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ABSTRACT

In this paper, a virtual force coverage enhancement algorithm based on node energy balance is proposed. Through
the virtual force between node and node and the target region between mobile node positions, nodes in the network
finally a rational distribution and uniform, and improve the network coverage performance, with a minimum of
sensor nodes to maximize the coverage area. Reducing the monitoring blind area had in wireless sensor networks,
reducing the cost of the network. Finally, the feasibility of the algorithmis verified by the experimental data.
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INTRODUCTION

Wireless sensor networks (WSN) [1-2] is an openwvaet formed by a large number of sensor nodes, hwhie
characterized by their ability to perceive, compatammunicate and store. Widely used in nationérase military,
intelligent transportation, medical and health, amironmental monitoring and intelligent home aoiher
engineering fields [3-5].

Coverage problem is a basic problem in wireless@enetwork research, and it is also the core prolb-8]. In
WSN, the target area is covered is directly relabeithe overall performance of sensor networks netevork is able

to accurately and efficiently complete the task hagitical influence. In order to improve the netWs overall
coverage, reduce the number of sensor nodes indtveork, usually need to target the coverage aféa-depth
study, the node layout more reasonable [9-11].ekent years, with the progress of science and téoty the
development of mobile robots technology promotes éimergence of mobile sensor nodes, makes thet targe
coverage area in randomly deployed sensor nodesdicg to the actual situation of heavy deploymeas made
possible, this new technology will also with theargence of mobile sensor nodes and become a bet iss

Therefore, how to use the least sensor nodes tpletarthe coverage and connectivity of the desgghatea and to
restrain the excessive energy consumption of nisdashallenging problem. This paper draws on ésearch idea
of virtual force. According to the different diréa of energy consumption of nodes in the applicatihe wireless
sensor coverage problem is studied by using the'saghergy consumption as the target instead ofritvng
distance.

PROBLEM DEFINITION AND NETWORK MODEL
Definition 1: the distance between any two nodelie«tad(a,sj) node § and S, Euclidean distance, when

d(s,sj ) <2R, R isthe radius of node sensing, call&l and S, node to the neighbor node.
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Definition 2: coverage

O,R <d(s.s)
p(s,sj)={

1)
LR-R2d(s.s)

In Rrepresentation for a node's sensing radigsrepresents the dynamic parameters monitoring semsae,
where d =d(s,sj)—(RS—Re) , d(s,sj) is the Euclidean distance between sensor nodes;n whe

d (s,sj ) <(R-R,),s node is detected, otherwise, is not detected [5-8]

Definition 3: The moving distance of the sensor exahergy consumption of the mobile and sensor nades
closely related, we assume that the energy consomet the sensor nodes to mobile unit distances@enodes in
coverage in the process of energy consumption sariarmula (2) to say:

E(s)=d xE, &)
Among them, di is the moving distance of the nodg in the process of covering.

Objectives of the algorithm is to make wirelessssemetwork to meet the heavy conditions of coriviggtenergy
consumption minimization, equalization of nodesairsensor network, maximize the wireless sensor orktsv
overall coverage.

COVERING ALGORITHM BASED ON VIRTUAL FORCE

Sress analysis of node

In the experiment, using mathematical methods ¢éoviltual force into moving distance and add endagptors.

Wireless sensor networks in the initial random dgplent, some nodes may are arranged in the faantist
monitoring point position, even is arranged on thiside of the whole monitoring area, in order takem the

random deployment of sensor nodes can be deploytitarget coverage area of internal and neatttee target
area arranged to attract the source, provide &tteato the surrounding nodes [12-14].

Assuming that the center of the target coveraga iaréhe target coverage, we regard it as an titteasource of the
target area, and it plays a role of attractionh#® tandomly deployed wireless sensor network noleaddition,
sensor node and the target area center distartberfalpy the center of attraction is greater, tasis remote sensor
nodes faster into the target within the coveraga and improve the algorithm's efficiency. Thisgrapses Hooke's
law to simulate the target region of attractionoke's law stipulates: the spring and the springdagortional to the
change of shape. Similar goals covering the regfattraction and node and a regional center distgnoportional

to, according to Hooke's law formuta= —kx, we define target coverage regional center of s&ysor node
attraction [9-10]:

F.(s) =-k,d(05) ®3)

Among them, k, is the target area center attraction coefficieniclilean distance isl(0,5). Obviously, the
regional center of attractiorf, () direction is determined by the sensor nogle points to the target area center.

This paper studies the target coverage area guidiali; each grid center provides attractive targeda to its
peripheral nodes. But if only the target area aeatiaction, then all the sensor nodes will cogeeto the target
area center, the entire network covers only tordrakpoint, no practical significance. Therefareprder to balance
the regional center of attraction cover so thatasochn be in force balance of the stationary stegeintroduce the
repulsion between neighbor nodes, in order to entel network to uniform coverage.

The introduction of the neighbor node repulsionaeen the role is to ensure that sensor nodes cae Ealance,
the coverage area of adjacent nodes not excessemrap. Ensure that the adjacent sensor nodeshievecthe
optimal distance, improve the network coverage.uAss that when the distance between adjacent seoses is
less than the best distance, it will produce theesponding repulsive force greater than the optindistance, there
is no such repulsion. For the deployment of wirgleensor networks, sensor nodes to maximize thagoriet
coverage at least are the ultimate purpose. Inrdadeneet the above conditions, when the sensoe mlistance
between the hours and by the repulsion should be,nsach ability and the smaller the distance dnedvialue
center of the target area more attractive to mairitee state of equilibrium, the repulsion betwées repulsion and
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same-sex charged particles are very similar. Adogrtb the formula of Coulomb's law, the repulsigece between
the single hop neighbors can be obtained as follows

k,(1/dZ -1/d2,),0<d, <d,,

opt 4
0,d; >d )

FF(S,SJ'):{

opt

When the distance between nodes is less than telistancel,, , it will produce a corresponding repulsive force.

This repulsion with the distance between nodeseamxs exponentially, until the distance betweenntiges is
larger than the optimal distandg, , the repulsive force disappears. In line with dlctual situation, we define the

optimal distance between adjacent nodes is:
A)<1
(A)=1

(5)

min(R, 2, ),C,,,
opt

min(R/3).C,.,
Cover the area, become useless nodes, resultingaste of resources, affect the performance of #tsvark.
Therefore, we must take some measures to ensurthéhsensor nodes in the target coverage areaatilinove the
target coverage area. The concept of boundary sigpuls introduced. Through the comprehensive efédhe
three forces, sensor nodes are randomly deploy#etiregion to the best position to the target teotiverage.

Energy is a basic problem in wireless sensor nddsyosensor networks, should try to reduce and bealdhe
network energy consumption and maximize the lifetiof the sensor network. The residual energy ofaahd
friction combination put forward the concept of metmode friction. Friction formula for mobile searsnodes:

F.=1/(UE),F. # 0 (6)

Among them, i is the coefficient of friction,E is the residual energy of the sensor nodgs,is the sensor

nodes are subject to the joint force in additioffrition. Seen from the above formula, when thetifsn of mobile
sensor nodes and node's residual energy is inygpsabortional, so that when the residual energyhefnodes is
small, received from the sensor node friction igéait is difficult to move, reduce the mobile sennodes, energy
consumption will be reduced. In this way, the beatarmf the residual energy of the entire sensor ordtvis
guaranteed, and the network lifetime is prolonged.

It force sensor nodes, but also do not know howdle of sensor nodes in these mobile forces. Afterformation
of the network, the wireless sensor network nodesrandomly deployed, not all nodes are not in tdrget
coverage area. When the node coverage area whthitatget, the use of four kinds of virtual fore@nsure that
the sensor nodes as much as possible to achievm#hgosition. And when the nodes in the targee@me area
outside, in order to make the external node caterfasmito the target coverage area, improve the owtw
performance; we assume that at this time all eatenodes only by the target coverage of regionatereof
attraction. The sensor node is expected to:

()

%={Fa(s>+Fr(s>+Fb(s>+Fc(s>,s 0s
AOREE

S represents a collection of sensor nodes in tigetaroverage area. The stress analysis and theenattuhe
tangent function of the sensor nodes are integratedithe formula for the single step distancénefdensor nodes is
as follows:

d(s) = arctanﬂl) y% xd,_ 8

The direction of movement of the node is the dicgcof the joint force. Each sensor node accordinthe virtual
force to move to a new position, and update thedinates (x, y) for the new coordinate<, y'), the following

formula:
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X+

IE:yxarctankF S I))<]—2T><dmax F.2F,NF § ¥ O
x,F, <F,UF(s)=0 ©)

F — 2
_y i
y = y+ nyxarctanb: 6 '))<7_[><dmax F.2FR,NF§ ¥ C

y:F. <F,UF(s)=0

Virtual force node coverage algorithm
When we need to monitor the target coverage arearandom deployment of wireless sensor networlespthe
algorithm begins to run.

First, each sensor node to broadcast the situatotransmit their position information and residualergy
information, and through the sink node will send thformation to the control terminal, the contretminal after
getting the information according to the formulatieé mobile node distance of the sensor, simulsearovement
of sensor nodes, adjusting the sensor node posiéeat the process, until the sensor nodes dreobile, the
termination of the algorithm. The control termidleach sensor node had location information i$ &ethe sensor
network, each sensor node according to the infaomaéceived by the mobile to the correspondingtjors

In order to make the algorithm converge faster amid the state of infinite loop, we need to sétrashold value
of Cth. Sensor nodes on a simulated mobile, naaiglyrithm for cycle time, when the algorithm cycteseach the
threshold CTH, regardless of the results, to the ehthe algorithm, sensor nodes are not mobilgrave the
algorithm's efficiency.

In addition, considering the residual energy ofssemodes not much, if to continue the nodes ofilmpo that the
node energy faster depletion, the region of theitadng node will become vulnerability monitoringffect the
performance of the whole network. Therefore, thieghold value of a friction force is provided, @hd sensor node
does not move when the friction force of the semsute is greater than the threshold value. Inwlaig, the service
time of the sensor nodes can be extended as farsathle, which improves the performance and feéirie of the
whole sensor network, and also balances the ememgumption of the whole sensor network.

Algorithm process and rationality analysis

The preceding discussion and research are in tmefmsional space, and in the practical applicatiom,nodes of
wireless sensor network is deployed in 3D spacerdfbre, in the research of three dimensional sensdes
deployment algorithm has more practical signifi@an three dimensional spaces, it is assumedttieatarget
coverage area is a three-dimensional cube spansoSeodes need to deployed in the region of tie eund at the
same time, based on the assumption that the fsenisor nodes in which by the combined action ofvéméous
forces, under the action of these forces in theeeambrresponding mobile, the sensor network toemehihe best
state.

In the three-dimensional space, the force of thadenis similar to that in the two-dimensional spate, moving
distance of the node is the same, and the differenthe expression of the moving coordinate, bezad the need
to consider the movement of the Z axis in the titieeensional space.

Solutions for the perceptual model of wireless semetwork after the initial deployment, sensor equbsition
distribution unreasonable, resulting in vulnerapifnonitoring, node resource waste and coverage \aes smaller

is proposed in this paper. On the basis of theitiomdl virtual force model is introduced based mode residual
energy of sensor nodes move friction, thus to redugste of network resources, improve network perémce and
increase coverage of sensor nodes at the sameréth&e and balance the node energy consumptiopratahg
the network lifetime. In addition, the now boomingreless multimedia sensor networks, this papesgnts the
idea of combined sensor nodes, the deployment dfimadia sensor nodes transformation for sensorenod
deployment problem, reduce the difficulty of alglon, the algorithm is used more and more widely.

SIMULATION ANALY SISAND PERFORMANCE TEST

In order to further verify the algorithm's effeaivess, the experimental platform is MATLAB7. Indém of 1000
meters square area in randomly deployed 40 wiredessor network node, target monitoring area edg@0D
meters square area. The sensing radius of allehsos nodes is 90 meters, and the communicatidnsrad the

sensor nodes R is also 90 meters. The basic pamet the virtual force algorithmk, =1,k, =10°, k. =10,
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sensor nodes in a single step moving maximum distdp.,=5 and cycle times of algorithm is 100, the unit
distance the energy consumption of the moBpel, sensor node threshold friction for 5. Figurghbws the value
data of 40 sensor nodes in wireless sensor netvadidigferent iterations under coverage.

From Fig.1 it can be found that the number of tiers and the coverage rate is proportional to gnoand
coverage is indeed increase with the increase ehtimber of iterations when the number of iteraitm reach
about 50 times when, coverage rate remained staoleeached the optimal coverage.

In practical applications, has a great influencetton performance and cost of many network senseesalways
hope to minimize the cost and maximize the netveankerage rate. Therefore, this paper also analyeemfluence
of the number of sensor nodes on the coverageFiat&. shows the coverage data of different nodes.
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The experimental results show that the algorithm lsalance the energy consumption of sensor netwodes,
eliminate the monitoring blind area in the targeterage area and the overlapping coverage areanamhse the
coverage rate of the network. The effect of the Ineimof iterations and the number of sensor nodeghen
performance of the algorithm is verified by expezitts.

CONCLUSION

Based on the characteristics of the previous dlyos, this paper proposes a virtual force covemgencement
optimization algorithm based on energy balancehis algorithm, the target monitoring area is déddinto grid,
which can accelerate the convergence rate, andderdive basis for the study of uneven coverageth®rbasis of
the existing virtual force coverage model, this gragimulates the residual energy of the node afrittteon force,
reduces the energy shortage node movement, baldreeserall energy consumption of the network, pradongs
the lifetime of the network. The coverage enhanagratgorithm proposed in this paper is carried ioudetail by
using the Matlab7 platform, and the effectivenddhe algorithm is verified.
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