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Application of hybrid compression and
converging technology in wireless

sensor network routing protocol in
China1
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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.
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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
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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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