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Abstract: From the past decade, the utilization of Wireless Sensor Network (WSN) in the remote areas is grown
rapidly. The major issue faced by the WSN 1s energy consumption of the sensor nodes. To address the issue
of energy consumption, this study developed an enhanced version of energy aware unequal clustering
protocol. Initially, the nodes in the proposed protocol compute the distance from the sink node. To calculate
the distance, the sink node broadcast the signal. Based on the signal strength received by the nodes they
calculate the distance to the sink node. The proposed protocol uses distance from the nodes to sink node,
residual energy and the count of neighboring nodes to operate the competition radius. Tt helps in reducing the
energy consumption and increasing the lifetime of the network. The performance evaluation of the proposed
protocol has been tested with other two exaisting protocols. The results show that the proposed protocol 1s
efficient n reducing the energy consumption and improving the hifetime of the nodes.
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INTRODUCTION

Wireless sensor networks are composed of large
number of sensor nodes with capability of shorter range
wireless communication (Akkaya and Younis, 2005). Each
sensor node 1s organized with sensing unit, battery umt,
storing unit, processing unit and transmitter and receiver.
Wireless sensor networks are deployed 1 secure
environments like home, office etc., or some unsafe
locations like battle fields, toxic regions etc., However,
apart from the usage of the sensor networks, there needs
to be address the issues of energy consumption, security
and computation for efficient utilization (Akyildiz et al.,
2002). Among the above issues, energy consumption of
the sensor nodes 1s the major constramt. It 1s not possible
to replenish the batteries of sensor nodes which are
Therefore, the
efficient mechanisms are needed to use the battery power
as well as to increase the life time of the sensor nodes.

distributed in hostile environments.

In the recent years, many energy efficient routing
protocols are developed and are categorized into three
categories, mimmum cost routing protocol, max-min
routing protocol and, mimnimum energy routing protocol.
The minimum cost routing protocols maximizes the energy
of the nodes m the route. The max-min routing protocols
such as max-min zP,,,, CMMBCR and MREP avoids the
problem of selecting the route from the less residual

energy of the sensor nodes. But these protocols creates
network overhead and it is also difficult to calculate the
threshold value for the operational nodes. The mimmum
the total energy
consumption in their path to the destination (Chang and
Tassiulas, 1999; Heinzelman et ai., 2000). Therefore, these
protocols are not useful in increasing the life time of the

energy routing protocol reduces

network. Apart from the above three categorized
protocols, there are many efforts to increase the life time
of the networks.

Most of the discussed protocols are based on the
hierarchical protocels or flat protocols. They are not
discusses about the inplementation details of how the
sensor nodes are deployed and distributed in the region.
The location mformation of the senor nodes 1s easy to
determine and it is used to construct the routing protocols
for energy saving mechanisms. The major advantage of
location based routing protocols 1s localization and
stateless behaviour (Chang and Tassiulas, 1999). The
packet forwarding in the location based routing protocol
is dependent on the location of the sender node and the
vicimity of the receiver node. Therefore, the location
based routing 1s important in reducing the network
overhead and to preserve the energy of the nodes.

In clustering protocols, the cluster head selection
plays major role that are associated with the cluster
formation, data forwarding, data receiving and data
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aggregation (Soro and Heinzelman, 2005; Heinzelma et al.,
2000; Younis and Fahmy, 2004). Therefore, the energy
consummption of the cluster head is more when compared
to the other nodes. In the inter-cluster communication,
there 1s major problem of misbalancing the energy
consumption between the nodes for single hop and multi
hop commumcation. For single hop commumnication, the
energy consumption of the nodes 1s high due to the
distance between the nodes and the base station. But in
the multi hop commurmication the cluster head 1s nearer to
the base station consumes more energy because of the
extra burden caused by the traffic.

This study made an attempt to improve the network
lifetime by developing the model for energy aware
unequal clustering protocol. The basic idea belind this
protocol is to select the cluster head based on the node
distance factor and number of

residual energy,

neighbouring nodes.

Literature review: In the earlier research, the cluster
algorithms are primarily designed based on the residual
energy of the nodes and rotation of cluster heads after
each round. Low Energy Clustering Hierarchy (LEACH) is
one of the protocol comes mto this category (Heinzelman
et al., 2002). The LEACH protocol considers single hop
communication between the nodes to the base station and
it 18 not suitable for the large scale networks. Many
routing protocols are developed based on the LEACH
protocol such as M-LEACH (Mhatre and Rosenberg,
2004) and LEACH-DT (Kang and Nguyen, 2012). The
distributed energy efficient clustering algorithm uses the
residual energy of the node and average energy of the
network to elect the cluster head. But 1t is not sufficient to
many to one data gathering process in wireless sensor
networks.

The algorithms for overcommg the energy
consumption are divided into three categories. First is
transmission range adjustment mechanisms discussed in
reference (Amgoth and Jana, 2015) has developed to
increase the lifetime of the networl. By Abdulla et al.
(2014), the energy consumption problem is investigated
by adjusting the radii of the sensor nodes. But, this
mechanism has lngh impact on the area of the network. By
Kong et al. (2014), the mobility of the base station 1s
considered as the solution for the energy consumption of
the nodes.

The researchers made a contribution towards
developmg the strategy of reducing the energy
consumption in cluster based wireless sensor networks
(Yao et al., 2015, Nadeem et al., 2013; Tabbar et al., 2016,

Yao et al., 2013). Many mechanisms are developed for
both equal clustering and unequal clustering approaches.
They consider the unequal cluster only to address the
unequal energy consumption of the nodes in the network
(Dong et al., 2014; Ahvar et al., 2014; Omar ef af., 2016).

MATERIALS AND METHODS

Preliminaries: The research presents the enhanced
energy aware unequal clustering algorithm. Here, the
network 1s configured with N number of sensor nodes
which 1s deployed in M =M region. The sensor nodes and
the sink node are in static mode and also the mutial energy
of the nodes is in the form of heterogeneous. The location
of the sink node 13 far away from the sensor nodes. The
sensor nodes adjust their power distribution based on the
transmission distance. The sensor node forms their
communication with another node based on the received
signal strength. The commumnication links between the
sensor nodes assumed to be symmetric (L1 et al., 2005,
Min et al, 2010). The Cluster Heads (CH) can transmit the
Control Messages (CM) and Data Messages (DM) with
the sk node. The data sensed by the sensor nodes are
assumed to be lughly correlated.

Energy consumption model: To transmit the data from one
sensor node to another node, it consumes some energy
and the energy consumption model of the wireless sensor
networks is given in Fig. 1.

XEEJFXSde, whered<d,

xE,+xe,d', whered>d,

E, (% d) —{ (1)

The transmission energy for x bit packet for a
distance of d between two nodes 1s given by Eq. 1:

4 = |5 (2)

The receiving energy for x bit packet is given by Eq. 3:

E..x)=xE_ (3)
Where
X = The number of bits
Eim = The transmission energy
E.. = The receiving energy
d = The distance between the nodes
E. Eg E. = The coefficients of the energy consumption

model
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Fig.1: Energy consumption model of two nodes
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Fig. 2: Architecture of wireless sensor networks

Data aggregation model for WSNs: In the proposed
research, the infinity compressed model is selected for
data aggregation process (Akkaya and Youms, 2005,
Akyildiz etal., 2002; Chang and Tassiulas, 1999). In WSNs,
the sensor nodes forward the sensed data to the cluster
head where it aggregates and transfers them in to single
packet of fixed size to the sink node. The architecture of
wireless sensor network 1s shown in Fig. 2.

Enhanced energy aware unequal clustering protocol: In
this research, the proposed approach uses the clustering
mechamsm that 15 similar to the Energy Aware Distributed
Unequal Clustering (EADUC) protocol (Xu et al., 2011).
Imitially, the nodes in the proposed protocol compute the
distance from the sink node. To calculate the distance, the
sink node broadcast the signal. Based on the signal
strength received by the nodes they calculate the
distance from the sink node. The proposed protocol is
organized with two phases. One 1s cluster setup phase
and another one is steady state phase which is
responsible for data transfer. The cluster setup phase is
again divided in to three sub modules with in the time
intervals of «,, «, and «;. The first sub module is
responsible  for collecion of neighboring node
information. After the initialization of first sub module,
each node in the network broadcasts the message N,
having the information of node id and residual energy. All
the nodes are located in the transmission range, receives
the message from its neighboring nodes. Then, the
average residual energy of the cluster E, 5; is calculated by
each node which 1s shown in Eq. 4:

EARE :(ZNiXEres)/B (4)
i=1
Where:
N; = The one of the node in the networlk
N;xE,,, = The residual energy of the node
N,P = Thenumber of neighbouring nodes

After completion of time mterval «,, the sec sub
module will start with the completion for cluster head
whose time interval is ¢,. After completion of information
collection, each node uses Eq. 5 to calculate the waiting
time for broadeasting the head message H,y,,.

hav E _=E

W= Eres 2 reg? 1E8 ARE (5)
C(“Zvrss Erss < EARE
Where:
w = The waiting time of the node
E. = The residual energy of the node
Vi = The real values lies in between 0.9-1.

These real values decrease the chances of sending
the head message H,,, by the two nodes at the same time
(L1 and Mohapatra, 2005). If any node in the network does
not receive the H__, then it broadcasts the H, , with in the
competition radius and it will declares its position as
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cluster head. The proposed protocol uses different rules
in the competition radius and it is calculated by
using Eq. &

. {H{dm _d(N”S)J-l[l E,. }m[l N, (B)H R_(6)
dma}( -dmln Ema}{ Bma}{

where, k, 1, m represents the weights range from 0-1, d_,
and d_, represent the minimum and maximum distance
from the nodes from the sink node, E,_., represents the
maximum initial energy of the nodes in the network. d (Ni,
S) represents the distance of the node “1” from the sink
node S. R, denotes the maximum value of the
transmission radius. Therefore, the proposed protocol
considers the distance of the nodes from the sink node,
node’s residual energy, neighbouring nodes information

and the cluster size.

After the second sub module, the cluster head
selection is completed. The cluster formation is initiated
at the time nterval ¢,. In this module, the nodes send the
Join message |, to the nearest cluster head. Then as a
reply, the cluster head broadcast the TDMA scheduling
message Mg to the cluster members for the
transmission of data. The nodes in the cluster only active
during their schedule and in other times the nodes are in
the sleep mode. This process will helps in minimizing the
energy consumption of the nodes.

After the cluster formation 1s completed, the steady
state phase 1s 1mtialized. This phase i1s responsible for
data transmission. The nodes follow intra process
communication to send their sensed data to their
respective cluster heads m the prescribed time slots. The
cluster head receives the sensed data and stores the
average aggregated data. The cluster head makes all the
aggregated data in to one single packet. This process is
continuous in all the clusters.

The cluster head forwards the aggregated data packet
to the sink node directly or by using the relay mode. Tf the
distance from the cluster head to the sink is maximum than
the threshold (d.,,,)., then it follows the mter cluster
commurmcation, otherwise 1t transfers directly to the sk
node. If the relay mode is selected by the cluster head,
then the energy consumption of the relay process is given
mEq. 7:

E gy = (N, N+ (N,,S) (7

In the proposed protocol, the distance between the
nodes and the energy consumption is not only sufficient
to find the route but also it requires finding the relay
nodes energy consumption Ep . Finally, one of the

feasible nodes is selected as a relay node based on the
Eq. 8. In the proposed routing protocol, each cluster head
broadcasts the message with its residual energy, node 1d,
count of the cluster members and distance to the smk
node. The CH is elected as relay node if its residual
energy is having the largest value compared to all the
nodes in the cluster:

N1 = Ei,res x N1 x Count=XE Rec
(Ni X COMt+1)XXX EDA-XETran (8)
NRelay = E

max

where, NixEi,,, represents the residual energy of the ith
node, Count represents the ith node member count, xERec
represents the energy cost for receiving the data packet of
size x. EDA represents the energy consumed for data
aggregation and xEr,,,, represents the energy consumption
to transfer the data from one CH to another CH. The
cluster head N1 transmits the data directly to the sink
node, if there 1s no CH 1s available to route the packet or
is Ni has predefined threshold distance to the sink node.
Therefore, the CH selects the relay node that having the
highest residual energy. The selection of relay nodes will
keep the network energy balanced and also mcreases the
lifetime.

Analysis of the proposed routing protocol: The proposed
protocol consists of the following properties such as in
WSNs, the selection of cluster head is based on the ratio
of the average residual energy and the energy consumed
by remaining nodes 1s shown in Eq. 5. This approach will
reduce the energy consumption of the network and also
improves the life time.

The selected cluster heads covers overall network,
From the Eq. 5, it is confirmed that any node can be a
cluster head with in the time interval ¢, and also, if any
node doesn’t receive the I, . it broadcast the generated
H,y, to the sink node.

The proposed protocel uses distance to the sink
node, residual energy and the count of neighbouring
nodes to operate the competition radius. It helps in
reducing the energy consumption and increasing the
lifetime of the network. The relay nodes help in reducing
the energy as well as to prolong the lifetime of the
network.

RESULTS AND DISCUSSION

The simulation environment 1s deployed with 100
nodes that are uniformly distributed over the region of
400x400 m®. The nodes in the region are non-uniformly
distributed. The parameters for the simulation
enviromment are given in Table 1.
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Table 1: The parameters for the simulation environment

Parameter Values
Region of the network (m?) 400400
No. of nodes 100
Size of the data packet (bytes) 500
Tnitial energy of nodes (T) 0.5-1.5
E. (nJhit) 50
E, (pJ/bit/m*) 0.0013
E;r(pJ/bit/m?) 10
FErs (nI/bit/signal) 5
Ranes (111 110
K Lm 0.3333

300 -
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250

225 -
200 -
175 4
150 4
125 o
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Fig. 3: Network lifetime of the nodes

To know the performance of the proposed protocol,
we developed the other existing models such as Energy
Aware Distributed Unequal Clustering (EADUC) protocol
(Xu et al.,, 2011) and Low Energy Clustering Hierarchy
(LEACH) protocol (Heinzelman et al., 2002). The
simulations are carried by using the QuallNet 6.1 simulator.
In the sumulation experiment, the energy model and data
aggregation models are used as per explanation given in

Network lifetime evaluation: The performance of the
EADUC, LEACH and the proposed protocol in terms of
network lifetime are shown in Fig. 3. The LEACH protocol
considers single hop commumnication between the nodes
to the base station and it is not suitable for the large scale
networks. The EADUC protocol uses the residual energy
of the nodes to select the cluster head that will increase
the network life time. But the proposed protocol selection
of cluster head is based on the ratio of the average
residual energy and the energy consumed by remaining
nodes. This will automatically decreases the energy
consumption of the networl.

Evaluation of network remaining energy: Figure 4 shows
the total energy preserved by the network with respect to
the protocol such as LEACH, EADUC and the proposed

0.30 1 g LEACH
= EADUC
0.25 J “&Proposed

0.20 4 —

0.15

0.10 4

0.05

Network remaining energy (kJ)

0.00

Ll T
5 10 15 20 25
Number of nodes

Fig. 4. Network remaining energy
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Fig. 5: Energy consumption of the nodes
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Fig. 6: Frequency of changing the cluster heads

protocol. Tt is observed the initial energy of all the
nodes m different protocols i1s same but the total
remaining energy of the LEACH and EADUC is
less when compared to the proposed protocol. This i1s
due to the relay nodes assigned to the proposed
protocol.
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Evaluation of energy consumption: The average energy
consumption of the three protocols is given in Fig. 5. For
each single round, the average energy consumption is
calculated until the lifeime of the nodes ends. The
average energy consumption also considers the energy
consumed at the time of cluster formation and data
transmission. The average energy consumption 1s quite
less m the proposed protocol when compared to the
LEACH and EADUC.

Frequency of changing the CHs: Figure 6 shows the
changing frequency of cluster heads for every round in
the proposed protocol. The energy consumption of the
network is depending on the cluster head selection. If the
cluster heads are changing in the rotation policy, the
energy consumption overhead will be increased.
Therefore, it is observed on the Fig. 6 that the proposed
protocol had less frequency of changing the cluster heads
compared to the LEACH and EADUC.

CONCLUSION

In this study, we presented the enhanced version of
the energy aware unequal clustering algorithm in order to
increase the lifetime of the nodes and to decrease the
energy consumption of the network. The unequal radius
15 selected for unequal cluster formation with different
sizes. The clusters that are nearer to the sink node have
the uniform clustering properties and the remaining
clusters have on uniform properties. The completion
radius 1s operated based on the distance to the sink node,
average residual energy and count of neighbours.
Therefore, the energy consumption of the clusters is
equally balanced.
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