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ABSTRACT

In recent years, applications of wireless sensor networks have evolved in many areas such as target
tracking, environmental monitoring, military and medical applications. Wireless sensor network
continuously collect and send data through sensor nodes from a specific region to a base station. But, data
redundancy due to neighbouring sensors consumes energy, compromising the network lifetime. In order to
improve the network lifetime, a novel cluster based local route search method, called, Greedy Cluster-
based Routing (GCR) technique in wireless sensor network. The proposed GCR method uses arbitrary
timer in order to participate cluster head selection process with maximum neighbour nodes and minimum
distance between the source and base station. GCR constructs dynamic routing improving the rate of
network lifetime through Mass Proportion value. Also, GCR uses a greedy route finding strategy for
balancing energy consumption. Experimental results show that GCR achieves significant energy savings
and prolong network lifetime.
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1. INTRODUCTION

In the recent past, several routing algorithms have been designed to improve the network lifetime
in wireless sensor networks. In WSN, a multiple sensor nodes are distributed through the
network. The data collected by the sensor nodes in WSN, are transmitted to a sink node.
Therefore, the position of the sink node provides the great importance on the energy consumption
and improving the lifetime of network. The mechanism adopted in clustering is highly significant
in saving energy resources for network activities and has become promising area in the field of
research.
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As shown in figure 1, the data collected by the source node are sent to sink node to forward the
required destination node in WSN. Therefore the energy consumption and network lifetime is the
major concern in the WSN.

Two-tier Particle Swarm Optimization for Clustering and Routing (TPSO-CR) [1] with a novel
particle encoding scheme and fitness function identified the optimal routing tree to improve the
packet delivery rate. However, network lifetime remained unaddressed. Energy Delay Index for
Trade-off (EDIT) [2] was designed with the objective of improving the network lifetime with the
help of Euclidean distance. However, the successful data delivery was not measured in terms of
throughput. Another method to extend the network lifetime by using the fuzzy inference engine
to select the super cluster head was presented in [3]. However, it increased the overhead.

Designing scalable routing in WSN with prolonged network lifetime is considered to be the most
challenging task. In [4], a grid based method using upper Bollinger band and lower Bollinger
band was designed aiming at improving the network lifetime. Clustering and multi-hop routing
algorithms [5] was designed with the purview of improving network lifetime using inter-cluster
and intra-cluster transmission tree.

Though many research works were conducted to improve network lifetime but at the cost of data
being transmitted. To improve network lifetime and the data transmission rate, in [6], Rule
Driven Multi-path Routing algorithm was designed for building cluster and transmitting data in
an efficient manner.

In Wireless Sensor Networks (WSNs), one of the most influential factors next to the network
lifetime is the energy efficiency. In [7], Energy Efficiency Semi Static Clustering (EESSC) based
on Hierarchical Agglomerative Clustering (HAC) was designed to improve the WSN’s energy
efficiency. In [8], honey bee swarm intelligent based approach was designed to increase the
amount of packets delivered to the base station.

An extended version including the fuzzy model was investigated in [9] for generating balanced
clusters and prolonging the network lifetime was designed. Another Particle Swarm Optimization
approach was presented in [10] to increase the total data packets to be delivered to the base
station.

Energy conservation and fault tolerance plays major role in the deployment of a wireless sensor
network (WSN). Therefore the design of clustering and routing algorithms should incorporate
both these issues to prolong the network lifetime. In [11], a distributed clustering and routing
algorithms jointly referred as Distributed Fault-tolerant Clustering and Routing (DFCR) was
designed to prove the energy efficiency in case of fault tolerant. An integrated topology control
and routing algorithm based on Mixed Integer Linear Programming model [12] was designed to
optimally select the cluster head node.

Due to the limited energy possessed by the sensor nodes, increasing the network lifetime in WSN
is a challenging task. This criticality increases with the increase in the density and topology
change of network because of more data collections and packet transmissions. In [13], a
clustering protocol based on Fan Shaped clustering was designed to improve both the energy
saving and packet collection rate. In [14], adaptive clustering habit scheme was designed for
wireless network to minimize the overall consumption of energy.

In [15], Clustering algorithm based on Ant Colony Optimization was investigated to manage
inter-cluster and intra-cluster communication, varying the grid size of the network. In [16],
cluster-based multi-path routing protocol was designed giving higher responsibility to the sink
node for wireless sensor networks. A novel layer-based hybrid algorithm [17] for cluster head and
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cluster member selection was performed by way of information exchange between the
neighbouring nodes until the cluster head node was selected.

Recent advances in miniaturization in the field of wireless communications have resulted in the
making of micro sensors with limited processing and communicating capabilities. In [18], Energy
Efficient Multilayered Architecture (EEMA) was designed to not only improve the network
lifetime but also to reduce the routing delay. Another method based on Adaboost algorithm was
investigated in [19] to minimize routing delay. Link cost function [20] was used to improve the
packet delivery ratio and reduce energy consumption in WSN.

Based on the reviews, the existing methods has the limitations such as lack of network lifetime,
reduced the delivery ratio and higher overhead. In order to overcome such kind of issues in WSN,
a novel method is Greedy Cluster-based Routing (GCR) technique is introduced.

The contribution of the research paper is organized as follows; a novel Greedy Cluster-based
Routing (GCR) technique is developed to extend the network lifetime in WSN. The GCR uses
random timer for selecting the cluster head node. After that, Neighbour Node selection is carried
out through Mass Proportion value for achieving the dynamic routing thereby improving network
lifetime. Finally, GCR performs local route search using greedy strategy for selecting the
neighbouring optimal node to forward data packet that is close to the destination node and it has
sufficient energy for routing. This helps to reduce energy consumption during data forwarding.

The remainder of this paper is organized as follows. Section 2 provides an overview of Greedy
Cluster-based Routing, with the aid of a network model. In Section 3, experimental results are
presented and detailed discussion is included in Section 4. Finally, Section 5 concludes the work.

2. GREEDY CLUSTER-BASED ROUTING FOR WSN

In this section, an overview of the Greedy Cluster-based Routing (GCR) is presented starting with
a design of network model to improve the routing efficiency in terms of network lifetime,
reducing the energy consumption during data forwarding.

2.1Network model

Let us consider a wireless network with number of sensor nodes that are uniformly deployed in
‘m*m’ square area represented as a simple digraph ‘G = (V,E)’ with transmission range ‘R’.
The network consists of ‘n’ wireless sensor nodes represented as ‘V = {vq,v,,...,v,}" and
‘E ={eq,€y,..,e,} representing the set of communication links between the sensor nodes.
Suppose an adjacent pair ‘vj, vy’, then ‘e; (vj, vk)’ represents that both sensor nodes ‘vjand ‘v’
lie within the transmission range ‘R’ and is expressed as given below.

E = {ei (vj,vk) | Dis (vj,vk) < R}, where vj, v, €V (1)
2.2 Problem definition

The cluster head node in wireless network based on the design of cluster consumes more energy
during intra-cluster and inter-cluster communication. The energy consumption during intra-
cluster communication is highly influenced by the cluster size, where the energy consumption
increases with number of sensor nodes in cluster. As the sensor node in the wireless sensor
networks has limited transmission range, multi-hop design is used for data transmission. During
data transmission phase, cluster heads act as intermediate nodes to distribute data between source
and destination in WSN. During the inter-cluster communication, the cluster heads nearer to the
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neighbourhood of base station overcomes heavy traffic and expires faster than far away cluster
heads. This process improves the control overhead. In order to overcome such kind of issues a
Greedy Cluster Based Routing Protocol is designed.

2.3 Greedy Cluster-based Routing

The design of Greedy Cluster-based Routing (GCR) method is carried out aiming at improving
the network lifetime in WSN. Specifically, there are three parameters such as energy
consumption, network lifetime and throughput are considerably affects the network performance.
Initially, the Cluster Based Routing Protocol is applied to improve the network lifetime through
the arbitrary timer. Secondly, Mass Proportion-based Neighbour Node selection measure is
performed for selecting the neighbouring node improving the throughput. Finally, Greedy Local
route search algorithm used for reducing the energy consumption in WSN. The architecture
diagram of the GCR) method is shown in figure 1.

O O O
0000

Cluster Based Routing Protocol

A 4

uses arbiﬂary timer

Mass Proportion-based
WSN Neighbour l\ll]ode selection

Greedy Local route search
algOﬁithm

Improved network lifetime and minimum energy
consumption

Figure 2 Architecture diagram of Greedy Cluster-based Routing (GCR) method

Figure 2 shows the architecture diagram of the Greedy Cluster-based Routing (GCR) method.
The GCR method performs efficient transmission and improves the network lifetime in order to
obtain the higher throughput and reduce the energy consumption in WSN. The description about
GCR method is explained in below two subsections.

2.4 Cluster Based Routing Protocol

The Cluster Based Routing Protocol (CBRP) in the GCR uses an arbitary timer during data
packets forwarding to minimize the control overhead via the location information of the sensor
nodes in the network. The CBRP uses random timer for selecting the cluster head node. During
network initialization stage, the base station broadcasts a beacon message to all the sensor nodes
in the network. To find the neighbour nodes, the GCR uses maximum mass proportion value
which is discussed in the next section. During data packets forwarding, each node initiates a timer
and is expressed as given below.

Dis (SN,BS)
Yy = Z?:;LN—M )
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From (2), ‘Dis (SN, BS)’ corresponds to the distance between the source node ‘SN’ and the base
station ‘BS’ with a total of ‘NN;’ neighbouring nodes. From (3), ‘T’ represents the timer whereas
‘B’ corresponds to the timer value between ‘[0, 1]’. With the aid of ‘y’, each sensor node has
more neighbouring nodes with minimum distance to the base station is identified. Figure 1 shows
the construction of cluster based routing protocol.

‘ Cluster head O sensor nodes (non cluster head node)

Figure 3 Cluster Based Routing Protocol

The sensor node completes the timer ‘T’ is the cluster head ‘CH’, node for that cluster. As shown
in the figure 3, the gray circle completes the timer forms the cluster head node. The remaining
sensor node enters the cluster by sending a join message to the cluster head node and is expressed
as given below.

P1S;= X, ClJoin [CH] 4)

Once the cluster formation is accomplished then the each sensor nodes measures the arbitrary
timer in order to participate in the cluster head selection process. The arbitrary timer ‘AT’ is
expressed as given below.

X=E xEy, Q)
X
AT =31 (1- 57) ©)
From (6), the arbitrary timer ‘AT is obtained using the total energy ‘E,’, ‘E,,’, the utilized energy
and the remaining neighbouring nodes ‘NN;’ respectively. Figure 2 shows the cluster based
routing algorithm.

Input: Source node ‘SN’, Destination node ‘DN’, Sensor node ‘S; = S1,S5,..,5,°,
Neighbour node ) NN = NN;,NN,, ..., NN, ’, Data Packets

89



International Journal of Computer Science & Information Technology (IJCSIT) Vol 9, No 2, April 2017

‘DP; = DPy,DP,, ...,DP;’

Output: Improved network lifetime

Step 1: Begin

Step 2: Repeat

Step 3: For each Source node ‘SN’ with Destination node ‘DN’ and Data
Packets ‘DP;’

Step 4: Measure timer for data packet forwarding using (3)

Step 5: Assign higher neighbouring nodes with minimum distance to be
cluster head node

Step 6: Measure non cluster head node using (4)

Step 7: Measure arbitrary timer using (5)

Step 8 : End for

Step 9: Until (all nodes are assigned with either cluster head or non cluster head
node)

Step 10: End

Figure 4 Cluster based routing algorithm

As shown in figure 4, each sensor node starts its timer using its local information to participate in
the cluster head selection process. During cluster head selection process, sensor nodes uses
energy consumption cost ‘X’ as the influential factor. The neighbourhood node selection and the
total remaining neighbouring nodes play an important role in selecting a cluster head for the
specific cluster. The neighbourhood node selection is performed by applying mass proportion
value that is discussed in the next section. The GCR uses only local information to select cluster
heads and reducing the control overhead. This helps to improve the network lifetime.

2.5 Mass Proportion-based Neighbour Node selection

The GCR employed for neighbour node selection based on the mass proportion value. Let us
assume that each sensor node initially has single sensed information (i.e. data packets) to be sent
to the base station in the network and each sensor node attracts its neighbouring nodes with mass
proportion value. Figure 4 shows the Neighbour Node selection based on Mass Proportion value.

09 @
5
& g

Figure 5 Neighbour node selections

Let us consider the sensor nodes ‘S;” and °S;’ in the figure 3. As shown in the figure 5, the

neighbour nodes of °S;’ is selected within one hop away from node ‘S;’. Here, the gray circles are
the neighbours of sensor node °S;’. On the other hand, dark gray circles form the neighbours of
the neighbouring node °S;’. After that, the mass proportion value between sensor node S;’ and
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‘S;’, ‘MPy;’ is directly proportional to the mass of the sensor node and the mass of the

neighbouring sensor nodes and inversely proportional to the square of the distance between them.
The mass proportion value is as expressed below.

Mi* M

MP;jj =1 ——=
Dis(S;,S))

tj

(N

From (7), ‘I’ symbolizes the constant, ‘M;” and ‘M;’ represents the mass of the sensor node ‘S;’
and ‘S;” with the distance represented by ‘Dis(Si, Sj)’ respectively. Figure 3 illustrates the basic
idea of neighbour node selection applied in the proposed GCR method. The sensor node ‘S;’ is
attracted by all its neighbours in different directions and the mass value for all the neighbouring
sensor nodes are different. Therefore, the major concern is in selecting the neighbour of the ‘S;’
node.

In the proposed method, the neighbour with the maximum mass proportion value is selected as
the next neighbouring node and is expressed as given below.

»_1Si > NN; = MAX (MP;)) (8)

Due to the diversified nature of the network and the changing topology, the energy of each sensor
node varies and their mass proportion value also varied. In this way, dynamic routing is achieved
by measuring different mass proportion value for several sensor nodes thereby improving the rate
of network lifetime.

2.6  Local route search algorithm

Finally, a local route search algorithm called greedy forwarding strategy is designed with the
obtained neighbouring nodes through which the data packets are transmitted. The local route
search algorithm based on greedy forwarding uses local information with the objective of brining
the data packets closer to the destination.

As the GCR applies greedy strategy for local route search between the source and destination, a
function that describes which neighbouring nodes is the most optimal node. Obviously, the GCR

selects the optimal node to forward data packet which is both close to the destination node and
has enough energy for routing. This is obtained by the expression given below.

f =YL NN;(MIN [ (Ey, E,, ..., E;)|U[Dis(S;, BS)]) 9)

The Greedy Strategy-based Local Route Search algorithm is given in figure 4.

Input: Source node ‘SN’, Destination node ‘DN’, Sensor node ‘S; = S1,S5,..,5,7,
Neighbour node ‘NN = NN;,NN,, ..., NN,,’, Data Packets ‘DP; = DP;,DP,,...,DB,’,
Base Station ‘BS’

Output :Optimal energy consumption

Begin

For each Source node ‘SN’ with Destination node ‘DN’ and Data Packets ‘DP;’

For sensor nodes °S;” and “S;’

Measure the mass proportion value using (7)

Obtain neighbour node with maximum mass proportion value using (8)

Measure the function (9) for obtaining optimal neighbouring node

Forward data packets through the obtained optimal neighbouring node
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End for
End for
End

Figure 6Greedy Local route search algorithm

Figure 6 shows the Greedy Local route search algorithm. Initially, the mass proportional value is
obtained. With the obtained mass proportional value, the neighbour node with maximum mass
proportion value is obtained. Followed by, the optimal neighbour node is measured based on the
minimum energy and minimum distance between the sensor node and base station through which
the data packet is transmitted. This in turn ensures minimum energy consumption for improving
the network lifetime.

3. EXPERIMENTAL SETTINGS

In this section, the performance of GCR is evaluated through theoretical analysis and simulation
study, including energy consumption, network lifetime with respect to different number of sensor
nodes. The results of the metrics of GCR method is compared against the existing methods such
as TPSO-CR (Two-tier Particle Swarm Optimization for Clustering and Routing) [1] and EDIT
Energy Delay Index for Trade-off [2] respectively. The performance evaluations are based on the
simulations of 70 sensor nodes that form a wireless sensor network over a rectangular space 1000
m * 1000m. Each node’s radio propagation range is 300m and data rate is 1Mbps. Table 1 lists
the set of input parameter and evaluates performance of GCR method via simulation that
generates traffic for every 10 m/s.

The nodes are distributed in an area using Random Way point model for simulation, whereas the
link layer provides the link between two sensor nodes and the design of link is multi direction.
The base station collects the data packets of range 9 — 63 and forwards the data packets to the
base station with each data packet size differing from 100 KB to 512 KB. The simulation time
varies from 500 simulation seconds to 1500 simulation seconds.

Table 1 Simulation parameters

Parameters Values
Area of sensing field 1000m * 1000m
Number of sensor nodes 70
Number of data packets 8, 16, 24, 32, 40, 48, 56
Simulation time 50s
Bandwidth 1Mbps
Propagation range 300m
Simulation runs 7
4. DISCUSSION

To validate the analysis of the proposed Greedy Cluster-based Routing (GCR) in Wireless Sensor
Network with existing TPSO-CR (Two-tier Particle Swarm Optimization for Clustering and
Routing) [1] and EDIT Energy Delay Index for Trade-off [2], simulation results under NS2 are
presented. The parameters of the GCR method are chosen as provided in the experiment section.
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4.1.Scenario 1: Energy consumption

Energy consumption between cluster head is measured using the energy consumed by a single
sensor node with respect to the total sensor nodes in WSN. The mathematical formulation for
energy consumption is as given below.

EC = Y, Energy (S) * Total (S;) (10)

From (10), the energy consumption ‘EC’ between cluster head is obtained by the product of the
energy for single node ‘Energy (S;)’ and total sensor nodes ‘Total (S;)’ in the network. The

energy consumption is measured in terms of Joules.

Table 2 Performance evaluation of energy consumption

Sensor node Energy consumption (J)

density GCR TPSO-CR EDIT
10 51 58 60
20 62 75 80
30 71 83 86
40 83 91 95
50 89 108 113
60 98 115 120
70 105 120 129

As listed in table 2, GCR method measures the energy consumption between cluster head in WSN
with respect to node density in the range of 10 to 70 sensor nodes. It is measured in terms of
Joules (J). The energy consumption between cluster head in WSN using GCR method offers
comparable values than the state-of-the-art methods.

. 140
H
= 120
< 100
)
g 80
v
ol
2 20 EDIT
=

0

10 20 30 40 50 60 70
Sensor node density

Figure 7 Measure of energy consumption with respect to sensor node density

Figure 7 presents the variation of energy consumption with respect to node density in wireless
sensor network. All the results provided in figure 5 confirm that the proposed GCR method
significantly outperforms the other two methods, TPSO-CR [1] and EDIT [2]. The energy
consumption between cluster head is reduced in the GCR method using the cluster-based routing
algorithm. With the application of cluster-based routing algorithm, arbitrary timer is applied to
decide upon the cluster head node among the other sensor nodes in the network. The proposed
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GCR selects an optimal node through the local route search algorithm to forward data packet. The
optimal nodes are selected based on nearer to destination node and has minimum energy.
Therefore, GCR method obtains an optimal node for efficient packet transmission thereby
enhancing the network lifetime with minimum energy consumption. The energy consumption is
reduced by 16.31% compared to existing TPSO-CR [1]. As a result, energy consumption is
reduced in the GCR method using the cluster based routing algorithm. Moreover, using the
arbitrary timer, the sensor nodes participates in the cluster head selection process, uses only local
information, further reduces the energy consumption between cluster head by 22.07% compared
to existing EDIT [2].

4.2.Scenario 2: Network lifetime

The lifetime of the network is determined by the number of sensor nodes in the network in WSN.
The network lifetime is expressed as given below.

_ Saddressed
NL = ( Totalg ) *100 aDn

From (11), the network lifetime ‘NL’ is measured using the total number of sensor nodes
‘Totals’ in the network and the sensor node addressed ‘S, j4resseq’in WSN. Higher the network

lifetime, more efficient the method is said to be and is measured in terms of percentage (%).

Table 3 Performance evaluation of network lifetime

Sensor node Network lifetime (%)
density GCR TPSO-CR EDIT
10 85.14 82.28 75.15
20 89.16 86.76 79.20
30 97.23 94.15 87.76
40 82.14 79.81 70.23
50 85.28 82.19 75.14
60 88.18 85.66 78.32
70 93.14 90.29 83.14

The targeting results of network lifetime using GCR method with two state-of-the-art methods
[1], [2] in table 3 presented for comparison based on the node density in wireless sensor network.

120
100
-]
£ 0 M
2 60 ——GCR
-
§ 40 —8—-TPSO-CR
3 2 EDIT

0

10 20 30 40 50 60 70
Sensor node density

Figure 8 Measure of network lifetime with varied sensor nodes
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From figure 8, it is evident that the network lifetime is improved using the proposed GCR method
than the existing methods. This is because; the GCR method uses cluster based routing algorithm
uses arbitrary timer. In WSN, each sensor nodes starts with timer and its local information to
contribute in the cluster head selection process. The node which has minimum energy
consumption cost is selected during cluster head selection process. For transmitting a packet to
destination, the neighbourhood node selection is essential. Therefore this process is obtained
through applying mass proportion value. The GCR method uses only local information for
choosing the cluster heads. Through this cluster head, the transmission is carried out effectively
and reducing the control overhead. With the application of mass proportion value, neighbour
node detection is performed in an efficient manner at different time intervals resulting in the
improvement of network lifetime. At the same time, in GCR method, not only the mass
proportion value is obtained for the sensor and neighbouring nodes but also the minimum
distance between them is considered. This in turn increases the network lifetime using GCR
method by 3.08% compared to TPSO-CR [1] and 11.56% compared to EDIT [2] respectively.

4.3 Scenario: Throughput

Throughput measures the rate of successful data packets delivery over a period of time interval in
WSN. Therefore, throughput rate is the ratio of data packets sent by the source node and the data
packets received by the destination node. It is measured in terms of percentage (%) and is
formulated as given below.

DP,
DP;

T =

+100 (12)

From (12), the rate of throughput ‘T’ is measured using the data packets sent ‘DP;’ and the data
packets received ‘DP,.’. Higher the data packets being received, more efficient the method is said
to be. To better understand the effectiveness of the proposed GCR method, extensive
experimental results are reported in table 4 with respect to data packets sent.

Table 4 Performance evaluation of throughput

Data packets Throughput

GCR TPSO-CR EDIT
8 85.28 81.23 73.21
16 87.14 83.19 76.29
24 89.38 85.15 77.29
32 92.23 88.20 81.32
40 84.19 80.20 73.78
48 87.32 83.18 78.14
56 90.14 86.67 80.29

NS2 simulator is used to experiment throughput rate by analyzing the result using table and graph
values. Results are presented for different number of data packets and the results reported here
confirm that with the increase in the number of data packets, the rate of throughput also gets
increased. Though, the increase is not linear. This is due to the sensor node movements at
different time periods.
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Figure 9 Measure of throughput

Figure 9 shows the rate of throughput with respect to different number of data packets with size
in the range of 100KB to 512KB in wireless sensor network considered for experimental purpose.
As shown in figure, the proposed GCR method performs relatively well when compared to two
other existing methods TPSO-CR [1] and EDIT [2]. This is because; the rate of throughput is
improved in the GCR method by applying Greedy strategy through local route search model. By
applying the Greedy Local Route Search algorithm, the neighbouring node is selected based on
the maximum mass proportional value. With the higher mass proportional value of the node, a
function with sensor nodes consuming minimum energy and minimum distance between the
nodes are selected for data packet forwarding. This helps in increasing the rate of throughput by
4.53% compared to TPSO-CR [1]. With obtained optimal neighbour node using the function in
GCR method, the rate of throughput is improved in GCR method by 12.25% compared to EDIT
[2] respectively.

5. CONCLUSION

In this paper, Greedy Cluster-based Routing (GCR) method is developed based on the Cluster-
based Routing Protocol and Mass Proportion-based Neighbour Node selection with Greedy
strategy for wireless sensor network. The GCR method minimizes the energy consumption
between cluster head and therefore improves the network lifetime. The GCR method uses cluster-
based routing algorithm in a dynamic manner, it reduces the energy consumption between cluster
head in WSN through arbitrary timer. As a result, the proposed cluster-based routing algorithm
selects the cluster head in an efficient manner and helps in minimizing the energy consumption
between cluster head and therefore improving the efficiency of the system and the overall
network. By applying the Mass Proportion-based Neighbour Node selection with the maximum
proportion value, improves the network lifetime in WSN. Finally, the greedy strategy based local
route search algorithm is considered in a significant manner and therefore improving the rate of
throughput. Different sensor nodes with varied packet sizes on WSN using GCR method analyze
the routing efficiency to significantly improve the energy savings and therefore the network
lifetime in WSN. A series of simulation results are performed to test the energy consumption,
network lifetime and throughput rate. The simulation results show that GCR method offers better
performance with an improvement of network lifetime by 7.32% and improves the throughput
rate by 8.39% compared to TPSO-CR [1] and EDIT [2] respectively.
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