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ABSTRACT

Wireless Sensor Networks have gained world-wide attention in recent years due to the advances made in
wireless communication, information technologies and electronics field. They consist of resource
constrained sensor nodes that are usually randomly or manually deployed in an area to be observed,
collecting data from the sensor field and transmitting the gathered data to a distant Base Station. The
nodes are energy limited sensors, and therefore it is important to increase the network lifetime. Energy
saving is one of the critical issues in the routing design in WSNs. The factors causing the unequal energy
dissipation are firstly, the distance between the nodes and base station and secondly, the distance between
the nodes themselves. Using traditional methods it is difficult to obtain the high precision of solution as the
problem is NP hard. Applying genetic algorithms (GAs) in finding energy efficient shortest route for WSNs
is emerging as an important field. The routing in WSN is a combinatorial optimization problem, hence GA
can provide optimized solution to energy efficient shortest path problem in WSN. This paper uses a forward
address based shortest path routing in the network. Genetic algorithm with elitism concept is used to obtain
energy efficient routing by minimizing the path length and thus maximizing the life of the network. The
proposed algorithm has its inherent advantage that it keeps the elite solutions in the next generation so as
to quickly converge towards the global optima. The results show that GAs are efficient for finding the
optimal energy constrained route as they can converge faster than other traditional methods used for
combinatorial optimization problems.
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1. INTRODUCTION

A Wireless sensor network consists of randomly/manually deployed sensors that sense the
physical or environmental events and send the data to the base station. A large number of small,
inexpensive, disposable and autonomous sensor nodes are generally deployed in an ad hoc
manner in vast geographical areas for remote operations. Sensor nodes in a WSN are constrained
in storage capacity, computation power, bandwidth and power supply[1, 2, 3]. The development
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of low-cost, low-power, a multifunctional sensor has received increasing attention from various
industries. Sensor nodes are smaller in size and capable of sensing, gathering and processing data.
They also communicate with other nodes in the network, via radio frequency (RF) channel. The
areas of applications of WSNs vary from civil, healthcare, and environmental to military[4].

Energy Efficient Routing in Wireless sensor networks has gained a lot of attraction from the
researchers in the recent years. In [5, 6] summary of recent research results on energy efficient
data routing in sensor networks is given. To increase the network lifetime, the design of efficient
routing protocol for communication is very important. An illustration of the existing routing
protocol for wireless sensor network using data centric approach and present performance
analysis of these protocols is done in [7]. Evolutionary Algorithms can be used effectively to find
the energy efficient path in wireless sensor networks [8]. A simple approach to minimize the
average path length is proposed in [9] where they considered the wireless network of transceiver
nodes with a known spatial distribution using a Genetic Algorithm optimization method. Each of
the nodes consists of a relatively simple a transceiver (antennas, a receiver and a transmitter). The
goal of the optimization is to minimize the average path length from source to destination to
minimize the transmitted power. Further, a method proposed in [10] has used a multipath routing
protocol for wireless sensor networks that enhances the reliability of WSN by using multipath
routing. It is useful for delivering data in unreliable environments. The idea is to define many
paths from source to sink and send through them the same subpackets. This implies that the traffic
will increase significantly (not energy aware), but increasing the reliability of the network. The
idea is to split the original data packet into subpackets through each path. This can offer at the
end, even with the loss of subpackets, the reconstruction of the original message. Energy aware
consideration is not done which may reduce the lifetime of the sensor network. The energy
awareness in multi path routing is done in [11-14] with consideration of maximum lifetime
routing in Wireless Sensor Networks. This protocol routes data through a path whose nodes have
the largest residual energy. The path is switched whenever a better path is discovered. The
primary path will be used until its energy is below the energy of the backup path. By means of
this approach, the nodes in the primary route will not exhaust their energy by the continual use of
the same path, thus achieving longer lifetime.

Recent advances in WSN have led to searching for new routing schemes for wireless sensors
where energy awareness is essential consideration [15]. The aim of networks is to achieve high
quality of service (QoS) communication, thus sensor network schemes must focus primarily on
power conservation. Ad hoc routing techniques proposed in the literature do not usually fit the
requirements of the sensor networks. Hence, it is necessary to design a special multi hop wireless
routing technique between the sensor nodes and the sink node with a focus on energy efficiency.
A clustering method is proposed in [16] where a fixed number of cluster heads are selected based
on maximum residual energy of the nodes. Each cluster head is associated with a group of nodes
based on the minimum distance among them. In such scheduling, all the nodes dissipate uniform
energy and subsequently remain alive for long time.

Rest of the paper is organized as follows: Section 2 describes the network model used in this
paper, section 3 talks about the modified GA approach with elitism used for WSN routing, section
4 provides and analysis of the results obtained using the proposed scheme and section 5 is the
conclusion.

2. THE PROPOSED MODEL

The model considered in this paper realizes a powerful Base Station which has adequate source of
energy supply and it is located far away from the sink. The sensor nodes are homogeneous and
have limited energy. All the nodes have uniform initial energy allocation. The first order radio
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model is used for calculation of the energy dissipation for data communication operations like
transmission and reception. The energy spent by a node in transmitting a k-bit packet to another
node d meters away, is given by:

ETX(k,d) = (&ejec + Eamp * d) «k €]
and the energy spent in receiving the packet is,
ETX(k) = &ejec * k )

The energy spent in transmitting a packet from node i to j is the same as that from node j to i for
any given value of SNR i.e. there is a symmetric channel. The computational energy is negligible
in comparison to communicational energy and can be ignored. A routing path or chain is an
ordered sequence of the nodes in the network that transmit the data message towards the sink
node. A time interval in which a node generates a packet and transmits it towards its neighbor is
called a data collecting round. After receiving a packet from its previous node, every node relays
it to the next node in the chain. The task is to minimize the energy dissipation in the nodes, by the
formation of an optimal data collecting chain. Considering N nodes in the network, the total
energy expended in a typical data gathering round is the summation of the energy dissipated by
the individual sensor nodes. Total energy spent can be calculated for a packet size of k as follows,

N-1
EtoraL = {Z (Eelec + Eamp * dn) + &elec) * K 3)
i=1

di denotes the distance between the ith node and the (i+1)th node in the data collecting chain. A
threshold value is imposed on the communication radius between the nodes as dTH. This ensures
reliable communication in between the nodes reducing unwanted noise and packet loss
probability also this is necessary to reduce the energy consumption.

3. IMPROVED GENETIC ALGORITHM

Genetic Algorithms (GAs) are stochastic search mechanisms. They are mainly a probabilistic
search & optimization technique inspired by the mechanics of (Darwinian) natural selection and
genetics [17]. It has been shown [18-20] that genetic algorithm performs well in solving the
problem of finding path optimization for WSN. It works on a group of optimal or suboptimal
solution during the search and gives the optimal search path within a short time.

The algorithm works by storing useful information about the individuals from the current
population either implicitly through redundant representations [21-23].The elitist strategy ensures
that the best individual will not be destroyed. Instead, the best individual will take place of the
worst individual after the operations of crossover and mutation. If the energy of a particular node
in the routing reaches below a predefined level, the node is replaced in the routing chain based on
some probability. This is done, to prolong the lifetime of the network. Also new individuals are
inserted into the population after every generation so that the diversity is maintained and GA does
not get converge into local optima as shown in Figure 1. The steps of the modified GA are:

1. Population Initialization: In the first step N individuals (chromosomes) are produced randomly

and the evolutionary generation starts with iteration 0. The distance threshold (communication
radius) is initialized.

17



International Journal Of Advanced Smart Sensor Network Systems ( IJASSN ), Vol 2, No.2, April 2012

2. Fitness Calculation: The fitness function is designed to increase the lifetime of the network,
which evaluates whether, a particular chromosome increases lifetime of the network or not. The
algorithm preserves the historically obtained best chromosome, that is, with the highest fitness
value this is called elitism. The fitness of each chromosome is calculated by

N-1
£(C) = Z d2
i=1

Above Equation calculates the energy of a chromosome C containing N genes and di denotes the
distance between the (i+1)th node (or, gene) and the ith node in the data gathering chain. A
greater value of the chromosome energy indicates a longer data gathering chain and which means
an inferior solution.

3. Selection: This step selects the better individuals according to the corresponding selection
operator. The selection operator used here is tournament selection where by a mating pool of the
individuals with above average fitness value is maintained and two parents are randomly selected
for crossover.

4. Crossover: This step produces the new individuals to complete the global search according to
the corresponding crossover operator. Two point crossover operator is used in this paper. In two
point crossover two points are randomly selected in a chromosome and all the genes from one

point to another point are copied from the first chromosome to the second chromosome.

5. Repair: This step removes the routing loop. The genes values which are repeated in the
chromosome are deleted and thus the looping is removed. If a child violates the imposed
constraints (distance threshold), then it is rejected and again the crossover is performed.

6. Mutation: This step produces the new individuals to maintain the diversity in the population. In
mutation, a node is randomly selected from the best chromosome obtained in the past generation
and a gene value is changed randomly to produce a new offspring. If the new offspring violates
the constraints like distance threshold, it is rejected and mutation is performed again using repair
function. The mutation operation can help the search to exit out of the local optima and search for
global optima.

7. Elitism: In this step the best solutions from the population are maintained in the next generation
so that the convergence is faster.

8. Checking the Terminating Criteria: If the maximum number of generations has elapsed or the
energy of the network has fallen below predefined level, the algorithm is terminated.

9.Producing the Result:. The program outputs the best chromosome found so far as the result.
4. SIMULATION RESULTS

The energy dissipated per bit (in equation (3)) to run the radio electronics is Eelec (50nJ/bit) and
Eamp (10plJ/bit/m2) is the energy required by the transmit amplifier to maintain an acceptable
signal to noise ratio (SNR) in order to transfer data messages reliably. n is called the path loss
exponent, whose value enhances with increasing channel non-linearity (usually, 2.0 < n < 4.0).
The value of n is 2 for free space transmission.
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The simulations are done under the MATLAB programming environment. Custom code is written
to simulate the wireless sensor network. The number of sensor nodes is varied from 10 to 50.The
sensors are randomly distributed in the area of 100m x 100m. The sink node is at (100,100).

The initial energy of sensor nodes is 1J. Every node transmits ten 4000-bits messages every
round. The number of individuals in the population is the same as that of total number of nodes in
the network, and the maximum number of generations for genetic algorithm is ten times as that of
total number of nodes in the network.

The Figure 2 shows the comparison of the following two situations: (i) direct communication
between the member node and the sink node using Simple GA (ii) using the modified elitism
based genetic algorithm. The algorithms are tested for up to maximum of 50 nodes. It is observed
that there is much improvement in the network lifetime using the proposed GA with elitism.

Figure (3) shows the residual energy of twenty nodes for 100mx100m network area when the first
dead node appears. The average residual energy of the network using Simple GA is 0.6972J. The
average energy of the network using the proposed algorithm is 0.1530J which is an improvement
over the other algorithms discussed. This shows that the proposed algorithm better utilizes the
network energy.
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Fig 2: (a) The comparison of network lifetime under the different number of the nodes using Simple
Genetic Algorithm and Elitism based Genetic Algorithm
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Fig 3: (a) The comparison of residual energy of the network using Simple Genetic Algorithm and Elitism

based Genetic Algorithm
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6. CONCLUSIONS

In this paper, the basic genetic algorithm is improved using the elitism concept to provide the
solution to combinatorial optimization problem of finding the energy efficient shortest routing for
the wireless sensor networks. The modified GA uses elitist strategy so that the best individual is
preserved and carried to the next generation so that there is significant improvement in the
convergence. The node energy falling below predefined level is restrained from the path based on
some probability to increase the overall lifetime of the network.
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