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Abstract —Sensor nodes in WSN are powered with a
battery. Sensor nodes consume the battery power
mainly in the tasks like data transmission, data
reception and sensing. Sometimes it is impractical to
replace a battery in WSN because humans can’t
reach. Therefore once energy or computational
resources are consumed, immediate recovery of these
resources is a complex task so it is necessary to make
use of battery power efficiently to increase the lifetime
of the sensor nodes that will also increase the lifetime
of the whole network. This paper is based on indoor
wireless sensor networks, in conjunction with an
appropriate management methodology that allows us
to analyze and verify the behaviour of these wireless
networks in an internal way. To make WSN energy
efficient and to increase the lifetime of the network,
this paper presents an energy efficient clustering
algorithm optimized by Firefly Algorithm (FF).
Performance of this approach is evaluated using
certain evaluation parameters; Throughput and
Network Lifetime.

Keywords —FF, LEACH, WSN.

I. INTRODUCTION
Now-a-days the whole life of any person becomes
mobile. It also proves a remarkable power of
mobility in global development. In past only money
was the important thing in life of every person
without which nobody left the home. But at
present, most of us don’t take wallet to us while
sleeping and even don’t check it after few minutes.
Apart from this, the popularity of laptops, GPS
devices and intelligent computing devices is
increasing day-by-day [1]. Hence wireless network
become a crucial part in our daily life. Recent
advances in semiconductor networking and
material science technologies are driving the
ubiquitous deployment of large-scale wireless
sensor networks (WSNSs) [2]. These technologies
all together form a new version of wireless network
named as Wireless Sensor Networks (WSNs)
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which were developed about 5 to 10 years ago. It
helps us to manage our lives with lower preparation
and maintenance cost, contributing modern root
ages of easily accessible information [3].

Wireless sensor network composed of numerous of
sensor nodes which communicate with each other
through wireless network. Each sensor node is
required to be capable of sensing, processing and
communicating the processed data to the
neighbouring nodes to form a network. The data
packets travel through these sensors nodes from
source node to destination node via several
intermediate nodes [4]. The data packets can uses
long as well as short route to reach to the
destination node. The long route may results in
network delay and can take larger time while
simulating it. On the other hand short route results
in better network performance by consuming lesser
energy and lowest network delay. Finally, the
routing targets are oriented by the application,
therefore different routing protocols have been
offered for easily accessibility of those applications
[5].

Deploying a wireless network that allows us to
maximize the coverage of the different sensors for
indoor environment, that is, it is an internal model
in which we need to find the minimum number of
active sites, so that the connection to at least a
percentage P of the users is allowed [6]. This
percentage should be the maximum possible to
guarantee an adequate service and be able to
consider that the algorithm works in an adequate
manner. In the model presented, we cannot place
the access points arbitrarily, they must place
feasible points, which will then be optimized to
obtain a better coverage with a smaller number of
them [7]. This model is the basis for other models
that seek to optimize the access points, because it
does not present problems with coverage and also
allows taking into account parameters such as
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coverage and capacity. But it should be emphasized
that the allocation of channels has been neglected,
assuming the use of different channels, although
this parameter could be implemented without any
problem in this algorithm [8].
For this we have used a clustering algorithm that
allows us to optimize the feasible points in an
appropriate manner. With this algorithm, different
parameters or restrictions are played depending on
the internal area where you want to implement it;
In addition, the different equipment that will be
used must be taken into account [9].
If we suppose that we have an indoor zone in which
we will locate several points that will allow us to
connect to different sensors, then first we must
establish different feasible points considering the
location of the sensors, in order to later find the
points of access, which are considered as those that
allow connectivity to the sensors but using a
coverage radius; in addition to the capacity of
them, which is limited by the number of sensors
that can be reached simultaneously [10].
If we consider that we have N number of sensors
located inside a house, and in the same way, M
possible locations, that is, feasible points [11]. The
feasible points are all those places where our access
points can be located, but they will not necessarily
be located in those points. In addition, those
sensors that are within a distance R of at least one
access point will be considered as covered sensors
and possible active sites, while the access points
have a C capacity that allows them to attend a
certain number of sensors simultaneously. All these
possible variables must be taken into account when
using this algorithm to obtain an adequate
optimization [12].
This paper proposes an investigational comparison
among LEACH and Firefly algorithm based cluster
head election approach for indoor wireless sensor
networks, so as to find a method which increases
the lifetime and reduces the energy consumption of
the network.

Il. PROPOSED METHODOLOGY
A. Method of Cluster Head Election
The threshold formula given by Qian Liao et al.
[13]is:

p Ecur

T(n) - 1—p*(rm0d%) * E_o (1)
Where, E, and E_,. represent initial energy and
current energy of the node respectively. The
improvement in proposed protocol takes place
using the increment in probability of high energy
nodes, by which the nodes turn into the cluster-
head. Although, this process causes an issue. The
threshold T(n) turn out to be small if the residual

energy becomes very low resulting a reduction in
nodes of the network. It will results the early death
of nodes and finally the network lifetime will be
less. Also, the threshold formula in equation (1)
does not contains any impact of the distance
between base station and nodes for cluster-head
election.

Then the improvement in threshold is given as:

( (1-a)p
T(n) = {f(Ecur) * . 1 neG
Q) ( 1-p (rmodp )

0 neG
2
Where, f(E.,) is the function related to the
current residual energy of the node. It shows the
impact of node energy on the election probability.

It is given by:

f(Eqy) = 224 ©)

Eave

E e 1S the average residual energy of entire nodes
in the current round.
In generalized protocol, the optimal cluster-head
are selected by normal nodes and the
communication takes place between base station
and nodes. While the proposed protocol calculates
the distance between base station and normal node.
If it is found to be minimum then there is no
selection takes place for cluster head which causes
a direction transmission of controlling packages to
the base station and data transmission occurs.
B. Optimized Cluster Head Election using
Firefly Algorithm
Let ngpe represents the number of alive nodes
with residual energy greater then the threshold
energy and p be the clusterhead election
probability, then the optimum number of CH
elected for a given round will be:

Popt = Naiive * P 4)
Here P,,. is optimized using Firefly Algorithm
which is described as:
1) Firefly Algorithm
Firefly is an insect that mostly produces short and
rhythmic flashes that produced by a process of
bioluminescence. The function of the flashing light
is to attract partners (communication) or attract
potential prey and as a protective warning toward
the predator. Thus, this the intensity of light is the
factor of the other fireflies to move toward the
other firefly.
The light intensity is varied at the distance from the
eyes of the beholder. It is safe to say that the light
intensity is decreased as the distance increase. The
light intensity also the influence of the air absorb
by the surroundings, thus the intensity becomes less
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appealing as the distance increase [14]. Firefly
algorithm was followed three idealize rules:

1. Fireflies are attracted toward each other
regardless of gender.

2. The attractiveness of the fireflies is
correlative with the brightness of the
fireflies, thus the less attractive firefly will
move forward to the more attractive
firefly.

3. The brightness of fireflies is depend on the
objective function [15].

2) Structure of Firefly Algorithm

In firefly algorithm, there are two important
variables, which is the light intensity and
attractiveness. Firefly is attracted toward the other
firefly that has brighter flash than itself. The
attractiveness is depended with the light intensity.
The light intensity thus attractiveness is inversely
proportional with the particular distance r from the
light source. Thus the light and attractiveness is
decrease as the distance increase.

I(r) = Ioe"’r2 (5)
I = light intensity,
I, = lightintensity at initial or original light
intensity,
y = the light absorption coefficient
r = distance between firefly i and j
Attractiveness is proportionally to the light
intensity seen by the another fireflies, thus
attractiveness is S
B =Poe (6)

Bo= Attractiveness at r is 0
The distance between two fireflies can define using
Cartesian distance

= |u—xl=

[Eatu—g0r
Firefly i is attracted toward the more attractive
firefly j, the movement is defined as:
X; = ,Boe_wizf (xf —xf) + ag, x™ + Ax;

8)
In equation (8), the first term is for attraction, y is
the limitation when the value is tend to zero or too
large. If y approaching zero (y — 0), the
attractiveness and brightness become constant, 8 =
Bo- In another word, a firefly can be seen in any
position, easy to complete global search. If the y is
nearing infinity or too large (y — o), the
attractiveness and brightness become decrease. The
firefly ~movements become random. The
implementation of firefly algorithm can be done in
these two asymptotic behaviours. While the second
the term is for randomization, as « is the randomize

parameter. The &; can be replace by ran -1/2 which
is ran is random number generated from O to 1.
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IVV. CONCLUSION
Firefly Algorithm has been a famous procedure

used to take care of optimization issues in WSNs
because of its straightforwardness, high calibre of
result, quick joining and inconsequential
computational complexity. In any case, iterative
nature of Firefly Algorithm can deny its utilization
for rapid ongoing applications, particularly if
optimization needs to be done frequently. Firefly
Algorithm obliges a lot of memory, which may
limit its execution to asset rich base stations.
Literature has inexhaustible fruitful ~WSN
applications that endeavour preferences of Firefly
Algorithm. We have examined LEACH and Firefly
algorithm  based  cluster-head election for
heterogeneous WSNSs containing different level of
heterogeneity. Simulations prove that Firefly
algorithm based cluster-head election performs
well in all scenarios. It has best performance in
terms of Network Throughput and Lifetime. Since
the routing methods in WSNs are application
specific, there is always scope for improvements.
Moreover, future work can be carried out to
improve the throughput of this method using other
optimization algorithms.
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