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Abstract 

 

A mobile ad hoc network (MANET) is an infrastructure less network with autonomous mobile nodes. The easily configurable 

and deployable properties of MANET make it suitable for the situations were a fixed infrastructure is not available or infeasible. 

However the dynamic movements of the mobile clients may disconnects the connectivity of the network frequently. This 

disconnection reduces the data accessibilities and later results in partitioning of the network. Thus the network partition problem 

makes the MANET unsuitable for the mission critical applications were the team members need to work in group and scattered 

in the application terrain. To overcome this principle challenge here introduces a new class of ad hoc network called 

Autonomous Mobile Mesh Network (AMMNET). AMMNET consist of mobile mesh nodes that can dynamically adapt to all 

topological changes of client movements. Since this network is infrastructure less, the performance and lifetime of the network 

depends on energy level of the nodes. Also the depletion of energy of the intermediate node may disrupt the entire 

communication of the network. This paper proposes a hybrid PSO-GA algorithm for finding an energy efficient path for routing 

in AMMNET. The simulation results shows that this hybrid algorithm provides better throughput and are more efficient than the 

standard PSO and genetic algorithms. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

The Advent of wireless technology brought tremendous changes in the field of communications. Of these one of the major 

contributions of wireless technology is MANET [1]. Mobile ad hoc networks are infrastructure less networks with mobile nodes. 

Nodes in MANET also act as a router and helps in forwarding the data packets from one node to another. These networks are 

easily deployable and self-forming and are suitable for the situations were a fixed infrastructure is infeasible. Due to these 

characteristics MANET founds application in many fields such as military, rescue operations, emergency operations...etc. in case 

of battlefield and rescue operations clients’ needs to works in group and has to occupy different locations at different time. Since 

the communication ranges of each node in an MANET are limited, clients when moved to a large distance can’t communicate 

with each other. This problem is called the partition problem. To overcome this problem there by maintaining inter group 

communications an autonomous mobile mesh network was introduced. 

AMMNET is similar to a wireless mesh networks (WMN) [2]. In an wireless mesh network mesh nodes are stationary and 

provides services to the clients within their sensing range were as in an AMMNET the mesh nodes are mobile with autonomous 

movement capabilities [3].These mobile mesh nodes acts as a router and moves along with the movements of clients .The global 

and local adaptation mechanisms of AMMNET provides intelligence to this network to adapt to all topological changes due to 

client mobility. The performance and life time of these networks depends mainly on the energy level of the mobile mesh nodes. 

Therefore to extend the lifetime an energy efficient routing is necessary. 

Particle swarm optimization (PSO) and Genetic algorithm (GA) are two popular Meta heuristic evolutionary algorithms. PSO 

was a swarm intelligence based technique and it is inspired from the social behavior of birds flocking and fish schooling. And it 

is the most commonly evolutionary algorithm due to its simplicity and convergence speed. The main drawback of PSO is its 

premature convergence of the swarm to a solution which is not necessarily the optimum. To overcome this limitation a hybrid 

approach with GA is proposed in this work. The cross over and mutation in GA introduces diversity in the population and control 

the convergence. 

II. AMMNET OVERVIEW 

AMMNET [4] is a mesh network that can overcome the network partition problem in MANET. It is similar to a standard 

wireless mesh network (WMN), were a stationary mesh node provides routing and relay capabilities to the mobile clients within 

their sensing range. Unlike the WMN the mesh nodes in an AMMNET is not stationary. The mesh nodes of AMMNET are 

mobile and it moves along with the movement of the mobile clients and dynamically adapt to all topological changes. The design 

considers applications where a client follows group mobility patterns [5]. The group mobility model has been verified as a 

realistic mobility model [6] and can be applied to many practical scenarios, such as campus networks [7] and ad hoc networks 
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[8], [9]. These mobile mesh nodes carry an RFID reader so that the clients having the RFID tag only need to probe the beacon 

messages to indicate their presence. It also carries a GPS system for navigational aid. The mobile mesh nodes act as a router. 

Depending upon the mode of routing each mobile mesh node can switches their mode of routing as  

 Intra group router 

 Inter group router 

 Free router 

 
Fig. 1: classification of mobile mesh nodes 

A mobile mesh node will act as an intra-group router if it detects at least on client in its sensing range. An intra-group router 

monitors the movements of clients in its range and provides routing within a group. A mobile mesh node will acts as an inter 

group router if it has the role the role of inter connecting two different groups. And a mobile mesh node will acts as a free router 

if it is neither an inter group router nor an intra-group router. 

Each client continuously broadcasts beacon message to notify its presence within the radio range of an intra-group router. 

When a router detects a missing client, it will trigger the free routers in search of the missing client. The free router on detecting 

the missing client switches their mode of routing to free router. AMMNET also includes a global and local adaptation 

mechanisms to reduce the delay in the data transmission and to free up more inter group routers. The figure 3 shows how a 

partitioned group is interconnected using AMMNET network. Each partitioned group is serviced by some local intra group 

routers and the partitioned groups are interconnected with the main group with the help of some inter-group routers and bridge 

routers 

 
Fig. 2: AMMNET network 

III. STANDARD PARTICLE SWARM OPTIMIZATION (PSO)  

Particle swarm optimization (PSO) [10] is a swarm intelligence [11] based optimization technique.  This algorithm exploits the 

social behavior of the birds flocking and the fish schooling. In PSO each feasible solution is called a particle. These particles fly 

through the multidimensional search space and adjust their positions and velocities based on the experience of its own and based 

on the experience of neighboring particles. These particles finally converge to an optimum solution based on the fitness value. 

PSO initially consist of a random distribution of particles in the search space. Each particle has its own fitness value based on 

the objective function. The particles move through the search space by following the current optimum particles. In each iteration 

the particles will stores in its memory the best solution (fitness value) it has visited, p-best (personal best) value and the best 
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fitness value obtained by particle to particle interaction called the g-best (global best) value. This process iteratively continues 

until a desirable solution or computational limit is achieved.  

 
Fig 3: Flow Chart of PSO 

IV. STANDARD GENETIC ALGORITHM 

Genetic algorithms are heuristic search and optimization techniques based on the concept of natural genetics and natural 

selection [12]. The idea of evolutionary computing was introduced by Rechenberg in 1960 and the concept of these algorithms 

are developed by Prof. John Holland of University of Michigan in 1975.GA is an iterative procedure ,were instead of a single 

solution GA works with a group of solutions (collectively called population) in each iterations. 

GA begins with a randomly generated population. This procedure is iterative and each iteration is called a generation. Fitness 

of each individual is the objective function and is to be evaluated. Based on the fitness, individuals are selected from the current 

set and a new generation is formed, by crossover and mutation. This iteration continues and the algorithm terminates if highest 

number of generations or fitness satisfaction level is achieved. [13] 
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Fig 4: Flow Chart of GA 

V. PROPOSED METHOD 

Routing of a data packet from source to destination needs to consider several aspects such as security, delay, distance, energy 

consumption etc. Since AMMNET is an infrastructure less network energy level of each node is important to maintain the 

lifetime of the network. So in order to increase the lifetime of a network an energy efficient routing is necessary. There are 

several optimization techniques to find an energy efficient path for routing. Because of the simplicity and computational 

efficiency PSO is most commonly used for optimization.  

The main drawback of PSO [14] is its fast convergence and poor fine tuning capability of final solution. A standard PSO 

algorithm is problem dependent, usually results from the parameter settings. An increase in inertia weight (w) will increase the 

speed of the particles resulting in more exploration and less exploitation. And a decrease in inertia weight decreases the speed of 

the particles thereby increases the exploitation and reduces the exploration. Thus the value of the parameter varies from one 

problem to another. This problem dependent performance can be addressed through hybrid mechanism. It combines different 

approaches to be benefited from the advantages of each approach. So a hybrid PSO-GA algorithm is proposed in this work. GA 

can introduce diversity in the population and thereby avoids the fast convergence of populations in PSO. 
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Fig. 5: Flowchart of Hybrid PSO-GA Algorithm 

A hybrid PSO-GA algorithm starts with randomly selected solutions in the problem space. Initially the g-best fitness of the 

solution is evaluated through PSO algorithm. Here the fitness is the energy level of the path. And each path is considered as a 

particle. The g-best value of the particle will get updated in each iteration. From which the path corresponding to the final g-best 

value and the next previous g-best value (fitness having the second rank) is selected and are undergone cross over and mutation 

to create a new population. Here in order to avoid the destruction of the best solution a copy of the selected paths are preserved 

in the population pool. And this mechanism is called elitism. Then newly generated population is again evaluated through PSO 

algorithm. The process continues until a desired fitness is attained or if the termination time attains. 

VI. SIMULATION ENVIRONMENT AND RESULTS 

The simulations are done under Ns2 version 2.35. The parameter settings of the simuation are described in the table. 
Table – 1 

Simulation parameters 

Simulator NS2 

MAC Protocol 802.11 

No. of nodes 50 

Basic data rate 2Mbps 

Topology 1300 X 1300 

Initial energy 100 joule 

Simulation time 60sec 

Mobility model Random way point 
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Simulation is done under 50 nodes of which it includes 11 intra-group routers, 6 free routers and 33 mobile clients with an 

initial energy of 100 joules. Here the client follows a random way point mobility model [15]. Two point cross over and a swap 

mutation is considered in this simulation. The Fig 6 shows the fitness value comparison of Hybrid PSO-GA algorithm with that 

of standard PSO and GA algorithm. From the graph it is clear that the fitness value of Hybrid PSO-GA is always higher than that 

of GA and PSO algorithm, 

 
Fig. 6: Fitness value comparison 

The figure shows the average packet delivery ratio of existing AMMNET network with that of proposed method. The PDR of 

the proposed hybrid method is about 35% higher than the existing method. 

 
Fig. 7: packet delivery ratio 

The figure 8 and 9 shows the end-to-end delay and the average throughput comparison of the proposed hybrid PSO-GA 

algorithm with that of existing AMMNET network. From the graphs it is clear that the proposed method reduces the delay in 

data transmission by about 45% than that of existing method. Also the average through put of the network is increased by a 

percentage of about 30 than the existing method.  
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Fig. 10: Average end to end delay 

 
Fig. 9: Throughput 

VII. CONCLUSION 

There are several challenges to provide an effective communication system in emergency situations such as disaster management 

and battlefield communication. AMMNET is found to be a cost effective solution that can be easily deployed in such scenarios. 

AMMNET is a robust MANET and it overcomes the network partitioning problem in MANET. In order to avoid the disruption 

of communication due to depletion of nodes energy and to increase the lifetime of the network energy efficient routing is 

necessary. A Hybrid PSO-GA based algorithm is a good alternative to find the energy efficient path for routing. The fitness value 

of standard PSO algorithm is observed to be inferior to the proposed systems. This is because the standard PSO had stagnation, 

which caused the premature convergence. However, the proposed hybrid models handle the stagnation behavior and they aim to 
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avoid the premature convergence .Simulation results shows that this hybrid algorithm can reduce the delay in data transmission 

and can increases the throughput and packet delivery ratio of the network. Thereby the lifetime of this algorithm can be 

improved. 
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