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Abstract— In this paper, a sensor node deployment approach 

is proposed that uses multi-objective evolutionary algorithm 

to find the sensors location and the number of sensors 

required for minimum energy consumption and cost 

constraint to full coverage. The node deployment should be 

cost-effective. The cost depends upon the number of sensing 

devices deployed and the area at which node is deployed. 

The number of sensor nodes has direct impact on the 

deployment of the sensor network. Thus, optimum number 

of sensors should be kept in mind while optimizing the 

various network preliminaries like energy consumption, 

network coverage and connectivity. In this paper, the 

network consists of two types of nodes: clusterheads and the 

sensor nodes. Both have same sensing capabilities. For this 

type of network, the objectives are to completely cover 

monitoring area using minimum number of nodes with 

minimum energy consumption and cost in an efficient 

manner through deterministic deployment of such sensors.  

Key words: Wireless Sensor Network, Sensor Node 
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I. INTRODUCTION 

A wireless sensor network consists of hundreds or thousands 

of sensors that are scattered across a monitored area [1]. 

Each node has limited sensing and communicating 

capabilities. Advancement in technologies makes the area of 

wireless sensor network as an emerging research area. The 

sensing devices can sense within their sensing range and can 

communication via built-in antenna with each node that is 

within the communication range [5, 8]. 

Wsn potential can be shown in wire-range of 

applications including target monitoring [26], healthcare 

[27], agriculture [24] and intruder detection [3]. The 

deploying environment like battlefield, landslide area, 

forest, agriculture depends upon the application. These 

environments have different wsn topology so their 

performance can‟t be predicted easily [2].  

Optimization of sensor node locations in the region 

of interest (ROI) is one of the main issues during the design 

of these networks. Optimal placement of sensors results in 

communication for a longer duration [5].  

The placement of sensing devices in the target field 

can be random and deterministic. In random deployment, 

the sensors are randomly scattered in the field. This leads to 

uneven distribution of sensor nodes and it partially covers 

the area. It may leads to high concentration of nodes in some 

areas. The areas with dense deployment have more energy 

consumption and hence energy depletion increases [4]. For 

full coverage, random deployment requires large number of 

nodes and hence cost of network increases [9]. On the other 

hand, in deterministic deployment, the position of sensors is 

known before placement and offers full coverage even with 

lesser number of nodes. The selection of a particular 

approach depends on the environment topology. Former is 

mainly used when the target area is hostile [5] and 

information about topological structure network isn‟t known 

in advance [4]. Thus, the sensing devices are randomly 

spread through aerially deployed. But as sensing devices are 

expensive, it is good to use deterministic approach that 

requires lesser number of nodes. 

The network of sensors can be homogeneous or 

heterogeneous depending upon the characteristics of the 

nodes. Homogeneous network consists of identical nodes 

i.e. they have same sensing and communication capabilities. 

But in heterogeneous network, nodes have different sensing 

and communication capabilities [4]. The authors in [13-14] 

define heterogeneity in the network on the basis of tasks 

performed by sensor nodes. The tasks can be sensing the 

environmental changes, communicating with other devices, 

data aggregation. 

In this paper, deterministic deployment of sensors 

is considered to optimize energy consumption and cost with 

full coverage. Energy consumption and cost analysis can‟t 

be considered in isolation without considering the network 

coverage [9]. The sensing coverage and the energy 

consumption are strongly dependent on the location of the 

sensor nodes in the monitored area. If the nodes are 

deployed near the base station, the energy consumption is 

reduced but has adverse effect on coverage. For more 

coverage, more sensor nodes are required. So, it is also 

important to find the optimum number of nodes for cost-

effective deployment. The proposed MOGA finds the 

sensors location and minimum number of nodes required to 

optimize energy consumption and cost with full coverage as 

constraint. 

II. RELATED WORK 

In literature, energy consumption in sensor network depends 

on the network model used. Due to varieties in network 

model, energy consumption was calculated by using 

different ways. The energy consumed in each sensor node in 

[1, 7] consisted of three types of energies: maintenance 

energy, transmission energy, receiving energy. The energy 

consumed during aggregation of data wasn‟t considered. 

When a node receives data from a number of nodes, the data 

should be aggregated. Data aggregation reduces the amount 

of data sent to the base station and hence less energy is 

consumed [13]. 

In [6], three types of energies were considered: 

transmission energy, reception energy and processing 

energy. In [14], network lifetime was the only objective to 

be optimized. But as discussed earlier, this objective can‟t 

be considered along.  

A Fitness-based crossover [18] and scatter 

mutation [16] was introduced to optimize network coverage 
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and the installation cost in heterogeneous sensor network. 

The installation cost consisted of node cost and the 

placement cost. The author in [15] used ant colony 

optimization based on greedy mechanism to optimize the 

network coverage, energy consumption and cost but. Three 

algorithms were analyzed in [16] by considering energy 

consumption and network coverage as objective. Both [15-

16] used data aggregation energy to calculate energy 

consumption but didn‟t consider the optimum number of 

sensor requirement.  

The network model in [9] was clustered based 

model. It consisted of two types of nodes: cluster heads and 

sensor nodes. The sensor nodes sent their sensed data to 

their respective cluster head and cluster head sensed the 

aggregated data to the base station. This network model was 

also employed in [17] which worked on improving the 

LEACH (Low-Energy Adaptive Clustering Hierarchy) 

protocol to reduce energy consumption. 

The problem of finding minimal number of sensors 

to maximize coverage in a sensor network was addressed in 

[11], where improvement in NSGA-II was done to avoid 

premature convergence. Two nodes having the same genes 

produce the same individual again and again. So, one of 

them was deleted through deleted operator. This approach 

requires 28 nodes were needed to achieve coverage rate of 

92.04%. The number of sensor required to cover an area can 

be reduced if the overlapped sensing area of the nodes 

decreases [20]. 

In above related work, most of the paper, 

considered the energy consumption by sensor node but 

didn‟t the energy consumption model of any standard 

routing algorithm like LEACH. The paper that considered it 

didn‟t worked on same objectives. The motive behind this 

paper is to deploy the network in such a way that it 

efficiently work with any routing. So, in this paper, the 

network parameters readings are taken from I-LEACH [17]. 

III. METHODOLOGY 

Parameter Description 

N Number of sensors indexed by j 

g(x‟,y‟) 

Variable that indicates whether the 

monitoring point is covered by any sensor or 

not 

x(p) 

Variable that indicates whether the 

monitoring point is equipped by a sensor or 

not 

S Set of sensor nodes 

s Sensor node 

m Monitoring point 

M Set of monitoring point index by p 

P Number of potential locations 

BS Sink node or Base station 

ET-elec Energy consumption of node sending circuit 

k Number of bits to be transmit or receive 

,  Energy consumption during amplification 

Rs Sensing Range 

ET 
Energy consumption between two nodes 

during transmission 

d Distance between two nodes 

do Threshold Distance 

ER-elec 
Energy consumption of node receiving 

circuit 

ER 
Energy consumption between two nodes 

during reception 

Efusion Energy consumption during fusion 

Node Cost Sensor unit cost 

Placement 

Cost 
Cost of region in which sensor is placed 

Cost Total cost 

Engy Energy consumed in one round 

NCov Number of uncovered points 

G Total number of grids 

Cv Coverage Ratio 

Table 1: Modeling Parameters 

A. Network Model and Assumptions 

Consider a 2-D static WSN model [9] employed in this 

paper is illustrated in Fig.3.1 which consists of two types of 

nodes: clusterheads and normal sensor nodes that are 

deployed in a squared sensing area „A‟ of side 60m and a 

static sink „BS‟ with unlimited energy, placed at the center 

of „A‟. Both types of nodes have same sensing capabilities 

and initial energy.  

The sensed data from the sensors is sent to their 

respective clusterheads. A sensor can have only one 

clusterhead associated with it. The clusterheads receive the 

sensed data from the sensors in their respective cluster and 

aggregate the sensed data before sending it to the base 

station. There is no direct communication between sensor 

node and base station. The communication can only be done 

via clusterhead. 

 
Fig. 3.1 Cluster hierarchy of WSN model 

Furthermore, it is assumed that „A‟ is divided into 

uniform consecutive grids to make the coverage problem 

more computationally manageable. 

     (3.1) 

is the monitoring status of a grid centered at (x‟,y‟) 

with „1‟ indicating that grid is covered and „0‟ otherwise. 

The problem is based on the assumptions listed in 

assumption 1, 2, 3 and 4. 

 Assumption 1 The area is obstacle free. 



Multi-Objective Evolutionary Algorithm with Changeable Length for Wireless Sensor Network Deployment 

 (IJSRD/Vol. 3/Issue 04/2015/436) 

 

 All rights reserved by www.ijsrd.com 1877 

 Assumption 2 All nodes have same sensing range 

and have boolean disk sensing model. 

 Assumption 3 Number of sensor nodes potential 

locations is equal to number of monitoring 

locations. 

 Assumption 4 Number of sensor nodes mustn‟t 

exceed the number of monitoring locations. 

B. Problem Formulation 

Definition 1: Coverage is a measure of how well the whole 

physical space is observed by the sensors [8, 10, 12]. 

Coverage is categorized into three types:-  

1) Area Coverage:- Every point in given region of 

interest (ROI) is covered by at least one sensor. 

2) Point Coverage:- Specific points in the ROI are to be 

monitored. 

3) Barrier Coverage:- Observe the movement of mobile 

objects that enter the ROI. 

The whole monitored area is divided into number 

of small squared grids called monitoring locations [7]. The 

sensor can be placed at any monitoring location with a 

constraint that each monitoring locations can equipped with 

only one sensor. To model the coverage of wsn, the center 

of each grid called monitoring points [1] is considered. So, 

point coverage is considered here.  

All sensor nodes have same sensing range and is 

assumed to be circular. Monitoring locations whose distance 

from sensor node is less than or equal to the sensing range 

are said to be covered. Each monitoring location can be 

covered by a number of sensors. 

Definition 2: Network Lifetime is defined as the 

time span of process which starts when node starts sensing 

and ends when data isn‟t successfully delivered to sink node 

[20].  

 
Fig. 3.2 Energy consumption in each round 

Each node is provided with some initial energy and 

network lifetime is affected by the amount of energy 

consumption in the network. As network consists of two 

types of nodes, their energy consumption is different. Fig. 

3.2 shows the energy consumption of network in each round 

[14]. Sensor node consumes its energy in sending data to 

their respective clusterhead. The energy of clusterhead is 

consumed in three processes: receiving from sensor node, 

data aggregation and transmitting the aggregated data to the 

base station. 

C. Multi-objective Formulation 

Objectives: Finding the optimum number of sensors for 

minimum energy consumption Engy(X) and cost Cost(X) 

subject to full coverage Cov(X). See Table 1 for variable 

description. 

The net energy consumption in each round is given as  

f1 = Engy(X)  

which is equal to Transmission energy of sensor 

node + Reception energy of clusterhead + Data fusion 

energy +Transmission energy of clusterhead. 

1) If d<do, energy consumption in transmitting „k‟ bits 

of data, where „d‟ is the distance between two 

nodes. 

(3.2) 

If d≥do, energy consumption in transmitting „k‟ bits of 

data, 

(3.3) 

2) The energy consumption to receive „k‟ bits of data 

by the node: 

(3.4) 

3) Energy consumption in data fusion: 

(3.5) 

The network coverage NCov(X) is expressed as the 

number of uncovered monitoring points (NCov) that are 

determined as [7]: 

(3.6) 

Where d (sj, mp) is the Euclidean distance between 

monitoring point  mp and sensor node j.  

The objective function f2 is total number of uncovered 

monitoring points [7]: 

      (3.7) 

The cost Cost(X) includes the node cost and 

placement cost [18]. The node cost is the unit cost of sensor 

and the placement cost is cost of the region in which sensor 

have to be deployed. 

(3.8) 

The objective function f3 is equal to 

f3=Cost(x)                               (3.9) 

 

The net multi-objective is 

        min(f 1, f2, f3 )                  (3.10) 

Coverage Ratio is defined as the percentage of the 

covered grids over the total grids of A and is evaluated as 

follows [6, 18]: 

      (3.11) 

where „G‟ is the total grids of „A‟ and g(x‟,y‟) is 

calculated using Eq. ( 3.1) 
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D. Dominance and Pareto Optimal 

The concept of dominance and pareto optimal explained in 

this section are based on [18, 19]. Multi-objective 

optimization involves more than one objective function to 

be optimized simultaneously. For a nontrivial multi-

objective optimization problem, there doesn‟t exist a single 

solution that simultaneously optimizes each objective. In 

that case, the objective functions are said to be conflicting, 

and there exists many solutions in the feasible regions. 

Consider a MOO problem that has two objective 

functions f1 and f2. The optimization problem is to minimize 

the two objective functions at the same time, which are 

represented in an equation as follows: 

min(f 1(x), f2(x))    (3.12) 

such that x belongs to X subject to specific 

constraints. Solutions for f1 and f2 for a number of iterations 

are represented by feasible region shown in Fig. 3.3. To 

determine which individual is superior or inferior to the 

others, dominance relationship among individuals should be 

determined. 

Individual Xi is said to dominate Xj with respect to 

objective values if: 

 Fk(Xi) ≤ Fk(Xj) for all k = 1,2, ... ,m, and 

 Fk(Xi) < Fk (Xj) at least one k=1,2, ... m 

where Fk(Xi) denotes the objective value that Xi 

yields in the k-th objective. 

A solution Xi is called Pareto optimal, if there does 

not exist another solution that dominates it. The set of Pareto 

optimal outcomes is often called the Pareto front shown by 

square. The rest of the solutions are called “dominated” 

solutions because there is always another solution that has at 

least one objective that is better. 

 
Fig. 3.3 Pareto Front 

E. Constraints 

Two constraints are required in this optimization problem. 

Firstly, the network should ensure full coverage. Secondly, a 

monitoring location can have only one sensor. To indicate 

whether the monitoring location is occupied by a sensor or 

not, it is marked with x(p) as follows [7]: 

(3.13) 

F. Proposed Algorithm 

This section presents the proposed algorithm based on 

multi-objective evolutionary algorithm with variable length. 

The term evolutionary algorithm (EA) stands simulate the 

process of natural evolution [23]. The evolutionary 

algorithm that is used in study for optimization is genetic 

algorithm (GA). When a problem is solved by MOEAs, 

there are some important aspects to tackle: chromosome 

representation, crossover and mutation strategies and 

generation of initial population [21].  

The flowchart in fig. 3.5-3.6 represents the most 

relevant steps of the node deployment algorithm. 

1) Chromosome representation 

Each chromosome is of variable length equal to the number 

of sensors in that population. A chromosome consists of two 

parts: X-location and Y-location of variable number of 

sensors. The chromosome representation is shown in Fig. 

3.4. Each (x,y) represent any potential location where sensor 

node can be placed. The gene of each chromosome can take 

any real value. 

 
Fig. 3.4 Encoding 

2) Population generation  

For „n‟ populations, firstly the number of sensors is 

randomly generated from a range. Then for each population; 

the values of X-location and Y-location for each sensor node 

are randomly generated by considering two constraints. The 

first constraint is that the value of x-location and y-location 

doesn‟t go beyond the minimum and maximum area 

dimension. The second constraint is that within a 

population, no two sensors gets location from the same 

potential location. The population generated here is of 

variable length and the number of sensors in that population 

determines the population length. 

3) Cluster Formation 

After the population generation, for each population clusters 

are formed using kmeans clustering. Clustering is done after 

deployment of the sensors, but in this paper, it is considered 

prior to deployment. 

4) Fitness Evaluation 

For each population i, the fitness value of each objective are 

calculated i.e the energy consumption, the cost and the 

number of uncovered monitoring points. 

5) Pareto Archive 

In any iteration, non-dominated solutions are stored in a set 

called the Pareto Archive. The solutions obtained in each 

iteration are compared with the solutions existing in the 

Pareto Archive set by using non-dominated relations. The 

selected non-dominated solutions are then considered as a 

new Pareto Archive [21-22]. 
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Fig. 3.5: Steps of proposed algorithm 

 
Fig. 3.6: Steps of proposed algorithm (Archive Concept) 

6) Elitism 

Due to randomness, good solutions can be lost during the 

optimization process [23]. So, to maintain good solution in 

the population, elitism is used i.e. the best solution from the 

current generation is carry over to the next. This strategy is 

known as elitist selection. 

7) Tournament selection 

Selection in genetic algorithm is done to select two 

individuals from a set of individuals. In this study, 

tournament selection is used. Tournament selection involves 

running several "tournaments" among a few individuals 

chosen at random from the population [25]. The winner of 

each tournament (the one with the best fitness) is selected 

for crossover. Parents are selected from the population by 

using a binary tournament selection. 

8) Uniform Crossover 

Crossover represents mating between individuals to generate 

offspring. The uniform operator is used in algorithm. 

Uniform crossover with crossover probability, pc is used to 

mix the characteristics of two parents to form child. The 

uniform crossover algorithm is as follows (M.L denotes 

monitoring location): 

Algorithm 1: Uniform Crossover 

Inputs: indv1,indv2 

Outputs: indv 

for j=1 to number of elements in smaller input individuals 

if rand( ) ≤ pc then 

if j
th

 gene M.L in indv1 isn‟t occupied in indv then 

indv(j)=indv1(j) 

Mark M.L as occupied in indv 

else 

Randomly generate a M.L that isn‟t occupied in indv 

set indv(j) to any point within the generated M.L 

Mark generated M.L as occupied in indv 

endif 

else 

if j
th

 gene M.L in indv2 isn‟t occupied in indv 

indv(j)=indv2(j) 

Mark M.L as occupied in indv 

else 

Randomly generate a M.L that  isn‟t occupied in indv 

set indv(j) to any point within the generated M.L 

Mark generated M.L as occupied in indv 

endif 

endif 

endfor 

9) Traverse Mutation 

Mutation introduces random modifications in the individual. 

Modification in the value of gene is done with the mutation 

probability, pm. The gene is mutated to the monitoring 

location that isn‟t covered by any sensor. The traverse 

mutation algorithm is as follows (M.L denotes monitoring 

location): 

Algorithm 2: Traverse Mutation 

Inputs: indv 

Outputs: indv 

Traverse to calculate the uncovered monitoring locations 

for j=1 to number of elements in input individual 

if rand( ) ≤ pm then 

if uncovered M.L are present 

Randomly generate a M.L that is uncovered 

set indv(j) to any point within the generated M.L 

Mark M.L as covered 

Traverse to calculate the uncovered M.L 
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else 

Randomly generate a M.L until it isn‟t occupied in indv 

set indv(i) to any point within the generated M.L 

Mark generated M.L as occupied in indv 

Traverse to calculate the uncovered M.L 

endif 

endif 

endfor 

10) Replacement and termination criteria 

After applying genetic operations, new population is 

produced. This new population should replace the old 

population. At the end of each generation, the termination 

criterion is checked to decide whether it is time to stop the 

search. The algorithm terminate when maximum iteration is 

reached. 

IV. SIMULATION STUDY 

A. Simulation Network Model 

An experimental simulation has been carried out using 

MATLAB 7.10.0 on windows 7 with core-i3 processor 

specification to test the performance of the proposed 

algorithm. 

 
Fig. 4.1 Simulation Network Model 

The monitoring area is of 60m x 60m dimension as 

shown in fig. 4.1. It consists of 144 equal squared potential 

locations. Each potential location consists of a monitoring 

point in the center. The simulation parameters used for 

proposed algorithm are listed in Table 4.1. The Fig. 4.2 

shows the division of target area according to the placement 

cost. The target area is divided into 4 regions. Some regions 

are hard to access, so their placement cost is high [16]. 

Parameter Value 

Network Size (A) 60 m x 60 m 

Population Size (n) 600 

Generations (maxIter) 100 

Sensing Range (Rs) 15 m 

Number of nodes 9-15 

Tournament Size 2 

Crossover Probability (Pc) 0.5 

Mutation Probability(Pm) 0.5 

Initial Energy 0.5J 

ET-elec , ER-elec 50 nJ/bit 

 10 pJ/bit/m
2
 

 
0.0013 pJ/bit/m

4
 

Efusion 5 nJ/bit/signal 

k 4000 bits 

do 87.7 m 

Node Cost 20/unit 

Number of clusters 2 

Table 4.1 Simulation Parameters 

 
Fig. 4.2 Placement Cost 

B. Simulation Results 

Fig. 4.3 shows the pareto graph at iteration 100. The red 

symbols are solutions that are stored in archive and form the 

pareto set. Fig. 4.4 illustrates the sample of sensor nodes 

positions for 10 nodes. The red dot represents the 

monitoring point. The green square denotes the sensor. The 

blue circles show the coverage of the sensors. The energy 

consumption in one round=0.00046J and cost=950. 

 
Fig. 4.3 Pareto graph at iteration 100 
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Fig. 4.4 Sensor node position for 10 sensor nodes 

From the energy consumption, the lifetime of the 

network can be predicted. For this sample deployment of 10 

sensors, the network works for 10870 rounds. 

V. CONCLUSION AND FUTURE SCOPE 

A multi-objective sensor node positioning algorithm with 

variable length has been developed to find the sensors 

location and the number of nodes required for minimum 

energy consumption and cost at full network coverage. The 

energy consumption model used here is of I-LEACH 

protocol. The simulation results show that the proposed 

algorithm converges to 10 nodes for full coverage. From a 

number of deployment locations for 10 nodes, the 

deployment locations are selected which has minimum 

energy consumption and cost. 

This work is further extending by considering 

network deployment in 3-dimensional or by considering 

obstacles in the monitoring area. 

REFERENCES 

[1] Sengupta, S.; Das, S.; Nasir, M.D.; Panigrahi,B.K.: 

Multi-objective node deployment in WSNs: in search of 

an optimal trade-off among coverage, lifetime, energy 

consumption and connectivity. Elsevier Eng. Appl. 

Artif. Intell. 26, pp. 405–416 (2013) 

[2] D. He,G. Mujica,J. Portilla,T. Riesgo,” Modelling and 

planning reliable wireless sensor networks based on 

multi-objective optimization genetic algorithm with 

changeable length”,Springer, Journal of Heuristics 

August 2014 

[3] Shaleni, R., Swaathiha, S.R. ; Karthikeyan, P.,” 

Deployment and power assignment problem in Wireless 

Sensor Networks for intruder detection application 

using MEA”,IEEE, Pattern Recognition, Informatics 

and Mobile Engineering (PRIME), 2013 International 

Conference on, pp. 175 – 181 

[4] A.Sangwan, R.P. Singh,” Survey on Coverage 

Problems in Wireless Sensor Networks”, Springer,  

Wireless Personal Communications February 

2015, Volume 80, Issue 4, pp 1475-1500 

[5] Pradhan P.M, Panda G.,” Connectivity constrained 

wireless sensor deployment using multiobjective 

evolutionary algorithms and fuzzy decision making”, 

Elsevier Ad Hoc Networks, 2012 

[6] Andreas Konstantinidis, Kun Yang,” Multi-objective 

energy-efficient dense deployment in Wireless Sensor 

Networks using a hybrid problem-specific MOEA/D”, 

Elsevier,Applied Soft Computing February 2011 

[7] H. Zainol Abidin,N. M. Din, I. M. Yassin,H. A. 

Omar,N. A. M. Radzi,S. K. Sadon,” Sensor Node 

Placement in Wireless Sensor Network Using Multi-

objective Territorial Predator Scent Marking 

Algorithm”, Springer, Arabian Journal for Science and 

Engineering, August 2014,Volume 39,pp 6317-6325 

[8] Kaffashi, E.; Shoorabi, M.T.; Bojnourdi, S.H.,” 

coverage optimization in wsn”,IEEE, Computer and 

Knowledge Engineering (ICCKE), 2014 4th 

International eConference on 

[9] Sevgi, C., Kocyigit, A., ”An optimal network 

dimensioning and initial energy assignment minimizing 

the monetary cost of a heterogeneous WSN”, IEEE, 

Wireless Communication Systems, 2009. ISWCS 2009. 

6th International Symposium on,pp. 517 – 521 

[10] Sethi, H.K. ,” Incremental Model for Complete Area 

Coverage in Wireless Sensor Networks“ IEEE, 

Computational Intelligence and Networks (CINE), 2015 

International Conference on 

[11] Jie Jia ;” Coverage Optimization based on Improved 

NSGA-II in Wireless Sensor Network“, Integration 

Technology, 2007. ICIT '07. IEEE International 

Conference on 

[12] Singh, A., Sharma, T.P.,”A survey on area coverage in 

wireless sensor networks”, IEEE, Control, 

Instrumentation, Communication and Computational 

Technologies(ICCICCT), 2014 International 

Conference on,pp. 829 – 836 

[13] Mhatre.V.P; Kofman. D,”A minimum cost 

heterogeneous sensor network with a lifetime 

constraint” IEEE Transactions on Mobile Computing, 

2005  

[14] Nan Hu, Chengdong Wu ; Peng Ji ; Yao Sun,” The 

deployment algorithm of heterogeneous wireless sensor 

networks based on energy-balance”, IEEE,Control and 

Decision Conference (CCDC), 2013,25th Chinese,pp. 

2884 – 2887 

[15] Liu. X; He. Desi ;” Ant colony optimization with 

greedy mechanism for node deployment in wireless 

sensor “ Elsevier, Journal of network and computer 

application, 2014 

[16] Kumrai, T. , Champrasert, P. ; Kuawattanaphan, R.,” 

Heterogeneous wireless sensor network (WSN) 

installation using novel genetic operators in a multi 

objective optimization evolutionary algorithm”, IEEE, 

Natural Computation (ICNC), 2013 Ninth International 

Conference on,pp. 606 – 611 

[17] Beiranvand. Z; Patooghy. A,” I-Leach: An efficient 

routing algorithm to improve performance and to 

reduce enrgy consumption in wireless sensor 

network”, IEEE, Conference on information and 

knowledge technology, 2013 

[18] Champrasert, P. , Kumrai, T.,” Coverage and 

installation cost optimization in WSNs using a fitness-

based crossover evolutionary algorithm”,IEEE, 

Technology, Informatics, Management, Engineering, 

and Environment (TIME-E), 2013 International 

Conference on,pp. 83 – 88 

[19] http://en.wikipedia.org/wiki/Multiobjectiveoptimization 

[20] Robatmili, M. ; Mohammadi, Mehdi ; Movaghar, A.; 

Dehghan, M.,” Finding the sensors location and the 

number of sensors in sensor networks with a genetic 

algorithm”, Networks, 2008. ICON 2008. 16th IEEE 

International Conference,December 2008 

[21] Lanza-Gutierrez, J.M.,  Gomez-Pulido, J.A. ; Vega-

Rodriguez, M.A.,Sanchez-Perez, J.M.,” Multi-objective 

evolutionary algorithms for energy-efficiency in 

heterogeneous wireless sensor networks“, Sensors 

Applications Symposium (SAS), 2012 IEEE,pp. 1 – 6 

[22] Masri, H., Abdelkhalek, O. ; Krichen, S.,” A 

comparison of multiple objective evolutionary 

algorithms for solving the multi-objective node 

placement problem”,IEEE, Control, Decision and 

http://link.springer.com/search?facet-author=%22Danping+He%22
http://link.springer.com/search?facet-author=%22Gabriel+Mujica%22
http://link.springer.com/search?facet-author=%22Jorge+Portilla%22
http://link.springer.com/search?facet-author=%22Teresa+Riesgo%22
http://link.springer.com/journal/10732
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Shaleni,%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Swaathiha,%20S.R..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Karthikeyan,%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6482756
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6482756
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6482756
http://link.springer.com/search?facet-author=%22Anju+Sangwan%22
http://link.springer.com/search?facet-author=%22Rishi+Pal+Singh%22
http://link.springer.com/journal/11277
http://link.springer.com/journal/11277/80/4/page/1
http://www.sciencedirect.com/science/article/pii/S1568494611000950
http://www.sciencedirect.com/science/article/pii/S1568494611000950
http://link.springer.com/search?facet-author=%22H.+Zainol+Abidin%22
http://link.springer.com/search?facet-author=%22N.+M.+Din%22
http://link.springer.com/search?facet-author=%22I.+M.+Yassin%22
http://link.springer.com/search?facet-author=%22H.+A.+Omar%22
http://link.springer.com/search?facet-author=%22H.+A.+Omar%22
http://link.springer.com/search?facet-author=%22N.+A.+M.+Radzi%22
http://link.springer.com/search?facet-author=%22S.+K.+Sadon%22
http://link.springer.com/journal/13369
http://link.springer.com/journal/13369
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Kaffashi%2C%20E..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Shoorabi%2C%20M.T..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Bojnourdi%2C%20S.H..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6974753
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6974753
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6974753
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kocyigit,%20A..QT.&searchWithin=p_Author_Ids:37545436300&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5277434
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5277434
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sethi,%20H.K..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7051632
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7051632
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Jie%20Jia.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4290335
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4290335
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4290335
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Singh,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sharma,%20T.P..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6973086
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6973086
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6973086
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6973086
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nan%20Hu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chengdong%20Wu.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Peng%20Ji.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yao%20Sun.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6552458
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6552458
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kumrai,%20T..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Champrasert,%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kuawattanaphan,%20R..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6811386
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6811386
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Champrasert,%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kumrai,%20T..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6596202
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6596202
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6596202
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Robatmili,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Mohammadi,%20Mehdi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Movaghar,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Dehghan,%20M..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4760205
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4760205
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Lanza-Gutierrez,%20J.M..QT.&searchWithin=p_Author_Ids:38229354800&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Gomez-Pulido,%20J.A..QT.&searchWithin=p_Author_Ids:38193207200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Vega-Rodriguez,%20M.A..QT.&searchWithin=p_Author_Ids:38193206500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Vega-Rodriguez,%20M.A..QT.&searchWithin=p_Author_Ids:38193206500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Sanchez-Perez,%20J.M..QT.&searchWithin=p_Author_Ids:38195199200&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6162919
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6162919
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Masri,%20H..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Abdelkhalek,%20O..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Krichen,%20S..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6982036


Multi-Objective Evolutionary Algorithm with Changeable Length for Wireless Sensor Network Deployment 

 (IJSRD/Vol. 3/Issue 04/2015/436) 

 

 All rights reserved by www.ijsrd.com 1882 

Information Technologies (CoDIT), 2014 International 

Conference on,pp. 152 – 157 

[23] Eckart Zitzler, Marco Laumanns” A Tutorial on 

Evolutionary Multiobjective Optimization“, Springer 

Metaheuristics for Multiobjective Optimisation, 2004 

[24] Mohammad Hossein Anisi,” A survey of wireless 

sensor network approaches and their energy 

consumption for monitoring farm fields in precision 

agriculture”,Springer 2014 

[25] Syarif, A., Benyahia, I. ; Abouaissa, A. ; Idoumghar, 

L.,” Evolutionary multi-objective based approach for 

wireless sensor network deployment”, Communications 

(ICC), 2014 IEEE International Conference on,pp. 1831 

– 1836 

[26] Fadi M. Al-Turjman,” Efficient deployment of wireless 

sensor networks targeting environment monitoring 

applications”,Elsevier Computer Communications, 

2013 

[27] Md Zakirul Alam Bhuiyan,” Deploying Wireless 

Sensor Networks with Fault-Tolerance for Structural 

Health Monitoring”,IEEE Transactions on computers, 

vol. 64, no. 2, february 2015 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6982036
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6982036
http://link.springer.com/search?facet-creator=%22Eckart+Zitzler%22
http://link.springer.com/search?facet-creator=%22Marco+Laumanns%22
http://link.springer.com/book/10.1007/978-3-642-17144-4
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Syarif,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Benyahia,%20I..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Abouaissa,%20A..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Idoumghar,%20L..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Idoumghar,%20L..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6878057
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6878057

