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a b s t r a c t
Particle swarm optimization (PSO) is a popular bio-inspired algorithm which is applied to
solve various optimization problems in many areas including machine intelligence, data
mining, robotics and computer networks. In this paper, we propose a PSO-based scheme
to solve hot spot problem caused by multi-hop communication in a cluster-based wireless sensor network. The scheme consists of routing and clustering algorithms which are
shown to be energy eﬃcient. In the routing phase, traﬃc load over the cluster heads (CHs)
is evenly distributed, whereas in the clustering phase, we take care of all the CHs whose
energy is exhausted fast by assigning lesser number of sensor nodes. In addition to this,
we also develop a distributed scheme to prevent the CHs from their quick death which
is resulted from complete energy depletion. We perform extensive simulation on the proposed algorithms and compare the results with some existing algorithms to demonstrate
its strength.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
1.1. Motivation
Energy conservation of sensor nodes is the main concern which has been studied extensively in wireless sensor networks
(WSNs) [1]. Clustering is one of the most eﬃcient techniques to conserve energy of the sensor nodes. In a cluster-based
WSN, some leader nodes called cluster heads (CHs) are responsible for forwarding aggregated data to a remote sink or base
station (BS) after collecting data from their member sensor nodes in one-hop communication. However, forwarding aggregated data through multi-hop communication suffers from hot spot problem [2] in which the CHs nearby the sink deplete
their energy quickly and die soon as they bear maximum data forwarding load. Many algorithms have been developed to
solve the hot spot problem [2-6]. However, they do not perform well for large and dense networks. Moreover, these algorithms are not fault tolerant. One possible solution to this problem is to distribute the forwarded data evenly over the CHs
so that their traﬃc load can be balanced. Another solution is unequal clustering in which the clusters are formed with small
size nearby the BS. This method reduces the burden of the CHs near the BS as the number of their member sensor nodes
are relatively small and therefore it conserves their energy. In this paper, we propose a particle swarm optimization (PSO)based scheme for clustering and routing in large scale WSNs. The scheme uses unequal clustering and even distribution of
data forwarding load of the CHs nearby the BS to address the hot spot problem.
R
∗

Reviews processed and recommended for publication to the Editor-in-Chief by Associate Editor Dr. A. Isazadeh.
Corresponding author. Tel: +919546782616
E-mail addresses: azhar_ism@yahoo.in (M. Azharuddin), prasantajana@yahoo.com (P.K. Jana).

http://dx.doi.org/10.1016/j.compeleceng.2016.03.002
0045-7906/© 2016 Elsevier Ltd. All rights reserved.

M. Azharuddin, P.K. Jana / Computers and Electrical Engineering 51 (2016) 26–42

27

This is worth to note that energy eﬃcient clustering and routing can be formulated as optimization problems. However,
the computational complexity of ﬁnding optimal route and optimal clusters is very high by a brute force approach for a
large scale WSN [7-8]. Therefore, PSO can be very effective to achieve an eﬃcient and faster solution. Note that there are
many meta-heuristic approaches to solve the optimization problems such as genetic algorithm (GA), ant colony optimization
(ACO), differential evolution (DE) etc. However, the PSO has the following advantages over these algorithms [9]: 1) It is very
easy to implement in hardware or software; 2) it produces high quality of solutions due to its availability to escape from
local optima and 3) it converges faster than other meta-heuristic approaches.
1.2. Our contribution
We ﬁrst propose PSO-based routing and unequal clustering algorithms. Next, we propose a distributed scheme for fault
tolerance of CHs. In the routing phase, we increase the average lifetime of the CHs by evenly distributing the data traﬃc
load over the CHs. We derive an eﬃcient ﬁtness function for the routing solution and present a linear programming (LP)
formulation for the same. In the clustering phase, we calculate unequal clustering radius of each CH based on its lifetime
computed from the routing phase. We further increase the average lifetime of the CHs by assigning less number of sensor
nodes to them. The proposed algorithms are simulated extensively and the results are compared with existing PSO- and
GA-based approaches [8,10-12] in terms of network lifetime, energy consumption, number of data packets received by the
BS and number of inactive sensor nodes.
Note that Kuila et al. [8] have also proposed routing and clustering algorithms using PSO. However, our proposed scheme
has the following differences with them. 1) While our scheme is developed to address hot spot problem, the scheme proposed in [8] does not deal with it. 2) The ﬁtness function in [8] is based on maximum distance between two nodes in
routing path and maximum hop count of gateways for routing and average cluster distance for clustering; on the other
hand, the ﬁtness function of our proposed scheme is based on approximate life time of the gateways for routing and energy
consumption owing intra-cluster and inter-cluster activities for unequal clustering. Further, routing path selected by the algorithm in [8] remains ﬁxed for the entire network operation, the routing path selected by our proposed scheme changes
in every network setup and thus enhance network lifetime. 3) Our proposed scheme also considers fault tolerant issue; no
such scheme is considered in [8]. Through simulation, we show that our proposed scheme outperforms the scheme of [8].
We summarize our contributions as follows:
•
•
•
•
•

PSO-based routing and unequal clustering algorithms for solving hot spot problem to maximize the network lifetime.
Derivation of eﬃcient ﬁtness functions for routing and clustering algorithms.
LP formulation for routing and clustering problems.
Distributed recovery of neighbour CHs and member sensor nodes for fault tolerance.
Simulations of the proposed algorithms to demonstrate its strength over existing algorithms.

The rest of the paper is organized as follows. The related works are presented in Section 2. The system model is described in Section 3 which includes network model and terminologies used. The proposed PSO-based scheme for routing
and clustering is presented in Section 4 followed by the proposed fault tolerance scheme in Section 5. The performance
evaluations are described in Section 6. We conclude our paper in Section 7.
2. Related works
WSNs have created enormous attention due to their wide applications in various areas including environmental monitoring, agriculture, health care, military, domestic and disaster management [13]. Many clustering and routing algorithms have
been developed for WSNs. However, here we discuss some of these algorithms which are relevant to our proposed work.
Low-energy adaptive clustering hierarchy (LEACH) [14] is a well-known cluster-based routing protocol in WSNs. In LEACH,
each node becomes a CH based on the following probability:

T (n ) =

p



1 − p × r mod
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 for n ∈ G

(2.1)

where p is the required percentage of CHs (e.g. 10%), r denotes the current round and G is the set of nodes that have not
served as the CH in the last 1/p rounds. However, its main drawback is that a node with very low energy may be selected
as a CH and thus it may quickly die. Moreover, the CHs transmit their data directly to the BS via single hop communication
which also lead to quick death of the CHs in large scale WSNs. Many algorithms improve the performance of LEACH. There
are some algorithms which consider the unequal clustering mechanism [2-6] to solve the hot spot problem. The authors in
[2] presented an algorithm which forms unequal clusters based on the distance of nodes si from the BS which is given as
follows:
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R0
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(2.2)

where Ri is the cluster radius of si indicating its communication range, R0 is the maximum communication range of the
sensor nodes, c is constant, dmax and dmin are the maximum and minimum distances of the sensor nodes from the BS

