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Abstract. This paper addresses the major challenges that reside on target coverage problem, which is one among the two primary sub-problems 
of node deployment problem. In order to accomplish a cost-efficient target coverage, a Voronoi partition-based, velocity added artificial bee 
colony algorithm (V-VABC) is introduced. The V-VABC is an advancement over the traditional, target-based Voronoi greedy algorithm (TV-
greedy). Moreover, the VABC component of V-VABC is a hybrid, heuristic search algorithm developed from the context of ABC and particle 
swarm optimization (PSO). The V-VABC is an attempt to solve the network, which has an equal number of both sensors and targets, which is 
a special case of TCOV. Simulation results show that V-VABC performs better than TV-greedy and the classical and base algorithms of V-VABC 
such as ABC and PSO.
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to be complex in large networks. Based on immune algorithm, 
a new centralized algorithm is used to maximize the coverage 
area with less energy utilization. So, the centralized algorithm 
has an advantage over the very low processing power of the 
sensor nodes [10].

Sensor deployment is the basic problem in WSNs. It is di-
vided into two kinds of methods: based on continued points 
and based on grid [11]. The system cost must be low and the 
connected system must cover the sensing field within WSNs. So, 
the minimum-cost and connectivity-guaranteed grid coverage 
(MCGC) occurs as an optimization problem [12]. This paper 
addresses the challenges in the first problem of the node deploy-
ment problem, termed target coverage (TCOV) problem [5]. In 
order to overcome the problem, a meta-heuristic search-based 
node deployment algorithm is proposed. The algorithm moves 
the sensors to cover the target at minimum movement distance, 
based on Voronoi diagram and heuristic search. The heuristic 
search is performed by adopting a hybrid version of artificial bee 
colony (ABC) and particle swarm optimization (PSO). Hence, 
the key contributions of this paper can be presented as follows.

We addressed the scenario of searching for servers (nodes) 
in the higher-order neighbour targets and the failure of the ex-
isting algorithm to handle it.

1.	 We propose a Voronoi partition-based velocity added 
ABC, abbreviated as V-VABC.

2.	 We hybridize the ABC with PSO to introduce velocity 
added ABC (VABC).

3.	 We have simulated the scenario of higher order neighbor-
hood searching for servers (nodes) and the superiority of 
V-VABC over TV-greedy algorithm.

The rest of the paper is organized as follows. Section 2 re-
views the related works and Section 3 gives the preliminaries 
of the system model and the objective of the TCOV solution. 
Section 4 explains the TV-greedy algorithm and the proposed 
V-VABC algorithm, and Section 5 details the hybrid version of 

1.	 Introduction

Recently, wireless sensor networks (WSNs) are applied in various 
fields, such as sensing, surveillance, and monitoring purposes [1] 
with two main objectives: targeted coverage and connectivity 
[2]. So, to improve the coverage and connectivity of the net-
work, sensor techniques are used [3, 4]. Deploying the sensor 
nodes to attain the maximum coverage with a minimum number 
of sensors is a challenging task. The surveillance of the WSN 
and quality of the detection power can be measured using the 
sensor coverage metric measure [5]. Network lifetime is also 
considered an important factor which determines the efficiency of 
a wireless sensor network. To achieve enhanced lifetime, energy 
usage should be reduced because of the battery-powered sensor 
nodes. Coverage problem includes the area coverage problem 
(covering the entire region) and target coverage problem (cov-
ering the specific area of interest). Target coverage is divided into 
simple coverage, k-coverage and Q-coverage [6]. Two types of 
sensor node deployments are introduced: random deployment 
(in an inaccessible region) and deterministic deployment (in an 
accessible region) [7, 8]. In the study, the optimal deployment of 
sensor nodes identification and scheduling is achieved using the 
artificial bee colony method. This method optimizes the target 
coverage and maximizes the lifetime of a network [6].

However, more studies have been done in detecting the 
target coverage with high detection probability, lowering the 
false alarm rate and detection delay. To prolong the network 
lifetime and minimize the mobility of the sensor nodes, many 
methods have been introduced [9]. Many heuristic approaches 
are used to maximize sensor coverage. Deterministic methods 
have been used to find the sensor coverage of 2D and 3D flat 
surfaces [5]. On the other hand, deterministic deployment seems 



264 Bull.  Pol.  Ac.:  Tech.  65(2)  2017

A.M. Jagtap and N. Gomathi

ABC, termed VABC. Section 6 discusses the results and Section 
7 concludes the paper. In this paper, server, chief server, and 
aid servers represent nodes, and the targets are equivalent to 
sinks of a network.

2.	 Literature review

2.1. Related works. In 2012, Liu [12] addressed the issue 
of minimum-cost and connectivity guaranteed grid coverage 
(MCGC) for the implementation of wireless sensor networks 
(WSNs). To find a solution to the problem of MCGC, he 
proposed a new algorithm, termed ant colony optimization 
[13], with three classes of ant transitions (ACO-TCAT). The 
algorithm decreased the inferior solutions and narrowed the 
searching range of the algorithm. In 2014, Mini et al. [6] have 
found that the sensor deployment is done based on the area 
coverage [14–18], which yields less network lifetime. So they 
focused on target coverage and optimized the sensor node de-
ployment and scheduling to achieve the maximum target cov-
erage and increasing the network life time. For computing the 
deployment locations, they exploited three methods, such as 
artificial bee colony algorithm (ABC), heuristic, and particle 
swarm optimization. After computing the optimal locations, 
they scheduled the sensor nodes to avoid the battery drain of all 
nodes using the heuristic approach for achieving the theoretical 
upper bound of network lifetime. Thus, the study confirmed that 
the network lifetime and maximum target coverage can be ex-
tended by using the ABC method of deploying the sensor nodes 
at optimized locations, and then scheduling them to achieve the 
theoretical upper bound.

However, in 2014, Liao et al. [9] have found a small number 
of works on minimizing the sensor mobility. Hence, they started 
investigating the mobile sensor deployment (MSD) problem to 
obtain the minimal movement and the maximum network con-
nectivity. For minimizing the sensor movement, the target cov-
erage (TCOV) and network connectivity (NCON) problems are 
taken into consideration. An algorithm based on the Hungarian 
method for special cases, the basic algorithm based on clique 
partition for general cases, and the TV-greedy algorithm based 
on Voronoi partition of the deployment region are proposed to 
minimize the movement distance of sensors. Steiner minimum 
tree method is constructed to solve the network connectivity 
problem. In 2014, Temel et al. [5] studied works related to 
deterministic sensor deployment [9], and found out that the 
implementation of that method in 3D environment has not yet 
been accomplished. So, they proposed a deterministic sensor 
deployment method, which is based on wavelet transform (WT) 
to maximize the quality of coverage of a WSN with a minimum 
number of sensors on a 3D surface. For achieving the solution, 
they exploited the probabilistic sensing model and Bresenham’s 
line of sight algorithm. The cat swarm optimization (CSO) algo-
rithm is modified for finding the sensor deployment problems 
on 3D terrains. The modified algorithm is compared with the 
Delaunay triangulation and genetic algorithm-based methods.

In 2015, Zahhad et al. [10] noted the coverage problem 
that is mentioned in Hui et al. [11] work on hybrid sensor 

deployment strategy. For relocating the mobile nodes after the 
initial configuration to maximise the coverage area, they pro-
posed a new centralised deployment algorithm based on the 
immune optimisation algorithm. Using the Matlab simulation 
technique, the proposed algorithm is compared with the pre-
vious algorithms.

2.2. Problem statement. Traditionally, various methods are 
used for improving the sensor mobility, targeted coverage, and 
increasing the network lifetime and connectivity. The methods 
used are ACO with three classes of ant transitions (ACO-TCAT), 
the greedy algorithm, and particle swarm optimisation (PSO). 
ACO-TCAT [11] algorithm is used to improve the quality of 
the solution space, narrow the searching speed, and solve the 
combinatorial optimization problem of minimum-cost and con-
nectivity guaranteed grid coverage (MCGC). The drawbacks 
of this method include high storage and computing cost [19, 
20]. Also, the position affection of the sink, node communica-
tion problem, and the connectivity problem are not considered. 
The TV-greedy algorithm based on Voronoi partition of the de-
ployment region is used to minimize the movement distance of 
sensors to obtain the targeted coverage. Sometimes they fail to 
produce the optimal solution and may even produce the unique 
worst possible solution. PSO approach is used to maximize the 
coverage rate based on a probabilistic sensing model in mo-
bile WSNs (MWSNs). It is a continuous technique that is very 
poorly suited to combinatorial problems.

Since traditional methods have a lot of drawbacks, var-
ious innovative methods have been proposed. The innovative 
methods include immune algorithm (IA), artificial bee colony 
(ABC) algorithm, and cat swarm optimization (CSO) algorithm. 
IA is an innovative centralised deployment algorithm used to 
maximise the coverage area with minimum mobility energy 
consumption. The IA method requires very low power con-
sumption from the sensor nodes and it also works well for net-
works with obstacles. ABC algorithm was found to be effective 
and it is suggested to use this robust technique for sensor node 
deployment. Constrained optimization, data clustering, and 
benchmark functions are the drawbacks of the ABC system. 
CSO method is a deterministic sensor deployment method, 
which is based on wavelet transform (WT) used to maximize 
the quality of coverage of a WSN with a minimum number 
of sensors on a 3D surface. These methods have drawbacks, 
too. So, finding an optimized method for the enhancement 
of network lifetime, increasing the connectivity, targeting the 
coverage and minimizing the mobility of a sensor are essen-
tial. This is quite challenging and shows a wide, open area for 
research in the field of WSN. Since the basic algorithm [9] 
exhibits sequential programming, the convergence to minimum 
distance often becomes slow. As a result, the targeted coverage 
cannot be accomplished within a stipulated period.

3.	 System model and TCOV problem

3.1 System model. The system model is composed of Nt 
targets and Ns sensors, the representations of which are 
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The sensors are initially deployed in the network randomly. 
In order to match a more realistic environment, the targets are 
placed randomly. The movement cost exhibited by each algo-
rithm is observed for varying network configurations. Since 
a heuristic approach is adopted in the proposed V-VABC algo-
rithm, each algorithm is executed 50 times and the mean costs 
are observed. The PSO parameters, such as w, c1, and c2, are 
set to 2, whereas the common parameters, such as Ncycle and 
Nswarm, are set to 100. Since the primary intention of all these 
algorithms is to move the nodes to cover the targets, it does 

not focus on determining the rate of data exchange and the 
respective computation overhead.

5.2. Comparative analysis. The comparative study can be 
made in two phases. In the first phase, the V-VABC is com-
pared with TV-greedy algorithm to demonstrate the superiority 
of V-VABC. In the second phase, the V-VABC is compared 
against the basic heuristic algorithms such as PSO and ABC 
to demonstrate the superior performance of hybridization in 
solving the TCOV problem over the existing algorithms.

Fig. 3. Comparative study on varying rs, when the number of targets and sensors are set to (a) 10, (b) 20, (c) 30, (d) 40, and (e) 50
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