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Abstract

The lifetime of a network is reflected as one of the vital concerns in wireless sensor network because of a huge number of nodes and
further its density and distribution. When the network size increases then routing protocol becomes one of the crucial issues that which
routing protocol one should use so that network lifetime to be enhanced. Furthermore, sensor nodes must be alive to promise that network
process must continue without any interruption or any loss of data in the network. In fact, there are a lot of clustering method is there to
augment the network lifetime. But in this paper, presented routing protocol that is based on existing LEACH protocol called as K-mean
clustering routing (KLEACH). Simulation results show that efficiency of the network has been improved and network lifetime has been
also enhanced compared to existing LEACH protocol. Network lifetime of KLEACH protocol is almost increased by 40% and energy
consumption is also decrease by almost 38% which reflects the good agreement of KLEACH algorithm compared to existing algorithm.

Keywords: Wireless Sensor Network, Clustering, Energy conservation, Sensor Network Lifetime, Routing protocols, Energy efficiency, Cluster-based
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1. Introduction / N/ N\

Wireless Sensor Networks (WSNs) have recently appeared as one
of the vital key for several applications. The WSNs are generally 0 \ 0 \‘
used in various military (army, navy) as well as in civil uses[1][2]. / \

Because of unfriendly installment of WSNS, it is not possible to \ / \ pa
replace the batteries of thousands of nodes that are installed in N\ J/ N\ Y,
particular region[3]. Keeping in mind that installation of node in —— e e
remote environment is very difficult, so the network need to be /
work autonomously deprived of any human involvement. Further, / \ / \
sensor nodes identified severe constraints of resources like ¢ | \
bandwidth, memory storage and energy limitation[4]. | 0
Subsequently, the design of current sensor nodes that have quite a \
lot of confines provokes the job of detecting and reporting to be a \ / ® Cluster Head
vast discussion about performance adeptness troubles. Hence, the ~ / N\

performances of WSNs like network lifetime and energy et Member Node
consumption have been fascinating the attention of numerous
academics and there are numerous approaches to create this type . L
of performance further efficient[5][6]. One of the main Fig.1: Clustering in WSN

methodologies is clustering technique[7]. Indeed, the act which L . .

splits the system into several sets of sensor nodes is called as  Though, data packet routing is promising deprived of clusters,
Clustering. Generally, a main node in the cluster called as Cluster however necessity for a whole_ routing tabletc_;p of every node is
Head (CH) allows the attachment of all other nodes that belong to ~ ompulsory. Therefore, the utility of clustering is important to
the same group by a measure of distance. Inside each of these ~ @ssure a well-organized routing[10]. Also, the nodes deployment
clusters, CH gathers the data from sensor nodes that are attached ~ @nd density have a significant effect on system scalability[11][12].
to it. All member nodes transfer the data to their CH. cH In reality, scalability is an important concern of a well-organized
accumulates data packet from all the attached sensor nodes and ~ routing protocol. A noble routing protocol should scalable to any
advancing it to the Sink or one can say Base Station (BS)[8].  Kind of change in the system topology and network size.

Figure 1 signifies the network where all the attached nodes

transfer data packet to their CH and further CH sends collected 2. Related works

data packet to their BS[9].

Sink

In [13][14]Author projected a routing protocol called as Low
Energy Adaptive Clustering Hierarchy (LEACH) for similar or

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
Y use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://creativecommons.org/licenses/by/3.0/
http://www.sciencepubco.com/index.php/IJET

International Journal of Engineering & Technology

197

one can say homogeneous kind of WSN. In [15][16]Author selects
node in a random way to form the CH and further distribute the
energy uniformly among them. In [17][18]Author proposed
LEACH protocol where they analyzed LEACH routing protocol in
order of many factors like network lifetime, throughput and
energy. In[19][20] author describe the LEACH protocol where CH
selection is in randomized way but this further degrade the
performance of LEACH protocol. In [21]authors proposed
LEACH protocol where they were main focused on energy and
throughput of the network. In [22]author examines the
performance mainly for the sensor nodes energy and over-all
network lifetime. Authors suggested an energy effective protocol
on the basis of self-adaptive assembling of CH. In this work we
are going to propose a modified LEACH Protocol called as
KLEACH protocol which enhances performance metric in WSN
like number of data packets received, average data packets
received, network lifetime and average energy consumption
compared to all existing method.

3. Performance metric in WSN

To determinate the efficiency and lifetime of network in sensor
network, there are several factors that should be consider like total
number of sensor nodes, node arrangement as well as node
density[23] which further useful in to determine the performance
metric like network lifetime, throughput, energy consumption
.Figure 2 characterizes the performance metric of the sensor
network.

Network
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Performance
Metrics

~
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Fig. 2: Performance metrics in WSN
These parameters can be defined as given below.
A. Network lifetime

There is various definition of system lifetime which mostly
depends upon the system necessities. The authors in[24][25]
suggested some important point regarding the network lifetime
definition which is given below:

e Round as soon as the first number
expired(FND)

Round when f number of sensor nodes(some nodes) expired out of
entire nodes

e Round when last number of node expired(LND)

of sensor node

B. Network throughtput

Throughput is basically dealings information that a system can
practice in a specified time period. In WSN system throughput
defines total number of data packets which is communicated to the
BS.

C. Energy consumption

It is amount of energy disbursed by sensor nodes in system.
Figure3 demonstrates energy Scheme of WSN of total k number of
bit which is transmitted over the distance d [9].
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Fig. 3: Energy Scheme plot in WSN

The given below equation (1) and (2) are mainly used for
communication and getting energy calculation for total k number
of bit.

kEgec + kepod? d<d

ETX(kr d) = elee re 4 ° (1)
kEciec + kegmpd d=>d,

Epx(k) = kEeec (2)

Where

Erxis the energy transmission and Egy is energy response of total
k number of bits in the direction of distance d.

Eieciselectronic energy compulsory for modulation, coding and
filtering.

Epsisenergy compulsory for data accumulation.

grs and gqmpare the amplification energy.

Equation (3) is basically used to find the E,, per round which is
given as:

Eavg
_ Total energy consumption of 15t node expired

" Number of rounds before the 15t node expired

3)

D. Success rate

Success rate in WSN is stated as ratio of total data packets
received by the BS to the total data packets which are
communicated from nodes.
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4. Varinats of leach protocols

4.1 LEACH protocol

Generally, there are two approach of node deployment. Either
node can be deployed randomly or in deterministic way.
Deterministic methodology is unrealistic in many situations like
military uses as well as in monitoring situation. The haphazard
arrangement tactic is more realistic in so many applications[20].
To prolong lifetime of sensor network by enhancing energy
effectiveness is foremost agreements nowadays. Network lifetime
is totally depend on the life expectancy of battery and necessity for
enhancing energy effectiveness which take algorithms into account
that have been a leading investigation part in WSN. Indeed, to
diminish energy feeding cost triggered by congestion of
communiqué amongst all the nodes.

There are basically two types of clustering in the network. One is
Homogenous clustering and another one is heterogeneous
clustering. As name suggested homogenous means all the nodes in
WSN have the equal energy. Furthermore, CH comprehends data
accumulation to wrapping info. Regarding LEACH protocol, it
goes through several rounds. In starting, clusters are molded with
set-up stage which is tracked by steady state stage[17].

a) Setup phase

The main work in first phase is to be selection of the node which
will become further CH. The selection of CH is done by using
random number which must belongs among 0 and 1 that is
equating by aT (n) which is evaluated by equation (4)

P .
I PGmealy) UTEC @

0 otherwise

T(n) =

Where

) Pis proportion of choosing CHs.

. ris present round.

. Gis group of nodes which have not been CHs in 1/ P rounds.
After choosing the CH, the CH initiates communications this info
to notify normal node in system for the determination to turn out
to be a master node.

b) Steady State phase

In this phase master nodes every so often collect data and transfer
to the CH. Now steady state process is separated into different
frames that are further break up in different time slots of same
period. Master sensor nodes forward gathered information to the
corresponding CH throughout their assigned communication.

4.2 KLEACH Protocol

Figure5 represents the K-means protocols. K-mean technique is
basically responsible for determining the centroid in order to
decide the cluster formation. Indeed, K-mean technique is on the
basis of determination of Euclidian distance method.
Subsequently, CH choice mainly is determined by on residual
energy of sensor nodes. Therefore, the dominant node collects info
regarding node id, coordinate of node and remaining energy of
most of the sensor nodes and collect this info in list of dominant
nodes.
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\
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Fig. 4: Flow Process of K-mean Protocol

After getting this info from entirely sensor nodes, accomplishment
of clustering is finished[26]. Regarding the LEACH algorithm, it
operates through various rounds. In beginning, clusters are molded
in set-up stage tracked by steady-state stage as soon as data
packets are transmitted from sensor nodes to the CH and further to
BS. However, KLEACH algorithm practices K-means clustering
in principal phase. In the subsequent stage, KLEACH accepts the
identical action which is similar to steady state phase in LEACH
protocol.

5. Simulation results and analysis

In this article, MATLAB tool is used to estimate the different-
different performance metric in WSN. Simulation Parameter and

Simulation Variable are given in Tablel and in Table2
respectively.
Table 1: Simulation parameter and its value
Parameters Value
E e 40nJ /bit
£ 8 pJ/bit/m?
B 0.0012pJ/bit/m*
Epa 51 /bit
k 4000 bits

Table 2: Simulation Variable and its set up value

Simulation Variable Set up values

Sensor area 150m x 150m
No. of sensor nodes 100 to 1000 nodes
Initial energy of nodes 0.5/

Base Station location (50m, 50m)

Some assumptions have been taken while performing the
simulation which is given below:

e All sensor nodes have equalpreliminary energy.

e Sensor nodes are not in mobility.

o Packets must be transmitted appropriately by sensor nodes to
the BS and it must be received by BS.
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e Initially BS creates accessible address localization for all
sensor nodes.

e Maximum number of CH should be around 6% of total
available nodes in the network as in.

Initially, performance metric of LEACH as well as KLEACH
protocol have been investigated on the foundation of various
factors like number of data packets received, sensor nodes lifetime
and consumption of energy by nodes in the system. So that we can
judge how KLEACH protocol performance has been enhanced
compared to LEACH routing protocol. Figure5 reflects the
contrast between KLEACH system lifetime and LEACH network
lifetime. Graph has been plotted between total numbers of nodes
alive versus number of rounds. Based on this plot, one can see that
all nodes in LEACH protocol survives up to 1355 rounds only but
in case of KLEACH protocol nodes alive till 2607 rounds. Based
on this observation we must say that network lifetime of KLEACH
protocol has been enhanced compared to the existing LEACH
protocol.
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Fig. 5: Network lifetime

Figure 6 reflects the graph of remaining energy of KLEACH as
well as LEACH protocol. Graph has been plotted between
Residual energy versus number of rounds. We can see that how
energy is consumed in nodes in both the protocol. Total
preliminary energy of system is taken as 50 J that gradually falls
up to 2200 rounds and debauched energy is realized in 2607
rounds in KLEACH protocol while in case of LEACH protocol
energy falls up to 1247 rounds and debauched energy is achieved
in 1355 rounds. Hence, it displays the better performance of
KLEACH protocol over the LEACH protocol.
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Fig. 6: Residual energy

Figure7 reflects the packets received by BS in both the protocol.
Graph has been plotted between total numbers of packet received
by BS to the number of rounds. In other word we can say that
Figure7 displays throughput progress based on total number of
rounds in these cases. It is clearly seen that packet received by BS
in case of KLEACH is far better than LEACH protocol. Till 1000
rounds packets received is same in both the protocols but as
number of rounds increases packet received is almost constant in
case of LEACH protocol but in case of KLEACH protocol it keeps
increasing. This statement can also be defensible by circumstance
that KLEACH system lifetime is more compared to the LEACH
network lifetime.
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Fig. 7: Total packet received

Throughput progress mainly depends on total number of node that
has been taken in each round for LND and FND for both the
protocol. It is clear from Figure8 and Figure9 is that total number
of packet received by KLEACH protocol is larger than the
LEACH Protocol at any instance of time. This statement can also
be justified in the sense that network lifetime of KLEACH
protocol is more compared to the LEACH protocol.
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Table 3: Performance Metric Comparison
100000
4 5
—— KLEAQH / Metrics Improved Performances Over
90000 7 LEACH
20000 ——LEACH / Data packets received in FND Improved by 39.5%
" /"/ Average data packets received Incresed by 60%
70000 7 ration
g / Network life Incresed by 40%
560000 - .
£ / Average energy consumption Decreased by 38%
gsocm - /_,/
% ao000 / - 6. Conclusion
i ~
Eso000 In this paper numerous performance factors like network lifetime,
z A energy consumption and data packets received by BS have been
20000 — performed for different network parameters. The performance of
> / KLEACH and LEACH protocol has been measured to find the
10000 network lifetime and how much network is energy efficient. The
0 results display that KLEACH protocol has better network lifetime
00 0 30 400 500 600 700 300 900 1000 and energy consumption is also less compared to the existing
LEACH protocol. Also total number of packet received by BS in
Numberof nodes case of KLEACH is more compared to the LEACH over rounds.

Fig. 9: Total number of packet received in LND,.oynq

In the same way energy consumption of protocol also depends on
total number of node that has been taken in each round for LND
and FND for both the protocol. It is clear seen from the Figure1l0
is that energy feeding is relatively less in KLEACH protocol
compared to the LEACH protocol. Also energy saving gain ratio is
about 38% and 30% in the KLEACH and LEACH protocol
respectively. Table 3 demonstrations the performance metrics
comparison between KLEACH and LEACH protocol. Network
lifetime of KLEACH protocol is almost increased by 40% and
energy consumption is also decrease by almost 38% which reflects
the good agreement of proposed algorithm compared to existing
algorithm.

Furthermore, KLEACH delivers a satisfactory performance metric
compared to LEACH protocol. This study can also to extend to
examine other parameter like delivery data packets and latency.
Moreover, it would be fascinating to study these parameters by
means of other clustering methods and make a comparison with
outdated routing protocols.
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