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Abstract 
We propose a Novel Niching Genetic algorithm (GA) for optimized clustering in wireless sensor networks. 
Clustering protocol is needed for achieving efficient energy utilization and hence prolonged network lifetime in 
wireless sensor networks.  Though conventional GA has been used for optimizing cluster head selection but we 
propose a nicihing approach with GA to find optimized sub-clustering for load balancing incase of uneven 
clusters.  Results show a significant improvement in number of alive nodes and energy consumption of nodes. 
Cluster Heads are regularly optimized using GA based on fitness function value. Decision for niching is based on 
energy consumption, distance from base station and average cluster node count. 
 
 

1. Introduction 

In recent years, Wireless sensor networks (WSNs) [1] 
have attracted considerable attention due to their 
potential applications in all fields. WSN was first 
inspired by the US military for enemy surveillance 
and object tracking [2]. A WSN typically comprises of 
interconnected low-power, multi-functioning sensor 
nodes operating in an unattended environment.  
These nodes possess computational as well as 
sensing capabilities. Additionally, each sensor node 
consists of a wireless radio transceiver and a small 
microcontroller. But sensor nodes depend on a 
battery as an energy source, which is a limited source 
of energy and needs to be used efficiently for 
prolonged node lifetime. Replacing battery sources 
frequently is not a good option as it is practically not 
feasible. So, prolonged network lifetime, scalability, 
node mobility and load balancing are important 
requirements for any WSN. Use of large batteries 
with high capacities makes sensor nodes bulky. For 
this reason, sensor nodes are implemented as 
compact, low cost and power-efficient devices 
connected with each other to perform monitoring 
and computational tasks. Advent of micro-
electromechanical systems (MEMS) [3,4] along with 
evolving wireless communication technologies, have 
made it possible to develop tiny, cheap, and smart 
sensors nodes. But optimized use is still an area 
which needs to be explored for achieving efficient 
node usage. 

Initially, Direct Transmission (DT) and Minimum 
Transmission Energy (MTE) were two classical 
approaches proposed [5] for lifetime of WSNs. In DT, 
sensors transmit its sensed data directly to the Base 
Station (BS). In this approach, the sensor nodes far 
away from the Base Station (BS) to die first. On the 
other hand in MTE, sensors near the BS would die 
first because they act as relays for sensors that are far 
from the BS.  Though simple and easy to implement 
these classical approaches did not guarantee 
balanced energy utilization in the network Therefore, 
designing energy-aware clustering protocols became 
an important factor for extending the lifetime of 
sensors. Clustering of nodes in the network is one 
area which needs to be optimized to minimize 
battery consumption in nodes. So, Clustering can be 
viewed as optimization problem with respect to 
formation of clusters and selection of cluster heads. 
Clustering is a non-deterministic problem due to 
varying number of nodes, their random location in 
search space and non-predictable of communicating 
nodes. 

From the early research on clustering, a clustering 
scheme called Low-Energy Adaptive Clustering 
Hierarchy (LEACH) is proposed in [6] that distributes 
energy all along its network, the network being 
divided into clusters and cluster. Many variants of 
LEACH were suggested [7,8] but random CH was 
major drawback.  Heads Hybrid Energy-Efficient 
Distributed Clustering (HEED) HEED [9] is a 
distributed algorithm which selects the CH based on 
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both residual energy and communication cost. It was 
proposed to avoid the random selection of CHs.  

Lindsey proposed the PEGASIS, which was an 
extension of the LEACH algorithm with better 
robustness to node failure as compared to LEACH 
[10]. Dasgupta [11] applied a cluster-based heuristic 
algorithm which extended Maximum Lifetime Data 
gathering Algorithm (MLDA), where nodes are 
grouped into several pre-defined sized clusters. 
Bandyopadhyay [12] proposed a multi-level 
hierarchical clustering algorithm. Though over the 
years plethora of WSN routing protocols that 
minimize energy used, extending WSN life 
subsequently  have been proposed nature inspired 
evolutionary algorithms (EAs) have ability to identify 
global minima in the search space and use 
constrained programming technique to transform the 
stochastic problem into its deterministic form. An 
early implementation of GA algorithm is Tur-gut[ ] 
work which applied the GA concept to improve 
mobile adhoc network clustering.  

Jin et al [14] proposed an efficient method based on 
genetic algorithms (GAs) to solve a sensor network 
optimization minimizing the distance for cluster 
selection.  Zhang et al [15] proposed improved 
LEACH-SAGA protocol which used simulated 
annealing and genetic algorithm to cluster the sensor 
nodes, at the same time. Results showed improved 
reasonable cluster head distribution with lower level 
of power consumption.  But as the number of nodes 
in network keep changing an adaptive, dynamic 
clustering approach was needed than algorithm 
which worked predefined dynamics. 

Cerpa [16] described the Adaptive Self Configuring 
sensor Networks Topology. Ma et al [17]  proposed 
an Adaptive Assistant-Aided Clustering Protocol using 
Niching Particle Swarm Optimization (AAAC-NPSO) . 
The proposed protocol is based on energy efficient 
clustering with application-specific dynamics of node. 
Result exhibit good performance with respect to 
system lifespan and data delivery by optimizing 
energy dissipation in the networks. 

In this paper we propose a novel Niching based GA 
optimization of clustering, wherein random clustering 
according to minimum distance criteria are formed. 
GA is applied to largest cluster in the network based 
on distance as well as distance criterion from base 
station and at each step CH are rotated making the 

network adaptive to changing dynamics of network 
and effective load balancing. 

2. PROPOSED ALGORITHM: 

In the early 1970s, Genetic algorithm was developed 
by John Holland, inspired by biological evolution 
processes such as reproduction, mutation, crossover 
and selection. In Genetic Algorithm, the principles of 
natural selection and evolution are used. At each 
generation, a coded form of a possible solution for 
the population of individuals is maintained. This is 
called the chromosome. A chromosome is made up of 
genes. The various chromosomes are evaluated using 
a fitness function. The chromosome with the best 
fitness value is used for generating the next 
population. After the evaluation step, the population 
for the next generation is made using selection, 
crossover and mutation operations. 

Through competition and cooperation among the 
population, evolutionary optimization approaches 
usually find very good solutions efficiently and 
effectively if not the best. But niching method can be 
incorporated into EAs to maintain formation of 
multiple stable subpopulations within a single 
population, with an aim to locate multiple optimal or 
suboptimal solutions [18,19]. 

In our work we combine GA and niching approach for 
load balancing of large sized clusters. So GA plays role 
of conventional algorithms to optimize the cluster 
heads as well as used in conjunction with niching to 
identify to find energy efficient, balanced clustering. 
Initially all the nodes in the network are distributed 
randomly in the set up phase as shown in figure 1. 

 
Figure 1: Initial Node distribution distributed randomly 100 

nodes 



Er. Priyanka, et, al,  International Journal of Engineering Technology and Computer Research (IJETCR) 
 

© 2016 IJETCR. All Rights Reserved. 
53 

All these nodes are then randomly initialized to 
energy varying between 0 and 1.These randomly 
distributed nodes are categorized into clusters 
identified by minimum distance criterion described 
by: 
 

𝑑𝑑 = �(𝑥𝑥𝐶𝐶𝐶𝐶 − 𝑥𝑥𝑛𝑛)2 + (𝑦𝑦𝐶𝐶𝐶𝐶 − 𝑦𝑦𝑛𝑛)2                      (1) 
 

Where, 𝑥𝑥𝐶𝐶𝐶𝐶  is x-location of CH and 𝑦𝑦𝐶𝐶𝐶𝐶  is y location 
of CH while 𝑥𝑥𝑛𝑛  is x-location of node in question and 
𝑦𝑦𝑛𝑛  is y-location of the node. If minimum distance 
criterion is satisfied for any CH the node is included in 
that particular cluster. But before distributing initial 
cluster heads are identified based on criterion that 
nodes with more than 90 % of maximum energy 
qualify for being CH.   

Figure 2 shows the distribution of clusters initially 
based on minimum distance criterion. The figure 
shows seven clusters formed identified with CH with 
node numbers     7,    16 ,   27 ,   28 ,   72    and 80. 
Careful observation reveals each cluster has different 

number of nodes which though makes network 
flexible according to energy and distance conditions 
of the CH but it may lead to load imbalance. 
Moreover the initial node distribution and CH choice 
needs optimization. This is done using GA. The red 
sign shows location of Base station (BS). The 
optimization is done based on fitness function which 
is based on average energy of cluster nodes with 
respect to total energy of all the nodes in the 
network.  
 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐸𝐸𝑟𝑟𝑟𝑟

𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
                                   (2) 

 

Where 𝐸𝐸𝑟𝑟𝑟𝑟  is remaining energy of the node ‘n’ and 
𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  is the average is energy of all nodes in the 
given cluster. Now based on these fitness values CH 
for each node is optimized using GA. 
After each iteration based on remaining energy of 
nodes in the cluster CH is optimized and rotated 
among nodes in a particular cluster. 

 

 
Figure 2: Initial Cluster formation with cluster Nodes specified 

 

Next phase of applying GA is using niching for finding 
sub-cluster of the largest cluster in the network, if 
needed. The decision for is made based on the 
threshold energy of the cluster in question. If the 
threshold energy is less than the average energy of 
the network then niching is done else if threshold 
energy is more than the average energy of the 
network no niching is needed. This implies cluster 

distribution of network is optimal under given 
conditions. The energy model used to calculate 
energy has been adapted from the standard model 
[….] 
 

𝐸𝐸𝑡𝑡ℎ = 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 −𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟
𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚

. 𝑑𝑑(𝐶𝐶𝐶𝐶 ,𝐵𝐵𝐵𝐵 )

𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎

𝑁𝑁𝑐𝑐𝑐𝑐
𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎

        (3) 
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Where, 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚  is the maximum energy in the cluster, 
𝐸𝐸𝑟𝑟𝑟𝑟𝑟𝑟  is energy of the cluster Head, 𝑑𝑑(𝐶𝐶𝐶𝐶,𝐵𝐵𝐵𝐵) is 
distance between the CH and BS, 𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎   is the average 
distance between the BS and nodesin the network,   

𝑁𝑁𝑐𝑐𝑐𝑐  is nodes in cluster and 𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎  is the average 
number of nodes in the clusters across the network. 
In this case, 𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 = 0.5690 while 𝐸𝐸𝑡𝑡ℎ  = 0.2136 this 
implies load imbalance and hence calls for niching in 
largest cluster of the network. 

 

 

Figure 3: Flow Chart of proposed Niching GA Algorithm 

3. RESULTS & DISCUSSIONS 
We evaluated the performance of the proposed niching algorithm for 100 nodes randomly distributed in a 100m 
x 100m network area with the BS located at (x = 50, Y = 50) . The value of α =0.6 though it may vary from0.2 and 
0.9. The length l=100 bytes has been chosen for each round of oacket transmission  
As can be seen from figure 4 the final cluster heads have been changed from initial CH based on GA 
optimization. 
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Figure 4: Final cluster distribution after application of Niching GA 
 
On analysis of results in comparison to LEACH [6] and 
adaptive assistant Cluster protocol based on niching 
PSO (AACP-NPSO)[17] we find a remarkable 
improvement in results for data transmission over 
1200 rounds assuming packet size of 100 bytes. From 
results in [17] for AACP-NPSO all nodes remain alive 
till 1400 nodes whereas LEACH maintains all nodes 
alive till 1000 but our proposed algorithm maintains 
all nodes alive till 200 rounds which is much less. But 
after that number of alive nodes falls drastically to 
zero by 1500 rounds for AACP-NPSO whereas for 
LEACH alive nodes falls to zero by 1300 rounds. But 
our proposed algorithm attains significant 
improvement over number of alive nodes falling to 
zero as by 1200 rounds number of nodes is at 91 
nodes implying only 9 nodes falling dead. This shows 
a remarkable performance over all previous 

algorithms for clustering. All result have been 
compared with almost similar parameters as 
mentioned in [17] though limitations in similar 
conditions may be doubtful with respect to values of 
Ea and Es of standard energy model. 

These results can be seen in figure 5 which show fall 
in number of alive nodes is not drastic but gradual. 
This implies balanced consumption of energy in the 
network which is the main objective of any clustering 
protocol. These observations can also be made from 
graph of energy initially distributed among all 100 
nodes in the network shown in figure 6. The graph in 
dotted line shows initial energy distribution while 
soild line shows remaining energy after 1200 rounds. 
Low valley of graph touching x axis mark dead nodes 
while rest all have only slight fall in energy.

 

 
 

Figure 5: Number of alive nodes after 1200 rounds assuming each round of transmitting a packet 
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Figure 6: Energy for initial node distribution and final remaining energy 

 
4. CONCLUSION 

Our proposed as obvious from result above can 
prolong the network lifetime significantly compared 
to LEACH and AACP-NPSO. This is because our 
proposed algorithm produces better clustering based 
on minimum distance CH that are optimally 
distributed across the network and load balancing is 
done for large clusters using niching GA which 
achieves optimization based on both average the 
energy dissipation of nodes in cluster with respect to 
all nodes in network as well as on distance of CH from 
BS. Additionally cluster count is given weight age with 
respect to average number of nodes in clusters across 
the network. The adaptive ability of proposed 
algorithm with changing dynamics of network is 
advantage it offers over existing algorithms. On the 
contrary, in LEACH and AACP-NPSO some nodes have 
to transmit long distances in order to reach a CH sub-
optimal clustering. Moreover LEACH fails because CH 
have higher energy consumption than other nodes 
and it rotation based on remaining energy is 
necessary for efficient energy utilization in the 
network. 
In future this work may be extended to the 
implementation of proposed algorithm hardware and 
multi-hop routing among the CHs to further improve 
energy efficiency. Niching may be extended to more 
than one large sized cluster.  
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