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Abstract - This paper explores the competing issues of energy consumption efficiency in wireless sensor networks. To
achieve this, we considered Gravitational Search algorithm (GSA) in the selection of Cluster Head (CH) in such a
way so that its energy is used uniformly with delayed disintegration of network. For this purpose, the LEACH
algorithm random clustering approach has been replaced by GSA clustering. The GSA based LEACH protocol has
been compared with random LEACH, Max Energy LEACH and k-means algorithm. Total network system lifetimes
are determined using a variety of small percentages of the available system nodes. The performance of GSA cluster
based routing protocol shows some differences by varying life pattern among nodes and number of dead nodes. Max
Energy LEACH perform better in network disintegration criterion but it give less network life as compared to GSA
based LEACH.
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I
INTRODUCTION
In WSNs, all nodes is fed by a small battery making energy saving as primary goal in designing WSN structure with
an objective of maximizing network lifetime as it is impractical to change or replace exhausted batteries [12]. In fact,
there are two competing objectives in the design of WSNs. The first objective is the capability to exchange large amount
of data between the nodes and the base station. The second constraining objective is minimizing the energy consumption.
The two competing objectives reveal the importance of efficient routing protocol in WSNs. Therefore, many routing
algorithms have been proposed due to the challenges in designing an energy efficient network. Among all the proposed
methods, hierarchical routing protocols greatly satisfy the limitations and constraints in WSNs. Hierarchical routing
protocols, also known as cluster-based routing, is mainly considered as a two layer architecture where one layer is
engaged in cluster head selection and the other layer is responsible for routing. A cluster head (CH) in hierarchical
routing is the node which is responsible for collecting data from other nodes in the cluster, aggregating all data and
sending the aggregated data to the base station.
II LITERATURE REVIEW
The WSN clustering protocols can be classified into two categories: probabilistic and deterministic. In probabilistic
clustering protocols, a node becomes a CH with a certain probability, which requires an exchange of overhead messages
for the CH’s election. LEACH is one of the most recognized protocol in this. The Power-Efficient Gathering in Sensor
Information Systems (PEGASIS) proposed in [6] is an improvement over the LEACH protocol. It is a near optimal
chain-based protocol. The idea of cluster formation and cluster head is discarded in PEGASIS. Instead of multiple nodes,
a single node in the chain communicates with the base-station. Energy-Efficient Hierarchical Clustering (EEHC) [7] is
also a probabilistic clustering algorithm. The basic operation of the EEHC algorithm consists of electing CHs with
probability p and each CH announces its election to the k-hop away neighboring nodes. Any node that receives such a
CH election announcement, if it is not itself a CH, becomes a member of the closest cluster. In addition, if the election
announcement does not reach a node within a specific time interval, the node becomes a forced CH. Bandyopadhyay et al
[7] proposed Energy-Efficient Clustering Scheme (EECS) protocol. In this protocol, CH candidates compete for the
ability to elevate to a CH with a certain probability.
Xu Long-long et al, in [19] introduces the wireless sensor network, and analysis the problems existed in LEACH
routing protocol. Put forward the improved algorithm based on LEACH cluster head multi-hops algorithm, and under
considering the premise of node energy, consider the optimum number of cluster head and selecting cluster node, and
through the use of limiter the number of nodes in each cluster to balance the energy depletion of each node. It could
balance energy consumption and prolong the lifetime of sensor network through the use of algorithm. Emulation result
indicates it is effective.
According to Xufei Mao et al [18], Opportunistic routing has been shown to improve the network throughput, by
allowing nodes that overhear the transmission and closer to the destination to participate in forwarding packets, i.e., in
forwarder list. The nodes in forwarder list are prioritized and the lower priority forwarder will discard the packet if the
packet has been forwarded by a higher priority forwarder. One challenging problem is to select and prioritize forwarder
list such that a certain network performance is optimized. In this paper, we focus on selecting and prioritizing forwarder
list to minimize energy consumption by all nodes.
© 2014, IJARCSSE All Rights Reserved

Page | 168

Garg et al., International Journal of Advanced Research in Computer Science and Software Engineering 4(4),
April - 2014, pp. 168-172
A new class of algorithms, inspired by swarm intelligence, is currently being developed that can potentially solve
numerous problems of modern WSNs requirement. These algorithms rely on the communication of a massive amount of
simultaneously interacting agents. Ant based, bee based and slim based and particle swarm optimization algorithms are
few of such in this category. The ant colony optimization (ACO) [17] [21] [23] based routing scheme has been motivated
by functioning principles of ants foraging behavior, allowing an ant colony to perform complex tasks such as nest
building and foraging [9]. Energy efficient ant-based routing algorithm (EEABR) is developed by Camilo in 2006 [10].
In every node, a data structure, stores ant information, whereas the routing table stores the previous node, the forward
node, the ant identification and a timeout value. Ant colony optimization-based location-aware routing (ACLR) is
another are developed by Xiaoming Wang in 2008 as a new communication protocol [9] for WSNs called ant colony
optimization-based location-aware routing (ACLR), which is based on the ant colony optimization (ACO) [17] [21] [23].
There are another set of protocols which are inspired from honeybees foraging behaviors. The routing in computer
networks has several resemblances with honeybee’s behavior [11]. Honeybees in particular have mechanisms for WSNs
such as self-organization and division of labor. There are a few routing protocols for WSNs, inspired from bees behavior.
Saleem and Farooq in 2007 [11], implemented bee-hive routing protocol for wireless sensor networks which are
developed originally for wired networks [12] Beehive is developed by an inspiration of the scout-recruit system of
honeybees [13]. Slime mold term is used for heterotrophic organism. There is a strong resemblance between such
unicellular organisms, at colonies and wireless sensor networks. As already mentioned before, a wireless sensor network
can be viewed as a “colony” of sensor nodes. These nodes are simple, with limited capacity and scarce resources, and can
react autonomously. As such, they are able to perform simple tasks [14]. Nonetheless, there are some works based on the
slime mold behaviors. Xu in Ji in [15] proposed a PSO based strategy for clustering in LEACH [22].
III PROPOSED METHODOLOGY
Gravitational Search Algorithm (GSA) is another latest search algorithm developed by Rashedi et.al in 2009. The
GSA is based on the Newtonian law of gravity and the law of motion [Rashedi2009]. Here agents are considered as
objects and their performance are based on its masses. All the objects attach to each other by a force called gravitational
force and this force causes the global movement off all objects to object with heavier masses. The gravitational force
between two particles is directly proportional to the product of their masses and inversely proportional to the square of
the distance between them. The heavy masses will correspond to good solutions and move more slowly and conversely
light masses correspond to poor solutions and move towards heavy masses much faster. This guarantees the exploitation
step of the algorithm.
In our simulation, we have used MATLAB programming. MATLAB is a software package that makes it easier for you
to enter matrices and vectors, and manipulate them. To simulate LEACH, we have used random 100-node networks for
our simulations with similar parameters used in [5]. We placed the BS at a far distance from all other nodes. For a 100m
x 100m plot, our BS is located at (50, 200) so that the BS is at least 100m from the closest sensor node. We have used a
base paper [16] in our simulation where k-means is used for clustering and then cluster heads are chosen from each
cluster on the basis of node’s distance from BS, node’s central position in cluster and remaining energy. We have
replaced GSA with k-means and the following section shows that a significant improvement of performance has been
achieved due to this. The following are the parameters used for our simulation.
Generate initial Population

Evaluate fitness for each Agent

Update G, Best and Worst of population

Calculate M and a for each agent

Update Memory and Position

Meeting end of criterion
No
Yes

Return Best Solution

Fig 1. GSA Search Algorithm Workflow
© 2014, IJARCSSE All Rights Reserved

Page | 169

Garg et al., International Journal of Advanced Research in Computer Science and Software Engineering 4(4),
April - 2014, pp. 168-172
Table 1 Simulation Parameters
max_Round
No. of Max Round
9999
ctrPacketLengt
Length of packet that
200 bits
h
sent for nodes to CH
PacketLength
Length of packet that
6400 bits
sent for CH to BS
initEnergy
Initial energy of each
0.5nJ
node
transEnergy
Energy for
50 nJ/bit
transferring of each
bit (ETX)
recEnergy
Energy for receiving
50 nJ/bit
of each bit (ETX)
fsEnergy
Energy of free space
10e-12
model
J/bit
mpEnergy
Energy of multi path
1.3e-15
model
J/bit
aggrEnergy
Data aggregation
5e-9 J/bit
energy
IV
RESULT ANALYSIS
Table 2 shows the results obtained from the experimentations done as per the setup explained in the previous section.
Six algorithms have been implemented in this thesis. In first algorithm i.e. Random LEACH algorithm is implemented
where CHs are selected randomly based on a probability function. We have taken this probability as 10%. It is further
improved by using a fair distribution of energy by selecting maximum energy nodes to be CHs. In this method a fix
number of CHs are selected based on the number of nodes that are living. Another modification is made in third
algorithm where nodes are clustered based on inter distance by using a standard algorithm such as K-means. Other three
algorithm are based on GSA and its variants. We measure algorithms’ efficiency by assessing total no. of rounds up to
which network survives. A network is assumed to be live if more than 30% nodes are alive with total energy greater than
zero.

WSN
Routing
Algorithm

Network
Life (in
rounds)

Rounds in
which first
Node Dead

Rounds in
which 50%
Node Dead

No of
packets
sent in
total roun

Remaining
Energy
after 80%
node is
dead
(Joules)

Table 2 Experimentation Results

Rando
m
LEAC
H
Max
Energy
LEAC
H
Kmeans
LEAC
H
GSA
LEAC
H

727

93

298

11358

3.456

1249

1207

1240

12383

1.267

1756

72

814

9319

8.155

2249

733

814

12361

2.172

In table 2, it is clearly shown that GSA clustering based LEACH algorithms perform far better as compared to other
methods if we consider the no of rounds covered by the algorithms. The GSA algorithm performs nearly three times
better than random LEACH and nearly 50% better than max energy LEACH. If we consider a network, dead if 50%
nodes are dead then Max Energy LEACH is performing better than K-means based LEACH and nearly equal to GSA
variants LEACH. Random LEACH has performed worst in every situation. If we consider 80% node criterion for
network life then the GSA algorithm performs better.
If we closely look the figures from 2 to 4 and table 1 then we can easily say that the GSA based algorithms are much
better than random LEACH and K-means LEACH. Nearly 300% network life improvement is recorded for over simple
LEACH and 50% over max Energy LEACH and K-means. If we compare the no of dead nodes as per our simulation
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results Max energy LEACH seems to perform better, but there nodes once start dying accelerates network decay very
fast. On one front random LEACH and k-means LEACH algorithms are lacking i.e. network disintegration in this front.
In these algorithms, first node is dead very. Even GSA are not performing well if we consider this parameter. This is the
grey area which needs to be addressed in future research. If we consider no of packets sent to BS then Max Energy
LEACH and GSA LEACH is clearly winner. Both have sent highest no of packets to BS but if we consider the ratio
between packet sent and no. of rounds performed by the algorithm then Max Energy LEACH is clear winner in this. The
following figures show these statistics.
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Figure 2 Nodes Remaining Energy pattern in WSN
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Figure 3 No of Packets Sent to BS by CHs
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Figure 4. No of dead nodes per round
V
CONCLUSION
We have measured performance of four algorithms in these experiments. Parameters for performance measurements
are Residual Energy, Dead Nodes, Packets sent to BS. These parameters are shown in above figures and are plotted
against number of rounds. If we consider residual energy and total number of rounds then GSA-LEACH and its variants
perform better than kmeans-LEACH, Max Energy LEACH and random LEACH. But residual energy at the end of total
number of round shows that Max Energy LEACH most uniformly distributed energy dissipation among nodes and then
GSA based LEACH performs. For network integration or dead nodes criterion Max Energy LEACH performs far better
than other algorithms. For number of packets sent to BS criterion GSA and Max Energy LEACH performs better than
other algorithms.
VI
FUTURE SCOPE
We have improved the network life but one thing; we have observed that node starts dying early which is an area of
concern in GSA-LEACH. This can be addresses by considering other parameters of nodes’ characteristics such as
remaining node energy in addition to distance between them while clustering them. This technique may delay early node
death problem.
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