the other
hand, if it simply increases the recognition efficiency by increasing the amount of
control in a timely manner, it will result in a substantial increase in operating costs
[4]. Therefore, it is an urgent problem for RFID system to improve the operation
efficiency without increasing the system cost.

The security authentication mechanism of RFID system is concerned with many
aspects, such as system security protection and privacy protection. Only by ensuring
the data security of RFID system, can the effective application of Internet of things
be realized [5]. In order to prevent the illegal attack on RFID system and the leakage
of information of individuals, goods and enterprises, it is necessary to realize the
encryption of information and the security authentication of users through security
protocol. There are more mature security protocols, such as DES and AES, but what
cannot be ignored is that these security protocols can guarantee the operation safety
of system to a certain extent, and there is also an increase in costs resulting from
the increased logical processing units. At the same time, limited to the calculation
and storage capabilities of the tag, it is difficult for the existing security protocols to
be popularized in applications of the RFID system. Therefore, lightweight security
protocol is also the focus of RFID system research.
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2.1. Methodology

2.2. An improved binary search anti-collision algorithm

In this paper, through the study of the current status of RFID system operations
and the application of the survey results, it is found that the binary search algorithm
has high recognition rate for electronic tags, which is more suitable for large-scale
identification of objects. Therefore, in this paper, a binary search anti-collision
algorithm was used as the object of study, and on this basis, the improved binary
search anti-collision algorithm was analyzed and studied.

The binary search algorithm requires Manchester encoding (Manchester) to pro-
vide accurate bit locations for multiple electronic tags to enter the identification
area, so that the tag search can then be carried out according to the corresponding
rules [6]. The encoding setting map is listed in Table 1.

Table 1. Electronic tag encoding settings

Tag number Coding (8-bit)

Label 1 01010101
Label 2 01010111
Label 3 01110101
Label 4 01100110
Label 5 01010100

In this study, the sleep counting method was adopted; then, the search time
of the reader was then shortened by identifying an electronic tag state. The anti-
collision command in this algorithm is divided into request command Request (x,
m), activation command Active, removing command Unselect and Read-Data and
so on [7]. The function of the request command is to detect the difference between
the high value of the tag conflict and the binary value of the 1 bit. If the value
is consistent, it will be answered and returned, otherwise, the label is converted to
sleep, and the corresponding sleep level is 1 or 1.; the activation command is used
to reduce the sleep label, and make it become the standby state by reducing the 1
sleep level of the sleeping tag; the removing command is to change the selected label
into "silent", without responding to the commands issued by the reader [8]. In this
study, the tag code was set as 8 and the number was 5, as shown in Fig. 1.

When the tag enters the identification area, a request command is issued to all
tags in the area. The diagram is shown in Fig. 1, and the process is as follows:

The first request command: for the label entering the reading area, the system
sends the Request (NULL, 8) command to it, and then the UID data obtained is
01XX01XX. The maximum collision bit index is 5, which is used as the parameter
setting for the second request command, and at the second time, it executes the
Request (0, 5) command.

The second request command: after the execution of the first command, the
standby fifth-bit response labels are numbered Label, 1, Label 2, and Label 5. The
UID data obtained at this time is 010101XX, and the maximum collision bit index
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Fig. 1. Collision algorithm identification schemes

is 1, so the Request (0, 1) command is required for the third time. In addition, the
command sets label 3 and label 4 to be in a sleeping state (the fifth is 1), and the
label 1, label 2, and label 5 still keep a standby state.

The third request command: at this point, label 1 and label 5 which are on a
standby state will respond to the Request (0, 1) command issued by the reader,
and the maximum collision bit index is 0, and the fourth request command can be
executed. The command parameter is Request (0, 0). In addition, the value of the
sleep level of label 2 is 1, and label 3 and label 4 are added to 1.

The fourth request command: the execution process has no collision and can
be accurately identified, and it will execute other commands in turn, and it will
also execute the living command Unselect at the end of the execution and place
it in "silent". When a tag is correctly identified, the system sends the activation
command Active to all tags, and the dormant degree of corresponding labels has
been reduced by 1, and the rebound strategy has been taken. Unlike the beginning,
the first parameter is 1.

The fifth request command: the system sends a request command to each tag,
and at this time the parameter is set as Request (1, 0), which means that the label
whose zeroth digit value is 1 should make a response. Comparing the coding of the
five tags, it is found that each of them does not produce collisions, so that the tags
can be correctly identified and other operations can be performed sequentially.

The sixth request command: the command parameter is Request (1, 1), and
Label 2 responds to the reader and can be correctly identified.

The seventh request command: the command that the system sends to the tag is
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Request (1, 5), and when both Label 3 and Label 4 make a response (both of which
are standby labels with the fifth digit value of 1), and the maximum collision bit
index is 4, which is the parameter of the next request command.

The eighth request command: according to the above operation, the operation
result shows that the request command is Request (0, 4), and Label 4 makes a
response (the encoding is a standby label with the fourth digit value of 0), and the
collision does not happen.

As shown in Fig. 1, the binary tree structure has 4 sub-nodes behind the root
node of the tree structure to ensure the accurate identification of each tag. It is
characterized by bidirectional search between root nodes and sub nodes, and it
reduces the number of searches that are required for multiple tag identification in
the anti-collision algorithm design [13]. In the process of the identification of the 5
tags set by the experiment, it can be found that the number of searches is 9, and
S(5) = 2(5-1) + 1 = 9. Thus, the binary search anti-collision algorithm requires
the number of searches that are required to identify the n tags should be S(n) =
2(n− 1) + 1 = 2n− 1.

As shown in Table 2, it is the improved binary search anti-collision algorithm
and the binary search algorithm [14]. Compared with the dynamic binary search
algorithm, it has a shorter data transmission length and greatly improves the recog-
nition efficiency of the anti-collision algorithm [15]. With the increase of the number
of identification tags, the efficiency advantage of this algorithm is more obvious.

Table 2. The sum of the length of the transmitted binary data

Algorithm The total length of the transmitted binary data

The binary search algorithm L1 =
m(m+1)

2
N

The dynamic binary search algorithm L2 =
m(m+1)

2
N+1

2

The improved binary search algorithm L3 = (2m− 1)× logN2 +1

2.3. Research of RFID security authentication protocol
based on Hash function and state locking

Radio frequency identification (RFID) needs to add secure and lightweight secu-
rity protocols to ensure the security and efficiency of the identification system [9].
According to the characteristics of Hash function in RFID security authentication, in
this paper it was combined with the state locking module organically. The authen-
tication system is characterized by mutual authentication between the reader and
the tag [10]. The legitimacy of the tag is validated by the backend database [11]. In
the process of authentication, new ID and key values are constantly formed, which
can prevent illegal attacks and avoid information leakages and system paralysis [12].

The schematic diagram of the authentication protocol is shown in Figure 2, and
the authentication procedure is as follows:

1. It generates random number r and then passes it to the data to form cipher
text and request authentication through the encryption algorithm.
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Fig. 2. The schematic diagram of authentication protocol based on Hash function
and state locking

2. Database accepts the r value, and then the tag extracts Query and the r value
is transmitted to the reader by encryption.

3. H (ID source RT) value is sent to the back-end database.
4. It is necessary to query the CID field, so as to judge whether the numerical

values of H (ID source RT) and H (CID source RR) are unanimous.
5. H (CID) is forwarded to the tag to determine whether the H (CID) and

the H (ID) values are consistent, or it will pass the authentication, otherwise, the
authentication fails.

6. The update data is extracted, and passed to the database.
7. The CID value is updated.
8. The key of the reader is updated.
9. The label ID and key are updated.
10. The ack value is extracted and passed to the database. After setting the SR

value to 00, the ack value is passed to the reader.
11. When the tag extracts the ack message, the ST is set to 00.
The meanings of particular symbols in agreement are listed in Table 3.

3. Result analysis and discussion

3.1. Algorithm simulation analysis

The binary search algorithm and the improved binary search anti-collision algo-
rithm were simulated by using MATLAB software. In the simulation experiment,
the tag length is 16 bits, as shown in Fig. 3, left part. When the number of process-
ing tags is 10, the binary search algorithm searches 80 times, while the improved
binary search anti-collision algorithm searches only 19 times, and search times are
reduced by 76% after improvement; when the number of processing tags is 80, the
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binary search algorithm searches 159 times, while the improved binary search anti-
collision algorithm searches only 726 times, and search times are reduced by 76%
after improvement. Therefore, the improved binary search anti-collision algorithm
can effectively reduce the number of searches with equal number of tags, and improve
the operational efficiency. At the same time, as the number of tags increases, the
number of search decreases, and it has more advantages in improving the efficiency
of large-scale tagging.

Table 3. The meaning table of symbol in the agreement

Sequence number Symbol Meaning

1 K shared key

2 ID Tag identification number

3 ST Label state

4 rt Tag stored in the random number

5 r Reader stored in the random number

6 CID Backend database to store the current
tag identification number

7 SR State of the reader

8 PID Backend database to store the last tag
identification number

9 Rr Random Numbers are stored in the
database background

10 Random () Random function

11 E() Symmetric encryption algorithm

12 D() Nverse execution of symmetric encryp-
tion algorithm

13 H() Hash function

14 Updata Both sides agreed updates

15 Ack Both sides agreed confirmation

16 II Join operation

17 ⊕ Exclusive or operation

In Fig. 3, right part, the binary search algorithms and the improved binary search
anti-collision algorithms are used for tag identification, and sums of the length of
the binary data positively rise with the increase of the number of tags. But from
the slope of the two curves, the improved binary search anti-collision algorithm can
obviously reduce the total length of binary data transmission. When the number of
processing tags is 80, the binary search algorithm has a total binary data length of
14328, while the improved binary search anti-collision algorithm searches only 854
times, and the total length of the improved binary transmission data is reduced by
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94%, which greatly improves the recognition efficiency of the anti-collision algorithm.
The improved algorithm can effectively reduce the number of searches and the

total length of binary data transmissions, thus greatly improving the channel sav-
ing. In recent years, with the development of computer and Internet, the logistics
industry and the new business model have been developing rapidly, which makes it
difficult for people to identify, collect and record the information of goods, and it is
hard to satisfy the pursuit on efficiency in the information age, moreover, manual
labor can also greatly waste labors and cause unavoidable operational errors. The
improved binary search anti-collision algorithm can better reflect the advantages of
the algorithm when dealing with a large number of larger labels, which can effec-
tively improve the processing efficiency of RFID system and solve the interference
problem of simultaneous responses of multiple tags in the operation of RFID system,
thus avoiding manual operations in the identification process to the greatest extent.

Fig. 3. Number of searches (left) and the total length (right) of transmission data

3.2. Security analysis of the security authentication protocol

In the previous analysis of the security authentication process (Fig. 2), the au-
thentication protocol has high data confidentiality, tag anonymity, forward security
and mutual authentication. Among them, the data confidentiality is manifested in
the identification process of the tag system, and the data involved is encrypted by
the encryption algorithm or Hash function, which ensures the confidentiality of the
information passed by the tag and reader [16]. The anonymity of the tag means
that the information received by the reader is changing constantly and randomly,
which also means that the intercepted label information is erratic for the attacker;
the function of the forward security is to update the ID and K values of the tag
synchronously, so that even if the attacker has obtained the ID and K values of the
current tag, it is also difficult to reverse the tag information before it is launched;
the mutual authentication shows that readers and labels need to complete mutual
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information comparisons in this secure authentication protocol, so as to realize the
mutual authentication and complete the information reading.

In addition, this security authentication protocol also has the following two ad-
vantages: on the one hand, the timely updating of ID and K values of the tag
ensures that it is difficult for the attacker to retrieve the ID value of the tag again
when the reader has finished identifying the tag, that is, the reader will not be re-
authenticated; on the other hand, the protocol can lock each step of the system, and
the operation of the state is unique. Even if the attacker steals all the information,
it is difficult to find the status of the reader’s identification on the tag, and the
attacker’s illegal instructions will not be responded. RFID security authentication
protocol based on Hash function and state lock integrates many modules, such as
information encryption, status lock and background database, which ensures that
every program in the system is locked into a specific state in the process of security
authentication. While realizing the mutual authentication between the reader and
the tag, the information security risk of the RFID authentication system is effectively
avoided by updating the label ID and K value.

4. Conclusion

The optimization of anti-collision algorithm and the construction of security
authentication mechanism are two important aspects in the research of radio fre-
quency identification technology. In the research of the improved binary search
anti-collision algorithm, it is found that the improved binary algorithm has shorter
data transmission length compared with the binary search algorithm and the dy-
namic binary search algorithm, which greatly enhances the recognition efficiency
of the anti-collision algorithm, and with the increase of the number of identifica-
tion tags, the efficiency advantage of this algorithm is more obvious. At the same
time, the research of RFID security authentication protocol based on Hash function
and state locking can effectively protect the information security of each process
of RFID system in the process of label authentication, and through the applica-
tion of background database, the updating of label ID and K value and the locking
of label status, data confidentiality, label anonymity, forward security and mutual
authentication are realized at the same time, which effectively reduces the risk of
information security caused by illegal attacks. But limited to the research time and
effort, the binary search algorithm in anti-collision algorithm and the RFID security
authentication protocol based on Hash function and state locking were discussed and
simulated in this paper, and the application research of RFID system was not done.
There may be a short board in the design and connection of other components of
the RFID system, which will affect the practical performance of the algorithm, and
further researches are needed.
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Optimization study of hybrid virtual
network mapping algorithm (VNE)

based on cost optimization and energy
efficiency optimization theory

Yanli Wang1

Abstract. The virtual network mapping algorithm can effectively change the phenomenon
that the energy consumption of network technology is large in our country. In order to optimize
the virtual network mapping algorithm better, based on the related literature summary, theories of
virtual network mapping algorithm were clarified and model of virtual network mapping algorithm
proposed was constructed in this study. By using the related optimization model, the running cost
and the rate of network request acceptance of virtual network mapping model were calculated.
The results show that the virtual mapping algorithm can reduce the running cost and increase the
acceptance rate compared with the traditional mapping algorithm. The purpose of this research is
to provide a reference for the optimization of related algorithms.

Key words. Cost optimization, energy efficiency optimization, mixed virtual network map-
ping algorithm.

1. Introduction

With the development of the times, various new science and technologies in mod-
ern time appear constantly and have been improved greatly. As a new technology
which is developing more rapidly, information technology has a strong resource shar-
ing. And the combination of this technology and other industries is strong, so it has
been widely used in other industry development. As the advantages of this tech-
nology continue to increase, a variety of more systematic and scientific theoretical
studies have been initiated, which has further promotes the further improvement and
development of information technology. However, the rapid development of informa-
tion technology has brought great convenience to people’s production and life. At
the same time, some uncoordinated problems have been further exposed, such as en-
ergy consumption. How to reduce the energy consumption of information technology

1Engineering Technology College, Xi’an Fanyi University, Xi’an, Shaanxi, China, 710105
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through more perfect new technology has become an important problem to be solved
urgently in the development of science and technology in the times. Based on the
related theories of cost optimization and energy efficiency optimization, the hybrid
virtual network mapping algorithm (VNE) of information technology was optimized
in this study. A kind of new information technology with lower energy consumption
was determined, which provided certain theoretical support and reference for the
follow-up research.

2. State of the art

The development of information technology has brought the extremely important
influence and the positive promotion function for the progress of other industries in
the present era. As an important science and technology in the development of the
times, information technology is often used to fulfill the user’s needs by running some
applications on the server. Although this technology has brought great convenience
to people’s production and life, the traditional network information technology has
greatly consumed some network resources and energy [1]. Statistics show that the
most technologically advanced supplier of information technology in the world to-
day is the Akamai Company in the United States. The vigorous development and
advancement of the information technology of the company has caused great con-
sumption for the use of electricity cost in the current era. As a big country in
the economic and scientific and technological power in the current era, the rapid
development of mobile internet companies has further caused the extensive use of
related resources in China [2]. Therefore, the energy consumption of information
technology has become one of the most important subjects in the development of
information technology. Some researchers have pointed out that network virtualiza-
tion should be the main direction of network development in the future development
of network information technology. The technology should be based on the shared
network platform and make use of a variety of different virtual resources so as to
improve the operation efficiency of network system, and further reduce the physical
resources borne by the amount of resources in order to achieve the purpose of energy
conservation [3]. There are many techniques that have already been put into use. As
a novel theory, the hybrid virtual network mapping algorithm has a very important
positive impact on the energy saving in the development of the whole information
technology [4]. Many researchers have begun to pay attention to it and constantly
improve the relevant theories, which provide technical support for the development
of information technology [5].

2.1. Methodology

With China’s entry into the new century, China’s various technologies have been
greatly improved and developed, and people’s living standards have also been im-
proved greatly. Now, many new techniques have begun to gradually enter the peo-
ple’s field of vision, and have brought great convenience to the production and life of
the people [6]. With the development of mobile internet technology, more and more
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new businesses are emerging. This better meets the actual needs of some industries
or individuals in our country to a certain extent (Fig. 1).

Fig. 1. Rapid development of network technology

However, with the rapid development and application of network information
technology in our country, some drawbacks have begun to emerge. The whole net-
work technology is beginning to show a rigid phenomenon. According to statistics,
data traffic used by China’s network users reached 20523 PB due to certain network
activities in 2015. And most of the data traffic is mainly used for network video
viewing [7]. Network users in our country usually look at the rate of VOD on some
network video. Based on the rate of request, the video you might want to watch is
determined. Then through the use of the client, the publication of network video
online shop is connected so as to obtain relevant video resources. However, in this
process, some servers may have a higher hot spot of video resources, which may lead
to a larger load on the server terminal because of excessive user access. This can
directly lead to low efficiency of resource delivery and limit the scalability of traffic
(Fig. 2). Especially in the application of network technology of traditional TCP/IP
architecture, the perfection of its structure is relatively poor. A large number of
accessing customers may make the network technology system unable to load larger
amounts of data. This situation makes the operation of the network system a cer-
tain resistance. A large number of energy materials are consumed, which makes
the traditional network technology system facing more severe use challenges [8]. In
addition to the expansion of network traffic caused by the excessive amount of user
access mentioned in the above articles, another issue that needs further attention
is the scalability of the routing problem. In the development of traditional network
information technology, IP addresses can be used to mark the location and identity
of network nodes. Therefore, when the location of some physical devices changes,
it may affect the communication process of the entire network. This limits the free-
dom of certain network physical devices to a certain extent. It has a negative impact
on the expansion of routing, and indirectly affects the efficiency of the use of the
network, resulting in waste of resources [9].

In view of the above problems, many researchers in our country put forward
the application of network virtual technology in the development of actual network
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technology. And through the further improvement of the technology, higher resource
saving rate and data transmission efficiency are obtained [10]. Nowadays, the re-
search of this kind of technology in our country is mainly in the realization of the
technology and all aspects of its mapping. However, because our research on this
technology is still in the initial stage, the related theories and techniques are not
mature enough, so the generalization is still poor. In this context, it is necessary to
put forward and improve the relevant technical algorithms so as to achieve further
optimization of the whole technical performance [11]. On the basis of consideration
of the operation cost and energy consumption of the technology, it also needs to
discuss its application reliability and science in the course of the study, so as to form
a more perfect new network technology and provide some technical support for the
development of other industries. This study will discuss and analyze the related
aspects of hybrid virtual network mapping algorithm (VNE) based on two aspects
of cost optimization and energy efficiency optimization. Moreover, on the basis of
optimizing the original algorithm, better technical algorithm is determined, so as to
provide a certain reference for the later research. The related research methods are
as follows:

(1) First of all, through the reading of relevant information, the relevant main
theoretical basis for the study was identified and clarified. On the basis of a clear
understanding of the relevant theoretical foundations, the related application tech-
nologies of the traditional virtual network mapping model were analyzed, and then
the relevant research ideas of node segmentation in this study were obtained.

(2) On the basis of understanding the relevant theories, in order to better guaran-
tee the design of the associated virtual network mapping algorithm model has lower
operating costs, a more optimized mathematical model formula was introduced in
the construction of the related network mapping algorithm model. Index value ex-
periment was carried out to obtain data through related mapping algorithm. Then,
the performance of the model was compared and analyzed with the traditional net-
work mapping algorithm. The mathematical model of correlation optimization used
in this study is as follows:

Objective function:

min
∑

(u,v)∈E

k∑
i=1

ci(u, v)fi(u, v) . (1)

Here, E represents all links and u and v represent different nodes respectively.
Function fi(u, v) represents the traffic data that flows through the associated nodes
and ci(u, v) represents the cost of the unit flow through different nodes.

Capacity restriction formula:

k∑
i=1

fi(u, v) ≤ b(u, v) ∀(u, v) ∈ E . (2)

Here, b(u, v) represents the maximum flow capacity that a link can afford.
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Range restriction formula:

fi(u, v) ≥ 0, 1 ≤ i ≤ k ∀(u, v) ∈ E . (3)

The formula is a non-negative restriction on the traffic capacity carried by a link.
(3) The designed network virtual technology was optimized by using the relevant

optimization mathematical model, so as to construct a virtual network mapping al-
gorithm with lower cost and better energy efficiency. Moreover, the energy saving
strategy in this algorithm was discussed in depth, and the main modes of energy sav-
ing were analyzed. Then, the performance of the adaptive algorithm was calculated
and compared by the experimental method of the actual case.

3. Result analysis and discussion

Development of times makes the network information technology gradually be-
come one of the important science and technology in the development of the times.
However, due to the influence of network structure, traditional network information
technology may cause the limitation of energy consumption when facing large traffic
load. And the mapping algorithm of network virtual network is proposed, which pro-
vides some positive effects on the solution of this limitation. Nowadays, all countries
in the world have begun to search for a more efficient and efficient network virtual
network mapping algorithm, so as to solve the main problems faced by traditional
network technology [12]. The virtual network mapping model refers to the sharing of
the same network physical resources between different virtual networks. The virtual
network is mainly replaced by a number of different virtual nodes. Then, the virtual
link is used to connect all the virtual nodes with the network physical resources,
so as to realize the related data transmission path and share the data resources.
The proposed network mapping model can better meet the actual needs of people
and reduce the use of related energy consumption due to the shared processing of a
variety of architectures [13].

Relevant information was read and summarized in this study firstly. Based on
the understanding of the underlying network graph of traditional network technol-
ogy and the relevant theories, the segmentation of virtual network technology was
introduced. Thus, the model of network virtual technology was created, as shown
in Fig. 3 [14]. Among them, the letters in the model represented different element
nodes, and the dotted line represented the element link between the different element
nodes.

On the premise of segmenting the link mapping path of the related model, the
study generalized the parameters of the whole model and applied it to later model
optimization. The list of related parameters is shown in Table 1.

Table 1. List of related model parameters for this design
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Fig. 3. Network virtual technology model constructed by this research

Parameter
name

Parameter nominal

RE(u, v) The residual bandwidth capacity of the underlying link u, v

RN (ns) The residual CPU capacity of the underlying node NS

b
(
evi

)
Article i bandwidth requirements for virtual link evi

c (nv) The residual CPU capacity of the underlying nodenv

c0 (nv) CPU capacity requirements for traffic independent parts of
virtual node nv

B (nv) The maximum amount of traffic that virtual node nv needs to
handle

On the basis of understanding the related parameters of the virtual network tech-
nology model that has been constructed, the performance of the mapping algorithm
of the virtual network mapping algorithm and the traditional network technology
was compared and analyzed through the relevant experimental data in this study.
In order to speed up the optimization speed of the related algorithms, the method of
direct solution of the above mathematical formula model was studied so that it was
possible to study the efficiency of the data in this study. Since the actual network
cannot be studied, this study is mainly to simulate the whole experiment through
some virtual networks. Firstly, the bandwidth distribution of 10 randomly acquired
virtual network link requests was studied. The bandwidth requirement is shown in
Table 2. Through the analysis of the optimization of all bandwidth values, this study
considers that when the bandwidth value is set to 0.5, the interval of the bandwidth
distribution is even.
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Table 2. Bandwidth requirements for virtual links in this study

Load Evenly distributed intervals of bandwidth

0.1 [2, 3]

0.2 [4, 6]

0.3 [6, 9]

0.4 [8, 12]

0.5 [10, 15]

0.6 [12, 18]

0.7 [14, 21]

0.8 [16, 24]

0.9 [18, 27]

1.0 [20, 30]

In order to simplify the relative process of experiment, the values of all virtual
nodes were set to 0.1 in this study. Then, the cost weights values of the virtual net-
work mapping algorithm were set differently. When carrying out different mapping
cost weighting values, the conclusion of average mapping cost of the virtual network
mapping algorithm and the traditional network mapping algorithm was carried out
by using the above mathematical model. The results are shown in Table 3. The
results show that the running cost of the mapping algorithm is related to the cost
weight and the setting of bandwidth. With the increase of bandwidth settings, the
running cost of the network virtual mapping algorithm (VNE) and the traditional
mapping algorithm show an increasing trend. The two mapping algorithms have
positive correlation with the mapping weight value (β). With the increase of map-
ping weight (β), it shows a gradually increasing trend. Therefore, when optimizing
different mapping algorithms, it is necessary to consider the optimization of the
bandwidth and the setting of the mapping weight value as much as possible. The re-
search further compares the operation cost of the network virtual mapping algorithm
and the traditional mapping algorithm. The results show that the operating cost of
the network virtual mapping algorithm is lower than that of the traditional network
technology regardless of the setting of any weight value. However, the savings rate
of different weight values is also different. When the weight value is relatively small,
the cost savings of the network mapping algorithm compared to the traditional map-
ping algorithm are significantly lower than the cost savings when the weight value
is set larger. This is probably because when the mapping weight value of the node
is set to smaller value, the segmentation mapping has less impact on the total cost.
Thus, the total operating cost can be reduced as much as possible so that the final
rate of saving is relatively large [15].

Table 3. Comparison of the cost of the network virtual mapping algorithm and the traditional
mapping algorithm when different mapping weights are used
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β = 0.2 β = 1 β = 5

Load VNE tradition Cost
sav-
ing
rate

VNE tradition Cost
sav-
ing
rate

VNE tradition Cost
sav-
ing
rate

0.1 19.0 25.3 24.9% 30.6 36.2 15.5% 88.6 90.9 2.5%

0.2 43.1 57.2 24.7% 67.3 80.1 16.0% 188.4 194.3 3.0%

0.3 72.2 93.3 22.6% 107.3 126.8 15.4% 281.4 291.7 3.5%

0.4 113.5 141.9 20.0% 159.4 185.4 14.0% 388.1 403.2 3.7%

0.5 154.3 185.7 16.9% 214.2 242.7 11.7% 513.6 528.3 2.8%

0.6 179.4 203.8 12.0% 252.3 272.4 7.4% 586.4 608.8 3.7%

0.7 200.8 233.7 14.1% 281.6 310.8 9.4% 670.2 696.6 3.8%

0.8 235.6 250.0 5.8% 327.8 354.9 7.6% 786.2 806.9 2.6%

0.9 251.5 276.3 9.0% 356.8 380.0 6.1% 827.9 860.3 3.8%

1.0 277.3 312.9 11.4% 393.4 421.9 6.8% 910.1 967.0 5.0%

Finally, the acceptance rate of network requests under different mapping algo-
rithms was calculated. The results are shown in Fig. 4. The results show that the
network virtual mapping algorithm (VNE) has higher acceptance rate for the virtual
network request than the traditional mapping algorithm when the bandwidth load
is large. This may be because it saves more running costs and thus accommodates
a larger amount of data request commands.

Fig. 4. Average acceptance ratio of network virtual mapping algorithm (VNE) and
traditional mapping algorithm for virtual network requests
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4. Conclusion

With the development of the times, network information technology has been
improved greatly, while the technology has brought great convenience to people’s
production and life, some incompatible factors have begun to appear. In the tradi-
tional network technology, the expansion of flow is weak, and the demand for energy
consumption is increasing due to the limitation of the operation structure. As an
important direction of the development of network information technology, the net-
work virtual mapping algorithm can improve the operation efficiency of network
technology and reduce the related cost effectively. In order to better optimize the
design of network virtual mapping algorithm in our country, the related theories
were analyzed, and a simple virtual mapping algorithm model was designed in this
study. Then, the mapping cost and acceptance rate were calculated by the relevant
optimization model. The results show that the mapping algorithm has relatively low
mapping cost, and the acceptance rate of virtual requests is high, and then it can
be applied to the subsequent improvement of related technologies. However, this
research is more simulation virtual process and lacked practical application, which
may cause the result to have certain limitation and insufficiency. However, this
study can still provide some reference and scientific support for the improvement of
related technologies and theories in China.
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Application of the steel structure model
based on modular coordination in
optimization design of residential

system in China1

Zhang Jinge2

Abstract. In order to promote the development of housing industry from extensive to inten-
sive, and to realize the formation and perfection of industrialized construction system, in this paper,
the current situation of serious lack of application research of modular design in residential building
of steel structure in our country was put forward. On the basis of explaining the characteristics
of steel structure residence, the design process, design method and selection of basic modulus were
expounded. Then the modular location of steel structure residence was carried out, the positioning
method was based on the installation way of the enclosure system, and the coordination of the
outer protection system and the main structure was taken as the principle. The final research
results show that the steel structure house can minimize the number of non-standard components
and the number of installation nodes, and can increase the level of industrialization construction.

Key words. Modular coordination, steel structure residential building, systematic design.

1. Introduction

With the high PM2.5 and the intensification of Urban Haze, the quality of the
living environment and the sustainable development of society have become the fo-
cus of attention. The real estate industry has begun to explore new patterns of
development. It is a consensus that the building should be covered with a "green
coat". Building a green and low carbon city has become the main theme of the
times, and creating a scientific and healthy housing has also become a new trend in
the development of the real estate industry. In the 12th Five-Year "planning" devel-
opment goals, it is easy to see that energy-saving and green buildings have become

1This work was supported by the Research on Protection of Traditional Rural Culture and
Development of Beautiful Countryside. Research on Nanyang "Painter Village" Intangible Culture’s
Protection and Countryside Development (2017-ZZJH-384, Education Department of Henan).

2School of Arts and Design, Nanyang Normal University, Nanyang, Henan, China, 473061

http://journal.it.cas.cz
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the development trend of China’s residential industry. Therefore, in recent years,
the relevant departments of the state have issued a series of guidance documents
and norms on steel structure residential buildings to promote the development of
China’s steel residential buildings. The level of industrial production is the key to
comprehensive evaluation of steel structure residential buildings, this is because in-
dustrialisation housing is standardized based on modularization. Industrialisation is
constructed through standardization, and industrialization is strengthened through
industrialisation. Standardization is the basis of industrial production. Modular de-
sign and standardization are the primary tasks of the establishment of steel structure
housing system and its industrialization.

2. State of the art

The practice of steel structure housing system began in 1980s. For example,
the Exhibition Hotel, built in 1987, adopted a steel structure system, with seven
main buildings, surrounded by 3 layers of conjoined houses. And the steel used in
the building mainly came from Canada, welding of square steel column and H type
steel beam [1]. In November 1994, China completely built the first steel structure
house entirely by itself in Beicai, Shanghai, which was the test type steel structure
residential system of 8 layers. At present, the domestic steel structure system is
mostly used in high-rise residential buildings, and with the continuous development
of technology, the practice of steel residential structure is increasing year by year.
Residential buildings with steel structure residence system have the advantages of
flexible layout, green energy saving, good seismic performance and short construc-
tion period [2]. However, at present, the construction period of most of the steel
residential buildings is no less than that of other residential buildings. This is mainly
because that in the component of enclosure structure, the industrialized production
of industrial products and the assembly characteristics of the construction site has
not been realized. The selection of materials for the component of enclosure struc-
ture is limited, the rate of finished components is low, and the connection structure
is imperfect [3]. Through the engineering practice, the experience of the scheme
design, structure, equipment and technology of the steel structure house has been
effectively accumulated, summarized as three points: the advantages of the steel
structure are exploited, and the structure selection is more freedom. Different from
the previous residential limitations of the "small bay layout", many cases adopt the
"layout of large spaces". In order to realize the standardization of building compo-
nents, the design of residence plane and space form is simple and regular, and the
architectural details are less changed. In the course of the design of steel structure
residence design, although there is a standardized design of structural parts, there
is no systematic design method, and only the traditional design methods are used
to consider the standardization of building structures and components [4].
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3. Methodology

Building modulus is a unified value-added unit, which is used to harmonize build-
ing scales, so as to achieve large-scale production of industrialization, and to make
the construction parts and components of different materials, different forms and
different manufacturing methods with certain versatility and interchangeability [5].
Building modulus is also the basis for scale coordination of architectural design,
building construction, building materials and products, building equipment, build-
ing components and other departments, the purpose of which is to make the fittings
fit together and be interchangeable.

Modulus coordination is a standard scale system for the design, manufacture
and installation of buildings and their components, formerly called modular sys-
tems. The purpose of building a modular coordination system for buildings is to
realize the industrialization of building products and building components by means
of standardization [6]. Requirements for modular coordination of buildings: the
modulus series is used to adjust the dimensional relationship between the assembled
monolithic building and the components (parts), and to optimize the dimensions
and types of the building parts (parts); when the components (parts) are assembled,
the sizes and positions of the parts (parts) can be clearly defined, so that the de-
sign, manufacture and installation can be easily matched with each other, so as to
meet the requirements of the integrity, efficiency and economy of the assembly type
architectural design.

The modular mesh is a modular space grid composed of three orthogonal coor-
dinates with modulus dimensions, and the projection on the horizontal and vertical
surfaces is called the modular mesh. The unit scale of a grid is a fundamental mod-
ulus or an enlarged modulus. Different amplification modulus can be used in three
directions or the same direction of the grid [7].

The locating axis is the basis of the position of the component in the 3D mesh
space. In the grid, each component is positioned in three directions by means of the
boundary locating plane and the alignment line (or alignment line). The boundary
location refers to that the boundary of the number of fingerprints is located in the
component of the grid line, while the middle (or alignment line) refers to that the
number of grid positioning line is located in the center line of the component (or
partial center line) [8].

Construction Standardization refers to the establishment and implementation of
relevant standards, specifications, rules and other procedures in construction [9]. The
purpose of building standardization is to make rational use of raw materials, promote
the versatility and interchangeability of structural parts, realize the industrialization
of construction, and achieve the best economic results. Modularization is a form of
standardization, for general purpose.

The steel structure residential system refers to the residential construction sys-
tem whose main load-bearing component is steel, and the enclosure and partition
members are new lightweight wall materials. The structural system of steel struc-
ture residence is the structural type composed of each load-bearing component with
steel structural component as the main part [10]. The frame system is mainly com-
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posed of beams and columns. The steel frame is generally made of concrete-filled
steel tubular columns, and H steel is often used as steel frame columns. The high
frequency dry type thin-wall steel beam, narrow flange shaped steel or other swing
connecting I-beam are used as steel frame beam, and each type steel member has
its own product series. The types of common dteels and their properties are listed
in Table 1.

Table 1. Types of common steel and their sectional dimensions (in mm)

Type of steel Section H steel
(beam) (A×B)

Light chan-
nel steel
(H×A×C)

Square steel
tube (A×B)

Round steel
tube (external
diameter)

Common size 100–600×50–
200

60–250×30–
75×10–25

50–175×50–
175

21.7–1219.2

The system has small dead weight, long vibration cycle and good seismic resis-
tance, but its lateral displacement stiffness is small. Under the action of wind load
and earthquake, the lateral displacement and the total lateral displacement cannot
meet the requirements, and a variety of lateral resistance system must be set up.
The lateral force resisting system is composed of connection support, shear wall and
core tube of each frame [11]. Therefore, the structural system of steel residential
structure is divided into the following, as shown in Table 2.

Table 2. Classification of steel structure residential structure system

Structural system name Brief introduction

Pure steel frame system Along the longitudinal and transverse sides of the
house, the frame is used as the main component for
weighing and resisting the side force

Steel frame (Center/ ec-
centric) support structure
system

On the basis of the frame system of the building, a cer-
tain number of vertical supports are arranged in the
longitudinal and transverse directions of the building

Steel frame shear wall
structure system

In the frame structure, a certain shear wall is ar-
ranged, and the frame is combined with the shear
wall

Steel frame core tube
structure

A rigid or hinged steel frame is formed of a reinforced
concrete core tube and an outer ring

Staggered truss steel
structure system

It consists of columns, plane trusses and floor panels;
the plane is rectangular or rectangular

The structural system, performance characteristics and the number of floors used
in various steel residential structures are shown in Table 3. In the residential design,
the selection of the steel structure residential system should follow the principles of
safety, convenience and economy, and combine with the specific requirements of the
function, modulus and maintenance of the house. At the same time, the use function
of the house should be satisfied, so as to save investment.
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Table 3. Comparison of structural performance of multi-story residential buildings

Resi-dential layers Struc-
tural
sys-
tem
name

Lateral
resis-
tance

Amount
of steel
used

Industri-
alized
factory
make-
up

Struc-
ture
construc-
tion dif-
ficulty
and
speed

Advan-
tage

Dis-
advantages

B
el
ow

6 Steel
frame

Bad High All
frame
system

Simple
and fast

Simple
struc-
ture
rapid
con-
struc-
tion

Construc-
tion of
sectional
dimen-
sions,
uneconom-
ical

6–
12

Bar
truss

Very
good

Low Steel
struc-
ture
part

Relatively
simple
and fast

Good
lateral
resis-
tance
and
large
depth
of bay

The truss
has an in-
fluence on
the graphic
design of
residential
buildings

Steel
frame-
bracing

Good Preety
low

All
frame
system

Rela-
tively
simple
and rel-
atively
fast

Good
lateral
resis-
tance
and
simple
struc-
ture

The sup-
port has an
influence
on the
opening of
doors and
windows
and the
adjustment
of partition
walls

12
–4

0 Steel
frame-
shear
wall

Good Low Steel
struc-
ture
part

Relatively
simple
and rel-
atively
fast

Good
lateral
resis-
tance
and
rela-
tively
simple
struc-
ture

The shear
wall has an
influence
on the
opening of
doors and
windows
and the
adjustment
of partition
walls

M
or
e
th
an

40 Steel
frame-
core
tube

Very
good

Low Steel
struc-
ture
part

Complex
and
slow

Good
lateral
resis-
tance
and
good
flexi-
bility
of the
outer
frame

Wet op-
eration
of some
concrete

Through Table 3, it can be found that the structural system affects the graphic
design of residential buildings. In order to avoid exposing the frame structure in
the plane space, the wall and the beam column structure should be arranged on
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the same line as much as possible. The steel frame column that is often used in
residential system is about 6–7.5m, and the construction area occupied by a single
structural component should not be too large. As a whole, the cross section of the
pure steel frame member is larger, which affects the plane space size. The frame in
staggered frame will affect the plane arrangement. And the supporting elements in
the steel frame bracing system can affect the layout of the facade doors and windows.
In addition, in the frame shear wall, shear wall position will affect the position and
arrangement of the partition door. The arrangement of the bracing system of the
frame core tube is flexible and free from structural constraints, but there will be
some wet work on site, the construction is more complex, and construction speed is
slow. Therefore, in the design of steel residential structure, the structural system
should be chosen according to the specific conditions.

Traditional residential design is the design process from a small proportion of
macro architectural layout to a large proportion of technical details. However, the
systematic design should coordinate the construction, the structure, the equipment,
the construction and the production of the factory, and the goal is to produce a
unique design process of the building system [12]. The design process is applicable
to a large class of buildings. Before the specific architectural design, according to
the characteristics of the building itself, technical issues should be given priority
and systematized, so as to apply to the architectural series design in the system.
As opposed to the traditional design process, the design process is called "reverse
design process", and the design flow chart of the system house is shown in Fig. 1.

Fig. 1. Design flow chart of system house

Industrialized residential buildings are required to move from the site to the
factory and from the extensive to the fine. Industrialized housing is a residential
product with a manufacturing mode. Therefore, industrial residential design should
combine the benefits of large-scale production and the market demand of small-scale
production. Modularization is one of the techniques to fuse these two patterns. The
highly standardized parts are simple in shape, and the standard function modules
are rapidly configured by combining with the modular technology, so that a series
of new products can be quickly obtained to meet the market demand, shorten the
product life cycle, and accelerate the development process of the product. In other
words, the internal diversity of performance is reduced, and the external diversity of
production patterns is expanded [13]. Similarly, architectural modulus coordination
can unify and simplify the specifications of building components, thus to make the
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structure simpler, the construction more convenient, and to meet the diverse needs
of building users. At the same time, the facade of the steel structure house needs
the aesthetic effect of continuous rhythm and so on.

The modular mesh method is a design method based on geometry. A space grid is
arranged in a size line, and the mesh gap is called modulus, and the design is carried
out on the mesh. When the middle gap of the grid system is larger, the component
specification is less, and the flexibility of the assembly is smaller. The smaller the
middle gap of the grid system is, the more the component specifications are, and
the stronger the flexibility of the combination is [14]. 100mm is widely used as the
fundamental modulus M in the world, and the division modulus and amplification
modulus are developed on the basis of the fundamental modulus. The main applica-
tion areas of modular modulus are: structural joints, product specifications, building
materials, building cracks, and tolerances of building products. Enlarged modulus is
mainly used for building branch spacing, span and height dimensions, and the range
of its sequence directly affects the degree of simplification of the control dimension.
Different types of building use different expansion modulus, and at present our coun-
try has stipulated different amplitude. The modular grid method is one of the most
basic systematic design methods, because modulus is the basic unit of measurement
for systematic architecture. The specifications, sizes (except thickness or sectional
dimension) of the main components of the system shall be as much as possible to
meet the design modulus or enlarged modulus. Moreover, the structural members
of the modular grid can give full play to the structural properties of a balanced ex-
tension of a steel structure plane. The module network can be divided into building
modulus network and structure modulus network. The building modular network
is mainly used for the arrangement of function space and space combination, which
can mark the net outline of the space, reflect the thickness of the wall, and facilitate
the arrangement of the equipment and the design of the decoration. The structural
modulus network is the basis of the structural component combination, which can
indicate the axis of the column and the wall, so that the selection of the structural
parameters and the rationality of the structural arrangement should be taken into
account. The main parameters of the structure are the formulation of the produc-
tion program and the modular setting of the housing factory. And the rationality
of structural arrangement refers to the size and layout of the component, which is
the basis of architectural design [15]. The grid of the main structure is different
from that of the building space, but they should be consistent with each other. For
example, when the space division function and the structure bearing function are
the same, the building modulus network and the structural modulus network can
replace each other. When the two are inconsistent, two different modular network
systems are needed.

4. Result analysis and discussion

In the process of investigation, the plane of some steel structures in our country
is drawn up. It can be found that the central location method is adopted in the
residential part of steel structure in our country at present, and the basic moduli
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are mostly 3M and 6M. An arrangement of modulus networks for a modular steel
house is shown in Figs. 2–5.

Fig. 2. Building 3 (apartment type), Jin Chen apartment, Beijing

Fig. 3. Yizhuang youth apartment (drive)

Through Figs. 2–3, it can be found that in the current steel residential building,
corridor style and unit type are designed by case 6M basic module, especially in the
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unit type. In the investigation, there is no application of 6M basic design modulus
in point house. Therefore, an existing case is selected to locate and transform it and
the plan before and after the transformation is shown in Figs. 4–5.

Fig. 4. The standard house of No. 1 building of Laiwu Iron and steel garden

Through the comparison of Figs. 4–5, it can be found that the function space of
the plane changes little after using the basic design modulus of 6M, and can still
meet the application requirements. Therefore, the design of 6M can also be used in
our country’s steel house.

There are different positioning methods in horizontal direction of steel structure
residence. In order to ensure the interchangeability of parts and positions, and meet
the requirements of functions, in actual project design, different positioning methods
or hybrid positioning methods can be adopted to achieve economic and effective
results. In view of the embedded exterior retaining component and the plug-in type
outer enclosure component, the modulus coordination can be carried out by means
of the net distance modulus method, or the positioning mode of combining the center
line of structural column beam with modulus mesh. For the specific situation, the
vertical direction can be coordinated by means of the linear high speed module or
the high layer modulus.
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Fig. 5. Location of flat 6M of No. 19 Building of Sakura garden in Laiwu Iron

5. Conclusion

In order to study the application of the steel structure model based on modulus
coordination in the optimization design of housing system in our country, in this
paper, the system design was mainly analyzed, and the development process, sys-
tem structure, design process and design method were studied. And system design
method was the core of this paper. Through the previous research, the system de-
sign method was summed up. Through the research, some conclusions were drawn
as follows: there are two main methods for the design of steel structure residence
in our country: the modular grid method and the basic combination method. The
modular grid method is the most basic system design method, whose purpose is to
reduce the use of nonstandard components. There are two main parts of the re-
search: the determination of basic modulus and location method. Moreover, there
are three kinds of modulus positioning methods: central line positioning method,
interface positioning method and fixed distance method. Central location method
is a single structural system positioning method, and the interface location method
and the fixed distance localization method are all aimed at the envelope system
positioning method. The basic combination method is another method of system
design, which is mainly used to solve the contradiction between standardized design
and diversified requirements. Thus, in the future research, scholars can study how
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to design the basic unit modules according to the modulus of the basic combination
design.
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Application of building integrated
photovoltaic (BIPV) system in green

building1

Jiawei Cai2, Zhenfei Zhang2

Abstract. Solar energy is an important direction of the development and application of
modern clean energy, and great achievements have been made in the development of photovoltaic
technology in China. However, in the specific practical applications, the photovoltaic technology
and green building have not been unified to form a comprehensive function of the integrated build-
ing. In order to study the building integrated photovoltaic (BIPV) in the green building, the energy
consumption and solar radiation heat gain of solar panels installed in a green building in China
were simulated and analyzed by using Energy Plus software and the CTF method. Through the
analysis, it can be found that solar panels can effectively reduce the cooling energy consumption
of the air-conditioning system in summer, and it has no significant effect on the solar radiation in
winter.

Key words. Photovoltaic, air conditioning energy consumption, energy saving, BIPV.

1. Introduction

With the development of modern economy, the use of natural resources and the
destruction of ecology are becoming more and more serious, which is not conducive
to the long-term, sustainable and healthy development of human society [1]. In addi-
tion, with the further increase of energy demand in recent years, the energy problem
has become an urgent problem that human society needs to solve [2]. People are
trying to find new energy sources to solve the energy crisis now facing, such as wa-
ter, nuclear power, solar energy and so on. Among them, the utilization of solar
energy is one of the effective ways to solve the human energy crisis [3]. Solar energy
is clean, pollution-free, inexhaustible, and very applicable. From the beginning of
1990s, people put forward the building integrated photovoltaic (hereinafter referred

1This work was supported by the Henan Province Key Science and Technology Research Projects
(Field of Social Development), Research and Demonstration of the Technology Integration of Re-
newable Energy & Green Buildings’ Combination Based on the Concept of Industry 4.0.

2Nanyang Institute of Technology, Nanyang, Henan, China, 473000
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to as BIPV). The building and the components of solar photovoltaic power genera-
tion were combined and used efficiently, which could effectively use solar energy that
was absorbed by the building’s outer surface and improve the indoor thermal envi-
ronment with many advantages [4]. At present, the combination of green building
and green photovoltaic energy saving technology has become a major trend in the
development of modern architecture [5]. Although our country has carried on certain
research in this aspect, it is still relatively few in the actual application. Therefore,
it is necessary to make further application research and apply it to the design and
implementation of our architecture, which has a far-reaching and important impact
on China’s long-term sustainable and healthy development.

2. State of the art

In recent years, many developed countries have put solar power in the primary
position of sustainable renewable energy utilization. Since 1970s, China has in-
creased the investment in resources and the formulation of policies in this aspect,
thus promoting the utilization and development of solar energy [6]. As of 2008,
Spain’s new installed capacity of photovoltaic power generation exceeded 2500MW,
and Germany’s new PV installed capacity in 2010 was more than 4.8GW [7]. Since
2010, China has entered the rapid development of photovoltaic power generation.
Now it has the world’s largest photovoltaic industry, becoming the world’s largest
photovoltaic component production and export country [8]. For buildings, a variety
of ways can be used to carry out the sun shading, including the building of mutual
sun shading, outdoor shading, indoor shading and green shading. The combina-
tion of photovoltaic power generation and green building can simultaneously play
its role of sun shading and effectively reduce indoor energy consumption. One of
the typical forms of photovoltaic integrated building is photovoltaic shading system.
In summer to ensure lighting is reasonable, it can be as much as possible to reduce
solar radiation and the energy consumption of air conditioning. In addition, it can
obtain more solar radiation heat and reduce the energy consumption of heating in
winter [9]. Therefore, in building design, it is necessary to consider the performance
optimization problem of the whole year, and combine the self-generating function to
make it possible to achieve the optimal annual power generation situation [10].

3. Methodology

3.1. Simulation analysis of building energy consumption

With EnergyPlus software, the simulation analysis of energy consumption based
on building integrated photovoltaic is carried out. The software is used because of its
integration method of load/device/system simulation. In the process of use, the user
can select the time step, and each module simulation is synchronized. In addition,
the time step results are feedback to each other, which is more accurate than the tra-
ditional sequential simulation method [11]. The comparative analysis of integrated
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synchronous and sequential analog load/device/system simulation methods is shown
in Fig. 1. The building system simulation includes heat and mass balance simulation,
equipment simulation, air conditioning system simulation and so on. Data transfer
and overall control of each part are simulated based on analog manager [12].

Fig. 1. Comparison of integrated, synchronous, and sequential load/system/device
simulations

When using EnergyPlus software, the CTF method is used to simulate the tran-
sient heat transfer of the roof, floor, wall and so on, in which the essence is the
response coefficient method [13]. The method is based on the interior surface tem-
perature of the enclosure structure, and the results of calculation are more accurate.
It is assumed that the long wave radiation heat exchange rate of the surface is q′′lwx,
the heat flux of the wall is q′′ki, the convection heat exchange rate of regional air is
q′′conv, the absorption of solar radiation through the injected region is q′′sol, long wave
radiation heat flow from the interior surface receiving net shortwave and equipment
in the area are q′′sw and q′′lws, respectively. The heat transfer process of the inner and
outer surfaces of the enclosure is shown in Fig. 2. Thus, the internal surface heat
balance equation can be obtained in the form

q′′lwx + q′′sw + q′′lws + q′′ki + q′′sol + q′′conv = 0 . (1)

Heat flow is assumed to be q′′ko based on heat conduction into the wall. The
convective exchange volume between the outer surface and the air is q′′conv. The net
heat exchange volume of the outer surface and the long wave radiation of air and
environment are q′′lwr. The radiant heat flux of the outside surface absorption, direct
scattering and scattering is q′′αsol. Now, the heat balance equation of the exterior
surface of the enclosure structure can be obtained im the form

q′′αsol + q′′lwr + q′′conv − q′′ko = 0 . (2)

The starting point of the energy simulation process is load simulation, which
provides the required parameters for the simulation of the air conditioning system.
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Fig. 2. Sketch of heat transfer of inner and outer surface of enclosure

The key to simulate the load by heat balance method is to calculate the regional
air heat balance equation [14]. It is assumed that the heating capacity of the air

conditioning system is
•
Q
s
, the outdoor air temperature is T∞, the mass flow rate

between the simulated area and ambient air is
•
m
st
, the air temperature of simulated

solution area and adjacent area is Tzi, the air mixing mass in the region and adjacent
area is

•
m
i
, the regional surface temperature is Tsi, the surface area of the solution

area is Ai, the convective heat transfer coefficient of the zone surface is hi, the
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and Nz, respectively, the convection heat transfer of the internal heat source in the
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i
, the area temperature is Tz, the area air specific heat is Cp and the
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regional heat capacity is Cz. Thus, we can obtain the thermal balance as follows:

Cz
dTz

dt
=

Nsl∑
i=1

•
Qi +

Ns∑
i=1

hiAi (Tsi − Tz) +

+

Nz∑
i=1

•
miCp (Tzi − Tz) +

•
mstCp (T∞ − Tz) +Qs . (3)

If the heat capacity of the regional air is not considered, and the air heat storage
in the solution area is 0, the output quantity of the steady air conditioning system
can be obtained:

−
•
Qs =

Nsl∑
i=1

•
Qi +

Ns∑
i=1

hiAi (Tsi − Tz) +

Nz∑
i=1

•
miCp (Tzi − Tz) +

•
mstCp (T∞ − Tz) . (4)

The cold and heat load in the simulated area is eliminated by the hot and cold air
supplied by the air conditioning system. The energy output from the air conditioning
system can be calculated by using the air supply rate and the air supply temperature
difference [15]. The air supply rate and the air supply temperature of the air-
conditioning system are

•
ms and Ts, respectively. In this way we obtain

•
Qs =

•
msCp (Ts − Tz) . (5)

After completing the calculation of the dynamic heat balance of each time step,
the software will issue instructions to the system simulation manager to update the
indoor environment and the air conditioning system simulation. The system is sim-
ulated by EnergyPlus software with modular method. The air conditioning system
type and configuration are made into modules, including the direct evaporative sys-
tem, ground source heat pump, cooling system, and VAV system. Among them, the
cold and heat source equipment is simulated by curve fitting method.

3.2. Construction of calculation model of building energy
consumption

In this paper, an office building in a southern city of our country is used as
a model of calculation. The floor plan of the standard layer is shown in Fig. 3.
The building is facing the south with a total of 8 stories and the height of 3.5m.
The length and width are 60m and 20m respectively, and the total construction
area is 9600m2. The height of windowsill and window height are 0.8m and 1.8m,
respectively, and the ratio of window to wall is 50%. The building is equipped with
photovoltaic sun shading board with the size of 0.8m×1.2m×1.6m, installed in the
East, South and West of the office building in three directions. The length of each
row of photovoltaic shading panels is outer wall length.

In the simulation of building energy consumption, it is assumed that there are
no other objects around the building for shelter, and the artificial parameters of the
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Fig. 3. Layout of building plan

building envelope will not change as the temperature changes. The main thermal
parameters are shown in Table 1.

Table 1. Thermal parameters of enclosure structure of building model

Name of enclo-
sure structure

Total heat transfer co-
efficient W/ (m2 K)

Concrete construction situation

Interior wall 0.671 Plaster plaster layer + aerated con-
crete brick + plaster plaster layer

Exterior wall 0.453 Tile and cement mortar + polystyrene
board + aerated concrete brick + plas-
ter plaster layer

Roof 0.362 Asphalt and glass fiber cotton +
polystyrene board + reinforced con-
crete pouring + plastering layer

Outside the
window

2.716 Glass + hollow sandwich + glass alu-
minum alloy window frame

Floor 0.630 Plastering layer + reinforced concrete
+ floor tile

The air conditioning system for an office building is a full air system. In the
summer, the chiller uses a chiller and a gas-fired boiler for heating in winter. Among
them, the heating efficiency of the gas filter used in the winter heating is 0.9. In
the building, corridors and staircases are non-air conditioning area, air-conditioning
system operating period is determined to refrigeration 134 days with the heating
period of 101 days. The temperature in summer and the amount of radiation in
the simulated area are large, and the temperature in winter is low and the radiation
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quantity fluctuates greatly. Using local weather data as a specific meteorological
data, the hourly solar radiation intensity of the whole year is obtained, as shown in
Fig. 4.

Fig. 4. Hourly solar radiation intensity in simulated region

The computation time step of energy consumption simulation is chosen as 05 h.
When the absolute load error or the absolute temperature error of the room is lower
than 0.04W or 0.4 ◦C, the calculation convergence is considered. In summer, the
energy consumption of the air conditioning system in the office is mainly the power
consumption of pumps, fans and water-cooled units. In winter, the heating energy
consumption of the air conditioning system in the office building is mainly composed
of fans, pumps and boilers, and natural gas consumption. As the main energy
consumption before and after are different, mainly for electricity and natural gas
energy, the two in the taste also has a big difference. Therefore, in order to facilitate
the simulation analysis and comparison, the equivalent electrical method is used to
calculate the energy of other different types of power. Where the gas is converted into
electricity, the coefficient is calculated as 65.9%. The final simulation calculates that
the energy consumption of the reference cooling and heating of the office building
is 442.6MWh and 214.2MWh, respectively, in the absence of photovoltaic systems.
The total energy consumption of air conditioning reached 656.8MWh, and then the
annual energy consumption of air conditioning in unit area was 68.4MWh/m2.

4. Result analysis and discussion

By simulating the different angles and widths, the refrigeration and heating en-
ergy consumption of the office buildings and the total energy consumption of the air
conditioning system are simulated and analyzed. Preliminary analysis shows that
the energy consumption of the refrigeration decreases with the increase of the width
of the photovoltaic plate, and it decreases with the decrease of the inclination angle.
No matter what the width of the photovoltaic panel is, when the dip angle is 60 ◦,
the energy consumption reaches the minimum. With the increase of photovoltaic
panels, the energy consumption of air conditioning system is gradually reduced. No
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matter what the width of the photovoltaic panel is, the energy consumption is the
minimum when the inclination angle is 60 ◦. Thus, whether it is cooling in summer
or heating in winter, the installation angle of solar photovoltaic panels is determined
at 60 degrees, and the minimum energy consumption of the air-conditioning system
can always be obtained.

Compared with the benchmark building, for different forms of photovoltaic panels
installed on green buildings, the total energy saving Q and the energy saving q per
unit area of the air-conditioning system are shown in Figs. 5 and 6, respectively. As
can be seen from the diagrams, as the width of the photovoltaic plate decreases, q
increases gradually, but Q decreases. However, for Q and q, they both can achieve
maximum energy consumption at the angle of about 60 ◦, which is determined by
the geographical location of the simulated area. Therefore, when it is installed, we
can perform the design with reference to this parameter.

Fig. 5. Solar energy photovoltaic component, annual air conditioning, total energy
saving

The effect of photovoltaic sunshade to the building outside the window of the
solar heat gain is further studied. Photovoltaic panels can effectively block sunlight
from passing through window glass into the room, thus avoiding excessive radiant
heat caused by sunlight. Especially in summer, indoor solar heating can be avoided
by photovoltaic panels, which can reduce indoor cooling load and reduce energy
consumption of air-conditioning system. However, in the winter, too much will
cause too small indoor solar heat gain and increase the indoor heating load. In this
case, during the choice of photovoltaic panels, we need a compromise consideration.
In this paper, the typical summer meteorological days in the simulated area are
analyzed. The specific parameters are as follows: solar radiation is direct radiation;
the average temperature is 32 ◦; the maximum temperature is 37.3 ◦, and the lowest
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Fig. 6. Annual air conditioning energy per unit area solar photovoltaic component

temperature is 26.7 ◦. The reduction rate of building solar photovoltaic installation
visor case and corresponding heat are respectively compared. The results of the
simulation analysis are shown in Fig. 7.

Fig. 7. The influence of the building photovoltaic sunshade window solar heat gain

It can be seen from the figures that without the installation of photovoltaic
sun visor, the solar heat of the outside window has two peaks at 10:00 a.m. and
16:30, and the middle period is relatively low stage. It is because that the big sun
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elevation angle at noon forms a small plane angle between the building facade, and
the direct radiation intensity outside the window on the reflection to the building is
very small. In the morning and afternoon, the sun high angle is small, and the plane
angle between the sun and the building facade is big with too large solar heat. The
comparison of two peaks in the morning and afternoon shows that the afternoon
heat insulation peak is higher than that of the solar heat morning peak because of
greater sun radiation intensity in the afternoon.

From the reduction rate, the heat reduction rate during 7:00 a.m.–11:30 a.m. is
around 12%. At the time of 12:00, the solar thermal reduction rate is reduced to 0.
This is because the sun has the smallest azimuth and the height angle at noon. In
addition, the plane angle between sun and the building facade is large, which leads to
large direct solar radiation intensity. But from the different installation orientations,
the effect of installing photovoltaic panels on the east side is the best, far better than
the south. Similarly, the effect of the installation of winter photovoltaic shading
panels on buildings can also be obtained. Around the noon, there is little difference
between the amount of heat and the rate of decrease in the days of winter, but the
reduction rate is slightly higher point at noon. From the time all day long, the solar
thermal reduction rate maintains at around 4%. This is because the solar radiation
in winter mainly presents scattered radiation, and there is very little direct radiation.
Although the sun visor can play a very good shielding effect on the solar radiation,
the effect of scatter radiation is not obvious. In conclusion, solar photovoltaic panels
can effectively block solar radiation in summer and reduce indoor refrigeration energy
consumption. In winter, solar photovoltaic panels have small effect on diffuse solar
radiation and little influence on the indoor energy consumption.

5. Conclusion

In this paper, EnergyPlus software was used to simulate and analyze the energy
consumption of the building integrated photovoltaic, so as to effectively carry out
the data transmission and overall control simulation analysis of the building enve-
lope and indoor. On this basis, an office building in a southern city of our country
was chosen as a calculation model, and photovoltaic shading panels were installed
in the east, south and west of the office building in three directions. Combined with
the local weather data simulation results, it can be seen that no matter what width
of photovoltaic shading board is adopted, the minimum energy consumption of air
conditioning system can be obtained when the inclination angle is 60 ◦. However,
the change of its width has different effects on the total energy saving of the air con-
ditioning system and the energy per unit area, so that the width parameter should
be considered in the design. Further analysis shows that in the summer time, pho-
tovoltaic solar panels can effectively prevent direct sunlight into the room, thereby
effectively reducing the cooling energy consumption. In winter, the photovoltaic
solar panels have little influence on the solar radiation, so the indoor heating energy
consumption does not increase. On the whole, solar panels can effectively reduce
the energy consumption of air-conditioning systems, and contribute to energy sav-
ing design. However, this study does not carry out in-depth study of the impact of
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photovoltaic power on the overall energy consumption, which is also a major part of
the impact.
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Designing a quality gain-loss function
for smaller-the-better characteristic
under not neglecting the linear term

loss1
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Abstract. Because the smaller-the-better quality characteristic cannot achieve zero in prac-

tice, it is unreasonable to express the quality gain-loss function only by the compensation and the

loss of quadratic term, and it is unreasonable to directly delete the loss of the linear term, therefore

a new quality gain-loss function for smaller-the-better characteristic is designed. When the linear

term loss is not ignored and the compensation amount is kept constant, the expression form of the

smaller-the-better gain-loss function is studied, the determination method for the loss coe�cient

of the linear term and quadratic term in quadratic quality gain-loss function is researched, and the

linear term and the quadratic term loss in quadratic gain-loss function are compared and analyzed.

Key words. The smaller-the-better characteristic, gain-loss function, loss coe�cient, com-

pensation amount.

1. Introduction

Ever since the quality loss function was proposed by Taguchi, many scholars have
done a lot of research about product quality loss model. Aimed at the limitations
of the quality loss function, the inverted-normal distribution functions were used to
solve an unbounded quality loss function [1]. For the weight-loss problem of asym-
metry, an asymmetric quality loss function model was proposed using the theory of
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piecewise functions to extend the quality loss function, and established the quality
loss function model [2�5]. Fuzzy logic was used to present the concept of fuzzy qual-
ity loss, and the fuzzy quality loss function model was established [6]. While most
studies have focused on single characteristics of the quality loss function, a multiple
quality characteristics model of total mass loss and the method of tolerance design
were presented [7]. The method of scaling and multivariate Taylor series expan-
sion of the function to propose a more general form of multiple-parameter quality
loss model was applied [8, 9]. Because the smaller-the-better quality characteristic
cannot achieve zero in practice, a quadratic quality loss function for the smaller-
the-better characteristic under not neglecting the linear term loss was proposed [10].
Because the quality loss function could not describe the quality compensation e�ect
in production practice, due to its giving the constant term in the Taylor series ex-
pansion a physical meaning�the quality of compensation�the concept of quality
gain-loss function was proposed and the quality gain-loss model of transmitting and
a method of tolerance optimization for quality characteristics were studied[11], [12].

In the literature of studying on quality gain-loss function, the quality loss was
almost represented only by a quadratic term, it not only neglects the linear terms but
also the higher-order terms. It is possible to express the quality gain-loss function
only with a quadratic term for target characteristic, but this is inappropriate for the
smaller-the-better characteristic. For the quality characteristic target value can be
realized and the minimum can be reached. When the compensation amount is kept
constant, the quality gain-loss function for the smaller-the-better characteristic is
the Taylor expansion of the quality characteristic value at zero quality characteristic
point. According to the core idea of the quality gain-loss function, the quality loss is
0 when the quality characteristic value reaches zero quality characteristic point, and
the �rst derivative is 0 for the quality loss value reaching the minimum as the quality
characteristic value goes to zero quality characteristic point. Although the quality
characteristics value does not necessarily reach zero quality characteristic point, the
quality characteristic value is relatively small and the higher-order terms above the
second order are relatively small, so the higher order terms can be omitted. Thus,
there is only a constant term and a quadratic term in the Taylor expansion, i.e., the
quality gain-loss function is represented only by the constant term and the quadratic
term.

The smaller the smaller-the-better quality characteristic, the better, but the prod-
uct quality characteristic value is always �nite in practice, neither the zero quality
characteristic point nor the minimum can be reached. Therefore, the �rst derivative
of Taylor expansion is not equal to 0. It is unreasonable to directly delete the lin-
ear term loss of the quality gain-loss function. In this paper, the quality gain-loss
function is appropriately expressed in the quadratic term under not neglecting the
linear term loss function and keeping the compensation amount constant, and the
determination method for the loss coe�cient of the linear term and the quadratic
term in quadratic quality gain-loss function is proposed simultaneously.
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2. The quality gain-loss function for the smaller-the-better
characteristic

Assume that the quality characteristic value of a product is y and the quality gain-
loss function corresponding to quality characteristic value y is G(y). The smaller-
the-better characteristic quality gain-loss function comes from the Taylor expansion
of G(y) at point y = 0 [1]

G(y) = G(0) +
G′(0)

1!
y +

G′′(0)

2!
y2 + o(y2) . (1)

Assuming that the quality compensation is constant, for the smaller-the-better
quality characteristics, the quality gain-loss reaches the minimum when the quality
characteristic value reaches zero. In other word, G(0) = σ, σ ∈ R. Because the
quality gain-loss reaches the minimum at 0, G′(0) = 0. Omitting the higher-order
terms above the second order, we obtain

G(y) = G(0) + k y2 . (2)

The smaller the smaller-the-better characteristic, the better, but the smaller-
the-better quality characteristic value cannot really reach zero and the maximum
point (zero point) cannot be reached in practice. Therefore we cannot directly let
G′(0) = 0 in (1), as G(∞) 6= 0. In other words, the loss of the linear term is
not negligible. Since the loss of the linear term is not ignored directly, the quality
gain-loss function should be expressed in quadratic form.

In the model of the quadratic quality gain-loss function, an intersection exists
between the linear term function curve and the quadratic term function curve, so
that the amount of the linear term loss and quadratic term loss can change with
the changes of the quality characteristic value. Then, make the linear term quality
loss function G1(y) = k1/y and the quadratic term quality loss G2(y) = k2/y. The
relationship between the linear and quadratic term quality loss functions for the
smaller-the-better characteristic is shown in Fig. 1.

It can be seen in Fig. 1 that when y < y0, the loss of the linear term is higher
than that of quadratic term; when y > y0, the loss of the linear term is less than
that of quadratic term. And when y = y0, the loss of the linear term is equal to
that of the quadratic term. From Fig. 1 we can see that only when y < y0 reaches
a certain value and the loss of the linear term is far less than that of the quadratic
term loss, the loss of the linear term can be ignored.

3. The design of quadratic form quality gain-loss function for
the smaller-the-better characteristic

In the Taylor expansion of the quality gain-loss function, although the linear
term quality loss cannot be ignored directly, for the smaller-the-better quality char-
acteristic the quality characteristic value is small and the higher-order terms above
the second order are very small, so the higher-order terms can be omitted. Because
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Fig. 1. The relationship between the linear and quadratic term quality loss
functions for the smaller-the-better characteristic

the quality compensation quantity is constant, the quality gain-loss function for the
smaller-the-better characteristic is:

G(y) = σ + k1 y + k2 y
2 . (3)

When the compensation quantity is assumed to be constant in the theory of
quality gain-loss function, the greater the deviation of the quality characteristic
value from the target value, the greater the quality gain-loss, so k1 ≥ 0, k2 > 0
and σ ∈ R. The product is defective when the quality characteristic value exceeds
the speci�cation limit (tolerance ∆). In this case, the required cost of reworking or
repairing the product is A. The product losses are now determined by the function
when the quality characteristic value exceeds the functional limit (i.e., the deviation
is greater than ∆0); in this case the quality gain-losses caused by the product being
scrapped is A0. Therefore, by formula (3) we get

A = σ + k1 ∆ + k2 ∆2

and
A0 = σ + k1 ∆0 + k2 ∆2

0 . (4)

From (4) we have

k1 =
(A− σ)∆2

0 − (A0 − σ)∆2

∆∆0(∆0 −∆)

and

k2 =
(A0 − σ)∆− (A− σ)∆0

∆∆0(∆0 −∆)
. (5)

Putting both equations (5) into (3), we obtain the quality gain-loss function in
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the form

G(y) = σ +
(A− σ)∆2

0 − (A0 − σ)∆2

∆∆0(∆0 −∆)
y +

(A0 − σ)∆− (A− σ)∆0

∆∆0(∆0 −∆)
y2 . (6)

To analyze the e�ect of the quality gain-loss function for the smaller-the-better
characteristic, the quadratic form quality gain-loss function for the smaller-the-better
characteristic can be divided into linear term loss, quadratic term loss, and constant
term compensation as

G1(y) =
(A− σ)∆2

0 − (A0 − σ)∆2

∆∆0(∆0 −∆)
y , (7)

G2(y) =
(A0 − σ)∆− (A− σ)∆0

∆∆0(∆0 −∆)
y2 , (8)

G3(y) = σ . (9)

The ratio of the linear and the quadratic term equals π, so that

π =
G1(y)

G2(y)
=

(A− σ)∆2
0 − (A0 − σ)∆2

(A0 − σ)∆− (A− σ)∆0

1

y
=

=

(
∆0

∆

)2 − (A0−σ
A−σ

)2

A0−σ
A−σ −

∆0

∆

∆

y
. (10)

According to the value of π in equation (10), the following cases were discussed:

When π = 1, G1(y) = G2(y). Let y = y0 be the point of intersection of the linear
and quadratic functions in Fig. 1, that is

y0 =

(
∆0

∆

)2 − (A0−σ
A−σ

)2

A0−σ
A−σ −

∆0

∆

∆ .

.
At this point, whether the loss of the linear term relative to the quadratic term

is negligible, depends on the value of y0. For the smaller-the-better quality charac-
teristic, if y0 is very small, that is 1/y0 → ∞, then the linear term loss is smaller
than that of the quadratic term, and the linear term loss is negligible. Otherwise, it
is not negligible.

When
A0 − σ
A− σ

→
(

∆

∆0

)2

,

then π → 0, so that the linear term loss is negligible compared with the quadratic
term loss, and the intersection of the linear term function curve and the quadratic
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function curve goes to zero y0 → 0.

When
A0 − σ
A− σ

→ ∆

∆0

and π → ∞, then y0 is high and the linear term loss is greater than the quadratic
term loss. Then, the intersection of the linear term function and quadratic term
function y0 is very high, which is the most common situation in practice. Although
the consumers expect the smaller-the-better quality characteristic value, and the
smaller the better, the actual value of the characteristic is not small, and the linear
term loss cannot be neglected at this time. The linear term can be ignored, as shown
in Fig. 2, and the linear term cannot be ignored, as shown in Fig. 3.

Fig. 2. The linear term can be ignored

Fig. 3. The linear term cannot be ignored

When
∆

∆0
<
A0 − σ
A− σ

<

(
∆

∆0

)2

,
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then the ratio G1(y)/G2(y) can determine whether the linear term can be neglected.
Substitute ȳ for y in (10), so that the equation now reads

G1(y)

G2(y)
=

(
∆0

∆

)2 − (A0−σ
A−σ

)2

A0−σ
A−σ −

∆0

∆

∆

ȳ
= π . (11)

For the smaller-the-better quality characteristic, remove the human factors, which
means ȳ < ∆ under normal circumstances. When the actual value of π is very small,
generally because the linear term loss is much less than the quadratic term loss, then
the linear term loss can be neglected. Otherwise, it cannot be neglected. In the ac-
tual application process, a speci�c criterion can also be determined: the linear term
loss can be neglected if it is less than 10% of the quadratic term loss

A− σ
A0 − σ

=

(
∆

∆0

)2

.

Since k1 ≥ 0 and k2 > 0 in the equation (3), then

(A− σ)∆2 − (A0 − σ) ∆2
0 ≥ 0 ,

and
(A0 − σ)∆0 − (A− σ) ∆ > 0 .

Hence
A0 − σ
A− σ

≤
(

∆

∆0

)2

and
∆

∆0
<
A0 − σ
A− σ

.

In the actual application process, if the parameter is reasonable, then

A0 − σ
A− σ

>

(
∆

∆0

)2

or
∆

∆0
≥ A0 − σ

A− σ
cannot occur.

When k1 ≥ 0 in equation (3), it may happen that k1 = 0. In such a case

A− σ
A0 − σ

=

(
∆

∆0

)2

. Now, the quality gain-loss function for the smaller-the-better characteristic is

G(y) = σ + k y2 (12)

In the classic quality gain-loss function where the compensation is constant, as
shown in equation (12), the tolerance of quality characteristic can be determined by
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the functional limit, and the quality gain-loss caused by discarded product is

∆ =

√
A− σ
A0 − σ

∆0 . (13)

4. The analysis of practical problems

To show that a quality gain-loss function for the smaller-the-better characteristic
under not neglecting the linear term loss and keeping the compensation amount
constant is superior to the quadratic term quality gain-loss function, it is good to
analyze a concrete case.

A dam concrete construction project mainly includes concrete production, con-
crete transportation, concrete pouring and concrete maintenance. Among them, the
key quality indicators of concrete production have the outlet temperature of the
concrete mixture (unit: days), it is the smaller-the-better characteristic. Assume
that the design target value of the concrete mixture outlet temperature is 7 ◦C, and
when deviation from the design target temperature value y ≥ 2◦C, the product is
not quali�ed. That is, the design target temperature value tolerance ∆ = 2◦C and
the loss caused by it is 75 yuan/m3. When the deviation from the design target
temperature value y ≥ 5◦C, the products lose their function. That is, the functional
limit of deviation from the design target temperature value ∆ = 5◦C, and the loss
caused by it is 200 yuan/m3. Assume that the quality compensation of the next
process for this process or the compensation produced by parallel processes through
mutual cooperation σ = −10 yuan/m3. To evaluate the quality of concrete produc-
tion, 10 concrete mixture samples were randomly selected during a particular period
to obtain the deviation from the design target temperature in the quadratic term
gain-loss function and the function under not neglecting the linear term gain-loss.

4.1. Evaluation using the quadratic term gain-loss function

When ∆ = 2◦C, A = 75 yuan/m3, σ = −10 yuan/m3, the quadratic term gain-
loss function is

G(y) = −10 + 21.5y2 . (14)

The number of the sample is used in equation (14), and then the average of it is
determined to obtain the average of quality gain-loss: Ga = 11.9 yuan/m3.

4.2. Evaluation using the function under not neglecting the
linear term gain-loss

When ∆ = 2◦C,A = 75 yuan/m3, ∆0 = 5d, A0 = 200 yuan/m3, σ = −10 yuan/m3,
the function under not neglecting the linear term gain-loss is

G(y) = −10 + 37.5y + 2.5y2 . (15)

The number of the sample is used in equation (15), then its average is deter-
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mined to obtain the average of quality gain-loss: Gb = 25.6 yuan/m3, the aver-
age linear term loss, L1 = 33 yuan/m3, and the average of quadratic term loss
L2 = 2.6 yuan/m3.

When the quality compensation is constant, the quality gain-loss vale when main-
taining the linear term is 13.7 yuan /m3 more than the value of the quadratic term
quality gain-loss function, because the quadratic term quality gain-loss function ne-
glects the linear term loss. Judged on the amount of the linear term loss and the
quadratic term loss of the average quality gain-loss function equation under not ne-
glecting the linear term loss for the smaller-the-better characteristic, the quadratic
term loss is less than the linear term loss, so the linear term loss cannot be neglected.
Of course, when not neglecting the linear term loss, the loss coe�cient equation of
the linear term and the quadratic term has changed, so the corresponding quadratic
term loss is not equal to the quality gain-loss expressed only by the quadratic loss
function.

5. Conclusion

When the quality gain-loss function is represented only by the compensation
function and the quadratic term, it is not only neglects the linear term in the Taylor
expansion but also the higher-order terms above the second order. However, it is not
appropriate for the smaller-the-better characteristic to function like this. The quality
gain-loss function for the smaller-the-better characteristic is studied from theoretical
and practical perspectives in this paper, and the form of quadratic quality gain-loss
function for the smaller-the-better characteristics under not neglecting the linear
term loss and keeping the compensation amount constant and the corresponding
loss coe�cient equation of the linear term and quadratic term were put forward,
and the amount of the linear term loss and the quadratic term loss for the smaller-
the-better characteristics are compared. This study shows that the original quadratic
term quality gain-loss function is a special case considering the linear term quality
gain-loss function.
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Analysis of ink-jet printing and seal
timing experiment by confocal Raman

spectroscopy

Feng Chao1, Luo Dongdong2, 4, Xie Peng3

Abstract. Confocal Raman spectroscopic technique has very important influence for the
verification and identification of ink-jet writing and seal timing. In order to better discuss this
technology, the related theories of this technology were first summarized in this paper. Scanning
curves of Raman linewidth of different timing seals were compared. The results show that the
Rapp spectral curve prints linewidth and timing have some relevance. Through questionnaires, the
judicial personnel’s approval degree of this technique can be further determined. The purpose of
this study is to provide theoretical basis and technical support for follow-up research.

Key words. Confocal microscopy, Raman spectroscopy determination, ink-jet printing, seal
timing.

1. Introduction

With the development of the times, the current social economy has made great
progress and promotion. In this trend, each industry has gained more opportunities
for development, which makes the development of the industry more comprehensive
and scientific. However, with the rapid economic development of various industries,
many uncoordinated phenomena have been further exposed. In the process of social
development in the current era, some phenomena such as economic crimes and civil
disputes appear. In the development of various industries, because some economic
criminals alter the contract and some relevant notes, it is difficult to identify the
whole late related materials, which causes certain restrictions for the late develop-
ment of enterprises. Especially in some cases of economic crime, the validity and
reliability of the investigation are reduced to a certain extent due to the alteration of
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these important materials and evidence. In addition, it has an impact on the overall
fairness of justice, which makes the detection of judicial cases disturbed. Therefore,
only a more accurate examination of the handwriting in relevant documents can
effectively provide a more positive impact on the relevant case cracking, and become
a key factor in cracking the case justice. Many scholars have begun to pay attention
to the methods of identifying handwriting. However, the traditional handwriting
identification may cause damage to the relevant testing documents, which makes
the integrity of the physical evidence damaged. In this paper, the analysis and dis-
cussion of the more advanced confocal spectroscopic techniques are conducted to
determine the more mature techniques and means for related handwriting identifi-
cation.

2. State of the art

In the process of the development of the times, many enterprises and industries
have been given some opportunities for development. However, with the rapid de-
velopment of the industry, some cases of economic crimes or some civil disputes
have made the evidence of certain document nature become the key to the detection
[1]. In the evidence, because it can make some key handwriting fraud, it affects the
detection credibility of the case. Therefore, many scholars begin to gradually use
some related techniques to identify handwriting, which brings certain advantages
and positive effects for the detection of the case [2]. Some scholars have used chro-
matography to identify some important documents. Although they have been some
credible results, this method directly or indirectly causes a certain degree of damage
to the documentary evidence, which makes the integrity and credibility of the rele-
vant evidence subject to some doubt [3]. In this context, many scholars begin to put
forward and further apply new detection technologies in the handwriting detection,
such as confocal microscope Rapp spectroscopy. While carrying on the effective ver-
ification to the related handwriting, it also has promoted the reasonable explanation
and the solution of industry economy crime, and provided certain technical support
for the further development of the industries [4].

The relevant experimental design in this study is as follows:

(1) In the study, the laser scanning of the confocal Raman spectrometer was
carried out for different ink jet printing fields at first. The related Raman spectra of
the text in different fields were made, and the results were shown in Fig. 1. Wherein,
the two rows of curves were the writing of the first section of ink jet printing field;
the relatively flat four lines in the middle were the writing of the second section of
ink jet printing field; the last two lines were the writing of the third section of the
ink jet field.

(2) On the basis for accurate scanning fields in all of the paragraphs, the relevant
documents were handled through the use of print and stamp different order. Pro-
cessing methods mainly include two kinds of printing methods: the first print then
stamp and the first stamp then print.
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Fig. 1. Scanning confocal microscopy curves for different sections of inkjet printing
fields

(3) All documents and materials were scanned by micro confocal Raman laser
with different energy to determine the relatively stable laser energy, in order to pre-
pare follow-up related experiments. Then, the SRS channel theory and the time
series model in the confocal Raman spectroscopy were used to compare the laser
scanning energies of different materials [7]. Through the calculation of the spectral
curve, the accuracy and reliability of the confocal microscopy Raman spectroscopy
and laser scanning technology in the identification of the relevant documents were
further determined. Finally, through the introduction of actual cases, the actual
analysis of related technologies was conducted to determine the related advantages
and performance of this technology, and to provide some advantages for the pro-
motion of technology. The related SRS signal channel theory and timing theory
computational models were shown in formula (1) and (2). First, the digestibility of
the relevant curves obtained by all scans was computed [8]. The correlation model
is shown below:

x(3)(ωp) = x
(3)
NR +

x
(3)
R

∆ − iT
, (1)

where, x(3)(ωp) is the polarizability obtained by scanning the related document data,
x
(3)
NR is the standard curve obtained after the determination of the multiple standard

document value, x(3)
R represents the signal intensity measured values obtained after

scanning the file, ∆ represents the numerical value of the representative system and
iT is the linewidth of the correlation curves obtained after scanning confocal Raman
microscopy.

The scanning correlation coefficients of all curves were calculated by formula (2),
and the formula is as follows:

ICARS =

{∣∣∣x(3)
R (∆)

∣∣∣2 +
∣∣∣x(3)

NR

∣∣∣2 + 2x
(3)
R Re

[
x
(3)
R (∆)

]}
I2PISZ

2 , (2)

where ICARS are the calculated indexes values for all relevant parameter and x
(3)
R (∆)
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mainly represents different signal intensities, including three main parts: resonant
part, non-resonant part and the cross section. Symbols I2P, IS and Z2 represent the
probability coefficients, the speed coefficients and the curve deviation coefficients of
the scanning transmission of the measured files, respectively.

Finally, through the investigation and analysis of some judicial investigation de-
partments, the advantages of micro confocal Raman spectrometry in practical judi-
cial investigation were further confirmed. The information related to the question-
naire was set out in Table 1.

Table 1. Main questionnaire setting information used in this study

No. Related questions setting Excellent Good Poor

1 Completeness of evidence obtained at the end
of the scan

10 5 3

2 Reliability and accuracy of scanning after
scanning relevant document data

10 5 3

3 The scanning method is easy to operate and
related program and hardware operation per-
formance

10 5 3

4 The credibility of the final result 10 5 3

5 The final resolution of the handwriting ob-
tained in scanning the relevant document data

10 5 3

6 The ultimate effectiveness of judicial decisions 10 5 3

3. Result analysis and discussion

Since entering the era of reform and opening up, the country’s economic level
has been greatly improved. The status of the state in the international community
has increased gradually. In this trend, China’s social industry has been a common
development and promotion. Under the background of the rapid development of
economic strength and comprehensive level, China’s overall economic level has been
improved greatly. However, many discordant phenomena are further exposed in this
context [9]. China’s economic crimes and civil disputes are gradually increasing
with the promotion and progress of the economic level, which has made all sectors
of China’s common sustainable development restricted and hindered. In the relevant
criminal activities, certain evidence documents cannot provide better evidence for
the subsequent judicial review process after the writing has been altered [10]. Un-
der this trend, many judicial departments begin to gradually introduce some novel
handwriting data identification and scanning tools, and these tools are gradually
applied to the actual document scanning, and certain results are achieved. However,
with the development of criminals’ false handwriting techniques in some materials,
it has caused some difficulties for the identification of relevant documents. Thus,
the fairness justice have been restricted to a certain extent, and the whole social
environment and the steady development of economy have also been restricted [11].
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Fig. 2. Development of confocal Raman spectroscopy

Under the demand of the times, more new handwriting identification techniques
are beginning to emerge. Especially, with the rapid development of computer tech-
nology, this new technology brings more important impetus and positive influence
for the development of the handwriting identification technology of relevant docu-
ments. The technique of confocal Raman spectroscopy is higher than other hand-
writing identification techniques because of its high sensitivity to related handwriting
identification and the reliability of relevant handwriting identification results in the
development of today’s times. Therefore, this technique has been gradually applied
to the actual judicial identification, and it also ensures the integrity of the relevant
evidence in the process of effective identification of relevant handwriting. More-
over, it provides some positive influence and impetus for the judicial justice to be
more fair and complete, and gradually becomes the key handwriting identification
technology in the current era [12]. The application of confocal Raman spectroscopy
in handwriting identification is mainly based on the SRS effect theory. The main
principles of the use of the theory are that when scanning certain handwriting by
using confocal Raman spectroscopy, the scanning light produced by the relevant
equipment or instrument touches some of the substances in the handwriting and
scatters [13]. And most of the light does not change the elastic scattering due to the
scattering wavelength associated with the writing medium. There is also a portion
of the light that will be inelastic with the relevant documentation of the document’s
medium. When the light scattering does not have to dry, there will be micro confocal
scattering. The main scattering process is shown in Fig. 3.

In addition, there are many research find that different frequencies of light with
blue and red shift occurs between the light and the writing medium Rapp in the
process of Raman scattering by collisions of light with matter. And the whole
scattering process shows the relative and weak process of light. Therefore, the
frequency of this scattering phenomenon is also relatively low. In the light of Rapp
enhancement-processing, the re-emergence of new superimposed light and scattering
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Fig. 3. Rapp light scattering process map

processes increases the ultimate efficiency of scattering, which is shown in Fig. 4
[14]. Therefore, this process is applied to the process of handwriting identification
gradually. The light scattering efficiency of this increased the light scattering process
may be about 105 times the average scattering efficiency of the process, and even
shows a scattering of higher efficiency, which makes the final determination results
have higher credibility, and provides a positive impact and impetus for the latter
part of the handwriting verification [15]. It needs to be explained that the use this
kind of technology considers energy of Rapp light, and analyze and discuss the final
frequency on the scattering. Therefore, the accuracy of this technique is higher.

Fig. 4. Input and output spectrum of coherent light scattering process

On the basis of a clearer understanding of the relevant theories, a document was
taken as an example for analysis in this paper. The micro confocal spectroscopy
technique was used for Rapp jet to the file. All the fields and paragraph seals
were scanned accurately. Then file data was processed through the experiment
of different timing (first printed stamp and first cover printing printing). Finally,
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measuring instrument spectral results by the confocal microscope Rapp spectra were
analyzed. Relevant mathematical models were utilized to perform data calculations.
The experimental results of two different timing were studied, such as the original
spectral line scan results. The contrast results were shown in Table 2. The results
showed that the line width of the scanning line of the original paragraph of different
passages was analyzed with the results of the spectral line-width of two different
time series after the input of the relevant parameters. The line width of the scan
lines of all the segments was related to the processing time of the files. It could
be seen through the results that line width of a segment scan line of the processing
order of seal materials after the first print file was close to the width of the original
file material. The first stamp printing order showed great difference relative to the
original scanning line width. Research showed that this kind of technology could
be used for timing analysis of ink-jet printing and print handwriting, and the result
had certain reliability and accuracy.

Table 2. Linewidth analysis of scanning lines of different segments with confocal microscope
spectroscopy

Paragraph Parameter input Spectral line width result output

Peak center Width Area
under
the
peak

Original First
print
then
stamp

First
stamp
then
print

1 2850.46 (3.44) 28.41 24.45 9.34 8.24 5.33

2 2869.59 (10.39) 33.97 26.94 15.62 14.55 10.49

3 2887.48 (13.41) 33.30 23.15 16.93 16.47 14.50

4 2907.08 (16.46) 40.61 28.31 18.95 17.98 13.22

5 2931.74 (10.59) 53.24 72.94 18.86 18.01 15.14

6 2958.01 (11.00) 39.04 18.92 13.93 13.37 11.27

7 2989.90 (14.94) 40.61 8.77 5.87 5.22 4.95

Finally, through the questionnaire of a judicial unit staff survey, the main charac-
teristics of confocal micro Raman spectroscopy and traditional scanning technology
were compared, and the results in Table 3 and Fig. 5. The results showed that the
confocal Raman spectroscopy technique had higher score than the traditional scan-
ning technique, and it also indirectly indicated that the technique was more suitable
for the scanning of document handwriting in modern times.

4. Conclusion

With the development of the times, today’s various industries have been greatly
improved. In the process of rapid development of various industries and enterprises,
some uncoordinated phenomena such as economic crimes or civil disputes are gradu-
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ally exposed. And the related text material is the more important link in the related
judicial activity. However, with the progress of science and technology, a lot of crim-
inals have the ability to fake relevant handwriting that has a certain confusion and
negative influence on the judicial expertise. With this phenomenon, many hand-
writing identification techniques have been applied and some achievements have
been achieved. Confocal micro Raman spectroscopy is used for the analysis and
identification of ink-jet printing and the print timing, which is a kind of scientific
technology. In this study, the main concepts of this technology were analyzed and
different word processing methods were introduced as examples. Through the use of
relevant models for settlement, the results were finally compared through the ques-
tionnaire method. The results show that this technique is of great importance to the
identification of handwriting. However, due to the simple analysis of one technology,
the study has a poor contrast and some defects. But it can provide a theoretical
basis for further studies.

Table 3. Questionnaire results

No. Related questions setting Raman
spectra

Traditional
techniques

1 Completeness of evidence obtained at the end
of the scan

8 4

2 Reliability and accuracy of scanning after
scanning relevant document data

7 7

3 Scanning method, operation simplicity and re-
lated program and hardware operation perfor-
mance

7 5

4 The credibility of the final result 9 4

5 The final resolution of the handwriting ob-
tained in scanning the relevant document data

10 4

6 The ultimate effectiveness of judicial decisions 10 6

7 Total 51 30
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Characteristic model based on
structural noise of heavy duty vehicle

engines

Jiao Hongtao1

Abstract. With the improvement of people’s living standard, people’s requirements for
living environment are getting higher and higher, and their attention to noise pollution is also
getting higher and higher. In order to establish the characteristic model for structural modeling
of heavy duty vehicle engines, and obtain the noise reduction method, in this paper, according to
take four-stroke six-cylinder diesel engine as an example, the modern design theory and method
were used to conduct a comprehensive analysis to the mechanism of diesel engine noise, main
radiation noise sources and so on; then, the internal combustion engine noise source identification
method that was suitable for engineering practice was proposed, the surface vibration velocity level
of internal combustion engine was obtained by the improved surface vibration velocity method,
the contribution of radiated noise, sound power level and radiated noise of each component was
predicted successfully. The final experimental results show that the proposed method which is in
good agreement with the measured results can be used to predict the sound power of the engine
and identify the main radiated noise source of the engine, which is very practical for the low noise
design and prediction of the engine.

Key words. Heavy vehicle engine, noise, noise control.

1. Introduction

Noise can cause people’s mental instability, emotional instability, resulting in
headache, dizziness, insomnia and other illnesses, in serious period, it can damage
people’s hearing organs, resulting in noise deafness; besides, it also has a negative
impact to the nervous system, the cardiovascular system, and the gastrointestinal
system, etc.; noise will reduce the work efficiency; high-frequency noise causes the
structural sound fatigue, so that buildings and equipment are damaged [1]. The
vehicle noise is one of the main sources of ambient noise. According to the statistics,
the average of heavy-duty vehicles is 100 dB (A), the public transport is 90 dB (A),
and the maximum noise that a person can bear in the car compartment is 70 dB

1Zhengzhou Railway Vocational & Technical College, Henan, Zhengzhou, 450052, China
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(A). If the noise generated by the vehicle reaches a certain intensity, it will cause
that the driver’s auditory sense suffers long-term stimulation, this will not only
significantly reduce the auditory organ sensitivity, but also produce uncomfortable
feeling and impatience, tension and other negative emotions, thus affecting traffic
safety, resulting in the hidden dangers of life and property of the people [2]. In
addition, the noise can also make people’s vision change abnormally, in the role of
90 dB (A) noise, the sensitivity of human eyes to distinguish the brightness will be
reduced, and the reflect time to identify low light will be lengthened; then, 85-110
dB (A) noise can magnify people’s pupil; 112–120 dB (A) of the stable noise can
also reduce the stability of vision clarity. Noise affects the normal feeling of the
visual system through the human auditory system, which will undoubtedly bring
great risks to traffic safety [3]. The engine noise source is analyzed and researched
by using the analytic hierarchy process (AHP) and the cluster analysis method.
According to combine with the experiment, the contribution of engine’s noise in
the center frequency of the 1/3 octave frequency within the working speed range is
analyzed, and the contribution of each component to important frequency segments
is also analyzed, moreover, the weight index value is given, which provides specific
quantitative indicators for the future of low-noise engine design [4]. In the test
case, the noise sources that their noise contribution to the machine is located in the
top three are oil pan, air inlet and intake pipe. Especially in the idling conditions,
the radiation noise of the oil pan occupies part of the total noise, which should be
an important part of engine noise reduction, thereby improving the whole machine
noise. On the basis of surface vibration test and sound intensity test method, the
contribution of sound power contribution is analyzed. The results of this study can
show the contribution of component radiated noise to the noise power of the whole
machine, which provides quantitative guidance for the improvement design of the
low noise in diesel engine engineering [5].

2. State of the art

Whether there’s good vibration, noise, running smoothness is one of the key
factors to determine the excellent performance of internal combustion engine. Since
1950s, the vibration and noise problems of the internal combustion engine have
begun to be studied deeply abroad. According to start from the vibration and
noise sources of an internal combustion engine, the mechanism of their generation,
transmission and radiation is analyzed, and the classification analysis on the noise
of internal combustion engine is also carried out [6–7]. From the end of 1960s to
the end of 1970s, with the introduction of noise standards in various countries, the
research focused on the study of combustion noise, the distribution of surface noise
radiation in an internal combustion engine, the noise reduction effect of various
special materials, and the improvements in the traditional structure of an internal
combustion engine, etc. From the 1980s onwards, with the development of computer
science and mechanics, modern analysis and calculation methods and test methods
have been widely cited in the vibration and noise analysis of internal combustion
engine, and then, there has been a phenomenon of using finite elements, boundary
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element technology to calculate and analyze the internal combustion engine vibration
and noise problems, besides, the sound intensity method has also been used to
measure near-field noise, etc., and a lot of results have been made at the aspects
of the vibration and noise prediction [8]. Since the 1990s, the research of vibration
and noise of internal combustion engine has entered a new stage. And the concept
of new concept design and the technical direction of subjective evaluation of vehicle
sounds are put forward. Then, the combination of virtual prototyping design and
test technology is carried out to control the structural vibration and noise [9]. With
the continuous development of related technologies and the constant improvement
of requirements of people on the internal combustion engine vibration and noise, the
future car noise target is to reach 71 dB (A).

3. Methodology

3.1. Study on the relationship between surface vibration and
radiated noise of diesel engine

1/3 octave band analysis is well fit for noise analysis of rotating machinery, be-
cause it does not involve the directional effect of noise. If a large rigid piston (that
is, the piston vibrates at the same phase) vibrating on an infinite baffle is consid-
ered, and the size of the piston is very large, in this case, the direction of the radial
sound of a vibrating piston is perpendicular to its surface, the acoustic power that
the piston radiating enters into the surrounding medium is expressed as the force
multiplied by the speed, and then multiplied by the area, as shown in the formula

Wrad = πa2prmsurms . (1)

Here, prms is the root mean square radiation pressure of a point in space, urms is
the corresponding root mean square velocity at the same point and a is the radius
of the piston.

From the acoustic pressure equation it can be obtained, p = uρ0c, thus, the
calculation formula can be obtained in the form

W = ρ0cS
〈
ū2
〉
. (2)

Here, S = πa2, < > represents the time average and “” represents the space
average.

The above derivation is based on the ideal state, and an arbitrary structure of
the acoustic radiation takes this as a comparison. Thus, the radiation ratio σ of any
structure is defined as the acoustic power of a structure radiating into half space
(i.e., the side of the structure) that is it divided by the sound power radiated by
a large piston with the same surface area and the same root mean square velocity
as the structure. Thus, the radiation ratio can be used to describe the efficiency of
acoustic radiation. When compared with the same area of the piston, the structure
radiates the sound by this efficiency, that is, the piston has a radiation ratio that
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it’s 1. So for any structure, a formula for calculating acoustic power of structural
radiation is shown in the relation

Wrad(f) = ρ0cSradσrad(f) < U2
0 (f) > . (3)

The mean square velocity by area average is actually the mean square value of
the normal vibration velocity of the vibration surface. The radiation ratio provides
a strong relationship between the structural vibration and the associated radiated
sound power. Then, the mean square value of the normal vibrational velocity of
the sound radiation surface of vibrating object can be obtained by experiment or
theoretical calculation. If the value or relationship of the radiation ratios of different
types of structural units can be established, the noise radiation can be estimated
to establish the relationship between structural vibration and radiated noise. The
radiation ratio σrad(f) value in the formula is in the range between 1–2.

Wrad(f) =
p2(f)

ρ0c
Strav . (4)

In the above formula, Strav is the surface area of a spherical surface of the acoustic
sensor, then, the measured pressure level from the sound source r can be expressed
in formula

p2(f) = (ρ0c)
2

(
Srad

Strav

)
σrad(f) < U2

0 (f) > . (5)

Formula (5) is represented in logarithmic form, as shown in the equation

SPL(f) = Lv(f) − 101 log10

(
Srad

Strav

)
+ 101 log10 σrad(f) +K. (6)

For each 1/3 octave band, the sound pressure level is calculated as shown in the
following formula

SPL(f) = LV(f) − 101 log10

π(√Srad

2
+ 2

)2
+ 101 log10 σrad(f) + 138 (7)

and is given in dB.
The total sound pressure level is obtained by adding the sound pressure levels of

each of the 1/3 octave bands. The main noise frequency of the diesel engine falls
between 500–3000 Hz, so that the total noise level can be properly represented by
the A-weighted sound level. For this reason and the size of the engine, the noise
radiation ratio can be regarded as 1 unit, that is, 101 log10 σrad(f) = 0, in this case,
the radiated noise generated by the engine surface is determined using by one of the
formula

SPL(f) = LV(f) − 10 log10

(
Strav

Srad

)
+ 138 dB, [LV(f)ref 0.39m/s] (8)
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or formula

SPL = LV(f) − 10 log10

(
Strav

Srad

)
− 33.7 dB, [LV(f)ref lnm/s] . (9)

Here,

Strav = π

[(
Srad

π

) 1
2

+ 2

]2
, LV(f)ref lnm/s = LV(f)ref 0.39m/s + 172 dB, .

Therefore, as long as the average vibration speed level based on the area average
LV(f) is calculated accurately, the sound power of the components and the whole
machine radiation noise can be calculated, so that the contribution of components
to the whole machine noise power can be derived.

3.2. Identification of main radiated noise sources of diesel
engine by surface vibration velocity method

The identification research of the main radiated noise source of diesel engine is
carried out by using the surface vibration velocity method. Then, the test uses
the surface vibration test and analysis system, as shown in Fig. 1, which mainly
includes piezoelectric crystal accelerometer, LMS SCADA3 acoustic vibration test
and analysis system and the corresponding analysis software. Based on the vibration
characteristics of the diesel engine, the analysis frequency is set as 4 kHz.

Fig. 1. Test system diagram

Surface vibration measurement uses a piezoelectric crystal accelerometer, which
mainly takes into account that the accelerometer can highlight the high-frequency
vibration signal, and furthermore, the actual use situation also proves the reliable
performance of the accelerometer. The acceleration signal is collected and stored by
the acoustic analyzer, after the compute using the software, the analysis and pro-
cessing are carried out, then, the surface vibration velocity signals can be obtained
after the obtained surface vibration acceleration signals are integrated in frequency
domain, so that the acoustic power of each component is obtained. In the test, in
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order to measure the average area of the vibration acceleration, each component
measures the vibration acceleration at many different locations as much as possible,
and then, according to average these accelerations, the acceleration of the entire
component is obtained. In order to eliminate the influence of the accelerometer
weight on component vibration, a smaller weight accelerometer should be used as
much as possible.

4. Result analysis and discussion

4.1. 1/3 octave spectrum of each noise radiation part of the
diesel engine under four working conditions

For the 1/3 octave band, the value of 20 log 10 (f/4) is shown in Table 1.

Table 1. 1/3 octave band of 20 log 10 (f/4) value

1/3 octave
band center
frequency (Hz)

500 800 1000 1600 2000 2500 4000 5000

20 log 10 (f/4)
(dB)

42 46 48 52 54 56 60 62

According to the structural characteristics and surface vibration characteristics of
the diesel engine prototype, the measured engine was divided into the following main
noise radiating parts: air inlet (cast aluminum square pipe), intake pipe (round thin
wall metal pipe), oil pan, timing gear chamber cover, exhaust pipe, body, crankcase,
fuel pump and flywheel shell and other 12 parts, then the surface vibration mea-
surement on the above parts was carried out respectively. A total of four operating
conditions (idle, 1500 rpm, 1850 rpm, 2200 rpm) were tested, which were the rated
speeds. Through the processing of the surface vibration data of the measuring part,
the octave frequency spectrum of the noise radiating parts of the diesel engine under
four working conditions was calculated. The noise radiation spectrum diagrams that
take the intake pipe as an example are shown in Fig. 2–Fig. 4.

It could be seen from the spectrum that in a wide frequency range, the intake
pipe had a larger radiation noise, and there was a higher value in 500–3500Hz, which
was consistent with the noise radiation frequency range of the diesel engine.

4.2. Contribution of radiation noise of components to the
sound power of the whole machine

As the noise was actually a form of energy, each band of sound power could be
superimposed according to the noise synthesis method, and the sound power level
of components was secured, then, the components’ sound power was integrated to
gain the machine sound power. According to calculate the proportion of radiant
noise energy of the main components in the total noise energy of the engine, the
contribution of the main components to the total noise was obtained, that was, the
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Fig. 2. 1/3 octave center frequency of intake pipe under 1500 rpm condition

Fig. 3. 1/3 octave center frequency of intake pipe under 1850 rpm condition

Fig. 4. 1/3 octave center frequency of intake pipe under 2200 rpm condition
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order of the main noise sources of the engine. The contribution of the components
of the diesel engine to the overall noise is shown in Table 2. And then, the sound
power levels of the main parts in different working conditions are shown in Table 3.

Table 2. Contribution of parts of the airframe to noise radiation of the whole machine

% Idle speed 1500 rpm 1859 rpm 2200 rpm

Oil pan 67 25 20 20

Water jacket
side cover

5 7 6 4

Exhaust pipe 1 6 7 6

Valve compart-
ment cover

3 4 6 6

Fuel pump 2 5 7 6

Air inlet 7 22 19 26

Intake pipe 10 17 20 15

The upper part
of the body

2 4 4 4

Body skirt 0 0 1 1

Lower
crankcase
side wall

1 5 4 6

Flywheel shell 1 3 4 4

Timing gear
cover

1 2 2 2

The relationship between surface vibration velocity and radiated noise was sys-
tematically analyzed. Then, the surface vibration velocity method was used to test
the surface vibration of engine under four working conditions: idle speed, maximum
torque point, 1850 rpm and rated speed. Among them, the calculated value of the
sound power level of the whole unit integrated by the diesel engine under the rated
speed condition was basically the same as that of the actual measured engine sound
power level. The calculated result was 0.6–1 dB (A) lower than the actual measured
result of the sound power. Analyzing the main reason: the measuring part did not
completely include all the accessories of the engine, such as: air pump, pulley and
generator, etc. Because the pulley was a high-speed moving part, and it is difficult
to arrange the sensor on the surface. Besides, as the sensor had a certain quality,
which would have a certain impact for measuring the vibration characteristics of
parts, especially for some thin-walled stamping parts, however, the impact on the
casting was very small.
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Table 3. The power level dB (a) of the main components under different working conditions

Idle speed 1500 rpm 1859 rpm 2200 rpm

Body 83.7 94.9 97.3 98.9

Crankcase 78.9 94.4 96.3 99.2
Air inlet 88.1 101.3 102.7 105.9

Intake pipe 90.5 100.2 102.9 103.5

Valve compartment cover 84.4 94.3 97.6 99.3

Oil pan 98.6 101.8 103.1 105

Water cover side cover 87 96.3 97.7 97.6
Flywheel shell 81.3 92.7 96.3 97.2

Gear chamber cover 79.7 89.8 92.4 94.5
Fuel pump 83.8 94.8 98.2 99.2

Exhaust pipe 81.5 95.8 98.2 99.3

Calculate the total sound power 100.4 107.8 110 112

Measure the total sound power 101 108.4 110.8 113

5. Conclusion

The internal combustion engine noise source identification method that it was
suitable for engineering practice was proposed. And then, the surface vibration ve-
locity of the internal combustion engine was obtained by using the improved surface
vibration velocity method, and the sound power level of the engine radiated noise
and the contribution of the radiation noise of each component were successfully pre-
dicted. Then, the method was used to predict and identify the acoustic power levels
and the main radiated noise sources of the studied diesel engines, and the predic-
tions were especially consistent with the actually measured results. In addition, the
method could also be used to predict the sound power of the engine, identify the
main source of radiation noise of the engine, which had a strong practicality for the
low noise design and prediction of the engine. And next, the contribution of com-
bustion noise and mechanical noise to the sound power of the whole machine under
different diesel engine operating conditions was studied, meanwhile, the contribution
of combustion noise and mechanical noise to the engine noise under different engine
speed and load was also researched, which laid a good foundation for the adopting
different noise control methods to control the sound power of the radiation noise of
the whole machine.
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Construction of model for performance
comparison between SNA and TCP/IP
in computer network communication

Hengjie Zhang1

Abstract. TCP/IP is known as a communication protocol. SNA is the exclusive network
framework developed by IBM. The industry’s analysis of TCP/IP and SNA is almost saturated,
but there are no corresponding laboratory data to compare the performance of the two in multiple
scenarios. In this paper, the transmission protocols of TCP/IP and SNA were studied. IBM was
used to achieve the SNA network construction process, as well as a simple end-to-end network and
multi-client network were designed. On this basis, a multi-client network context was proposed and
used to test two parties, and simple end-to-end network and multi-client network were implemented.
On the basis of this, the test comparison in different conversation situations was carried out.
Practice has proved that TCP/IP has better transmission efficiency, and SNA can guarantee fairness
better.

Key words. TCP/IP, SNA, performance comparison.

1. Introduction

Computer network communication combines computer technology with commu-
nication technology and designs data communication mode according to require-
ments [1]. Computer network communications can connect hosts, terminals and
other network devices located in different regions. Combined with the application
software corresponding to the host, a complete communication system is formed.
The resource sharing in the system is realized through this communication system
[2]. TCP/IP is known as a communications protocol that replaced the old network
control protocol in 1983 and becomes the cornerstone of the Internet in twenty-first
Century [3]. In the middle of the 90s of the last century, TCP/IP began to flourish.
Today, TCP/IP has become the mainstream of computer network communication,
and has a decisive position [4]. TCP/IP is a layered communication protocol, which
consists of four layers and they are application layer, transport layer, network layer
and network interface layer [5].

1Shijiazhuang University of Applied Technology, Shijiazhuang, Hebei, China, 050081
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SNA is the proprietary network framework of IBM, and is widely used in IBM
host environment [6]. SNA is the major networking protocol of IBM’s large and
medium-sized machines, and is a large group of network protocol and standard,
which contains configuration in IBM mainframe network environment and manag-
ing system resource services [7]. The reason why SNA is concerned is that SNA
appears earlier than OSI. As early as the 70s of last century, the proprietary net-
work architecture has been widely used [8]. Initially, a single host is designed to
connect to the terminal. As technology matures, multi host communications are
allowed until SNA joins and supports LAN and any topology [9]. The SNA network
includes both the physical part and software part. The physical part consists of a
processor, a communication controller and a terminal controller. The software part
includes access mode, application subsystem, user application program and network
control program [10].

2. State of the art

The development route of TCP/IP has a great relationship with the development
track of internet. Since 1960, American Gordon research network began to sprout,
which was the rudiment of international network. The advanced research planning
network begins with experimental packet switching system linking computers and
slowly transitions to the host to host network control protocol by using master-slave
architecture. As early as the beginning of the Internet development, the demand for
network interconnection based on different protocols has been paid attention, and
the development of network connection technology is on the rise. Network connection
technology has been developing very rapidly in the past few decades, which makes
it easy and fast for users to access resources and information. But at the same time,
there is a difficult problem. Problems can arise when integrating different types of
networks. Therefore, people need to solve them through open protocols and public
applications. Subsequently, the TCP protocol is invented. Until the late 70s of the
last century, TCP development was basically completed.

SNA was created in the 70s of last century and was widely used in IBM host
environment. In order to provide inter procedural communication, IBM introduces
APPCAPPC which is a high-level program for program communication. In order
to combat the threat of TCP/IP, IBM then introduces an advanced peer-to-peer
network. This peer to peer network is regarded as the second generation SNA
network, which is named APPN. The presence of APPN ensures the diversity of host
systems. At the same time, APPN can provide enterprises with a non-centralized
network computing [14]. Peer-to-peer operations of large and small systems can be
completed on the APPN network and IBM’ strategies are embodied clearly in the
networking program. That is to say, the inclusive industry standard protocols such
as TCP/IP continue to support APPN, but SNA is still at a disadvantage in the
competition between SNA and TCP/IP.
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3. Methodology

3.1. TCP/IP network building

In order to compare the overall performance of the SNA and the TCP/IP in
the practical application, a series of different end-to-end network scenario tests were
designed in this paper and they were discussed from multiple perspectives, so as to
choose the protocol with better performance to use. The hierarchical communication
protocol for TCP/IP is shown in Table 1. In the TCP/IP hierarchical model, the
lower layer is the upper layer structure service, and it can provide additional function
for the upper layer structure. But each layer is usually communication with the
peer layers in the remote computer. For example, the network layer is responsible
for forwarding data to the computer in the best way and providing services to the
transport layer. The TCP transport layer communicates with the TCP peer layer
of the remote computing when processing congestion control and stream control.
By collaboration, the two TCP transport layers provide service for the application
layer.

Table 1. Layered list of TCP/IP

Application layer FTP, Telnet, DNS, SMTP, HTTP, . . .

Transport layer TCP, UDP

Network layer IP, ICMP, IGMP, ARP, . . .

Network interface layer LAN, X25, SNA, ATM

The TCP/IP transport layer protocol serves each task and another process com-
munication. The port number is 16 bits. The host to host protocol is used to identify
the protocol, and the incoming message must be forwarded to high-level protocol or
application program. However, these high-level application programs such as Telnet
and FTP are protocols in the TCP/IP tables. So it is needed to use the same port
in your implementation. The port with number 23 is used for Telnet and port with
number 20 is used for FTP. Ports that have been assigned port numbers are called
well-known ports. In order to avoid two different applications by using the same
port number of a host, when applications are written, they can get a usable port
by sending a request to the TCP/IP. However, the port assigned is dynamic, so the
port numbers that are called each time are not the same. Ports used by UDP and
TCP are interlinked. A socket is a special type of file handle that is requested by a
process from the operating system. In other words, sockets are used for naming and
addressing in the network, and are used in communication terminal nodes. UDP
is the application interface to IP, which is shown in Fig. 1. UDP does not provide
additional possibilities, flow control, and congestion control. It can only send or
receive IP data as a multiplexed signal multiplexer, and use the port to forward
datagrams.

TCP cannot recognize data patterns in any application. It can only write data
to a byte stream of the TCP window cache as the sending application program.
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Fig. 1. UDP-based multi-channel signal resolution

TCP uses the three-grip technique to establish the connection, and the TCP data
sequences sent are shown in Fig. 2. The network node A initiates the TCP link
and executes the CONNECT primitive. The specified parameters are as follows:
destination IP address and port, MSS received and other TCP optional parameters.
These parameters are waiting for reply. When the network node B receives the SUN,
it replies SYN and ACK. The TCP option corresponds only to the TCP optional
parameter sent by the node A. After the network node A receives the SYN and ACK,
it replies the ACK segment to the network node B and confirms it at the network
node B. The TCP connection is completed.

Fig. 2. Simple connection process of TCP

3.2. SNA network construction

SNA is a network architecture developed by IBM, including a large set of network
standards and protocols. SNA defines a centralized architecture of mainframe and
control terminals that is applied to the IBM host environment. SNA has received
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extensive attention because SNA appears very early. It not only defines the logical
structure of the data communication network, and describes network configuration
to control the network cyber source, information transmission and other operation
orders. The SNA network includes the physical part and software part. The pur-
pose of designing SNA is end-to-end communication, which allows users to pass the
complex data communication system through the application so that users can feel
the head shape of the communication system. SNA has 7 protocol layers, including
transaction service layer, indicates service layer, data flow control layer, transmission
control layer, path control layer and data link control layer as well as physical layer,
which is shown in Fig. 3.

Fig. 3. Seven-tier structure of SNA

The APPN architecture has a number of features. Among them, three important
basic characteristics form the basic functions of APPN. These three basic charac-
teristics are the transport group, the network addressable unit and the address and
session identifier. An array is a link between APPN nodes, and the underlying
APPN schema can only support single link arrays. A network addressing unit is
any part that can establish sessions with corresponding components in APPN envi-
ronment, such as control nodes and logical units. Addressing and session identifiers
play a very important role in session management and routing. In traditional SNA
subarear, each resource is assigned a unique network element. In the APPN envi-
ronment, routing information is session oriented. The address selected by the APPN
transmission head is one to one. The address used by the HPR/IP transport header
contains not only the HPR session identifier, but also the IP address involved in the
terminal node.

Enterprise extender is based on the implementation of SNA over ATM. Among
them, the UDP port identifies the destination of the datagram. IP implements the
routing function as a UDP host. The mapping to the UDP port number is the
SNA transport priority. Because many IP routers can be configured to the data
flow of Venus line according to the port number, the five UDP ports have been
registered for EE use, which is also called the enterprise expander use. Table 2
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shows the correspondence among the APPN priority, the IP preamble and the UDP
port number.

Table 2. APPN priority, IP precedence and UDP port number

APPN priority, IP precedence and UDP port number

N/A B’llO’ 12000

Network B’llO’ 12001
High B’lOO’ 12002

Medium B’OlO’ 12003
Low B’OOl’ 12004

4. Result analysis and discussion

4.1. Simple end-to-end network testing

Sensitivities of applications program to operating systems and host performance
are considered. This creates errors and affects data results. Therefore, several
hosts with the same configuration and installed Windows 2003 server operating
system at the same time are selected as the test system in this paper. The windows
platform integrates the TCP/IP protocol. The SNA network still relies on the IBM
communications server for windows installation to achieve communications server
for windows fully supporting APPN, HPR and DLUR functions, and provides a full
set of enterprise network solutions. Users can achieve a variety of ways to connect
through the system. Because Windows NT has only one TCP/IP protocol, and only
one EE port can be defined. Therefore, defining the EE process is relatively simple
in the CS for OS/390 process. First of all, SNA node Configuration is initiated to
create a new configuration file and then create nodes. Nodes are virtually invisible
in the APPN network environment, which is similar to the hosts in the TCP/IP
network.

The fully qualified control node name consists of two parts. One part is the
NETID of the SNA network and the other is the server. The control node name in the
SNA network is unique. The name of the control node in the same NETID network
can’t be repeated. Moreover, the control node is unique in the APPN network. This
uniqueness is similar to the host naming of the TCP/IP network. Another point to
note is that CP alias, which is the alias of the control node. Typically, the terminal
nodes participating in the SNA network are IBM communication server for windows.
But sometimes it can be set as terminal node. For example, when there is no need
to route SNA sessions in actual applications, nodes should be set to terminal nodes.

Cstest is defined as server and scwin35 is defined as client. The following tests
are designed in this paper. File FTP transfer test is carried out between server and
client nodes and connections are established. When the server sends data to the
client, the connection is closed after the end of the transmission. Measuring time
is the total time to establish connection and disconnect and file transfer time. In
addition, socket buffers received and sent by FTP are the SNA MODE setting of
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2048 bytes. The result is shown in Fig. 4.

Fig. 4. Simple end-to-end network

The test uses 500MB’s large file for transmission, which is designed to avoid
interference from broadcast traffic in the network and to facilitate the distinction
between results. It is found that large file transfer has higher transmission rate
in TCP/IP protocol in single process. Moreover, the average transmission rate is
nearly 50% higher than the RTP transmission rate. Therefore, the gap between the
two is very obvious. In addition, the TCP/IP protocol can be transmitted quickly
at the beginning of the link. It can also be maintained at a higher transmission
rate during transmission, so flow control of TCP based on sliding window can be
implemented. At the same time, data can be sent at any point. TCP/IP peer to peer
window design is to provide traffic control for the receiver. The window is designed
to receive the data range of the byte stream allowed by the other party, but it can
only send bytes in the byte stream within the window.

In order to indicate the size of the receiving port, the TCP/IP Baotou contains
window fields 16 bits. When the receiver receives the data, sending the ACK in-
dicates that the receiver has successfully received the byte. When the maximum
receive window is filled, the sending end must stop sending data.

4.2. Multi-client network analysis

In a multi-session file transfer scenario, the TCP/IP protocol connection can
transmit data at a higher rate. As a result, the TCP/IP protocol can still hold the
edge in multi session file transmission. However, the network stability will decrease
with the increase of session, which will lead to a decrease in the quality of the
service. In the RTP connection, the speed drops as each session transfers speed
begins. However, the relative balance is maintained, so the network stability is very
good and will not be affected by the increase in the number of sessions. The session
in the TCP/IP protocol corresponds to a TCP connection, and a number of TCP
connections are established from the same end to the end path, which can not only
improve the utilization of broadband networks, but also increase the speed of network
transmission. At the same time, the number of TCP connections can be optimized so
that the network can reach the highest transmission speed. GridFTP-APT algorithm
explains the relationship between broadband and connection numbers and buffers,
as well as link bottleneck bandwidth and round trip time. This relationship can be
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expressed by the following formula
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Here, N represents the number of TCP connections and W represents the size of
the TCP connection socket buffer. Symbol B represents link bottleneck bandwidth
and R represents the round-trip time of the TCP link. As the number of TCP
connections increases, the system bandwidth increases. When the connection is too
large, the system bandwidth drops.

After each server of the client node establish a link, the server starts sending data
to the client. When the transfer is finished, the connection is closed. Test time is
the sum of the time to establish connection and disconnection, and the time of file
transfers. The transmission file size is 500MB. The socket buffer received and sent
of FTP is 2048 bytes, which corresponds to the SNA MODE design.

Table 3. The results of two client transfers

TCP timel (s) speed l (Kbytes/s) time2 (s) speed 2 (Kbytes/s)

1 23.15 21294. 95 23.25 21686. 63
2 22.79 21747.08 22.50 22222. 89
3 23. 25 21702.35 23. 29 21686. 63
4 22.39 22350.47 22. 49 22222.59
5 22.57 21872. 7 22.39 21030. 44
rtp timel (s) speed l (Kbytes/s) time2 (s) speed 2 (Kbytes/s)

1 52.53 9142. 88 53.39 9156. 89
2 53. 49 9119.97 53. 79 9165. 10
3 52. 79 9112.80 54.15 9164. 29
4 53.17 9150. 57 53.29 9183. 32
5 54. 13 9167. 86 54. 28 9103. 44

When the TCP/IP protocol is used in multi-client transmission, there is no ob-
vious change in the transmission time. The SNA protocol shortens the data trans-
mission time, so that the transmission efficiency has been greatly improved. And
in the multi-client scenario, the total bandwidth of the TCP does not change, and
server throughput is unchanged. Therefore, the performance changes are not obvi-
ous. However, the RTP process has changed. Unlike multiple sessions reusing the
same RTP connection from single end to end networks, the RTP sets up separate
RTP connections for each client’s FTP session.

In summary, TCP maintains high transmission efficiency in the multi-client sce-
nario. However, with the increase of data transmission, the TCP protocol cannot
solve the problem of link fairness. The existence of this problem will lead to a
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sudden instability in the network, and higher bandwidth will increase the burden
on the network. Practical tests show that servers in TCP/IP networks consume
more resources and affect the overall network speed. In the multi-client scene, the
transmission rate of the SNA protocol is slow, but it takes into account the fairness.
Therefore, the stability of the transmission data stream can still be maintained.

5. Conclusion

Computer network communication is a new communication type. It combines
computer technology with communication technology to meet the needs of data
communication. In this paper, the development status of SNA and TCP/IP were
introduced, and the transport layer of TCP/IP protocol and the network structure
of SNA were expounded. The theoretical comparison between the two protocols was
made and tests under different session scenarios were carried out. According to the
performance of the two networks, the performance of the main transport protocols
in TCP/IP and SNA networks was compared. It is found through the test that with
the complexity of the application scene and the influences from external factors,
network instability and other factors, the number of TCP connections increases
and is at a very fast rate, which leads to worse network performance and worse
serious deterioration. The ARB flow control and session connected by RTP can
independently adjust and execute commands independently. They do not affect
each other. As a result, SNA networks can remain stable, so TCP/IP has better
transmission efficiency and SNA could better guarantee fairness. However, affected
by objective factors such as experimental conditions, complex topologies are not
designed in this paper. In simple networks, routing performance is not adequately
represented. Therefore, further research on network routing performance can be
carried out.
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Design and implementation of new
glass CNC sand blasting engraving
machine and information system1

Wenli Yang2, Yuchun Zhu2, Xianghui Lu2

Abstract. With the gradual improvement of people’s living standards, the demand for stone
handicrafts tends to rise. Glass, stone and other carved handicrafts have formed an important
industry. At present, the degree of engraving automation in our country is generally low, and the
traditional engraving processing technology has the problems of high energy consumption and high
labor intensity. Therefore, the demand for new glass CNC sand blasting engraving machine is more
and more intense. Drawing on the advanced processing ideas and methods at home and abroad, a
new type of glass CNC sand blasting and engraving machine with higher intelligence was designed
in this paper. Combined with the idea of CAD intelligent processing, the 3D model of glass and
stone was constructed, and finally the process of robot machining integration was realized.

Key words. CNC engraving machine, information system, stone carving.

1. Introduction

Carving process is to remove and correct the surface of the carved material, and to
make it a handicraft with a sense of space and three-dimensional beauty. This craft
requires a natural or mission image that can be touched and perceived [1]. According
to the morphological classification, sculpture can be divided into emboss, model
sculpture and image sculpture. The living standard of people is undergoing great
changes. People’s pursuit of cultural life is not just a simple entertainment, but a
deeper appreciation of art [2]. According to the basic requirements of artistic features
and ornamental features, the sculpture industry, such as glass and stone, is rising
quietly in recent years. The homogeneity of traditional sculpture craft in our country
is higher, and the possibility of higher value added is not very high. Therefore, the

1In this paper, high technology to transform Hebei province 2017 key research projects and
promote the traditional industry "special glass Intelligent NC spraying carving technology research
and application": 17211810D.

2Hebei Construction Material Vocational and Technical College, Qinhuangdao, Hebei, China,
066000
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development of new products is slow [3]. The quality of traditional engraving is
entirely dependent on the experience and craftsmanship of the master. If the number
of craftsmen who train the craftsman spirit is constantly decreasing, the carving
process will be confronted with the shortage of technicians [4]. Glass, stone and
other arts and crafts urgently need a higher degree of automation equipment to solve
the problem of engraving technology and technical personnel shortage. Therefore,
the significance of this study lies in this.

2. State of the art

Glass and stone have many steps during the engraving process. Even for the
companies that carry out the process are very mature, they rely heavily on manual
work to do the necessary work processes. In particular, the basic carving of the crafts
with complex shape is completed by hand [5]. Although the processing equipment of
complex structures made in China has been applied in many fields, there is no CNC
machining which can realize intelligent processing [6]. The main research results are
also concentrated in the design phase of small CNC engraving machines. In foreign
countries, the research on the engraving equipment for stone, glass and other crafts
has entered a relatively mature stage. Industrial CCNC machine tools have been
able to realize automatic integration of robots and machines [7]. The latest research
results show that foreign CNC engraving machine has been able to automatically
change tools, and automatically form cutting path. But the disadvantage is that
equipment is expensive and manufacturing technology is basically blocked [8].

Industrial robots are widely used in industrial automation production process.
They include advanced manufacturing technologies such as machinery, electronics,
computers and artificial intelligence [9]. Since the design and manufacture of the
first industrial robot, the robot has been bursting with great potential. Since 1970s,
industrial robot technology has been developed rapidly. Many countries began to
pay attention to the future development of industrial robots, and constantly put
in a lot of manpower and material resources [10]. At present, CNC machine and
industrial robots have been widely used in the field of automobile manufacturing and
aerospace, and later developed into food processing, timber and furniture industries.
The adoption of CCNC machine technology and intelligent robot manufacturing
ideas into glass, stone and other crafts sculpture manufacturing will give full play
to the multi axis flexibility of CNC machines and industrial robots to meet the
processing requirements for the maximum space range and the special structure.

2.1. Methodology

Based on computer aided technology, a whole set of new glass numerical control
sand blasting engraving machine system is designed. The system makes rough ma-
chining and finishing of glass, stone and other materials. Fig.1 shows the scheme
design of engraving system. The whole CNC engraving system is divided into the
mechanical structure part, the electrical control part, the modulation part, the dis-
placement machine design, and the processing tool movement track. Besides the
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design of robot body, the design and application of displacement machine is also
an important structure of engraving machine system. The positioner is the special
robot auxiliary equipment. It is more suitable for the rotary machining of materials
with complicated structure, which can obtain ideal engraving and machining posi-
tions. The positioner, the operating machine and the electric welding machine are
fully matched and used. They are connected with the welding machine system to
realize the linkage operation. The positioner is applied to CNC engraving system,
which can realize multi-directional machining and effectively handle machining dead
angle. The use of positioner is mainly supported by the manufacturers of robots
for sale, and the core manufacturing technology is also the manufacturer’s business
secrets. In this study, the application principle of positioner has broken through the
manufacturing technology of CNC engraving machine.

Fig. 1. Scheme design of engraving system

Fig. 2 shows the machining process of CNC engraving machine. The whole CNC
engraving process is as follows. 3D modeling software UG and Solidworks are used
for three-dimensional modeling design of the sculpture image. Then, the modeling
image is imported into the CAM computer aided program to generate the reasonable
running track of the CNC machining tool. The CNC machine tool is used to track the
tool path according to the machining trajectory. Before optimizing the tool path, it
is necessary to predict the possible machining problems in the process of machining
and eliminate the interference that may exist in the process of tool movement. After
obtaining the processing program of CNC engraving machine, it is embedded in the
controller to do engraving. According to the reports, the correlation between cutting
speed and cutting stress in stone and glass processing is relatively high. The feed
speed and the change of cutting depth have a great influence on the cutting stress.
Overall, however, the cutting depth has the greatest impact on the cutting force of
the tool path.

The reason is that after increasing the feed rate, the arc area of cutting has
no change in length direction, but only increases the maximum cutting thickness
and normal contact stress. Therefore, in the phase of the efficiency of utilization
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Fig. 2. Machining process of CNC engraving machine

involves cutting tools, it is better to increase the cutting speed and minimize the
cutting depth in the allowable range of CNC machine tools, so as to minimize the
material damage caused by cutting stress. The speed of cutting is closely related to
the surface quality of the stone. Therefore, the high-speed motor is selected in this
paper, which can improve the cutting rate of the tool better, and then improve the
quality of the surface material of the stone [11].

Power driven cutting tools can process materials. The power unit is an impor-
tant part of the structure. Therefore, when it comes to this part of the component,
the appropriate engraving machine power device should be chosen. The end effec-
tor should have the basic functions of driving tools, and choose different cutters
according to different machining conditions. Because of the material difference of
cutting, the speed of engraving tool is different, and the maximum speed can reach
10000 rpm /min. During the general carbide processing, cutting process requires
a fast tool’s rotate speed. The main driving force is the speed control function of
the power unit, which meets the requirements of machining performance. The two
stages of finishing and roughing require different tool properties. The machine tools
with higher degree of automation can replace the manual suspension of tool change.
It is considered that the replacement of cutting tools is not only inefficient, but also
has great security risks [12].

Motor spindle is a new technology for CNC machine, and the main purpose is
to effectively combine the spindle and motor. The motor spindle is widely used.
The motor spindle with high rotating speed can replace the traditional gear box.
During the operation, the vibration is small, the noise is relatively low, and the
response rate is relatively fast [13]. Considering the drive requirements of the motor
spindle, the main spindle of the motor should be lightweight and the speed change
function should be fine. It can satisfy the function of the automatic replacement
tool. Therefore, it is believed that the power unit of CNC sand blasting engraving
machine is the main shaft of the motor. The selection of motor spindle combines
the main process and parameters of cutting to calculate the cutting stress and the
steering torque. The type of motor spindle is selected by power and tool interface
parameters. In this paper, 120TD18Z5.5A motor spindle is selected by calculation.
The maximum rotating speed of the shaft is 1820 rpm, and the rated power during
operation is about 5.6 kW. Loose and tightened sensors are installed to meet the
requirements of material engraving of different structures. The U − f curve of the
motor spindle is shown in Fig. 3.

The electronic control system needs to satisfy the communication, emergency
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Fig. 3. U − f curve of main shaft of CNC engraving machine

stop or open, I/O port allocation and other control functions, in which the I/O port
allocation is affected by the control of the displacement machine. The controller of
engraving machine can be selected as the central controller component of different
material carving system, and the technical actions in the process are completed by
the intelligent controller. The intelligent controller passes the machine information
through the I/O and the outside. With the addition of the port of the SDI input
signal of the link and the SDO output port, the feedback of signal reception and
release is completed through the input and output ports. The output signal wiring
diagram is depicted in Fig. 4.

Fig. 4. Output signal wiring diagram

The design of control cabinet for CNC sand blasting and engraving system needs
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to be analyzed and designed according to the function of system components. The
inverter in the control cabinet has heat to emit at work. The components need to
reserve a certain gap around. The heat dissipation part needs to be designed larger,
so as to reserve the basic space for heat dissipation. The frequency conversion design
is shown in Fig. 5. At the same time, the cooling part of the control cabinet needs
to be designed with a cooling fan with higher power. A fan hole is designed and
installed nearby the fan, which is equipped with warning, lifting and so on.

Fig. 5. Frequency converter wiring diagram

The design of mechanical structure mainly includes the grip design of motor
spindle, the design and manufacture of the fixed platform, the choice of the tool and
so on. The main shaft of the motor is connected with the machine control device
by means of a grip. If the cutting speed is too high, the vibration will lead to the
reduction of cutting accuracy. Choosing the right material and grip can reduce the
weight and minimize the weight load of the CNC machine. Processing materials are
generally heavy in weight. Therefore, in order to ensure the accuracy of cutting, it
is necessary to use a relatively stable processing platform as a guarantee, and design
reasonable processing fixed platform through a certain calculation. The tool has a
great impact on the effect of CNC bed’s processing and quality. Engraving machine
cannot be separated from the use of tools. Because the cutting material is different,
the engraving machine tool should also be installed with the corresponding tool. The
engraving process is divided into two parts: roughing and finishing. Roughing is the
removal of wool to obtain approximate outline features, usually with relatively large
amount of cutting. The finishing stage is the process of engraving process in order
to obtain the theoretical requirements of the surface. The final form and structure
of the product is actually determined by the finishing stage.

When machining large size sculptures and craft products, proper displacement
machines are needed to coordinate CNC machine for omnidirectional, multi angle
continuous machining. In this paper, I/O conversion information is realized accord-
ing to the coordinated motion principle of the positioner and the CNC machine, and
the coordinate movement of the machine is controlled by the coordinate machine.
The intelligent controller is the main core control element of the positioner, which
coordinates the operation efficiency of the overall positioner. The intelligent con-
troller keeps the same initial speed as the positioner, so that the intelligent controller
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keeps the same running state as the positioner. The time point of the received port
signal is the point at which the first instruction point begins. In particular cases,
lag angles may be generated, and the angle and time can be used to determine how
much the positioner is growing.

Through the preliminary design of the three-dimensional model of the new glass
CNC sand blasting machine, the method of generating tool path is set up, and the
theoretical research and simulation before and after the cutting process are made.
The structure of CNC engraving machine and the design method of information
system have been formed. It is necessary to test the CNC engraving machine to
establish the consistency between the data in the simulated environment and the
actual data. According to the problems of different material processing, information
feedback is carried out, and a large amount of data is analyzed and summarized.
After the actual stone processing in the processing system, it can verify the system’s
scientific validity of the new glass CNC sand blasting engraving machine designed
in this paper. The basic design problems are found in the experiment, so that the
optimization of the stone and glass engraving experiments will be improved in the
future research work.

3. Result analysis and discussion

The structure design of the new glass CNC sand blasting engraving machine
and the design scheme of the system are given in the paper. In order to verify the
operation of the hardware, the test experiment of the positioner is given. The way
to build the experiment is to connect the worm to the motor. The worm connects
the turbine and drives the turntable. The transmission ratio of worm and turbine
selected in this paper is about 50:1. The circuit is connected before the experiment,
and the positioner is adjusted according to the results of the running parameters
of the computer. When the performance of the worm drive reaches a stable state,
the turntable is driven to rotate. After turning, the CNC machine sends out signals
through I/O. The turntable motion depends on the transmission of the motor. The
actual relative displacement of the robot depends on the motor encoder to feed back
to the CNC machine, or after the relative error is calculated, the actual relative
displacement at the next stage is calculated according to the error. The motion
speed of the next stage is calculated according to the displacement, and each pulse
signal can be adjusted by different stages of the relative error. The control point of
the robot’s tail clamp of CNC machine needs to keep consistent with the movement
curve track of the machine turntable. The effect of the study is the coordinated
tracking of the two.

In the experiment of the positioner, the software needs to accumulate the error of
moving track continuously. The output errors of each stage are recorded through the
Notepad output platform. The concept described by VR is the operation speed of
CNC machine. Nrepresents the relative cycle of motion. STEP describes the amount
of movement per relative cycle. The movement speed of the displacement machine
is V. The average machining cycle of CNC machine is about 20000-pulse, and other
operating parameters are unchanged. If the moving speed of the glass CNC sand
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blasting machine changes, the speeds are defined as 10mm/s and 20mm/s. The
speed of the engraving machine is controlled and the relative error of motion in each
cycle is obtained, as shown in Fig. 6.

Fig. 6. The error value varies with the movement time

Through the above experimental data, it can be seen a relatively close trend of
movement. In the process of starting the positioner, the error of engraving machine
is relatively large. After continuous tracking adjustment, the error is gradually
reduced, and finally tends to a range of changes. In the process of movement, the
operation speed of CNC engraving machine needs constant adjustment, and the
error value fluctuates as well. If the machine is stalled at one stage and the speed
is accumulated, the next stage will run too fast and a certain rate of conflict will
occur. Controller’s changes will reduce the speed of operation and affect the speed
of the next stage. Delays also cause errors to fluctuate within a certain range. As
shown in Fig. 7, the calculated unit data show that the variance data for the first
three sets are 1.26, 2.58, and 2.70, respectively, and the variance of the latter three
sets is 0.22, 0.36, and 0.62, respectively. The results show that after the movement
speed of CNC engraving machine is increased, the variation of the error is increased.
When the exercise cycle is reduced, the trend becomes more gradual. When the
movement speed of CNC engraving machine is reduced, the movement accuracy of
the control position machine can be controlled by adjusting the cycle time.

4. Conclusion

According to the design and application defects of domestic stone and glass en-
graving equipment, a more advanced design method of new glass CNC sand blasting
engraving machine was put forward in this paper. Through the CAD/CAM com-
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Fig. 7. The error value varies with the movement time

puter application assistance technology, the integration processing process from the
three-dimensional model to the different materials was completed. The problems
of small processing range and low machining accuracy of the domestic numerical
control engraving machine were overcome. Referring to the basic characteristics of
glass, stone and other processing processes, the overall design of the process was
first designed. The design of the mechanical structure, selection, and installation
process were mainly completed. In order to extend the space axis of CNC engraving
machine, the hardware of the experiment was matched and the software was coor-
dinated. The software program was programmed by C++ development platform to
realize the synchronous and coordinated movement of the shifting machine and CNC
engraving machine. The experimental results of the displacement machine experi-
ment obtained in this paper can be used for the design of the large positioner with
more complex structure. Combined with certain control method, the CNC sand
blasting engraving machine can be designed and manufactured independently.
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Determination of the content of
hypericin in Huanghua Ningshen

granules based on HPLC1
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Abstract. In this study, the HPLC method was used to determine the content of hypericin in
huanghua ningshen granules. The Fortisil-C18 chromatographic column (4.6mm×250 mm, 5µm)
was used with mobile phase of dipotassium hydrogen phosphate solution: acetonitrile (88:12),
1mL/min−1 flow rate, detection wavelength of 360 nm. The results showed that the content of
hypericin was linear in the range of 6.6–67.0µgmL−1 (r = 0.9991). The average recovery was
99.43%, and RSD was 0.94%. This method can be used to determine the content of hypericin in
Huanghua Ningshen granules.

Key words. Huanghua Ningshen granule, hypericin, HPLC method.

1. Introduction

In today’s society, more and more people suffer from varying degrees of depression
[1]. This may be due to faster and faster pace of life, more and more intense social
competition, and work and life and other aspects of the pressure is also increasing.
Depression is the neuropsychiatric disorder caused by a variety of factors and with
depression as the main symptoms. Depression is a disease with high incidence, high
disability rate and high recurrence rate [2]. The main manifestations of depression
include slow thinking, difficulty falling asleep, serious self-mutilation, suicide and
other acts. WHO statistics show that depression ranked in the top fourth in the
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2The Second Clinical Medical College, Northwest University For Nationalities, Lanzhou 730030,
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ten major diseases. By 2020, it may become the second largest disease after car-
diovascular and cerebrovascular diseases, becoming the highest burden of disease in
developed countries [3]. Prevention and treatment of depression has attracted the
medical profession and the community’s attention [4].

Depression is not caused by a single cause, and the causes are very complex. The
influence of various factors, such as genetic factors, biochemistry, immunity, psychol-
ogy, health, society and environment, may lead to different degrees of depression. It
is a complex disease caused by multiple etiologies [5]. At present, its pathogenesis is
not clear, which is still in the stage of hypothesis. It is thought that the occurrence
of depression is closely related to the abnormal metabolism of biogenic amines [6].
There are many hypotheses about its pathogenesis. At present, there are 5 kinds of
hypotheses which are recognized by the medical profession, that is, the 5- (5-HT)
hypothesis, the norepinephrine hypothesis, the dopamine hypothesis, the amino acid
neurotransmitter system hypothesis and the acetylcholine hypothesis [7].

At present, the main treatment of depression is drug therapy with Western
medicine, SSRI classic antidepressants as the main medicine. However, the drug cost
is high, the effect is slow, and there are some side effects. There are 70% patients
with residual effect, and the effect is not ideal [8]. Therefore, the key is to reduce
the side effects of drugs and shorten the onset time of drugs. Therefore, a large
number of studies began to focus on natural medicines, including traditional Chi-
nese medicine. Chinese medicine has great potential in the treatment of depression,
and it also shows a very bright future. Traditional Chinese medicine multi-target,
comprehensive treatment has low adverse reaction, which is the absolute superiority
superior to Western medicine. Especially for patients with longer course of disease,
its curative effect is better than Western medicine [9].

Huanghua Ningshen granule is compound preparation by 12 kinds of herbs includ-
ing yellow, rehmannia, Acacia flowers, vinegar Cyperus, turmeric, licorice, floating
wheat, wheat, tuckahoe, lily, calamus, and jujube according to a certain propor-
tion. Its main function is the curative effect of restoring consciousness and inducing
liver and relieving depression, which has better clinical effect on treating depression.
Based on the reports on the determination of the content of hypericin in the Huang
Ning ning granules, in this paper, HPLC method was used to determine the content,
which provided a new basis for quality analysis, evaluation and control.

2. State of the art

2.1. Clinical study of Chinese medicine in the treatment of
depression

Traditional Chinese medicine (TCM) is an important part of Chinese traditional
culture. Traditional Chinese medicine a very influential and valuable subject at
home and abroad and it has been extensively studied [10]. Chinese medicine is
a kind of medicine which is produced under the guidance of the basic theory of
traditional medicine with a wide application, and it has played an important role
to cure various diseases and human health in the whole world, and it has made
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outstanding contributions [11]. Because of its unique curative effect, mechanism of
action and therapeutic effect, more and more attention has been paid to the study
of medicine at home and abroad.

At present, the main treatment of depression is drug therapy with Western
medicine, SSRI classic antidepressants as the main medicine. However, the drug
cost is high, the effect is slow, and there are some side effects. Some people are
not suitable for the treatment of Western medicine. In this case, traditional Chi-
nese medicine or acupuncture can be used to treat the disease and to reverse the
development of the disease.

For patients with self-mutilation or even suicidal tendencies with major depres-
sion, taking a slower onset of Western medicine can increase the risk and it may
delay the treatment of the last period. High medical expenses also let many patients
give up treatment. Therefore, the key to the development of new drugs is the ability
to solve the problem of timeliness and rapid onset.

In clinical application, it is found that the yellow flower has sedative and hypnotic
effect, so it has a series of clinical research. The results show that the yellow flower
has a better effect of sleep calming, and it may improve the quality of sleep. And
there are no greater adverse reactions with fewer side effects, which have a good
guiding role in clinical medication. The flower of silk tree albizzia belongs to the
leguminous plant, and the taste is good. It can be found that the flower can play
a role in relieving depression. Flowers can be used for the treatment of depression,
insomnia and other symptoms. The extract of the flower of silk tree albizzia was
found to have the function of resisting depression and hypnosis. Glycyrrhizin has
obvious antidepressant effect, and its mechanism is to reduce the probability of BV2
cell death induced by glutamate injury. In the study on the pharmaceutical com-
position of liquiritia glycyrrhiza, it is found that most of the antidepressant drugs
in Glycyrrhiza are flavonoids. Therefore, the antidepressant effect of flavonoids is
one of the important references for current drug screening. In the clinical treat-
ment, the patient has a certain improvement in the short term after taking Acorus
calamus. With continuous administration of the drug, the patient’s mental state
will be significantly improved as well as better quality of sleep. Rhizoma cyperi
belongs to Cyperus sedges, and it has a bitter taste. It has the effect of soothing
the liver and relieving depression. In the analysis of TCM syndrome of depression,
liver qi stagnation is an important cause of depression. Therefore, Rhizoma cyperi
can treat on liver qi stagnation in clinical. After the drug composition analysis of
Rhizoma Cyperi, it is found that the main component is the same kind of brass. In
addition, it has includes the carrier of saponins. This not only can play a neuro-
protective role in anti-oxidation, but also has important pharmacological effects of
anti-allergy and reducing blood sugar, with mechanism of increasing the content of
DA and Cyperus 5-HT. Shengdi belongs to Scrophulariaceae Rehmannia injection,
and its water extract has a protective effect on organisms. Its function is to protect
the brain tissue of rats, and can promote the repair of nerve function. Turmeric
belongs to Zingiberaceae plants, and it can improve the sport level of depressive rats
effectively, including vertical movement and horizontal movement level, and reduce
consumption of sugar, which has verified the antidepressant effects of turmeric.
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2.2. Study on Chinese medicine preparation

Chinese medicine has made good progress in the treatment of depression, and
it also has played a positive role in guiding clinical medication. After a number
of repeated rigorous clinical studies, it has confirmed the support of compound
drugs in the treatment of depression has a better clinical effect: multiple targets,
rapid onset, less side effects, especially in the regulation of neural plasticity and
inflammation. Therefore, it is of great significance to explore the active ingredients
of traditional Chinese medicine and the prescription of Chinese herbal medicines in
the comprehensive understanding of the role of Chinese medicine in the treatment
of depression.

Most of the traditional Chinese medicine is based on decoction. The decoction
is in accordance with a certain proportion of all kinds of water and medicine in the
prescription were mixed, and then after a certain time of boiling. It is not easy to
carry, not easy to store, less suitable for the crowd, which limits the widespread use
of Chinese herbal medicine decoction.

Huanghua Ningshen granule is a kind of dry extract granule of Chinese traditional
medicine extract, which is developed by extraction, concentration, drying and so on.
Compared with the decoction, the preparation process is simple, easy to carry and
store, providing convenience for most patients. This solves a series of problems
caused by the limitation of the conditions, which is more applicable to the crowd
and greatly promotes the popularization.

3. Methodology

3.1. Instrument

The main experimental instruments used in this study are as follows: Ultimate
3000 high performance liquid chromatography system, purchased from the United
States Diane; Electronic balance, bought from METTLER & TOLEDO instruments
Shanghai Co.; The constant temperature water bath box and chromatography anal-
ysis platform of Tianjin Test Instruments Company; Ultrasonic cleaning machine of
Kunshan, Shanghai.

3.2. Selection of extraction methods

In this study, three methods of extracting hypericin were selected, and the ex-
traction efficiency was compared in the same time. Hot ethanol reflux extraction:
To accurately weigh the amount of the Huanghua Ningshen granules. After crushing
and screening, 1g was added to the flask of 50ml. 25ml of 70% ethanol was refluxed
for 1 h and the loss of 70% ethanol was made up for fully shaking. After filtration,
the former 2ml filtrate was discarded. Then following 2ml filtrate was added to the
10ml flask. Finally, 70% ethanol was added to the scale and shade well to complete
the extraction process.

Ultrasonic concussion: To accurately weigh the amount of the Huanghua Ning-
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shen particles. After crushing and screening, 1 g was added to the flask of 50ml.
25ml of 70% ethanol was weighed for 20min of ultrasonic treatment. After the
completion of the ultrasound, it was put with natural cooling to room temperature.
Then the loss of 70% ethanol was made up for fully shaking. After filtration, the
former 2ml filtrate was discarded. Then following 2ml filtrate was added to the
10ml flask. Finally, 70% ethanol was added to the scale and shade well to complete
the extraction process.

Soxhlet extraction method: To accurately weigh the amount of the Huanghua
Ningshen particles. After crushing and screening, 1 g was added to a Soxhlet ex-
tractor. 25ml of 70% ethanol was refluxed for 1 h and the loss of 70% ethanol was
made up for fully shaking. After filtration, the former 2ml filtrate was discarded.
Then following 2ml filtrate was added to the 10ml flask. Finally, 70% ethanol was
added to the scale and shade well to complete the extraction process.

3.3. Chromatographic condition

Fortisil-C18 chromatographic column (4.6mm×250mm, 5µm), 40 ◦C as the col-
umn temperature, flow rate of 1ml/min, the sample volume of 10µL. The mobile
phase of acetonitrile (A) - 0.2% phosphoric acid (B) was used for gradient elution.
The detection wavelength was 360 nm.

The hypericin comparative sample in Huanghua Ningshen granules was accu-
rately weighed. The sample obtained was dissolved by methanol, and the solution of
0.5mg/ml was obtained. The 1 g sample powder was precisely weighed and added
to the flask with 25ml of 70% ethanol solution after No. 3 sieve filtration. Then
the total weight was recorded. It was carried out with water bath heating reflux
for 45min, and put at the room temperature for 1 h. Weigh again, and use 70%
ethanol to make up for the loss of weight. After fully mixed and filtration by 0.45µm
membrane, the filtrate was the prepared sample solution. The reference solutions
respectively 0.1, 0.2, 0.5, 1, 2, 4, 8ml was put into 7 flasks of 10ml. They were
diluted with 70% ethanol to the scale, shade well, and added to high performance
liquid chromatography to determine its peak area. The peak area of the sample was
the ordinate, the sample volume was the abscissa, and the linear regression was used
to obtain the linear concentration range and correlation coefficient r.

3.4. Precision test and stability test

With precision weigh of Huanghua Ningshen God granules for crushing and
screening, the same sample was tested for 6 times under the same chromatographic
conditions. According to the measured peak area of hypericin, we could determine
whether it met the requirements. Similarly, with the same sample, different time
points were measured. This study selected 0, 2, 4, 8, 16 h for test, according to the
measured peak area of hypericin to determine whether to meet the requirements.

Take about 0.5 g granules with the known concentration, taking 6 pieces. The
sample solution was prepared by adding the reference solution of 0.4ml, and added
to the liquid chromatograph. The peak area was determined, and the recovery rate
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was calculated according to the established conditions. The results showed that
the average recovery rate was 99.43% and RSD was about 0.94%, which was in
line with the requirements. In this paper, the sample solution using 0.2 g granules
was prepared according to the method described in this paper. 20µl was added
to the liquid chromatography column, and the content of hypericin was determined
according to the optimized chromatographic conditions.

4. Result analysis and discussion

4.1. The established of the HPLC method to analyze the
results

The results showed that the extraction efficiency of hot ethanol reflux had the
highest in the same extraction time. In this paper, the hot ethanol reflux and
the HPLC method was used for the determination of the content of hypericin in
the granules, and the main instrument was Ultimate 3000 high performance liquid
chromatography (Fig. 1). The chromatographic conditions could be used to measure
the separation of the peaks of the hypericin and other components in the granules
(Fig. 2), which showed a good linear relationship in the range of 2.5–50.0µgml−1

(Table 1). The recovery was 99.43% and for RSD see (Table 2). Therefore, the
method established in this paper could be used to determine the content of hypericin.

Fig. 1. Diane ultimate high performance liquid chromatography system

Table 1. The linear analysis of the hypericin content in the granules

Component Regression equa-
tion

Correlation coeffi-
cient

Linear range
(mg/ml)

Hypericin y = 0.5134x −
0.4612

0.9991 0.66–67.00
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Fig. 2. HPLC chromatogram (A: hypericin reference product; B: sample; 1:
hypericin)

Table 2. The results of the recovery of Hypericum in the granules

Component Sample
weight
(mg)

Sample
content
(mg)

Addition
amount
(mg)

Measured
quantity
(mg)

Rate of
recovery
(%)

Average
recovery
(%)

RSD
(%)

0.5021 0.3364 0.3350 0.6681 99.58

0.5053 0.3367 0.3350 0.6781 99.49

Hypericin 0.5019 0.3379 0.3350 0.6693 99.14 9.43 0.94

0.5037 0.3372 0.3350 0.6721 99.34

0.5042 0.3352 0.3350 0.6737 99.94

0.5007 0.3382 0.3350 0.6601 99.05

4.2. Determination of the content of Hypericum in
Huanghua Ningshen granules

According to the established chromatographic conditions, the solution of the
sample was analyzed, and the content of hypericin was determined.

Table 3. Results of the determination of the content of hypericin

No. Content of hypericin (%) Average concent RSD (%)

1 0.35
2 0.33
3 0.35 0.35 0.97
4 0.36
5 0.35
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5. Conclusion

At present, the treatment of depression is mainly based on drug treatment of
Western medicine with SSRI classic antidepressant drugs. But the drug is expen-
sive, slow onset and there are large side effects. Chinese medicine has made good
progress in the treatment of depression, and has played a positive role in guiding
clinical medication. Repeated rigorous clinical studies have confirmed the good clin-
ical effect of compound medicine to support in anti-depression, multi targets, fast
acting, less side effects, especially played an important role in the process of clinical
neural plasticity and neural regulation of inflammation (Chaki 2003) [15]. There-
fore, closely combining the basic theoretical knowledge of Chinese medicine, rich
clinical experience, advanced technology and the latest application of neural science
and biology to carry out the systematic research to multiple templates between mul-
tiple disciplines will promote the whole society can more in-depth understand the
clinical value and scientific connotation of traditional Chinese medicine compound
preparation in the treatment of depression.

In this study, the sample was extracted with 70% ethanol and then determined by
Ultimate high performance liquid chromatography (HPLC) system. The operation
was very simple and reliable with short operation time. With acetonitrile (A) - 0.2%
phosphoric acid (B) as mobile phase for gradient elution, the peak separation effect
was good, and the hypericin could be separated from other miscellaneous peaks
obviously. In the process of detection wavelength, the maximum absorption peak
could be detected by the 360 nm wavelength, and the lowest degree of interference
of the magazine could be guaranteed. There was a good linear relationship in the
range of 2.5–50.0µgml−1. The recovery was 99.43%, and RSD was 0.94%. After
repeated experiments, it was found that the method used in this study was accurate
and reliable, which could provide a new basis for quality analysis, evaluation and
control.
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Dielectric properties of single layer
pyrrole coated fabric based on

polypyrrole absorbing mechanism

Liu Xiaolan1, Duan Zhonghang1, Lu Guizhen2

Abstract. Single layer pyrrole coated fabrics based on the absorbing mechanism of polypyr-
role play an active role in the absorption of electromagnetic radiation of electronic products. In
this study, the doping ratio model of dopant that has great influence on the dielectric properties
of polypyrrole absorbing materials was studied. The morphology and dielectric properties of mi-
crowave absorbing materials with different mixing modes were compared. The results show that
when the ratio of dopant/monomer is 0.1, the absorbing efficiency is the best, and the suitable
dopant in the absorbing material is CBDS. The purpose of this study is to provide theoretical basis
and technical support for further research.

Key words. Polypyrrole, absorbing wave, single layer pyrrole coated fabric, dielectric prop-
erties.

1. Introduction

With the development of the times, the current world has begun to enter the
"electronic products" era. The development of computers, mobile phones and other
household appliances has brought great fun and convenience to people’s life, and
has gradually brought positive impetus to the development of the world. The de-
velopment of the electronic equipment has gradually become an important trend in
the development of the times. However, some discordant phenomena are further
revealed. With the increasing number of electronic equipment, the electromagnetic
radiation caused by electronic products is gradually becoming more and more se-
rious. Many studies suggest that some electronic radiation generated by electronic
products not only brings certain restriction and negative influence to the operation
and progress of other subsidiary electronic equipment, but also does harm to peo-
ple’s health. In this study, we mainly study the dielectric properties of single layer
pyrrole coated fabric based on the mechanism of polypyrrole absorbing wave, ana-

1Information Engineering School, Communication University of China, Beijing, 100024, China
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lyze and discuss the advantages of the whole electronic industry and industry. The
purpose of the research is to provide a theoretical basis and scientific support for
the development of new type of absorbing materials.

2. State of the art

Under the theme of new era development, electronic information technology has
gradually become an important innovation technology in the new era. The develop-
ment of these technologies has brought a lot of modern electronic equipment for many
enterprises and industries, and it has also provided a positive impetus for the devel-
opment of related industries [1]. However, the rapid development of the electronic
equipment has also brought a series of problems such as electromagnetic pollution.
Many researchers in different fields have studied the electromagnetic radiation and
pollution. They think that if people are in the environment of electromagnetic radia-
tion for a long time, they may have a series of diseases and variations such as tumor.
Moreover, the development of some advanced electromagnetic weapons also poses
certain threats to the security and environment, ecology and ecological balance in
some areas [2]. Therefore, how to better solve this series of electromagnetic pollu-
tion problems has gradually become an important research topic of all countries in
the world. In order to better to solve these problems, many researchers begin look-
ing for related materials with a better absorbing performance, and analyze related
properties of these materials, so as to obtain the relevant materials that can deal
with electromagnetic pollution. Single layer pyrrole coated fabrics based on polypyr-
role wave absorption mechanism have better dielectric properties [3]. Therefore, the
study of this material has gradually become the main subject of study. The main
effect of this kind of wave absorbing material is that it has certain electromagnetic
absorption and treatment efficiency. It has gradually be applied in medical, mili-
tary and other related industries, which has brought a positive and effective role in
promoting the development of these industries. At the same time, absorbing mate-
rials with stronger wave absorbing efficiency and cost performance have also been
gradually developed and applied to the actual production and life [4].

2.1. Methodology

The study on the current single pyrrole coated fabrics based on the mechanism
of polypyrrole absorption was analyzed. Different morphologies of wave absorbing
agents were prepared by using different preparation methods. Polypyrrole was pre-
pared by using different materials in the study. The effect of these factors on the
wave absorbing efficiency of the absorbing materials was determined by different pro-
portioning methods and different production schemes [5]. The optimization of the
related manufacturing process is to provide a theoretical basis and scientific support
for the further study of related materials, and to provide a certain guarantee for the
ecological balance and people’s health in China. The main materials and methods
of this study are as follows:

The experimental reagents used in this study were mainly used for the preparation
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of wave absorbing agents doped with polypyrrole. The main reagents are shown in
Table 1.

Table 1. Main reagents used in this experiment

Reagent name Purity Production company

Pyrrole (Py) CP Sinopharm Chemical Reagent
Co., Ltd.

Ferric chloride chloride
(FeCl36H2O)

AP Wuhan Huashun Biotechnol-
ogy Co., Ltd.

Twelve sodium alkylbenzene
sulfonate (SDBS)

AP Beijing Aoboxing Biotechnol-
ogy Co., Ltd.

Two (2-hexyl) sodium sulfosuc-
cinate (AOT-Na)

AP Tianjin Kermel Chemical
Reagent Co., Ltd.

Sodium p-toluene sulfonate
(pTSNa)

AP Sinopharm Chemical Reagent
Co., Ltd.

Camphor sulfonic acid (CSA) AP Sinopharm Chemical Reagent
Co., Ltd.

Absolute ethanol (C3H3OH) AP Dongli Tianjin Tyrande Chem-
ical Reagent Factory

First of all, a certain volume of deionized water was prepared before the prepa-
ration of polypyrrole absorbing material. The amount of 0.01mol substance was
doped into the sterilized deionized water of 100ml, and a magnetic stirrer was used
to mix the solution until a relatively stable milky liquid was formed. A pyrrole drug
with the amount of 0.05mol was added to a relatively stable emulsion. It was mixed
using magnetic mixer, added into the three-flask, and placed at 0 ◦C to control the
temperature of the solution. After the preparation of the mixed solution was com-
plete, the deionized water solution mixed with ferric chloride was slowly dripped into
the prepared mixed liquid with a gel dropper, and placed in a quiet state for about
6 hours. When the reaction state was stable, a certain amount of acetone was added
to react. The final state was washed by deionized water until all the reaction systems
exhibited a colorless and transparent state. The final reaction system was placed
in a vacuum drying chamber of 60 ◦C for drying treatment. The dried product was
grinded until it reached the powder state, so as to obtain the final polypyrrole (Cho,
et al. 2014) [6]. In this study, polypyrrole without addition of any dopant was used
as a control group. Samples of polypyrrole with different modes and ratios were
obtained by adding different dopants. The related samples are shown in Table 2.

In this study, the infrared spectra of the samples related to polypyrrole based
on different dopants were firstly determined by infrared spectrophotometer. In the
determination of samples, the sample preparation was mainly dependent on the
tabletting method. The wavelength range of the infrared spectrophotometer used
can reach about 4000–400 cm−1, so that it has a more reliable measurement accuracy
[7].
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Table 2. Labeling of polypyrrole samples doped with different dopants

Sample
number

PPy-1 PPy-2 PPy-3 PPy-4 PPy-5 PPy-6 PPy-7 PPy-8

Dopant FeCl3 AOT-
Na

SDBS CSA pTSNa SDBS SDBS SDBS

Dopant/
monomer

0.1 0.1 0.1 0.1 0.1 0.2 0.4 1.0

The product of certain weight polypyrrole products was measured by elemen-
tal analyzer and X-ray technique, so as to ensure that there was no experimental
deviation in the obtained polypyrrole product due to nonstandard experimental op-
eration. In addition, it can provide certain protection and support for the accuracy
improvement of follow-up related characteristics (Andrade, et al. 2014) [8].

On the basis of analyzing the external characteristics of polypyrrole products by
using related software, the absorbing property of the polypyrrole was calculated and
analyzed (Luo et al. 2013) [9]. In this study, the reflection coefficients of the wave
absorbing agents at different ratios and times were calculated. The formula is

Γ =
Z − Z0

Z + Z0
, Z =

√
µr
εr
, Z0 =

√
µ0

ε0
, (1)

where, Z0 stands for the characteristic impedance properties of different absorbing
materials in relatively free space, Z represents the normalized value of characteristic
impedance properties of some absorbing materials. The dielectric constant and
permeability of the wave absorbing materials with different mixing ratio and different
configuration time were calculated [10]. The main formulas are

εr = ε′r − jε′′r , (2)

µr = µ′r − jµ′′r , (3)

where, εr and µr represent the dielectric constant and magnetic permeability of
various absorbing materials, respectively, ε′r and varepsilon′′r represent the variable
values and loss measurements of some absorbing materials, respectively, µ′r and µ′′r
represent the magnetization variables and loss measurements of some absorbing ma-
terials, respectively. On the basis of the calculation of the correlation characteristics,
the tangent of the dielectric loss angle δ of various absorbing materials with different
mixing ratio and different configuration time was calculated.

The relevant formulas are as follows:

tan δ = tan δε + tan δµ = ε′′/ε′ + µ′′/µ′ , (4)

where, δε and δµ show hysteresis in each absorbing material compared with the ap-
plied electric field and magnetic field. Therefore, only when the tan value shows a
relatively large value can the further confirmation of this kind of absorbing mate-
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rial be made. Compared with other absorbing materials, it has stronger absorbing
properties [11].

Finally, the absorption properties of different dopants and different modes were
compared and analyzed by means of the acquisition and calculation of related pa-
rameters, so as to provide theoretical basis and technical support for the study of
absorbing materials with relatively high wave absorbing efficiency.

3. Result analysis and discussion

With China’s reform and opening up, China’s various industries and fields have
made great progress and development. Electronic equipment industry, as one of
the most important technologies in the development of the times, is very important
to the development of our country’s industry. With the increasing proportion of
China’s investment in this field and industry, China’s electronic equipment industry
has already been developed in the world. However, the development of electronic
equipment has posed a certain threat to the environment, ecological balance and
health of our country. At present, China has gradually become aware of the risk
of electronic radiation caused by electronic equipment, and the main way to solve
this threat is to use some wave absorbing materials. Today, China has achieved
some achievements in the study of related absorbing materials, and has made great
progress in the use of related materials in various industries. The research and de-
velopment of microwave absorbing materials and the gradual increase of frequency
make our country begin to increase the development of related technologies (Fig. 1).
In the absorbing materials, the main factor affecting the wave absorbing strength of
materials is the selection of wave absorbing agents. How to better improve the per-
formance of the absorbing material not only studies the selection of wave absorbing
agents, but also needs to study and design all aspects of the overall properties and
state of the related absorbers in the entire material. Therefore, the research and
future trends of absorbing properties of materials in our country are mainly aimed
at the following aspects:

Fig. 1. Development of polypyrrole absorbing materials
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For the main absorbers for absorbing materials already used in our country, we
should further optimize the main characteristics of the relevant material and improve
the related properties of the whole wave absorbing material through the relevant
treatment methods to improve the absorbing material for absorbing electromagnetic
radiation based on the analysis and comparison of its performance.

The characteristics of all used wave absorbers are analyzed. The microwave
absorbing agents with strong wave absorbing property can be synthesized and used
to make them perform their unique properties and advantages, and then form a new
wave absorbing composite. The use of related materials is not only a single use of a
material, but more complex forms of "1+1>2".

We should continue to develop some new wave absorbing materials and wave
absorbers with stronger wave absorbing efficiency. Nano wave absorbing materials,
which have been gradually developed and used in the current era, can be used as
follow-up research contents. Many industries in our country have begun to introduce
new ideas and apply them to the real estate industry. These new wave absorbing
materials can obviously reduce the overall conductivity of the whole wave absorbing
material, and further optimize the overall wave absorption structure, so as to bet-
ter absorb the electromagnetic radiation. As a result, emerging materials, if used
properly, may have stronger wave absorbing effectiveness.

On the basis of a thorough understanding of the development trend of polypyrrole
absorbing materials, it is believed that the absorbing properties of materials and the
morphology and size of absorbing material is related more closely by reading the
relevant literature (Fig. 2). With the gradual development of processing technology,
now in the design of related wave absorbing materials, usually the shape and size
are specifically designed. The usual methods of manufacture include hard template
method and soft template method. In the fabrication of the template method, it
is usually classified according to the position of the absorber of polypyrrole. Some
polypyrrole materials may grow on the inner side of the template. In this case, the
method is often referred to as the inner template. Some may grow on the outer
side of the entire template space, which is called the outer side. Two different
template methods have their respective advantages and disadvantages. Therefore,
after considering the size of the absorbing materials and their design materials and
the future scope of the application, the two template methods are chosen to improve
the microwave absorbing properties of the whole wave absorbing material. Because
the hard template method has relatively tedious steps in the removal process of
the template, it makes the whole production process of absorbing materials limited,
which may affect the subsequent material absorbing efficiency. Under this trend, the
soft template method has been gradually researched and produced. This method
not only takes advantage of the hard template method, but also avoids the process of
template removal, which makes the production process of the related wave absorbing
materials show a more efficient trend. In this study, the polypyrrole absorbing
material is designed by the soft template method.

On the basis of understanding and understanding of the related theories, this
study designed and fabricated the absorbing products and materials of polypyrrole
by different ratio methods. The main external morphologies and related character-
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Fig. 2. Schematic diagram of the preparation of polypyrrole (soft template
method, taking FeCl3 as an example)

istics were analyzed by various techniques. The results are as follows.
Firstly, the ratio of dopant and monomer was studied. In this study, the wave-

length of polypyrrole absorbing material under different ratios was analyzed by using
infrared spectrophotometer and X-ray technique. The results are shown in Fig.3.
Among them, a, b, c, d and e represented the ratio of the dopant and monomer for
0, 0.1, 0.2, 0.3 and 0.4, respectively. The results showed that when the ratio was
0.1, which was b spectrum, the spectrum peak value was higher compared to other
energy state, which could be considered as the best ratio. This was also similar to
the ratio scheme used in this study. The result of infrared spectrum analysis also
showed that it was difficult to observe the vibration peak when the doping degree
was relatively high. Therefore, the preparation of polypyrrole absorbing material
was difficult to choose with relatively high doping degree.

The elemental composition of the polypyrrole absorbing materials with different
doping levels was analyzed by elemental analyzer. The results are shown in Table
3. The results showed that the conductivity of the absorbing material was relatively
high when the dopant ratio was low because a lower proportion of dopants had a
positive effect on the flow of electrons. When the dopant ratio was high, it might
hinder the electron flow and further reduce its absorbing capacity.

Table 3. Elemental analysis of polypyrrole with different doping levels

No. SDBS/Py Component S/N Conductivity (S/m)

C H O N
PPy-3 0.1 57.86 5.37 13.09 2.76 0.21 9.07

PPy-6 0.2 60.09 5.99 11.36 3.49 0.31 4.98

PPy-7 0.4 61.07 5.34 10.54 4.49 0.43 3.91

PPy-8 1.0 66.49 7.11 9.19 5.64 0.61 0.93

The conductivity of polypyrrole absorbing materials with different dopant modes
was calculated. The results are shown in Table 4. The results showed that the
conductivity decreased and the wave absorbing efficiency decreased with the increase
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Fig. 3. X-ray diffraction patterns of polypyrrole absorbing materials with different
doping ratios

of dopant ratio. However, the conductivity of the polypyrrole absorbing materials
made by different dopants was also different. When SDBS was used as dopant,
the conductivity of the absorbing material was the highest and the wave absorbing
efficiency was the strongest.

Table 4. Conductivity of polypyrrole samples doped with different dopants

No. PPy-1 PPy-2 PPy-3 PPy-4 PPy-5 PPy-6 PPy-7 PPy-8

Conducti-
vity

2.70 9.44 9.07 3.21 4.98 4.98 3.91 0.93

4. Conclusion

With the development of the times, now the emergence of computers and other
electronic products have brought great convenience for people’s production and life,
which has played a certain driving significance for people’s industry and economic
development. However, in the trend of the rapid development of electronic products,
some uncoordinated phenomena are further exposed. For example, when working or
using electronic products, they may cause a series of hazards such as electromagnetic
radiation, which have a negative impact on human health and ecological balance. For
this problem, a better solution is to do the preparation of some absorbing materials.
The absorbing materials based on the principle of polypyrrole absorbing wave have
begun to attract more and more attention, and have achieved a certain degree of
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progress and development. Under this trend, our country has begun to increase the
study of wave absorbing materials. In this study, the mixing modes of dopant factors
which have the greatest influence on dielectric properties of absorbing materials were
compared and analyzed. The morphology and dielectric properties of microwave
absorbing materials with different mixing modes were compared. The appropriate
ratio and dopant were determined. The purpose of the study is to provide theoretical
basis and technical support for follow-up studies. In this study, only the important
factors have been analyzed, and there are some defects. However, it can provide
technical support for the development of subsequent absorbing materials.
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Dynamic analysis method of voltage
stability in power system based on

power flow betweenness1

Li Ting1

Abstract. With the rapid development of power system technology, power system represented
by large power grid, large generator unit, long distance and high voltage has become the direction
of the future development of power system. Under this background, a method for dynamic analysis
of power system voltage stability based on power flow betweenness was proposed in this paper.
The common fault analysis methods of power system were expounded in detail; then, the power
flow system was simulated by the method of power flow betweenness; finally, the IEEE39 node
system was used to validate the method. The results show that the power flow betweenness of the
key nodes in the power system can reflect the possible problems in the power system under the
influence of voltage and other factors.

Key words. Power system, voltage, power flow betweenness, fault simulation.

1. Introduction

The operation of modern society cannot be separated from the support of energy.
Natural gas, oil and electricity are among the most common sources of energy in the
society [1]. With the emergence of environmental protection problems, the use of
natural resources, such as oil and natural gas, has gradually been limited. Electric
energy has been widely used in social production and life. In particular, water, wind,
solar, geothermal and other power generation methods are not only environmentally
friendly, but also provide a continuous supply of energy for the normal functioning
of human society [2]. As a result, electric energy is used more and more widely in
current social production and life [3].

At present, large power grid, large unit, long distance and high voltage are the
main directions of the development of power technology [4]. These technologies
are of great importance to the current energy demand and ecological environment
protection, but they bring great problems as well as positive tendency [5]. These

1Department of Electrical Engineering, Guang Xi Technological College of Machinery and Elec-
tricity, Guangxi, Nanning, 530007, China
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new technologies pose a major challenge to the safety of power grid systems. For
example, the increase of power supply and the limit of power grid have also begun to
disturb the power system. Therefore, how to maintain the safe operation of power
grid system has become the main research direction in the field of power [6]. In this
context, a method for dynamic analysis of power system voltage stability based on
power flow betweenness is proposed, which provides a reference for power system
operation.

2. State of the art

In power systems, faults are often caused by voltage problems. When the power
system fails, it will affect a considerable range of production and life. Therefore, how
to judge the fault of power system has become the main problem of power system
[7]. In the past, the power system fault diagnosis includes two kinds of computa-
tion models: unauthorized topology and weighted topology. The calculation method
is similar to the betweenness calculation of communication network in information
technology. However, it is built on the shortest route propagation of power flow,
which is a fatal flaw. Therefore, the application of the two models has great limi-
tations [8]. Therefore, according to the characteristics of power flow propagation in
power grid based on Kirchhoff’s law, an electrical betweenness model is designed.
The model is more close to the actual situation of power flow propagation [9].

In the electrical betweenness model, the premise of the betweenness is that the
power grid is undirected weighted network [10]. Although the electrical betweenness
model is more close to the physical characteristics of the power grid than the two
models of unauthorized topology and weighted topology, there are some defects in
the model [11]. In the model of electrical betweenness, many problems such as the
mode of operation of power system, the direction of power flow, the reactive power
of grid and the voltage of power grid are not in the model of electrical betweenness.
Therefore, there are many problems and defects in the calculation process. The
stability research of power system has been continuously improved by many experts
and scholars.

3. Methodology

3.1. Calculation of power flow betweenness in power system
nodes

In the research of power system stability, from the earliest unauthorized topology
and weighted topological model to the electrical betweenness model, the related
technology and theory have been constantly changing and improving. However, there
are still some defects and problems in these methods. For example, the electrical
betweenness model that is closest to the physical characteristics of the power system
has considered problems, such as voltage problems in power systems. Therefore, in
the study with the method of dynamic analysis of power system voltage stability
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based on power flow betweenness, the calculation of AC model is added to the
calculation of the electrical betweenness model. In other words, when calculating
the betweenness of power system, the method of power flow calculation is adopted.
The problem of stability of each node in power system is measured by power flow
vectors, so as to judge the possible problems and the faults in power system. Nodes
in power systems can be divided into three types of power generation, load and
connection according to their nature. Supposing that the power flow betweenness of
a node n is Bf (n), the following formula can be used to express it:

Bf (n) =
∑

i∈G.j∈L

√
WiWjPij (n) . (1)

Here, G and L in the above formula represent the set of two nodes of the generator
and the load, respectively, and (i, j) represents all the "power-load" pairs in the
power system. Index i represents the generator node, and index j represents the
load node. Symbols Wi and Wj , respectively, represent the weight of the two nodes
of power generation and load, and the weight represents the importance of the two
nodes of power generation and load in the power system. Finally, Pij (n) represents
the active power on the node n in the power system. The power flow betweenness
of the power system is basically the same as that of the other betweenness indexes.
That is to say, it can reflect the situation of power flow occupancy nodes in the whole
power system by quantizing. But the power flow betweenness has more advantages
in reflecting the voltage, power flow direction and operation mode of power system.

Before calculating the power flow betweenness of the whole power system, it is
necessary to determine the active power flow between the power generation and load,
and the power flow path between the two. This process can be achieved by tracing
the flow. Fig. 1 shows the flow calculation process.

The whole calculation process is divided into six steps. The power flow needs
to be calculated according to the basic parameters of the power system. Therefore,
before the power flow calculation, the basic parameters of the whole power system
should be determined. The first step of the power flow calculation is to calculate
the AC flow in the power system by using the Newton-Raphson method. According
to the calculation results, the power loss and the charging power of the whole power
system are judged, and the magnitude and direction of the power flow in all the lines
of the power system are determined.

In the second step, the power flow direction of the power system is judged ac-
cording to the first step, and the power loss in each loop of the power system is
incorporated into the power flow terminal node by the equivalent load. The charg-
ing power in the grid is incorporated into the nodes at both ends of the line in the
same way.

The third step is to determine the shunt ratio of each node in the power system.
Supposing that the injection power is for node i in the whole power system, the
calculation method of the shunt ratio Kj,i at the node J is as follows.

Kj,i =
SO,j∑N
j=1 SO,j

. (2)
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Fig. 1. Calculation procedure of power flow betweenness

In the above formula, SO,j represents the active power flowing out of the circuit
system node J , M represents the number of injected power branches associated
with the node, and N represents the number of branches that flow out at the node
position.

The fourth step is to search the whole load node of the whole power grid from the
starting point of the power system, which is the generator node, along the direction
of the power flow, and to determine the transmission path between the two.

The fifth step starts from the initial node, calculates the load allocation of all
generators in the power grid according to the results obtained in the third step, and
then determines the power in each transmission path of the grid. Assuming that the
transmission branch is i, the formula for the allocation Sj,i of the injected power at
the Jth branch is

Sj,i = Kj,iSI,i . (3)

Here, Kj,i in the above formula is the allocation factor of third steps, and SI,i

represents the active power injected on the ith branch.
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The sixth step is to sum up all the active power of the nodes, and finally get all
the power flow betweenness of the node. Through the power flow betweenness of the
node, the fault of the node can be determined.

3.2. Power grid simulation based on power flow betweenness

After defining the calculation method and procedure of power flow betweenness,
power system based on power flow betweenness is simulated in this paper. The
simulation also considers the voltage of the grid in the power system as a whole.
The possible problems in the whole power system are judged by simulation. In
the process of power flow simulation based on power flow betweenness, the optimal
load shedding model is adopted in this paper. The model can be expressed in the
formulas.

minCp =
∑
i∈N

Cpi , (4)



Pgi − Pdi − Ui

∑
Uj (Gij cos θij +Bij sin θij) = 0,

Qgi −Qdi − Ui

∑
Uj (Gij sin θij −Bij sin θij) = 0,

(Pdi − Cpi) / (Qdi − Cqi) = Pdi/Qdi,

Pgi min ≤ Pgi ≤ Pgi,max, Qgi,min ≤ Qgi ≤ Qgi,max,

Ui,min ≤ Ui ≤ Ui,max

0 ≤ Cpi ≤ Pdi, 0 ≤ Cqi ≤ Qdi,

P 2
ij +Q2

ij ≤ T 2
ij,max.

(5)

In formula (4), pi represents the total load shedding for each load node in the
grid and pi represents the reduction of the active load at the node i. In formula
(5), Pgi and Pdi represent the active power and active load at the node, Qgi and
Bij represent the reactive power generation and reactive power load, Cqi represents
the reactive load curtailment of the node i, Gij and Bij represent the real and
imaginary parts of the element at the row i and column j of the admittance matrix,
Pij and Qij represent the active power and reactive power on the power network
branchi−j, Pgi,max and Qgi,max indicate the active power upper limit of the starting
node (generator) i and the upper limit of reactive power output, Pgi,min and Qgi,min

represent the active power lower limit of the starting node (generator) i and the
lower limit of reactive power output, θij = θi − θj represents the difference of the
phase angle at the two ends of the branch i − j, and Tij,max represents the rated
capacity of the branch i − j. The constraints in the formula are the constraints of
node active power, reactive power, and the constant power factor before and after
the load shedding, the output range of the generator set, the upper and lower limits
of the node voltage, the node clipping load and the power flow of the grid lines.
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4. Result analysis and discussion

In order to verify the applicability of power flow simulation method based on
power flow betweenness, IEEE39 node system is used in this paper to verify. The
degree of node in power system has a great influence on the fault of power system. If
the degree of the node is relatively high, the number of transmission paths through
the node will be relatively more, and the power flow betweenness will be relatively
large. Fig. 2 shows the statistics of the cumulative distribution of the power flow
betweenness in the IEEE39 node system. As can be seen from the diagram, the
power flow betweenness is relatively high among several critical nodes in the IEEE39
node system. According to the statistical results, the nodes with more than 50 of
the power flow account for only 6.79% of the IEEE39 node system. The results
show that the power flow node can reflect the importance of nodes in the power
system. The voltage of these parts should be paid more attention to, and then the
possible faults in the power system are warned in advance. In addition to these small
number of key nodes, nearly 80% of the node’s power flow betweenness is between
0–30, which shows that the voltage concerns of these nodes can be lower than those
of the critical nodes.

Fig. 2. Statistical analysis of power flow betweenness of power grid node

Table 1 shows the statistical results of the influence of the removal of nodes with
different power flow betweenness on cascading failures. From the statistics in the
table, it can be seen that in the simulation of power system faults based on power
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flow betweenness, the overall load shedding after power system failures is small. This
kind of results can reflect the actual situation of power system more than the simple
electric betweenness. The main reason for the results is that the power flow direction
and the voltage of the power system are taken into account in the calculation of the
flow betweenness. In other words, the power flow betweenness combines the actual
conditions of the voltage of the power system, which can reflect the possible problems
of power system more practically. The results also show that the voltage is larger
when the flow is larger, and the contact node has a greater impact on the power
system.

Table 1. Influence of different betweenness on power system faults

Node
number

Between-
ness
sorting

Tidal
current
between-
ness

Percent-
age of
mini-
mum
load loss

node
number

Between-
ness
sorting

Tidal
current
between-
ness

Percent-
age of
mini-
mum
load loss

1 30 10.17 1.66 21 19 16.70 11.01

2 17 19.85 0.21 22 9 29.36 13.22

3 28 12.00 5.15 23 15 20.69 11.54

4 8 32.15 8.00 24 24 14.32 13.34

5 4 46.02 10.36 25 20 16.60 6.82

6 1 66.60 26.64 26 31 8.94 5.01

7 16 20.53 3.74 27 34 7.60 10.99

8 6 34.51 8.35 28 36 6.40 3.29

9 39 2.85 0.10 29 25 12.77 8.42

10 2 50.57 7.19 30 32 8.04 5.80

11 11 28.30 10.02 31 5 38.43 5.97

12 37 5.33 0.14 32 3 50.57 3.59

13 14 22.26 8.82 33 13 26.74 10.47

14 22 16.10 9.29 34 38 5.08 7.49

15 18 18.63 18.99 35 10 29.36 9.02

16 7 32.96 14.09 36 33 8.03 9.11

17 27 12.15 12.52 37 212 16.60 2.75

18 29 10.80 6.65 38 26 12.77 32.60

19 12 26.74 17.90 39 35 7.47 17.65

Figure 3 shows the influence of margin coefficients on power system failures.
When the power system fails due to voltage or other reasons, the effect on other nodes
in the power system is mainly determined by the betweenness threshold of the nodes.
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As can be seen from Fig.3, with the increase of the margin coefficient of different tidal
currents, the percentage of minimum load loss in power system shows a downward
trend. Moreover, for different fault nodes, when the margin factor is greater than 1.7,
the minimum percentage of loss between the three essentially assumes a linear state,
i.e., the percentage of minimum load loss is no longer changing. The results show
that the power system is sensitive to single node faults when the margin coefficient is
lower due to voltage and other reasons. With the increase of the margin coefficient,
the resistance of the power system to the fault is improved to a certain extent.

Fig. 3. Influence of margin coefficient on power system failure

5. Conclusion

With the increasing awareness of environmental protection, the application of
fossil fuels represented by oil and natural gas in the production and life of human
society has been more and more limited. Clean energy, such as power energy, has
gradually been favored by all countries, and has been vigorously developed. However,
electric power has many defects and problems while satisfying the requirements of
human society for environmental protection. Therefore, in this context, the dynamic
analysis method of voltage stability in power system was proposed in this paper.
Various nodes in the power system were calculated by the power flow betweenness
and the actual voltage in the power system. The influence of voltage and other
factors on the fault of power system was analyzed by calculating the results. The
method was validated by IEEE39 node system. The verification results show that
the key nodes in the power system have the greatest impact on the power system,
such as voltage and other factors. Therefore, the voltage of these nodes should be
paid more attention to ensure the normal operation of the power system.
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Feature extraction of pulse wave signal1

Xu Yan2, 4, Chang Rui2, Yue Zhanwei3, Lv
Lingling2, Xu Xiaokun2

Abstract. Nowadays cardiovascular disease has become "the number one killer" of human life
and health. Most of the clinical diagnosis is invasive means, in which the patients have pain without
real-time monitoring. Aiming at the problems of pulse wave in the diagnosis of cardiovascular
diseases, the method of pulse wave time domain and frequency domain analysis was used in this
paper. The parameters related to coronary heart disease were found out from the characteristic
parameters by the feature recognition technology, which were used to establish the identification
model. And the simple parameter report was associated with the disease diagnosis. For the first
time, the complex parameter–wavelet entropy analysis method was introduced into the field of
pulse wave feature detection.

Key words. Pulse wave, wavelet transform, fuzzy recognition.

1. Introduction

The vascular system of the human body is a whole body composed of heart,
blood vessels and blood. Under the condition of mutual coordination and restriction
and the control of the central nervous system, the whole process of blood circula-
tion is completed. The pulse signal is generated by the heart beat to push blood
along the blood vessels. Therefore, according to the modern scientific viewpoint,
the pulse signal can be regarded as the output and mapping of the internal motion
of the heart in the human body (Wang et al. 2002) [1]. The pulse wave is mainly
formed by the contraction and relaxation of the heart and the interaction of various
resistances along the blood vessels. So when the pulse wave spreads from the heart
to the arterial system, it is not only affected by the heart itself, but also affected
by various physiological factors, such as vascular resistance and blood vessel wall
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Zhengzhou 450045, Henan, China
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elasticity. Therefore, the pulse wave signal contains a great deal of physiological
and pathological information of cardiovascular system. The waveform characteris-
tics and harmonic information of pulse wave are closely related to the change of
characteristic parameters in the cardiovascular system (Qiao et al. 2000) [2]. There
is a close relationship between traditional Chinese medicine pulse and Waveform
shape of pulse wave. Over the years, researchers have made great achievements in
the non-invasive diagnosis of cardiovascular diseases by exploiting the relationship
between physiological parameters such as pulse wave parameters and pathology, and
summarized a large number of parameters related to cardiovascular disease in time
domain and frequency domain. However, there are a large number of parameters,
and an effective evaluation criteria is needed for which parameters are more relevant
to cardiovascular pathology (Mollet et al. 2005) [3]. It is difficult to understand
the relation between the single parameter and the physiological information with
poor systematicness, which can only provide single index evaluation and no disease
diagnosis. All these problems make the application of research results in hospital
clinic and patients’ daily health care subject to a certain degree of limitation (Yang
et al. 2002) [4]. In addition, the research on the characteristic parameters of pulse
wave in time and frequency domain is very large, so it is necessary to develop new
research ideas (Wang et al. 2001) [5].

2. State of the art

In 1775, the famous Swiss mathematician Euler studied quantitatively the law
of pulse wave propagation in human body for the first time. Since then, it has been
one of the most important problems in the field of biomechanics and biomedicine to
detect the information of human pulse system and establish the dynamic model of
human cardiovascular system [6–8]. For the first time, Erasistratos found that the
pulse was a kind of wave propagation. However, because of the lack of the concept of
blood circulation, it was also very superficial understanding of the pulse. He believed
that the blood from the heart contracts pushed forward the blood column in the
blood vessel, which was the periodic expansion of the blood vessels and the "driving"
theory. Until the beginning of seventeenth century, British physician Harvey first
discovered and recognized the phenomenon of blood circulation. In 1775, Leonard
Eular first gave the governing equations describing the flow of incompressible ideal
fluid in an elastic tube. Since then, people had been really starting to develop a
correct description of the pulse system. Thomas Young, Ernst Heinrich Weber,
Korteweg, Lamb, Witzig and others had improved and obtained different pulse wave
velocity formula in different cases. In 1898, Otto Frank proposed a quantitative
model of the artery as an elastic cavity. The elastic cavity model gave a better
approximation of the pressure and flow waves in the large arteries. The modern
analysis of pulse wave propagation began in 1950s. During 1950s to 1970s, the most
representative researchers included Womersley, Mc Donald, Bergel, Fung and Gang
Xiaotian. They established a linearized model of the pulse wave in the arterial
segment, developed the Windkessel model and discussed he law of pulsatile flow on
the basis of this. Cox et al. extended the thin wall model used by Womersley to the
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case of finite thickness wall, which made the results more likely to correspond to the
actual arterial wall [9–11].

3. Methodology

3.1. The relationship between pulse wave and cardiovascular
disease

The resistance to cardiac ejection is composed of two parts: non pulsatile compo-
nents and pulsatile components. The former is peripheral resistance, while the latter
is produced by the effects of arterial compliance and reflected waves. When arterial
stiffness increases, due to speed up and reflection points of pulse wave velocity to
near the heart, reflected wave appeared earlier in the systolic pressure curve, which
increased systolic blood pressure and pulse pressure, reduced diastolic pressure, re-
sulting in increased left ventricular afterload and easily leading to left ventricular
hypertrophy. Because the coronary blood supply mainly depends on the diastolic
pressure and the length of diastole, diastolic blood pressure lowering can lead to
coronary hypoperfusion. Increased left ventricular afterload causes an increase in
left ventricular oxygen demand, and perfusion of the left ventricle is decreased due
to coronary insufficiency. Both of the two can aggravate myocardial ischemia and hy-
poxia, resulting in ischemic heart disease. In fact, it has been shown that the increase
of aortic stiffness, reflex wave and pulse pressure in patients with essential hyper-
tension is closely related to left ventricular hypertrophy in patients. Atherosclerosis
can change the pulse wave transmission and reflection, causing systolic hyperten-
sion. Therefore, it can be inferred that the abnormal reflex wave caused by arterial
dysfunction is an important risk factor for cardiovascular disease.

3.2. Selection of characteristic points of pulse wave signal

Human pulse wave is generally considered to have 6 characteristic points, as
shown in Fig. .1. Point b1 is the opening point of aortic valve, point c1 is the highest
systolic pressure point, point d is the aortic dilation pressure point, point e is the
starting point of left ventricular diastolic, point f is the starting point of anti-tidal
wave, and point g is the highest pressure point of the anti-tidal wave. They reflect
different states of the cardiovascular system.

In the analysis of the experimental results, through the analysis of the relationship
between the characteristics of the points, the difference between patients and normal
people is compared. Based on the recognition of pulse feature point, we define the
index as shown in Fig. 2. The left one is the measurement of the amplitude and time
interval of the pulse, and the right is the measurement for the parameters of the
pulse area.

Each index is as follows: h1 is primary wave amplitude (mm), h2 is the amplitude
of the pre-pulse wave (mm), h3 is the lower middle lobe amplitude (mm), h4 is pulse
wave amplitude (mm), t1 is the time from the beginning of the main wave to the
peak of the main wave (ms), t2 is the time from the beginning of the main wave to
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Fig. 1. The six characteristic points of pulse wave and the reference map

Fig. 2. Side view of pulse wave index

the bottom of the Canyon (ms), t is pulse cycle time (ms), Aa denotes the systolic
area of pulse graph, and Ab denotes the diastolic area of pulse graph.

The vertical distance from the highest point to the baseline is set to h1, and the
feature normalization highly correlated with the time domain waveform of the pulse
wave is h2/h1, h3/h1, and h4/h1, respectively. Similarly, a pulsation cycle time t is
set to 1, and the time related parameters are normalized to t2/t and t1/t. The total
area Aa+Ab of the pulse wave time domain waveform is set to 1, so the area related
parameters can be normalized to area Aa/(Aa +Ab).
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3.3. Study on fuzzy pattern recognition using genetic algo-
rithm

From any initial population of genetic algorithm, populations evolve from gen-
eration to generation for better areas until the optimal solution with the genetic
operations of selection, crossover and mutation. Because of its inherent parallelism
and not easy to fall into local optimum, it is very suitable for large scale space search
optimization. The first step: input control parameters: population size P , crossover
probability C, and mutation probability M .

The second step: the initial population G is generated randomly, and the fitness
of each individual in the population and the total fitness of the population are
calculated.

The third step: genetic operators (that is, selection, crossover, mutation) are
used to produce a new generation G of groups, and calculate individual fitness, in
order to evaluate the individual.

The fourth step: convergence condition judgment. If the average fitness difference
of adjacent generations is less than a threshold ε or the specified evolution algebra is
completed, the search is terminated. According to the fitness, the results are sorted
by the individual, and the highest fitness value is selected as the optimal solution.
Otherwise, turn to the third step.

4. Result analysis and discussion

4.1. Experimental method

From April 2007 to June 2007, form patients in the Second Department of Car-
diology, the Second Affiliated Hospital of Tianjin University of Traditional Chinese
Medicine, and sixty eligible patients were selected and included in this study. There
were 30 cases in the control group and the others in the control group. The test
instrument was calibrated before the measurement. The subjects’ name, sex, height,
weight and other basic parameters were input into the computer. The subjects sat
for 15 minutes before the test. The instrument was used to record the pulse wave of
the left wrist of the tested person and save into the computer. Patients for echocar-
diographic measurements should be given a brief rest before the examination to
avoid tension and activity affecting blood flow velocity. Echocardiography included
two-dimensional, M type and Doppler echocardiography, with probe frequency of
2.5MHz.

4.2. Verification of time domain feature recognition model
of pulse wave

In this paper, the fitness function of genetic algorithm optimization was Fisher
criterion function. According to the definition of Fisher criterion function, the fea-
ture selection program of the Matlab genetic algorithm was compiled, and the Fisher
criterion function was returned. The criterion was that if the value of Fisher crite-
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rion function was more than 0.5, it was considered as feature selection; otherwise,
it would be removed out. As shown in Table 1, the Fisher criterion function values
returned by each parameter for parameters feature selection of the pulse wave time
domain were listed.

Table 1. Fisher criterion function of time domain parameter

h2/h1 h3/h1 h4/h1 t1/t t2/t Aa/(Aa +Ab)

0.9355 0.7942 0.9669 0.602 0.4733 0.6595

According to the results of the above table, we could see that, in addition to
t2/t, other parameters were up to the selection criteria, which could be used as the
selected parameters of the next model training. The model test results are shown in
Fig. 3.

Fig. 3. Test results of fuzzy recognition model

Set the results of the classification threshold: the patient classification code was
set to 1, and the normal classification code was set to 2. In the results of the model
training, if the test sample classification code identification was less than 1.5, the
sample was more close to category 1; if more than 1.5, the sample was more close
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to category 2.

5. Verification of frequency domain feature recognition model
of pulse wave

In this paper, the fitness function of genetic algorithm optimization was Fisher
criterion function. According to the definition of Fisher criterion function, the fea-
ture selection program of the Matlab genetic algorithm was compiled, and the Fisher
criterion function was returned. The criterion was that if the value of Fisher crite-
rion function was more than 0.5, it was considered as feature selection; otherwise,
it would be removed out. As shown in Table 2, the Fisher criterion function val-
ues returned by each parameter for parameters feature selection of the pulse wave
frequency domain were listed.

Table 2. Fisher criterion function of frequency domain parameter

Pera6 Pera5 Pera4 Pera3 Pera2 Pera1 we
0.4057 0.5678 0.6458 0.9159 0.9862 0.6049 0.9781

According to the results of Table 2, we could see that all parameters except the
pulse wave frequency domain Pera6 achieved the optimization criteria, which could
be used as the parameters of the next model training. The Fisher criterion function
value of Perd3, Perd2 and we was the largest, which indicated that the spectral
energy of the pulse wave signal in the interval of the pulse wave frequency range of
5–20Hz was smaller than that of the pulse wave signal, known as wavelet entropy.
The pathological features of the patients with obvious coronary heart disease and
normal subjects were included.

Table 3 showed the coordinates of the center of gravity of each category in space.
After the calculation of the specific coordinates of each observation and their distance
from the center of gravity, we could determine their classification.

Table 3. Barycentric coordinates of each category (1 for patients with coronary heart disease, and
2 for normal persons)

Group Function

1.00 –1.084
2.00 1.084

It could be seen from Table 3 that the correct rate of the recognition of coronal
heart disease patients and normal persons was 83.3% and 90%, respectively. The
results of cross validation showed that the pulse wave characteristic parameters could
be used to distinguish between patients with coronary heart disease and normal
subjects.
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6. Verification of hybrid feature recognition model

The parameters of pulse wave frequency domain and time domain of 30 patients
with coronary heart disease and 30 normal subjects were selected as the training
samples. The marker variable group was used to divide them into two groups,
namely, the coronal heart disease patients and the normal subjects. Table 4 shows
the coordinates of the center of gravity of each class in space. As long as we could
calculate the coordinates of each observation in the front and the distance from the
center of gravity, we could know their classification.

Table 4. Barycentric coordinates of each category (1 for coronary heart disease, and 2 for normal
persons)

Group Function

1.00 –1.298
2.00 1.298

The results of the evaluation of the model performance by interactive verification
were shown in Table 5.

Table 5. Correct classification of interactive verification)

Classification Patients with coronary heart disease Normal persons

Patients with coronary
heart disease

80.0% 20.0%

Normal persons 16.7% 83.3%

It could be seen from Table 6 that the correct rate of the recognition of coronal
heart disease patients and normal persons was 80% and 83.3%, respectively. The
results of cross validation showed that the pulse wave characteristic parameters could
be used to distinguish between patients with coronary heart disease and normal
subjects.

6.1. Conclusion

In this paper, the method of pulse wave signal in time domain and frequency do-
main parameters identification of cardiovascular disease patients and normal persons
was studied, which were mainly focused on the definition and selection of parame-
ters of pulse wave in time domain and frequency domain, parameter optimization
and the establishment of identification model. The clinical trial data as the basis
of this research, the echocardiographic results of echocardiography and ECG results
measured by multi lead ECG as the basis for clinical diagnosis of patients with coro-
nary heart disease, the criteria for screening patients with coronary heart disease
were as criteria for screening cases. Under the premise of this standard, the original
pulse wave shape data of patients with coronary heart disease and normal people
were collected, and the parameters of time and frequency domain were calculated.
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The method of feature selection based on genetic algorithm was used to optimize
the parameters of pulse wave. By setting the value of Fisher criterion function, the
characteristic parameters of the return criterion function value less than 0.5 were
removed. To some extent, the composition of the pulse wave characteristic parame-
ters was optimized, which laid a good foundation for the establishment of the model.
This method was suitable for feature selection with a large number of feature param-
eters. In this paper, genetic algorithm was introduced to optimize the parameters
of human pulse wave information, which laid a foundation for future research work.

A preliminary study on the diagnosis of coronary heart disease by using the
parameters of time and frequency of pulse wave and the establishment of the model
of feature recognition was made in this paper. The results of this study achieved
the primary objective of the theory. However, due to the problem of small sample
size, the correction of the model and the improvement of the recognition accuracy
needed to be further implemented. For the first time, the complexity parameter
was introduced into the field of pulse wave analysis. However, there are many more
analytical methods can be applied to the analysis of pulse wave signal, and further
research is needed in the future research.

References

[1] J.M. Jornet, I. F.Akyildiz: Femtosecond-long pulse-based modulation for terahertz
band communication in nanonetworks. IEEE Transactions on Communications 62
(2014), No. 5, 1742–1754.

[2] A. S. Liberson, J. S. Lillie, W. S.Day, D.A.Borkholder: A physics based ap-
proach to the pulse wave velocity prediction in compliant arterial segments. Journal of
Biomechanics 49 (2016), No. 14, 3460–3466.

[3] X.Chen, J. Li, Z. Zhang, Y.Wang, Z. Jia, K. Pu, D.Yu: A new algorithm for
calculating optimal viewing angles in coronary angiography based on 4-D cardiac com-
puted tomography. Journal of X-ray science and technology 22 (2014), No. 2, 137–145.

[4] R. Singh, A.Khare: Fusion of multimodal medical images using Daubechies complex
wavelet transform–A multiresolution approach. Information Fusion 19 (2014), 49–60.

[5] C.W.Chang, S.H.Wang, M.Y. Jan, W.K.Wang: Effect of black tea consump-
tion on radial blood pulse spectrum and cognitive health. Complementary Therapies in
Medicine 31 (2017), 1–7.

[6] U.R.Acharya, H. Fujita, V.K. Sudarshan, S. Bhat, J. E.W.Koh: Applica-
tion of entropies for automated diagnosis of epilepsy using EEG signals: A review.
Knowledge-Based Systems 88 (2015), 85–96.

[7] H.Xiao, I. Tan, M.Butlin, D. Li, A. P.Avolio: Arterial viscoelasticity: Role in
the dependency of pulse wave velocity on heart rate in conduit arteries. American
Journal of Physiology-Heart and Circulatory Physiology 312 (2017), No. 6, H1185–
H1194.

[8] M.U.Qureshi, VG.D.A.Vaughan, C. Sainsbury: Numerical simulation of blood
flow and pressure drop in the pulmonary arterial and venous circulation. Biomechanics
and modeling in mechanobiology 13 (2014), No. 5, 1137–1154.

[9] X.Lu, G.V.Naidis, M. Laroussi, K.Ostrikov: Guided ionization waves: Theory
and experiments. Physics Reports 540 (2014), No. 3, 123–166.

[10] D.Wang, D. Zhang, G. Lu: A novel multichannel wrist pulse system with different
sensor arrays. IEEE Transactions on Instrumentation and Measurement 64 (2015),
No. 7, 2020–2034.



732 XU YAN, CHANG RUI, YUE ZHANWEI, LV LINGLING, XU XIAOKUN

[11] S.Y. Shin, E. B. Fauman, A.K.Petersen, J.Krumsiek, R. Santos,
J. Huang, M.Arnold, I. Erte, V. Forgetta, T. P.Yang, K.Walter,
C.Menni, L. Chen, L.Vasquez, A.M.Valdes, C. L.Hyde, V.Wang,
D. Ziemek, P.Roberts, L.Xi, E.Grundberg, (MuTHER) Consortium,
M.Waldenberger, J. B.Richards, R. P.Mohney, M.V.Milburn, S. l. John,
J. Trimmer, F. J. Theis, J. P.Overington, K. Suhre, M. J. Brosnan,
C.Gieger, G.Kastenmüller, T.D. Spector, N. Soranzo: An atlas of ge-
netic influences on human blood metabolites. Nature genetics 46 (2014), 543–550.

Received October 10, 2017



Acta Technica 62 No. 2B/2017, 733–742 c© 2017 Institute of Thermomechanics CAS, v.v.i.

Mapping data acquisition and
processing of hybrid small unmanned

aerial vehicle (UAVs)

Chen Chen1

Abstract. Unmanned aerial vehicle (UAV) is becoming more and more popular and rec-
ognized, and it can be used in many situations, such as search, rescue, surveillance and mobile
sensor networks. In this paper, the automatic analysis of moving objects was introduced to gen-
erate real-time road points for the design and implementation of the four-rotating machines that
the continuous reconnaissance was interested in. The system was equipped with an autopilot that
controlled flight and on-board image processors. The processor analyzed the image to create a
real-time estimate of the target’s direction and speed. An algorithm for creating flight plans from
captured imaging data was described. In addition, an algorithm for generating optimal trajectories
through position and yaw angle sequences was developed.

Key words. Hybrid power, small unmanned aerial vehicle (UAV), mapping, data acquisition,
processing methods.

1. Introduction

UAV is becoming more and more popular and recognized, and it can be applied to
many occasions, such as search, rescue, surveillance and mobile sensor networks [1].
UAVs currently used for military surveillance applications include MQ-9, Reaper,
RQ-7, Shadow, and RQ-11 Raven [2]. These systems include aircraft with sensor
packages and data links for transmitting sensor data to related ground stations.
The aim is to provide combat personnel with almost real-time situational awareness
of battlefield [3]. As of 2010, the United States Army has been more than 4000
unmanned aircraft systems, and more programs for developing military drones.

Current UAV system technology has been able to autonomously operate, includ-
ing automatic takeoff and landing, or following flight plans. The ground control
station (GCS) is used to receive data collected from the system and control the UAS
[4]. The project aims to increase autonomy in the control of UAV Systems and
reduce the workload of combat personnel [5]. The ability to automatically process

1Hebei University of Water Resources and Electric Engineering, Cangzhou, Hebei, China, 061001
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UAS sensor data is a key function in urban environments or indoor operations. With
the development of embedded system technology, sensor data can be processed on
chip to determine the required motion for UAS [6]. This increases the degree of
autonomy that the system can operate and allows the user to receive data without
the need to control the UAS.

2. State of the art

Recently, with the advent of modern microcontrollers and advances in sensor
technology, an upsurge in the design of four rotors has been brought about. Today,
there are more and more suppliers and platforms in the machine market. The use
and application of these platforms are being studied and extended [7]. Multi-users
usually provide high flexibility at the expense of search scope. Multiple helicopters
must have the lift generated by propellers, and they are dominated by the wings
(such as fixed wing aircraft) [8]. A company in San Francisco aims to transport food
through the use of multiple devices. These innovative platforms are also frequently
used in some unexpected places [9].

Obtaining flight performance and aerodynamic data for small UAVs is a complex
task because of UAV size constraints, weight constraints, and power limitations [10].
The integration of sensors and flight controllers is another issue. Most commercial
drones have their own data acquisition systems. These systems usually include the
inertial measurement unit (IMU) with six or ten degrees of freedom, GPS modules
with dedicated uplink and downlink, pilot probe or ground control station (GCS)
[11]. Small UAVs for research purposes are expensive, which is a complex task. There
are many devices on the international market to monitor the flight performance of
non-commercial UAVs. Low-cost flight data monitoring system has great research
significance because most of the equipment is expensive.

2.1. Methodology

2.2. System architecture for UAVs

The first is the weight based airframe design that uses MathCAD to optimize the
target weight of the four rotators. Manufacturers estimate that each engine produces
about 1000 g of thrust combined with 8×4.3 propellers. Four motors provide a total
of 4000 g of thrust to lift the fuselage. The manufacturer cannot obtain the torque
curve, so four rotators are selected at a 45% duty ratio. Autodesk Inventor is used
to estimate the total weight of the components, calculate 1800 grams of thrust and
give about 4 pounds of target weigh.

The picture of the investigated microdrone is in Fig. 1
The system contains an Arduino compatible GPS/GPRS/GSM module that is

used to locate the drone’s GPS capabilities. The compact IMU sensor SEN-00126
with ten degrees of freedom (10-DOF) is selected. The sensor is a combination of
MPU9255 sensors and BMP180 sensors. The MPU9255 sensor can measure 9 in-
ertial parameters: 3 axial angular accelerations, 3 axial gyroscopic motions (scroll,
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Fig. 1. Microdrone md4-200 with a Ricoh GR3 compact camera

pitch and yaw), and 3 axial magnetic/Compass headings. The BMP180 is an at-
mospheric pressure sensor that measures airspeed in terms of pressure. Using IMU
sensors instead of accelerometers alone, gyroscopes, magnetometers, and barometers
can reduce circuit complexity, and consume less space and cost effectiveness. The
Arduino SD card module is used as a data logger for transmitting data from various
sensors and stored in SD cards. One of the most important goals of this research
is to reduce costs rather than using expensive commercial data acquisition devices.
Therefore, locally available and cost effective hardware is selected. Obtaining flight
performance and aerodynamic data for small UAVs is a complex task because of
UAV size constraints, weight constraints, and power limitations. The integration of
sensors and flight controllers is another issue. Most commercial drones have their
own data acquisition systems. These systems usually include the inertial measure-
ment unit (IMU) with six or ten degrees of freedom, the GPS module with dedicated
uplink and downlink, pilot probe or ground control station (GCS).

The drive uses the ArduCopter suite. The software set used by the autopilot is
an open source project called ArduCopter (ArduCopter 2012). ArduCopter aims
to create an easy to install and fly platform for multi-rotor UAVs. The project
provides software for controlling helicopters in flight. The interface of RC receiver
allows manual control and coverage. For debugging purposes, the Bluetooth link is
used as a wireless serial data link to the ground station. ArduCopter is a popular
project that receives regular updates from its developers. The version 2.0.48 is the
latest version of APM. As of May 2012, the 2.5.5 version was widely used.

The open source projects are used for project design, and it provides a GUI
interface to configure APM, monitor flight status, enter waypoints, analyze log files
and change flight patterns. The software is used for functional testing APM, and
loading firmware changes, which usually runs on the Windows desktop. Although
Mono is running on other operating systems (Ardupilot itself uses program mono
2011 on the Ubuntu Linux), the scheduler cannot run on the development board
under Linux.

The power distribution system must provide sufficient current for all critical flight
components, so as to achieve a successful flight. The main power comes from two
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12V lithium polymer batteries. The capacity of each battery is 5000mAh, and the
rated power is 200A for continuous discharge. The main load on the system is
four motors. The maximum current consumption of each motor is 28A when it
is stopped. The load generated by the four motors is 112A, which can be easily
handled by a single battery. The power from the battery is fed to the four electronic
speed controllers (ESC) via the power switch. Each ESC can continuously supply
up to 30A of an electric motor with a voltage of 12V. Each ESC also offers 2A in
5V, which powers the autopilot and image processor. The four ESCs together create
a 5V track capable of 8A. The autopilot and image processor are small loads that
consume 3% of the total power. The autopilot receives the 5V power from the ESC.
The image processor is connected to the 5V rail on the autopilot. Although the ESCs
filter most of the high frequency noise of the motor, it adds extra protection to the
image processor. The LC filter between the autopilot and the image processor filters
out any additional noise and stabilize the current. The overall power distribution
block diagram is shown in Fig. 2.

Fig. 2. Power distribution block diagram

2.3. Data acquisition system

In today’s software projects, code modularity and reusability are always the most
important. Because of the rapid development of hardware, evaluating a piece of
code is not just about running speed, but modularity, reusability, and scalability.
In order to meet these requirements, there are many options available in the data
acquisition system. In this case, the actual observer is the specific sensor that is
connected to the device. All sensors, regardless of their function, must implement
an abstract interface that has the function of configuring and controlling sensors.
The coordinators store the list of registered observers (devices). When it wants to
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control them, it will walk through the list and call one of the generic functions. The
task of the coordinator is not to understand every particular detail of each additional
device, but to implement and use well-defined interfaces that are used and known
by the coordinator.

Imaging sensor is an important component of the system that provides imaging
feedback to the image processor. After considering various imaging sensors, only
video sensors are purchased due to cost. Cameras provide high quality video. How-
ever, due to 167 grams of high weight and unable to convert the output video stream
to the Linux operating system in real time, the camera is replaced. Logitech C310
network camera is selected because it is low in weight and compatible with Linux
(C310 technical specification 2012).

Next is the design of the UAV message marshalling library. The library is used
to provide a two-way interface between the image processor and the autopilot. The
protocol has the characteristics of high transmission speed and good security perfor-
mance, so it is usually used in ground control station (GCS) to MAV architecture.
Python scripts are used to implement protocols, and the language used is 8 bytes
with a maximum payload of 255 bytes. The USB serial interface provides 115200
BPS of bandwidth per second, or about 56 MAVLink packets. In this application,
the development board can send MAVLink messages to the APM of the four - way
transponder. With the functions of the cover RC channel, more independent pro-
cedures are developed, and "arms" and "removal" functions are written. Various
functions along with takeoff to a certain height are landed to achieve autonomy. Al-
though a framework has been set up, further development is needed to create a fully
autonomous product. The image processing software uses the supplied MAVLink
code for processing and output.

Processing data captured from a camera to detect the target and its attributes.
The image analysis identifies the position of the target relative to the four rotators
and determines the set point required for the PID motion controller. OpenCV is
a real-time computer vision library (OpenCV 2012). It contains an optimization
algorithm for general image processing. All of the codes are written by C++ with
OpenCV 2.3 version.

The camera is attached to the moving object for detecting and analyzing the
operation of the object software under the Linux operating system, and the multiple
iterations of the image detection software set are carried out. After the video stream
is turned on, the image is resized to 320 pixels×240 pixels. Images are shielded by
upper and lower bounds to isolate objects. The objects are successfully isolated in
the image. The object is placed 5 meters away from the camera. The first method
of motion analysis is by sensing the circular contour and recording the position in
the loop buffer. The buffer is then used to calculate the movement of the target,
and a block diagram of the data output is given below.

3. Result of analysis and discussion

The primary purpose of the first field test is to view and measure the range of the
radio module. The test settings are made up of two design versions of PCB. One uses
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Fig. 3. Data flow diagram

the linear converter as the power source, and the other uses a buck converter. Test
scenario: a node of communication is placed in the fix, and the predefined location
is not move throughout the experiment. It is programmed to send data packets over
a radio interface (Radiocrafts, RC-1280). The second sensor node has been installed
with the GPS module. It is programmed to receive any incoming data from the
wireless module and write the received data along with the timestamp and the GPS
coordinates on the SD card. Basically, this test checks the functions of the SD card,
the radio module, the GPS module, the voltage regulator, and several GPIO pins
used to control certain states of the LED. The model after the overall installation is
shown in Fig. 4.

Fig. 4. Quadrotor airframe and electronics

After the sensor nodes are incorporated into the transmitted data, the second
mobile sensor has moved from a distance of about 1 km from the fixed sensor. The
test result is ideal: the maximum distance between the two modules is 660m, which
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corresponds to the potential area of a circle with a diameter of 1.3 km. Although the
test conditions are not ideal, the result makes it possible to successfully implement
the effective communication between the UAV and the sensor nodes at that distance.

The next test is to check the feasibility of the entire communication process. The
main difference from previous tests is that a test module is added to these tests. The
UAV used is the X8 flying wing, and its active components include a development
board and several mechanical/electrical modules. The program and setup use the
DUNE software framework introduced in the previous chapter. The development
board can run under the Linux system. And a DUNE task has been written to
read the incoming data from the serial port and package it into the IMC message.
Thereafter, the received message is transmitted to the DUNE via the 5GHz link.

The sensor nodes are set up on the ground in advance, and each parameter is
adjusted. The UAV is controlled to fly over it to collect its data and forward data to
the base station. The next image shows a snapshot of the test process. In this test,
the sensor nodes have been programmed to sample data. The collected data is sent
to UAV as a sample and recorded on the SD card, and no sleep mode is adopted.
The data sent by the sensor node is composed of temperature readings and their
GPS coordinates. The UAV’s development board starts running the DUNE task,
reads data from the sensor nodes and records it. Some data is sent back to the sensor
node. The received sensor data is forwarded to the base station by forwarding 5Hz
through the UDP connection. The base station is a computer that runs the DUNE
software, and the comparison of the captured images is shown in Fig. 5.

Fig. 5. Image acquisition contrast

The test takes 14 minutes of flight time. During the whole process, sensor nodes,
UAVs and base stations have valid data links. Sensor nodes have been previously
placed on the map representing the center of the red circle. The maximum distance
between the UAV and the sensor node is 100m on the horizontal axis, and the height
is 100m. The number of messages sent from the sensor node to the UAV (GPS
position and temperature) is about 438. All of these messages are accompanied by
check and field, and they are checked only once throughout the flight. It means that
the packet lost from the sensor node to the UAV is the smallest. There are different
cases in which messages are sent back from the UAV to the sensor nodes. Packets
sent from UAV to sensor nodes should be commands and configuration files. In this



740 CHEN CHEN

test scenario, the received data (command) is not explained explicitly and is directly
logged on the SD card. The results are also good. In Table 1, the received data
is edited and compared to the actual data. Because the CRC field is not added to
these packets, the damaged field is recorded. In the range of 3m×3m, the relative
density of the acquired images is evaluated, and the results are as follows. It can
be seen that the collection situation is different in different areas, and the relative
density of different objects is different. From the results of the table, it can be seen
that the collected density is relatively large, which can reach 0.87–0.90.

Table 1. Points per square meter and relative point densities evaluated in different objects in
3m×3m areas

Points per square meter Relative point density

Field Grass Forest Asphalt Field Grass Forest Asphalt

UC NGATE 82.1 86.9 47.6 89.6 0.82 0.87 0.48 0.90
GF NGATE 278.2 361.8 136.0 233.0 0.70 0.90 0.34 0.58
Photosynth 2.9 2.4 2.1 2.4 - - - -

4. Conclusion

So far, autonomic search and tracking models have been successfully simulated.
In this paper, the automatic analysis of moving objects was introduced to generate
real-time road points for the design and implementation of the four-rotating ma-
chines that the continuous reconnaissance is interested in. The system is equipped
with an autopilot that controls flight in flight and on-board image processors. Simu-
lations can reach maturity that accurately reflects the intent of the action language
model. Both models and simulations provide a powerful basis for allowing the devel-
opment of autonomous agents for a variety of applications. The current prototype
is able to stabilize flight and provide sufficient battery life and agility for further
development. The components of the problem are usually motors and propellers.
Platforms do not have built-in redundancy, and problems that occur can lead to
catastrophic failures. Motor faults are traced to connectors that fail at high vi-
bration, thus resulting in intermittent signal integrity problems. These connector
failures cause a sharp drop in the motor RPM and crash, and the basic design is
carried out from the APM and development boards. Although some achievements
are made in image processing software and data acquisition system, it needs further
improvement, such as object recognition and so on.
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Settlement calculation method of rivet
pile composite foundation under

embankment load1

Mingquan Liu2, 3, Chunyuan Liu2, Xiaozhi Li2, 4

Abstract. The settlement calculation method of rivet pile composite foundation under
embankment load is a basic problem often encountered by engineering. Generally, the composite
elastic modulus method is used to calculate the settlement of the rivet pile. But in this process,
there is still a "mass" role between the rivet piles, and the calculated value is quite different from
the actual situation. In this paper, the interaction effect of rivet pile was discussed based on the
basic data of existing research and practical measurement. A method of calculating composite
foundation with two layers settlement was put forward for a composite foundation of rivet pile.
The actual effect of the algorithm was verified by a practical engineering example.

Key words. Embankment load, composite foundation, rivet pile, settlement calculation.

1. Introduction

In recent years, China’s highway infrastructure construction and development has
entered a stage of rapid development, especially in the eastern coastal areas with
better economic development. The ground base of coastal cities is weak because the
area affects the structure of soft soil in this area. But during the construction of
expressway, the soil layer structure of soft layer is the inevitable basic problem in
engineering construction [1]. During the practice of soft layer treatment, many basic
problems of soft soil are found, such as surcharge preloading and reinforcement. Al-
though these design methods have their own advantages, many construction defects
are inevitable [2]. The method of preloading can really deal with the insufficient
depth of soft soil layer, and the cost of using pure rigid piles is high. This provides

1Project is supported by both the National Natural Science Foundation of China (51378331)
and Department of Housing & Urban-Rural Development Hebei (2014-289).

2School of Civil and Communication Engineering, Hebei University of Technology, Tianjin,
300401, China

3School of Civil Engineering, Tangshan University, Tangshan, Hebei, 063000, China
4Corresponding author
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opportunities for the development of soft soil treatment methods for rivet piles, while
the two-way "rivet pile" application is put forward in such a context [3]. For the
application of concentrated load rivet pile, there are still few researches on quantita-
tive calculation of consolidation and deformation. Generally, the engineering design
of the foundation uses the settlement as the standard foundation. In addition to the
necessary bearing capacity of the project, it is necessary to calculate the coincidence
between the calculated results of settlement and the actual conditions. This requires
the calculation accuracy of the rivet pile composite foundation, so the optimization
of the calculation method is imperative [4].

2. State of the art

The two-way foundation characteristics of the rivet pile composite foundation
under the embankment load determine the cause and effect of settlement calculation,
and also limit the coordination relationship between rivet pile and soil [5]. It is
necessary to consider the sharing of the rivet pile and the land load under the action
of the external load and the carrying capacity of the land. In addition, the problem
of larger end of rivet pile needs to be analyzed, which makes the calculation method
of composite foundation settlement of rivet pile become complicated. Rivet pile is
a new type of composite foundation combined pile. It has high application value
in construction of composite foundation. However, the research literature about it
is very rare [6]. Some scholars have simulated and analyzed the larger end design
capacity of rivet pile. On the basis of the same geological or soil foundation, the
ultimate load carrying capacity of rivet pile is larger than that of ordinary pile.
Therefore, it is necessary to put forward the calculation of the bearing capacity of
rivet pile [7].

For the same soil foundation construction, through the comparison of the load
test of rivet pile and conventional pile, it can be seen that the deformation data of
composite foundation have big experimental data difference [8]. On the whole, it
can be found that the foundation depth of the rivet pile is uniform, and the depth of
the conventional pile is inversely proportional to the strong support of the pile. For
some application parameters of rivet pile, the conclusion is less, but it is necessary
to analyze and discuss some construction parameters [9]. The calculation of bearing
capacity of composite foundation with rivet piles needs to be studied deeply. The
settlement calculation of composite foundation of rivet pile is not perfect, and the
role between rivet piles is not clear [10]. The surface of the soil layer in the eastern
coast is hard, and the middle layer is a soft soil layer. It makes it possible to analyze
the bearing capacity and settlement characteristics of the lower layer of the hard
layer foundation when using rivets to reinforce the composite foundation.

2.1. Methodology

There is a certain pile group effect in the rivet pile under the embankment load.
It is found in the literature that there is a mass effect in the enlarged part of the
composite foundation settlement of the rivet pile under the embankment load. Some
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scholars have designed the method to transfer the load of an independent rivet pile,
and calculated the value of the settlement of the foundation. However, the results
obtained are not consistent with the actual measured values, which seriously ignore
the interaction mechanism between rivet piles. Based on the applicability of the basic
research and practical construction, the soft soil structure of the coastal cities in the
eastern part of the country needs to be dealt with. The settlement is mostly the
composite settlement of pile groups. Therefore, the group effect of rivet pile must be
considered in the design of settlement calculation method of composite foundation
[11]. In order to study and discuss the regional settlement effect of composite pile
foundation with rivet piles, the basic model of composite foundation is set up. The
larger end of the element body is enlarged, and the depth of the rivet pile at the lower
part is divided into three bearing layers for calculation. The reinforcement layer is
solved by compound modulus calculation method. Enlarging the composite modulus
of rivet head needs to consider the mass effect of rivet pile, and the lower part of pile
cannot be considered. By applying the method of gradual stress diffusion, the applied
stress of the underlying lower layer is calculated in advance. The settlement value
of composite foundation is calculated by the method of layer synthesis calculation.

In the course of soil bearing capacity of soft soil layer with hard layer, with the
increase of load, the internal stress of hard layer is composed of two stages: elastic
layer and ultimate elastic layer. It is assumed that the embankment is less than
a certain height, and the composite base is in an elastic deformation stage. The
hard layer will bear most of the load and transfer the load to the outside of the
embankment. In this way, the stress transmitted to the soft soil layer is greatly
weakened. In such a state, the compression settlement of the soft soil layer will be
relatively small. Although the stress of the hard layer of the soil is relatively large,
the rigidity of the hard layer is relatively large. The hard layer capture is compressed
too much without exceeding the limit compression capability. Therefore, the overall
settlement of the foundation is small and it will soon be restored.

It is assumed that the original elastic working state is broken by the height of
the embankment, and the thickness of the plastic change layer increases gradually.
Then the rigidity of the hard layer will be weakened, the stress of the soft soil layer
will be increased, and the distance of settlement will gradually increase. This is
referred to in the literature that when the embankment exceeds a certain height,
the settlement value of the hard layer foundation will change qualitatively. In the
process of increasing load, the ultimate state of composite foundation will be bigger
and bigger. The deformation of the foundation may be very large. The hard and soft
layers have been adjusted to the limit, but the hard layer still maintains relatively
high shear strength. The strength difference between the hard and soft layers is
stress distribution and foundation ratio, and the trend will tend to the upper part of
the foundation. The hard layer and the upper soft soil bear the greater load on the
composite foundation. The stress of the lower soft soil is small, and the compression
of the composite foundation is relatively small. The compressibility of the upper soil
determines that the total settlement is less than the foundation without the hard
layer structure.

The double deck structure of composite foundation means that in the foundation
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construction process, the reinforcing layer and the soft soil layer form the condition
of upper firm and lower soft, so as to improve the deformation characteristics of the
bearing capacity change. In the treatment of soft soil foundation of expressway, the
rivet pile is embedded in soft soil layer, which is a typical strengthening structure.
The surface of reinforcing area is hard layer, and the lower layer is soft soil layer
structure. The bearing stratum is the soil layer between the two forces. In different
soil layer structures, distinct strength and stiffness differences are formed. The
strength and stiffness difference of the bearing capacity of the composite foundation
is similar to the bearing capacity of some kind of slab. Different laminates form
different compression deposition effects. The plate body is more obvious for the
diffusion stress of the embankment load, which can effectively weaken the additional
embankment stress in the soft soil layer, so that the bearing capacity and settlement
characteristics of the composite foundation can be effectively improved.

Through a large number of field tests, it is believed that the deformation of the
rivet pile is different from that of the rivet pile under the action of the external load
of the rivet pile, and the key problem is the deformation coordination between the
rivet piles. Compared with reinforced concrete, the stress and compressive modulus
of rivet pile are relatively small. Therefore, after the static loading test, the curve
is generally smooth curve. There is no obvious inflection point, and the force is
closer to the soil structure, rather than rivet pile. At present, the larger end of the
rivet pile is slightly higher than the height of the hard soil layer. The area of the
enlarged head is larger than the straight section of the lower part. The composite
growth value of the enlarged head is larger than that in the lower part. Under the
action of embankment load, the group effect of rivet pile composite foundation is
more obvious.

It is assumed that the composite foundation of rivet pile is a composite foundation
with double deck. The thickness of the first layer composite foundation is the middle
extended depth range. The thickness of the second layer composite foundation is the
depth area of the lower pile in the strengthening area, as shown in Fig. 1. The depth
change of composite foundation in the first layer is S1, and it is S2 for the second
layer and S3 for the third layer. The total settlement of the composite foundation
of the last rivet pile is

S = S1 + S2 + S3 . (1)

Fig. 1. Calculation model of settlement of rivet pile
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The empirical values show that the relationship between 85% of the actual
strength of the rivet piles and the soil properties and soil age parameters is as
follows:

qM = e−1.28(ω/ωL)−0.819(C/ω)0.972t0.156 . (2)

In the above formula , ω represents the soil water content probability, ωL repre-
sents the liquid limit ratio of the soil body, C represents the amount of cement used,
and t represents the time limit for the use of the cement in the soil. If the number
of rivet piles is relatively large, the group effect of rivet pile should be considered.
Finally, the group effect of rivet pile is established with the calculation formula

ESP = [β1, β2][Ep, Es] . (3)

In formula (3), β1 and β2 respectively represent the proportion coefficient of rivet
pile composite modulus, including the basic factors of influence. Symbols Ep and
Es represent the deformation modulus before and after the deformation of the pile.

Taking the 6 rivet piles as an example, the interaction between adjacent rivet
piles takes into account only the relation between the 1# rivet pile and the 2#–5#
rivet pile. The distance between the piles outside the rivet pile is so far away that
such a long distance can be neglected. For the cube rivet pile, each pile outside has
its influence on pile rivet. For a plum shaped rivet pile, there are 6 rivet piles outside
each rivet pile, as shown in Fig. 2. Assuming that the influence of the modulus of
elasticity between the square rivet piles can be calculated, the calculation method
and formula for the rivet pile with plum blossom shape and even more shapes can
be deduced.

Fig. 2. Influence of pile forming process on soil composite modulus

The expression for the influence between the rivet piles is:

Esp = β1Ep + β2Es . (4)

Based on the theory of elastic deformation, the composite modulus is solved to
calculate the settlement of the reinforcement region.
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The depth range of the enlarged part is calculated as

s1 =
(p+ p1)H

2Esp1
(5)

The depth range of the lower part is calculated as:

s2 =
(p1 + p2)L

2Esp2
. (6)

In the formula, p represents the load on the surface of the rivet pile compos-
ite foundation (kPa), p1 represents the equivalent applied stress on the top of the
enlarged part of the rivet pile (kPa), p2 represents the equivalent additional stress
under the rivet pile composite foundation (kPa), H represents the height of the en-
larged head of the rivet pile (m), L represents the height of the pile at the lower part
of the rivet pile (m), Esp1 represents the composite modulus at the upper depth of
the composite foundation of the rivet pile (MPa), and Esp2 represents the composite
modulus at the lower depth of the composite foundation of the rivet pile (MPa).

According to the design codes’ requirements of building foundation, the depth
deformation degree of building foundation is calculated as

∆s′n ≤ 0.025

n∑
i=1

∆s′i , (7)

where, ∆s′i represents the calculated soil depth of the ith layer within the calculated
depth range, ∆s′n represents the calculated soil depth for the thickness ∆z within
the calculated depth range.

Assuming that the adjacent load of the rivet pile is affected, and the design range
of the foundation is from 1m to 30m, the calculation formula of the foundation
deformation depth is:

Zn = b(2.5 − 0.4 ln b) . (8)

The concept of "b" described in formula (8) is the base width, and the unit is
m. The depth of settlement of composite foundation is calculated according to the
above formula. When there is a soft soil layer, it should continue to be calculated
downward until the experimental results in the soft soil meet the required position.

3. Result analysis and discussion

The highway test area of a high speed section is used as the object of study.
The experimentation area is located in soft soil areas, and the surface width of the
embankment is about 34m. The height of embankment after filling is about 5.8m,
and the ratio of slope to angle is about 1:1.4. The width of the embankment surface
is about 52m, and the lower water level is flush with the surface of the ground, as
shown in Fig. 3.

In the structure of soil layer, the main physical and mechanical indexes are shown



SETTLEMENT CALCULATION METHOD 749

Fig. 3. Embankment profile

in Table 1.

Table 1. The main physical and mechanical indexes of soil layer structure

i 0 1 2 3 4
Layer Embankment fill Hard layer Silt layer Loam Bearing stratum

Heightm) 6 2 13 2 48.5

r (kN/m3) 20 19.3 17.5 19.5 20

Esi (MPa) 20.4 11.7 2.8 13.2 20.4

The area in which the experimental area is located is the plain area of a lake.
The surface is medium compressed soft plastic sub clay with the thickness of 4m
and the settlement is the silty clay with the thickness of 14m. The water content
of the soil layer is about 50%. The natural average land porosity ratio in the lake
is about 1.42, and the bearing layer is sub clay. The project is located in a high
speed section of Jiangsu and Zhejiang, and the rivet pile used is "K30+140". In the
experimental stage, composite foundation of rivet pile is used to soften foundation.
The length of the designed rivet pile is about 16m, and the diameter of the rivet
pile is about 500mm. The upper height is about 4m, and the lower height is about
12m. The spacing of rivet piles is 2m, and the distribution rule is plum blossom
shape. The severe value of rivet pile is 21 kN/m3. In this experiment, the change of
the modulus of rivet pile with the soil layer is only considered, so the compression
modulus is 83.3MPa.

In order to verify the practicability of the settlement calculation of composite
foundation in this paper, the author considers that the method of simulation and
composite modulus can be adopted. The design concept of double layer composite
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foundation is put forward. The research object of this paper is the standardized
calculation of composite foundation settlement. Various calculations are shown in
Table 2. The calculation method and measured results of the calculation examples
are given in Table 2. Through the comparative analysis, the calculation method of
composite modulus ignores the group effect of the hard soil layer, and the interchange
function of the rivet pile is relatively exaggerated, so that the settlement value of
the calculated reinforcement area is too small. The simulation results are close to
the actual measured values. However, for the general engineering and technical
personnel, it is difficult to master this method in a short period of time. The
settlement calculation method of double layered composite foundation is easy to
understand and feasible in practice. The design parameters of the rivet pile are
considered at the same time. The settlement value is too large, but it is also within
the design error range.

Table 1. The results of various methods of calculation

Number 1 2 3 4

Computing
method

Complex mod-
ulus method

Research meth-
ods in this pa-
per

FLAC3D Measured set-
tlement value

Calculation re-
sult (mm)

264.4 318.3 285 281

4. Conclusion

In practical engineering practice, the settlement calculation of rivet pile compos-
ite foundation is widely used. Based on the existing research results and measured
data, the group effect of rivet pile composite foundation was analyzed in this paper.
A double-layer composite foundation method was put forward for settlement cal-
culation of double-layer structure of rivet pile composite foundation reinforcement.
The results were verified by a practical case analysis and satisfactory results were
obtained. Based on the study of the settlement calculation method of composite
foundation with rivets, the group effects of the hard layer and soft soil foundation
were taken into account. A model of double-layer composite foundation strength-
ened with rivet pile composite foundation was put forward, and the settlement value
of composite foundation was calculated. Calculation method of ground settlement
was induced by double-layer composite foundation model. The experimental re-
sults show that the double layered composite foundation can be combined with the
method of rivet pile reinforcement to calculate the ground drop value. The double-
layer composite foundation settlement calculation model was used to determine the
calculation parameters of the settlement of pile composite foundation such as defor-
mation modulus of rivet pile, the pile body range of upper and lower enlarged part,
thickness and calculated depth of the deformation layer. The calculation methods of
settlement of composite foundation with various rivet piles were analyzed. By com-
paring the results of the double-layer riveted pile composite foundation proposed in
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this paper, it is proved that the group effect of rivet pile is scientific and effective.

References

[1] W.Liu, S.Qu, H. Zhang, Z.Nie: An integrated method for analyzing load trans-
fer in geosynthetic-reinforced and pile-supported embankment. KSCE Journal of Civil
Engineering 21 (2017), No. 3, 687–702.

[2] J. Zhang, X.Cui, D.Huang, Q. Jin: Numerical simulation of consolidation settle-
ment of pervious concrete pile composite foundation under road embankment. Interna-
tional Journal of Geomechanics 16 (2016), No. 1, B4015006.

[3] M. J. Zhang, Q. Luo, X.Q. Zhan, L. Zhang: Research on settlement calculation
empirical coefficient of end-bearing CFG pile composite foundation. Rock and Soil
Mechanics (34 2008), No. 2, 519–525, 545 (in Chinese).

[4] M.H. Zhao, M. Liu, R. Zhang, J. Long: Calculation of load sharing ratio and set-
tlement of bidirectional reinforced composite foundation under embankment loads. Chi-
nese Journal of Geotechnical Engineering 36 (2011), No. 12, 2161–2169.

[5] C.Wang, B.Wang, P.Guo, S. Zhou: Experimental analysis on settlement control-
ling of geogrid-reinforced pile-raft-supported embankments in high-speed railway. Acta
Geotechnica 10 (2015), No. 2, 231–242.

[6] W.M.L. Lü: Calculation method of pile-soil stress ratio of rigid pile composite foun-
dation. Journal of Southeast University(Natural Science Edition) 43 (2013), No. 3,
624–628.

[7] W.Z. Liu, J. H. Zhang, H. Zhang: Analysis on pile-soil stress ratio of composite
foundation with sparse capped-piles under lime-soil embankment load. Applied Me-
chanics and Materials 501–504 (2014), 124–131.

[8] Y.U.Hui, X.M.Ding, Y.R. Lv: Analysis on calculation method for widen express-
way settlement with x-section cast-in-place concrete pile composite foundation. Journal
of Disaster Prevention and Mitigation Engineering 33 (2013), No. 1, 84–90.

[9] X.Cui, N. Zhang, S. Li, J. Zhang, L.Wang: Effects of embankment height and
vehicle loads on traffic-load-induced cumulative settlement of soft clay subsoil. Arabian
Journal of Geosciences 8 (2015), No. 5, 2487–2496.

[10] C.Wang, S. Zhou, B.Wang, H. Su: Differential settlements in foundations under
embankment load: Theoretical model and experimental verification. Geomechanics and
Engineering 8 (2015), No. 2, 283–303.

[11] N.Ravichandran, V.Mahmoudabadi, S. Shrestha: Analysis of the bearing ca-
pacity of shallow foundation in unsaturated soil using Monte Carlo simulation. Inter-
national Journal of Geosciences 8 (2017), No. 10, 1231–1250.

Received October 10, 2017



752 MINGQUAN LIU, CHUNYUAN LIU, XIAOZHI LI



Acta Technica 62 No. 2B/2017, 753–760 c© 2017 Institute of Thermomechanics CAS, v.v.i.

STATCOM current detection method
and control technology based on

instantaneous reactive power theory1

Xuehai Pan2

Abstract. With the widespread application of impulsive loads and nonlinear loads in the
power grid, reactive power and harmonic pollution of the power grid are also rising, which have a
certain impact on people’s lives. STATCOM can effectively suppress harmonics and reactive power,
and has become the main mode of power quality control. STATCOM system model was set up in
this paper. On the basis, two control techniques, hysteresis control and triangle wave control, were
designed and simulated. The results show that the two techniques can track the instruction currents
fast and accurately, and realize effective harmonic suppression and reactive power compensation.
In practical application, the appropriate hysteresis width and triangle wave frequency should be
chosen to achieve the optimal tracking compensation performance of STATCOM.

Key words. STATCOM, reactive power compensation, control technology.

1. Introduction

In recent years, with the extensive application of electronic power technology, peo-
ple’s living standards have been greatly improved. While enjoying the convenience
of scientific and technological progress, its negative effects are gradually emerging
[1]. On the one hand, many applications of electric equipment, such as electric arc
furnace, electric locomotive, and frequency converter, bring more new challenges to
power grid, such as voltage fluctuation, harmonic, over-voltage and under voltage.
On the other hand, with the wide application of the Internet era of computer and
electronic technology, some precision instruments and equipment for power quality
is more and more sensitive, such as voltage sag and swell, flicker and other power
quality problems, which may cause serious loss of sensitive load [2]. According to
the statistics conducted by experts in American Academy of Electric Power, the
United States loses hundreds of billions of dollars per year due to power quality

1This work is for fund projects: Shandong province science and technology development project
(No. 2011GGA03156).

2Zibo Vocational Institute, Zibo, Shandong, 255314, China

http://journal.it.cas.cz
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problems. Disputes arising from the quality of power supply are also numerous,
and its losses are incalculable [3]. Therefore, in order to realize the efficient, green
and stable operation of power system, some necessary measures should be taken to
control the power grid and reduce pollution. At present, the most widely used static
synchronous compensator (STATCOM) not only can solve the power quality prob-
lems comprehensively, but also has the advantages of dynamic, adjustable, fast and
so on [4]. Therefore, it has gradually become the development direction of reactive
power compensation device in modern power system, and has extremely important
engineering application value and very broad market potential.

2. State of the art

The basic principle of STATCOM is that by adjusting the amplitude and phase
of the AC output voltage of the circuit, it absorbs from the grid or sends reactive
current to the grid to compensate for the constant voltage of the access point, so
as to realize reactive power current compensation of power grid [5]. The emer-
gence of new electronic power devices has greatly promoted the development of
STATCOM. STATCOM’s early switching devices are mainly high voltage and high
power gate turn off thyristors (GTO). With the progress of electronic power tech-
nology, insulated gate transistor (IGBT) and integrated gate commutated thyristor
(IGCT) become the main force, which can compensate reactive power more quickly
and more accurately. Compared with the traditional static var compensator (SVC),
STATCOM has the characteristics of small size, high accuracy, high speed, and wide
range [6]. Currently, STATCOM presents two major research trends. The scope of
research is more and more widespread, not only in the high-voltage transmission
system, but also in the user side. Two is the continuous use of new power electronic
device system performance [7]. In the study of STATCOM dynamic control model,
the control strategy and control design are also very important research points [8–
10]. The controller of STATCOM consists of two parts: inner loop controller and
outer loop controller [11]. The inner loop controller mainly generates a synchronous
driving signal, and establishes dominant relation between the output current and
the reactive command. The main task of the outer loop controller is to assist the
inner loop controller and provide the reactive power reference value for the inner
loop controller.

2.1. Methodology

The basic principle of hysteresis width selection in the control system is that
the actual value ist of the compensation current is compared to the reference value
iref of the compensation current, and the current tracking difference ∆i is obtained.
When ∆i is greater than the maximum value of the hysteresis width, T1 is energized,
T2 is switched off, and the actual current is increased. When ∆i is less than the
maximum value of the hysteresis width, T1 is switched off, T2 is energized, and the
actual current is reduced. In hysteresis control, the hysteresis width of hysteresis
comparator has a great influence on the following performance of the compensation
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current. The equivalent structure of the hysteresis control circuit of the single-phase
voltage source inverter is shown in Fig. 1.

Fig. 1. Single phase hysteresis control structure diagram

Parameter design of PI regulator in control system is one of the most important
parts of the system. In this paper, hysteresis control and triangle wave are used to
control the two control modes. The control is divided into inner loop control and
outer loop control. The current inner loop control system mainly consists of four
parts: PI regulator, time delay, voltage inverter and current filter feedback. The
reactive current channel control system diagram is shown in Fig. 2.

Fig. 2. Internal loop current control system diagram

Here, GP1 (s) represents the PI regulator, KP + KI/s refers to the delay link,
KR/ (τLs+ 1) represents a voltage inverter; Kif/ (τifs+ 1) represents current fil-
tering feedback, KP stands for the proportion of the PI regulators; KI represents
the integral coefficient of the PI regulator, KPWM represents the magnification of
the rectifier, τs indicates that the delay of the converter, which is equal to half the
switching period, τL represents the inductance time constant, τL = L/R, KR = 1/R;
Kif represents the amplification factor of the feedback channel, and τif represents
the time constant of the feedback channel.

Therefore, the transfer function of the current controller is represented as:

H (s) =
KIKPWMKRKif (τxs+ 1)

s (τLs+ 1) (τss+ 1) (τifs+ 1)
(1)
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where τx = KP/KI. In formula (1), it is assumed that τx = τL = L/R. The time
constant of the feedback channel τif and the time delay of τs converter are very small.
The first order system is replaced by a secondary order system, and the closed loop
function is represented as

H1 (s) =
ϕ2
n

s2 + 2θϕn + ϕ2
n

. (2)

where θ represents the load damping ratio of the two order system, θ =
√

1/Kτsf

/
2,

ϕn =
√
K/τsf , τsf = τs + τif , K = KIKPWMKRKif .

When the load damping ratio of the secondary order system is θ = 0.707, the
overshoot and the tuning time of the system are optimal, and K can be calculated.
Therefore, the values of parameters KP and KI can be obtained.

The voltage outer loop control system mainly consists of three parts: PI regulator,
time delay and voltage inverter. The capacitor voltage control diagram is shown in
Fig. 3.

Fig. 3. External loop voltage control system diagram

The transfer function between the input current and the output current and
voltage is:

G (s) = K0
1 − sτz
1 + sτp

(3)

Where, there is K0 = 3RLUm/ (4Udc),τp = 0.5RLC, τz = L/Ri. Ri represents
the input impedance of the inverter, Ri = Um/Im.

GU (s) = Kup +Kul/s = Kul(τus+ 1) /s . (4)

where GU (s) stands for the PI regulator, τu = Kup/Kul, Kup and Kul are the ratios
of PI regulator and integral coefficient, respectively.

The same as the regulation process of current inner loop control, the first order
inertial system is used instead of the secondary order system, which is represented
by H1 (s).

H1 (s) = 1/ (2τsfs+ 1) . (5)

Therefore, the transfer function of the voltage controller is represented as:

W (s) =
KuiK0 (τus+ 1) (1 − τzs)

s (τps+ 1) (2τsfs+ 1)
. (6)

It is assumed that τu = τp, and KI = KuiK0. Quantity τz has little influence on
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the peak response time and the rising time of the system, which can be neglected.
Then the closed loop transfer function is:

W1 (s) =
ϕ2
n

s2 + 2θϕn + ϕ2
n

. (7)

where, θ = 1
2

√
1/2Kτsf (1 − τzKl) and ϕn =

√
K/2τsf . Similarly, the values of

θ = 0.707, parameters KuP and KuI can also be calculated.

3. Result analysis and discussion

Through the above analysis, Matlab is used for modeling and simulation, and
the triangle wave control and hysteresis control are simulated in two ways. The
waveforms of the current under two control modes are obtained.

Hysteresis control simulation analysis: two hysteresis widths 6% and 3% are
selected. The waveforms obtained by simulation are shown in Fig. 4 and Fig. 5.

Fig. 4. A phase compensation current ist and spectrum generated by STATCOM
at 6% of the hysteresis width

Two conclusions can be drawn from Fig. 4 and Fig. 5. One is the hysteresis con-
trol, which can track the reference wave rapidly and accurately under two conditions
with the hysteresis width of 6% and 3%. The other is that the hysteresis width is
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bigger, the tracking reference current error is bigger, and the compensation current
harmonic is also bigger.

Fig. 5. A phase compensation current ist and spectrum generated by STATCOM
at 3% of the hysteresis width

Simulation and analysis of triangle wave control: parameter setting in triangle
wave control mode: frequency is set to 2 kHz; parameter of current controllerKP = 8,
KI = 140; parameter of voltage controller KuP = 0.5, KuI = 1.5. By simulation,
the compensation current and its spectrum analysis results of phase A are shown in
Fig. 6.

It can be seen from the Fig. 6 that the triangle wave control mode can track the
reference wave quickly and accurately, but the distortion component of the compen-
sation current is the same as that of the triangle wave.

Comparing the two control methods, the two control methods have their respec-
tive advantages and disadvantages. Therefore, according to the actual requirements
of the STATCOM compensation effect and the switching frequency limits of the
electronic power devices, STATCOM can have the best tracking compensation per-
formance by choosing proper hysteresis width, triangle wave frequency and various
parameters.
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Fig. 6. The phase A compensation current ist and spectrum generated by
STATCOM of Triangular wave control

4. Conclusion

In this paper, the research of device pole control in STATCOM control tech-
nology was mainly studied. Device level control was mainly divided into PWM
tracking technology control and square wave tracking technology according to the
driving pulse. PWM tracking control waves were generated by space vector PWM or
SPWM sinusoidal modulation. The hysteresis loop control method and the triangle
wave control method in PWM tracking technique were simulated. The simulation
results show that the switching frequency of the hysteresis control mode is not fixed.
The smaller the hysteresis width, the higher the switching frequency, and the greater
the switching loss will be. At the same time, the error of the compensating current
tracking reference current is smaller, and the harmonic content in the compensa-
tion current is low. The switching frequency of the triangle wave control mode is
fixed. This control method can track the reference wave rapidly and accurately.
However, the high-frequency distortion component of the same frequency as the
triangle wave will be introduced into the compensating current. According to the
simulation results, in the actual STATCOM control system, the appropriate hys-
teresis width, triangle wave frequency and various parameters of the PI regulator
should be selected according to the actual demand of the compensation effect and
the switching frequency limit of the electronic power device. The research on the
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control technology of STATCOM is limited to the device level control level. Three
kinds of integrated control technology, including system level control, device level
control and device level control, should be further studied to improve STATCOM
control technology.
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Application of chemical bio-sensor
based on nano-conductive rubber in

sports rehabilitation

Qiang Li1

Abstract. With the development of robot technology, it is more and more important for the
research of flexible multi-dimensional tactile chemical sensors for intelligent robots, especially bionic
robots and service robots. Because flexible multidimensional tactile chemical sensor has the function
of measuring the pressure distribution of any material and free surface, it has wide application
prospect in many fields such as sports training, rehabilitation medicine, sports biomechanics and
so on. In this paper, the new liquid-formable pressure-sensitive conductive rubber material was
studied, which not only has good mechanical and electrical properties, but also the production
cost is low and the preparation process is simple and easy. Flexible multidimensional array tactile
chemical sensor not only has the flexibility of human skin, but also has the function of obtaining
3D direction force information. The research work and achievements of this thesis have laid a
good foundation for further research on the application of robot sensitive skin and flexible tactile
chemical sensor.

Key words. Missing.

1. Introduction

Based on high molecular material silicone rubber, conductive rubber is added
with various conductive fillers to form a composite system with conductive function
[1]. It not only has a conductive function, but also has many excellent properties of
polymer materials [2]. Depending on the requirements, we can adjust the electrical
and mechanical properties of the material. Conductive rubber is a good function of
anti-static products and anti-electromagnetic shielding device composite materials
[3]. Therefore, it is widely used. In addition, people use the conductive rubber
force sensitive or temperature-sensitive effect developed a variety of electronic key
materials, touch components, temperature sensitivity and force sensitive chemical
sensor materials, which makes the application of conductive rubber continues to
expand. The current multi-dimensional array of tactile chemical sensors cannot

1Northwest University of Politics and Law, 710063, Shaanxi, China
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have both flexibility and measurement of multi-dimensional force characteristics of
information. We propose a new flexible multidimensional array tactile chemical
sensor based on pressure sensitive conductive rubber. The research work and the
results can provide a new idea for the interdisciplinary research of materials science,
instrument science, chemical sensor technology and artificial intelligence, so as to lay
a good foundation for the further study of the application of robot sensitive skin and
flexible tactile chemical sensor. It is expected to promote the development of bionic
robots and service robots. In many fields, such as sports training, rehabilitation
medicine, human body modeling and simulation, sports biomechanics, it has wide
application prospect.

2. Materials and experiments

2.1. Matrix material

The flexible pressure sensitive conductive rubber matrix belongs to the polymer
material. The mechanical properties of flexible pressure sensitive conductive rubber
are largely dependent on the properties of the matrix material, since the matrix ma-
terial has a significant effect on the properties of the composites after the addition
of the conductive filler [4]. For example, adding a large number of conductive filler
in the rigid matrix, although the conductivity is good, it will make the composite
material brittle. However, for the flexible tactile chemical sensor used in the field of
robotics, we need to choose the material with smaller and more flexible molecular
force. As a continuous phase and composite of composite materials, the polymer
matrix plays two roles, one is the matrix material, and the other is the fixed packing
[5, 6]. The choice of polymer matrix material has a great influence on the com-
prehensive performance of conductive composites [7]. In general, the greater the
crystallinity of the polymer, the higher the conductivity. It is generally believed
that the conductive particles are distributed in the amorphous phase of the crys-
talline polymer matrix, and the increase of the crystallinity of the matrix is helpful
to improve the concentration of the conducting particles in the amorphous phase,
which is favorable for the formation of conductive path and the resistivity of the
material [8].

2.2. Conductive material

Conductive filler is an important part of pressure sensitive conductive rubber. For
a polymer material having an insulating property, a conductive polymer composite
material can be usually made by adding conductive particles. Depending on the
nature of the conductive filler itself and its content in the rubber matrix material, it
determines the conductive properties and pressure sensitive properties of the pressure
sensitive conductive rubber [9]. Therefore, according to actual needs, we choose
the appropriate type, shape and dosage of conductive material. Commonly used
conductive fillers include metal-based fillers, carbon-based fillers, metal oxide-based
fillers, and composite fillers.
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Conductive carbon black is a kind of carbon material with special microstructure,
particle morphology and surface properties. Its main ingredient is carbon, containing
a small amount of hydrogen, oxygen and sulfur and other elements, which determines
the chemical properties of carbon black. Compared with other conductive particles
such as metal, carbon black particles are the largest amount of conductive filler.
A conductive polymer with carbon black as filler, its conductivity depends on the
structure, particle size, specific area and porosity of carbon black to a large extent.
The results show that the smaller the particle size of carbon black, the more complex
the structure. The carbon black properties have a significant effect on the conduc-
tivity of the composites. Thus, the conductivity of the carbon black filled polymer
composite depends on the type and amount of carbon black.

2.3. Nano - modified materials

Nanomaterial and nanotechnology will be the core material and core technology
in new material and new technology. In the fields of microelectronics, metallurgy,
chemical industry, electronics, national defense, nuclear technology, aerospace, med-
ical and biological engineering, nano-materials research has been widely used. At
the same time, it will also improve people’s living environment and protect people’s
health. Nanomaterials generally refer to particles in a particle size. It is neither
a typical microscopic system nor a typical macro system, but a typical mediated
system. As the particle size into the nano-scale, the structure compared with con-
ventional materials have undergone great changes. It has many unique physical and
chemical properties in catalysis, photoelectricity, magnetism, heat, mechanics and
so on. In recent years, nanomaterials have been used in polymers to improve the
performance of polymer materials, and have achieved considerable results.

As shown in Table 1, we conducted experiments on the conductivity, material
softness and piezoresistive properties of the samples. Among them, the propor-
tion of nano-modified materials and silicone rubber is the percentage of mass. The
piezoresistive characteristics of the samples of different nano-modified materials are
shown in Fig. 1. On the basis of ensuring the softness of pressure sensitive rubber,
nano-silica and aluminum oxide material can be better modified pressure-sensitive
conductive rubber mechanical properties, piezoresistive properties, conductivity and
other comprehensive performance.

Table 1. Comparison of different nano-modified materials

Sample T1 T2 T3 T4

nanomaterials zinc oxide ZnO calcium car-
bonate CaCO

silica SiO2 aluminum ox-
ide Al2O3

carbon black
CB3100/silicone
rubber

8%

nano - mate-
rials/silicone
rubber

3%
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Fig. 1. Piezoresistive properties of different nano-modification materials

3. Research results and discussion

3.1. Experimental phenomena and results of dispersion
treatment

Under normal circumstances, nano-conductive filler and nano-modified materi-
als have a high surface energy, so it is very easy to reunite.In order to make the
prepared conductive composite material has good uniformity and good conductiv-
ity, nano-conductive filler and nano-modified materials need to be dispersed. For
nano-conductive filler, if the dispersion is not good, conductivity is not good. In
the polymer matrix, the nanoparticles can be orderly distributed or disordered. In
general, the aggregation of nanoparticles is aggregated particles, and the size of ag-
gregates is always greater than the primary particle size of nanoparticles. Even if
the coupling agent has been added to the silicone rubber to make the particles dis-
persed evenly, and the compatibility of the particles with the matrix is improved, it
is difficult to disperse the particles to the primary particles. As the nano-modified
materials have more surface-active light base and a large surface energy, thus limiting
the nano-modified materials to enhance the effect.

The dispersion of nanoparticles refers to the process of uniform distribution in
the liquid phase of the powder particles. It usually consists of three phases: liquid
wetting the solid particles; through the external force to make the larger aggregates
dispersed into smaller particles; to ensure that the powder particles in the liquid
medium long-term uniform dispersion, and to prevent the scattered particles to re-
aggregation. According to the different methods of dispersion, it can be divided into
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physical and chemical treatment methods.
From the above experiments, we can see that nano-carbon black in the form of ag-

gregation dispersed in the rubber matrix. At the same time, the results also explain
the importance of the dispersion of nanoparticles on the structure and properties of
the material forming. With the combination of mechanical agitation and ultrasonic
agitation, we can make nanoparticles better dispersed in the polymer. Through
the combination of mechanical stirring and ultrasonic dispersion method, the con-
ductivity and stability of the material can get a relatively good effect. Therefore,
combined with the effect of various factors, the first step is to use the mechanical stir-
ring method to obtain the small aggregates from micron to hundreds of nanometers.
Then, through the ultrasonic dispersion method, we get hundreds of nanometers to
tens of nanometers nanometer particles. In the decentralized treatment, through
the experiment, we can be preferred for nano-conductive filler and nano-modified
materials with better dispersion effect of the dispersant and dosage.

3.2. The effect of the loading of conductive particles

The content of the conductive filler filled with pressure sensitive conductive rub-
ber plays a key role in the electrical properties, mechanical properties and softness
of the prepared sample. After the material is molded, it not only has a certain
flexibility, but also has a suitable conductivity and pressure sensitive characteristics.
Table 2 is the use of different proportions of conductive filler samples of each sample
mass percentage. Figure 2 is the hardness of the sample at different addition ratios.
Figure 3 shows the conductivity of the sample at different fill ratios.

Table 2. Experimental samples of conductive fillers at different addition ratios*

Samples S1 S2 S3 S4 S5 S6 S7 S8

CB3100/RTV 4% 6% 7% 8% 9% 10% 12% 15%

Component naphtha/RTV 50% 60% 70% 80% 100%

proportion SiO2/RTV 2%

Si-69/RTV 3%

*CB3100 is carbon black, RTV is silicone rubber, and Si-69 is a silane coupling agent.

As can be seen from these two figures, under the premise of ensuring the flexibility
of the composite material after molding, the filling ratio of the conductive filler
is more suitable for the content of the pressure-sensitive conductive rubber. In
this proportion, we can adjust the different conductivity requirements and pressure
sensitive range.

3.3. Experiment and discussion

The mass ratio of conductive rubber should be within the percolation zone, so
we test the temperature of the diafiltration sample. The temperature range of the
experiment is 30 ◦C–90 ◦C. The temperature of the sample is recorded at a tempera-
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Fig. 2. The hardness values for different addition ratios

Fig. 3. Different proportionality of the conductive properties

ture of 10 ◦C for 20 minutes. The resistance temperature characteristics of pressure
sensitive conductive rubber samples are shown in Figure 4. From the figure, we can
see that the resistivity of samples N3, N4, N5 with the temperature rise are fluctu-



APPLICATION OF CHEMICAL BIO-SENSOR 767

ated, especially the low filling of the sample is more significant. This shows that the
effect of temperature on the tunnel effect is more obvious, that is, the thermal dis-
turbance plays a leading role. As a result, the resistivity of the sample is decreasing,
and it exhibits a negative temperature coefficient characteristic.

Fig. 4. Resistance temperature characteristics of pressure sensitive conductive
rubber

After the temperature reaches a certain value, due to the different thermal expan-
sion rate of the conductive carbon black particles and silicone rubber, resulting in a
larger gap between the carbon black particles and the destruction of some conduc-
tive networks. As a result, the resistivity of the sample increases, and the thermal
expansion at this time plays a dominant role, which exhibits positive temperature
coefficient characteristics. In addition, it can be seen from Figure 5, with the in-
crease in the content of carbon black, pressure-sensitive conductive rubber resistivity
gradually reduced, and the temperature stability is getting better and better. This
reduces the effect of thermal disturbances and also counteracts the thermal expan-
sion of colloids. Therefore, under the high filling ratio, the interaction of thermal
and thermal expansion can improve the resistance temperature characteristics of the
sample. At the same time, by the temperature effect experiment, it further validates
the effect of the conductive mechanism of the tunneling effect under the low packing
concentration in the percolation zone.

4. Conclusion

In this paper, we studied the pressure-sensitive conductive rubber materials, the
performance of each component and preparation technology. Firstly, analyzing the
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mechanical properties of the base material of flexible pressure sensitive conductive
rubber and the conductivity, surface structure, physical and chemical properties of
various conductive fillers, we obtained pressure sensitive conductive rubber matrix
material and conductive filler with good mechanical and electrical properties. Then,
we studied the properties and composition of various nano-modified materials suit-
able for improving the performance of pressure-sensitive conductive rubber. Finally,
we studied the effects of material dispersion treatment, material forming process
and various auxiliary materials, which provided economically feasible material for-
mulation and process for the preparation of pressure sensitive conductive rubber.
However, the current study is just preliminary. The design of the structure, the
calculation model, and the self-characteristics of the pressure-sensitive conductive
rubber material need to be improved and perfected. With further model correction,
we can improve the detection accuracy of flexible multidimensional array tactile
chemical sensors. The research results can not only meet the urgent needs of the
robot field, but also can be used in sports training, rehabilitation medicine, sports
biomechanics and many other areas.
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Design and research of test platform
for grounding device technology based

on DSP builder

Qingqing Zeng1, Junxia Lang2

Abstract. The grounding device is always an important problem to be solved in power
network, which is directly related to the safety of people and equipment. However, the measurement
of traditional grounding devices has the characteristics of instability and low reliability. Therefore,
the design and research of the test platform for grounding devices based on DSP Builder was
proposed in this paper. The working mechanism of grounding device was described, and the test
platform of grounding device based on DSP Builder was constructed. Finally, through the test of
the performance of the platform, it was concluded that the design of the platform for the grounding
device based on DSP Builder is reasonable. In addition, the measured data has small difference
from the actual values with good accuracy and stability.

Key words. DSP Builder, grounding device, technical test, platform design.

1. Introduction

With the continuous development of economy and science and technology, peo-
ple’s demand and demand for power systems are also increasing. The larger the
scale of the grid, the greater the current required for ground short circuit, and the
higher the grounding requirements. At the same time, the grounding is also closely
related to the whole power system and the safety of people and equipment [1]. In the
past power system, the power equipment was damaged because of the defects of the
grounding device, which made the power plant shutdown or even serious accidents.
As the complexity of the power system increasing, in order to avoid more unneces-
sary people and equipment property losses caused by serious accidents, the study of
grounding device and grounding device testing has become the focus of research in
recent years, which is of great significance.

1Department of Energy Engineering, Chongqing Energy College, 400041 Chongqing, China
2Department of Architectural design & Engineering Management, Chongqing Energy College,
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2. State of the art

At the beginning of people’s understanding of the power grid, the measurement
of the characteristic parameters of the grounding device was mainly to measure the
ground resistance, and the experiment was carried out in the traditional way. An
electrode was installed at a relatively far distance from the grid, and the result
was the ground resistance by comparing the measurement of the auxiliary electrode
resistance, the current and voltage at the two ends of the grid [2]. This traditional
method was not only complicated, but also needed a lot of work. At the same
time, the influence of the auxiliary electrode on the potential distribution was not
considered in the process of measurement. Moreover, the auxiliary electrode was
easily disturbed in the strong magnetic field and could not be effectively measured.
With the development of technology, it was found that the measurement method
of grounding device had many errors, and the reliability was low. Therefore, after
1960, people gradually accepted the principle of potential drop measurement. Up
to now, the potential drop method can still be used in the ANSI/IEEE standard
[3]. The method of potential drop measurement is the installation method of the
auxiliary electrode, that is, the grounding body and the voltage potential drop curve
are measured by changing the position of the constant voltage pole, and then the
grounding resistance is obtained by analyzing the curve. In the same way, a lot of
work is needed, and complex things such as potential drop curves are also needed. It
is not easy to perform relevant operations at the scene [4]. Therefore, in the following
research, some experts have proposed a relatively simple theory, in which the three-
pole potential compensation method is one of the most widely used methods.

In order to reduce the interference of grounding resistance measurement, the re-
lated researchers have improved on the basis of the three-pole compensation method,
and obtained a lot of advanced measurement methods, such as inverting method [5].
However, due to technical and environmental limitations, the final measurement re-
sults of these methods are inaccurate. Because the interference signal is uncertain
in actual situations, the measured values are different. Therefore, in order to bet-
ter remove the interference in the signal, it is necessary to ensure that the ground
resistance has a more accurate measurement value [6]. Later, some scholars put
forward the grounding resistance measurement method based on white noise, the
phase compensation method, variable frequency and small current method.

3. Methodology

3.1. Grounding device technology and its basic principles

The grounding of the power system is to make the metal objects on the ground
or some nodes in the circuit connect reliably through the wires and the earth, so
that the potential of the metal objects or the nodes is consistent with the earth.
In essence, in the case of normal, accident and lightning strikes, the power system
can use the earth as a component of a ground current loop to hold the ground to
the ground potential [7]. Therefore, the main function of grounding is to prevent



DESIGN AND RESEARCH OF TEST PLATFORM 771

damage to devices and lines in the power system when struck by lightning, and
prevent electrostatic damage and personal electric shock, so as to ensure the normal
operation of the power system and the personal safety [8]. According to the different
purposes of electrical equipment, the grounding is divided into three kinds. The first
is the protective grounding, which is mainly to protect the personal safety, avoid the
damage of the insulation materials in the equipment and the risk of electric shock.
The second is the working grounding, which is mainly to ensure the normal operation
of the power system. The third is grounding for lightening, which is to drain the
lightning into the earth to get rid of the dangerous voltage [9].

A hemispherical ground body and its potential distribution in a homogeneous soil
are shown in Fig. 1. The resistance of the current to the earth after passing through
the grounding body is the dispersion resistance. The contact resistance between
ground and soil is much smaller than the dispersion resistance, so the grounding
resistance is practically equal to the dispersion resistance [10].

Fig. 1. Hemispherical ground body and its potential distribution in homogeneous
soil

Let I be the current that from the earth electrode flows into the earth, and a
is the radius of the grounding electrode. The earth is assumed to be homogeneous,
and its resistivity is ρ. The current density in the soil with the center distance of r
is J and the electric field corresponding to this is shown in the formula

E = Jρ =
Iρ

2πr2
(1)

As shown in formula (2), the resistance of hemispherical ground electrode from
radius a to radius r is

R′ =
Var
I

=
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E dr
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=
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=
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When r →∞, there will be

R = R′∞ =
ρ

2πa
.

3.2. Design and construction of technical test platform for
grounding device based on DSP builder

In this article, the test platform for grounding device technology is designed and
constructed mainly through the DSP Builder technology. Therefore, the test system
for grounding device technology can achieve accurate measurement and tracking of
the impact grounding resistance. In actual situation, better voltage and current
signal acquisition requires the test system has a fast response speed and reliable
stability. The hardware diagram of the test platform is shown in Fig. 2. As can be
seen there , DSP is mainly the core of the system’s control processing, including
voltage divider, impact current generator, data acquisition, data preprocessing part,
LCD display, keyboard and other peripheral circuits. The following describes the
principle of grounding device test platform based on DSP Builder. First, after the
measurement command is received by DSP, a trigger pulse is generated to control
the impulse current generator, and an incident current injection grounding device is
generated. The voltage divider and diverter will sample the response voltage signals
and the current signals according to a certain proportion, and then send them to
the AD converter after the signal conditioning to carry out the data acquisition
of the two channels’ signals. After the DSP’s corresponding data processing and
calculation, finally the operation results are displayed by the LCD.

Fig. 2. Schematic diagram of test platform hardware

This paper is based on DSP Builder technology to carry out the design of testing
platform for grounding device technology. The design based on DSP Builder is a fully
up and down design process. Both the description of the platform system and the
implementation of hardware can be completed in a complete design environment.
The following is the design steps for DSP Builder. First of all, the design of the
platform is mainly modeled by Simulink module and DSP Builder module. The main
modeling environment is MATLAB/Simulink, and the corresponding parameters of
each module are set. At the same time, through the Simulink platform, the system
functions of the DSP system and the corresponding modules are simulated and
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verified.
Secondly, Signal Compiler module in DSP Builder toolbox is used to compile

the model which has already been built in the platform. At the same time, the
Simulink file is transformed into VHDL description code, and the TCL script is used
for synthesis, emulation, and compiling. After we get the VHDL file, the system will
provide two options, the automated process or the manual process. An automated
process is a process that can almost ignore hardware. Quartus and other EDA
software can be automatically called to complete adaptation such as synthesis and
netlist generation, until the FPGA configuration is downloaded from MATLAB. The
manual process is basically the same as the design process of EDA standards based
on the VHDL, except for design input and behavior level simulation validation.

Finally, the hardware is simulated for the VHDL generated by the previous step,
and the function simulation is done by automatically generating the TCL script
and the simulation of the simulation incentive file. Download the configuration files
generated by the Quartus II to the target device and form the required hardware
system. In the experiment of test platform for grounding device technology based
on DSP Builder, it is necessary to test and calculate the grounding resistance. The
formula (3) shows the mathematical expression of the impulse current signal with
double exponential wave in theory.

i (t) = Im

(
e−

t
T2 − e−

t
T1 ,

)
(3)

where Im represents the peak of the impact current, T1 represents the time at which
the theoretical wave head appears and T2 represents the time at which the theoretical
coda appears. From equation (3) we can see that the amplitude and steepness of
impulse current waveform formed by different parameter values are different. The
amplitude of standard lightning impulse current waveform adopted by this algorithm
is 5000A, and the time of wave head and wave tail is 2.6/50µs.

According to formula (2), the maximum values of the corresponding impulse
voltage u′2(n) and standard lightning current waveform sequence i2(n) that be found
by the software. The theoretical impulse grounding resistance R′ch is calculated as
shown in equation

R′ch =
u′2m(n)

i2m(n)
(4)

where, u′2m(n) and i2m(n) are the maximum values of u′2(n) and i2(n), respectively.
In addition to hardware design, the grounding technology test platform based on

DSP Builder still needs to design the software. The management of system measure-
ment and control, data collection and analysis are realized by corresponding software.
According to the actual demands, TMS320F2812 DSP is adopted as the core of the
measurement system. According to the characteristics of TMS320F2812 DSP and
the existing problems, the high-level language C is used to do the corresponding
software design, so as to improve the readability and portability of the program and
reduce the difficulty of software programming. As a platform software program code
to edit and debug software, Code Composer Studio 2.21 (CCS) provides program
code editing tools, which has painting capabilities and real-time debugging capabil-
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ities. The following is the basic idea of the master program of the platform system,
that is, after the initialization of the DSP system, all commands, states, and related
storage units are restored to their initial state. Upon entering the test process, the
DSP system issues a capacitor charging command that causes the pulse to trigger
the thyristor of the current generator. In this way, the impulse current is simulated
in the grounding device. Meanwhile, the AD switch is started to collect the voltage
and current signals. After the AD conversion technology, the current and voltage
data will be analyzed and judged. Then the corresponding calculation of voltage
and current data is carried out by measuring and calculating program. Finally, the
grounding resistance value is displayed on the display. This cycle goes into the next
measurement calculation process of grounding resistance.

4. Result analysis and discussion

According to the above mentioned, the construction of the grounding device
technology test platform based on DSP Builder has been carried out. In order to
better test the performance of the platform, the measurement platform of grounding
device based on DSP Builder is simulated. The generation of impulse current and
the adjustment signal and the measurement and calculation of impulse grounding
resistance are tested. Fig.3 shows the analog impulse current and voltage waveform.
As can be seen from the diagram, the corresponding impulse voltage waveform is
collected at channel 1, and the impulse current waveform is acquired by channel 2.
As can be seen from the waveform diagram, the response of the voltage signal to the
wave head and wave tail is about 8/59µs, and the current signal’s wave head and
wave tail is about 12/59µs. It shows that the simulated impulse current waveform in
the platform is similar to that of the previous standard lightning impulse waveform.
That is to say, the design of the test platform is in line with the requirements.
Based on the comparison of the data and waveform, it can be seen that the time
of the wave head of the voltage waveform is faster than that of the wave head in
the current waveform, and the response voltage waveform is less smooth as that of
the current. This is mainly due to the fact that the load ground model contains
inductance components so that the current signal lags behind the voltage signal. At
the same time, inductance exists in the load ground model, which has great influence
on the current waveform. The larger the inductance is, the greater the influence of
the current waveform is, and the longer the wave head time lags.

Table 1 shows the resistance values measured under different model parameter
conditions. From the data in the table can be seen, the measured values of the
resistance of test platform for grounding device technology based on the DSP Builder
are relatively stable. Moreover, there is little error between the actual measured
values and the theoretical values. This shows that the calculation and measurement
algorithm based on the DSP Builder grounding device technology’s test platform
is correct, and the principles of the clipping algorithm are feasible to measure the
impulse grounding resistance.
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Fig. 3. Analog impulse current and voltage waveform

Table 1. Resistance values measured under different model parameters

R (Ω) L (µH) Measured impulse grounding resistance (Ω) Calculated value (Ω)

49 125 18.08 18.21 17.95 16.25
25 125 14.2l 13.88 14.35 13.02
15 125 10.12 10.50 10.67 9.52
10 125 7.77 7.94 7.88 7.14
49 220 26.56 26.16 26.79 24.21
25 220 17.55 17.40 17.07 16.15
15 220 11.90 11.78 12.13 11.13
10 220 8.64 8.85 8.95 8.03
49 350 32.03 31.77 32.26 28.88
25 350 19.82 20.09 19.68 18.11
15 350 13.21 1 13.05 13.28 12.04
10 350 9.27 9.38 9.16 8.45

In summary, the experimental process of simulating shock current generation,
conditioning signals, and calculating impulse grounding resistance shows that the
design of test platform for grounding device technology based on DSP Builder is
reasonable and feasible. It can capture the impact current and resistance signal and
present the corresponding waveform more accurately. Compared with the previous
testing technology, it has better stability and accuracy, and has higher practical
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value. However, there are some deficiencies in the test platform for grounding tech-
nology based on DSP Builder. For example, the hardware and software design of
the platform’s system needs to be further optimized, and more testing environments
need to be considered. All of these need further research and improvement.

5. Conclusion

With the expansion of power grid scale, the requirement of docking device tech-
nology is increasing day by day. In order to better protect the safety of people and
equipment, and avoid unnecessary accidents and property losses, the measurement
of grounding device technology has become the focus of research in recent years. In
this paper, the problems existing in the traditional grounding device and the mech-
anism of the grounding device were expounded. On the basis of grounding device
mechanism and DSP Builder, the design and construction of the test platform for
the grounding device technology were carried out. Finally, for the test platform for
the grounding device technology based on DSP Builder, the simulated generation of
impact current, conditioning signals as well as measurement and calculation of im-
pulse ground resistance were tested. The results analysis shows that the simulated
impulse current waveform in the platform is consistent with the previous standard
lightning impulse waveform, that is, the design of the platform is reasonable. At
the same time, the measured values of the resistance measurement based on DSP
Builder grounding device test platform are relatively stable, and the errors between
the actual measured values and the theoretical calculated values are not large. There-
fore, the test platform measurement of grounding device technology based on DSP
Builder is accurate and stable. However, there are still some problems in the design
of the test platform for the grounding technology based on DSP Builder, which need
further research and improvement.

References

[1] B.D.Rodrigues, S. Visacro: Portable grounding impedance meter based on DSP.
IEEE Transactions on Instrumentation and Measurement 63 (2014), No. 8, 1916–1925.

[2] P.Beckett, R.Heiko: Run–time control of subthreshold current using double–gate
device technology. IEEE International Symposium on Electronic Design, Test & Ap-
plications, 13–15 Januar 2010, Ho Chi Minh City, Vietnam, IEEE Conference Publi-
cations (2010), 245–249.

[3] J. Stephen: Ion implantation in semiconductor device technology. Radio and Elec-
tronic Engineer 42 (1972), No. 6, 265–283.

[4] M.Masahara, Y. Liu, K. Endo, T.Matsukawa, E. Suzuki: Vertical double-gate
MOSFET device technology. Electronics & Communications in Japan 91 (2008),
No.TOC1, 46–51.

[5] T.Netzel, H.Hein, Y.Hein: APAP device technology and correlation with patient
compliance. Somnologie - Schlafforschung und Schlafmedizin 18 (2014), No. 2, 113–120.

[6] P.Falcaro, R.Ricco, C.M.Doherty, K. Liang, A. J.Hill, M. J. Styles: MOF
positioning technology and device fabrication. Chemical Society Reviews 43 (2014)
No. 16, 5513–5560.



DESIGN AND RESEARCH OF TEST PLATFORM 777

[7] T.Goto, H. Igarashi, Y.Kumagai, K.Keisuke, S.Atsushi: New method about
measurement of ground resistance for where surfaced with asphalt. J-Global, Papers of
Technical Meeting on Transportation and Electric Railway, IEE Japan TER13 (2013),
Nos. 16–32, 23–28.

[8] H. J.Gil, D.W.Kim, G. S.Kil: A study on the improvement of electrode installation
for measurement of ground resistance through investigation on the spot in buildings.
Journal of Korean Institute of Illuminating and Electrical Installation Engineers (KI-
IEE) 25 (2011), No. 5, 92–97.

[9] D.W.Kim, H. J.Gil, D.O.Kim, K.Y. lee, H.W.Moon, H.K.Kim: Measure-
ment error analysis of ground resistance using the fall-of-potential method according
to the locations of auxiliary probes. Transactions of the Korean Institute of electrical
engineers 59 (2010), No. 2, 222–231.

[10] M.A. Salam: Grounding resistance measurement by grid electrode in Brunei Darus-
salam. International Journal of Energy Technology and Policy 8, (2012), No. 2, 196 to
208.

[11] L.E.Ring: RDHWT/MARIAH II Systems integration studies review. IAerodynamic
Measurement Technology and Ground Testing Conference (AIAA), 28 June–1 July
2004, Portland, Oregon, AIAA Meeting Papers 2004–2486.

Received October 12, 2017



778 QINGQING ZENG, JUNXIA LANG



Acta Technica 62 No. 2B/2017, 779–788 c© 2017 Institute of Thermomechanics CAS, v.v.i.

Construction of prison wireless
management system based on active

RFID wireless sensor

Hongyan Sun1

Abstract. With the increasing population base and crime ways, the population of prison
inmates increased a lot, which raised higher requirements on prison management. Based on this,
wireless management system is proposed to enhance the intelligent management of prison. This
paper conducted a research on the construction of prison wireless management system based on
active RFID wireless sensor. First, the paper analyzed RFID technology, discussed the application
advantage of active RFID sensor in prison wireless management system, and then analyzed the
demands of designing wireless management system, including the access control management sub-
system, regional management system, prison factory personnel positioning subsystem and auxiliary
systems, etc. On this basis, the research combined software systems to construct the management
system and improve the functionality and reliability of the prison management system.

Key words. Active RFID, prison, wireless management.

1. Introduction

With the continuous development of computer technology and communication
technology, traditional prison system can no longer satisfy the actual demands.
Prison information management is an inevitable trend for the development of mod-
ern prison management. The innovative combination of all the prison systems can
improve the management mechanism, organizational structure and personnel qual-
ity of the prison, promote a scientific, fair, safe and effective development of prison
management based on the principles of optimization, improvement and recombina-
tion, and better perform the nature intelligence of the prison. The prison wireless
management system based on active RFID wireless sensor is an effective prison man-
agement system which plays an important role in the prison management system
and can satisfy various demands.

RFID (radio frequency identification) technology is originally used to improve
the performance of radar recognition on target planes in World War II [1]. But

1Henan Judicial Police Vocational College, 450046, Henan, China
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limited to the high cost, RFID technology is not widely applied. Since the 21st
century, RFID technology started to enter people’s daily life. With the development
of integrated circuit and network communication technology, RFID technology, fea-
turing an accurate and rapid recognition on moving objects, entered the commercial
industry as a recognition technology with its own characteristics of multi-target and
non-contact recognitions, and can be used for various kinds of recognition and mon-
itoring systems [2]. At present, RFID presented enormous development space and
prospects, which is considered as one of the most potential technologies in the 21st
century. Especially in the IT industry, RFID is widely concerned and is regarded
as the next “gold mine” for the IT industry. Nowadays, all the software factories
showed great interests in RFID and have conducted a large amount of investments
on this aspect.

In recent years, with the soaring population base, current prison armed forces
and traditional defense methods can no longer satisfy the actual demands, and it
becomes imperative to promote the prison wireless management system. The au-
tomatic information recognition and acquisition that RFID possessed matches well
with the prison detection system. Especially on monitoring moving objects, RFID
has an incomparable advantage against other monitoring technologies [3]. This paper
will conduct a research on the construction of prison wireless management system
based on active RFID wireless sensor.

2. RFID system

2.1. Composition of RFID system

As a non-contact automatic recognition technology, RFID technology obtains the
target information mainly by launching radio frequency signals. This technology is
applicable for various environments without requiring human intervention. Differ-
ent from traditional recognition technologies which are limited by single recognition,
RFID can recognize multiple labels with certain operation convenience. RFID sys-
tem mainly consists of label, reader and antenna [4].

The label mainly includes label antenna, modem, clock, storage and code gen-
erator. The label is featured with uniqueness. Each label represents one piece of
information which is similar to the barcode in traditional recognition technologies.
The labels in the recognizable region of RFID can be effectively recognized and
the recognition process is mainly accomplished by reading and writing information
through the storage. Some active electronic labels are integrated with extension
units such as MEMS sensor.

The reader is a device for label reading and writing. There are mainly two types
of readers: handheld reader and stationary reader. Currently, the microprocessors
of many readers continued the embedded system, which has the functions of signal
state control and error correction. The reader mainly consists of radio frequency
module and reader module [5].

RFID antenna is designed for the spatial transmission of radio frequency signals
for the label and the reader. RFID antenna is usually installed on the reader or
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connects the reader through cables. In practical use, the main factors that influence
the recognition distance of RFID antenna include the system power and the structure
of the antenna [6].

2.2. Working principle of RFID system

The working principle sketch of RFID is shown as Fig. 1.

Fig. 1. RFID working principle sketch

According to Fig. 1, the RFID system working principle is shown as below: First,
set the data and radio carrier signal mode through the reader as “send out by an-
tenna”. At this time, the monitoring is started in a certain area. When a RFID
label enters the area, it will be detected and transmitted to the system through the
antenna after checking the information code in the reader. When receiving the car-
rier signals of the RFID label, the system will transmit the signals to the reader and
decode the signals through the modem and then deliver to the backend computer
controller. After that, the computer controller will judge the validity of the RFID
label by logic operation, make corresponding control treatment on different settings,
and send commands to control the actions of the actuator. Upon receiving the sig-
nals, the actuator will execute the corresponding commands. Through the computer
communication network, all the monitoring points can be effectively connected to
compose a general information control platform and realize the expected functions
by designing different software for different projects [7].

2.3. Active RFID system

According to different working initiatives, RFID technologies can be divided into
active RFID and passive RFID [8]. In real applications, active RFID and passive
RFID can be combined to accomplish specific projects. However, in the future de-
velopment, active RFID technology will certainly become an important development
direction. Passive RFID technology is only applicable for simple and short-distance
recognition, which cannot be used for positioning and multi-target and wide-range
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management. Essentially, the performance of active RFID is much better than pas-
sive RFID. Active RFID technology possesses the sensing ability between label and
reader, interaction ability between label and reader, anti-collision ability, ability of
avoiding the influences from human body, metal and fluid, ability of loading sensing
technology and data security, etc. In addition, active RFID technology can be used
to search specific persons or objects, with externally embedded sensor or LED lights
available. The positioning computation of active RFID technology is conducted by
maximum likelihood method, as shown in Fig. 2 [9].

Fig. 2. Maximum likelihood method

Assume the coordinates of 1−N points in Fig. 2 are (x1, y1), (x2, y2),...(xn, yn),
respectively, then the distances between these points to the nodes are d1, d2, ...dn,
respectively, and the coordinate of point D is (x, y). Then: (x1 − x)

2
+ (y1 − y)

2
= d21,

...

(xn − x)
2
+ (yn − y)

2
= d2n.

(1)

That is

x2
1 − x2

n − 2 (x1 − xn)x+ y21 − y2n − 2 (y1 − yn) = d21 − d2n,
x2
n−1 − x2

n − 2 (xn−1 − xn)x+ y2n−1 − y2n − 2 (yn−1 − yn) = d2n−1 − d2n.
(2)

The linear equation AX = b:

A =

 2 (x1 − xn) 2 (y1 − yn)
... ...

2 (xn−1 − xn) 2 (yn−1 − yn)

 ,

b =

 x2
1 − x2

n + y21 − y2n − d21 + d2n
...

x2
n−1 − x2

n + y2n−1 − y2n + d2n − d2n−2

 . (3)

So the coordinates of point D will be

X̂ =
(
ATA

)−1
ATB . (4)



CONSTRUCTION OF PRISON WIRELESS 783

3. General design of prison wireless management system
based on active RFID sensor

3.1. Demand analysis of the system design

As an integrated comprehensive system, prison management system mainly con-
tains computer control, automatic control, sensor and communication network tech-
nology, including RFID personnel management system, positioning and digital video
monitoring system [10–12], Active detection system. Considering the technical in-
tegrity and functional complexity, the designing of the management system shall
stick to the principles of standardization, security and reliability, advancement, open-
ness and extensibility, easy in implementation, and maintainability.

Prison management system is an application system integrated with hardware
and software, which is specially designed for prison monitoring. In its real appli-
cation, the system can recognize the personnel type safely and reliably, employ an
intelligent one-to-one management between prisoners and system recorded person-
nel, and realize a true automatic information management. The system can manage
the population and personal information of the inmates in each control area of the
prison, prevent them escaping from the prison, and effectively reduce the probabil-
ities of criminals making trouble in the prison. In addition, the system can adopt
private monitoring for high-level criminals, keep a close eye on the prison to avoid
violent incidents, and assure the stable operation of the prison as well as the safety of
the inmates to the maximum. Meanwhile, the system can monitor the population of
specific areas, detect the outbound personnel dynamically, and reduce the workloads
of the prison personnel. When an emergency occurs, the system can position all the
police officers rapidly.

Access control: The system will conduct real-time monitoring at each entrance,
take real-time videos of all the personnel entering and exiting the prison, automati-
cally record the time and the information of the personnel, and report an alarm when
abnormal situation is detected; Real-time monitoring: a real-time monitoring will
cover all the workplaces, important monitoring areas, prison hospital, washrooms
and recreation yards, etc. The system will set an information feedback interval cy-
cle, and submit a personnel monitoring report to the center at each cycle. When the
monitoring personnel is out of the designated area, an alarm will be triggered, and
the real-time information of the violator will be reported the management personnel;
Police sentry positioning: the system will position the personnel on duty to assure
they act in a certain area. As soon as they are away from the sentry unexpectedly,
the system will send a warning, and restrict the personnel at the non-duty area. In
case any non-duty personnel enters the duty area, the system will deliver a warning
automatically; Prison factory management: during the prison period, labor inmates
shall not leave their workplaces. They are under a whole process of monitoring. For
inmates who leave their workplaces unexpectedly, the system will send a warning,
report the information to the management personnel, and record the position of the
inmate (s) in real time; for inmates working at farms or mines, handheld devices
can be used to conduct real-time monitoring on certain personnel in the area. Once
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escape occurs, the device will report an alarm and inform all the police officers to
take arrestment; video monitoring and control: a remote real-time monitoring is
conducted at the connection between the prison and the outside world. In addition,
the system will control the monitoring devices, environment light and sound equip-
ment respectively according to different priority levels so that to accurately monitor
the places with frequent situations.

3.2. Construction of prison wireless management system
based on active RFID wireless sensor

The prison wireless management system based on active RFID wireless sensor
mainly consists of access control management subsystem, regional management sub-
system, prison factory personnel positioning subsystem and auxiliary system.

Software design. Software design mainly includes personnel management and
data base. VB 6.0 is used to develop personnel management part, and SQL Server is
used to design the data part. The designing rule of the personnel management part
is similar to the above, including access control management subsystem, regional
management subsystem and prison factory personnel positioning subsystem. An
effective control on the personnel can be realized by establishing related data sheet
and inputting them in the system. For example, an access record table as shown in
Table 1 can be established.

Table 1. Access record table

Field name Content Type Length Remarks

ID Card no. Text 5 NOT NULL
DoorID Gate no. Text 4 NOT NULL
InDate Entry date Date 8 NULL

InTime Entry time Time 6 NULL

OutDate Exit date Date 8 NULL
OutTime Exit time Time 6 NULL
State Access control state Yes/No 2 NULL

Alart Alarm Yes/No 2 NULL

Access control management subsystem. As a modern security management sys-
tem, access control management subsystem plays an important role in working envi-
ronment security and personnel attendance, which is an effective measure taken by
prisons to conduct security guard management. The working principle is to make
various magnetic cards according to different activity areas of the personnel, set the
activity area in the magnetic cards, establish access controls at important places as
the entrances, elevators, equipment control center and warehouse of the main man-
agement areas inside the prison building, assure the security of all the areas through
real-time monitoring, and realize the real-time monitoring and control of all the re-
gions only by the control center. When entering related area, the entrant should use
a magnetic card with related permission to release the access control. The system
would also perform a real-time monitoring through the active RFID sensors installed
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at each access control, and lock the facial information of the personnel. As soon as
the violator enters unauthorized area, the system will effect an alarm, lock the real-
time position of the violator, inform the police officers of other areas to head for the
site to take actions. In actual designing, separated structured active RFID sensors
are used to conduct access control management on related personnel. As the access
control recognition device, the active RFID sensors are installed at key positions of
the monitoring areas respectively, which are connected to the control center through
Ethernet network to assure the flexibility, communication and real-time monitoring
and control of the system.

Regional management subsystem. This part mainly includes roll call of the per-
sonal in the region, sentry inspection of the on-duty police officer, and work of
laborers. The prisoners need to be gathered in a certain area when proceeding roll
calls, recreation, dining or working. At this time, the prison guard should know the
number of the inmates in the area, and notice when there is any absence or depar-
ture. Except for the management on the inmates, the on-duty prison guard should
be also managed to enhance a full play of their monitoring and management func-
tions. At this time, active RFID sensors can be used for the real-time management
on the inmates and the prison guard. The actual design of regional management
subsystem continued the way of access control management subsystem. The hard-
ware mainly consists of active RFID sensor and label. In a certain gathering area,
the inmates and prison guard are under a real-time monitoring, and their real-time
information will be transmitted to the control center every 10 seconds. Based on the
standard data entered in the data base, if any abnormal situation occurs, a notice
and warning will be delivered. The regional management function sketch is shown
as Fig. 3.

Fig. 3. Regional management function sketch

Prison factory personnel positioning subsystem. Due to the particularity of the
factors (environment and personnel, etc.) in the prison factory, it should be assured
that the inmates shall not escape the required area during the prison time, and the
required area should be under real-time management. The analysis is conducted by
taking the factory internal management during the labor reforming process as the
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example. In real management, based on the positioning performance of active RFID,
the control range of RFID sensor is set as 80 meters. The number of installations is
calculated according to the range of each workshop, which can satisfy the real-time
monitoring demands of all the workshop ranges. Then, the working positions of
the personnel are decided through the positioning algorithm, and the RFID label is
positioned to realize the label roll call and warning functions.

Auxiliary system. Except for the above system and related software systems,
auxiliary systems are also required to satisfy the management demand of the prison.
Generally speaking, the management with active RFID wireless sensor can satisfy
the normal management demand of prison. However, the inmates may tend to
resist the management of the prison. Hence, during the management process, some
inmates may destroy the active RFID wireless sensor intentionally or discard the
label maliciously. Hence, auxiliary management systems are also required on the
basis of wireless management system. The auxiliary management system mainly
includes video monitoring system, infrared boundary system and boundary escaping
prevention system. With these systems as the backup for RFID wireless management
system, even malicious prison break occurs, the auxiliary management system will
detect the situation and inform the management personnel to take arrestment.

4. Conclusion

As a non-contact automatic recognition technology, RFID technology mainly ob-
tains and recognizes the target information by sending radio frequency signals. This
technology is applicable for various environments without requiring human interven-
tion. Different from traditional recognition technologies which are limited by single
recognition, RFID can recognize multiple labels simultaneously with certain opera-
tion convenience. RFID system mainly consists of label, reader and antenna. Active
RFID technology possesses the sensing ability between label and reader, interac-
tion ability between label and reader, anti-collision ability, ability of avoiding the
influences from human body, metal and fluid, ability of loading sensing technology
and data security, etc. As an integrated comprehensive system, prison management
system based on active RFID sensor mainly contains computer control, automatic
control, sensor and communication network technology, including RFID personnel
management system, positioning and digital video monitoring system, active de-
tection system. This management system can realize the functions of access control
management, real-time monitoring, police sentry positioning, prison factory manage-
ment, video monitoring and control, etc. The prison wireless management system
based on active RFID wireless sensor mainly includes access control management
system, regional management subsystem, prison factory personnel positioning sub-
system and auxiliary systems, etc. Combined with hardware and software designing,
the management system functionality can be improved gradually to assure the ef-
fective running of prison.
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Simulation analysis of energy storage
and power system of rooftop solar

system1

Peng Wang
2

Abstract. The research on the utilization of solar energy resources was of great signi�cance.

The problems of energy storage and power system simulation of rooftop solar energy system were

analyzed in this paper. The main contents of digital simulation technology and solar energy storage

technology were introduced. At the same time, the main contents and research methods of the

solar system as well as the power system model were described. Finally, the research results

were analyzed and discussed. The results showed that the parallel computation of power system

with serial computation had a good e�ect, which provided a favorable research direction for the

improvement of energy e�ciency in the future.

Key words. Solar energy system, power system, energy storage, simulation analysis.

1. Introduction

Tsiganis [1] argued energy storage technology played an important role in im-
proving the stability and power quality of solar energy system. The energy storage
device not only can absorb and release a certain power, but also can reduce the
network loss of the solar system e�ectively. At the same time, the energy storage
device can also play the most important role in the power system. Vidal [2] consid-
ered that energy storage technology included energy storage technology, compressed
air energy storage technology, battery energy storage technology and pumped stor-
age technology. Generally speaking, power storage technology had higher power and
response speed. Solar energy had low density and poor stability. The energy storage
technology can adjust the system load and production cost e�ectively and improved
the utilization e�ciency of solar energy to a certain extent in the process of the
roof solar energy system. Bhattarai [3] considered that the simulation technology of
power system had high accuracy, rapidity and �exibility. Gene rally speaking, the

1The author acknowledge the Science & Technology Innovation Teams in the Universities of
Henan Province (Grant No. 14IRTSTHN022).
2School of Electrical Engineering, Xuchang University, 461000, Xuchang, China
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digital simulation technology of power system can realize the simulation calculation
of power network and adjusted the simulation data reasonably. At the same time,
the numerical simulation technology of power system can be combined with other
�elds such as environment and economy. Nema [4] considered that the simulation
experiment of power system can be carried out through several remote experimental
equipment, and the main way of simulation calculation was cloud computing and
collaborative computing. The application of data fusion technology can integrate
the large amount of data in the simulation experiment of power system e�ectively.
In general, the data of simulation experiments were mainly based on linear and non-
linear equations, characteristic equations and nonlinear programming equations to
solve and calculate.

In summary, as people paid more and more attention to the use of solar energy,
it was very important to study the energy storage and power system simulation of
rooftop solar energy system. The energy storage and power system simulation of
rooftop solar energy system were analyzed and studied based on the relevant theories
at home and abroad in this paper. The connotation of digital simulation technology
and solar energy storage technology was expounded in the second section. The main
content of the power system and simulation model in the third quarter of rooftop
solar energy storage system were introduced, and the research methods of rooftop
solar energy storage system analysis and Simulation of power system was discussed
in this paper. The simulation data were listed and analyzed in the fourth section.
Finally, the conclusions were drawn in the �fth section.

2. State of the art

2.1. Digital simulation technology

Morbidelli [5] thought that the digital simulation of power system is the process of
constructing the mathematical model of the power system running by computer and
solving the problem by mathematical simulation. There was little di�erence between
the simulation e�ciency of the power system and the dynamic e�ciency of the actual
system. Di�erent simulation requirements needed to build di�erent mathematical
models. Figure 1 shows the e�ectiveness of the power system simulation. Uzunoglu
[6] considered that these models included linear or nonlinear, continuous or discrete,
lumped or distributed parameters, deterministic or stochastic. However, some of the
secondary factors were often ignored in the construction of mathematical models and
such models belonged to the simpli�ed model. Di�erent power system simulation
software will use di�erent simulation methods based on the di�erent operating con-
ditions of the system. The simulation methods of power system mainly included
three kinds of electromagnetic transient process simulation, electromechanical tran-
sient process simulation and medium and long term dynamic process simulation.
The digital simulation of electromagnetic transient process simulated the real power
system by the method of data operation. It was necessary to fully consider the char-
acteristics of the power line parameters and the transient process of the generator
and the various characteristics of the lightning arrester in the process of electromag-
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netic transient simulation. Therefore, the mathematical model of electromagnetic
transient simulation must establish the algebraic or di�erential and partial di�eren-
tial equations of these components and systems. The numerical integration method
used in this paper was implicit integration method. Mateus [7] believed that it also
involved the transient process of the network and used di�erential equations to de-
scribe so that the simulation of electromagnetic transient simulation program was
limited because the electromagnetic transient simulation required not the detailed
nonlinear model of the power system dynamic components. In general, the power
system was simpli�ed when the electromagnetic transient simulation was carried out.

Fig. 1. Simulation results

Raymond [8] believed that real-time simulation of power system can be divided
into digital simulation, physical simulation and digital analog hybrid simulation.
The simulation speed was exactly the same as that of the actual system. The
real time simulation of power system was realized by the simulation system of the
moving �lm. The hardware of the power system dynamic simulation laboratory
were usually composed of a number of scaled down motors, a certain number of
line models, power supply, load, switch model and corresponding monitoring and
control system. Argiriou [9] believed that these devices had high intuitive and rich
physical meaning. The price of these devices was high and the area was too large.
In addition, the limitations, scalability and compatibility of these devices were poor.
The equipment and hardware of power system dynamic simulation laboratory had
important function. Most of the components of the digital analog hybrid real-time
simulation system were basically the same as those of the power system dynamic
simulation system. These components had high �exibility and wide application
range. Digital analog hybrid real-time simulation system can simulate the whole
process of power system in real time. Digital analog hybrid real-time simulation
system had high stability and large simulation scale. Analog and digital hybrid
analog circuits, transformers and other components were analog components. The
whole simulation system will not produce numerical oscillation when these analog
elements and the generator and other digital components were decoupled completely.
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2.2. Solar energy storage technology

The integration of solar energy, energy storage and electric vehicles was the trend
of new energy development. Solar energy and energy storage technologies had their
own advantages. Figure 2 shows the actual scene of solar photovoltaic applications.
Gommed [10] believed that solar power can achieve zero carbon emissions without
additional costs. Energy storage technology can provide backup power, frequency
modulation and other grid services, and the combination of the two can get further
advantages. In particular, it can achieve continuous power supply at night, increased
the available power generation time and improved the �exibility of the grid. Some
authors believe that the combination of solar energy and energy storage technolo-
gies in distributed communities and rooftop systems can also reduce the pressure
on the distribution network, delayed or reduced infrastructure investment. At the
macro level, energy storage and solar power can increase the popularity of solar fa-
cilities without major changes, thereby reducing carbon emissions. Energy storage
technology combined with solar power can be used as a fast channel for emerging
markets electri�cation. In mature markets, the main drivers for the integration of
distributed solar energy and energy storage technologies were cost savings and re-
duced dependence on the grid. From the cost point of view, the main driving force
for consumers or communities to invest in this technology was to reduce electricity
bills. Photovoltaic power generation was a leading technology, and can increase the
utilization of solar power according to energy storage, thereby increasing economic
bene�ts. The combination of these two technologies was the main driving force to
solve the problem of power grid instability in emerging markets. Consumers can
enjoy uninterrupted power after buying energy storage system. Solar power can
support the energy storage system to extend the power supply time, and further
improved the value of the energy storage system. The imbalance of the development
of these two technologies has been very obvious. Some parts of Germany, Japan
and the United States had economic considerations, and they have adopted rooftop
photovoltaic systems quickly, but were not equipped with energy storage systems in
most cases. India has established a mature lead-acid battery supply chain to help
end users solve the problem of power supply instability in the absence of solar power
facilities.

At present, energy storage technology played an important role in the develop-
ment and utilization of electric energy and new energy. The application of energy
storage technology such as pumped storage was large, but the application of other
energy storage technologies was limited by economic factors. Energy storage tech-
nology can be divided into three categories: physical energy storage, chemical energy
storage and electromagnetic energy storage. Di�erent energy storage technologies
had di�erent characteristics. Flywheel energy storage, superconducting electromag-
netic energy storage and super capacitor energy storage technology can be applied in
the case of instantaneous voltage drop and high pulse power. At the same time, these
technologies can improve the power quality and power system stability e�ectively.
The application of pumped storage, compressed air energy storage and electrochem-
ical battery storage were suitable for large system peaking and emergency power
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Fig. 2. Practical application of solar energy storage

supply, renewable energy into large scale and large capacity etc. Electromagnetic
energy storage includes superconducting energy storage, capacitance energy stor-
age and super capacitor energy storage. Superconducting magnetic energy storage
system had some advantages in energy storage and transmission power. At the
same time, the system also has a higher corresponding speed and conversion e�-
ciency. Superconducting energy storage system can also achieve large number of
e�ective energy conversion. Superconducting energy storage system can meet the
requirements of the power grid, such as voltage support, power compensation, fre-
quency adjustment and the ability to lift the system, etc. Super-capacitors were
developed according to the theory of electrochemical double layer, which provided
powerful pulse power. When the electrode was in an ideal state of polarization, the
charge will attract the opposite ions in the electrolyte solution, which was attached
to the surface of the electrode to form a double charge layer. Superconducting en-
ergy storage system had a wide range of applications. This system can realize the
optimization of power quality and power in a short time.

3. Methodology

3.1. Roof solar system simulation mathematical model

The application of photovoltaic technology in solar energy system has led to the
development of rooftop photovoltaic devices. At present, China's national science
and Technology Commission has begun to develop and optimize the roof solar system
into the overall plan of national science and technology gradually. More and more
attention has been paid to the e�ective combination and application of roof solar
energy system and building. This is mainly because the system has many obvious
advantages. First, the roof solar system covered a small area. Secondly, the system
can achieve in situ use and power generation, and reduced the power transmission
loss and roof temperature rise to a certain extent. Finally, the system can enhance
the beauty of the building to a certain extent and meet the requirements of safe use
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of electricity.

f (u) = I0

{
exp

[ qu

AKT

]
− 1

}
. (1)

Here, u is the voltage, I0 is the output current, A denotes the diode characteristic
�tting coe�cient, K is the Boltzmann constant and T is the temperature.

When the light intensity was constant, the photocurrent did not change with
the working state of the photovoltaic cell. Therefore, a constant current source
can be used to simulate the power system module library and there was no direct
current source module. The function of the voltage detection module was shown
in formula (1), and the expression of the output value was the formula (2). The
simulation experiment was carried out mainly through the MATLAB software for
data experiments in this paper. MATLAB application software had great advantages
in data calculation and graphic display. In general, it was more convenient to use
MATLAB software for data operation and simulation analysis. At the same time, it
also had high programming e�ciency.

u = V + IRS , (2)

where V is the voltage of the PV battery, I is the input current of the diode and RS

is the serial resistance.

3.2. Mathematical model of power system simulation

The construction of mathematical model mainly referred to the process of ap-
plying mathematics to the physical system. The mathematical model of the system
contains diesel engine torque balance model, governor model, synchronous generator
model, phase compound excitation device of voltage adjusting model, induction mo-
tor load model, static load model, the reactive power compensation device model,
emergency alarm system model, power model and so on. In practical power system,
the impedance, voltage and current which are connected with the unit property were
called the known values. And the rest of the other properties without the unit value
were called the value. The reference value was the relative value of the index. The
�ux linkage equation represented by the scalar value, which was shown in equation
(3).  ψdq0

ψfDQ

 =

 XSS XSR

XRS XRR

 −idq0

ifDQ

 . (3)

Here, f denotes �eld winding, d, q, D and Q represent the rotor and armature
axes, ϕ with appropriate indexes denote the magnetic �uxes and X stand for self
and mutual inductances of the rotor and stator.

The electromagnetic torque equation was equivalent to the resistance and in-
ductance of the winding of synchronous motor. At the same time, this equation
was based on the assumption of ideal motor to convert the motor into a multi-
winding linear electromagnetic system. Among them, the well-known equation for
the electromagnetic torque is shown in formula (4). The rotor motion equation was



SIMULATION ANALYSIS OF ENERGY STORAGE 795

a mathematical explanation of the dynamic process of the rotor system by New-
ton's law of motion. The equation of motion was one of the basic equations of
synchronous generators. The electromagnetic time constant of synchronous gener-
ator set was much lower than that of electromechanical time constant. Generally
speaking, it was assumed that the unit speed was constant in the calculation of
the stator voltage equation in the process of studying the change of the excitation.
Under the condition that the rotor speed change was small, the error of the system
operation was small. The mathematical model of synchronous generator should be
simpli�ed and simulated. The seven order model had a great advantage in describing
the dynamic change of the system. These dynamic changes included the transient
process of the rotor, the process of the rotor damping winding, the transient process
of the excitation winding, the transient process of the shaft winding and the dynamic
process of the rotor.

Te = pp
3

2
(ψdiq − ψqid) . (4)

Here, pp expresses the number of pole-pairs, Te denotes the electromagnetic
torque, id, iq and ψd, ψq are currents and magnetic �uxes in axes d and q, re-
spectively.

The mathematical model was built to ensure the correctness and accuracy of
the results. At the same time, the test process of mathematical model was also
very important. MATLAB was a kind of application software with high e�ciency
and high visualization. This software had a strong ability of numerical calculation
and graphic display. First of all, we needed to design and test all kinds of graphics
control. Then, the simulation system control layout was carried out according to
the actual needs. Finally, its characteristics were added and set according to the
function of the control in the process of power system simulation system interface
design.

4. Result analysis and discussion

The results obtained by the method described above were shown in the following
tables:

Table 1. Comparison results of 10 simulation tasks

Serial num-
ber threshold
calculation
task

computing
time

Speedup ratio Parallel e�-
ciency

5 30.403 1.36 0.68

3 35.237 1.17 0.59

2 43.520 0.95 0.48

1 49.516 0.84 0.42
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It can be seen from Table 1 that the calculation time, speedup ratio and parallel
e�ciency of the simulation experiments of the power system when the 10 simulation
tasks were parallel. The total computation time of the 10 simulation tasks was
41.381 s, and the optimal time of parallel computation is 30.403 s. The speedup was
1.36, and the parallel e�ciency was about 0.68. It can be seen from Table 2 that the
computational time, speedup and parallel e�ciency of the simulation results of the
50 simulation tasks were parallel. The parallel serial time of the 50 simulation tasks
was 211.31 s, and the speedup was 1.65, and the parallel e�ciency was up to 0.83.
In contrast, the results of the 50 simulation tasks were better than the experimental
ones. This was mainly because of the increase of the task to make the simulation
process more time-consuming. When the serial threshold was 2 and 1, the e�ciency
was lower than the serial. It can be seen that serial threshold setting had a direct
impact on the parallel e�ciency and computing time. A reasonable set of serial
threshold can make the simulation tasks be divided equally and achieved the best
e�ect of parallel computing.

Table 2. Comparison results of 50 simulation tasks

Serial num-
ber threshold
calculation
task

computing
time

Speedup ratio Parallel e�-
ciency

25 127.824 1.65 0.83

13 132.036 1.60 0.80

7 142.115 1.49 0.74

4 161.884 1.31 0.65

1 211.862 1.00 0.50

It can be seen from Fig. 3 that the results of the simulation of the rooftop solar
system. The data showed that the current, light intensity and temperature were
basically the same. The maximum value of the current is 225, which was approxi-
mately the same as that of the solar system. We can see from Fig. 4 that the results
of the simulation of the power current of rooftop solar system.

The results showed that the trend of power, light intensity and temperature are
basically the same. The power between half past eight and half past �ve PM was
more than 6.7 kW, which can meet the requirements of rated power. At the same
time, the simulation results showed that the maximum current was not the same as
that of the solar system. It can be seen that the variation trend of the current, light
intensity and temperature of the solar system were basically the same. At the same
time, the trend of power, light intensity and temperature of the roof solar system
were basically the same. The power of each period of the simulation experiment can
meet the requirement of the rated power.
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Fig. 3. Current trend

Fig. 4. Trend of power change

5. Conclusion

With the increasing attention to the use of energy, solar energy storage has be-
come a hot research topic in recent years. Therefore, it was very important to study
the energy storage and power system simulation. The results of the 50 simulation
experiments showed that the results were satisfactory and the parallel e�ect was
better in the research process of solar energy storage and power system simulation
experiment. This was mainly because of the increase of the task to make the sim-
ulation process more time-consuming. When the serial threshold was 2 and 1, the
e�ciency was lower than the serial. At the same time, the simulation results showed
that the current, light intensity and temperature of the solar system were basically
the same. At the same time, the trend of power, light intensity and temperature
of the roof solar system were basically the same. The power of each period of the
simulation experiment can meet the requirement of the rated power. In summary,
the parallel e�ect of serial computing power system was better. Therefore, designers
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can optimize the energy e�ciency of rooftop solar system and power system from
the point of view of simulation operation and system power in the process of the
solar system and power system improvement in the future.
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Intelligent analysis method of
automatic welding quality based on

X-ray imaging1

Yan Hou
1

Abstract. In the oil engineering construction and operation maintenance project, welding

and nondestructive testing are the key construction processes. The timeliness and accuracy of

welding quality analysis are important guarantees for the quality of petroleum engineering con-

struction. Most of the petroleum engineering work environment is very complex. The welding

quality of conventional detection technology has been unable to meet the demand, therefore, the

automatic welding quality analysis based on X-ray imaging has become the main research technique

at home and abroad. Under this background, in this paper, the welding quality analysis technology

and the research status of X-ray image acquisition technology in China and abroad were analyzed;

the principles of X-ray welding and the key technologies of visual inspection were analyzed; eval-

uation index was proposed for X ray imaging based on the welding quality; wireless transmission

network based on regression model of welding was used, quality evaluation was optimized; through

simulation experiment, its accuracy and feasibility were analyzed. This research has made cer-

tain contributions to the intelligent analysis method of automatic welding quality based on X-ray

imaging.

Key words. Petroleum engineering, X-ray imaging, automatic welding, quality analysis.

1. Introduction

The total amount of petroleum resources in our country is insu�cient, and the
time and space distribution is uneven, besides, the oil �eld resource combination is
not coordinated. With the development of oil �eld infrastructure and the increasing
scale of oil and gas transportation system, long distance oil pipeline in China occupies
an increasingly large proportion of oil and gas transportation. This has played an
important role in China's national economic development and national strategic
security reserves. The method of weld quality analysis based on X-ray imaging is of
great value to the construction of petroleum engineering, especially for the welding
quality inspection of long-distance oil pipeline. This is the most widely used method

1College of Electrical Engineering, Henan University of Technology, 450001, Zhengzhou, China

http://journal.it.cas.cz



800 YAN HOU

in the present stage of the weld quality inspection [1]. The intelligent analysis of
weld quality based on X ray imaging is of great signi�cance to ensure the quality of
welded components.

A method for automatic detection of weld defects using defect tracking technique
is proposed by Shao. This method uses the improved Hof transform to avoid the
false defects caused by more noises, so as to ensure the accuracy of the welding defect
detection. Vilar proposed a method to classify the defects of X-ray image automat-
ically. This method can reduce the noise and enhance contrast to deal with the
image of welding defects. Using the threshold selection, label technique and feature
extraction method, it splits the welding defects [2]. After getting all the character-
istic parameters, input it to the arti�cial neural network for processing (Arti�cial
Neural Networks, ANNs), so as to realize the identi�cation of defects. In order
to get the best performance of the arti�cial neural network, the proposed method
has been improved by using a variety of di�erent methods to improve the neural
network. In the input layer, the principal component analysis technique is used to
reduce the number of feature variables. When dealing with the image of welding
defects, Wang uses the three steps of image preprocessing, feature extraction and
welding defects classi�cation [3]. In the defect segmentation of image preprocess-
ing, the two methods are proposed, which are background elimination method and
histogram thresholding method. In the feature extraction step, a series of informa-
tion parameters are extracted to describe the shape of welding defects. And in the
third step, detect the defects of the welding classi�cation. This step uses the fuzzy
k- nearest neighbor algorithm and MLP neural network to send these two kinds of
technology. Experiments show that, for the welding defects classi�cation, the treat-
ment e�ect of these two kinds of technology is excellent, reaching more than 90%
of the correct rate of judgment [4]. Du used the mean �lter to do noise reduction
processing for X-ray weld seam image, and achieved good results. Guo Dong an-
alyzed the factors that a�ect the image quality of the weld, and put forward the
application of computer aided image processing technology in the detection of weld
radiographic. On this basis, the automatic recognition system of the weld negative
image defect is developed. Based on the GB3323-87 standard, the system can assess
the detected defects [5]. Zhang Quan proposed a digital image processing method
based on the TV camera, and developed a corresponding image processing system
and processing methods [6]. By using the method of gray level analysis, Wang Gang
has carried out a series of noise reduction processing to the image, and proposed an
S-T nonlinear gray image transformation method which can signi�cantly improve
the image sharpness and contrast. On this basis, the gray gradient method is used
to extract the weld defects. This method can e�ectively enhance the e�ect of defects
in the weld, but the contrast is not high, and the defect information will be lost
[7]. X-ray digital imaging detection can be understood as direct digital imaging.
In this method, the intensity of the radiographic image is converted to the visible
light image in real time, and the test results are evaluated. For the inspection and
evaluation of the weld quality of long distance oil pipeline with strong speci�city and
application limitation, the applicability of the present research is insu�cient, so it is
di�cult to achieve the weld of pipeline inspection of complex geological environment
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under the cross region remote. At the same time, it also lacks the evaluation method
and system which is suitable for the objective condition.

2. State of the art

2.1. Status of X-ray image acquisition research

At present, the X-ray detectors used in the electronic industry are basically for-
eign products. Among them, the most typical representative is the �at panel detector
P3H271 which appeared in the end of 1990s. The �at plate type X-ray imaging de-
tector uses two methods to convert X-ray photon conversion: direct and indirect
methods. The structure of these two ways is di�erent. The direct way uses a photo-
electric conductor to convert the X-ray into electric charge. In the indirect mode, the
photoelectric diode is used to convert the visible light photons into electric charge
[8]. Compared with the direct method, the indirect method has more than one layer
of the scintillation to convert the incident X-ray photons into visible light. In the
detection of electronic industry, the commonly used methods of X-ray imaging data
acquisition are mainly divided into �lm imaging and non-�lm imaging. Film imaging
has the longest history, but its biggest disadvantage is that it cannot be detected
and evaluated in real time, and the result is not suitable for long-term preservation.
Non �lm imaging replaces �lm imaging with X-ray sensitive devices, which can be
simulated images or digital images. This imaging technology can be real-time de-
tection and evaluation. With the development of image processing technology, the
technology has been widely used [9]. In 1950s, researches on X-ray image inten-
si�er gained rapid development. The basic principle of the X-ray imaging device
is electronic vacuum tube approach. Although it has the advantages of low price,
fast imaging, its disadvantages are also obvious. For example, it can withstand a
small range of X-ray energy, as well as a small area of visible light image and so on.
In order to better collect data, in the end of 1990s, the X-ray digital radiography
detection technology based on �at panel detector appeared, and began to be applied
in the �eld of industrial radiographic testing. In order to improve the higher spatial
resolution, the linear array detector appeared. This is a digital imaging device. A
new type of X-ray detecting unit is arranged in an array, and the array is directly
connected with the large scale integrated circuit to complete the whole process of
ray receiving, photoelectric conversion, and digitalization. This direct conversion
method reduces the distance of signal transmission, and reduces the noise generated
during the transformation process. Using the corresponding �lter circuit, we can
obtain the image of low noise and high sensitivity. In wireless sensor networks, one
of the major research challenges is to save severely limited energy resources and
e�ectively extend the life cycle of the network [10]. The energy consumption of a
sensor node can be divided into three parts: sensing loss, data processing loss, and
transmission consumption. According to the survey of N.Kimura and S. Lati�, each
sensor node has about 80% of the energy loss for data transmission. Therefore,
reducing the size of the data will reduce the transmission consumption. In order
to realize the communication connection fault tolerance, the sensor node uses the
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redundant deployment way. Wireless sensor networks naturally show the high redun-
dancy of temporal spatial sampling. Sampling redundant attributes can reduce the
data �ow in the network, which can reduce the energy consumption. The following
picture is the scene of oil engineering.

Fig. 1. Oil engineering site

3. Methodology

The process of automatic welding quality analysis for X-ray imaging is shown
Fig. 2

3.1. Multivariate linear regression models

Based on the simple linear regression model, we need to further explore the more
complex multivariate situation. In wireless sensor networks, sensor nodes can mon-
itor multiple variables. In addition, multivariate correlations are usually strong.
Correlation is the data collected from one or more attributes of each sensor node at
a given time. This is the nature of the observed physical phenomena. Simple linear
regression models are able to study correlations, but it cannot study the multivari-
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Fig. 2. Automatic welding process of X-ray image

ate correlations (more than one variable). In our solution, we use multiple linear
regression models to study multivariate correlation. In wireless sensor networks,
multi-variable correlation method is used to reduce the data transmission and the
prediction accuracy of the proposed method.

Suppose a sensor node has p sensing units, and the collected properties are
xj , j = 1, 2 . . . , p. The overall independent variable compression scheme is oper-
ated as follows:

yi = 1 + β1xi,1 + β2xi,2 + · · ·+ βpxi,p−1 . (1)

Here, yi represents the response value attribute, while the xi,1, xi,2, . . . , xi,p−1

are the remaining p− 1 properties at a given time i. We can express all the actual
measured values as an m-dimension vector

Y =


y1
y2
...
ym

 . (2)
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We can express all the predictive factors in the form matrix m× (p− 1) + 1

X =


1 x11 x12 · · · x1(1−p)

1 x21 x22 · · · x2(1−p)

...
...

...
...

...
1 xm1 xm2 · · · xm(1−p)

 . (3)

Now the regression coe�cient may be written as a p-dimensional vector:

β =


1
β1
...

βp−1 .

 (4)

Using a linear algebra symbol (1) may be represented as Y = Xβ. In order to
estimate β, we can use the least square method:

m∑
i=1

[yi − (1 + β1xi,1 + β2xi,2 + · · ·+ βpxi,p−1)]
2
= min , (5)

so that
β =

(
XTX

)−1
XY . (6)

3.2. Parameter setting of distributed regression algorithm

In wireless sensor networks, the substitution method of transmitting all measured
values is to establish a regression model of the network data and only transfer the
model coe�cients. This processing method can reduce the transmission of pack-
ets and reduce the redundancy, which helps to extend the network life cycle. For
example, replace the original measured value that extracted from the node every
10 seconds. Suppose that we have ten original readings for each attribute in the
sampling time, as shown in the following Table 1.

4. Result analysis and discussion

In order to analyze the validity of the regression method and verify the correctness
of the proposed model and algorithm, we design the experiment in this section to
verify the performance of the proposed method. In a small wireless sensor network,
implement regression strategy. In the experiment, the initial energy of each node
is only 0.5 J and the 200 byte control packet at the beginning. Cluster head node
at the beginning of each round is determined to continue for more than and 20
seconds. When the sensor is transmitting or receiving the data in the network, or
performing the regression operation, the node will produce the energy consumption.
The following Fig. 3 shows that in the protocol and LEACH protocol, how the total
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amount of energy consumption per round of network changes with the time of the
simulation.

Table 1. Ten raw data for the properties

fre-
quency

wind
power

�ow voltage instru-
ment
tem-
pera-
ture

pipe
tem-
pera-
ture

sink
tem-
pera-
ture

sink
level

time

50.00 6.29 11.32 378.00 11.16 21.20 28.91 1.21 1

50.00 6.29 11.40 377.00 11.18 21.22 28.92 1.21 2

49.78 5.98 11.05 377.00 11.18 21.21 28.91 1.21 3

49.15 5.79 10.88 378.00 11.18 21.22 28.91 1.21 4

50.00 6.14 11.10 379.00 11.18 21.22 28.91 1.21 5

49.52 5.95 11.02 381.00 11.21 21.21 28.91 1.21 6

49.71 6.11 11.29 383.00 11.22 21.20 28.92 1.21 7

50.00 6.09 11.20 378.00 11.23 21.23 28.92 1.21 8

50.00 6.07 11.05 372.00 11.22 21.22 28.90 1.21 9

49.04 5.60 10.55 365.00 11.22 21.21 28.91 1.21 10

Fig. 3. Total energy consumption per round

From the analysis of the experimental results, we can see that, for each attribute,
the absolute value of the error is very small. For power sampling, sampling time
error at the end of the absolute value is the maximum and is as high as 9.5%, which
is lower than some preset error thresholds.
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5. Conclusion

In the process of the construction of oil engineering, especially of the long oil
pipeline, welding and nondestructive testing of pipeline and pipeline are the keys
of the construction process. The quality of welding is an important guarantee for
the construction quality of the project. X-ray detection is an important means to
detect the quality of welding. For along, the welding spot detection mainly uses the
X-ray �lm photography method, but the �lm photographic method has the problems
of high cost, long cycle, low e�ciency, serious pollution and so on. X-ray imaging
provides a good technical support for solving this problem. In non-destructive testing
of long oil pipeline, the method of weld quality inspection and analysis based on X-
ray imaging technology can enhance the core technology competitiveness, improve
the e�ciency of welding seam detection, and reduce the production cost. This
provides strong technical support for the construction of oil �eld infrastructure and
the construction of large scale oil and gas transmission pipeline network. With the
analysis of the weld quality detection characteristics of long distance oil pipeline and
the comparison of several common methods of X-ray image, this paper solved the
problem of weld quality evaluation. Based on the comprehensive application of X-
ray weld quality detection and analysis technology, this paper presents an intelligent
evaluation method of weld quality based on X-ray digital imaging. The hybrid
intelligent mechanism is applied to the identi�cation and evaluation of the weld
quality, which realizes the intelligent method for the identi�cation and evaluation
of the quality of the weld seam. In this paper, we put forward the evaluation
index of welding quality based on X-ray image, and use the wireless transmission
network based on the multi-variable linear regression model to optimize the welding
quality evaluation. Through simulation experiments, the accuracy and feasibility of
this method are determined, which provides a theoretical support for the intelligent
analysis method of automatic welding quality based on X-ray imaging.
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Research progress of optimized
operation technology of natural gas

pipelines

Dong Ye1

Abstract. In recent years, the large application of natural gas has led to a severe shortage of
the operation efficiency of its pipelines, which has been unable to meet the rapid growth demand.
Therefore, the study of natural gas pipeline transportation optimization plays a very important
role in maintaining the steady economic development of our country. In this paper, through the
empirical analysis, the natural gas pipeline optimization operation technology was studied, the
existing problems of natural gas pipeline transportation were analyzed first, and the scheme and
countermeasure of natural gas pipeline operation optimization design were obtained; then through
the experimental analysis, the optimization design scheme of natural gas pipeline was verified. It
can be concluded that the scheme can effectively improve the optimal operation level of natural
gas pipeline.

Key words. Natural gas pipeline, optimal operation, technical research.

1. Introduction

After the reform and opening up, China’s economic development speed is obvious
to all, so the rapidly rising energy consumption of the industries is particularly
prominent [1]. In China’s energy consumption structure, Oil consumption accounts
for a large proportion, the proportion of natural gas consumption is also great, which
has reached more than 30% [2]. Therefore, natural gas has become an important
part of China’s energy consumption [3]. Not only that, in recent years, the use
of natural gas in China has been increasing, which has increased the burden of
natural gas pipeline and put forward higher demands on the operation efficiency
of natural gas pipeline [4]. Therefore, how to improve the efficiency of natural gas
transportation pipeline operation and maintain the construction and optimization
of natural gas pipeline has become one of the more difficult problems in the chemical
industry [5].

1Inner Mongolia Technical College of Mechanics and Electrics, 010070, Hohhot, Inner Mongolia,
China
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At present, more and more researchers have been involved in the study of the
optimization design of natural gas pipelines, and have had some research experience
on the current situation and existing problems of natural gas pipeline operation [6].
The state has invested a lot of money and resources to develop a number of natural
gas delivery projects to meet the growing demand for natural gas use [7]. However,
for the optimal design of natural gas pipeline operation, our research is still in a
relatively weak stage, so for the researchers concerned, this is a major problem that
needs to be overcome [8].

2. State of the art

Because of the lack of experience in the design of natural gas pipelines in China,
the current design is still based on the mathematical approach that has been con-
sistently used in the past, which relies on the construction of a mathematical model
to design natural gas pipelines [9].

Since the 1970s, the development of natural gas pipeline projects has become
an important part of economic construction in the world [10]. And because of the
uneven distribution of natural gas resources between countries, a large amount of
natural gas trade has been needed between countries, which has greatly increased the
distance and demand of natural gas transportation As a result, many countries have
had the need to build long-distance, large-diameter natural gas pipelines Before the
90 s of last century, the Soviet Union had already owned a 2698-kilometer natural
gas pipeline. By the time of the 1990s, large diameter natural gas pipelines built
by Russia have exceeded 60% of the total natural gas pipeline Compared with the
1219mm diameter of Western European countries, Russia’s 1420mm pipeline caliber
has a great advantage.

In the past more than 20 years, on the basis of absorbing the advanced experience
of foreign natural gas transportation technology, China’s natural gas transportation
technology has also developed rapidly. In order to realize the rapid development
of China’s western region economy, the "West-East Gas Pipeline Project" in China
has promoted the improvement of the technical level of natural gas pipeline and
provided technical guarantee for the rapid economic development.

2.1. Methodology

2.2. Problems in operation of natural gas long-distance
pipeline

In terms of technology, natural gas pipelines are generally laid along the road.
Therefore, when they passes through some larger buildings and bridges and other
ground environment, it is necessary to use some methods to solve, which puts for-
ward high requirements for the construction technology. In the process of building
natural gas pipelines, some people who steal natural gas tend to appear due to
economic interests. These personnel will drill some of the pipes and then use some
means to steal natural gas for sale, which makes the natural gas transmission process
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suffer greater losses, and is also likely to cause major safety incidents, such as leak-
ing pipelines. In addition to man-made destruction, natural gas pipelines are also
vulnerable to natural disasters. Natural gas pipelines are often conduits with very
long distances, so they passes through a lot of areas, and the natural environment is
also complex, which usually has a lot of natural factors that cannot be controlled.
As a result, natural gas pipelines often encounter a variety of ground subsidence,
debris flow, earthquakes and other harsh natural environment, which threatens nat-
ural gas pipelines. The following figure shows the actual operation and transmission
of natural gas pipeline, which is the actual laying of natural gas pipeline.

Fig. 1. The actual laying of natural gas transmission pipelines

In the whole natural gas pipeline project development process, the construction
of oil and gas pipeline is a very important part, which will greatly affect the stability
and reliability of natural gas transportation. So this step is a very important step.
In the case of oil and gas pipelines, it is necessary to understand the natural and
weather conditions of the installation area before the installation, and to make full
technical preparations, so as to strictly control the entire construction process in the
construction process and perform a test of performance after completion. Once there
is a problem in any of these links, it will affect the operation efficiency and operation
safety of the whole natural gas transmission pipeline. When welding the pipe, it is
necessary to check the safety and integrity of the device material, and to make
a timely remedy for the damaged pipe, so as to avoid mistakes from construction
personnel at any time and prevent the emergence of various construction defects and
other issues, thus ensuring the efficient and safe operation of natural gas pipeline.

Today, natural gas has entered the people’s lives, and has become an indispens-
able part of people’s lives, so the use of the natural gas is gradually increased.
However, although the number of people who use natural gas is very large, there
is no effective protection measure, the people are less aware of the precautions and
knowledge in the use of natural gas, but also lack security awareness. Therefore, in
the process of using, people’s safety cannot be fully guaranteed.



812 DONG YE

2.3. Measures for optimizing design of natural gas pipeline
operation

Based on the analysis of the problems that are easy to occur in the construction
of the above natural gas pipeline, the corresponding effective measures for the opti-
mization of the operation of the long-distance natural gas pipeline can be explored.
Figure 2 below shows the design of the natural gas transmission pipeline, in which
the specific values and the standard of the pipeline have been designed and marked
in detail, so as to ensure that the natural gas transmission pipeline can guarantee a
more precise size when building.

Fig. 2. Design diagram of a natural gas transmission pipeline

In the optimization of the design of flat lots of pipelines, it is necessary to take
full account of various special circumstances encountered when laying the natural
gas pipelines, different pipe elevation determines the safety of different pipe, which
puts forward higher requirements for the design of natural gas pipeline. Therefore,
the design must take full account of the natural environment of the natural gas
pipeline during the laying, and allow the natural gas pipelines to be fully safe at the
time of operation and have effective measures to minimize losses after its emergence
of a security incident. For the environment and conditions, it is necessary to take
into account the various important large buildings that pass through the pipeline
and to understand the special natural environment of the area. In the optimization
of the construction of natural gas pipeline in the river crossing phase, it is necessary
to take full account the situation when the pipe passes through the river. Because
natural gas pipelines are vulnerable to water erosion, it is necessary to avoid these
problems as much as possible during design. In order to avoid all kinds of damage to
the natural gas pipeline, casing and other methods can be used to protect the safety
of the pipeline. In order to prevent the occurrence of rotations in the pipeline, the
outside of the natural gas pipeline can be coated with a cathodic protection sub-
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stance. In the optimization of mountain and other stages of the natural gas pipeline,
it is necessary to fully take into account all sorts of circumstances that appear when
suffering landscape scour. Because the laying distance of natural gas pipelines is
very long, pipelines often go through many countries and regions. Therefore, it is
necessary to fully understand the standards and specifications of the natural gas
industry in these countries and regions, so as to strictly implement these standards
and specifications at the time of design. The laying of natural gas pipeline will be
carried out along the ridge, because the amount of water collected in the ridge area
is relatively small, which will not cause extensive erosion of the pipeline, and can
greatly improve the safety of the pipeline.

2.4. Empirical analysis of optimized design of natural gas
pipeline operation

Firstly, the emptying time and volume of gas in the pipeline are calculated by
reasoning, and the formula is derived. Combined with the company’s current diame-
ter specifications and pressure condition, the formula is applied, and the evacuation
of the chamber between two valves is calculated separately. Through the formula
analysis, some conclusions can be drawn, so as to provide the scientific basis for our
production scheduling decision, the dispatching of the gas volume and the reasonable
organization of the accident repair, which has the practical guiding significance to
ensure the stable supply of the pipeline. The figure below shows the pipeline pressure
setting in the natural gas pipeline design. The air pressure setting of the natural
gas pipeline can adequately ensure the safety of the pipeline and can determine the
speed and efficiency of the natural gas in the transmission process. Therefore, the
pressure control of the pipeline is a very important part.

Fig. 3. Gas pressure setting of natural gas transportation pipeline

Assume that the length of a pipeline is L, the pipe diameter is 9Dx, and the
average line pressure is P1 (absolute pressure). The pipeline is emptied by the air
release valve, and P2 is the venting time and volume required when the pressure
drops. Assuming that the pipeline temperature T remains the same the process is
described by equations listed according to the conservation of mass:

V dp = Gdt , (1)
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where G is the mass flow and V is the volume of the empty tube, p is the valve
opening (abscissa) and t is the venting time. Because

p =
PM

RT
, (2)

where M represents the relative molecular mass of the vent gas, T is the pipe tem-
perature, P is the absolute pressure before and after venting and R = 848 kg, we
can write

V d

(
PM

RT

)
= Gdt . (3)

As the mass flow rate G of the gas in the critical state is

G = FP

√
KMg

ZRT

(
2

K + 1

)K+1
K−1

, (4)

where F represents the cross-sectional area when the vent valve is fully open, K rep-
resents the adiabatic index, g = 9.81 and Z represents the natural gas compression
factor.

Then

V d

(
PM

RT

)
=

FP

√
KMg

ZRT

(
2

K + 1

)K+1
K−1

 dt , (5)

and, hence

t =
V

F

√√√√√ M
ZRT

Kg
(

2
K+1

)K+1
K−1

ln
P1

P2
. (6)

It is necessary to conduct a certain instance of the calculation, and the gas
between the two valves is vented, pipeline specifications is 426×7mm, the length
is 30 km, and tube pressure is 3.5MPa (gauge pressure), the temperature is 17 ◦C,
vent tube specifications is 9108×6mm, and the valve opening height and diameter
ratio is: h/d = 1.0. It is now calculated that, firstly, the emptying time and volume
required when the natural gas in the pipeline is vented is equal to the atmospheric
pressure; secondly, the emptying time and volume required when the natural gas in
the pipeline is vented until the pipe pressure is 1.5MPa

By using the formula above, the calculation can be obtained:
When the natural gas in the pipe is completely emptied to the atmospheric

pressure, the venting time is 128 minutes, and the discharge volume is 140724.5m3.
The emptying time is 50 minutes when the pressure is 1.5MPa, and the vent

volume is 80446m3.
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3. Result analysis and discussion

After analyzing the optimization design of the natural gas pipeline, the author
also made an empirical analysis of the pipeline to construct the overall structure
of the natural gas pipeline design. Before the construction and operation of the
above design plan, the integrity and safety of its natural gas pipeline design must be
tested to ensure the safety and efficiency of the gas pipeline when it is running. The
figure below shows the overall structure of the natural gas pipeline design. Through
the interconnection between the various hardware facilities, the basic system of the
operation and management of the natural gas pipeline can be established, which can
manage the operation of the whole natural gas pipeline in an orderly way and ensure
the efficiency of its natural gas transmission.

Fig. 4. The overall structure of the natural gas pipeline design

The integrity and safety of gas pipeline design must be analyzed on the basis of
a large amount of experimental data collected. Therefore, at the time of this test,
the author collected some of the actual operation data, and collated and analyzed
the data, and obtained a certain analysis results from the data analysis. Table 1
shows the experimental data for the operation of natural gas pipelines, including
pipeline integrity data, safety data, barometric data, operational efficiency data,
and operating speed data.

Evaluation of pipeline integrity: pipeline integrity management refers to that
risk and integrity evaluation is carried out through the collection and classification
and analysis of potential risk factors for pipeline, and the evaluation results are
processed to ensure the integrity and safety of pipeline operations, which mainly
adopts GIS and database, risk assessment, risk detection, applicability evaluation,
pipeline geological hazard assessment, pipeline maintenance decision and emergency



816 DONG YE

response and other key technologies. The corresponding safety risk control measures
are developed and the identified adverse factors are continuously improved, so that
the safety risk level of the pipeline operation is controlled within a reasonable and
acceptable range, so as to reduce the occurrence of pipeline accidents and ensure the
safe operation of the pipeline.

Table 1. Natural gas pipeline operation experimental data

Integrity safety Air pressure Operating efficiency Running speed

P1 0.56 1.11 0.97 0.24 1.45
P2 0.83 1.13 0.06 0.45 1.22
P3 0.59 1.15 0.04 0.77 1.13
P4 0.76 1.43 0.34 0.46 1.13
P5 0.88 1.26 0.13 0.33 1.14
P6 0.90 1.21 0.46 0.57 1.46
P7 0.34 1.14 0.31 0.24 1.25
P8 0.34 1.45 0.62 0.34 1.09
P9 0.56 1.62 0.72 0.32 1.05
P10 0.28 1.09 0.53 0.14 1.04

Optimized detection technology: in order to ensure the safety of gas pipelines,
domestic and foreign advanced technology can be actively absorbed and introduced
to ensure the safe operation of the pipeline, the safety supervision and prevention of
gas pipelines in the area where natural conditions are harsh and social environment
is complex can be strengthened. Through field investigation, safety management can
be carried out. At the same time, corrosion tests of pipeline and production base
equipment can be continuously strengthened to improve safety management levels.

4. Conclusion

Because research experience of natural gas pipeline design technology of our
country is less, and the research starts late, so it is still in a relatively primary stage,
technical level is not high. The design of natural gas pipelines can affect the safety
and efficiency of pipeline operation. Therefore, the optimization of pipeline design
technology is very necessary. In this paper, through the analysis of the problems in
the operation of long-distance natural gas pipeline, measures of natural gas pipeline
operation optimization design were designed; then from the three perspectives of
optimizing the flat pipelines, optimizing river pipelines, and optimizing mountainous
pipelines, the description was carried out; finally, through the empirical analysis,
the natural gas pipeline optimization scheme was designed, and the experimental
data of the safety and operation efficiency of the gas pipeline were collected and the
experimental results were analyzed, so as to show the effectiveness of the natural gas
pipeline optimization design in this paper and promote the development of China’s
natural gas pipeline optimization design technology.
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Simulation study of automotive
electronics mechanical braking system
based on self-tuning fuzzy PID control

Junyan Xu1, Jianrong Bu1

Abstract. On the basis of the analysis of vehicle longitudinal dynamic control system, the
control problem of longitudinal automatic tracking based on two vehicles is discussed. The second
order model of two-car following motion is established and the logic switching rule of accelera-
tion/braking is designed. The three parameters of PID are adjusted by parameter self-tuning fuzzy
PID control to control the variation range of the error between the vertical relative distance and
vertical relative velocity of the controlled vehicle and the navigating vehicle to achieve the purpose
of longitudinal control of the vehicle. The sufficient conditions for the stability of fuzzy PID control
system are obtained by using the small gain theorem. The simulation results show that this method
can reduce the overshoot of the system compared with the general fuzzy control, and enhance the
dynamic anti-jamming ability. It has certain robustness and can solve the contradiction between
the fastness and small overshoot.

Key words. Vehicle, kinetic control, longitudinal control, parameter self-tuning, fuzzy PID.

1. Introduction

The vehicle anti-lock braking control system (for short ABS) is a kind of active
safety device, which can automatically adjust the wheel braking torque in an elec-
tronic control way according to the motion state of the vehicle in the braking process
so as to achieve the purpose of preventing wheel locking. Nowadays, active safety of
vehicle has become a hot research focus in the automotive field. As an active safety
part of vehicle, the vehicle longitudinal dynamic control system consists of upper
control system and lower control system [1–3]. The lower control system of vehicle
longitudinal dynamics transfers the output of the upper control system to the con-
trolled vehicle system to achieve the desired acceleration / deceleration. Its control
model includes the braking system model, the engine model, the drive system model
and the vehicle movement model four parts [4].

1Zhejiang Industry Polytechnic College, 312000, Shaoxing, China
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The lower control system combined with the upper control system of the vehi-
cle longitudinal dynamics to constitute the vehicle longitudinal dynamics control
system. It is a complex nonlinear system, its actual characteristics is difficult to
accurately describe with the linear model [5]. The parameter self-tuning fuzzy PID
control method is used to control the longitudinal dynamic system of the vehicle.
The real-time and effectiveness of the control system are studied in order to realize
and improve the control performance of the vehicle longitudinal dynamic system.

2. Literature review

From the initial development point of view, the first application of the electronic
mechanical braking is on the aircraft, and then slowly transforms into the vehicle.
It is still in the applied research and improvement stage of the automotive field.
Applied research in the car was first proposed by the Bosch Company in the 20th
century 90 years. Bosch introduced a research project of "Brake 2000". The goal of
the project is to study a braking system with faster response and significant braking
effect. The electronic sensor braking system is the world’s first set of fully-controlled
braking system in the birth of this request. The system was first loaded in the high-
end Mercedes-Benz SL500. At present, Bosch, Siemens and other companies have
made some research results, but only in the experimental stage, and there is no mass
production. In 2004, Australia’s PBR International Limited announced that devel-
oped the first wired vehicle. Haldex Company in Sweden vigorously promoted the
wire-controlled braking technology, but also launched its own electronic mechanical
braking system. The significant results of the research and application of the fuzzy
theory are focus on the United States, Japan and Europe and other countries and re-
gions [6]. On the basis of the fuzzy ABS controller, Georg E.Mauer et al. introduced
a slip rate predictor, which can be used to infer the discreet value of the slip rate due
to the system lagging based on the measured current slip rate and braking torque.
And the corresponding control rules are selected to identify the current pavement
behavior by real-time judgment of the relationship between the slip rate and the
braking torque. The simulation results on the single-wheel model show good control
effect and can adapt to different changes of road surface, and it is not sensitive to
external disturbance, and improves the robustness [5–7]. C. Jun combines various
model-based control methods such as PID controller, sliding-mode controller and
fuzzy controller, and it proves that the combination of controllers and improves the
adaptability of different pavement by comparing with PID controller, and achieved
better control effect. Mark Akey designed the ABS fuzzy controller, which uses three
fuzzy control sets and seven logic variables. Its working principle is that the first
two control sets are based on the measured wheel acceleration, the extremum of the
angular acceleration, the vehicle speed, the status value of the solenoid valve and
the current value to determine the current anti-lock phase and solenoid valve state.
The third control set is based on this, and then according to the cycle and the brake
pressure to determine the amount of regulation of the final pressure. The simulation
results achieve the desired purpose, but the controlled quantity to be measured is
too much control, the control is complex and the cost is much.
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The research on the application of fuzzy theory in our country is relatively late,
but it develops rapidly. In recent years, many domestic universities and automotive
research institutions have done a lot of theoretical and experimental research in the
fuzzy control technology, and laid a foundation for the development of fuzzy control
[7]. On the basis of the simplified automobile model, Guokonghui, a famous scholar,
designed ABS fuzzy controller and adaptive fuzzy controller to make the vehicle
achieve better control under the variable operating conditions, and overcome the
shortcomings of control singleness. Li Jun, Yu Fan, Zhang Jian-wu, et al. Put for-
ward the control strategy of road surface recognition during vehicle steering braking.
This method can calculate the optimal target slip rate in real-time according to the
road surface attachment condition and vehicle motion state, and the vehicle’s brak-
ing and lateral stability has been greatly improved by adopting the corresponding
control strategy. Chen Jiong, Wang Hui-yi, Song Jian designed a fuzzy controller
based on slip rate and deceleration, and simulated on a degree of freedom vehicle
model, which proved that the controller was more adaptive than the logic threshold
method.

From the research status quo at home and abroad, although the fuzzy control
exhibits a great development, there are still some shortcomings of fuzzy control,
and the establishment and analysis of fuzzy control system is still in the initial
stage, the stability theory is not mature. Secondly, the modeling of fuzzy systems,
the establishment of fuzzy rules, and the fuzzy reasoning methods have not been
well resolved. Therefore, it needs further study and discussion in theory or in the
application [8].

3. Research contents and methods

3.1. The longitudinal relative distance model of vehicles

The control quality of longitudinal relative distance between vehicles is an im-
portant index to evaluate the active safety of the vehicle. The control parameter is
the longitudinal relative distance between vehicles [9]. Considering the dynamic re-
sponse characteristics of the control system, in order to improve the precision of the
model, the change rate of the longitudinal relative distance between vehicles is taken
as the other parameter of the control system, and the second order model of two-car
following motion is established. The role of the switch logic control system of en-
gine throttle/brake master cylinder is to determine the switch of the engine throttle
/ brake master cylinder, and transfer the desired acceleration/subtraction value to
the lower control system of the vehicle longitudinal dynamics. The one-dimensional
model of relative longitudinal error of vehicles is

δ′d = (xh − x)− L−H , (1)

where H is the desired value of the longitudinal relative distance between vehi-
cles. Symbol L denotes the length of the vehicle, xh and x, respectively represents
the vertical coordinate of the tail bumper of the navigation vehicle and controlled
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vehicle, and δ′d is the longitudinal relative distance error between vehicles. The
one-dimensional control model is simple in structure and easy to control, but under
the actual longitudinal driving conditions, the longitudinal relative distance error
between vehicles is related to the longitudinal displacement rate of the controlled
vehicle. Considering the influence of the controlled vehicle speed on the accuracy of
the model, Swaroop et al. proposed a two-dimensional model of the relative distance
between vehicles

δd = (xh − x)− L−H − λv , (2)

where δd is the relative longitudinal distance error between vehicles, λ is the com-
pensation time of the controlled vehicle converging to δ′d. and v is the speed of
controlled vehicle.

3.2. Relative longitudinal velocity model between vehicles

The relative error of longitudinal relative velocity between vehicles is

δv = vh − v , (3)

where δv is the relative longitudinal velocity error between vehicles and vh is the
speed of the navigation vehicle.

3.3. Second order model of two-car following motion

The longitudinal relative distance two-dimension control and the relative velocity
control model are adopted to establish the second order longitudinal relative distance
control model between vehicles.

δd = (xh − x)− L−H − λv ,

δv = vh − v (4)

and the state space equation of the model is given as:

X = AX +Bu+ Γw =

[
0 1
0 0

]
X +

[
−λ
−1

]
u+

[
0
1

]
w , (5)

where X is the state vector of the control system, XT = [x1, x2] = δd, δv, u is
the control variable of control system (controlled vehicle acceleration/deceleration
a), w is the disturbance variable of the control system (navigation vehicle acceler-
ation/deceleration ah). The second-order model contains the longitudinal displace-
ment, velocity and acceleration/deceleration information of the navigation vehicle
and the controlled vehicle, which can reflect the real-time and dynamic characteris-
tics of the longitudinal automatic tracking control system of the vehicle team [10].
The control system is a two-input single-output control system, the input variable is
the longitudinal relative distance error between vehicles and the relative speed error,
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and the output variable is the expected controlled vehicle acceleration/deceleration.

4. Results and simulated analysis

4.1. Parameter self-tuning fuzzy PID controller

Parameter self-tuning fuzzy PID control is a kind of fuzzy compound control.
In order to meet the requirement of the self-tuning of PID parameters at different
error e and error change rate ec, PID parameters are modified online by using fuzzy
control rules. The basic idea of parameter self-tuning fuzzy PID control is that
the fuzzy relationship between three PID parameters and error e and error change
rate ec is found out firstly, the e and ec are tested constantly in the running, and
then three parameters are modified online based on fuzzy control theory to meet the
different requirements of different e and ec on the control parameters, and to achieve
the purposes of desired control.

The self-tuning requirements for the parameters KP, KI and KD at different e
and ec can be summarized as the following rules:

1) When |e| is large, larger KP and smaller KD should be taken (to make the
system response faster) and KI = 0 (the integral effect is removed to avoid a large
overshoot).

2) When |e| is medium, a smaller KP (to make the system response has a smaller
overshoot), appropriate KP and KD (especially the value of KD has a greater impact
on the response of the system) should be taken. When |e| is small, larger KP and KI

should be taken (to make the system have better steady-state performance) and KD

should be appropriate to avoid oscillation near the equilibrium point. The absolute
values of error |e| fuzzy and the error rate of change |e| fuzzy are taken as the
input language variables. For fuzzy input quantities, the combination of |e| and
|ec| states can be set based on the design of the above rules, and the corresponding
memberships can be calculated.

4.2. Selection and simulation of controller parameters

The fuzzification quantization factor of the input variables e and ec and the
defuzzification scale factor of the output variables P, I and D (denoted by R) are
selected: Ke = 7.2, Kec = 8 ,RP = 0.6, RI = 1.3, RD = 1.0. In different states,
the setting value is obtained by the conventional PID parameter tuning method

K ′
P1 = 1, K ′

I1 = 0, K ′
D1 = 0.00 ,

K ′
P2 = 2, K ′

I2 = 0, K ′
D2 = 1.25 ,

K ′
P3 = 3, K ′

I3 = 0, K ′
D3 = 2.50 ,

K ′
P4 = 4, K ′

I4 = 0, K ′
D4 = 3.75 ,

K ′
P5 = 5, K ′

I5 = 2, K ′
D4 = 5.00 ,
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The MATLAB/Simulink platform is used for simulation control research, and
the control block diagram is shown in Fig. 1 .

Fig. 1. The longitudinal dynamic fuzzy PID control system of automobile

Figures 2–5 are the simulation results of parameters self-tuning fuzzy PID control
system of vehicle longitudinal dynamic.

Fig. 2. Longitudinal relative distance errors of vehicles

Figures 2 and 3 show that when the navigation vehicle is in the variable accel-
eration/deceleration mode, the controlled vehicle is controlled by the parameters
of self-tuning fuzzy PID, the change range of the longitudinal relative distance er-
ror between the navigation vehicle and the controlled vehicle is –1–1m, which is
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Fig. 3. Longitudinal relative velocity errors of vehicles

smaller than the distance error 1.4m achieved by using single fuzzy control. While
the change range of the longitudinal relative velocity error is only –0.6–1m/s, which
is smaller than velocity error 1m/s achieved by using single fuzzy control, and the
change is gentle and finally converges to zero, thus realizing that the controlled vehi-
cle can automatically track the navigation vehicle, and the robustness is better than
that using the fuzzy control.

Fig. 4. Retarding torque
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Fig. 5. Throttle percentage angle

Figures 4 and 5 are the braking torque t of the controlled vehicle and the throttle
percentage angle f response. When the angle of the controlled vehicle throttle
percentage is greater than zero, the car accelerates, and the brake torque associated
with the brake is zero. Otherwise, when the angle of throttle percentage is less
than zero, the car decelerates, and the brake torque is greater than zero. It can be
seen that the simulation curve with parameter self-tuning fuzzy PID control accord
with this logic, and it can transit smoothly during most of the time, but at the
same time, the frequent switching of the dynamic torque and throttle percentage
angle happen because of the frequent alternation between accelerator acceleration
and brake deceleration between 20 s and 35 s.

5. Conclusion

Through the above analysis, we can see that the longitudinal dynamic system
of the automobile and the parameter self-tuning fuzzy PID control can achieve the
automatic control of the safe distance of the two vehicles. Because it uses the
fuzzy control to express the advantages of irregular events and learns the tuning
function of PID control, so compared with the single fuzzy control, it can reduce the
overshoot volume, and also enhance the dynamic anti-jamming ability and improve
the robustness, which solves the contradiction between the fastness and the small
overshoot. However, this method has a problem that the switching of the braking
torque and the throttle percentage angle is frequent due to the frequent alternation
of the acceleration of the accelerator and the deceleration of the brake, which needs
further improvement.
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Wearable computer device design for
environmental perception system

Xin Xu1

Abstract. With the growing popularity of smart devices, wearable computer devices are
being more and more attention. The environment perception system of the wearable computer
equipment design and research of this subject was analyzed in this paper, the connotation of
environment perception technology and its effect were mainly introduced, at the same time, the
wearable computer equipment content and research methods of the paper were explained, finally
the research results were discussed and analyzed. The results show that the wearable computer
equipment can better realize the function of human computer interaction with the support of
environmental sensing technology, which provides a favorable research direction for the design of
wearable computer equipment.

Key words. Environmental perception, wearable computer, equipment design, application
research.

1. Introduction

Stana believes that the development of wearable computers dates from the mid-
1950s. The first wearable computer is limited by the hardware and software, there-
fore, the first wearable computer in all aspects is at a low level [1]. The wearable
computer has only a few simple buttons, the size of which is similar to that of a
cigarette case. At the same time, the first wearable computer can only control their
own data acquisition device to get the speed of the disc and the results of the data of
feedback and transmission. Therefore, the first wearable computer is relatively low,
but this does not have a negative impact on the continuous development of wearable
computers. By the end of 60s, the wearable computer has the function which can
read lips and eyes that is worn on the human body function. At the same time,
some researchers use a filter to achieve the display of the function of pronunciation.
Wearable computers in this period are still in the primary stage of a single function
does not have the ability to program. Mann believes that the continuous develop-
ment of the integrated circuit manufacturing industry in 80s provides a good basis

1Chongqing College of Electronic Engineering, 401331, Chongqing, China
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for the continuous improvement of wearable computers. At the same time, a lot
of researchers and institutions also pay more and more attention to the research of
wearable computing. According to the needs of different industries, they have made
a lot of research on the functional applications of wearable computers [2].

International Conference on wearable computer in 1997 by MIT and Carnegie
Mellon jointly organized by many universities in the United States, and the U.S.
Department of defense research institutions and Boeing also give support to wear-
able computer conference. Lin believes that wearable computer has become a very
important academic research object; its potential value is also in many different in-
dustries gradually demonstrated. European research institutions in many developed
countries have carried out a lot of researches of wearable computer technology and
have formed a relatively stable industrial chain [3]. Our country’s wearable com-
puter research is from the beginning of 90s. In the early stage of our country, the
related research is realized through the interaction between the host computer and
the peripheral devices and sensors. Chongqing University in 2000 withdraws the
wearable computer prototype. Leder believes that the centralized structure needs
to be equipped with a large number of sensors and human-computer interaction de-
vices. Although this structure can collect data, it has a certain degree of negative
impact on human comfort [4]. Therefore, wearable computer is currently the most
widely used in embedded watches and hat and other control chip. So far, the most
popular product of wearable computer is the Google Corporation Glass Project.
This product has completed its research and begins to sale. But the high price of
this product has not been popular with the public. The purchase of this product
is more scientific research staff. In recent years, our country for wearable computer
research has just started, the research institutions most are the professional insti-
tutions. In summary, with the development of the globalization of the computer
network and the intelligent equipment, it is very important to design and research
the wearable computer equipment for the environmental sensing system. Based on
the relevant theories at home and abroad, this paper analyzes and studies the design
and research of wearable computer equipment in the system of the environmental
perception system through the method of system experiment and model construc-
tion. In the second section, the connotation of environmental awareness technology
and its role in the design of wearable computer devices are described. In the third
section, the main content of wearable computer equipment design is introduced, and
the research method of the design of wearable computer device which is opposite to
the environment perception system is described. In the fourth section, it lists the
specific data and the analysis and discussion of the system experiment and model
construction. At the end of the fifth section, the results of this research are discussed.

2. State of the art

2.1. Environmental sensing technology

Parson believes that the continuous application of environmental sensing tech-
nology in life has brought more and more benefits to the production and life, thus
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promoting the continuous research of environmental awareness technology. With
the development of science and technology and the tendency of intelligence, there
are more and more researches on the technology of environmental perception [5].
Figure 1 is the study and discussion of the environmental perception system of the
academic activities of the scene.

Fig. 1. Environmental awareness technology conference

Bogner thinks environment perception is an important technology of pervasive
computing, which involves the main content of this technique of environment infor-
mation of modeling, information acquisition, processing and other aspects of rule
reasoning excuse the main content of this technique. The difference between the
actual environment and the purpose of the application is different, so that people
form a different definition of the environment [6]. Most of the researchers understand
the environment around the application environment and the actual situation, also
includes the application execution environment overall, the main computing environ-
ment, physical environment and user. Generally speaking, the environment refers to
the user’s location, the surrounding people and other objects and their changes. Lien
thinks from the point of view of the system function, the environment perception
system, the user’s location, and people around the user and resources have a certain
understanding. Environment is constantly changing [7]. Pellerin thinks the main
contents of green space environment that sent including computing environment,
user environment and the physical environment in three aspects. Table 1 is the
detailed content of the environment space. Environmental perception calculation
can be made through the perception of environmental information and its response
to the examination and interpretation [8]. Environment perception calculation is
based on the user and the system’s environment information to carry on the dy-
namic change and adaptation. For environmental perception system, the ability to
perceive the environment in the character and material information and the charac-
ters of the interactive command figure is the basis, and then make the reasoning on
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this basis judge and adapt the service strategy. Therefore, environmental awareness
technology can help users reduce the unnecessary burden on the interactive process
and develop the level of the characters in a certain extent. The development of
environmental sensing technology has made its application scope more and more
extensive. Figure 2 shows the research of the present robot that has been applied to
the environmental sensing technology.

Table 1. The content of the environment space

Category Content

Computing environment Processor input, Device, Computing costs

User environment Position, Crowd around, Social status

Physical environment Temperature, Humidity, Illumination

Fig. 2. Application of environmental awareness technology

Hassan believes that the perception of the environment structure is equivalent to
a lot of different types of heterogeneous devices, such as sensors, mobile terminals
and other software and hardware collection. The service provided by the system is
completed by different devices [9]. This is mainly because the amount of information
that the independent equipment cannot meet the requirements of the system and
the user, with a certain degree of dispersion. Information of different equipment is
different in form and way of acquisition, which is usually presented in an abstract
way. At present, there are different levels of differences in the data structure of the
modeling of the environmental sensing system, and the ways and methods of mod-
eling are different. Sang believes that in the traditional environment, the access to
information is generally achieved by direct access to the way the sensor device. This
leads to the limitation of hardware binding in the development process [10]. The
way of obtaining this information is not flexible enough, but it is most convenient
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in operation. Based on the hardware sensor abstraction and processing by middle-
ware, shielding upper application direct the operation of the underlying hardware
can be abstracted hardware package and bind with the application layer, in a cer-
tain extent, which greatly improves the flexibility and expansion performance, which
greatly reduces the limitations of hardware binding. Oliver thinks that the differ-
ence of the interface of the environment perception system is decided by the different
users. The common interface of the environment perception system mainly includes
three kinds of traditional API interface, database interface and event callback. The
traditional API interface is usually the application program interface. The system
provides access to the upper level application directly to the processing procedure
interface, which is similar to the dynamic link library, and provides the interface
style. At present, many network operators for their products with a suitable appli-
cation interface to meet the needs of different developers. This kind of application
program interface has the function of sharing, in a certain degree; it provides the
convenience for the programmer. The interaction between the perceptual system
and the database is inevitable. Database interface is essential between the two. The
database interface is also designed for the data operation of the environment percep-
tion system. Callback method is a method of automatic operation after the end of
the operation. Event and callback have a certain similarity in the mechanism. But,
relatively speaking, the event is much easier to use than the callback. Environment
perception system has its own rules. When the environment happen some changes,
the system should take the environmental information and the environmental rules
as the basis to carry on the adaptive change. Environmental rules mainly refer to
the rational reasoning of environmental information behavior, which is based on the
reasoning and conflict detection of middleware. Environmental reasoning is based
on the environmental information database, which is built according to the environ-
ment model, and the reasoning mechanism of each environment model is different.
Modeling the environment perception system mainly marked configuration model,
value model, graph model and object-oriented models. The tag configuration model
is a model that uses a markup language with a hierarchical structure to represent
the environmental information. The main carrier of this model is the transmission
of Internet information. The accuracy and convenience of this model are very high,
but the relationship between the environmental information is difficult to distin-
guish. The graph model is more common, and its content is rich, and the model
also has the characteristics of visual expression. But the graphics model needs to be
abstract and has the computer language conversion processing.

3. Methodology

3.1. An overview of wearable computer device design

Ross believes wearable computer can be classified into the user’s personal space;
the user can operate and control the computer. Wearable computer has certain sta-
bility in the operation and interaction. Wearable computer has a certain continuity
of the open state, at the same time, wearable computer access has its characteristics
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at any time But Bulling believes wearable device mainly refers to the clothing and
accessories and equipment, these devices can be provided for people to wear, one for
wearable devices play the role of the carrier. Wearable device is a kind of portable
equipment, which is based on the human capacity and equipment function, to a cer-
tain extent, to achieve the concept of human products. Thus, the concept of wearable
devices is people-oriented, human and machine integration. At the same time, the
realization of wearable device function is closely related to computer equipment and
technology. The continuous progress of science and technology makes people tend
to understand the understanding of wearable devices. In fact, the wearable device
is not just simple smart equipment, in addition to its wearable function; it can also
provide more specific services for people. In the globalization of the Internet today,
wearable devices have been equipped with a variety of electronic hardware and the
application software is provided for user. Wearable devices and most of the tradi-
tional electronic equipment, there is a big difference. Wearable devices have a lot
of different ways of wearing, at the same time; these devices can also be worn at
different locations in the human body. With the continuous development of wear-
able device design technology, the interaction between people and the machine will
produce a variety of different ways. On the whole, different wearable devices have
their own different characteristics.

Wearable computer equipment and the definition of a wide variety of devices,
the standard measure of wearable devices also have a lot of different types and Haas
Moto believes that the classification of wearable devices also have a lot of standards.
From the perspective of the shape, wearable devices can be divided into glasses,
watches, helmets and accessories, etc. A glass type wearable device is the main rep-
resentative of wearable devices, Google glasses is a typical wearable device glasses.
Some enterprises in our country also produce and sell similar products. However,
this product is not yet more practical and in line with the user’s products, most
of the glasses wearable devices are still in the initial stage of the enterprise. The
glasses type wearable device in general is mainly composed by battery energy, in-
teractive systems and data processing core components. The main function of this
kind of product is to realize the function of the intelligent mobile phone through
the glasses. Smart glasses are prominent features of their interaction system. This
system can help the smart glasses through speech and eye movement to achieve
human-computer interaction throughout the process, in a certain extent; it is liber-
ation of the people’s hands. In addition, the smart glasses achieve a realistic and
virtual space conversion to make human-computer interaction more humane. Wear-
able devices are generally semi covered or full coverage of the product. Starr leaf
believes that helmet wearable devices and glasses wearable devices in the shape of
little difference. However, there is a big difference between the technology and the
smart glasses in the technology application. At present, the helmet wearable device
is mainly applied to the VR virtual reality technology. Virtual reality helmet will
provide a virtual three-dimensional space, when the user to wear a helmet after ex-
posure to this virtual environment, the user generated an immersive feeling. Virtual
reality is a completely virtual environment, this technology is characterized by its
application to a lot of specific environment of the training and game scenes. There-
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fore, many companies believe that the virtual reality helmet has a great space and
value in the future development. Watch type wearable devices in the form and the
traditional sense of the watch is similar. Wearable devices, however, it has a built-in
computer smart chip and operating system. At present, the wearable watch is no
longer a simple timing tool, but also has the function of smart phones. Wearable
devices and wearable devices have the same structure. The user can operate and
control the watch by touch and voice. Many companies have studied and released
an equipment of wearable watches. Apple Corp’s Watch Apple is a typical repre-
sentative. In fact, the wearable device is a watch type of smart phones. From the
point of view of market sales, its popularity is quite general. Users do not like the
smart watch is mainly due to the neglect of the smart watch style wearable devices
lack of its own characteristics. In addition, the performance of this type of wearable
devices is generally wearable devices. But the role of Apple smart watches in the
health and medical field is still worth the affirmative.

3.2. Research method of wearable computer device design
for environmental sensing system

This paper mainly uses the method of system experiment and model construction
to study and analyze the research and analysis of the design and research of wearable
computer equipment for the environment perception system. The specific method of
the system experiment is to verify the rationality and practicability of the wearable
device design by testing the response of the environmental sensing system. In the
process of building the main application formula (1) and the formula (2) reduce the
degree of freedom of the algorithm, while the formula (3) and the formula (4) are
for vector iteration. After the model is constructed, the process of the whole system
experiment is finished by the test method of the system’s requirement and the result
output.

{xn} = − [Knn]
−1

[Knm] {xm} , (1)

[U ] = − [Knn]
−1

[Knm] , (2)

[φ] = [K]
−1

[M ] [ϕ]old , (3)

[ϕ]new = [φ] [Q] . (4)

3.2.1. Result analysis and discussion The results obtained by the method of
system test and model construction are shown below.

Figure 3 shows the change of the feedback information of the wearable device to
obtain the feedback information of the environment, and also can see the dynamic
change of the wearable device in the process of human-computer interaction. The
coefficient of the model of the wearable device is low, and the linear correlation
between the click time and the difficulty coefficient of the corresponding model can
be reflected to a certain extent. From the results of the system test, the wearable
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device is difficult to control. This is mainly by the operating mode of the device is
more single, more with the thumb alone operation. Compared with other wearable
devices, this problem should pay more attention in the design process of wearable
devices.

Fig. 3. Experimental results of Twiddler

Figure 4 depicts other wearable devices to a certain extent than wearable devices
such as wearable devices and other visual perception wearable device model coef-
ficient is higher. At the same time, the dynamic changes of the situation are also
more stable. This is mainly because the other wearable devices operating mode is
more convenient. Compared with the single mode of operation, the operation mode
of the device is improved greatly, and the user experience is improved. This has a
very important positive impact on the application of wearable devices. In addition,
from the point of view of the feedback information, the performance indicators of
these wearable devices are also higher than the first wearable device.

Figure 5 depicts through different test environments and different models of the
construction and test of the results of the comparison of the various coefficients.
Both of these two regression models reflect the length of the reaction time and
the difficulty of operation to a certain extent. Under different test conditions, the
operation difficulty of the wearable device is not changed, and the performance index
of other wearable devices is relatively stable under different conditions. Thus it can
be seen that the operation of the device is difficult to wear and the user experience
is closely related to the user experience. At the same time, it can be seen that the
application environment of wearable device has low impact on its use effect and its
own performance. Therefore, in the actual design process, the staff can be from the
perspective of environmental awareness technology to improve the simplicity of the
operation of the product to carry on the reasonable design of wearable devices.
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Fig. 4. Experimental results of Mouse

Fig. 5. Results of model data comparison

4. Conclusion

With the popularity of smart phones and applications, the wearable devices which
can be used got more and more people’s attention and welcome. Therefore, it is very
important to design and research the wearable computer equipment for the environ-
mental sensing system. Environmental sensing technology to a certain extent, it has
promoted the development of wearable computer equipment. In the process of de-
sign and research of wearable computer equipment for environmental sensing system,
wearable computer equipment is more widely used. Compared with other wearable
computer equipment, the performance coefficient of the head mounted computer
equipment is slightly lower than that of other wearable computer equipment. In the
operation mode, the head mounted computer equipment has some disadvantages,



838 XIN XU

and the single operation mode has a certain degree of negative impact on the user
experience. And other wearable devices in different test conditions, the performance
index of the level is relatively stable.

In summary, the wearable computer equipment for environmental perception
system still exist some problems. In the actual design process, the staff should
improve the degree of attention of the user experience; from the perspective of
equipment operating mode effectively improve the equipment, so as to promote the
development of wearable devices.
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Analysis of the protective effect of
POLYSWITCH on resistor based on the
construction of mathematical model1

Huandong Wang1, Yingxin Wang2, Qiang

Shao1

Abstract. The resistance value changes as the temperature increases. However, when it is

beyond a certain range, the enthalpy of the resistor will continue to rise and damage may occur. In

view of this, in this paper, the protective e�ect of POLYSWITCH on resistor was analyzed based

on the mathematical model. First of all, the current status of application and research of resistor

and integrated circuit in China were introduced; then, the protective e�ect of POLYSWITCH on

resistor was analyzed based on the ANSYS mathematical model; �nally, the protective e�ect of

common thermal resistor and POLYSWITCH resistor under the ANSYS mathematical model were

tested by di�erent current values. Studies show that POLYSWITCH can make resistors more

resistant to current shock and voltage resistance, thus ensuring the durability of resistors for long

term use.

Key words. Construction of mathematical model, POLYSWITCH, protective function of

resistor.

1. Introduction

Resistors, as a kind of important and versatile electronic components, have more
than 100 years of history. The latest developments in the scale and quality of elec-
tronic resistors have reached a new level. The reliable resistors with a precision
of up to 0.001 can be produced technically with a very small size, which can be
adapted to the resistor network that is required for the integrated circuit. In elec-
tronic equipment, the resistance component accounts for most of the total number
of electronic components [1]. Therefore, all countries attach great importance to
the development of RC devices. Improving the performance is the goal of resistance
devices manufacturers all over the world. They constantly study and use new mate-
rials, fundamentally improve the performance of RC components and expand their
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applications. In recent years, the components made in China are stable, and the
output of the products continues to rise, moving forward at a pace of doubling in
three years [2].

Metal �lm resistors, manufactured in 1950s, are a variety of high stability, high
quality resistors. The development of integrated circuit in 1960s has made the
miniaturization of electronic components in a new era. The development of large-
scale and VLSI circuits in the 1980s has made profound changes in the structure of
the electronics industry [3]. The advantages of integrated circuits are obvious, but
the integrated circuit cannot completely replace the discrete components. There are
still many components that are not integrated, and discrete components are needed
to make up for them. It will take a long time for so many varieties of resistors to
continue to develop, including resistor networks, potentiometers, and a variety of
sensitive resistors [4].

2. State of the art

The use of POLYSWITCH thermistors for overcurrent protection is becoming
increasingly widespread. In recent years, with the rapid development of science and
technology and electronic communications, online distribution of the main distribu-
tion frame has reached hundreds of millions. Especially in the relatively complex
environment of the rural areas, because of lightning, electromagnetic interference
and power line collision, a short circuit can cause damage to the circuit board of
the distribution module or switchboard, and can cause serious �ame combustion [5].
All of these have caused great potential danger to communication security, so the
protection of communication equipment is an important issue for the communication
industry. Previously, this protection was done using a hot coil or protective circuit.
Because the quality is not uniform, the protection e�ect is not obvious. Now using
excellent UI function of POLYSWITCH components, the POLYSWITCH thermis-
tor is designed for the over-current protection on program-controlled switches and
wiring boards. The problem has been solved and the number has risen sharply
[6]. At present, there are a lot of integrated circuits and modules in communica-
tion equipment. The problems, such as low working voltage, strong current and
low overcurrent, exist. Relatively high lightning protection and high voltage re-
sistance of communication lines is required [7]. The maximum rated voltage of
the POLYSWITCH thermistor is between 30V and 265V, and the communication
equipment (line) has over-current protective e�ect. The maximum rated voltage
used by the POLYSWITCH component is between 250V and 650V. Therefore, the
over-current protection type POLYSWITCH thermistors exhibit high temperature
cycle requirements [8].
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3. Methodology

3.1. ANSYS mathematical model analysis method

The most critical task of the simulation method is to construct an objective
mathematical model and match the exact underlying database. Its advantage is
that it provides great convenience for the future grounding resistance, structure
optimization, performance simulation and so on. However, building models and basic
databases takes a lot of time and cost, and the deviations between the mathematical
model and the basic parameters directly a�ects the accuracy of the results. The
ANSYS software was created and developed by Dr. John Swanson, a professor at
the University of Pittsburgh in 1970. It can analyze the physical �elds such as
structures, heat, electromagnetic �elds, �uids, acoustic �elds and coupled �elds. In
addition, it can be used in many �elds, such as mechanical, aircraft design, energy,
tra�c, water conservancy, architectural design, circuit simulation, medical teaching,
and so on. ANSYS software provides CATIA, UG, PRO/E and other mainstream
CAD software data interface. The �nite element model is established to load, solve
and examine the results [9].

In this study, the main steps of �nite element analysis are to build �nite element
models, load and solve, and post process results and examine the e�ects. According
to the analysis described in the POLYSWITCH (polymer composite thermistor), the
material properties include conductivity, material density, speci�c heat of the ma-
terial, resistivity of the material, and temperature coe�cient of resistance. Applied
loads include convection loads and initial temperatures [10].

The thermal �eld analysis of polymers is mainly determined by the physical �eld
of polymer composites, and the thermal complex of all polymers can be analyzed
by two general analytical methods: ordered polymer thermal composites and direct
polymer thermal composites. The sequential polymer thermal compounding refers
to that two or more physical �elds are analyzed in a certain order, and then the
results of the previous analysis are applied as a load to the polymer thermal �t for
the next analysis. The direct polymer thermosensitive composite consists of only
one analysis, and the units used contain two or more �eld degrees of freedom.

ANSYS software is attached with a variety of thermistor coupling units. Through
the simulation experiments, it is found that solid 69 thermistor coupling unit is the
most appropriate. The use of such units can be directly coupled to the current �eld
directly on the model temperature �eld and operation, which greatly reduces the
workload. SOLID 69 is a three-dimensional eight-node hexahedral element which
consists of two degrees of freedom: voltage and temperature. It can achieve the
Joule heat generated by the current, transient and steady state analyses. Common
thermistors are shown in Fig. 1.

3.2. POLYSWITCH resistor protection analysis process
under ANSYS mathematical model

Every ANSYS analysis must include material properties. For example, at least
the relative permeability of the material is input during electromagnetic �eld analy-
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Fig. 1. Common thermistors

sis; and the modulus of the material is used as an input to structural analysis. The
main components of the resistor include lead, protective layer, metal cap, melt and
ceramic substrate. The main material of lead is copper, and the surface is coated
with tin thin layer, the main purpose of which is to weld better. Because the tin
layer is very thin, the fused wire has little in�uence on the fusing performance of
the resistor. Therefore, the simulation results only require the material properties
of copper wire, which will not a�ect the results of simulation.

POLYSWITCH resistance is characterized by the aspects as follows: hardness
is Rockwell hardness, namely HRA80-90, which is second only after diamond and
far exceeds the wear resistance of wear-resistant steel and stainless steel; abrasive
resistance is excellent, the abrasive resistance of manganese steel and high chromium
cast iron is very good, but the abrasive resistance of alumina ceramics is 266 times
and 171.5 times than the two, and it can extend at least ten times the equipment life
or more under the same operating conditions; the weight is light, and the density is
half of the steel, thereby reducing the load on the equipment. The speci�c physical
parameters of the components of the POLYSWITCH resistor are shown in Table 1.

Table 1. Speci�c physical parameters of the components of the POLYSWITCH resistor

Material Density
(kg/m3)

Thermal
conduc-
tivity
(W/mK)

Speci�c
heat capac-
ity (J/kg)

Resistivity
(Ωm)

Resistance
tempera-
ture co-
e�cient
(TRC)

Copper 8920 400 390 1.75 × 10−8 -

Protective
layer

2650 1.3 795 - -

Iron 7900 80 448 1.0 × 10−7 -

Alumina ce-
ramic

3600 25 - - -

Nickel
chromium
wire

8300 16.75 460 1.08 × 10−6 -
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Because the temperature range of the POLYSWITCH resistor melt is large, the
variation of resistivity with temperature cannot be neglected. By using the following
formula, the resistivity at di�erent temperatures can be calculated.

ρ = ρ0(1 + αt) , (1)

where ρ0 is the resistivity of the melt at room temperature, and α is the resistance
temperature coe�cient.

The �rst is the formula method, which is used to de�ne the relationship between
parameters and temperature changes. In each step of the ANSYS iterative operation,
the temperature values of each node are �rst read, and then the corresponding
parameter values are calculated by a formula for continuous operation. If the phase
transition occurs at a certain temperature, the simulation results obtained by the
formula will be incorrect, because the change trend of the parameters before and after
the phase transition temperature is di�erent. Another method is the look-up table
method. The physical parameter values and temperature values corresponding to
the table are obtained by a test or other method in a certain temperature range, i.e.,
each temperature parameter corresponds to the parameter value. In calculations,
the ANSYS automatically reads the temperature corresponding to the calculated
parameter in the form. Melting involves phase transition. Phase change analysis
must take into account the potential heat of the material, i.e., enthalpy. In ANSYS,
the enthalpy of input is used as the material parameter to calculate the enthalpy of
the material. Since the enthalpy is a temperature change, the enthalpy is nonlinear.

When the object is solid, the temperature is TS, and the heat capacity is CS.
When the object is liquid, the temperature is Tτ , and the heat capacity is Cτ . The
two temperatures are de�ned and the latent heat is obtained in the �nite element
analysis. The enthalpy calculation method at di�erent temperatures is as follows:

Below the solid temperature

H = pC(T − Tτ ) . (2)

When the object is in liquid state

H = Hs + pC(T − Tτ ) , (3)

The enthalpy of the body can be obtained from the above formula. The values
at particular temperatures are given in Table 2.

Table 2. Values of heat enthalpy of an object at various temperatures

Temperature (K) Enthalpy (J)

0 0

1399 5.34E9

1401 1.12E10

2000 1.42E10

In addition, meshing is a very important step in the ANSYS simulation process,
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Fig. 2. Change curve of enthalpy value of resistor with temperature

because the correctness of ANSYS �nite element calculation is mainly determined by
the quality of the mesh. For free mesh, unit shape has no special requirement. The
shape regular or irregular model can be divided into surface automatic generation
triangle or quadrilateral mesh, and the body automatically generates tetrahedral
mesh. The scanning mesh is mainly used in 3D model, which is to scan the whole
cell from the source grid element.

For POLYSWITCH resistor, the load is �rst set as the initial condition. In
general, the initial temperature of the model node is 20 ◦C. Secondly, the boundary
conditions should be set up: thermal analysis conditions. Both ends of the load
resistance force convection are assumed so that the temperature at both ends stays
at 50 ◦C.

4. Result analysis and discussion

According to the project target, and combined with the current test hardware
and software conditions, the project was selected through simulation test method.
Through the test data, the actual heating parameters of POLYSWITCH resistance
were obtained, and protection suggestions were put forward according to these pa-
rameters. According to the actual situation of the southern power grid, this study
used typical structure, the hangers ZDZ66-10-10 POLYSWITCH resistors with the
largest number to carry out the simulation test. The test was divided into two
parts: single chip resistance heating test of common thermistor and POLYSWITCH
resistance heating test.

The test was to apply frequency current on a common thermistor single resistor,
so that the temperature rise of the time curve and the �nal heat balance tempera-
ture or blowing temperature were measured under di�erent currents. The DZ alloy
resistor which was reliably welded and secured to a special bracket was powered by
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a 8000 kVA test transformer and regulated with a 500 kVA regulator. The test cur-
rent was monitored by the 1000/5 current transformer and the T24 ammeter. The
impedance parameters of the line and equipment were obtained by several small
current tests before and after the test. Then, the enthalpy and voltage of each test
current were calculated. Three current values of 200A, 300A, and 400A were tested
each time. The results are as listed in Table 3

Table 3. Results of temperature rise test of monolithic thermistor

Current (A) Time (s) Hot spot temperature rise (K) Enthalpy (J)

50 192 57

100 307 84

200A 150 390 136

200 436 172

300 471 274

50 280 63

100 435 89

300A 150 495 144

200 530 179

300 629 279

50 460 105

100 660 132

400A 150 742 183

200 814 229

300 885 323

According to the results of above test several test current, it can be seen that
under the action of 200A and 300A frequency power, the heating temperature of
the hot spot is relatively mild, and the enthalpy of the two current is about 5
thresholds. The ordinary thermistor can reach the thermal equilibrium state at
373K under 200A power frequency. There is no abnormal heating process, and
the appearance of the resistor has no obvious change after cooling. The common
thermistor can achieve the thermal balance under the 300A power frequency and the
612K temperature. The heating time is 300 s, without abnormal heating process.
After the cooling, the appearance resistance chip has slight change in color. But
under the 400A power frequency and current, the hot spot reaches 885 ◦C in 300
seconds, without any abnormal heating process. After cooling, the appearance color
of the resistance �lm has changed signi�cantly.

A frequency current was applied to the POLYSWITCH resistance to measure
the temperature rise at di�erent currents and possible thermal equilibrium tempera-
tures. The products A, ZDZ66-10-10 type POLYSWITCH resistor was tested, which
was powered by the 8000 kVA test transformer. The test voltage was adjusted by
500 kVA regulator and monitored by 1000V current transformer and T24 ammeter.
The current was tested (current was less than 100A clamp current meter, and the
test ensured measurement accuracy), and the infrared imaging equipment, auto-
matic temperature and full video were used. Before the formal test, the impedance
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parameters of the line and the equipment were obtained by small current test. By
calculating the test current, the voltage was applied to the required voltage. Each
test was carried out in accordance with three current values of 200A, 300A, and
400A. The resistor grid was only allowed to be opened in a short period of temper-
ature measurement. The resistor gate was kept as close as possible during the rest
of the time, so that the analog resistor was in the best test state. The test results
are listed in Table 4.

Table 4. Test results of temperature rise of POLYSWITCH resistor

Current (A) Time (s) Hottest point tem-
perature rise (K)

Enthalpy (J) Hot spot

10 23.1 15.6 Central region

20 48.7 25.9 Upper central region

200A 50 182 36.7 Upper area

80 299 52.4 Upper area

100 361 71.5 Uppermost central region

10 37 17.3 Central region

20 76 29 Upper central region

300A 50 270 41 Upper area

80 353 55.4 Upper area

100 405 75.9 Uppermost central region

10 43 26.8 Central region

20 115 43.7 Upper central region

400A 50 387 54 Upper area

80 436 63.2 Upper area

100 523 88 Uppermost central region

From the data above, it can be found that the POLYSWITCH resistor cannot
achieve thermal balance in the range of 385K under the action of 200A frequency
current. After experiencing the heating time of 95 s, the hottest point temperature
rise of the resistor reaches 405K, and the hot spot is located in the uppermost middle
region. There is no abnormality during the test, and the appearance of the resistor
after cooling has no obvious change. When the POLYSWITCH resistor is under the
action of 250A frequency current, the thermal balance state cannot be reached in
the range of 385K. After the heating time of 75 s, the hottest point temperature rise
of the resistor reaches 405K, and the hot spot is located in the uppermost middle
region. There is no abnormality during the test, and the appearance of the resistor
after cooling has no obvious change. When the POLYSWITCH resistor is under the
action of 400A frequency current, the thermal balance state cannot be reached in
the range of 385K. After the heating time of 100 s, the hottest point temperature rise
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of the resistor reaches 523K, and the hot spot is located in the uppermost middle
region. There is no abnormality during the test, and the appearance of the resistor
after cooling has no obvious change. In summary, compared with the ordinary
thermistor under the same current test condition, the POLYSWITCH resistor has
lower enthalpy value, relatively stable temperature and better protective e�ect of the
electric appliance. In addition, it has more stable physical properties and improves
durability.

5. Conclusion

With the introduction of all kinds of electrical equipment, the electrical equip-
ment commonly used in thermistors has been used for the �rst time to protect
them. Application areas continue to expand in communications equipment. Small
power input saturation and battery charger products have been applied. The fuse
tube equipment can be replaced by thermistors to play over voltage protection, and
over-current protection. In this paper, the protective e�ect of POLYSWITCH on
resistor based on mathematical model was studied. Firstly, the research and ap-
plication of resistors at home and abroad were introduced; then, the main steps of
constructing the mathematical model were analyzed; with this model, the protec-
tion of POLYSWITCH resistor was discussed; �nally, the mathematical model was
used to compare the protective e�ects of common thermistors and POLYSWITCH
resistors. Research shows that based on the role of POLYSWITCH, the associated
resistors can save electricity costs and achieve a safe and e�cient power plan. There-
fore, the choice of POLYSWITCH resistor is the inevitable trend of the development
of high-end electronic products. In addition, POLYSWITCH heating resistors need
to be evenly distributed through various methods, so as to improve the reaction time
and improve the working e�ciency of the appliance.
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Application and design of mobile
intelligent terminal security protection

system based on android platform

Zhang Qi1, Wang Haoxin2, Hu Jing3

Abstract. With the rapid development of mobile Internet information technology, a large
number of mobile systems are surging up just like the waves, and people’s daily life is also increas-
ingly inseparable from these mobile systems. However, at the same time of that the mobile system
brings convenience to people, it can’t be ignored that it may reveal people’s personal privacy in-
formation and even endanger people’s lives and property. Therefore, how to improve the security
of the mobile phone system has become an urgent need to solve the problem. In this paper, the
application of the mobile intelligent terminal security protection system based on Android platform
was devised, and then, a system with perfect function, good interface and excellent performance
was formed by constantly updating the system version and repairing some loopholes and defects of
the system.

Key words. Mobile intelligent terminal, security protection, system application.

1. Introduction

As we all know, with the development and popularization of smart phones, the
mobile phone security management functions are becoming more and more impor-
tant. Based on the actual needs, this paper designs and implements an application
of mobile intelligent terminal security protection system based on Android platform.
Android is a system platform and operating system based on the Linux kernel [1]. As
an open source operating system, Android’s technical architecture is easy to master,
and furthermore, it is easy to implement the system solutions. At the same time,
Android platform open source promotes that the application system based on the
Android platform in the smart phone market is increasing [2]. Therefore, there are
various problems that need to be solved in security and experience, for example:
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some illegal systems may threaten the performance and security of mobile phones,
and ultimately cause time and economic losses to the mobile phone users whose
guard consciousness is weak [3]. Based on the above reasons, it is imperative to
design an application of the mobile intelligent terminal security protection system
based on application with better performance.

2. State of the art

At present, the domestic Android phone security protection system is 360 security
protection system, the proportion of users is far ahead, which ranks first in the
industry, and furthermore, it continues to lead the mobile security market [4]. 360
security protection system’s main features include: mobile phone antivirus, mobile
phone physical examination, mobile phone acceleration, harassing SMS / phone
interception, personal privacy protection, call attribution display and query, mobile
phone physical examination, commonly used number inquiries. In the statistics
of Ai media, Tencent mobile housekeeper has the second largest number of users.
Tencent QQ mobile phone management is a mobile phone security protection system
launched by Tencent for users [5]. At first, the purpose of designing Tencent mobile
phone housekeeper is to protect the user’s QQ account Internet security. Then,
this system is widely praised by people because of its superior performance, and it
gradually develops into a versatile antivirus system. At the same time, from the
user’s point of view, some small functions that are close to the actual needs of users
are developed, which are fit for the pursuit of the fashion of users. Tencent mobile
phone housekeeper is not only a security expert, and moreover, it is also the user’s
intimate butler.

In contrast, foreign applications do better in users’ privacy. However, it is in-
evitable that many malicious systems run secretly in the background, steal the traffic
and information. Therefore, foreign countries also attach great importance to mo-
bile phone security, which release a variety of security applications [6]. AVG is
currently an anti-virus system widely used on the Android platform, it has a power-
ful virus scanning capabilities, provides personalized security information services,
at the same time, it also has GPS function, which can carry out the reverse tracking
to the mobile phones lost, and then protect users’ mobile phone security from all
aspects. Kaspersky Anti-Virus System is the leader in foreign security systems. At
present, it has been extended to the mobile field [7]. Whether it is in the antivirus
or privacy protection, the system shows a very good advantage, which is a very
professional antivirus system.

3. Methodology

3.1. System architecture design

MVC is a system design pattern. MVC is divided into three levels, and the three
letters of MVC are the abbreviation of three words, which are respectively the Model



APPLICATION AND DESIGN OF TERMINAL 851

layer, View layer, Control layer. The first is the Model layer, which is primarily the
core functionality of the packaging system. The second is the View layer, which is
mainly responsible for the human-computer interactive part, processing the user’s
request and displaying the processing results [8]. And then, the main business logic
processing is encapsulated in the Controller layer, the users’ related requests are
implemented in this layer. The design idea advocates to respectively realizing the
system interface, data processing, business logic processing, etc., so as to achieve
that the system will not cause the tedious change works and make mistakes because
of the complexity of the system code association when it needs to modify or extend
the relevant functions in the development or even the latter part of the maintenance
process [9]. In addition, the business logic functions and the program interfaces are
separated, which can also allow developers to focus more on achieving the customiza-
tion of system function business, rather than rigidly adhering to the redundant and
complex configuration of the framework. The system logical architecture diagram is
shown in Fig. 1 below.

Fig. 1. System logic architecture diagram

The system client of the system adopts the Android program written by Java
language, while the server uses the ThinkPHP framework to conduct design. Then,
Nginx + Apache architecture builds a distributed cluster server by coordinating with
keepalived [10]. This distributed master-slave server architecture can transfer the
failure point to the backup server, so that the corresponding system functions can be
directly transferred to the backup server when the system function failure appears,
thus ensuring that the system can run properly. Moreover, in order to improve the
overall data privacy security of the system and the reliability of the system data
transmission, for some critical data of the system, the RSS encryption algorithm is
used to carry out the encrypted transmission. In addition, in the design process of the
system, it is necessary to strictly follow the RBAC access authority design principles,
strictly control the system access operation authority among different roles, so as to
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ensure that the user permissions between different user roles in the system operation
process are not the same, thereby achieving the fundamental purpose of protecting
the system data information security. The physical architecture diagram of the
system is shown in Fig. 2 below.

Fig. 2. System physical architecture diagrams

3.2. System database design

The database is used to store data and provide support for the business functions
of the system. Therefore, in the final analysis, the database design is to achieve two
goals: the first is to meet the requirements of system transaction processing, that
is, to meet the function that the system needs to achieve. However, it is still not
enough to be satisfied with the functions that the system needs to meet, because
the business system needs to achieve a certain processing efficiency. If the access
to the database makes that the system performance is greatly reduced, it can only
indicate that the design of the database is unreasonable; the second is to store the
data. Business systems will produce a lot of data every day, these data do not have
a big effect currently, but a lot of regular data are hided there, which can be found
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by a large number of data. Therefore, the E-R modeling method needs to be used to
build the basic model architecture of the database. The mobile intelligent terminal
security protection system based on the Android platform includes five major func-
tional modules: mobile phone anti-theft function, remote command control function,
mobile phone antivirus function, process management functions, system upgrades.
At present, the mobile phone anti-theft function is the core function of the secu-
rity system, and the main purpose for designing this function is to protect that the
user’s personal information will not be leaked because the cell phone was stolen.
When the mobile phone is lost, the user can directly send the appropriate operation
instructions to destroy the remaining data information in the phone through this
function.

When a user discovers that his cell phone is stolen or lost, he can directly send
the appropriate command to the lost phone to remotely control the phone to destroy
personal information through the remote command function. Mobile antivirus func-
tion is mainly to use Pack Manager to compile all of the program packages in the
system. According to compare the package name digital signature of different pro-
cedures with the virus digital signature in database, when the match is successful,
the program can be identified as a virus program, and then it is unloaded from the
mobile phone system. System upgrade function is mainly to conduct the phased up-
grade for the anti-virus database information in the system, so as to ensure that the
system’s virus killing ability can maintain long-term effective. The system interface
implementation diagram is shown in Fig. 3.

Fig. 3. System interface implementation diagram (Chinese version)
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4. Result analysis and discussion

4.1. Test overview

Software testing is one of the important aspects of project construction, which is
a comprehensive and complete detection to the code developed before. According to
test the system that has been developed, the existing problems or hidden problems
of the code can be found. And then, after timely repairing the problems found, the
regression testing is carried out, so as to make the code keep constantly robust and
stable in the test again and again.

The system of the software developed is tested through the corresponding test
method. During the testing process, some errors are obtained and the bugs are
fixed, so as to ensure that the system can maintain long-time stable operation. At
the same time, people also hope to be able to find some subtle loopholes that are
not found or even not noticed in the software development process at the time of
testing, and then rapidly repair them. The software test needs to first simulate a set
of data, the data should cover all possible situations as much as possible, and then
enter them into the system. If the desired output can be obtained, it indicates that
the software system is correct; if the desired output can’t be obtained, it indicates
that the software system is wrong and the software needs to be modified. After the
modification is complete, the data needs to be tested again, thereby ensuring that
the final software system is correct.

4.2. Test content

At present, the software testing process has several common test methods. The
first is white box and black box test method: white box test refers to the tester
is very clear about the internal structure of the software, the white box testing is
generally carried out through the exhaustive path. Black box testing is also known as
functional testing, while its meaning is the opposite of the white box test, the tester
is not clear about the internal structure of the software, which tests the software
functions completely in accordance with the requirements specification and detailed
design specifications. Gray box testing is based on the white box testing and the
black box testing, which not only pays attention to the internal structure of the
program, but also concerns about the specific function of the software. The second is
static test method: static method checks the source code syntax, structure, process,
interface, so as to identify the software defects. While the dynamic test method does
not care about the source program itself, which only concerns about the difference
between the operation results and the expected results of the program. The third is
unit test method: this method is also known as the module test. The integrated test
is also known as assembly test or joint test, it is the test after assembling all software
modules into a system. Before the final deployment of the software, the acceptance
test is conducted. The acceptance test is the last test link after completing the
unit test, the integration test and the validation test. After the acceptance test is
completed, the product can be released and used. The task of the acceptance test is
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to ensure that the software has entered the ready state, and then to verify whether
the functionality of the software is consistent with the user’s requirements. The
regression test is to carry out the second after modifying the error of the software
test. Alpha testing and beta testing are software testing during the commissioning.

The security protection system of the mobile intelligent terminal based on An-
droid platform designed in this paper mainly used the black box to carry out test.
According to use Load Runner software, a whole test was conducted to the perfor-
mance of the system. Different levels of user access simulation for the system were
mainly carried out, and then, the overall response time of the system was tested,
so as to determine whether the system met the actual requirements of the actual
bearing. According to carry out the systematic testing and other operations to the
main functions of the program, the 10 minutes of testing was carried out in accor-
dance with the 50, 100 and 200 concurrent number, the average user pass time and
the pass time of 90% users were recorded at each time. And the performance test
situation of the partial operation obtained is shown in Table 1.

Table 1. A test table that is concurrent with some users of the system

Function Test the user login process

Purpose Verify the concurrency of the system when the performance is reached 200
times

Methods Virtual maximum maximum limit of 250 concurrent, minimum 50 concur-
rent test scripts

Concurrency Average re-
sponse time
(seconds)

Transaction
maximum
response
time (sec-
onds)

Average
transactions
per second

Transaction
success rate

Clicks per
second

50 0.6 1.4 102.154 100% 50.00

100 0.9 1.6 117.941 100% 125.941

150 1.8 3.2 231.667 100% 154.742

200 2.8 4.7 292.173 100% 245.851

250 10.5 22.4 180.411 100% 271.212

Number of
concurrent
users

CPU uti-
lization

Utilization
rate of
MEM

Disk I/O
situation

DB parame-
ter (M)

The other
parameters
not listed in
the table

50 3% 4.53 451.319 3500/400 3%

100 21% 8.16 579.951 3500/400 21%

150 26% 12.32 671.532 3500/400 26%

200 35% 19.21 785.435 3500/400 35%

250 47% 31.13 800.233 3500/400 47%
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According to the result display of the above test, the following conclusions are
obtained: in the case of that the concurrent data was equal, the registration sub-
mission processing capacity was better than the login module home page display.
And then, in the case of that the number of concurrent was 100, the system could
support the normal use for about 150.000 online active users within 8 hours. After
testing, all kinds of operations met the user response time requirements, which were
mainly that at the time of browsing the tutorial course list, the loading speed did
not affect the sense of experience for users to use this function.

4.3. Test result

Program function test cases covered multiple levels of functional testing. The
most prominent was the function of security and protection system of mobile intel-
ligent terminal based on Android platform. The functional test results are shown in
Table 2.

Table 2. Functional test results table

Function module The total num-
ber of cases

The total num-
ber of defect

Resolved Unsolved

Mobile phone anti-theft
function

134 25 18 0

Cell phone anti-virus func-
tion

156 27 19 0

Process management func-
tion

100 16 14 0

Remote command control 213 28 29 0

According to conduct the tracking debugging and regression testing to the design
defects existing in the main function of the program, 45 numbers of Bug were solved
ultimately. Therefore, the program function test was feasible. The test method used
by the software program should be applied to the program management according
to the standard, and the program development requirements should be pointed out
according to the different test results. Then, the management level should be de-
scribed in accordance with the general requirements, so that the function of the
entire program can be achieved, and the normal operation of the program can be
promoted stably and safely.

5. Conclusion

As we all know, with the development and popularization of smart phones, mo-
bile phone security management functions become more and more important. This
article is to develop a convenient, practical mobile phone security system based on
the Android system to manage the mobile phone security, and then protect people’s
privacy to a certain extent, so that users can safely use the phone. The system
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mainly includes several core functions: mobile phone anti-theft function, remote
command control function, mobile phone antivirus function, process management
function, system upgrade. These functions are designed primarily for the actual
needs of the user’s mobile phone, and the purpose is to protect the user’s personal
privacy information. At the same time, the system also has a function that is similar
to system performance optimization, which is mainly to manage the system back-
ground process, and optimize the system cache file and background process, so as
to make the system have certain safety protection function, as well as certain prac-
ticability. The function of the system is to choose the most valuable application
function, so that users can quickly start using in the process, rather than too many
functions of most anti-virus systems in the market, thus resulting in dazzling. In
addition, the system also implements the open source free principle, which does not
embed the advertising information forcibly, and this allows users to avoid the ad-
vertising troubles in the use process. At this stage, such an anti-virus system has a
certain market prospect.
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