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Abstract: Wireless Sensor Networks (WSNs) have become one
of the emerging trends of the modern communication systems.
Routing plays a vital role in the design of a WSNs as normal IP
based routing will not suffice. Design issues for a routing
protocol involve various key parameters like energy awareness,
security, QoS requirement etc. Energy awareness is one of the
vital parameters, as the batteries used in sensor nodes cannot
be recharged often. Many energy aware protocols were
proposed in the literature. In this paper, we propose a new
Energy Efficient Shortest Path (EESP) algorithm for WSNs,
which manages uniform load distribution amongst the paths so
as to improve the network performance as compared to the
traditional shortest path routing strategy.
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I.  INTRODUCTION

Wireless Sensor Networks (WSNs) is a network of large
number of sensor nodes deployed either randomly or
deterministically over a large geographical area [1, 2, 3].
Nodes of a sensor network are called as motes consist of a
sensor, processing unit, transmitter, position finding system
and power units. Power units cannot be recharged often and
thus the data transmission has to be done with the minimum
energy consumption.

Sensors sense a physical entity like temperature,
pressure, humidity etc and send the information to the
central entity called the base station. The transmission of
the data can be via direct transmission, multihop
communication or using hierarchical approach [4, 5 6].

WSNs pose many design challenges. One such important
design issue is the energy awareness. As the recharging of
the batteries of sensor nodes are practically very difficult,
the data transmission has to take place using the minimum
energy consumption. Thus the routing algorithms used for
WSNs also have to consider energy awareness along with
the distance parameter. Many routing protocols were
proposed in the literature which were proved to be optimal
energy efficient algorithms [7, 8]. Shortest path algorithm is
one of the most powerful algorithms used for the route
computation. Although it discovers an optimal path with
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respect to the distance metric, it does not considers energy
of the intermediate nodes into account [9, 10, 11]. Thus the
existing shortest path algorithm can be made energy
efficient shortest path by incorporating energy metric along
with the distance parameter. In this paper we propose the
Energy Efficient Shortest Path (EESP) algorithm which
discovers an optimal path of minimum hops with maximum
average node energy. The simulation results show that the
proposed algorithm enhances the network lifetime by
increasing the average lifetime of the nodes in the network.

The rest of the paper is organized as follows: Section II
gives an overview of the energy aware routing protocols
proposed in the literature. Section III details the proposed
EESP algorithm. Section IV discusses the simulation
results obtained and the performance comparison of the
proposed algorithm with the existing one. Finally Section V
gives the concluding remarks of the paper and a scope for
the future extension.

II.  PREVIOUS WORKS

A lot of work is being carried out in the area of energy
aware routing for WSNs. Various parameters were
considered to improve the energy efficiency in the network.
In this section a brief note on the energy aware protocols
proposed in the literature has been given. Heinzelman, et. al.
[12] proposed a hierarchical clustering algorithm for
homogeneous wireless sensors networks, called Low Energy
Adaptive Clustering Hierarchy (LEACH). LEACH is a
cluster-based protocol, which includes distributed cluster
formation. LEACH randomly selects a few sensor nodes as
cluster heads (CHs) and rotates this role to evenly distribute
the energy load among the sensors in the network [12].
PEGASIS [13] is a chain based protocol which avoids
cluster formation and uses only one node in a chain to
transmit to the BS instead of using multiple nodes.

Threshold sensitive Energy Efficient sensor Network
protocol (TEEN) was proposed by Manjeshwar et al. in
[14]. TEEN pursues a hierarchical approach along with the
use of a data-centric mechanism. TEEN is not good for
applications where periodic reports are needed. An
improvement over TEEN was proposed in [14] which aim at
both capturing periodic data collections and reacting to
time-critical events. The architecture is same as in TEEN.

978-0-7695-4587-5/11 $26.00 © 2011 IEEE

|IEEE
@) computer
DOI 10.1109/CICN.2011.70 Soclef

ty

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on March 29,2021 at 04:31:53 UTC from IEEE Xplore. Restrictions apply.



An improvement over the existing LEACH algorithm
was proposed by Heinzelman, et al. in [15] called LEACH-
centralized (LEACH-C), a protocol that uses a centralized
clustering algorithm and the same steady-state protocol as
LEACH. O. Younis, et al. proposed HEED (Hybrid Energy-
Efficient Distributed clustering), which periodically select
cluster heads according to a hybrid of the node residual
energy and a secondary parameter, such as node proximity
to its neighbors or node degree [16].

DEEC (Distributed energy efficient Clustering)
algorithm in which cluster head is selected on the basis
probability of ratio of residual energy and average energy of
the network was proposed in [17]. Simulations show that its
performance is better than other protocols. In [18] the
authors have suggested a mechanism to reduce the size of
the routing overhead by replacing the larger routing tables
with a field in the preamble. It also accounts for the
reduction of the network traffic. The traditional directed
diffusion algorithm has been modified to lead Energy
Aware Directed Diffusion (EADD) [19] in which the path
with more residual energy is selected if more number of
nodes in the network have the same data of interest
requested by the base station.

Unnecessary route discovery processes can be avoided if
the routes computed are stored in the node memory for
some duration [20]. This in turn improves the network
performance. Also the flooding rate can be adjusted by the
source node depending on the loss rate [21]. In the paper
[22], the energy awareness is incorporated by reliving the
nodes from route computation process and the base station
does the job of route discovery depending on the distance. A
hierarchical routing protocol has been proposed in [23].
Node with the highest energy is selected as the cluster head.
The uniform load distribution is emphasized in paper [24].
TDMA-based MAC protocol, is proposed in [25] where
each node selects its slot by gathering the information from
its neighbors.

An improvement over traditional DSR has been
proposed in [26]. This is done by incorporating an energy
function at the time of route discovery. An additional delay
is introduced by each of the nodes depending on the
available energy enabling the path with larger energy to get
selected. An optimal separation between nodes called the
characteristic distance has been analyzed in [27]. In [28] the
authors have proposed an improvement over distance vector
routing called Energy Aware Distance Vector (EADV)
where the sink node initiates the route discovery by sending
an initial broadcast packet. The intermediate nodes will
extract the information and updates the packet.

In [29] an algorithm is developed in which each of the
nodes will decide the next hop to which the data has to be
forwarded depending on the residual energy of that node. In
[30] Energy Efficient AODV was considered as the base
paper and some improvements were proposed on the same
s0 as to inculcate optimal load distribution amongst nodes.
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I1I. ENERGY EFFICIENT SHORTEST PATH ROUTING

PrOTOCOL

Shortest Path Routing (SP) algorithm is one of the most
powerful and popular algorithms used to find the shortest
distance path amongst any two nodes in a network. But this
algorithm is not applicable for energy constrained
applications as it does not consider any energy parameter for
the route discovery. Thus in this paper we propose a slight
modification over the Shortest Path algorithm so as to make
the computed route energy efficient.

A.  Energy Model

The radio model is used as the energy model for the

proposed algorithm. The energy required for the
transmission of a packet for distance d is given by,
Er(d)=E +edn €))

Where E is the energy consumed by the circuitry at the
transmitter
¢ is the energy dissipated in the transmitter amplifier
n is a design parameter which can be either 2 or 4.
Also the power consumed in receiving is given by
Eg (d)=Ec 2

where E, is the energy consumed by the circuitry at the
receiver

As intermediate nodes need to receive and forward the
packets, the energy consumed by them will be the sum of
the expressions (1) and (2).

B.  Algorithm

The EESP protocol follows the thought of SP. Unlike
SP, in EESP route computation is based not only on the
distance but also on the residual energy in the nodes. The
EESP routing algorithm is as follows:

The network is initialized. A threshold is set for the
network. Threshold is chosen such that it should be small
enough that unnecessary route initiations should not take
place and large enough that the node should not be
denied to initiate its own communication due to the
battery extinction.

Here as the communication is wireless, the distance to all
neighbouring nodes from a given node is considered to
be 1 indicating the connectivity else it is zero.

Assign to every node a distance value: set it to zero for
the initial node and to infinity for all other nodes.

Mark all nodes as unvisited. Set initial node as current
node.

For current node, consider all its unvisited neighbours
and calculate their tentative distance.

If this distance is less than the previously recorded
distance, overwrite the distance. Also update its distance
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value by including the effect of the residual energy level
of that node. This can be accomplished by introducing
the energy metric at the denominator of the distance
parameter.

The distance parameter will be high for low energy
nodes and thus making them less likely to be included in
the path.

A node whose energy level is greater than the threshold
and has the least distance value is chosen to be the
current node for the next iteration.

The process continues till the destination node becomes
the current node

The optimal distance will be given by the distance value
of the destination node and the corresponding path can
be determined by considering the processors of the
nodes.

IV. SIMULATION RESULTS AND ANALYSIS

In this section we will discuss the results obtained after
simulations for the proposed EESP algorithm. The
simulations were carried out for various network scenarios
and the results show that the proposed algorithm provides a
better network survivability compared to the shortest path
algorithm.
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Figure 1 Average Number of dead Nodes for a Network of size 10
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Figure 2 Average Number of dead Nodes for a Network of size 15
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Figure 3 Delay incurred as a function of simulation time
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Figure 4 % of Dead Nodes as a function of Network Size

The figures land 2 show the plots of number of dead
nodes as a function of simulation time for a network of size
10 and 15 respectively. It is clear from the graphs that
nodes die early in the Shortest Path algortihm than in EESP.
In other words the average lifetime of nodes is improved in
the proposed algorithm which in turn increases the network
lifetime. This is because the path includes nodes with
battery level above threshold leading to the uniform load
distribution in the network.

Figure 3 gives a plot of the average delay incurred for
communication as a function of simulation time for a
network of 15 nodes. It can be seen from the plot that the
delay incurred in EESP algorithm would be higher than that
of the SP algorithm. This is due to the fact that EESP selects
the path with more residual energy rather than the shortest.
Also there will be frequent route discoveries in EESP which
will add to the delay. Whereas in SP although the average
delay is very less, there will be a significant increase in the
delay towards the data loss due to link failures which may
also lead to network partitioning. Thus in EESP the delay is
almost consistent compared to that of SP algorithm.

Figure 4 gives a plot of the percentage number of dead
nodes as a funtion of the number of nodes. It can be
concluded from the graph that the EESP algorithm
outperforms the traditional SP algorithm with respect to the
network survivability.
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Figure 5 Energy Histogram after the Transmission of 20 Packets
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Figure 7 Energy Histogram after the Transmission of 60 Packets

Figures 5, 6 and 7 give the Energy Histogram in the
network of size 10. From the plots it is evident that the drain
of the battery is almost uniform in EESP and is better for the
network performance.

Similar comparisons of histograms for the network size
of 15 are depicted in the following plots. Figures 8, 9 and 10
give the histogram for the network with 15 nodes.
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Figure 8 Energy Histogram after the Transmission of 40 Packets

Figure 9 Energy Histogram after the Transmission of 60 Packets
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Figure 10 Energy Histogram after the Transmission of 80 Packets

It is again confirming the better performance of the
proposed protocol over the existing shortest path algorithm
with reference to the network survivability.

V. CONCLUSION AND FUTURE SCOPE

Routing is one of the most crucial research challenges in
WSNs. A novel energy efficient routing algorithm is
considered in this paper which is an improvement over the
existing shortest path algorithm. Here the energy awareness
is introduced by incorporating energy metric at the time of
route computation. Simulation results show that the average
lifetime nodes in the network have been improved
considerably in the proposed algorithm. Thus the overall
lifetime of the network is increased.

The paper assumes the network to be homogeneous. As a
part of our future extension the algorithm can be modified
for heterogeneous environments.
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