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Abstract: Wireless sensor networks are already used for 
monitoring and gathering information in physically challenging 
environments. Their field of applicability is continuously 
increasing and shifting from environment observing, military 
applications to checking patients in medical treatment center 
facilities. The limitations because of their intrinsic operational 
requirements make routing in wireless sensor networks an 
enormously difficult task. This paper covers Genetic calculation 
(GA) based routing algorithm, for finding the optimal (trade-off 
between Energy and Quality of service) path in Wireless Sensor 
Networks (WSN). The routing in multi-hop networks can be 
considered as an optimization problem where the path has to find 
under a number of constrains applied. The optimal routing finds 
the path with minimal compromising of quality of service and 
maintains the efficient utilization of resources. Finally the 
simulation outcomes demonstrate that the proposed algorithm is 
an effective approach for WSNs because of their better 
performance with simpler computational complexity. 

Keywords: Optimization, Routing Problem, Genetic algorithm, 
Wireless sensor networks. 

I. INTRODUCTION 

A sensor network is made out of a substantial number of 
sensor nodes, which are thickly conveyed either inside the 
observing environment or near to it. A wireless sensor 
network (WSN) is a sensor network comprising of spatially 
distributed electronic devices utilizing sensors to helpfully 
monitor physical or natural conditions, for example, 
temperature, sound, radiation etc., at distinctive areas. 
Wireless sensor networks (WSN) are infrastructure less 
networks. Here, wireless sensors are little, cheap, low power 
gadgets which are distributed in large numbers over the 
observation area. 

With late improvements in Application Specific Integrated 
Circuits (ASIC) outline we have the capacity to make more 
reduced and productive electronic circuits  suitable for 
different particular purposes. Wireless sensors are a 
combination of systems from ASIC designing, wireless 
protocol outlining for routing and different purposes, MEMS 
(Micro Electro Mechanical Systems) based sensors, batteries 
and processors.  

Most recent advancements in them have led to a great 
development in this field. Every individual node has a 
constrained preparing capability, restricted perspective of the 
vision and restricted battery life. Existences of expansive 
number of nodes which can co-ordinate amongst themselves 
give them tremendous preference over unified single sensor 
based systems. Sensor nodes utilize their processing 
capabilities to generally complete basic routing and 
forwarding the information. Wireless sensor networks use 
their vast numbers to sensors to observe environment more 
closely. In an environment with vast number of obstacles 
deployment of a single intense sensor will most likely be 
unable to address issues related with viewable pathway and 
high SNR. A lonely node may leave various gaps and 
shadows which can be adequately secured utilizing 
distributed deployment. Since they are utilized as a part of 
expansive numbers they find themselves able to record an 
event with more noteworthy excess i.e. on the off chance that 
one sensor misses there are others which can track the event. 
Node organizations in extensive numbers additionally issue 
them vigor to point disappointments, which is critical in 
mission discriminating undertakings, e.g. actually when a 
number of sensors are demolished in a characteristic or 
manmade disasters the remaining sensors may continue 
checking the event. As they are moderately less expensive to 
make when delivered in huge numbers they can be utilized as 
a part of bigger amounts to cover a much more extensive 
territory which is the union of the ranges secured by 
individual sensors the position of sensor nodes require not be 
foreordained. This permits irregular sending in difficult to 
reach territories or calamity help operations. In wireless 
specially appointed sensor networks sensor nodes gather, 
transform, and convey information gained from the physical 
environment to an outer base station (BS).  

The adaptability, adaptation to internal failure, high sensing, 
ease and quick arrangement qualities of sensor networks 
make numerous new application zones for remote sensing. 
On the other hand, acknowledgment of sensor networks 
needs to fulfill the limitations presented by above examined 
variables. Since these requirements are profoundly particular 
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for sensor networks, new WSN routing procedures are 
needed.  

The rest of the paper is arranged in the following way. The 
different routing techniques are examined in section II. The 
problem definition is given in section III. The working of GA 
for WSNs is given in section IV. Conclusion and future 
extension is given in section V. 

II. LITERATURE REVIEW 

Routing is one of the major issues in the wireless ad-hoc 
sensor networks (WSNs) and other multi hop networks 
[2],[3],[7],[8],[11]. Here, we accepted the WSN as a multi 
hop network with moving nodes. The purpose of the routing 
algorithm is to find the optimal way between source and 
destination nodes for packet transmission within given 
constrains. The destination node may be a cluster head in the 
group. Thus the group head will impart to the Base station 
(BS). Fig.1 demonstrates the sample for randomly sent WSN 
nodes with node as group head.  

 
Figure 1: WSN with cluster heads and base station (BS in 

black filled circle) 

There are different algorithms available for shortest path (SP) 
problem like Dijkstra, Bellman Ford algorithm etc. These 
algorithms unravel the SP issues in polynomial time and they 
are viable in static wired or wireless networks. Anyway these 
algorithms give unsatisfactory performance when applied on 
real time dynamic networks [3],[8]. Latest progressions in 
WSN have prompted numerous new routing algorithms 
particularly intended for sensor networks where proficient 
energy usage is an important consideration. These plans 
normally attempt to discover the minimum energy route to 
streamline energy utilization at a node. Other routing 
methods for WSNs [8],[9],[10], [11],[12] are, Data centric, 
Hierarchical, Location based, Based on network flow or QoS 
and, Energy aware routing. 

As from these literatures it is found that the wireless Sensor 
networks have different resource requirements, although 
their essential target is for energy preservation and expanding 
network lifetime. The different algorithms in light of energy 
productive routing are discussed below. 

The routing calculation SPIN (Sensor Protocols for 
Information through Negotiation) utilizes side as to dispose 
of excess information transmission. It presents a novel 
arrangement based information dispersal technique which 
utilizes metadata to exceptionally distinguish information 
things to avoid sending numerous duplicates of the same 
information. It likewise brings energy awareness into the 
system which helps in delaying existence of the network 
[15]. 

LEACH (Low-Energy Adaptive Clustering Hierarchy) is a 
cluster based technique to equitably disperse energy load 
among different sensors in the network [11]. It utilizes node 
clustering to lessen sum of global movement and actualize 
territory level conglomeration and compression. Turning and 
randomizing the cluster heads disseminates the energy level 
continuously over the network and nodes kick the bucket in 
much more irregular fashion giving longer network life. 

Directed Diffusion uses low rate flooding and consequent 
fortification of better routes [5],[6]. It is one of the leading 
works in this field having various derivatives right now 
utilized as a part of implementations. Another approach will 
be to probabilistically pick some randomly selected sub-
optimal paths at times to decrease energy consumption of 
nodes on optimal way. PEAS [10] keep just important nodes 
awaked and places rest into sleep mode. In agent based 
energy aware routing an agent is created which on its route to 
sink does information aggregation and so on to lessen 
repetitive stream of information. 

Grid based Routing and Aggregator Selection Scheme 
(GRASS) uses exact and in addition heuristic ways to find 
the minimum number of points while routing information to 
the Base-Station (BS). At the point in contrasted with other 
techniques, GRASS enhances system lifetime with limited 
latency compromise in information gathering [11]. 

All the current multi-hop networks use SP routing technique 
based on routing calculations in the network layer.  

III. GENETIC ALGORITHM 

A genetic algorithm (GA) is a search heuristic that mimics 
the process of natural evolution. This heuristic is routinely 
used to generate useful solutions to optimization and search 
problems. Genetic algorithms belong to the larger class of 
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evolutionary algorithms (EA), which generate solutions to 
optimization problems using techniques inspired by natural 
evolution, such as inheritance, mutation, selection, and 
crossover. 

In a genetic algorithm, a population of strings (called 
chromosomes or the genotype of the genome), which encode 
candidate solutions (called individuals, creatures, or 
phenotypes) to an optimization problem, evolves toward 
better solutions. Traditionally, solutions are represented in 
binary as strings of 0s and 1s, but other encodings are also 
possible. The evolution usually starts from a population of 
randomly generated individuals and happens in generations. 
In each generation, the fitness of every individual in the 
population is evaluated, multiple individuals are 
stochastically selected from the current population (based on 
their fitness), and modified (recombined and possibly 
randomly mutated) to form a new population. The new 
population is then used in the next iteration of the algorithm. 
Commonly, the algorithm terminates when either a 
maximum number of generations has been produced, or a 
satisfactory fitness level has been reached for the population. 
If the algorithm has terminated due to a maximum number of 
generations, a satisfactory solution may or may not have 
been reached. 

Genetic algorithms find application in bioinformatics, 
phylogenetics, computational science, engineering, 
economics, chemistry, manufacturing, mathematics, physics 
and other fields. A typical genetic algorithm requires: 

• A genetic representation of the solution domain, 

• A fitness function to evaluate the solution domain. 

A standard representation of the solution is as an array of 
bits. Arrays of other types and structures can be used in 
essentially the same way. The main property that makes 
these genetic representations convenient is that their parts are 
easily aligned due to their fixed size, which facilitates simple 
crossover operations. Variable length representations may 
also be used, but crossover implementation is more complex 
in this case. Tree-like representations are explored in genetic 
programming and graph-form representations are explored in 
evolutionary programming. 

The fitness function is defined over the genetic 
representation and measures the quality of the represented 
solution. The fitness function is always problem dependent. 
For instance, in the knapsack problem one wants to 
maximize the total value of objects that can be put in a 
knapsack of some fixed capacity. A representation of a 

solution might be an array of bits, where each bit represents a 
different object, and the value of the bit (0 or 1) represents 
whether or not the object is in the knapsack. Not every such 
representation is valid, as the size of objects may exceed the 
capacity of the knapsack. The fitness of the solution is the 
sum of values of all objects in the knapsack if the 
representation is valid or 0 otherwise. In some problems, it is 
hard or even impossible to define the fitness expression; in 
these cases, interactive genetic algorithms are used. 

Once the genetic representation and the fitness function are 
defined, a GA proceeds to initialize a population of solutions 
(usually randomly) and then to improve it through repetitive 
application of the mutation, crossover, inversion and 
selection operators. 

IV. PROBLEM STATEMENT 

The stream of sensed information generally moves from 
numerous sources (sensors) to a specific sink (Base Station). 
Regularly aggregation is required to dispose of excess in 
sensed information. The routing in WASN is dynamic in 
nature. For constant interchanges like military applications, 
and so the path needs to be calculated inside a given time 
(generally in milli or micro seconds). There for mentioned 
algorithms do not give the sensors of genuine time 
prerequisites. 

The time complexity for the traditional algorithms is 
expressed as O (n2). These algorithms might not be 
compelling and productive due to sequential operation which 
takes greater computational time. Accordingly parallel 
arrangement strategies looks more attractive. In this paper we 
proposed GA based approach finding optimal path in WSNs. 

The proposed algorithm utilizes the weighted link. The 
weights of the link between the nodes in view of different 
resources requirements like link transmission limit, battery 
power, the signal quality of the link, the congestion of 
networks and delay. Thus the optimal path routing problem 
can be figured as to discover the minimum cost path between 
the source and the destination nodes. Now it can be dealt as 
combinatorial optimization problem [3],[19]. 

Hence the proposed algorithm as combinatorial optimization 
problem contains the advantages of both Dijkstra and energy 
aware algorithms as combine objective with simpler 
evolutionary algorithm to find out the best solution for that 
objectives. The algorithm can be explain in following steps 

𝑁𝑁 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑁𝑁𝑜𝑜𝑁𝑁𝑁𝑁𝑁𝑁 

𝑜𝑜𝑁𝑁𝑛𝑛𝑜𝑜𝑁𝑁𝑜𝑜  =  𝑂𝑂𝑁𝑁𝑜𝑜𝑁𝑁𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑁𝑁 𝐹𝐹𝑁𝑁𝑛𝑛𝑂𝑂𝑂𝑂𝑂𝑂𝑜𝑜𝑛𝑛 
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𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂  = 𝐷𝐷𝑂𝑂𝑁𝑁𝑂𝑂𝐷𝐷𝑛𝑛𝑂𝑂𝑁𝑁 𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂 𝑀𝑀𝐷𝐷𝑂𝑂𝑁𝑁𝑂𝑂𝑖𝑖 

𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑛𝑛𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒  =  𝐸𝐸𝑛𝑛𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒 𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂 𝑀𝑀𝐷𝐷𝑂𝑂𝑁𝑁𝑂𝑂𝑖𝑖 

The total cost for a 𝑙𝑙 hop path using 𝑀𝑀 = {𝑛𝑛1,𝑛𝑛2, … .𝑛𝑛𝑙𝑙} 
nodes 

𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑂𝑂𝑜𝑜𝑂𝑂𝐷𝐷𝑙𝑙 = 𝑜𝑜𝑁𝑁𝑛𝑛𝑜𝑜𝑁𝑁𝑜𝑜 �𝑀𝑀,𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂 ,𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑛𝑛𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒 �{ 

𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑂𝑂𝑜𝑜𝑂𝑂𝐷𝐷𝑙𝑙 = 0; 

           𝑜𝑜𝑜𝑜𝑁𝑁 𝑂𝑂 = 1 𝑂𝑂𝑜𝑜 𝑙𝑙 − 1 

     𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑂𝑂𝑜𝑜𝑂𝑂𝐷𝐷𝑙𝑙 =
𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂𝑁𝑁𝑂𝑂 (𝑛𝑛𝑂𝑂 ,𝑛𝑛𝑂𝑂+1) +
                                𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑁𝑁𝑛𝑛𝑁𝑁𝑁𝑁𝑒𝑒𝑒𝑒 (𝑛𝑛𝑂𝑂 ,𝑛𝑛𝑂𝑂+1) + 𝐶𝐶𝑜𝑜𝑁𝑁𝑂𝑂𝑂𝑂𝑜𝑜𝑂𝑂𝐷𝐷𝑙𝑙 ; 

           𝑁𝑁𝑛𝑛𝑁𝑁 𝑜𝑜𝑜𝑜𝑁𝑁 

𝑁𝑁𝑛𝑛𝑁𝑁 𝑜𝑜𝑁𝑁𝑛𝑛𝑂𝑂𝑂𝑂𝑂𝑂𝑜𝑜𝑛𝑛  

Then according to values in 𝑀𝑀 we can calculate the above 
objective function for route selection in the proposed 
algorithm the searching of 𝑀𝑀 is performed by using genetic 
algorithm where each selected node can be coded by one 
chromosome.  

V. SIMULATION RESULTS 

The proposed algorithm is simulated using MATLAB 
2012brunning on Intel i5 processor with 4 GB of ram. The 
mutation probability for the genetic algorithm was set to 
0.05. The result is also compared with other algorithm. 
Finally the comparison graphs are presented as results. 

 
Figure 2: showing the packet drop rate variation with 

different load conditions. 

 
Figure 3: showing the packet delivery ratio variation with 

different load conditions. 

 

Figure 4: showing the end to end variation with different 
load conditions. 

VI. CONCLUSION 

The proposed GA chooses the ideal route utilizing the 
weighted link matrix. The proposed routing algorithm 
introduces  the  concept of using  sub-optimal  paths  
randomly  to  reduce  and distribute  energy  consumption  in  
routing  and hence increase in lifetime of the network. The 
outcomes of simulation result demonstrate that the proposed 
GA based Weighted Link Optimal Routingis a decent idea 
for routing in WSNs. Both objectives(i.e. cost and time) is 
low for the proposed algorithm when compared with SP 
calculations. In future The Fuzzy and neural networks ideas 
can likewise be consolidated with the GA ideas for better 
convergence. 
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