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Abstract
Objectives: To optimize the throughput of the network for ensure the seamless connection in a decentralized mobile ad 
hoc network. Methods/Statistical Analysis: This paper proposes a hybrid optimization technique (ACO-FDR PSO) of Ant 
Colony Optimization (ACO) integrated with Fitness Distance Ratio Particle Swarm Optimization (FDR PSO) to optimize 
throughput.  ACO algorithm identifies unique path in the network based on higher pheromone concentration. FDR PSO 
optimizes throughput based on Packet Delivery Factor (PDF). Since FDR PSO employs N-best particle in the velocity update 
equation, the drawback of PSO such as premature convergence and getting stuck into local optimum can be prevented. 
Findings: Simulations performed with network simulator 2 on a 100 node network and the metrics, throughput, 
delay, overhead, energy and packet delivery ratio have been analyzed. Through the results it has been showed that the 
proposed hybrid technique achieves better results than standard AODV, ACO, PSO and ACO-PSO techniques. Application/
Improvements: The proposed technique facilitates reliable transmission in emergency situations like military application, 
disaster management etc, where data intensive wireless networks are required.

Keywords: Ant Colony Optimization (ACO), Fitness Distance Ratio Particle Swarm Optimization (FDR PSO), Mobile  
Ad-Hoc Networks (MANET), Optimization, Particle Swarm Optimization (PSO), Position and Velocity Update

1.  Introduction
Mobile Ad-Hoc Networks (MANET) is seamless constit-
uent of a wireless network having self contained nodes in 
it. The mobile nodes are distributed such that the nodes 
within the range can form a network among them and 
can interface with each other directly within their range. 
If the mobile node happens to be out of range, then the 
node communicates via intermediate nodes1. The mobile 
networks change dynamically since the nodes move in 
different directions, different speeds, and this network 
topology changes unpredictably2. 

To predict the mobility of the nodes, the mobility mod-
els come into existence. The MANET mobility models 
illustrate the activity model of mobile nodes. The mobil-
ity model depicts the consequential task in establishing 
the recital of the models and to follow the movement of 

mobile nodes in an intelligent route. The mobile node 
model includes the prediction of location and the accelera-
tion of the node since it varies frequently. The advantage of 
mobility models includes the solutions to routing overhead 
and issues related to the update of routing table, dynamic 
topology and the issues related to repeat path disconnec-
tions arising from the mobility induced route changes3.

Sharma et. al., studied diverse mobility models and 
their characteristics for independent nodes. Reactive 
protocol provides better performances in terms of Packet 
Delivery Ratio (PDR), delay and routing load than other 
conventional protocols. 

A novel approach for GPS utilizing ACO which provides 
reliable communication with lower delay, route cost and 
higher throughput when compared to other routing pro-
tocols4. 
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In5 authors studied the dynamic topology change of 
networks consisting mobile nodes, varying the speed and 
position of mobile nodes and node distributions. They 
achieved better mobility despite variable speed due to 
increased node density. 

In6 authors employed ACO to define a routing proto-
col that supports fault tolerance. It deploys both forward 
and backward ants to decide a path with high preference 
based on its availability, bandwidth and delay metrics. 
This method excludes fault nodes during evaluation 
which retains QoS. 

In7 authors proposed component based framework 
containing joint routing, channel assignment and flow 
aware algorithms for route optimization. It increases the 
routing throughput and improves the route selection by 
observing the congestion of the network and discarding 
routing links in and around the regions. 

A fuzzy based AODV was proposed by authors in8. 
Consider residual energy of all nodes and their mobil-
ity pattern besides distance in determining the travelling 
path from source to the destination. Fuzzy AODV selects 
trusted nodes to retain the stability of the path and 
trusted nodes are preferences if they posses higher resid-
ual energy and lesser speed.  

A hybrid technique (GA-PSO) based on Genetic 
Algorithm (GA) and Particle Swarm Optimization (PSO) 
was proposed by authors in9 for multicast routing that 
selects the best outcomes of hybrid algorithm to improve 
multicast routing on comparison with other multicast 
routing protocols, GA-PSO improves packet delivery 
ratio, jitter and decreases delay.  

In10 authors studied various ant colony based adaptive 
routing algorithms for high scalability, adaptability, mul-
ticast support, minimizing routing delay and overhead, 
improving Qos. The algorithms are dependent upon posi-
tive and negative feedback observed by the ants in the 
routing path. 

In11 authors studied the working of Ad-Hoc on Demand 
Distance Vector (AODV) protocol and Destination 
Sequence Distance Vector (DSDV) protocol. Compared 
to DSDV, AODV minimizes end-to-end delay, evades 
loops in routing path, support to mobility providing 
higher packet delivery ratio and less power consumption. 

In12 authors proposed a Random Early Detection 
(RED) which incorporates AODV to detect and control 
congestion. RED speculates the queue length and its aver-
age utilization for early detection of congestion. AODV 
alerts the source to curtail the data transmission and 

thereby avoiding the escalation of packet drop. RED with 
AODV improves PDR by minimizing packet loss. 

In13 authors proposed Quality of services enabled 
Ant colony based Multipath Routing (QAMR) algorithm 
which is highly adaptive and scalable. QAMR can reduce 
delay, bandwidth and hop count by selecting the path by 
its path reference probability. 

In14 authors employed a hybrid technique based on 
ACO and PSO.  ACO used to find unique path flanked 
by source and destination, PSO minimizes delay, cost and 
power consumption. 

Though many authors employed PSO technique for 
routing problem, it is prone to premature convergence and 
getting struck into local optimum. Hence to evade these 
tribulations a hybrid optimization technique (ACO-FDR 
PSO) is proposed for MANET routing problem, ACO 
selects unique path in the network and FDR PSO maxi-
mizes the throughput.  Unlike PSO, in FDR PSO, average 
and best fitness differ for many more iterations which pre-
vent the premature convergence and getting struck keen 
on local optima problem15.

This paper highlights hybrid optimization technique 
(ACO-FDR PSO) along with traditional routing protocol 
(AODV) under pursue mobility model.  The optimiza-
tion technique aims at improving the throughput of the 
network. The results obtained are compared with conven-
tional routing protocol and other optimization techniques 
with respect to the selected parameter.

2.  Problem Formulation
Decentralized networks gain access to Quality of Services 
(QoS) through control and data messages. Routing proto-
cols are vital in minimizing the bridge between increasing 
routing demand and network optimization. Conventional 
routing protocol do not have enough flexibility to satisfy 
new routing demand which force network administrator 
to augments throughput in which satisfies the needs of 
those user. As the protocols adapt to a fewer optimiza-
tion metrics, performance enhancement is considered as 
a tradeoff in these networks. To improve the purpose of 
routing and protocol features, various optimization tech-
niques have been integrated with the routing protocols. 
The integrated approaches lag in resolving pre-conver-
gence issues or require multiple iterations in attaining 
a stable optimization. The proposed hybrid (ACO-FDR 
PSO) technique improves the network performance by 
determining optimal path and improve throughput.
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Throughput function (TP) is represented as:
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Where Pn (i) is the numbers of packets successfully sent and 
( )t i  is the total time at which transmission takes place.

3. ACO Hybrid FDRPSO
ACO hybrid FDR PSO assimilates ACO into FDR PSO; 
the process is divided into optimal path selection and best 
solution path. Optimal path selection is preceded using 
ACO whose inputs are fed into FDR PSO. FDR PSO 
checks for the best path based on throughput function 
evaluated among the ACO generated paths with their cor-
responding best position and velocity.

3.1  ACO
ACO has the capacity to locate the optimal path, by 
considering the ants as an agent which is forwarded ran-
domly from one node to another. While walking, the ants 
put some sum of pheromone on the link of the path. Next 
generation of ant are attracted by the high pheromone 
concentration to achieve the optimal path. By adjusting 
the update mechanism, the pheromone values are dynam-
ically adjusted16,17.  The probability of an ant ‘k’ choosing 
node ‘j’ from ‘i’ at an time’s’ can be written as,
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Where,
Prior available heuristic value, 
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η = . α and β  are

two parameters which determines the relative influence 
of the pheromone trace and heuristic objective function. 
Possible neighborhood of ant k , k

iN .
Hop count completed ants updates the pheromone 

value. The pheromone update of the ants is written as
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Where
ρ - Evaporation rate, m  - number of ants and ∆ n

ijτ - 
pheromone quantity laid on link (i,j) by the nth ant.

,
1n
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τ∆ =  if ant n travels on link i,j

Where nH  is the hop count of the nth ant
Once every ant has finished their tour for one time, there 
will be multiple paths from source to destination. In all 
paths, pheromone values are calculated and the path with 
higher pheromone value is considered as optimal path 
which is used for further communication.

3.2  FDR PSO
FDR PSO optimizes throughput in the optimal path by 
selecting maximum PDF of all the nodes in the network. 
The process applied for multipath to enhance throughput. 
Successive higher PDF nodes are selected for transmis-
sion. The PDF of a node represented as:

	

)
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Where DR is the data received and DS is the data sent.
Premature convergence problem of PSO is prevented in 
FDR PSO by considering n best particle which maximizes 
throughput. Fitness distance ratio of throughput is indi-
cated as
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( )p iT P  is the throughput of prior best position of the par-
ticle, ( )p iT X  is the throughput of current particle position, 

idP  is the prior best position of the particle, and idX  is 
the current particle position.  

Hence the velocity update equation of the particle pre-
sented as below:
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Position update equation of the particle is computed 
using:
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Where, Pid is the best previous position (pbest) of the par-
ticle, Pgid is the global best position (gbest) of the particle, 
Xid and Vid are the current values of position and velocity 
of the particle, a1, a2, a3 are the acceleration co-efficient, r1, 
r2, r3 be the random numbers between zero to one, W is 
inertia weight18.

3.3  Algorithm of ACO – FDR PSO
The algorithmic steps for the proposed MANET routing 
based on ACO-FDR PSO is explained as follows:
Step 1:	 Initialize the ants in the network,
Step 2:	� The ants visit each of the nodes to reach the des-

tination and update their pheromone value using 
equation (3),

Step 3:	� Select an optimal path to transmit data to the 
destination,

Step 4:	� Compute FDR throughput using equation (1) 
and update Nbest,

Step 5:	� Compute position and velocity of the current 
FDR agent using equation (7) and (8),

Step 6:	� If all the updates are performed then end the 
process, and

Step 7:	� If no optimal solution is achieved after step 2 
then move to next agent and repeat from step 3 
to 6 to perform optimization.

4.  Simulation Background 
We consider 100 nodes that are randomly placed in a 
network scenario. Nodes in the network follow pursue 
mobility model. The nodes are linked with one or more 
neighbors in order to communicate. The transmission 
range is fixed for each node. Path establishment between 
nodes is enabled by AODV. The paramerters used for the 
analysis of proposed rounting is shown in Table 1.

Table 1. Simulation parameters and their values

Simulation parameters Assigned value
Number of nodes 100
Network area 1000m  x  1000m
Transmission range 550 m
Data rate 512 Kb
Simulation time 100 s
Number of packets 1500
Mobility model Pursue

4.1  Results and Discussion
The proposed hybrid technique is employed on 100 node 
network to illustrate its effectiveness in maximizing 
throughput in the optimal path selected. The performance 
of proposed hybrid (ACO - FDR PSO) technique is com-
pared against AODV, ACO, and ACO-PSO. The proposed 
technique is evaluated using the network parameters 
throughput, packet delivery ratio, end-to-end delay, uti-
lized energy and overhead. The proposed technique is 
tested using NS-2 simulator19 and the obtained results are 
given in Table 2.

4.2  Impact on Throughput
Figure 1  shows the variation of throughput obtained 
by various techniques.  The results show  that proposed 
ACO-FDR PSO technique has better performance when 
compared with conventional protocol  AODV, ACO, 
ACO-PSO  techniques. Specifically, throughput in ACO-
FDR PSO is  2.52 times better than AODV, 1.95 times 
better  than ACO, and 1.01 times better than ACO-PSO.  

Table 2.  Comparison of different techniques with respect to various parameters

PARAMETERS AODV ACO ACO-PSO ACO-FDRPSO
Throughput (Kbps) 114 186 356.1 363.2
Delay (ms) 108.475 37.589 38.682 40.907
PDR (%) 89.98 62.08 79.81 90.98
Overhead (%) 16.08 14.41 15.04 20.04
Energy (J) 16.68 18.87 17.2 19.34

Table 1, it is evident that throughput is maximized by the proposed technique and PDR is also high when compared with other techniques.
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The proposed technique maximizes throughput as it 
selects best path based on higher PDF generating nodes.

Figure 1.  Throughput comparison of conventional routing 
protocol with AI techniques.

4.3  Impact on Delay
Figure 2 shows  delay of ACO-FDR PSO in comparison 
to other techniques.  ACO-FDR PSO reduces the delay 
than other techniques by adopting proper route setup 
and maintaining it. Route maintenance play a pivotal role 
in reducing the delay.  If route setup is not satisfactorily 
maintained and if there is a broken path, then the inter-
mediate node may inform it to the sender node which 
increases the delay.  But in the proposed technique, route 
setup is properly maintained which reduces the delay very 
much.

Figure 2.  Delay comparison of conventional routing 
protocol with AI techniques.

4.4  Impact on Packet delivery ratio
Figure 3 illustrates PDR of the  proposed ACO-FDR 
PSO with AODV routing protocol.  PDR is directly pro-

potional to the throughput of the network.  It is clearly 
observed that our proposed technique has significantly 
better packet delivery ratio  than that of other techniques, 
especially packet delivery ratio is 1.01 times  higher than 
that of conventional AODV protocol.

�
Figure 3.  Packet delivery ratio comparison of conventional 
routing protocol with AI techniques.

4.5  Impact on overhead
Figure 4 shows the comparison between various tech-
niques for overhead.  Link failures are common when 
node mobility is high, resulting in frequent routing 
which increases the overhead in the network. During the 
route setup, more amounts of control packets are vital 
for searching and monitoring new paths.  Because of the 
regular update of the path, ACO-FDR PSO technique 
requires more control packets and hence overhead is bet-
ter than that of AODV, ACO and ACO-PSO techniques.

Figure 4.  Overhead comparison of conventional routing 
protocol with AI techniques.
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4.6  Impact on Energy
Figure 5 shows energy utilization of conventional protocol 
and that of proposed protocol. As the node data handling 
capacity increases, energy consumed also increases. Due 
to frequent change of node caused by varying mobility 
patterns, energy consumption increases.  In AODV, the 
number of routing and packet transfer count are less, it 
utilizes only lesser amount of energy.  But in case of hybrid 
optimization techniques, the energy utilization varies due 
to higher PDF node selection process which hikes the 
energy utilization from the conventional protocol.

�
Figure 5.  Energy  comparison of conventional routing 
protocol with AI techniques.

5.  Conclusion
This work proposed a hybrid ACO-FDR PSO technique 
along with conventional routing protocol for selecting 
optimal path with enhanced throughput. Hybrid ACO-
FDR PSO minimizes premature convergence issue and 
minimizes complexity at the time of pheromone update. 
The local solution is updated to a global best through lim-
ited iterations; the optimization function concentrates on 
retaining the transmission rates of the network. Besides, 
the hybrid approach minimizes the chances of retrans-
missions and transmission pause time that minimizes 
the network delay. The hybrid approach is simulated 
using NS2 software and the results are compared with 
AODV, ACO- PSO, and ACO-FDR PSO using through-
put, delay, overhead, energy and PDR as parameters.  The 
results evident that the throughput and PDR is increased 

by 2.52 and 1.01 times respectively than AODV protocol 
by the proposed hybrid method and delay is decreased 
by 62.28% than AODV protocol by the proposed hybrid 
method.
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