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Abstract – The directional sensor networks (DSNs) are mainly focused to prolong the network 

lifetime and to optimize the energy consumption of sensors. The number of sensors deployed in an 

environment is much higher than those required for providing the coverage; therefore, the energy-

aware methods are needed to select the sensors. Coverage is considered a major problem in DSNs 

and is a criterion for quality of service (QOS).In this regard, the sensor scheduling method has 

been discussed by researchers to prolong the sensor lifetime in a network. The present paper 

proposes an NSGAII-based algorithm to solve the sensors 'scheduling. This paper aimed at finding 

a practical solution in solving the multi-objective problems by using the multi-objective 

evolutionary algorithm method. There are two parameters presented for evaluating the solutions, 

including the number of sensors, the target coverage. To confirm the high performance of the 

proposed algorithm, it was compared with the recently presented algorithm. According to the 

simulation findings, the algorithm had better results in the comparison parameters. 
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1. Introduction 
 

The DSNs are composed of a large number of wireless 

sensors that are randomly deployed in an environment. The 

sensors can monitor the environment, process data, 

communicate with other sensors, and transmit the processed 

data to the sink. The WSNs are used for battlefield security 

monitoring, wildlife habitat monitoring, etc. [1,2]. Batteries 

are a sensor’s power source and it is practically impossible 

to charge or replace them. The energy consumption in 

sensors is regarded as a serious challenge when the network 

needs to operate for a long time, it is required to take more 

measures for optimizing battery’s energy consumption [5]. 

The algorithm efficiency for a DSN is often analyzed in 

terms of energy consumption. Sensors must be programmed 

in a way that the network lifetime be lengthened [3,4]. 

Sensors are generally classified into two categories: 

traditional omnidirectional sensors and directional sensors. 

The traditional sensors are able to sense a full 360-degree 

view of their surroundings. In the directional sensors, the 

sensing angle of the sensor node is limited in one direction 

and at a sector. A directional sensor can measure in several 

directions; however, it can only be active in one direction 

and at a given angle within a time unit. The directional 

sensors are typically ultrasonic, infrared, and video sensors 

and they differ from traditional sensors in characteristics, 

such as angle of view, working direction, and line of sight. 

Regarding the limited angle of directional sensors, the 

algorithms proposed for WSNs cannot be applied to DSNs 

and introducing new methods is needed [7,8]. 

The coverage is regarded as a critical problem in DSNs. 

The concept of coverage explains how the targets are 

covered by the sensors [10,11]. This concept defines how 

an object- an area or a target- is controlled or tracked by the 

directional sensor nodes. The quality of service (QOS) is a 

parameter measured by this concept [9]. As a general rule, 

the coverage is categorized into three groups, including 

target coverage, area coverage, and barrier coverage. The 

target coverage focuses on how to observe and to cover a 

series of targets or points located in the sensing range. For 

the most part, the target coverage is also referred to as point 

coverage. In the area coverage, it is aimed to observe or 

cover all or part of the area by a number of sensors 

deployed in it. According to barrier coverage, it is intended 

to create a barrier by using a sensor chain to detect the 

possibility of transgression outside the Region of Interest 

(ROI). This paper studies the target coverage. For more 

detailed information on the coverage problem in sensor 

networks, it is suggested to refer to papers [12,13,14]. 

The network’s lifetime maximization is considered to be 

another research topic in sensor networks. Network lifetime 
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is the continuous time duration when all the targets in a 

given area are observed by the deployed sensors [13,15]. 

With the aim of reducing and managing the energy 

consumption in the sensor networks, some nodes that share 

a common coverage area can be removed using a coverage 

optimization protocol [16]. In this regard, among several 

methods proposed by researchers, in the Activity 

Scheduling Problem (ASP) method, only a set of sensors is 

activated at any given time to prolong the network lifetime 

[17] and it has proven to be NP-hard. 

Identifying the optimal solution for an NP-hard problem 

is computationally expensive and it is not practical even in 

limited time. Multi-objective evolutionary algorithms are 

capable of achieving the potential solutions in the 

multidimensional space of multi-objective problems. 

Accordingly, this paper aimed at finding a practical solution 

in solving the multi-objective problems by using the multi-

objective evolutionary algorithm method. 

The remainder of this paper is organized as follows. 

Section 2 briefly reviews the researches previously carried 

out on solving target coverage problem. Section 3 illustrates 

the problem with an example. Section 4 overviews the 

genetic algorithm. Section 5 presents the proposed 

algorithm for finding the optimal or near-optimal solution. 

Section 6 provides the simulation results of the algorithm 

and finally section 7 dedicates to the conclusion. 

 
2. Related Works 

The coverage and maximum network lifetime (MLP) in 

DSNs is a matter of great importance for researchers. The 

quality of coverage is closely associated with the strategy of 

deploying the sensors in the network. There are two types 

of sensor deployment in the sensor networks: controlled or 

random deployment. According to the controlled method, 

the coverage is maximized with a minimum number of 

sensors and there is no occlusion and overlapping problem. 

The random method is the only option in remote or 

dangerous environments and occlusion and overlapping are 

inevitable [14]. Setting up active and sleep modes for 

sensors is regarded as a major method proposed for 

scheduling. All solutions are looking for a method for 

selecting active and sleep sensors to prolong the lifetime of 

the sensor network. Some of them are intended to suggest a 

method for creating a cover set based on which a cover set 

is created in each round step. The cover set must be capable 

of satisfying the network coverage requirements at runtime. 

While a cover set runs, only the sensors of that cover set are 

activated and  the rest goes to inactive mode. 

In [22], the authors proposed a new high-performance, 

centralized greedy algorithm to solve the coverage problem 

in sensor networks that are capable of generating both 

disjoint and non-disjoint cover sets. So as to select the best 

node to be deployed in the cover set at each step, the 

Critical Control Factor (CCF) function was used, in which 

parameters such as sensors’ observing capability, its 

relationship to the critical targets that observe their 

quantitative sensors, and also the remaining amount of 

sensor energy. In [16], sensor nodes were allowed to be 

shared in cover sets, and the Maximum Set Cover (MSC) 

was introduced accordingly. Then, an algorithm based on 

Linear Programming (LP) was proposed to solve the target 

coverage problem and non-disjoint cover sets creation. Due 

to its high time complexity and inapplicability in the large-

scale problems, a greedy algorithm was used. In [3], an 

algorithm was proposed to cover the targets in the sensor 

networks, which can create both disjoint and non-disjoint 

connected cover sets. In addition to creating cover sets for 

target coverage, the solution was intended to reduce the 

generated traffic and it was then saved the energy by using 

the greedy approach as the basic method. In [27], a 

memetic algorithm was proposed to solve the Q-coverage 

problem, in which each target was covered by one or more 

sensors. It was mainly aimed to maximize the network 

lifetime while satisfying the coverage requirements of each 

target through creating the maximum number of cover sets. 

In [28], an algorithm for scheduling sensors and creating a 

disjoint cover set called HDSC using the heterogeneity 

level of nodes’ batteries was suggested. To this end, the new 

complex Mixed Integer Linear Programming (MILP) 

formula was proposed to optimally solve the HDSC 

problem, then a genetic algorithm (GA) based method was 

suggested to find the approximate solutions. 

With respect to the difference between the traditional 

and directional sensor networks, the algorithms of such 

networks are also mutually distinct and a different 

algorithm was proposed for DSNs regarding the direction 

and angle restrictions. 

In [29], the authors first proposed the Maximum 

Coverage with Minimum Sensors (MCMS) theory for 

sensor networks with adjustable direction nodes, and the 

Centralized Greedy Algorithm (CGA) and Distributed 

Greedy Algorithm (DGA) were suggested for solving the 

problem. It was then proved that the problem presented in 

directional sensor networks was in the category of NP-

complete algorithms. In [30,31], the authors first proposed a 

greedy algorithm to solve the Maximum Set Covers for 

DSNs (MSCD) problem by creating the maximum number 

of cover sets in directional sensor networks.  Due to the 

fact that the greedy algorithms may be held onto the local 
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minimum consequently, they will not achieve the global 

optimal or approximate to it, a genetic algorithm was then 

suggested to reach the global optimal. In [32], the authors 

proposed a genetic-based algorithm to solve the problem of 

Maximum Network Lifetime with Adjustable Ranges 

(MNLAR) to create the maximum number of covers and 

maximize the network lifetime. In this respect, both 

network energy saving techniques, namely the sensor 

scheduling and the sensing range adjusting were used for 

creating the cover sets. 

DSNs are commonly applied in remote and harsh 

environments. Sensors that for any matter are not capable 

of performing well are eliminated from the network. 

Therefore, if the number of sensors is less than the 

threshold, the coverage may not be available for all targets, 

i.e. full coverage may not be provided, and the network 

may go to the under-provisioned state. There are some 

factors decreasing the number of sensors, including 

discharge of energy from a number of sensors, an increase 

in the number of targets while keeping constant the number 

of sensors, and loss of sensors due to natural reasons in 

such networks. In [43], some methods were presented for 

balancing the network coverage when sufficient directional 

sensor nodes were not provided and each target required at 

least k sensor for coverage. In [43], a learning automata-

based algorithm was proposed to solve the k-coverage in 

under-provisioned networks to achieve a balanced coverage 

in the network. The algorithm was designed to select the 

minimum number of sensors for each cover set while 

maintaining the coverage balance for all targets. 

The sensor scheduling problem is regarded as a multi-

objective problem with conflicting objectives; accordingly 

the algorithm NSGA2 were used in some methods to solve 

the problem. In line with these methods, a number of 

contradictory parameters are regarded, based on which the 

sensors are selected. 

In [37], the multi-objective coverage optimization 

memetic algorithm (MOCOMA) was proposed to solve the 

coverage problem in DSNs. The method suggested a new 

structure for the chromosomes, which could include a 

number of cover sets. The parameters involve the number 

of cover sets on each chromosome, the variance of the 

residual energy of the sensors on the chromosome, and 

finally the number of unused sensors. In [38], the algorithm 

presented in this study was aimed to cover all targets and 

establish a connection between the sensors. In this regard, 

the contradictory parameters of the minimum number of 

sensors, the guarantee of coverage of all targets in the 

network, the guarantee of establishing connection between 

the sensors that will be active, and finally the maximum 

average energy between the selected sensors in NSGA were 

discussed by the authors. In [39], the visual coverage in the 

visual sensor network (VSNs) was studied and three 

metrics were used for evaluation, including visual coverage 

ratio, number of selected sensors, and overlapping coverage 

ratio. The metrics represented, respectively, the percentage 

of the environment that was totally covered, the number of 

selected sensors, and finally the percentage of the 

environment that was covered by more than one sensor. In 

[40], the authors proposed an NSGA-based algorithm to 

solve the redundant coverage maximum problem. The first 

metric was the percentage of targets observed by at least 

one visual sensor, the second metric was the percentage of 

targets covered by at least two sensors, and the third metric 

involved the average number of repetitive coverage of 

targets. In [41], the coverage problem was modeled as a 

multi-objective optimization problem. The study was aimed 

to lengthen the network lifetime while reducing the energy 

consumption. The parameter used in [41] is the reduction of 

energy consumption of sensors when measuring the energy 

consumed by sensing and communication.  

 

3. Problem Definition 

This section studies the maximization lifetime problem 

in the DSNs. It was assumed that a number of directional 

sensors and targets are randomly distributed in an 

environment, which was supposed to a Euclidean plane. It 

was also presumed that targets and sensors were aware of 

their spatial information. Each directional sensor has an 

�sector, but it can only work in one direction (known as 

working direction).The sensors cover targets that are 

simultaneously in the sensing range and working direction. 

The directional sensors were considered to be homogeneous, 

have an energy level of ��, and the energy consumed to 

change the sector is assumed to be negligible. Each sensor 

is characterized by three modes: active, sleep, idle. The 

parameters used here are given in the table 1. 
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Table 1.Notations 

 
 
Problem: How to select and activate a number of 

sensors in the network based on defined objectives to cover 

more targets and to prolong the network lifetime? 

 

4. The Proposed Algorithm 

4.1. Multi-Objective Optimization Problem 

The multi-objective optimization methods are used to 

solve a problem, in which there is more than one objective 

function and in most cases these targets are  contradicting. 

In multi-objective problems, improving a target has an 

adverse effect on another, and improving just a target has an 

adverse effect on the solution for the whole problem. In 

solving such problems, it is not possible to find a solution 

that improves all the targets at the same time, but it can 

improve all the targets to an acceptable degree and in a 

balanced way. To this end, Parteo optimization should be 

studied. The multi-objective optimization problems 

generally seek to maximize or minimize the outcomes of 

the problem. An overview of a multi-objective optimization 

problem is presented in Eq.1 

 

min/�	
  �
� =  �� 
�, �� 
�, … , ��
��                       

(1) 

��
� ≤ 0 , � = 1,2, … , � 

ℎ�
� ≤ 0 , � = 1,2, … , � 


   Ω ⊂ ℝ$ 

Where % =  
�, 
�, … , 
$�&  is the decision variable 

vector. 

Each ��
� ≤ 0 , � = 1,2, … , �  indicates unequality 

constraints and for each 

ℎ�
� ≤ 0 , � = 1,2, … , � represents the equality 

constraints. 

 
Also, for each �� ∶  Ω ⊂ ℝ$ → ℝ  , ) = 1,2, … , * , 

implies the objective function *. In the case of  * = 1, the 

multi-objective problem becomes a single-objective 

problem, thus in multi-objective optimization, it is also 

assumed that * ≥ 2. 

In a multi-objective optimization problem with the 

objective function * , a solution 
� ∈ %    dominates 

potentially another solution (for example  
� ∈ %) in this 

set, if and only if ��
�� ≤ ��
��       ∀) ∈ {1,2, … , �}. 

If a solution 
� ∈ %  weakly dominates the solution 


� ∈ %, if and only if  

��
�� ≤ ��
��       ∀) ∈ {1,2, … , �} , ��
�� <

��
��       ∃) ∈ {1,2, … , �} 

For example, the non-dominated sorting of a problem 

with two objective function is given in the following table. 

As it is indicated in Fig.1, f1 dominatesf2,f3, and f2 

dominates f3. 

 
Fig 1.Non-dominated sorting 

 

A solution that is not dominated by other solutions is 

called Pareto optimal. The set of Pareto optimal results is 

often known as the Pareto frontier. 

 
4.2 An Overview of a Fast Non-Dominated 

Sorting Approach (NSGA II) 

NSGA-II is a multi-objective evolutionary algorithm 

(MOEA) that optimizes multiple targets simultaneously and 

follows the basic steps of genetic algorithm (GA) [24].In 

NSGA-II, the initial population is generated and the 

population is quickly classified based on a sorting method 

based on the non-domination. The fitness value of each 

chromosome in each class is equal to the unclassified value. 

When the non-dominated sorting is complete, the crowding 

distance is also determined. The crowding distance is a 

criterion for determining the close proximity of each 

chromosome to its neighbors. A large number of average 

crowding distance will create better diversity in the 

population. Parents can be selected from the population 

using a method-for example, binary tournament selection- 
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based on rank and distance. Offsprings are generated by 

applying crossover and mutation operators to parents, and 

the generated offsprings are added to the previous 

population. Since all previous and current superior 

chromosomes are added to the population, the presence of 

superior chromosomes in NSGA-II is guaranteed. 

 
4.3 The Proposed NSGA-II Base Algorithm 

This section presents a proposed NSGA-base algorithm 

to solve the coverage problem in the DSN. An algorithm 

inspired by a multi-objective genetic algorithm was 

proposed to simultaneously lengthen the network lifetime 

and provide the maximum coverage for the targets deployed 

in the environment through selecting the least number of 

sensors. The proposed algorithms involves the following 

steps: representation of chromosome, generation of the 

initial population, creation of multiple fitness functions, 

common operations with the genetic algorithm, including 

selection, crossing, and mutation. Then, the nextoffsprings 

were generated by using the quick non-dominated sorting 

and crowding distance. All of the aforementioned steps are 

summarized in the following sections. 

 
4.3.1Chromosome Representation 

A chromosome represents how to model a solution to a 

problem. In this regard, am integer-based numerical 

representation was used to represent the chromosome. 

According to the proposed model, each chromosome 

represented a set of sensors. The number of genes on each 

chromosome was equal to the number of targets in the 

environment. Each gene indicated each target was covered 

by which sensor and sector. So as to generate the 

chromosomes, the algorithm assigned priority to the critical 

targets (those targets that were covered by the minimum 

number of sensors). Accordingly, those genes associated 

with the critical targets were first quantified. It should be 

noted that each sensor of a set can be presented with just 

one sector. Figure 2 illustrates a sample of a valid 

chromosome. 

 
Fig.2 A valid chromosome in the network 

 
4.3.2 Initial Population 

In order to generate the initial population, a number of 

chromosomes were randomly selected. The value of each 

gene was selected from the values covered by the target. As 

previously stated, each sensor can only be presented in a 

cover set by one of its sectors. 

 

4.3.3 Evaluation of the Multiple Fitness Values 

The quality of chromosomes in a population is 

measured by fitness values. This section was intended to 

find a set of minimum number of sensors in the 

environment and activate them to cover the targets 

deployed in the environment. It should be drawn particular 

attention to the value of energy in the sensor while selecting 

them. If a sensor loses its energy, the sensor will be 

destroyed and the targets covered by which will remain 

uncovered. In this case, the sensor selection operation must 

be performed once more. The proposed multi-objective 

functions in this paper are as follows: 

 

Objective 1 (Selecting the minimum number of 

sensors): Selecting a minimal number of sensors causes a 

smaller number of sensors to be selected and as a result lose 

their energy, and it would then be possible to select more 

sensors in the subsequent steps. According to the proposed 

chromosome model, it should be noted to select sensors 

capable of covering a larger number of targets so that to 

have fewer sensors. This section was aimed to minimize 

Eq.2. Assuming that if there are N sensors in the network 

and 34sensors are selected. 

5 =
34

3
 

Objective 1: 

Minimize n 

        (2) 

 

Objective 2 (The maximum target coverage): Target 

coverage in the network is regarded as one of the main 

objectives of this study. According to equation ?, the value 

of C represents the percentage of targets covered by at least 

one sensor. In this equation, if the target is not covered, the 

cover6� function value is 0 and if it is covered by at least 

one target, the value is 1. This section was aimed to 

maximize Eq.3. 

 

7 =
∑ 9:;<�<=6���>

�?�

�
 

Objective 2: 

Maximize C 

  (3) 

 

Selection: In this operation, the most suitable 

chromosomes are selected to generate the offsprings. In this 

vein, two more qualified parents must be selected. In this 

study, two members are selected among the population in 

order to find a  parent. If their rank is not equal (not to be 

on the same frontier), the chromosome with the lowest rank 

is selected. If they have the same rank, the chromosomes 

that have the most crowding distance is selected. Likewise, 
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the second parent is selected. 

Crossover and Mutation: With the aim of generating 

the next offsprings, the crossover operation was applied to 

two chromosomes that were randomly selected from the 

population. There are several crossover methods such as 

single-point, two-point, etc. This paper applies a single-

point crossover operator to generate a pair of offspring 

chromosomes of the parent chromosomes. In this respect, 

the crossover point was randomly selected, then the parent 

chromosomes exchange their information. Fig.3 indicates 

the two chromosomes selected as the parent. Moreover, the 

crossover point is specified. The offsprings of the crossover 

process are also shown. As indicated by the Fig.3, one or 

both offsprings may have invalid values after the crossover, 

so a repair operator is needed, which is described in the 

following.  

 
Figure 3. An Example of a Crossover operator 

 

Once the optimal chromosome generated, the mutation 

process begins, according which a chromosomal gene is 

randomly selected and its value is changed. Thus, among 

the sensors covering the target, a value is randomly selected 

and replaced by the current value or the null value. During 

the mutation, it must be taken not to have a sensor with two 

sectors in a cover set. 

 

 

Algorithm 1. The NSGA-II general framework 

 

      Input: 

  Multi-Objective Problem (MOP) 

 The number of individuals ;Npop 

 The maximum number of generations ;MaxIt 

             Output: 

             Pareto Front (PF) 

            Initialization: 

pop = Initialization population () 

pop = Non_Dominated_Sorting (pop) 

pop = Calculate_Crowding_Distance (pop) 

pop = Sort_Population (pop) 

 

         % NSGA-II Main 

for it = 1: MaxIt 

begin 

pc = Crossover(pop) 

pm = mutation(pop) 

pop = [ pop 

popc 

popm ]; 

pop = Non_Dominated_Sorting (pop) 

pop = Calculate_Crowding_Distance (pop) 

pop = Sort_Population (pop) 

pop = pop(1:Npop) 

pop = Non_Dominated_Sorting (pop) 

pop = Calculate_Crowding_Distance (pop) 

pop = Sort_Population (pop) 

                     % Stopping criteria met? 

                   If (Stopping criteria met) then 

Return Pareto Front (PF)  

else 

MaxIt = MaxIt+1 

end for 

end program 

 

 

Repair Operator: Once the crossover process is 

performed, one or both chromosomes may have invalid 

values. If there is a sensor with two sectors in a cover set, 

the chromosome is invalid and the value of that gene must 

be replaced by a valid value. Algorithm 1. gives the pseudo-

code of the NSGA2 algorithm. 

 

5. Simulation 

Simulation and comparison of the results obtained by 

the algorithms are considered as major methods for 

evaluating their performance. For this purpose, this study 

performed several experiments by using MATLAB 

software and the results are consistent with the recently 

proposed algorithm. The selected simulation scenario is that 

N sensors and T targets are randomly deployed in 

a 1000m × 1000m  environment. This section provides 

several experiments conducted to evaluate the performance 

of the proposed algorithms. The sensors are randomly 

distributed in the environment. The sensors include four 

preset sectors. There are four experiments performed in this 

paper. The first experiment was aimed to investigate the 

effect of increasing the number of targets on the network 

lifetime while the sensing radius and the number of sensors 

are constant. The second experiment was intended to 

investigate  the effect of increasing the number of sensors 
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on the network lifetime while the sensing radius and the 

number of targets are constant. The third experiment 

indicated the effect of changing the sensing radius on the 

network lifetime while the number of targets and the 

number of sensors are constant. The fourth experiment 

addressed the relationship between the number of sectors 

and the network lifetime. The sensors have four predefined 

sectors. The proposed algorithm was compared with [44]. 

For further adaptation of the comparison conditions, it is 

necessary to assume the sensing radius of the sensors at a 

constant value. The method presented in [44] is based on a 

multi-objective method that is modeled linearly and it has 

multiple objectives. 

This paper has performed each test scenario 15 times for 

more certainty, and the average results are presented. For 

simulation, MATLAB R2014a was used on a system with 

RAM Intel i3 processor, 1.7GHz CPU, 4GB in Windows 7 

environment.  

Experiment 1. It was assumed that the number of 

targets was variable and the sensing radius and the number 

of sensors were constant. This experiment was aimed to 

investigate the effect of changing the number of targets 

during the network lifetime. In this regard, the number of 

targets was increased by 10 units for each step from the 

initial value of 50. The sensing radius and the number of 

sensors were fixedat 100 and 90,respectively. As indicated 

in Fig.4, the network lifetime decreases with increasing the 

number of targets. This is due to the fact that more sensors 

are required to cover the targets by increasing their number 

in the network. Considering the greater collaboration of the 

sensors in covering the targets, the network energy is 

depleted faster and the network lifetime is decreased. 

 

 

Fig. 4 Effect of the number of targets on the network lifetime. 

 

Experiment 2. This experiment was intended to 

examine the effect of increasing the number of sensors on 

the network lifetime. The sensing radius and the number of 

targets were assumed to be fixed at 100 and 70, respectively. 

The number of sensors was increased by 20 units for each 

step from the initial value of 20. According to the results 

given in Fig.5, it is proved that the network lifetime may be 

prolonged by increasing the number of sensors. The fact is 

that more sensors lead to creating more cover sets that are 

capable of satisfying the coverage requirements of all 

targets. The increased number of cover sets and their 

sequential run will prolong the network lifetime. 

 

 

 

 
Fig.5 Effect of the number of sensors on the network lifetime. 

 

Experiment 3. This experiment was designed to 

investigate the relationship between the sensing range and 

the network lifetime. The number of sensors and the 

number of targets were fix at 100 and 70, respectively. The 

sensing range was increased from 60 to 120 meters, by 10 

meters for each step. More targets were covered by each 

sensor that its sensing range was extended; accordingly, the 

coverage requirement of targets may be satisfied by a 

negligible number of sensors. The Less collaboration of 

sensors covering the targets in the network led to reducing 

the energy consumption of the sensors as well as 

prolonging the network lifetime. As it is shown in Fig.6, the 

network lifetime was prolonged by extending the sensing 

range.  
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Fig.6 Effect of sensing range on the network lifetime. 

 

 

Experiment 4.This experiment was aimed at detecting 

the relationship between the number of sectors and the 

network lifetime. In this respect, the number of sectors was 

increased from 1 to 5, by one unit each time. The number of 

sensors and the number of targets were fix at 100 and 70. 

The number of sensors was fixed at 100. The initial amount 

of energy was set equal to the number of sectors.  

 
Fig.7 Effect of number of sectors on the network lifetime. 

 

 

According to the results indicated in Fig.7, there is a 

direct relationship between the number of sectors and the 

network lifetime. Consequently, the network lifetime was 

prolonged by increasing the number of sectors. 

 

6. Conclusion 

The coverage and maximum network lifetime (MLP) 

are regarded as major problems in DSNS. This paper aimed 

to achieve the target coverage and maximum network 

lifetime by studying the sensor scheduling in the network. 

Considering that the sensor scheduling is inherently a 

multi-objective problem, the NSGA-II evolutionary 

algorithm was used to find the solution. In this regard, the 

fitness function with two objectives was used to evaluate 

the quality of chromosomes. Two metrics were used in the 

fitness function, including the number of sensors, target 

coverage.  

 

References 

 

[1]  I.F. Akyildiz, W. Su, Y. Sankarasubramaniam, E. 

Cayirci, “Wireless sensor networks :a survey”, Computer 

Network, 393–422, 2002. 

[2] K. Sohraby, D. Minoli, T. Znati, “Wireless Sensor 

Networks”, 2007 . 

[3] Katti Anvesha,  “Target  coverage  in  random  

wireless  sensor  networks  using  cover  sets,”  

Journal  of  King  Saud University- Computer and 

Information Sciences, 2019. 

 [4] M. Cardei, M.T Thai, YingshuLi, Wu Weili, 

“Energy-efficient target coverage in wireless sensor 

networks”. Proceedings IEEE 24th Annual Joint 

Conference of the IEEE Computer and Communications 

Societies, vol. 3: 1976–1984, 2005. 

 [5] A. Kansal, J. Hsu, S. Zahedi, M.B. Srivastava, 

“Power management in energy harvesting sensor networks”, 

ACM Transact. Embedded Comput. Syst. Vol.6:1–32, 2007. 

 [6] C. Alippi, G. Anastasi, M. Di Francesco, M. Roveri, 

“Energy management in wireless sensor networks with 

energy-hungry sensors”, IEEE Instrum. Meas. Mag. 

Vol.12:16–23, 2009. 

 [7] M. A Guvensan, &A. G Yavuz, “On coverage issues 

in directional sensor networks: A survey”. Ad Hoc 

Networks, vol.9(7): 1238–1255, 2011. 

[8] H. Ma ,Y Liu,“On Coverage Problems of Directional 

Sensor Networks”. In: Jia X., Wu J., He Y. (eds) Mobile 

Ad-hoc and Sensor Networks. MSN 2005. Lecture Notes in 

Computer Science, vol.3794, 2005. 

 [9] M. Ilyas, I. Mahgoub, “Handbook of sensor 

networks: Compact wireless and wired sensing systems”. 

Boca Raton, London, New York, Washington, D.C.: CRC 

Press. 

[10] Manju, PawanBhambu&Sandeep Kumar “ Target K-

coverage problem in wireless sensor networks”, Journal of 

Discrete Mathematical Sciences and Cryptography.651-659, 

2020. 

[11] S. Meguerdichian, F. Koushanfar, M. Potkonjak and 

M. Srivastava, “Coverage problems in wireless ad-hoc 



Journal of Applied Dynamic Systems and Control, Vol.4, No.1, 2021: 43-52                      

 
51 

 

 

sensor networks”, In IEEE Inter-national Conference on 

Computer Communications (INFOCOM), pp. 1380-1387, 

2001. 

 [12] A. More and V. Raisinghani, “A survey on energy 

efficient coverage protocols in wireless sensor networks,” J. 

King Saud Univ. - Comput. Inf. Sci., 2016. 

 [13] A. Sangwan and R. Pal Singh, “Survey on 

Coverage Problems in Wireless Sensor Networks”, Wireless 

PersCommun, vol.80:1475–1500, 2015. 

 [14] M. A. Guvensan and A. G. Yavuz, “On coverage 

issues in directional sensor networks: A survey,” Ad Hoc 

Netw., vol. 9: 1238–1255, 2011. 

[15] Qun Zhao, Q., Gurusamy, M., Lifetime 

maximization for connected target coverage in wireless 

sensor networks.IEEE/ACM Trans. Netw.Vol.16 (6):1378–

1391, 2008. 

 [16] M. Cardei,M.Thai,Y Li, et al. “Energy-efficient 

target coverage in wireless sensor networks”. In: 

Proceedings of the 24th the IEEE International Conference 

on Computer Communications, INFOCOM’05. Miami, 

USA, 2005. 

 [17] Wang Sanyuan, Shih K P, Chen Y D, et al. 

“Preserving target area coverage in wireless sensor 

networks by using computational geometry”. In: WCNC. 

Sydney, NSW, Australia, 1-6, 2010. 

[18] P. Musilek, P. Krömer, T. Bartoˇn, “Review of 

nature-inspired methods for wake up scheduling in wireless 

sensor networks”, Swarm Evol.Comput.Vol.25: 100–118, 

2015. 

 [19] A.P. Renold, S. Chandrakala, “Survey on state 

scheduling-based topology control in unattended wireless 

sensor networks”, Comput.Electr. Eng. Vol.56: 334–349, 

2016. 

 [20] Singh, A., & Rossi, A. “A genetic algorithm based 

exact approach for lifetime maximization of directional 

sensor networks”. Ad Hoc Networks, vol.11: 1006–1021, 

2013. 

 [21] ChuanwenLuo, Yi Hong, Deying Li, Yongcai Wang, 

Wenping Chen, Qian Hu, Maximizing Network Lifetime 

Using Coverage Sets Scheduling in Wireless Sensor 

Networks, Ad Hoc Networks (2019),  doi: 

https://doi.org/10.1016/j.adhoc.2019.102037 

[22] D. Zorbas, D. Glynos, P. Kotzanikolaou, 

C.Douligeris, Solving coverage problems in wireless sensor 

networks using cover sets. Ad Hoc Networks, vol.8(4): 

400–415, 2010. 

[23] S. Balaji, M. Anitha, D. Rekha, D. Arivudainambi, 

Energy Efficient Target Coverage for a Wireless Sensor 

Network, Measurement (2020), doi: 

https://doi.org/10.1016/j.measurement.2020.108167 

 [24]D.E, Goldberg, Genetic algorithms. 2006: Pearson 

Education India. 

[25] J. Man, C. Satish, K. Bijender, “Target coverage 

heuristic based on learning automata in wireless sensor 

networks”. IET Wirel. Sens. Syst. Vol.8: 109–115, 2018. 

 [26] H. Mohamadi,,  A.S.  Ismail,S.Salleh, ” solving  

target  coverage  problem using  cover  sets  in  

wireless  sensor  networks  based  on  learning  

automata”,Wirel. Pers. Commun., vol.75: 447–463, 2014. 

 [27]D. Arivudainambi, S. Balaji, R. Pavithra, R.N 

Shakthivel, “Energy efficient sensor scheduling for Q-

coverage problem”. In Proceedings of the IEEE 

International Workshop on Computer Aided Modeling & 

Design of Communication Links & Networks 2017, Lund, 

Sweden, 19–21 ,2017. 

 [28] J. Charr, K. Deschinkel, R. H. Mansour and M. 

Hakem, “Optimizing the Lifetime of Heterogeneous Sensor 

Networks Under Coverage Constraint : MILP and Genetic 

Based Approaches”, 2019 International Conference on 

Wireless and Mobile Computing, Networking and 

Communications (WiMob), Barcelona, Spain, 2019, pp. 1-6. 

[29] J. Ai and A. A. Abouzeid, “Coverage by directional 

sensors in randomly deployed wireless sensor networks,”  

Journal of Combinatorial Optimization, Vol. 11:  21–41, 

2006. 

[30] Gil, J.-M.; Han, Y.-H. “A Target Coverage 

Scheduling Scheme Based on Genetic Algorithms in 

Directional Sensor Networks”. Sensors vol.11: 1888-1906, 

2016. 

[31] Gil, J.M.; Kim, C.M.; Han, Y.H. “Two scheduling 

schemes for extending the lifetime of directional sensor  

networks”. In Proceedings of Security-Enriched Urban 

Computing and Smart Grid (SUComS 2010), Daejeon, 

Korea, pp. 411-420, 2010. 

[32] Abolghasem Alibeiki, Homayun Motameni, Hosein 

Mohamadi, “A new genetic-based approach for maximizing 

network life time in directional sensor networks with 

adjustable Sensing ranges”, Pervasive and Mobile 

Computing  vol.52:1–12, 2019. 

 [33] Ahmad JavanBakht, Homayun Motameni, Hosein 

Mohamadi, “A learning automata-based algorithm for 

solving the target k – coverage problem in directional 

sensor networks with adjustable sensing ranges” Physical 

Communication vol.42: 101156 , 2020. 

 [34] M.N.Razali, S. Salleh, H. Mohamadi, “Solving 

priority-based target coverage problem in directional sensor 

networks with adjustable sensing ranges” ,Wirel. Pers. 

Commun.  vol.95: 847–872, 2017. 

[35] Alok Singh, Andr e Rossi, Marc Sevaux, “Heuristics 

for Lifetime Maximization in Camera Sensor Networks”, 



Multi-Objective Optimization for Coverage Aware Sensor Node Scheduling in Directional Sensor Networks 
 

 

52

Information Sciences , 2017. 

 [36] R. Rab, M. Jahan, M. S. H. Mridha, A. Olee, S. 

Nusrat and A. Rahman, "On Efficient Selection and 

Orientation of Directional Sensors in Visual Sensor 

Networks," 2019 International Conference on Electrical, 

Computer and Communication Engineering (ECCE), 

Cox'sBazar, Bangladesh, pp. 1-6, 2019. 

[37]A. Wang, et al., “A novel multi-objective coverage 

optimization memetic algorithm for directional sensor 

networks”. vol.12(7), 1550147716657923. 

 [38] S. Harizan, and Kuila P.J.D.S.P., “A novel NSGA-

II for coverage and connectivity aware sensor node 

scheduling in industrial wireless sensor networks”, vol.105: 

102753, 2020. 

 [39]E.S. Torshizi, E.S Ghahremanlu, and Applications, 

“Energy efficient sensor selection in visual sensor networks 

based on multi-objective optimization”. Vol. 3: 37-46, 2013. 

 [40]Rangel, E.O., D.G. Costa, and A.J.A.S.C. Loula, On 

redundant coverage maximization in wireless visual sensor 

networks: Evolutionary algorithms for multi-objective 

optimization. Vol. 82: 105578, 2019. 

 [41]Sagar, A.K. and D. Lobiyal, “A multi-objective 

optimization approach for lifetime and coverage problem in 

wireless sensor network”, in Intelligent Computing, 

Networking, and Informatics. 2014, Springer. p. 343-350. 

 [42]Ahmad  JavanBakht, Homayun Motameni, and 

Hosein Mohamadi, ”A Learning Automata-based Algorithm 

to Solve Imbalanced K-coverage in Visual Sensor 

Networks”, 2817 – 2829, 2020. 

[43] S.M.B. Malek, M.M. Sadik and A. Rahman, “On 

balanced k-coverage in visual sensor networks”, J Netw 

Comput Appl 72 , 72–86,  2016. 

 [44] H.Mohamadi, S.Salleh, M.N. Razali, “Heuristic 

methods to maximize network life time in directional 

sensor networks with adjustable sensing ranges”, 

J.Netw.Comput. Appl, 2014. 

 


