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ABSTRACT 
Wireless Sensor Networks are extremely densely populated 

and have to handle large bursts of data during high activity 

periods giving rise to congestion which may disrupt normal 

operation. It usually occurs when most of the data packets 

follow one route to reach from source to destination. Thus, 

there is a need of some new approach which could control 

congestion to meet increasing traffic demand and improved 

utilization of existing resources. Chance of congestion 

increases when both source and sink node are mobile. Due to 

mobility of source or sink, there is a need of determining 

optimal path every time when source or sink changes its 

position. So selection of optimal path is necessary in order to 

mitigate chance of congestion in the network. This paper 

employs new genetic algorithm based approach to determine 

an optimal path from source to destination for different 

scenarios of source or/and sink node mobility. Concept of 

connection value and localization region has been employed 

to determine an optimal path each time the data packet is 

being sent. An optimal path is the path that has minimum 

number of connections. In order to send the data packet from 

source to destination, there is requirement of genetic 

algorithm that automatically controls congestion. Simulations 

are performed for different scenarios of source or/and sink 

mobility. Significant improvements have been observed in 

terms of congestion value for genetic algorithm. Simulations 

results determine best route with minimum connection value 

by incorporating genetic algorithm.   
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1. INTRODUCTION 
A wireless sensor network comprises of a large number of 

sensor nodes that are connected to each other wirelessly in an 

adhoc manner [1]. It has increased the capability of humans 

for exploration, monitoring and controlling the physical 

world. Wireless sensor network differs from traditional wired 

networks in terms of resources like unlimited memory, power 

supply, adequate computational capabilities and 

communication range [3]. On other hand, wireless sensor 

networks are resource constraint distributed systems having 

low energy, low bandwidth and small communication range. 

This resource constrained nature  of wireless sensor network 

imparts various challenges like maximizing lifetime of nodes, 

heterogeneity and scalability of the sensor nodes, 

responsiveness, energy efficiency, robustness, self adaptation 

and configuration of sensor nodes etc. [4]. 

For improving the performance of wireless sensor network, 

these challenges are subjected to scrutinize. The performance 

of wireless sensor network can be improved by pertinent 

resource utilization. It can be enhanced by centering on 

various factors which are involved in wireless sensor network 

operations. The factor which highly influences the resources 

of WSN is communication. This communication includes 

optimal selection of route, maintenance of route and various 

other computations to compete with prospect of user and also 

to ensure network performance [5]. Selection of route of each 

message in communication framework results in network 

delay if long route is selected. It also degrades the lifetime of 

the network if short route is selected which results in 

depletion of batteries [6]. Besides this, superfluous load on the 

network causes congestion which is the prime reason for 

degradation of application quality. 

In this paper, the factor based on congestion i.e. connection 

value of nodes is selected for the determination of optimal 

path. Genetic Algorithm is used to find an optimal path every 

time before sending data packet which reduces chance of 

congestion in the network. Moreover, information received at 

destination is of use only if the origin of the source, i.e., 

location of the sensor node is known. Moreover, location of 

all randomly deployed sensor nodes is also required to 

determine the route for information passing. In the present 

work, some localization regions have been assumed. Nodes 

present in these localization regions are assumed to be 

localized. The rest of the paper is structured as follows: 

Section 2 describes the literature review, section 3 presents 

the proposed method, simulation results have been shown in 

section 4 while section 5 concludes the paper and section 6 

presents future research directions. 
    

2. LITERATURE SURVEY 
Many strategies have been adopted for controlling congestion 

in the wireless sensor network which differ in terms of 

different protocols, source and sink mobility scenarios. Arnab 

Raha et al. proposed a protocol for controlling congestion in 

the network known as Genetic Algorithm Inspired Load 

Balancing Protocol in Wireless Sensor Network using Trust 

Based Routing Framework (GACCTR) [7]. Congestion is 

controlled in the network by measuring different route trust 

value of nodes. For this, Genetic Algorithm optimization 

technique is employed for finding most reliable or trustful 

paths existing between source and destination. Simulation 

results prove that proposed algorithm is better than existing 

ones. In [13] author presented a technique of localizing the 

nodes by applying various optimization algorithms. 

Simulations have been performed by taking some anchor 

nodes whose location is fixed and some mobile nodes.  

Author has used a concept that, when any mobile node comes 

in between range of three beacon nodes then that node is 

considered as the anchor node for the next iteration. By 

applying optimization algorithm, all nodes get localized in the 

network. In this paper, various positions of unknown nodes 
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have been found by utilizing position of anchor nodes. 
Angelo F. Assis et al. proposed a genetic algorithm approach 

for localizing the nodes by choosing the criteria of minimum 

cost as a parameter [15]. In wireless sensor networks, main 

paramount issue is localization of nodes. Beacon nodes are 

used for finding the location of unknown nodes. Genetic 

algorithm identifies minimum set of anchor nodes for locating 

every sensor belonging to network. Simulation results prove 

better results than greedy sweep method. In [29] author 

narrates a tree forming scheme for controlling congestion in 

wireless sensor network. Topology control algorithms are 

employed in order to reduce the number of active nodes and 

ease the transportation of data from source to sink. Author 

presented source-based trees, shared-, core-based trees (sink-

based trees) and a naive source-based tree structure and 

evaluates them under resource and traffic congestion control 

methods. Simulation results show that not only sink-based 

trees, but also source-based trees can provide efficient and 

effective topology control solutions, which are, of course, 

application specific. 

From the previous literature, it was observed that no work has 

been done for a scenario where both source and sink node are 

moving.  

3. PROPOSED WORK 
In the proposed work genetic algorithm has been implemented 

for the determination of optimal path where chances of 

congestion are negligible. To find an optimal path, the 

concept of localization and connection value of nodes has 

been used. Genetic Algorithm has been applied to different 

scenarios of source or/and sink mobility. Whenever source or 

sink changes its position with respect to its initial value, 

optimal path is found.  

3.1 Assumption of Localization Regions 
In wireless sensor network, accurate location of sensor nodes 

is highly desirable for sending data message from source to 

destination. In proposed algorithm, concept of localization has 

been used for designing the network. Localization of the 

nodes refers to nodes which know their location in the 

network [13]. It is obvious that if the information passes 

through nodes which know their location in the network, then 

information can be reliably transferred from source to 

destination. Data transmission through reliable nodes reduces 

the chance of congestion in the network. However achieving 

localization is not a prime concern.  

In the present work, if any node comes in range of at least 

three beacon nodes, then that node is said to be localized [13] 

which means localization region is the common area of three 

beacon nodes. In the present work, some localization regions 

have been assumed. In pre-defined area, sensor nodes are 

randomly deployed. Nodes that come inside localization 

regions are assumed to be localized and know their location. 

Only nodes present in localization regions are used for 

determining an optimal path from source to destination. 

3.2 Calculation of Connection Value of 

nodes 
When any node is having connection with maximum number 

of nodes, then, there is greater chance of having congestion 

through this node [28]. For calculating connection value, 

particular threshold range value is given to all nodes for 

determining number of neighborhood nodes. For example, 

consider a node in localized region, having range of 10m, 

then, it calculates its distance with all nodes of localized 

region. The count of nodes which came under predefined 

range is considered as its connection value. Connection value 

is defined as number of localized nodes that come inside the 

range of any localized node.                                                                                  

In present work, only connection value of those nodes are 

calculated which come inside localization regions. Suppose, 

for example, any localized node is connected with five 

localized nodes then connection value of that node is 

considered as five. Similarly, connection value of all nodes 

present in different localization regions is calculated. 

3.3 Genetic Algorithm Approach 
Main objective of proposed work is to select the reliable paths 

in the network for reducing the congestion in the network. 

And to achieve this, an optimization technique called genetic 

algorithm is used. The aim of the genetic algorithm in present 

work is to minimize the objective function that is to be 

optimized. The following is the process of GA 

3.3.1 Population Initialization 
Population initialization is done by randomly selecting the 

paths (intermediate nodes) from localization regions. If no 

node comes inside any of the localization regions, then 

population is again generated until node comes inside the 

localization region. 

3.3.2 Determining Fitness Function 

Fitness function=     
     with the constraint that cv ≠ 0 

where cv is connection value and N denotes total number of 

nodes existing in any route from particular source to particular 

destination. Connection value is the number of localized 

nodes that comes inside the range of any localized node. 

3.3.3 Calculating Fitness value of each individual 
Fitness function is calculated by arithmetic sum of the 

connection value of the nodes existing in the paths between 

source and destination. It will obviously lead to congestion 

controlled paths if different paths are chosen having minimum 

fitness value and thus reducing the overall congestion of the 

network. 

3.3.4  Crossover and Mutation 
Crossover is the process which combines genes of two 

individuals to form one parent. The principle is to choose two 

parents whose genetic code will be recombined with the 

probability of variable crossover probability pm to create two 

new off springs. For this, crossover rate is selected as 0.6. For 

selection process, all individuals are sorted in accordance with 

fitness value. Fittest individuals are selected for crossover and 

mutation. We pick the parents from the beginning and from 

the end of list, coming towards the middle. In this way, we 

guarantee that worst parent will be recombined with best 

parent generating most diverse results. Regarding 

recombination, we generate a random number and based on it, 

crossover between two parents is performed. After crossover 

operation, fitness value of each route is calculated. Firstly 

fitness value of initial population is calculated, then fitness 

value after crossover is calculated. If the fitness value 

obtained after crossover is less than the fitness value of initial 

population then population after crossover is retained 

otherwise initial population path before crossover is selected. 

Similar to crossover, mutation is also done in accordance with 

random generated number. Suppose random generated 

number is 3 and node no. 7 is placed at 3rd position, then first 

it will see that 7th node comes under which localization 

region. Then it will be replaced by any other node present in 
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that localization region. Suppose other two nodes present in 

that localization regions are 11th and 15th. Then 7th node can 

randomly be replaced by 11th or 15th node. Mutation rate is 

selected as 0.04. Then fitness value obtained after crossover, 

initial population and after mutation   is compared. If the 

fitness value obtained after mutation is less than from both 

initial population and crossover process than population after 

mutation is retained. After maximum number of iterations has 

been reached, route is selected with minimum fitness value. 

3.3.5 Terminating Condition 
Genetic Algorithm terminates after reaching a fixed no. of 

generations. 

4. SIMULATION RESULTS  
To control congestion in wireless sensor network, genetic 

algorithm based approach is employed using MATLAB 

simulation software. To evaluate the performance of proposed 

algorithm, simulations are performed on different scenarios of 

source or/and sink mobility. Simulation results are presented 

in this paper in terms of fitness value. Fitness value decides 

the best suitable path for data routing.  We termed fitness 

value as congestion value as number of connections is related 

to congestion. Optimal path is determined by using GA 

having minimum number of connections. 

 For the following configuration of the network, infrastructure 

details are given in the table below: 

Table 1. Architectural details of Wireless sensor Network 

                              Wireless Sensor network 

       Number of nodes                    50 , 250 

       Total area of network                  110x100 m2 

Area of source and sink node   

assignment 

    10x100 m2 

Number of localization 

regions 

4 

Number of mobility rounds 

of position variance of source 

or/and sink 

10 

Transmission Range of each 

node 

30m 

 

Various parameters taken for Genetic Algorithm are: (1) 

Number of Iterations-50 (2) Population Size-20 (3) Crossover 

rate-0.6 (4) Mutation Rate-0.04  

Fig 1 shows the randomly deployed nodes in the predefined 

area. All deployed nodes are red in color except source and 

destination node. Green nodes are designated as source and 

destination node. Fig 2 shows vulnerable nodes i.e. nodes 

which come under localization regions. 

 
Fig 1: Randomly deployed nodes 

 

 

Fig 2: Vulnerable nodes 

4.1 Fixed Source and Sink Scenario 
By varying number of nodes, simulations have been 

conducted for the scenario where both source and sink node 

are fixed. 

Fig 3 shows comparison between value before applying 

genetic algorithm and value obtained after applying genetic 

algorithm. Actual represents minimum value before applying 

genetic algorithm and Proposed represents minimum value 

obtained after applying genetic algorithm. Simulation 

represents best possible path having minimum number of 

connections. 

                                   S-12-9-31-2-D  

The main purpose of proposed Genetic Algorithm is to 

determine least congestion path rather than determining 

shortest path. Then, simulation has been conducted by 

increasing the complexity of a system by deploying 250 

nodes. Fig 4 determines vulnerable nodes and Fig 5 shows 

comparison between actual and proposed value for 250 nodes.  

In Fig 4, each node is connected to a several number of other 

nodes as more number of nodes comes within the range of the 

particular nodes. In plotting such a network, the complexity of 

the network increases as more powerful transmission systems 

will be required.  
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Fig 3: Comparison of Actual and Proposed with GA 

congestion value for fixed source and sink 

 

Fig 4: Vulnerable nodes for fixed source and sink 

 

Fig 5: Comparison of Actual and Proposed with GA 

congestion value for fixed source and sink 

In Fig 4, each node is connected to many other nodes so it 

becomes very difficult to propose a path which may have the 

best fitness value. So the genetic algorithm comes as a big 

rescue in such scenarios with increased number of nodes 

which helps us to determine the best fit solution. The beauty 

of the system that we have designed is that it can be extended 

to as many numbers of nodes as required and it helps us to 

find the best possible path for routing of data from source to 

destination. 

  

56   186    63    98 

4.2 Fixed Source and Sink Moving 
By varying number of nodes, simulations have been 

conducted for the scenario where source is fixed and sink is 

moving. For this scenario, number of mobility rounds for 

position variance of sink has been taken as 10. The location of 

sink is changing from one position to another after completing 

all iterations of Genetic Algorithm at that position. Fig 6 

represents vulnerable nodes at initial position of sink for 50 

nodes and Fig 7 represents graph between actual and proposed 

fitness or congestion value. 

 

 
Fig 6: Vulnerable nodes at 1st position of sink 

 

Fig 7: Comparison of Actual and Proposed with GA 

congestion value 

Simulation represents 10 optimal paths for each position 

variance of sink with respect to its initial value. Below is table 

representing 10 optimal paths. 
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Table 2. Optimal route table for each position variance of 

sink 

Variation in position of 

Sink 
Optimal Path 

1st S-28-49-27-19-D 

2nd S-28-49-39-8-D 

3rd S-26-31-2-24-D 

4th S-16-31-39-8-D 

5th S-28-31-39-20-D 

6th S-16-46-2-34-D 

7th S-17-43-5-34-D 

8th S-16-31-39-8-D 

9th S-17-31-39-11-D 

10th         S-37-30-2-34-D 

 

At each position of sink, optimal path determined is the path 

having minimum fitness or congestion value. Optimal path 

specified after applying genetic algorithm at each position 

variance of sink can be similar or distinct depending upon 

number of connections. 

By increasing the complexity of the system with increasing 

number of nodes from 50 to 250, system is still able to 

compute path with best fitness value. For 250 nodes scenario, 

only vulnerable nodes and comparison between actual and 

proposed value have been shown to determine effectiveness of 

proposed algorithm. 

Fig 8 shows that when the number of nodes is increased the 

system still works well and is able to find out an optimized 

solution which is the best optimal path for transferring of data 

from source to destination. Fig 9 shows comparison between 

actual value before applying genetic algorithm and proposed 

value after applying genetic algorithm. It depict that number 

of connections are reduced from 34 to 15. Also, 10 optimal 

paths have been determined for each position variance of 

source with respect to its initial value. 

 

Fig 8: Vulnerable nodes  

 

Fig 9: Comparison of Actual and Proposed value 

4.3 Moving Source and Fixed Destination 
Fig 10 determines vulnerable nodes at initial position of 

source for the scenario of 50 nodes and Fig 11 shows 

comparison of congestion value before and after applying 

genetic algorithm. 

 

Fig 10: Vulnerable nodes at initial position of source  

 

Fig 11: Comparison of Actual and Proposed with GA 

congestion value 
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Table 3. Optimal route table for each position variance of 

source 

Variation in position of 

Source 
Optimal Path 

1st S-28-48-2-30-D 

2nd S-35-48-32-5-D 

3rd S-39-46-19-16-D 

4th S-35-31-39-1-D 

5th S-28-18-32-9-D 

6th S-24-18-32-30-D 

7th S-24-26-32-16-D 

8th S-24-33-2-5-D 

9th S-39-26-19-30-D 

10th         S-35-7-4-16-D 

 

Fig 12: Vulnerable nodes 

 
Fig 13: Comparison of Actual and Proposed with GA 

congestion value 

For this scenario, number of mobility rounds for position 

variance of source has been taken as 10. The location of 

source is changing from one position to another after 

completing all iterations of Genetic Algorithm at that position. 

The Fig 12 determines vulnerable nodes for scenario of 250 

nodes and Fig 13 determines comparison between actual and 

proposed value. 

4.4 Source and Sink both Moving 
For this scenario, number of mobility rounds for position 

variance of source and sink has been taken as 10. The location 

of source and sink is changing from one position to another 

after completing all iterations of Genetic Algorithm at that 

position. Fig 14 determines vulnerable nodes at initial position 

of source and sink for the scenario of 50 nodes and Fig 15 

shows comparison of congestion value before and after 

applying genetic algorithm. 

 

Fig 14: Vulnerable nodes at initial position of source and 

sink  

 

Fig 15: Comparison of Actual and Proposed with GA 

congestion value 

The results demonstrate the effectiveness of our algorithm in 

terms of congestion value. For each position variance of 

source and sink with respect to its initial value, optimal path is 

determined. Below is table representing 10 optimal paths 

obtained after applying genetic algorithm for each position 

variance of source node and sink node with respect to its 

initial value. 
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Table 4. Optimal route table for each position variance of 

source and sink 

Variation in position of 

Source 
Optimal Path 

1st S-34-40-31-14-D 

2nd S-34-45-23-8-D 

3rd S-43-22-18-8-D 

4th S-43-22-31-47-D 

5th S-44-40-23-14-D 

6th S-43-40-19-37-D 

7th S-36-22-31-14-D 

8th S-44-22-.12-49-D 

9th S-44-40-1-16-D 

10th         S-43-45-38-35-D 

 

Fig 16: Vulnerable nodes 

 

Fig 17: Comparison of Actual and Proposed with GA 

congestion value 

After performing simulation with 250 nodes, effectiveness of 

proposed algorithm is checked in terms of congestion or 

fitness value. Fig 16 shows vulnerable nodes and Fig 17 

demonstrate comparison between actual and proposed value. 

5. CONCLUSION 
This paper has attempted to solve the complex and 

challenging issue of congestion using genetic algorithm based 

approach for optimal control of traffic network for different 

scenarios of source/and sink mobility. With every variation in 

position of source or sink with respect to its initial value, 

optimal path is found. For determining an optimal path, 

concept of localization regions and connection value is 

employed. If there are few connections between nodes, then, 

there is less chance of interference and less probability of 

congestion occurrence. Furthermore, nodes present in 

localized regions are assumed to be localized. A brief 

description of each stage of GA is presented with 

implementation information. Simulations are performed for 

different scenarios of source or/and sink mobility. Simulation 

results show significant improvements in terms of congestion 

value. The Genetic Algorithm provides excellent results even 

if the complexity of the network is increased by increasing the 

number of nodes. It has been observed that optimization 

results in a path with congestion or fitness value are less than 

actual path. 

6. FUTURE SCOPE 
During the course of this work, some potential directions of 

future research were identified. One of the future perspectives 

may be achieved by incorporating packet transmission in 

simulation process. Significant results may be achieved by 

applying other optimization techniques like ant colony 

optimization, particle swarm optimization etc. 
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