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Abstract: A wireless sensor network (WSN) is a large-scale ad-hoc multi-hop network deployed 
(usually, at random) in a region of interest for surveillance purpose. Coverage is one of the important 
aspects of wireless sensor networks and many approaches are introduced to maximize it. In this paper 
we propose a novel approach for maximizing coverage. Voronoi diagram divides the field into cells 
and inside of each cell some holes exist. Additional nodes must be placed inside cells to cover the 
holes. Genetic algorithm is used to determine best places for additional nodes maximizing the 
coverage. Optimal placement of nodes can guarantee the maximum coverage with less number of 
nodes and energy consumption decreases. Simulations results show that our new approach can 
outperform other earlier works. 
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INTRODUCTION 
 
 In recent years wireless sensor networks (WSN) have become one of the most active research areas due to 
the bright and interesting future promised to the world of information technology. Wireless Sensor Networks 
(WSNs) generally consist of a large number of low-cost, low-power, multifunctional sensor nodes that are small 
in size and communicate over short distances (I.F. Akyildiz, 2002). A sensor node consists of four basic 
components (I.F. Akyildiz, 2004): a processing unit, a power unit, a communication unit and a sensing unit. 
Also a sensor node may include optional units such as GPS, energy generator unit, mobility unit etc. Area 
coverage is one of the most fundamental problems in ad-hoc wireless sensor networks because it relates directly 
to optimization of resources in a field. In wireless sensor network, sensors may be deployed either randomly or 
deterministic, depending upon the application (M. Ishizuka, 2004). Deployment in a battlefield or hazardous 
areas is generally random whereas the deterministic deployment is preferred in amicable environments Also it is 
possible to use multi-robot systems to fulfill this task (A. Howard, 2002; T. Suzuki, 2008; F. Nematy 2010). In 
most applications a random deployment is required and sensor nodes usually scatter from an aircraft. In this 
deployment method sensor density is not equal in different places so some places could not be covered because 
of lack of sensor nodes in that place. These uncovered areas are called coverage holes which must be covered. 
The coverage is one of most important problems in WSN. There are different strategies for solving coverage 
problem which are categorized into three groups based on the approaches used, namely; force based, grid based 
or computational geometry based (N. A. Ab. Aziz,2009); Force based strategies use attraction and repulsion 
forces to determine the optimal position of the sensors while grid based strategies use grid points for 
determining the optimal position of the sensors. As for the computational geometry approach, Voronoi diagram 
and Delaunay triangulation are commonly used in WSN coverage optimization algorithm. Coverage can be 
classified into three classes; Area coverage, point coverage and barrier coverage. Area coverage, as the name 
suggests is on how to cover an area with the sensors, while point coverage deals with coverage for a set of 
points of interest. Decreasing the probability of undetected penetration is the main issue in barrier coverage. We 
are using area coverage where the objective is to maximize the coverage percentage (M. Cardei, 2009). 
 Existence of coverage holes are very important in WSN and must be covered to increase QoS and the 
accuracy. Many researches exist that try to cover these holes (A. Ghosh, 2004; G. Wang,2007). Most of these 
researches consider the network to be mobile or hybrid. Most of nodes in a hybrid network are stationary and 
there are few mobile nodes. The main objective of using mobile sensor nodes is to heal coverage holes after the 
initial network deployment, such that the area coverage can be maximized while incurring the least moving cost. 
In some other researches a mobile network is assumed in which all nodes are mobile and thus nodes can move 
to calculated target locations (P.C. Wang, 2006; Y.C. Wang, 2008; N. Heo, 2005; Y. Zou, 2004; S. Chellappan, 
2007; S. Yang, 2007; J. Wu, 2007). 
 When designing a hole healing algorithm, the following issues need to be addressed. First, how to 
distinguish the existence of a coverage hole and how to estimate the size of a hole. Second, what are the best 
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target locations to relocate mobile nodes to repair coverage holes. Third, how to dispatch mobile nodes to the 
target locations while minimizing the moving and messaging cost. In this paper we propose a genetic algorithm 
to find best positions for additional mobile nodes in each voronoi cell. The rest of this paper organized as 
follows: Section II introduces voronoi diagram. Section III presents related works. In section IV Genetic 
Algorithm is described and our new approach based on Genetic Algorithm illustrated. The result of simulations 
presented in section V and section VI concludes the paper. 
 
II. Voronoi Diagram: 
 Computational geometry is frequently used in WSN coverage optimization, the most commonly used 
computational geometry approach are Voronoi diagram and Delaunay triangulation (N. A. Ab. Aziz,2009). 
Voronoi diagram is partition of sites in such a way that points inside a polygon are closer to the site inside the 
polygon than any other sites, thus one of the vertices of the polygon is the farthest point of the polygon to the 
site inside it. Therefore Voronoi diagram can be used as one of the sampling method in determining WSN 
coverage; with the sensors act as the sites, if all Voronoi polygons vertices are covered then the field is fully 
covered otherwise coverage holes exist (Xu, K,2006). Delaunay triangulation is the dual of Voronoi diagram (F. 
Aurenhammer,2000). Voronoi diagram for 3 and 4 points is presented in figure 1 and figure 2. 
  A Delaunay triangle is formed by three sites provided if and only if the site’s circumcircle does not contain 
other sites. The centre point of the circle is a Voronoi vertex with equal distance from each of the three sites. 
(G.,Wang,2004) is among the works that used Voronoi diagram in enhancing WSN coverage using sensors’ 
mobility. 

 
 
Fig. 1: Voronoi diagram for 3 points. 
 
 Voronoi diagram (F. Aurenhammer,1991) can be used to detect a coverage hole and to calculate the size of 
a coverage hole (A. Ghosh,2004;G. Wang 2007). A Voronoi diagram for N sensors s1; s2; . . . ; sN in a plane is 
defined as the subdivision of the plane into N cells each for one sensor, such that the distance between any point 
in a cell and the sensor of the cell is closer than that distance between this point and any other sensors. Two 
Voronoi cells meet along a Voronoi edge and a sensor is a Voronoi neighbor of another sensor if they share a 
Voronoi edge. A Voronoi diagram is first constructed for all stationary sensor nodes, assuming that each node 
knows its own and its neighbor’s coordinates. In ( G. Wang 2007) authors propose a localized construction 
algorithm to construct a local Voronoi diagram: Each node constructs its own Voronoi cell by considering only 
its 1-hop neighbors. After the local Voronoi diagram construction, the sensor field is divided into sub regions of 
Voronoi cells and each stationary node is within a Voronoi cell. A node is a Voronoi neighbor of another one if 
they share a Voronoi edge. Fig. 1 illustrates a Voronoi diagram in a bounded sensor field, where the boundaries 
of the sensor field contribute to a Voronoi cell too. According to the property of a Voronoi diagram, all the 
points within a Voronoi cell are closest to only one node that lies within this cell. Therefore, if some points of a 
Voronoi cell are not covered by its generating node, these points will not be covered by any other sensor and 
contribute to coverage holes. If a sensor covers all of its Voronoi cell’s vertices, then there are no uncovered 
points within its Voronoi cell; otherwise, uncovered points exist within its Voronoi cell. 
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Fig. 2: Voronoi diagram for 4 points. 
  

 
 
Fig. 3: Voronoi diagram. 
 
III. Related Works: 
 In one random network deployment, it is not uncommon that the covered area of a sensor overlaps others 
even if nodes are uniformly scattered. In a mobile sensor network where all nodes can move around, the mobile 
nodes can adjust their positions after initial deployment in order to reduce their overlaps and maximize area 
coverage. The coordination of mobile node’s movement is a much challenging issue in a mobile sensor network. 
A node’s movement may change the already covered area of itself and its neighbors and become a cause for 
other nodes to move, which may cause the oscillations of node’s movement and nodes may never be stopped. 
This is in contrast to the hole heal problem where mobile nodes are to move to the coverage holes caused by the 
stationary nodes. Optimal node placement is a very challenging problem that has been proven to be NP-Hard for 
most of the formulations of sensor deployment (A. Efrat ,2005; X. Cheng ,2007; S. Poduri 2006). Genetic 
algorithm can be used to find the best places for additional mobile nodes. In our previous work (F. Nematy, 
2010) a genetic algorithm based node placement is used in which cluster based architecture is used. At first all 
nodes scattered in the field randomly and then genetic algorithm is used to find optimal places for cluster heads 
to cover maximum number of nodes and consequently maximize the area coverage. In (G. Wang 2007), an 
algorithm proposed using a combination of mobile and static sensors to construct sensor networks to balance 
cost and sensor coverage. They  identified the problem of deploying mobile sensors in a mixed sensor network 
as an NP-complete problem and designed bidding protocols to tackle this problem in a distributed fashion, in 
which static sensors act as bidders and mobile sensors act as hole-healing servers. In their simulations users can 
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determine the percentage of mobile sensors to get the most economical deployment of sensors to construct a 
network satisfying the coverage requirement.  
 
IV. Genetic Algorithm: 
A. Overview of Genetic Algorithm: 
 The genetic algorithm (GA) is a technique for randomized search and optimization (C. Gazen ,1999; D.E. 
Goldberg 1989;  J. Holland,1975) and has been applied in a wide range of studies in solving optimization 
problems, especially problems that are not well structured and interact with large numbers of possible solutions. 
In this paper, we have used standard GA terminology (D.E. Goldberg 1989; J. Holland, 1975) as follows. A GA 
starts with a set of randomly generated possible solutions called a population. Each individual solution in the 
population is known as a chromosome or an individual. Each chromosome may be represented as a simple string 
or an array of genes, which contain a part of the solution. The values of genes are called alleles. The length of all 
chromosomes in a population should be the same. A fitness function is provided to assign the fitness value for 
each individual. This function is based on how close an individual is to the optimal solution – the higher the 
fitness value, the closer is the solution to the optimal solution. Two randomly selected chromosomes, known as 
parents, can exchange genetic information in a process called recombination or crossover, to produce two new 
chromosomes known as child or offspring. If both the parents share a particular pattern in their chromosome, 
then the same pattern will be carried over to the offsprings. To obtain a good solution, mutation is often applied 
on randomly chosen chromosomes, after the process of crossover. Mutation helps to restore any lost genetic 
values when the population converges too fast. Once the processes of crossover and mutation have occurred in a 
population, the chromosomes for the next generation are selected. To ensure that the new generation is at least 
as good as the previous generation, some of the poorest performing individuals of the current generation can be 
replaced by the same number of the best performing individuals from the previous generation. This process is 
called elitism (L. Davis , 1991). This cycle is repeated until the stopping criterion of the algorithm is met. The 
steps of a standard GA (M. Chen,2005).are outlined in Algorithm 1. 
Algorithm 1: Genetic algorithm 
Int Main() 
{ 
     Generate an initial population 
    Compute the fitness of each individual 
    while (not stopping criterion)  
       { 
         Choose parents from population. 
         Perform crossover to produce offsprings. 
         Perform mutations. 
         Compute fitness of each individual. 
        Replace the parents by the corresponding offsprings in 
        new generation. 
      } 
} 
 
B. Proposed Algorithm: 
 In our network model it is assumed that all sensors are of the same type and deployed randomly in the 
sensing field. Initially our proposed algorithm uses voronoi diagram to divide the field into cells and then for 
each cell it uses genetic algorithm to deploy additional mobile nodes to the holes. 
 
1. Initial Population: 
 We use a 2*n array to represent the solutions in which ith cells are coordination of a node inside a cell. Each 
coordination in each chromosome is random but it must be inside the corresponding voronoi cell. 
 

 
 
Fig. 4: Representation of a chromosome. 
 
2. Fitness Function: 
 Fitness function is used to determine better solutions that can cover more with less overlap. If there is no 
overlap between two nodes in a voronoi cell their distance is equal or more than 2r. Figure 3 shows two nodes 
with no overlap between them. When all of nodes inside a cell are positioned in this way they can cover whole 
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cell with minimum number of nodes. So nodes with overlaps must be avoided or at least nodes with less overlap 
must be chosen.  

 
 
Fig. 5: Distance between two nodes when there is no overlap. 
 
 When two nodes have overlap, their distance from each other is less than 2r so we penalty it to make its 
fitness value less than others. This penalty value is a function of their distance and as their distance decrease the 
penalty increases and consequently the fitness value decreases. Amount of overlap (blue line in figure 2) can be 
calculated as follows 
 
X= 2r – distance (p1, p2)                                                   (1) 
 
Total_ideal_coverage= n * ( r * r * 3.14)                          (2) 
 
Penalty(i)=((( x)^2)*3.14)/2                                              (3) 
 
Total_penalty=                                          (4) 
 
Fitness= Total_ideal_coverage – Total_penalty                (5) 
 

 
 
Fig. 6: Distance between two nodes when overlap exists. 
 
3. Selection: 
 Selection mechanism is one of the important parts of a genetic algorithm. We used tournament selection 
mechanism to select chromosomes for reproducing new generations. In tournament selection each time k 
individuals are picked randomly and then the chromosome with the best fitness value among them are selected 
for mating. Here we used k=5. 
 
4. Crossover: 
 To produce new offsprings from the selected parents, we have randomly used a one point crossover. We 
select two parents in the population and crossover them with a crossover probability equal to 0.8. Figure 4 
represents this crossover process. 
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Fig. 7: One point cross over. 
 
 The resulted Childs after crossover are same to their parents because each coordination in chromosomes is 
inside the corresponding voronoi cell. 
 
5. Mutation: 
 For mutating chromosomes in our proposed genetic algorithm, with a probability equal to 0.3, a new 
random  coordination is calculated inside the voronoi cell and is assigned to a random point in chromosome. 
 

 
 
Fig. 8: Mutation process with new random coordinate inside voronoi cell. 
 

 
Fig. 9: 10 meters in 10 meters field with 10 nodes and its voronoi diagram. 
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6. Termination Criterion: 
 A termination criterion is one of the important parameters in genetic algorithms. There are several methods 
for specifying termination criterion such as determining a constant number of iterations or until a predefined 
value for fitness acquired or in M iterations the fitness value doesn’t change. Here we used a constant number of 
iterations equal to 200. 
 
V. Simulation Results: 
 Simulation in MATLAB has been used to evaluate the proposed algorithm. In this simulation, a field of 
10×10 has been used where 10 nodes are scattered randomly. Then voronoi diagram of this field has been 
calculated and to optimize each voronoi cell the genetic algorithm has been used. Genetic algorithm used to 
optimize each voronoi cell by placing k new nodes in each voronoi cell and relocating them to find best place 
for them inside the voronoi diagram to achieve maximum coverage inside each voronoi cell. Simulation 
parameters are presented in table 1. 
 
Table 1: Simulation Parameters. 

parameter  value Description 
n 10 Number of nodes in field 
radius 1 Sensing radius of each node 
Number_of_iterations 200 Number of iterations 
Population_size 70 Number of individuals in population 
Number_of_nodes 3,4 Number of additional nodes to heal holes 
PC 0.8 Percentage of crossover 
PM 0.5 Percentage of mutation 

 
 To calculate the amount of coverage in each voronoi cell, area of each cell must be calculated. The area of 
voronoi cells in our experiment is presented in table 2. 
 
Table 2: Area of voronoi cells. 

Voronoi cell number Voronoi cell area 
1 7.3637 
2 10.3476 
3 11.3924 
4 15.2619 
5 6.2003 
6 8.0248 
7 6.9996 
8 9.9803 
9 15.2291 
10 10.4243 

 

 The first experiment done with 2 additional nodes and the following results captured for this experiment 
and layout for deployed nodes is presented in figure 10. The covered area and coverage percentage for each 
voronoi cell is presented in table 3 and overall coverage with 2 additional nodes is 83 %. 
 
Table 3: Coverage with 2 additional nodes. 

Voronoi cell number Voronoi cell area Covered Area Coverage percentage 
1 7.3637 7.3637 100% 
2 10.3476 9.4248 91.08% 
3 11.3924 9.4248 81.85% 
4 15.2619 9.4248 61.75% 
5 6.2003 5.8072 93.65% 
6 8.0248 8.0248 100% 
7 6.9996 6.9996 100% 
8 9.9803 9.4248 94.43% 
9 15.2291 9.4248 61.88% 
10 10.4243 9.4248 90.04% 

 
 By applying Genetic Algorithm in each voronoi cell some of them had good improvement in coverage but 
for others this improvement was small. The evolution process for voronoi cell number 5 is presented in figure 
11. 
 The simulation result with 3 additional nodes is represented in figure 13 and the covered area and coverage 
percentage for each voronoi cell is presented in table 4 and also overall coverage with 3 additional nodes is 
95.54 %. 
 



Aust. J. Basic & Appl. Sci., 5(12): 3221-3232, 2011 

3228 

 
 
Fig. 10: Layout of wsn with 2 additional nodes. 
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Fig. 11: Evolution of coverage in cell number 5. 
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Fig. 12: Evolution of coverage in cell number 7. 
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Fig. 13: Layout of WSN with 3 additional nodes. 

 
Table 4: Coverage with 3 additional nodes. 

Voronoi cell number Voronoi cell area Covered Area Coverage percentage 
1 7.3637 7.3637 100% 
2 10.3476 10.3476 100% 
3 11.3924 11.4660 99.58% 
4 15.2619 12.5664 82.33% 
5 6.2003 6.2003 100% 
6 8.0248 8.0186 99.79% 
7 6.9996 6.9996 100% 
8 9.9803 9.9803 100% 
9 15.2291 12.5651 82.507% 
10 10.4243 10.4101 99.86% 

 
The evolution of fitness value for each voronoi cell is presented in figure 14 
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Fig. 14: Evolution of coverage in each voronoi cell with 3 additional nodes. 
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 By comparing results of proposed approach with results in (P. Amol ,2009; F. Nematy ,2010) better 
coverage in the new approach has been observed. In (P. Amol ,2009) a genetic algorithm based layout 
optimization presented and 3 experiments are done that their results are 70%, 80% and 90% coverage of the 
field also the genetic algorithm used in (F. Nematy ,2010) has different experiments that best results of these 
experiments are 92% and 94% coverage of the field. Our proposed algorithm covered 95.5% of the field which 
is better than previous works. Also in (G. Wang, 2007) different number of  mobile and stationary nodes used to 
cover the field and in three different scenarios 90%,95% and 98% of field covered by nodes but they used too 
many nodes to achieve these results. Our proposed approach used less number of nodes than (G. Wang, 2007)  
and had better coverage. 
 
VI. Conclusion: 
 In this paper a new approach is proposed to increase coverage which uses voronoi diagram to divide the 
field into cells and uses genetic algorithm to find best places to put additional mobile nodes to heal the coverage 
holes. We compared our proposed approach with other works in literature and simulations show that our 
proposed approach has better performance. As future work we are going to improve our approach in a way that 
different number of additional nodes be used for each cell according to its size. 
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