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Reconstruction of internet of things

based on compression sensing

XIANRUI DENG', YUBIN Liu"*, WEIYING DING!

Abstract. In order to further reduce the energy consumption of wireless sensor networks
(Sensor Networks Wireless, WSNs) and prolong the network lifetime, a distributed fuzzy logic
based reasoning (WSNs) non uniform clustering routing (DUCF) is proposed. Wireless Sensor
Networks (Sensor Networks Wireless, WSNs) are widely used in various fields. While the limited
battery power is one of the biggest challenges in deploying WSNs applications, reducing the energy
consumption of nodes has become the focus of research. The most common way to conserve energy
is to use the node’s sleep wake mechanism. For this purpose, the Improved New protocol time-
based Relieved energy consumption (sleep) is proposed based on the optimal sleep time. The new
protocol algorithm can improve the energy efficiency of the nodes by dynamically setting the time of
the nodes. new protocol algorithm first establishes the sensing anomaly event model, and predicts
the occurrence rate of the next abnormal event, and then establishes the cost function according to
the residual energy factor and the data risk factor. The contradiction between the network energy
consumption and the detection time delay of abnormal events by using the cost function. Finally,
by solving the cost function of the optimal bisection method, the sleep time. The simulation results
show that the proposed new protocol algorithm can effectively reduce the energy consumption and
prolong the network lifetime without increasing the delay.
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1. Introduction

WSNs (Wireless Sensor Network) is applied in every walk of life, such as envi-
ronmental monitoring of plant production, health care, target tracking and military
reconnaissance [1-2]. Sensor node senses environmental data on a specified period
and transmit it to information sink via multihop communication in monitoring area.
For example, in plant cultivation base, sensor node senses environmental message
such as temperature and humidity. By analyzing sensing data to determine if mon-
itoring environment is in favor of vegetation or not [3-4]. These WSNs applications
require that monitoring area can be fully covered by sensor node, namely all moni-
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toring area is within sensing range of sensor node. SPMSC-Boc scheme mainly solve
two problems: 1) how to forecast dump energy of sensor node, including energy
consumption and obtained solar energy of current node; 2) how to dispatch node
mobility. For one thing, estimate shadow area using growth model of the plant,
at the same time, divide monitoring area into multiple grids that each node may
cover one single grid, and dispatch node mobility to ensure that there’s at least one
node will across from each grid within work cycle. In the end, initial parameter of
simulation is established and computer simulation is carried out through experiment
reparation, the performance of SPMSC-Boc scheme is analyzed. Simulation results
demonstrate that the node number of SPMSC scheme proposed reduced 4% and
network lifetime improved 10% compared with similar schemes.

2. System model and problem description
2.1. Energy model

Each sensor mode may use solar panel to obtain energy Fgjq,, which is relevant
to solar radiation intensity, as shown in formula (1)

Esolar =cX Egen ’ (1)

where, Egey, is denoted as energy obtained by solar radiation intensity, c is ¢ solar
radiation intensity, unit is MJ/m?.

The energy of sensor node mainly consumed in node movement, data transmission
and data acceptance. Energy consumption of data transmission and data acceptance
are Errens (€,d) and ERrecep (), respectively, the definition of it is shown as in
formula (2) and (3).

ET7'ans (xa d) = Eelec Xz + Eamp X T X d2 ) (2)

ERecep (-777 d) = Eelec X T, (3)

where, x is bit number, d is transmission distance. Egje. and €4mp are denoted
as energy consumption of signal and power amplifier, respectively, and they are the
constant [§].
Energy consumption of node movement is denoted as F,y,,ye, as shown in formula
(4).
Ermove = dm X Em y (4)

where, d,,, is denoted as moving distance and FE,, is denoted as energy consump-
tion of when moving 1m [1].

In addition, sensor node needs to sense environmental data. Suppose that to
sense energy consumption of x bit number:

Esense = Eelec Xx+ Es 3 (5)



RECONSTRUCTION OF INTERNET OF THINGS BASED ON COMPRESSION SENSINGL205

where, E; is denoted as energy required when starting sensing data.
2.2. Solar energy model

Based on the analysis above, the intensity of solar radiation determines solar
energy. Radiation intensity however changes along with weather situation. Toward
this reason, four various kinds of radiation intensity cnight (t), Ceioudy (t), Csunny (t)
and Cshadowy (t) , which are denoted as radiation intensity of night, daytime, sunny
day andsunshine-covering, are defined. Intensity of solar radiation is determined by
vegetation and solar position if it’s sunny day, as shown in figure 1. The sun is
covered by tomato. According to related literature, plant growth Ny:

K
K —n
1+ (Nt,l—l) e

where, N;, K and n are denoted as height, weight and growth parameter of plant,

respectively.

Fig. 1. Shadow diagram

Nt == 3 (6)

3. SPMSC scheme of location
3.1. Computational energy

Initial ¢; within every working cycle I, each node forecasts energy consumption
and energy supply (solar energy) within I, then compute ¢; + I dump energy when
work cycle I comes to an end. There are two situations: node remains static in work
cycle I; node moves in work cycle I. The determination of movement for node is
based on moving strategy.

Next, for one thing, forecast energy consumption and energy supply. According
to energy model of previous section, the node is within time of ¢; and ¢;+1, consumed

energy E, . -
Et;tal = Esense + ETrans + ERecep + Emove X flaga (7)

where, flag is denoted as if the node moves or not. If node doesn’t move,
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flag = 0, otherwise flag = 1.

In addition, each node forecasts obtained energy E:;w ; through solar panel within
time of ¢; and ¢; + I. Based on analysis of section 2.3. Weather situation has
an impact on energy E;ml. Suppose that the node determines weather condition
by sensing weather, temperature and humidity etc data. Therefore, four marking
variables auight (), Qcloudy (t); Csunny (t) and aspadowy (t) require to be defined, if
their value are 1, then it indicates that it’s night, cloudy day, sunny day and sun-

covering, otherwise is 0. Obtained energy E:;ml of node:

t]‘+1
Et—t)tal =Egen X / [Csunny (£) X Qsunny (t)
t

3
+ Cshadowy (t) X ashadowy (t) (8)
+ Cnight (t) X Qlnight (t)
+ Ccloudy (t) X Oeloudy (t)} dt.

3.2. Mobile scheduling of node

3.2.1. Selection of zone head

At the beginning of each work cycle I, one node is selected for each subdomain
as the leader of it, it’s called as head zone LN(Leader Node). Each head zone LN
takes charge of mobile scheduling work of node mobility within domain in order to
make the whole domain is covered with node.

At the initial time ¢; within work cycle I, dump energy Eresiquar for node is
computed and set timer Tj, according to Eyesiqual, ONCe a timer is terminated, be
prepared to broadcast campaign message My of head zone. If no message My
received from other nodes before the completed timing of a timer, then immediately
broadcast message My when definite time is terminated, and it becomes LN of
this subdomain. If message My received from other nodes, then reset the times
and close it.

e
mer Eresidual ’

where, |-] is denoted as integer conversion of lifting step.

Based on formula (9), nodes with more dump energy come with great probability
of becoming head zone LN.

3.2.2.  scheduling node mobility

Head zone LN will collect beacon packet sent from sensor node within domain
after head LN is determined. Beacon packet contains current dump energy of nodes
and location information, which such location information is denoted as grid number
of specified position. Grids of each subdomain are all numbered, the grid number is
91,92,y 9m-

Head zone LN will judge nodes of uncovering network by detecting position in-
formation sent by the node within domain. Judgement principles: if nodes exist in
grids, that means such grid is covered, the other way around.
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Fig. 2. The grid

After determining uncovering network, head zone LN takes charge of node move-
ment within scheduling domain so as to ensure such uncovering networks will be
covered within work cycle I. For one thing, head zone LN obtains dump energy in-
formation of each node in head zone in advance from beacon packet, then computes
energy variation generated from all nodes to every uncovering network and selects a
most suitable moving node aiming at each uncovering network.

Set an example of figure 3, 9 grids, of which g1, g3, g7, g9 are not covered, exist
in domain A. As head zone LN, node a first compute change conditions of energy
generated from each node to g;, as shown in table 1. Table 1 lists out energy changes
of all nodes to g1, for example, if move node a to g1, 5% energy will be consumed,
node b, ¢ and f consumed 5%, 15%, 5% and 5% energy, respectively, however, if move
node d to g1, its energy will be increased. This is because solar energy obtained is
greater than consumed energy of movement in the process, its energy increased to

5%.

Table 1. Consumed energy of movement from node within subdomain A to g

Node Current energy  Dump energy after moving to g1
Node a 60% 55%
Node b 55% 50%
Node ¢ 50% 35%
Node d 55% 60%
Node f 50% 45%

Through these data, node a selects node d to move to gi, as shown in figure
3. Then select appropriate mobile node for gs, g7, go, respectively, in a similar way.
Sensing data of new position will be sent to information sink after moving.

4. Numerical analysis

The performance of SPMSC-Bo scheme is analyzed based on experiments. For
one thing, carry out experiment reparation to obtain experimental parameter, then
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Fig. 3. Sample of Movement scheduling node

conduct computer simulation and analyze the performance of SPMSC-Bo scheme.
4.1. Experimental reparation

4.1.1. Solar power supply model

This section establishes a model of solar power supply, as shown in figure 4.
MPPT (Maximum Power Point Tracking) circuit, solar panel and two batteries are
used to constitute a solar charge, of which, the size of solar panel is 104mm x 48mm.

Solar panel ||
MPPT circuit =

Fig. 4. Model of solar power supply

For one thing, measure solar energy of sunshine area and shadow area in a sunny
day. 10 times of measurement for each area, of which shadow area refers to the
sunshine area covered by plant etc obstacles. Measured date is shown as figure
2. Based on table 2, solar energy generated from sunshine area is more than from
shadow area on an equal footing, the latter only accounts for 13% of the precedent.
The data shows that intensity of sunshine radiation has an influence on solar energy.
In a follow-up experimental simulation, sunshine area in table 2 is used as energy of
unit time for sunny day and shadow area energy is used as solar energy of unit time
of night, cloudy day and sunshine-covering.

Table 2. Area energy

Area Energy

Sunshine 180mW
Shadow area 24 nW
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4.1.2.  Node mobility model

The node mobility model is shown as figure 7. Beauto detector is used as con-
sumed energy of measuring mobile node [10]. The movement speed of node is
50cm/sec and measure its electric current and power consumption in the process
of movement. By repeating experiment, power consumption is 1680mW when the
speed is measured to be 50cm/sec.

4.2. FEzxzperimental stmulation

In this experiment, tomato planting base is the main study subject, temperature
and humidity data of the base are collected with sensor node. The goal of analysis
is: dispatch node movement in a special period to have the entire base covered [11],
experiment parameter is listed out in table 3.

Table 3. Experiment parameter

Parameter Value
Target 100m=100m 200m>200m
Sensing radius 30 m
T 90d
Cell voltage 2.4V
Battery capacity 1000mAh
Eelec 50n]/bit
gamp 100pJ/bit/m?
Esense 0.018/bit
Networking protocol 802.11a
Routing protocol AODV
Propagation type TwoRay Ground

Considering the growing period of tomato, it’s required to monitor lifetime of
wireless network of tomato planting base for 90 days. That is, all ranges of tomato
planting base is to be monitored with sensor node within 90 days.

MPPT circuit g

1

Fig. 5. Tomato and model

The code moves along with ridge in tomato planting base, as shown in figure 5.
Simulate planting stent of tomato as plane figure of figure 6, of which the width and
height of ridge are 120m and 20cm, respectively. Mobile node is able to move freely
along with interspace between ridges and to move around if runs into ridge.
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Ridge(mobile node cannot run)

Fig. 6. Mobile node model

4.3. Sitmulation data and analysis

First of all, analyze the influence of mobile node number on lifetime of WSNs.
In other words, Mobile node number is needed if to maintain an coverage of 90
days. Make a comparison of SPMSC-BoC proposed and SS (Simple Scheme). So-
called SS scheme refers to node that lack of solar collection equipment, and only
dump consumption of code is taken into consideration when decision node is moving.
Repeat 10 times for each experiment and take an average value as final data. Figure
7 and 8 drew area data of two sizes 100m x 100m and 200m x 200m, respectively. Of
which, I=15mins. In figure 7, however, 23 mobile nodes are needed when SPMSC-
BoC scheme maintains lifetime of 90 days, no less than 24 mobile nodes are needed
for SS scheme. Similarly, in 200m x 200m area, 96 nodes are needed for SPMSC-BoC
scheme, however, 97 nodes are needed for SS scheme. The data shows, compared
with SS scheme, that node number of SPMSC proposed has reduced 4% and 2%,
respectively, in the area of 100m x 100m and 200m x 200m, the lifetime of SPMSC
scheme average improved 16% and 10% on average than SS scheme in 100m x 100m
and 200m x 200m environment.

’ . po R
; : -8~ SPMSC .
! i o= 55 I -

Network lifetime (day)

Number of nodes

Fig. 7. network lifetime (100m x 100m)

In addition, figure 9 describes dump energy of 23 nodes in 100m x 100m envi-
ronment. Figure 9 shows that dump energy of SPMSC-BoC scheme proposed are
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Fig. 8. Network lifetime (200m x 200m)
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Fig. 9. Dump consumption

all higher than SS scheme and the energy is in a homogeneous distribution.

5. Conclusion

This article put forward SPMSC-BoC scheme in which scheduling mobile node
is used to increase coverage rate and obtain solar energy to the best aiming at node
coverage issue of agricultural region. The most suitable node mobility is selected for
SPMSC-BoC scheme by forecasting consumed energy, which results from mobility,
of node and obtained solar power. Simulation results demonstrate that the node
number of SPMSC scheme proposed reduced 4% and network lifetime improved
10% compared with similar schemes.



1212 XIANRUI DENG, YUBIN LIU, WEIYING DING

6. Acknowledgement

The Science and Technology Support Plan in 2013 of Hebei province “Research

and development of intelligent logistics management information system for Vegeta-
bles Based on Internet of things”. (13220319D)

References

(1]
2]

3l

(4]

(5]

(6]

(7]

18]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

T.Su, W. WaNG, Z. Lv.: Rapid Delaunay triangulation for randomly distributed point
cloud data using adaptive Hilbert curve[J]. Computers & Graphics 54 (2016), 65-74.

W.Gu, Z.Lv, M. Hao.: Change detection method for remote sensing images based
on an improved Markov random field[J]. Multimedia Tools and Applications (2015),
1-16.

Z.Lv, A. TeEk, F.D. Siva: Game on, science-how video game technology may help
biologists tackle visualization challenges|J]. PloS one 8 (2013), No. 3, 57990.

C. Guo, X. Liu, M. JiN.: The research on optimization of auto supply chain network
robust model under macroeconomic fluctuations|J]. Chaos, Solitons & Fractals (2015).

X. L1, Z.Lv, J. Hu: XEarth: A 8D GIS Platform for managing massive city informa-
tion[C]//Computational Intelligence and Virtual Environments for Measurement Sys-
tems and Applications (CIVEMSA), 2015 IEEE International Conference on. IEEE
(2015), 1-6.

J.YAaNG, B. CHEN, J.ZHou: A Low-Power and Portable Biomedical Device for Res-
piratory Monitoring with a Stable Power Source[J]. Sensors 15 (2015), No.8, 19618—
19632.

T.Su, W.WanG W, Z.Lv: Rapid Delaunay triangulation for randomly distributed
point cloud data using adaptive Hilbert curve|J]. Computers & Graphics 54 (2016),
65-74.

J.Y.Hu, Z. W. Gao AND W. S. PAN.: Multiangle Social Network Recommendation
Algorithms and Similarity Network Evaluation[J]. Journal of Applied Mathematics
(2013).

J.Y.Hu AND Z. W. GAo.: Modules identification in gene positive networks of hepato-
cellular carcinoma using Pearson agglomerative method and Pearson cohesion coupling
modularity[J]. Journal of Applied Mathematics (2012).

Z.1v,A. Tek, F.D.SiwvA: Game on, science-how video game technology may help
biologists tackle visualization challenges|J]. PloS one 8 (2013), No. 3, 57990.

G.X. Liu, Y.S. GENG, K.PaHLAVAN: FEffects of calibration RFID tags on perfor-
mance of inertial navigation in indoor environment, International Conference on Com-
puting, Networking and Communications (ICNC), (Feb 2015).

J.HE, Y.S.GENG, Y.D.WaN, S.Li, K. PAHLAVAN: A cyber physical test-bed for
virtualization of RF access environment for body sensor network, IEEE Sensor Journal
13 (Oct 2013), No. 10, 3826—3836.

W.H. Huang, Y.S. GENG: Identification Method of Attack Path Based on Immune
Intrusion Detection, Journal of Networks 9 (Jan 2014), No. 4, 964-971.

X. L1, Z.Lv, J. Hu: XEarth: A 3D GIS Platform for managing massive city informa-
tion[C]. Computational Intelligence and Virtual Environments for Measurement Sys-
tems and Applications (CIVEMSA),IEEE International Conference on. IEEE (2015),
1-6.

J.HE, Y.S. GENG, F. Liu, C. Xu: CC-KF: Enhanced TOA Performance in Multipath
and NLOS Indoor Extreme Environment, IEEE Sensor Journal 14 (Nov 2014), No. 11,
3766—-3774.



RECONSTRUCTION OF INTERNET OF THINGS BASED ON COMPRESSION SENSINGL213

Received May 7, 2017



1214 XIANRUI DENG, YUBIN LIU, WEIYING DING



	Xianrui Deng, Yubin Liu, Weiying Ding: Reconstruction of internet of things based on compression sensing
	Introduction
	 System model and problem description
	 SPMSC scheme of location
	 Numerical analysis
	 Conclusion
	Acknowledgement


