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Abstract

Wireless Sensor Networks (WSNs) are composed of tiny
and miniaturized electronic devices which are known as
sensors. Sensors can sense, compute, store, transmit and
receive data of interests from the environment in which
they are deployed. Due to small size of sensors, a big size
battery source cannot be embedded into them therefore
sensors need efficient mechanism for energy utilization.
Many of the existing hierarchical routing protocols do not
guarantee the optimum choice of cluster heads because of
the lack of comprehensive consideration of the remaining
energy of the nodes, the distribution within a cluster and
the distribution among the clusters in the process of
choosing the cluster heads. In addition, the single-hop
communication among clusters head to a serious imbalance
in the energy of the cluster heads. This paper combines the
improved particle swarm clustering algorithm and the inter-
clustering algorithm to form an Adaptive Energy Efficient
Clustering routing Protocol (AECRP).Simulations results
show that this protocol not only balances the energy
consumption of the overall network, delays death time of
the nodes, but also provides more reliable data delivery.
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1. INTRODUCTION

Wireless sensor networks utilize large numbers
of wireless sensor nodes to collect information from
their sensing terrain, wireless sensor nodes are
battery-powered devices, energy saving is always
crucial to the lifetime of a wireless sensor
network[2]. As the network deployment area is
usually complex, the battery of the sensor is not
always rechargeable after deployment, so the feasible
methods of saving energy for WSN are to improve
the network routing protocols and to optimize the
network topology structure. The energy consumption
model of the wireless communication shows that the
energy consumption is related to the communication
distance, so in order to reduce the energy
consumption of the wireless communication we
should shorten the communication distance and avoid
long distance communication. Hierarchical routing

protocols introduce the concept of cluster[2], which
is conducive to the expansion of the network and
network simplification, also needs not to build and
maintain the routing information. Meanwhile, this
will further reduce the energy consumption of the
long distance communication.

However, some existing hierarchical routing
protocols have some problems. Firstly, many of them
don't consider the factor of energy in the process of
choosing the cluster heads. Assume that the energy of
each node is equal at the beginning, but as time goes
on, the remaining energy of each node varies greatly.
The nodes with very low energy may be still elected
as the cluster heads. These nodes will die quickly
resulting in a substantial decline in the network
performance. Secondly, the lack of considering the
geographical position could result in uneven
distribution not only within a cluster but also among
clusters. This condition can affect the balance of the
network energy. Lastly, the adoption of single-hop
between a cluster head and a sink node is not fit for
long distance communication. When the cluster head
is far from the sink node, it will spend a large amount
of energy to transfer packets to the sink node.
Obviously the cluster head would die soon.

This paper presents an energy-efficient routing
protocol based on particle swarm clustering
algorithmand inter-cluster routing algorithm for
WSN, which makes improvements mainly in the
following two aspects. First, network clustering is a
kind of NP problem to optimize the network topology
partitioning, particle swarm algorithm can effectively
solve this problem. However, the convergence speed
of the particle swarm algorithm is slow. To address
the issue above, we introduce an adaptive inertia
weight based on different dimensions to accelerate
the convergence speed of the particles. Based on the
improved particle swarm optimization (PSO) we
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present a particle swarm clustering algorithm which
considers the remaining energy of nodes, the
distribution within a cluster and the distribution
among clusters. Second, an inter-cluster routing
algorithm combining single-hop with multi-hop is
designed to avoid long distancecommunication
between the cluster head and the sink node, which at
the same time adopts the "threshold detection"”
mechanism to relieve the load of the cluster heads
near the sink node. Finally,we combine the improved
particle swarm clustering algorithm with the inter-
cluster routing algorithm to form an adaptive energy-
efficient clustering routing protocol, referred to as
AECRP.

2.LEACH

Low Energy Adaptive Clustering Hierarchy
(LEACH) [3] is the first hierarchical cluster-based
routing protocol for wireless sensor network which
partitions the nodes into clusters, in each cluster a
dedicated node with extra privileges called Cluster
Head (CH) is responsible for creating and
manipulating a TDMA (Time Division Multiple
Access) schedule and sending aggregated data from
nodes to the BS (Base Station) where these data is
needed using CDMA (Code Division Multiple
Access) as shown in figure 1. Remaining nodes are
cluster members.This protocol is divided into rounds;
each round consists of two phases:

Figure 1 LEACH Protocol Architecture

2.1 Set-up Phase

Each node decides independent of other nodes if it
will become a CH or not. This decision takes into
account when the node served as a CH for the last
time (the node that hasn't been a CH for long time is
more likely to elect itself than nodes that have been a
CH recently).In the following advertisement phase,
the CHs inform their neighborhood with an
advertisement packet that they become CHs. Non-CH
nodes pick the advertisement packet with the
strongest received signal strength.

In the next cluster setup phase, the member nodes
inform the CH that they become a member to that
cluster with "join packet" contains their IDs using
CSMA. After the cluster-setup sub phase, the CH
knows the number of member nodes and their IDs.
Based on all messages received within the cluster, the
CH creates a TDMA schedule, pick a CSMA code
randomly, and broadcast the TDMA table to cluster
members. After that steady-state phase begins.

2.2 Steady-State Phase

Data transmission begins. Nodes send their data
during their allocated TDMA slot to the CH. This
transmission uses a minimal amount of energy
(chosen based on the received strength of the CH
advertisement). The radio of each non-CH node can
be turned off until the nodes allocated TDMA slot,
thus minimizing energy dissipation in these nodes.
When all the data has been received, the CH
aggregate these data and send it to the BS. LEACH is
able to perform local aggregation of data in each
cluster to reduce the amount of data that transmitted
to the base station.

Although LEACH protocol acts in a good manner, it
suffers from many drawbacks such like;

e CH selection is random, that does not take into
account energy consumption.

* It can't cover a large area.

* CHs are not uniformly distributed; where CHs can
be located at the edges of the cluster.

Since LEACH has many drawbacks, there is a
requirement to make this protocol perform better.
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3. AECRP

This protocol process runs in accordance with the
round, each round contains initial establishment stage
and stable transmission stage. The initial
establishment stage is just the stage of choosing the
cluster heads and self-organizing clustering. The
following is the stable transmission stage, namely the
steady state stage.Usually the stable
transmissionstage is longer than the initialization
stage. The stable transmission stage is divided into
multiple frames; each frame contains a plurality of
time slots. Each frame is a data transmission process,
a data transmission process contains data
transmission within a cluster and data transmission
from the cluster heads to the sink node. Each node
can transfer data to its cluster head only in its own
time slots;the last slot of each frame is the time for all
the cluster heads to transfer the processed data to the
sink node.

3.1 Particle Swarm Optimization (PSO)

PSO [8] is originally attributed to Kennedy,
Eberhart and Shi and was first intended for
simulating  social behavior, as a stylized
representation of the movement of organisms in a
bird flock or school. Particle Swarm Optimization
(PSO) is a computational method that optimizes a
problem by iteratively trying to improve a candidate
solution with regard to a given measure of quality.
PSO optimizes a problem by having a population of
candidate solution and moving these particles around
in the search-space according to simple mathematical
formulae over the particle's position and velocity.
Each particle's movement is influenced by its local
best known position and is also guided toward the
best known positions in the search-space, which are
updated as better positions are found by other
particles. This is expected to move the swarm toward
the best solutions. PSO is a meta-heuristic approach
as it makes few or no assumptions about the problem
being optimized and can search very large spaces of
candidate solutions. Beside this, PSO do not
guarantee an optimal solution always.

3.2 Particle Swarm Clustering Algorithm

Clustering algorithm can be divided into two
steps,one is choosing the cluster heads, and the other
is self-organizing clustering, choosing the cluster
heads is the core of the clustering algorithm. Based

on the improved PSO algorithm, we design an
evaluation function whose independent variable is
related to the remaining energy of nodes, the
distribution within a cluster and the distribution
among clusters. The particle whose evaluation
function value is larger is better, so only the nodes
whose energy is sufficient and position is appropriate
can be selected as the cluster heads.

AECRP routing protocol adopts the central
centralized control strategy for clustering. All the
nodes send the information of their energy and
position to the sink node, the sink node executes the
clustering algorithm to choose the cluster heads and
then broadcast the result to every node
indistinguishably. When the nodes learn that they are
elected as the cluster heads, they will
broadcastannouncements. After other non-cluster
head nodes receive the messages, they choose to join
a cluster according to the size of the signal strength;
strong signal often represents short propagation
distance. In order to reduce the energy consumption
of communication, the non-cluster head nodes choose
the closest cluster to join.

4. Design of Inter-Clustering
Algorithm

4.1 Single-hop and multi-hop

After clustering, the next is the stable
transmissionstage which contains data transmission
in a cluster and data transmission among clusters.
The non-cluster head node will firstly transfer data to
its own cluster head, and then the cluster head fuses
these data and sends them to the sink node. A non-
cluster head node only transfers data to its own
cluster head, so the energy consumption of
communication is less. A cluster head node not only
receives data from all the non-cluster head nodes in
the cluster but also transfers these data to the sink
node, so the energy consumption of communication
is more. Obviously, the energy consumption of the
cluster head node is far higher than that of the non-
cluster head node; to implement the energy saving of
the cluster head nodes is particularly important.
When a cluster head is far away from the sink node,
the single-hop communication will increase the
energy consumption of the cluster head and cause the
cluster head to die prematurely. Since there are lots
of uniform distribution cluster heads in the network,
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we can adopt multi-hop communication among these
clusters.

Therefore, if the spacing between nodes is large,
the multi-hop communication is more energy-
efficient than the single-hop communication, if not,
the single-hop communication is better. In the
wireless communication energy consumption model,
when the propagation distance is less than the
threshold dy(Free Space Model), the energy
consumption has a linear relationship with the square
of the propagation distance, when the propagation
distance is not less than the threshold dy(Multipath
Fading Model), the energy consumption has a linear
relationship with the biquadrate of the propagation
distance. As shown in formula.

4.2 Inter-cluster routing algorithm

Inter-cluster routing algorithm uses the greedy
algorithm to select the next hop node; a cluster head
always selects the neighbor cluster head with the
largest weight as its next hop relay node.

When the cluster head ineed to send data to
thesink node, it will firstly calculate the distance to
the sink node. If the distance value is less than the
critical value R, the data will be sent to the sink node
directly. Otherwise, the cluster head i will pick out
the relay node j which has the largest weight in its
routing table, and then the cluster head j will forward
the data according to the same principle. If there is no
appropriate routing information in the routing table,
the data will be also sent to the sink node.

5. Results and Simulations

5.1 Energy Analysis of LEACH And AECRP
Protocol

LEACH uses the Random Inertia Weight
Strategy (RIW). In this scheme the cluster heads are
selected in a random manner without considering the
remaining energy of the nodes. In this process the
nodes with low energy are also chosen as the cluster
head, thus the network fails to communicate when the
energy of the cluster head node is drained out
completely. This is overcome in the AECRP protocol
where the cluster heads are selected according to the
DIW strategy.

In this process the nodes with low energy is
given high priority and these high priority nodes are
chosen as cluster heads first in the network. Since the
high priority nodes are chosen first, the network
performance is increased and hence the energy of the
network is balance throughout the lifetime of the
network. The simulations are carried out using NS-2
simulator. The number of nodes taken is 100. The
initial energy of the network is taken as 2J. The
protocols analyzed are LEACH and AECRP.
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Figure 2Energy Analysis of LEACH Protocol

In figure2 the energy of LEACH protocol is
analyzed with time in milliseconds in X-axis and
Energy in Joules in Y-axis. The energy is not
balanced throughout the lifetime of the network
because of the RIW strategy.
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Figure 3Throughput Analysis of LEACH Protocol
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In figure 3 the throughput of LEACH protocol is
analyzed. Time in milliseconds is taken in the X-axis
and throughput in percentage is taken in the Y-axis.
The throughput is less because of the random
selection of cluster head in the network.

Figure 4 shows the throughput analysis of
AECRP protocol. The graph is plotted with time in
milliseconds in X-axis and throughput in percentage
in Y-axis. The throughput of the system is increased
due to the DIW which increases the performance of
the network by selecting the cluster head according to
priority in terms of remaining energy of the nodes.
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lifetime of the network. Thus increases the network

performance. Figure 6 shows the end to end delay comparisons
of LEACH and AECRP. This shows that for LEACH
ICTEET the delay is more than that of AECRP. End to end

Y

delay is the time taken for the packets to get
transmitted from the source node to destination. The
graph is plotted against node in X-axis and delay time
in milliseconds in Y-axis.

1000000 Throughi=g

30,0000

£0.0000

70.0000

60,0000

50.0000

40.0000

30,0000

20.0000

10.0000

Figure 4 Throughput analysis of AECRP Protocol

www.ijreat.org

Published by: PIONEER RESEARCH & DEVELOPMENT GROUP (www.prdg.org) 5



IJREAT International Journal of Research in Engineering & Advanced Technology, Volume 2, Issue 2, Apr-May, 2014

ISSN: 2320 - 8791 (Impact Factor: 1.479)
www.ijreat.org

- xgraph - ax

Packet Delivery Ratio

Packets

AECRP

11.0000 LEACH

10,0000

3.0000

B.0000

7.0000

6.0000

50000

40000

3.0000

20000

Time(m-s),
0.0000 5.0000 10.0000 15.0000 20.0000 25.0000

Figure 7Packet Delivery Ratios of LEACH and AECRP

In figure 7 the packet delivery ratio of LEACH
and AECRP is compared. The packets are delivered
at more increased speed in AECRP than LEACH.
The graph is plotted against time in X-axis and no. of
packets in Y-axis.
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Figure 8Throughput comparisons of LEACH and AECRP

Figure 8 shows the throughput comparison of
LEACH and AECRP. In AECRP the throughput is
high compared to LEACH. The graph is plotted
against time in milliseconds in X-axis and packet in
kbps in Y-axis. This shows that apart from saving the
energy of the network. The AECRP protocol
provides better throughput, packet delivery ratio and
end to end delay.
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Figure 9 Comparison of Energy used in LEACH and AECRP
protocol

In figure 9the energy used in LEACH and
AECRP is compared. AECRP uses the Decreased
Inertia Weight Strategy (DIW), which makes the
energy consumed to be less than LEACH.

Algorithm (RIW) in which the cluster heads are
chosen in a random manner. The graph is plotted
against time in milliseconds in X-axis and Energy
used in Joules in Y-axis.

6. Conclusion

In this paper the energy consumption of the
network is reduced by making use of AECRP
protocol which uses the DIW strategy. The
parameters such as end to end delay, packet delivery
ratio, energy, and throughput are compared and
plotted. Thus it is shown that AECRP is better than
LEACH for routing in a WSN. Future work is
concentrated on the data reliability of AECRP and to
compare it with LEACH to show that data is reliably
sent in the network using AECRP protocol.
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