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Abstract

This paper regarding the use of the natural phenomenon’s based optimization techniques to resolve the problem of non-
clustered nodes. Objectives: This research minimizes energy consumption. Its objective is to provide efficient clustering
for avoidance of residual nodes and prevents occurrence of dead nodes with usage of mobile nodes. Methods: In this
research paper firstly deploy number of mobile nodes in specified region with usage of MATLAB environment. For grouping
of these nodes LEACH protocol uses for clustering. During clustering with LEACH some nodes residual and not become
part of any cluster. Firefly Optimization used for prevention of residual nodes and efficient clustering. It uses distance and
light intensity parameters for clustering. GSA algorithm used for finding best path for data transmission with less energy
consumption. Findings: In this research paper shows efficient clustering of nodes with prevention of residual nodes. In
existing LEACH protocol some static nodes are residual and not become part of any cluster. These nodes send data directly to
base station and consume large amount of energy. These individual nodes die early due to maximum energy consumption.
But in this research mobile nodes are used and occurrence of dead nodes prevented on basis of distance and light intensity
parameters. Nodes which are at minimum distance are brighter than farthest nodes. Minimum distance nodes join nearest
cluster and prevent formation of remaining nodes. Improvements: In this paper results shown that it performs better in

terms of network lifetime, energy consumption, end to end delay and throughput and number of dead nodes.
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1. Introduction

Mobile Wireless sensor network is collection of sensor
nodes that can change their position and interact with
physical environment. Mobile wireless sensor networks
an infrastructure less network which includes sensing,
processing, and communication elements as sending
and receiving data. Mobile wireless sensors used in many
applications such as physical monitoring, target track-
ing, military and environment monitoring. Wireless
sensor network in which nodes are stationary and cover
only specific area in which nodes deployed. Energy and
memory for data storage are limited in wireless sensor
networks. Mobile Wireless Sensor Networks (MWSNs)
in which nodes can leave or join connection of network
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at any time. Main difference is from WSNs is change
of position at any time. Advantage for using MWSNS is
less energy consumption for data transmission'. Mobile
nodes can communicate to each other when these are
eligible in specified range area. MWSNs have reduced
energy consumption and enhance network coverage with
network lifetime improvement. For less energy consump-
tion clustering algorithm is used in which number of
nodes grouped in one cluster. In each cluster on basis of
energy Cluster Head (CH) is selected. All grouped nodes
send data to cluster head. CH sends data directly to base
station with usage of multiple dynamic paths. It pre-
vents delays, consume less energy and increase delivery
ratio’. Several protocols have been proposed for cluster-
ing. In this paper uses a LEACH (Low Energy Adaptive
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Clustering Hierarchy) protocol for clustering. It is hierar-
chical routing based protocol. It uses TDMA based MAC
protocol for consuming less energy’. During clustering
in MWSNs some of nodes are residual and not become
part of any cluster. Such nodes send data directly to base
station. For prevention of these residual nodes Fire Fly
Optimization (FFO) used for clustering. Routing is
major factor for data transmission. In this research uses
a Gravitational Search Algorithm (GSA) for finding best
hop for data transmission.

1.1 Routing Protocols

There are various techniques used for clustering in
wireless sensor networks as a load balanced clustering
algorithm which manages the traffic load between dif-
ferent size clusters. In this algorithm nodes grouped in a
way that gateway controls the overall load of nodes in a
specified network. There is not cluster head selected for
routing®. Optimized Energy Efficient Routing Protocol
(OEERP) maximize the lifetime of networks. OEERP
works in three phases. In cluster formation cluster formed
on basis of energy and it changes in every round. When
some nodes are residual during cluster formation phase
these nodes send data directly to base station. During
re-clustering residual nodes eliminated and CH changes
with uniform battery drain. Nodes not depend on beacon
based transmission for long time to reach base station®.

MH-PEGASIS algorithm proposed that increase the
lifetime of network and minimizes energy consumption.
Routing in single hop when cluster head at large dis-
tance from base station there is consume large amount of
energy. Multihop PEGASIS consume less memory and it
provides efficiently routing between cluster heads. It uses
inter clusters Multihop routing to reach a base station®.

Low Energy Adaptive Clustering Hierarchy —Mobile
(LEACH) is enhanced cluster based routing protocol that
select clusters on basis of residual energy of nodes, lowest
mobility and least distance from base station. It mainly
consists of five phases as initialization phase, cluster for-
mation phase, CH selection phase, data transmission and
re- clustering of nodes. It is energy efficient routing pro-
tocol that enhances the network lifetime’. Low-energy
adaptive clustering hierarchy (O-LEACH) is a popular
clustering protocol. This protocol select cluster heads and
performs data aggregation processes on the clusters on
the basis of residual energy. This algorithm has better sta-
bility than LEACH. This algorithm works on static nodes
and dynamic nodes®.
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1.2 Optimization Techniques

Ant bee colony optimization and Ant colony optimiza-
tion (ABCACO) techniques maximize the lifetime of
networks. Wireless sensor network WSNCABC uses hier-
archical clustering. It operates iteratively and decrease the
distance between cluster head and base station. It gives
better performance as lifetime of networks, scalability as
compare to existing algorithms’.

A novel centralized PSO protocol for Hierarchical
Clustering (PSO-HC) in WSNs. For maximize the net-
work lifetime by minimizing the number of active CHs
and to maximize the network scalability by using two-
hop communication between the sensor nodes and their
respective CHs. PSO-HC outperforms in terms of aver-
age consumed energy and throughput'®. PSO algorithm
minimizes intra cluster distance between sensor nodes
and consumes less energy"'.

Ant Colony optimization used for network routing. In
this routing is on basis of ant’s behavior, ants find short-
est path from food to nest. An ant lays pheromones on
ground while moving from source to destination. Other
ants follow same path on basis of pheromones. With usage
of ACO optimization reduce overhead on clusters with
usage of optimal path for data transmission. But ACO
applicable only where source and destination predefined.
Pheromones value calculated on basis of number of hops
to reach the nodes'.

E-OEERP protocol which prevents individual node
formation in clustering and improves the overall net-
work lifetime and compared with traditional protocols
such as LEECH, OEERP, DRINA, and BCDCP. E-OEERP
uses Particle Swarm Optimization algorithm for elimina-
tion of individual nodes formation. Gravitational Search
Algorithm (GSA) is used for constructing an optimal
routing path to transmit the sensed data to the base sta-
tion on basis of distance and force between the sensors
nodes and it find the next best hop for data transmission".
Rest of this paper is organized as: Section II and Section
III describes proposed methodology and describes results
and interpretations, and Section IV describes Conclusion
and future work.

2. Problem Formulation

Energy consumption and network lifetime main chal-
lenges in Mobile wireless sensor networks due to Multihop
communication. To prevent formation of residual nodes
that is not being part of any cluster. These nodes may die
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if remain individual node for long time period because
these individual nodes send data directly to base station.
Data lost due to occurrence of dead nodes.

3. Proposed Methodology

In this section describes proposed methodology in which
firstly deploy number of mobile nodes and perform clus-
tering with LEACH protocol. Proposed methodology as
shown in Figure 1 in which Fire Fly Optimization (FFO)
algorithm applied for energy efficient clustering. FFO
based routing protocol uses LEACH protocol. During
clustering some nodes are residual not become part of any
cluster. These Residual nodes prevented using FFO with
distance calculation between nodes. On basis of distance
residual nodes included in nearest cluster. Large distance
paths also consume large amount of energy. GSA algo-
rithm used to find optimal path from one node to another
for data transmission.

Apply FFO for calculating

distance and form clusters

I

GSA to find the next best hop

Figure 1. Proposed methodology.

3.1 Fire Fly Optimization

FFO algorithm is Meta-heuristic algorithms proposed by
Dr. Xin She yang at Cambridge University in 2007. It is on
the basis of flashing behavior of fireflies'. It finds the par-
ticle position. Firefly optimization mainly depends upon
these methods:

1. All fireflies are unisex. These attract to each other
on the basis of flash light.
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2. Attractiveness of fireflies on basis of light directly
proportional to its brightness. If there is not found
brighter light of fireflies than firefly move randomly.

3. If distance between fireflies increases means light
intensity decreases.

4. Objective function related to brightness of firefly.

According to inverse square law intensity of light I
decrease as distance r between fireflies increases. Intensity
(I) inversely proportional to radius as:

Tal/r2 (1)

5. Firefly algorithm mainly depends on light intensity
and attractiveness. According to inverse square law

I(r) =1/r* (2)

where, I Intensity of source and r radius (distance
between fireflies). But there is fixed light absorption y

I=[e-" (3)

I, Initial intensity. Firefly’s attractiveness 3 is propor-
tional to the light intensity seen by different fireflies which
can be defined as:

=P, - @

where, [30 is attractiveness when radius=0

Light intensity changes with changes in distance as r
changes®.

3.1.1 Clustering using Firefly Algorithm

Each node distance calculated on basis of brightness.
Each cluster adds nodes on basis of distance from CH
form a new cluster and prevent residual nodes. Distance
between nodes calculated as:

Distance = (X,-X))*(Y,-Y,)*/0.5 (5)

In Firefly algorithm, clustering energy of sensor nodes
considered as light intensity of fireflies. Sensor which is
brighter considered as with maximum energy. Light
intensity fireflies move towards brighter intensity fireflies.
Similarly, in clustering less energy nodes move towards
higher energy nodes. Fireflies move from one location to
another location with attraction toward brighter firefly’®.

The Firefly algorithm improve network lifetime and
the throughput of the network with selection of CH on
basis of residual energy and nodes in cluster coverage
selected on basis of distance'” as shown in Figure 2.

3.2 Gravitational Search Algorithm (GSA)

GSA algorithm used in routing for finding optimal path'®.
It finds next best hop for data transmission from source to
destination. It sends nearest path identification message
to all its neighbors. Nearest Path identification message
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collect information about the neighbor nodes location,
light intensity. Neighbor nodes send same request to its
own neighbors for collecting information about nodes
location. This process repeated until it reaches to base sta-
tion.
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Figure 2. Cluster formation using Fire Fly algorithm.

GSA based on the Gravitational algorithm of
Newton". According to Newton’s law of Gravity “Every
substance attracts other substance with force F which
directly proportional to product of masses and inversely
proportional to distance between them” It is stated as:

F=G. [M M, R?] (6)

where,

F= Force of particles

G= Gravitational constant (G=6.8%¥10"" m’kg's?)

M, and M, masses of particles

R= Radius (distance between particles)

Law of Motion describes relationship between par-
ticles mass m, acceleration a, Force F applied as shown
in Figure 3.

a=F/M

N, M-
') = <

Figure 3. Newton’s law of gravity.

Acceleration is minimum for large size particles and
maximum for small size particles. GSA combines both
these laws. According to GSA algorithm every particle
attracts to another particle with gravitational force.

Gravitational Search Algorithm is used in the Cluster
Formation Phase and Path Establishment Phase for rout-
ing the data from nodes to base station. On basis of range
or distance parameters it selects clusters and route data®.
When clusters are formed with Firefly algorithm, all clus-
ters nodes start transmission of data to their respective
cluster head. Cluster head collect data from nodes and
transfer to base station for less energy consumption. All
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clusters calculate shortest routing path with searching
next best hop with usage of GSA algorithm as shown in
Figure 4.

Force of attraction greater in nearest nodes rather
than farthest node. Greater force and minimum distance
indicates better transmission with less energy consump-
tion. In various clusters distance different from each
other. GSA finds the location of nodes in wireless sensor
networks?!.
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Figure 4. Calculation of force between CHs.

LEACH protocol used with FFO and GSA algorithm
as:

1. In first method initialize nodes with LEACH pro-
tocol.

2. Distance calculated on basis of brightness of sensor
nodes. Form a cluster on basis of distance between nodes
with FFO and prevention of residual nodes with cover the
region on basis of distance.

3. Apply GSA algorithm to find best route informa-
tion.

4. Evaluate results and compare with LEACH protocol
for clustering in mobile wireless sensor networks.

4. Simulation Environment

The simulation of the proposed methodology is being
done in MATLAB. This technique uses LEACH protocol
with FFO and GSA algorithm for simulation in MATLAB.
Deployment area with 100 nodes deployed randomly for
the simulation of LEACH protocol. In this simulates the
previous clustering algorithm with LEACH protocol in
which residual nodes arises. Residual nodes prevented
with re-clustering the nodes with the firefly algorithm.
In this implementation uses five clusters where the data
sending is happening form all nodes with one node at a
time. The strategy is repeated with the firefly algorithm
for the calculation of cluster on the base of brightness.
Simulation parameters shown in Table 1.
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There are some assumptions for simulation

1. Every node is considered as firefly and every node
consist of its own battery.

2. All nodes have same energy during initialization
phase and nodes deployed randomly in search space.

3. When nodes move and during transmission energy
consumed.

Table 1. Network parameters

Radius of Cluster

Parameter Value

Number of Nodes 100

Network Size 400%400

Initial Energy of Nodes 100 mJ (Milijoules)

12

Number of clusters 5
Nodes movement Mobility
Base Station position 200%200

4.1 Results Interpretations

Results are evaluated with simulation of LEACH protocol
in which residual nodes arises due to coverage problem.
In which colored nodes represent clusters and blank
nodes represent residual nodes due to coverage prob-
lem as shown in Figure 5. In proposed hybrid approach
LEACH protocol uses with usage of FFO for clustering.
During reclustering residual nodes join nearest clusters
on basis of distance calculation with firefly algorithm as in
Figure 2. Residual nodes prevented with reclustering on
basis of distance calculation as brightness feature calcula-
tion of light intensity.
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Figure 5. Cluster formation using LEACH protocol.

4.2 Performance Analysis

Various parameters are analyzed and compared with
existing and new approach like energy consumption,
throughput, number of dead nodes, Network Lifetime,
end to end delay.
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4.2.1 Energy Consumption

Energy Consumption of node measured on basis of trans-
mission. The energy comparison also shows the energy
consumed comparison between LEACH and LEACH +
FFA. LEACH+FFA+GSA performs better consuming less
energy because the cluster is now better so the energy
consumed is less as shown in Figure 6.

It can be calculated as

Ep previous energy, E_current energy, E_residual
energy

E=E-E,

LEACH
LEACH+FFA+GSA

Energy Consumed

5 0 =20 30 a0 20 60 o 80 90 100
Rounds

Figure 6. Comparison of energy consumption.

4.2.2 Network Lifetime

The network life time graph shows that the detail of rate
of nodes getting dead during the simulation of the net-
work. It shows the in the LEACH + FFA+GSA network
performs better because the network energy efficient.
Efficient network lifetime shown in Figure 7.

LEACH
LEACH+FFA+GSA

Network lfetime
3

ol

0 10 20 30 40 50 60 70 80 90 100
Rounds

Figure 7. Comparison of network lifetimes.

4.2.3 Number of Dead Nodes

The number nodes graph shows that the detail of nodes
dead during the simulation of the network. It shows the in
the LEACH+FFA+GSA network performs better because

the network energy efficient as shown in Figure 8.

4.2.4 Throughput

The ratio of total data received by a receiver from a sender
for a time the last packet received by receiver measures in
bit/sec and byte/sec.
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1 2
Number of nodes dead. 1 is for the LEACH and 2 is for the LEACH+FFA+GSA

Figure 8. Comparison on basis of dead nodes.

The throughput since the energy consumption is
small the transmissions are more effective so the network
does not go under any congestion and the network also
has very high packet transfer rate. So the throughput is
very high in case of LEACH + FFA+GSA as in Figure 9.
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Figure 9. Throughput.

4.2.5 End to End Delay

It is the average delay between the sending of the data
packet by the source and its receipt at the correspond-
ing receiver including the delays due to route acquisition,
buffering and processing at intermediate nodes, and
retransmission delays at the MAC layer, etc. if the value
of End-to-end delay is high then it means the protocol
performance is not good due to the network congestion.

In delay because the throughput is high in the case of
LEACH+FFA+GSA the delay between the packets is very
less the and hence the end to end delay is very less as in
Figure 10.

LEACH
LEACH+FFA+GSA

End to End Delay

0 10 20 30 40 50 60 70 80 90 100
Rounds

Figure 10. Comparison of end to end delay.
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5. Conclusion and Future Scope

This paper describes Hybrid approach with LEACH, FFO
and GSA algorithm. In the existing LEACH, the individ-
ual node formation takes place during cluster formation.
These residual nodes send data directly to base station
and consume large amount of memory. These nodes also
die due to large energy consumption. The need of energy
consumption reduction is huge. In this paper firefly
algorithm used for prevention of residual nodes during
clustering. GSA algorithm used to find best route infor-
mation for less energy consumption. In this simulated
the approach with parameter like energy consumption,
Network lifetime, Number of nodes dead, Throughput and
End to End delay. Results show that LEACH+FFA+GSA
algorithm performs better than LEACH protocol and
also prevents residual nodes formation during clustering.
Future work can be done on multiple mobile base sta-
tions. Multiple mobile base stations also improve energy
utilization, network lifetime and reduce number of dead
nodes, it basically proceeds from future of tracking and
observing in MWSNE.
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