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Abstract 

How to schedule multiple sensing units of a sensor to cover multiple targets becomes a 

new challenging problem. This problem is formulated as an integer linear programming 

problem for maximizing the network lifetime. We propose a novel energy-efficient target 

coverage algorithm to solve this problem based on clustering architecture. First of all, the 

network probability model is established and the subordinate relation between sensor 

nodes and the target nodes is presented. Secondly, a series of probability is computed and 

the related theorems and reasoning are also proven. Thirdly, effective coverage for the 

monitoring region is achieved through scheduling mechanism of nodes themselves, thus 

the purpose of increasing network lifetime can be realized. Finally, experimental results 

show that the proposed algorithm could achieve complete coverage for networks of 

different scale, and increase the network lifetime. It possesses the good quality of 

effectiveness and stability.  

 

Keywords: Wireless Sensor Networks; Alliance Strategy; Linear Programming; 

Coverage rate; Network lifetime 

 

1. Introduction 

Wireless sensor networks (WSNs) have a wide range of applications, such as military 

battlefields, environmental monitoring, traffic transportation, medical diagnosis, and 

undiscovered areas exploring [1]. Usually, a WSN is comprised of many sensor nodes, 

and one or multiple sink nodes. Each sensor node is composed of a sensor board, a 

processor, a radio, and a battery to perform sensing, processing, and communication tasks 

on a covered area. The goals of a WSN are to collect measurements of physical 

parameters (temperature, humidity, light intensity, etc.) and to detect events in the 

covered area (wild fire, intrusion, etc.) [2]. WSN compromises the information world and 

physical world and changes the interactive mode between the nature and human being [1-

3]. At present, WSN has received the attention from all fields and brought immeasurable 

benefits to the society. Besides, it arouses the research warmness for WSN technology. 

WSN works in poor environment in which sensor nodes are usually deployed in the 

monitoring region through randomly spreading [4-5]. Distribution of sensor nodes is very 

uneven. The energy of it is limited and cannot be recharged. Therefore, it needs 

considering first to prolong the network life by adopting effective energy-saving coverage 

method and energy consuming balance mechanism in the research and designing of WSN 
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[6-8]. In wireless sensor networks, the ultimate goal of coverage is to allocate each node’s 

state efficiently, minimize the network’s energy consumption in each cycle and balance 

the share of each node’s energy consumption in the network without reducing the existing 

level [9]. The coverage directly reflects the capability of network to monitor the physical 

world, and energy consumption determines the lifetime of the wireless sensor networks. 

Network coverage and energy consumption are closely related. 

The structure of hybrids sensor network is almost identical with WSN, but a certain 

amount of mobile sensor nodes with mobility property makes the cost slightly higher than 

traditional WSN. However, the number of mobile nodes can be set according to specific 

application, and the cost can be limited in the affordable range. Due to the merits of 

hybrid sensor network, the related researches are more than other researches. More often 

than not, hybrid sensor networks are studied in the research of WSN, such as coverage 

and connectivity, location, routing, and data fusion, etc. All the problems in the networks 

can be solved in better ways in hybrid sensor networks by using the mobile nodes, such as 

coverage. If mobile nodes in mobile sensor network are relocated, the nodes can be 

distributed more evenly and the coverage hole can be filled. By this way, the quality of 

coverage in the network can be improved.  

 

2. Related Works 

For the coverage optimization problem, Wang et al. [9] proposed a linear 

programming-based approximation algorithm to minimize the deployment cost in 

HWSNs, where the sensors are with different sensing ranges and costs. The purpose of 

this algorithm was that each target is required to be covered by at least k sensors, and the 

total cost of the sensors is minimized. However, this algorithm only considered the 

situation that a sensor just has one sensing unit. Capone et al. [10] considered multi-hop 

coverage and connectivity between sensor nodes and gateway nodes. An optimizing 

framework based on integer linear programming (ILP) was developed to locate wireless 

gateways while minimizing the installation cost and energy consumption. A heuristic 

algorithm was also proposed for large-scale heterogeneous network scenarios, and the 

quality of the designed networks is evaluated. For maximizing coverage time of clustered 

WSNs, Shu et al. [11] presented a coverage-time-optimal algorithm, in which the optimal 

clustering and routing are computed using linear programming. The maximizing 

coverage-time problem is solvable in linear time under stochastic setups. The deployment 

of information coverage and random coverage was conducted by using the sensor density 

relation, and the upper bound value of probability was given to calculate that of 

information coverage and the events [13]. The stochastic scheduling algorithm was 

studied, including simulation of network coverage intensity, delay detection and 

probability of detection. Bounded detection delay, detection probability, and network 

coverage intensity with constraints of network life cycle QOS [14]. A distribution method 

was proposed to provide complete coverage performance with the help of random 

scheduling, including: random partitions and coverage improvement. The Voronoi 

polygon method and the disk coverage calculation rule were used [15]. For the WSN with 

intensively-distributed nodes, a coverage control protocol named “Node Self-Scheduling” 

was proposed. Nodes in the network were firstly divided into many disjoint sets to ensure 

complete coverage of the target area, then these sets of nodes shifted their state between 

“active” and “sleeping”.[16].Berman improved Slijepcevic’s thought. He did not require 

disjoint of nodes sets, allowing each nodes set work for a certain time. Besides, the partial 

coverage was also considered. In this way, more node sets could be divided and the 

network life time could be prolonged [17]. Tian improved Slijepcevic with back-off 

mechanism and the network lifetime could be effectively prolonged. Emergence of 

network coverage hole could be avoided. Redundant nodes could be reduced. The 

network could be fully covered and a certain sensing reliability could be maintained. 
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However, this rotation mechanism only applied to nodes of two dimensional perceptual 

models. It was not suitable for nodes in the probability perceptual model. And there 

would be some additional costs for the network, such as the requirement of knowledge of 

node position and synchronization the network time [18]. A coverage algorithm based on 

Graph coloring strategy, which aimed at finding the maximum disjoint advantage set, 

could effectively prolong the lifetime of WSN, but it required that all the nodes in the set 

must not be disabled[19]. In the covering process, the requirements for target nodes’ 

coverage were different. Based on this, a network configuration protocol (CCP) was 

proposed, which minimized the number of working nodes, with the precondition of 

ensuring the network coverage rate. Two greedy algorithms: centralized and distributed, 

were also proposed respectively by combining CCP and SPAN in order to ensure network 

coverage and connectivity [20]. From the perspective of border coverage, a centralized 

and polynomial time detection algorithm was proposed. It adapted to the environment in 

which positioning and monitoring capability or fault tolerance was highly required [21]. 

As for target coverage, what we should resolve is m targets of known position were given 

and n monitoring nodes were deployed. Due to the limited energy of every sensor node, it 

was a problem that how to deploy nodes in a reasonable range and how to maximize the 

network lifetime on the basis of target monitoring. Cardei put forward a heuristic 

algorithm by using mixed integer programming [22]. Then he discussed the coverage 

problem in the case of node sets intersection and adjustable sensing radius of node. When 

the targets’ density was high, Cardei approximated the target coverage as region coverage 

and realized the connectivity coverage of the target through establishing a connected set 

of nodes with the help of sensing nodes in high density. Based on the studies of Cardei, 

Liu and other researchers further studied the target coverage problem. He constrained one 

node to cover only one target each time [23]. It could be ensured that target coverage 

problem could be resolved effectively in polynomial time. Wu proposed a protocol which 

constructed distributed localization of connected dominating set and discussed methods of 

dominating set coverage with efficient energy. To balance the network energy 

consumption, a method of selection coverage nodes was presented through remaining 

energy level [24]. Through the above methods, only static nodes were used to cover the 

target continuously, but in some applications, it was not necessary to provide continuous 

coverage of target. It would be much more efficient to use some of mobile nodes than just 

use static nodes. A polynomial approximation algorithm was presented by constructing a 

minimum spanning tree [25]. It was also discussed how to reduce the number of nodes 

and how to determine the position of nodes to cover a given target in the secure and 

controllable network environment. In addition, the connectivity of network must be 

ensured. 

 

3. Basic Problem and Network Model  

For the convenience of study, the algorithm in this paper is based on the following four 

assumptions: 

(1)The communications range and sensing range of wireless sensor nodes are disc-

shaped. The position of each node can be obtained through some positioning algorithm. 

(2)The nodes in the WSN are morphology and independently; each node has the same 

sensing range but different communications range.  

(3)All the nodes in WSN are randomly deployed in a square area. The border factor 

and the condition in which the border exists should also be considered. 

(4)At first, each node has the same energy and they are in the same status in the 

network. 
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3.1. Basic Definitions 

Definition 1: The fact some area is covered by the node si means any point p in this 

area is within the coverage of si. That is:  | ( ,( , )) , [1, ]i sAs p d p x y r i n   . d is the Euclidean 

distance between two points. rs is the sensing radius of nodes. n is the number of nodes. 

Definition 2: The coverage rate of in WSN W deployed in target are Ω , is 

     ,i iC W Ω s x dx S Ω


  . S( )  is the area of the target region, when  , 1i kD s t  , 

1S( )  , otherwise, 0S( )  . 

Definition 3: There exists node si and sj. The target regions they covered 

are
i and

j respectively. if
i j   , then node si and sj is regarded to be coverage 

related. 

 

3.2. Network Model 

For sake of conveniences, the sensor nodes and the target nodes are placed in a square 

region. Generally, the coverage level of the target directly reflects the level that the target 

node is concerned. The target node region being concerned has a higher coverage level. 

The function of expectation value of different areas where the sensor node P is located 

and the coverage area should be taken in consideration, as is shown in Figure 1: 

 

 

Figure 1. Schematic for Associated Coverage Attributes 

Figure 1 shows the associated coverage relationship of sensor nodes and target nodes. 

Circles represent the sensor nodes; Triangle represents the target nodes; Dotted lines in 

the figure represent moving locus of mobile targets; in the lower left corner, node P is 

defined; Shadows are blind regions which are not covered by sensor nodes. When the 

target node moves from the upper left to lower right of the figure to the sensor nodes 9 

and 11, some region cannot be covered. We call it empty or blind area. In Figure 1, four 

problems are studied as follows: 

(1)What’s the relation of the associated attributes between wireless sensor nodes and 

target nodes? 

(2) For target nodes, how to denote the relationship of wireless sensor nodes and the 

target nodes? 

(3) What is the relationship between the area of blind region and that of wireless sensor 

nodes? 

(4) How to compute the coverage level, density functions and the expectation value of 

the nodes in WSN? 

(5)How to determine the coverage of target area with the least deployed nodes by using 

the probability expectation value? How to realize scheduling mechanism of sensor nodes? 
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Let’s study the first problem: what’s the relationship of the associated attributes 

between wireless sensor nodes and target nodes? In Figure 1, every sensor node covers 

one or more target nodes except the part above the dotted lines. That means some of the 

target nodes are covered by more than one sensor nodes, namely, K degree Coverage. A 

chart is used to represent the associated attributes between WSN nodes and the target 

nodes. As is shown in Table 1: 

Table 1. The Associated Attributes between Wireless Sensor Nodes and 
Target Nodes 

Associated 

sensor nodes 

Associated 

target nodes 

Associated 

sensor nodes 

Associated 

target nodes 

Associated 

sensor nodes 

Associated 

target nodes 

S1 1 S12 23 S23 27 

S2 1,3,4 S13 12,14,22 S24 43,44,45 

S3 1,2,3 S14 11,14,15,21 S25 42,43 

S4 8,9 S15 9,16 S26 39,40,41 

S5 3,4,5,8 S16 33,34 S27 29,30,39,40 

S6 5,6,7 S17 20,33 S28 30,31,32,38 

S7 8,9,10 S18 21,31 S29 32,35,37,38 

S8 7,10,11,17 S19 22,28,29 S30 35,37 

S9 13 S20 25,26,28 S31 35,36,38 

S10 12,13 S21 26,27 S32 36,39 

S11 18,19,23 S22 19 S33 45,46 

 

From table 1, we can see that each target node is covered by one or more sensors, and 

the coverage degree for each target node is not the same. When the target node is covered 

by multiple sensor nodes, it may be the main target node being concerned, but if it is 

covered by multiple sensor nodes (K≧ 2), it may not be the one being concerned. Some 

sensor nodes can be put into a dormant state in order that the energy consumption of the 

sensor nodes can be reduced. This will be further explained in the subsequent chapters. 

The second problem is exactly the inverse problem of the first one. That is, a target 

node is covered by multiple sensors and the K-degree coverage is formed. The formed 

association relationship between this target node and sensor nodes will be studied in the 

second question. The association relationship between target nodes and sensor nodes is 

shown in Table 2: 

Table 2. The Associate Attributes between Wireless Sensor Nodes and 
Target Nodes 

Associated 

target node 

Associated 

sensor node 

Associated 

target node 

Associated 

sensor node 

Associated 

target node 

Associated 

sensor node 

1 S1,S2,S3 16 S15 31 S18, S28 

2 S3 17 S8 32 S28, S29 

3 S2 ,S3 ,S5 18 S11 33 S16, S17 

4 S2 ,S5 19 S11, S22 34 S16 

5 S5, S6 20 S17 35 S29, S30, S31 

6 S6 21 S14, S18 36 S31, S32 

7 S6, S8 22 S13, S19 37 S29, S30 

8 S4, S5, S7 23 S11, S12 38 S28, S29, S31 

9 S4, S7, S15 24 S12 39 S26, S27, S32 

10 S7, S8 25 S12, S20 40 S26, S27 

11 S8, S14 26 S20, S21 41 S26 

12 S10, S13 27 S21, S23 42 S25 

13 S9, S10 28 S19, S20 43 S24, S25 

14 S13, S14 29 S19, S27 44 S24 

15 S14 30 S27, S28 45 S24, S33 



International Journal of Future Generation Communication and Networking 

Vol. 9, No. 6 (2016) 

 

 

290   Copyright ⓒ 2016 SERSC 

From Table 2, we can see that each target node is covered by one or more sensors and 

the coverage degree for each target node is not the same. When a target node is covered 

by multiple sensor nodes, multiple covering is formed. For example: target node 8 is in 

the coverage range of S4, S5, S7 and the degree of the coverage is 3. If the coverage 

degree for a target node is higher than needed, there must existed many redundant nodes. 

This will consume much energy of the entire network and the network lifetime will be 

decreased. With the increasing of sensor nodes, more than one target nodes are most 

likely to be in the multiple coverage area. Large sum of redundant nodes will be generated 

with the precondition that a certain coverage degree can be realized. In order to avoid the 

existence of many redundant nodes, all the sensor nodes should be put in different states 

and the transition of different states should be accomplished. 

 

3.3. The Improved Coverage Algorithm 

Theorem 1. Given the side length of a square region l, the sensing radius of the node 

rs, and a parameter, in order to ensure that the expected network coverage ratio is not less 

than, the number of randomly deployed nodes is at least 

 ln(1- )/ln(1-E( )/ )S    (1) 

Proof: According to formula (1),   n

n l ( l )P( S ) E C     , then the result can be 

get:   )ln(1 ) ln(1n E C    . Because  ln( )1 E C 0  ,  ln( ) ln( )n 1 1 E C    .  

Theorem 2: Without loss of generality, if the holes exist, i.e. 0x  , and is continuously 

differentiable in the range of  0,a .Besides, if the track equation of the hole 

satisfies    1
0

x

n nf x f x dx  , then progression  
0

n

n

f x




  must be absolute convergence in the range 

of  0,a . 

Proof: Because 0x  and it is continuously differentiable in  0,a ,  0f x is continuous in 

 0,a and there is the maximum value of  0f x  in the range of  0,a . Let M be the maximum 

value,  0
0 x a

M max f x
 

 . Because: 

 

     

  

1 2
0 0 0

0
0 0

          

x x x

n n n

nx x

n

f x f x dx f x dx dx

f x dx

 
   
  



  

 
 (2) 

Because  0f x  is continuous in  0,a , there exists the maximum value- M of  0f x  in 

 0,a .Consequently: 

 

   0
0 0 0 0

x x x x
n

n

n n

M
f x f x dx Mdx x

n!
     

 (3) 

Because Formula (9) is convergent when  0x ,a ,   
0

n

n

f x




  is convergent. i.e.  
0

n

n

f x




  is 

absolute convergent.  

In the following sections, the relationship between the coverage area and its 

expectation value is analyzed through the example of sensor node 30(node p) in the lower 

left corner. 

A is shown in Figure 1; the square region l is divided into two parts: region 1 and 

region 2. The nodes are randomly deployed in the monitoring region and constituted in a 

limited set S. The coverage area of each node is E(C). The coverage probability of each 

node is E (C)/Ω. If S is empty, the coverage rate of the deployed n nodes is P(S) = (1-

E(C)/ Ω)
n
. When set S is not empty, the value of coverage probability of network nodes is 

as below:  

 
   1 1 nP S E( Ω )C /    (4) 
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When node number n , lim ( ( ))
n

E P S 1


 .This means that when the number of nodes is 

large enough, the monitoring region will be fully covered. Considering the boundary 

effect, the node coverage area and its expectation value is to be solved. Because the 

square region is divided into regions1and 2, according to the definition of expectation 

value in probability theory, the expectation value of nodes coverage area in the network 

can be conducted as follows: 

 Ι ΙΙΙ ΙΙE(C)P()E(C)P()E(C)   (5) 

ΙP( ) and 
ΙΙP( ) denote the probability of the node randomly deployed in region1and 

region 2 respectively.
Ι

E( C )  and 
ΙΙ

E( C )  represents the corresponding coverage 

expectation respectively. Because the deployment of sensor nodes follows uniform 

distribution, thereby the following result is obtained: 

 

2 2

Ι s

2

ΙΙ s s

P( ) (l 2r ) l

P( ) 4r(l r ) l

   

  

 (6) 

Assuming node p is inside region 1, its coverage range is completely contained, so the 

coverage expectation is: 

 Ι

2

sE(C ) r   (7) 

When node p is inside region2, the area is that of its sensing circle minus that of arch 

region SACBD. A and B is the intersection of the sensing circle of node p and the network 

border. Its angle θ is the central angle formed by node p, point A and point B, i.e. ∠
ApB=θ. The central angle 2arccos sy r  , then formula (14) is obtained: 

 
 

 
 

2

0 0

0 0

1 1
4 2

2 4

             = 2
2

s s

ΙΙ

s s

l r r

s

s s

l r r
s

s

E( C ) r ( sin )dx dy
l r r

r
sin dx dy

l r

  

  







  


 


 

 

 (8) 

Theorem 3: Supposing that given sensor nodes with sensing radius rs, is uniformly 

distributed in the square region with side length of l, considering the boundary factors, the 

coverage expectation of each node is:  

 
   

2

2
2 2 2

2

s

s s s s

r
E(C ) [ l r l r r r ]

l


 

   
       

    (9) 

Proof: Because the sensor nodes follow uniform distribution, from formula (6), the 

coverage expectation is:
Ι ΙΙΙ ΙΙE(C ) P( )E(C ) P( )E(C )     . When formula (7), (8), (9) are 

put into formula (9), the result is: 

 

     

 

 

   

22 2

2 2

0 0

2

2

1 1
        2 2

          2

        2 2 2
2

Ι ΙΙ

s s

Ι ΙΙ

s s s

l r r

s

s s s s

E( C ) P( )E C P E C

[ r l r ] [ r
l l

sin dx dy ]

r
[ l r l r r r ]

l



  


 

 



   

  

 

   
       

  

 

 (10) 

 

4. Evaluation of Performance  

In order to study this subject better, the meaning of each parameter is listed one by one: 

l: the side length of a square 

Ω: the area for a square, i.e.   

  n: the number of randomly deployed sensor nodes  

  r: the sensing radius of sensor nodes 

  E(C): the expectation of coverage area of sensor nodes, i.e.  
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  2 : the variance of coverage area of sensor nodes 

  p(x): the coverage rate of randomly deployed sensor nodes 

In order to improve the evaluation of network performance, MATLAB6.5 is used in 

simulation experiment. Coverage and connectivity of network in different scales can be 

realized through changing range of the coverage region. The model performance in 

different scales can be evaluated better. It is mainly reflected in the minimum number of 

nodes deployed in the cases of different coverage and network connectivity rate. The 

average value is derived from simulations of 100 times. The curve for node coverage 

variation in different network scales is shown in Figure 2: 

 

 

Figure 2. Curve for Node Coverage Variation in Different Network Scales 

As can be seen in the Figure 2, firstly, there are fewer nodes for complete coverage in 

the network with smaller area and more nodes in larger area. For example, when coverage 

is 100%, 43 nodes are needed in 100*100 area; 124 nodes in 200*200 area; 167 nodes in 

300*300 area; 243 nodes in 400*400 area. Secondly, the number of sensor nodes is not 

the same according to different requirements of networks for coverage rate. The number 

of nodes is increasing as the network grows, which shows a linear increasing relationship. 

In Figure 2, it requires more nodes to realize full coverage for much larger networks and 

fewer nodes for smaller networks. The coverage rate is between 90% and 100%, the 

increment rate of large network increases faster than that of small-scale networks.  

To further verify the coverage rate of WSN in probability model, the 100*100 model is 

chosen for study. After the network parameters are given dynamically, the proportion 

between network coverage rate and the number of nodes is compared, as is shown in 

Figure 3 

 

Figure 3. Curve for Network Coverage Variation with Different Parameters 
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Figure 3 shows the network coverage rate under different parameters, its computation 

process is according to formula (7), when stochastic variable follows normal distribution, 

is used to get the result. Take as an example, when the coverage rate is 60%, it can be 

deducted that, and when the coverage rate is 60%, the required number of nodes is 14. 

From Figure 3, we can also see that, in case of same network size, the larger the 

expectation, the more nodes will be required, i.e. The normal distribution model that the 

network shows. For any curve, the variation is linear relationships that is because, the 

first: the coverage rate increase at 5%, so the distributed function values changes slowly. 

Second, the difference of expectation in the example is 10, which means the two adjacent 

curves have the feature of equal spacing. Third, when the coverage rate exceeds 95%, the 

number of nodes increased significantly. That is due to the quick change of distributed 

function values between 95% and 99.9%. For example, if the expectation is 10 and 

variance is 15, 35 nodes are needed with coverage rate 95% while 55 is needed with 

coverage rate 99.9%.  

For another important factor of WSN connectivity, the size of connectivity is directly 

related to the performance of data transmission, data processing and data computation, 

etc. Next four different network models are adopted to compare the connectivity of WSN 

in experiments. According to formula (8), (9), and (10), the number of sensor nodes in 

different network models is solved, as is shown in Figure 4: 

 

 

Figure 4. Curve for Network Connectivity in Different Network Models 

Figure 4 reflects the variation curves between network connectivity rate and the 

number of nodes. For the two networks of 100*100 and 200*200, the number of nodes 

increases more slowly. The main reasons are: First, when the network is small and the 

connectivity rate is 100%, 48 nodes can complete the connectivity between nodes in the 

network model of 100*100 while 150 nodes are needed in the network model of 200* 

200. Second, for the two network models, the increasing trends of the nodes number are 

relatively stable. The node number increments are in linear relationship with time. For the 

two networks of 300*300 and 400*400, because their areas are larger, more nodes are 

needed compared with the previous two network models. At the beginning, the nodes 

number in the two network models are almost the same. However, with the expansion of 

the network model, the nodes are greatly increasing in 400*400 network model, because 

in the communication process, the optimal communication rule is the two circles of sensor 

nodes are circumscribed, which is, however, impossible to achieve. Therefore, as the 

network grows, much more nodes are largely required. 
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Figure 5. The Relationship between Number of Sensor Nodes and Network 
Energy 

 

Figure 6. Curve for Node Energy and Time Rounds 

Figure 5 and Figure 6 shows the comparison between network energy and nodes 

number along with the rest energy of nodes changing with time for the paper algorithm 

and algorithms of CCP and SCCP with the precondition of network coverage. As can be 

seen from the figure, with the same nodes number, the progressively increased speed of 

the paper algorithm is larger than that of the algorithms of CCP and SCCP. For a certain 

energy value, the nodes of the paper algorithm are much less than that of the other two 

algorithms. Figure 6 reflects the total remaining energy of network nodes is decreased 

gradually with time in the operation of system. Compared with the other two algorithms, 

less energy is consumed while the network coverage can be ensured through this 

algorithm. After the network runs for the same period of time, 9% energy in average can 

be saved by using this algorithm than SCCP and 17% energy than CCP. This is because it 

costs little in the calculation of network coverage and less energy of sensor nodes is 

consumed. 

 

5. Conclusions 

This paper researches the coverage algorithm in wireless sensor networks and presents 

the paper algorithm with the theory of probability. First, the paper establishes the relation 

model and association relation between sensor nodes and target nodes. Then, the 

calculation of a target node's trajectory is given based on its probability and expectation. 

Next, target nodes can be covered more effectively through scheduling mechanism of 
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nodes. The simulation results show the paper is effective and scalable. In future research, 

the paper will be extended to implement the multiple coverage is in heterogeneous 

wireless sensor network. Furthermore, we will study how to do quadratic linear 

programming for nodes with random distribution and improve the calculating precision 

for the border coverage. 
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