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ABSTRACT 

 
Energy efficiency in the wireless sensor networks is the major factor which determines its usability in 
applications like military surveillance, environmental monitoring, and health care monitoring. Improving 
Energy efficiency through evolutionary computing algorithms is the latest research phenomena for wireless 
groups all around the world. Mostly, due to the dense deployment of sensor motes in a monitoring area 
redundant data will be given to the sink nodes. In the recent works done in this NP-hard problem routing 
activity is only concentrated much to conserve the energy within the network. Here in our proposed work 
genetics operators are applied in such a way to reduce the redundant information to the sink station and 
conserve its energy reserves.  
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1. INTRODUCTION 
 
Wireless sensor networks (WSN) revolution had 
made this world to become global village. The 
information technology revolution has its impact 
on the sensor field as it becomes the reliable 
information source to the pervasive computing 
environment. Nowadays, WSN has become the 
integrated component in the military 
surveillance, medical diagnosis, weather 
forecasting, fire detection alarming systems, 
etc… Though its application is unlimited its 
implementation in certain fields like precision 
agriculture, water management is difficult due to 
its energy constraints. In the environmental 
monitoring systems the researchers are expecting 
it to run un attend for at least a year.  
In the recent years more concentration is done 
only on the energy conservation in WSN through 
selecting optimal path in the routing. Although it 
gives the desired result, frequent rearrangements 
within the network like addition of new nodes, 
death of energy depleted nodes urges the WSN 
again to form the new routing schemes. Here, in 
our proposed work the energy conservation is 
achieved through the efficient clustering through 
genetic algorithm approach. In clustering we are 

following two approaches, (i) Distributed 
clustering, where the nearby nodes form their 
own clusters without any central entity 
involvement but in (ii) Centralized clustering, 
the clusters are formed by the base station by 
considering the residual energy level of the 
nodes and elect the nodes which are having 
higher energy than threshold level as the cluster 
head nodes. During data transmission phase 
multi hop reduces the transmission energy than 
the long distance single hop communication. 
Generally in multi hopping following approaches 
are followed,  
MHRM: Minimum Hop Routing Model [1, 9], 
in which the routing path is chosen based upon 
the minimum hop between the node and the base 
station. 
 MTEM: Minimum Transmission Energy Model 
[1, 9], in which the data are forwarded from node 
a to node b in such case node b is closer to the 
base station than node a.    
 
2. RELATED WORKS 
 
When the wireless sensor network replaced the 
single macro sensors, it gained advantage in 
extended range of sensing, fault tolerance, 
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improved accuracy and lower cost than its 
predecessors. But as the number of nodes 
increases in the WSN to increase the coverage 
range and accuracy, energy management 
becomes a major constraint since all these nodes 
are battery powered. Till date number of 
protocols has been designed to improve the 
energy management schemes, there is ample 
scope in this area for betterment.  
 LEACH [9], Low energy adaptive clustering 
hierarchy has been proposed by Heinzelman to 
support the self configuring and robust nature of 
WSN. In order to reduce the amount of data 
transmission from node to Base station, data 
correlation among the nearby node is used. Data 
from the nodes is initially transmitted to the 
cluster head nodes, where it is aggregated and 
sent to the base station. During aggregation the 
redundant data are eliminated to reduce the 
amount of data transmission. If a same node acts 
as the CH nodes for the longer period of time its 
energy gets depleted faster than other nodes, so 
LEACH provided a CH rotation mechanism in 
which in each round of data collection a new CH 
is elected to distribute the energy dissipation in 
the network. Though LEACH can be made 
application specific random selection of CH is a 
major drawback. 
PEGASIS [10], Power efficient gathering in 
sensor information system proves to be more 
robust than the LEACH. In PEGASIS instead of 
cluster formation data from a node is transmitted 
to any one of its 1-hop neighbor node where it is 
aggregated and passed on in the similar manner. 
In real time applications PEGASIS proves to be 
more reliable than LEACH. 
 In EECPL [5], Energy Efficient Clustering 
Protocol the role of CH node is to generate the 
TDMA schedule for its member nodes. Each 
cluster member node transmits its data to its 1-
hop neighbor where it is aggregated and passed 
on to the next node. Finally the aggregated data 
is sent to the base station from cluster sender 
node. Since the TDMA scheduling and data 
transmission is done by different nodes, it 
reduces the rapid depletion of energy in the CH 
nodes. 

In ADRP [3], Adaptive Decentralized 
Reclustering Protocol centralized approach is 
followed. The base station will collect the 
residual energy level of each node and elect the 
CH nodes and future CH nodes which are having 
energy level higher than the threshold level. If 
the current CH node collapses the next CH node 
will become the CH node.  
In [1] Ataul, etc al has used the heterogeneous 
wireless sensor network to find the optimal 
solution. Relay nodes which are having higher 
energy level than the remaining nodes will act as 
the CH node. As on average they have increased 
the energy efficiency of the networks by 200%.  
 
In [2] Bara’a etc al has used evolutionary 
approach for clustered heterogeneous wireless 
sensor network. In fitness function of the 
chromosomes they have included both intra 
cluster communication distance and inter cluster 
communication distance. By choosing the 
improved fitness function optimal path can be 
obtained from the vast space of suitable 
solutions.  
 
3. LIFE TIME OF SENSOR NETWORKS 

 
The lifetime of the wireless sensor network [12] 
is the time period during which the sensor gives 
useful information to the specific application 
needs. Network lifetime of the sensor network is 
being evaluated in the following ways,  

• Network lifetime based on number of 
alive nodes.  

•  Network lifetime based on sensor 
coverage  

• Network lifetime based on coverage and 
alive nodes.  

 The first way is also called as n of n nodes. But 
lot of variants is available in this approach of 
evaluating the lifetime of the network. The 
simple model in it takes the time period till the 
death of first node in the network as the lifetime 
of the network. Another variant evaluates 
lifetime till the death of ‘k’ out of ‘n’ nodes in 
the network. But Hellman and Colcgrosso in 
their work divides the network into critical and 
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non-critical nodes. The lifetime is the time 
period till the death of ‘k’ nodes from ‘n’ nodes 
in non-critical nodes and no death in critical 
nodes. This approach is called as m-in-k of n 
lifetime.  
 
The second way used to define the lifetime of the 
network based on the coverage of region of 
interest. If all the points within a region of 
interest is covered, it is called as volume 
coverage. When a specified number of target 
points is covered, it is called as target coverage. 
Barrier coverage refers to the probability of 
undetection of mobile target due to barrier in 
sensor nodes. In most of the related works the 
region of interest is covered at least by one 
sensor. 
 
The third type of metrics is commonly found in 
Ad-hoc networks. Here, lifetime is defined as the 
time period during which most of the nodes are 
connected with each other. Since in wireless 
sensor network each node has to communicate 
with base station, this metrics can’t be applied as 
it is. Another variant of this metric is that the life 
time is based on the total number of packets 
transmitted to the sink. But in most of the related 
works where aggregation is used this metrics 
become invalid. By aggregating packets in the 
cluster head nodes in the network the same 
quality of information can be given to base 
station with very lesser number of packets than 
non-aggregated packets.  
 
4. OVERVIEW OF GENETIC 

ALGORITHMS 
 

 Genetics Algorithm (GA) is a heuristic based 
optimization technique which produces many 
fruitful results in engineering field. It is 
structured yet randomized search technique 
which primarily works based upon the following 
three genetic operators called Reproduction, 
Crossover and Mutation. Let us have a look at 
genetics algorithm terms,  
Chromosomes: The initial possible solutions or 
population to the problem are called 
chromosomes or individual. All the 

chromosomes should have the same length and 
the elements in it are called as genes or alleles.   
 Fitness function: Fitness function is used to 
evaluate the chromosomes fitness values and the 
higher valued chromosomes would produce 
more offspring than others. Here in our paper the 
fitness value corresponds to the network lifetime.  
Reproduction: It is the basic genetic operator 
which reproduces the chromosomes with higher 
values to the next generation.  
Crossover: Crossover selects two parent 
chromosomes and makes them to swap part of 
their genetics information with each other and 
produces the next generation chromosomes.  
Mutation: After crossover, mutation operator is 
applied to the chromosomes. It prevents the GA 
approach from pre-mature convergence. It is 
used to search the solution from whole new place 
instead of searching from the current better ones.  
 
5. EXPERIMENTAL SETUP 

 
 Many protocols have been using evolutionary 
approach for prolonging the lifetime of the 
network. In our work we evaluate the lifetime of 
the network as the number of data gathering 
rounds till the death of first node in the network. 
In most cases after the death of first node the 
network loses its reliability. The sensor nodes are 
randomly deployed in 100 x 100m area as in 
Figure 1. 

 
 Figure 1 – random deployment of sensor nodes  
 
 5.1 Initial population and fitness:  

Since we have used 50 sensor nodes in our 
experiment the length of the chromosome is set 
to be 50. In the randomly generated initial 
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chromosomes, we are allowing 10% of the nodes 
to act as cluster head nodes. The cluster head 
nodes are represented by bit ‘1’ and member 
nodes are represented by bit ‘0’. Also the 
network satisfies the following attributes,  

i. For each chromosome, the member 
nodes calculate its distance with the 
cluster head node and attach itself with 
the nearby cluster head node. 

ii. Since the number of cluster head and 
member node are fixed each cluster is 
having equal number of member nodes. 

iii. Each member node transmits its data to 
its cluster head, where the aggregation 
takes place and again the aggregated 
packet is sent from CH node to the base 
station. 

The fitness function of the chromosome is equal 
to the number of data gathering round till the 
death of first node in the network. 

5.2 Reproduction operator: 
The chromosome having the higher fitness value 
is having more probability to reproduce itself in 
the next generation. For this we used roulette 
wheel selection mechanism. 
 
5.3 Cross over: 
When we are applying reproduction operator 
only, we are only giving a chance for higher 
valued chromosomes to increase its number in 
the successive generation which leads to pre-
mature convergence. To avoid this situation, we 
are using cross-over where the sub-strings in the 
previous generation higher valued chromosomes 
to swap and produce new off-spring in the next 
generation with same fitness function or more 
than it. In our experiment we have only used 
single point crossover. 
 

Chromosome 1 …100000 | 001000… 
Chromosome 2 …000100 | 000001… 
Off-spring 1      …100000 | 000001… 
Off-spring 2      …000100|001000… 

 
5.4 Mutation: 
Mutation is the other basic genetic operator to 
make the variety in the population of 
chromosomes in the particular generation. 
Whenever the same chromosomes dominate the 

population more than 20% in it, mutation 
operator is applied to maintain diversity in the 
population. Here, in our experimental setup we 
have used mutation operator in the sense to 
reverse the particular sub-set of string. 
 

…10001000… 
↓mutation 

…00010001… 
Genetic Algorithm: 
Choose a random initial generation of 
population; 
Evaluate the fitness function of each 
chromosome; 
Till termination condition is not arrived { 

Reproduce best individuals in next 
generation; 
Perform single point cross over; 
Apply mutation to generate diverse 
individuals; 
Evaluate fitness function of the 
offspring; 
If fitness function of offspring is less 
than it’s 
Parent’s, then chromosome is repeated 
;} 

 
6. SIMULATION AND SUMMARY 
 
6.1 Radio communication model: 
As already described, the network was 
configured in the 100 x 100 meters with 
randomly deployed 50 nodes. The base station is 
located at the point (150, 50). We followed the 
same radio model as Heinzelman [9], etc... 
The transmitting energy is calculated by the 
equation, 
 
ET(l,d) = lEelec + lεfsd2 .                                                   
Where l = number of bits, d = distance between 
the nodes, Eelec = Electronics energy and εfs = 
free space dissipation energy.    
                                  
The energy required to receive l-bits is, 
ER(l) = lEelec.    
                                                                 
Data aggregation energy is, 
EAG = 5 nJ/bit. 
 
In our simulation we assumed that the l = 
4000bits,  
Eelec =50 nJ/bit and εfs = 10 pJ/bit/m2 
                                                                    
6.2 Simulation results: 
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We analyzed the network lifetime with respect to 
number of rounds which is suitable for many 
type of applications. In the figure 2 we showed 
the comparison between the Direct Transmission 
(DT) method and GA based routing. Obviously 
GA based routing outperform the DT in terms of 
number of data gathering rounds. Also in the 
clustering approach we can reduce the redundant 
data to be sent to the base station. 

 

Figure 2 – Comparison of first and last node 
death between DT and GA 
 
Since we have much more concentrated on the 
stability period of the network, in the GA based 
approach after the death of first node all the 
nodes communicate with the base station 
directly. In the last node death also GA 
outperform DT due to its clustering approach up 
to stability period. 
 
In the figure 3 we can see the gradual 
degradation of the network for the above two 
approaches. After the death of first node the 
difference between the GA based approach and 
DT decreases gradually and it may converge at a 
point if the number of sensor nodes is increased 
in our experiment. 

 

Figure 3 – Comparison between DT and GA 
 

7.  CONCLUSION AND FUTURE WORK 
 

Life time of the sensor network can be evaluated 
through different metrics like coverage, number 
of alive nodes, etc… In this paper, number of 
data collection rounds before the death of first 
node is concentrated since it directly affects the 
stability period of the network. The experimental 
results have shown that our evolutionary 
algorithm performs better than the direct 
transmission in both first node death and last 
node death. Our future research direction would 
be around using better fitness function to analyze 
the wireless sensor network in depth.  
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