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ABSTRACT
MANETs are made up of nodes that uses routing protocols to transfer a packet from source to sink through
store-and-forward method. These packets are sent through each intermediate nodes therefore transferring
the data packets from source to sink is very expensive process. Traditional protocols also ignore energy
usage in nodes when choosing route from source to sink node. Therefore, the need for an optimized path
for communication amongst node has attracted the use of approaches like Ant-Colony Optimization (ACO)
and Particle Swarm Optimization (PSO). In this research work, we are proposing ahybrid nature-inspired
optimization technique based on ACO and PSO named as AOMDV-ACOPSO to enhance the performance
of MANET routing. AOMDV is used to find the multiple data transfer paths from source to destination,
where as hybrid ACO-PSO technique is used to select the best or optimum path from the multiple routes
generated by the AOMDV. The performance of the suggested approach is analyzed and evaluate against
the existing approaches in terms of Packet delivery ratio (PDR), energy consumption (EC), End to
End(E2E) delay and throughput. Simulation results are generated by the NS2.35 and findings reveal that
the proposed approach perform superior when compared to the existing techniques like AODV, AOMDV,
ACO-AOMDV and PSO-AOMDV.
Keywords: ACO,E2E delay, Energy Consumption, MANET, NS 2.35, Optimization, PDR, PSO, Routing
Protocols and Throughput.

1.

Introduction

MANET is a network made up of wireless mobile hosts that creates a temporary network without the need for a
specialized infrastructure or centralized control [1]. Nodes in the network are mobile, they self-organize and
configure themselves. There are two types of communication approaches for wireless mobile nodes that are
infrastructure-oriented and infrastructure-less. In an infrastructure-oriented structure, devices communicate with
a base station that is connected to a fixed infrastructure, but in an infrastructure-less structure, nodes communicate
without relying on any pre-existing network infrastructure. As the nodes in MANET are battery operated, a lot of
the power gets exhausted because of the movement of nodes from one location to another which tends to the
reduction of network lifespan [2]. Therefore, route selection for transmitting data from source to sink is the vital
concern in MANET. Routing is a network technique for exchanging data between two host nodes [3]. A routing
protocol keeps track of routing information for connecting and neighboring nodes. In MANET, there are three
types of routing protocols: Proactive, Reactive, and Hybrid [4].Pro-active (Table-driven) protocol is one in which
mobile node has its own routing table, which keeps track of routes to all possible destinations [5]. It has the
disadvantage of not operating well in large networks since because it contains the information of all available
route therefore, the routing table entries get too huge. Destination Sequenced Distance Vector (DSDV) and Global
State Routing (GSR) are the examples of proactive protocol. In DSDV, a destination sequence number is assigned
in the routing table and node will only include the new entry in the database if it contains a new route with a higher
sequence number. GSR is based on Dijkstra's algorithm and extends the wired network link state routing. Reactive
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(On-demand) protocol discovers the route only when there is requirement [6]. Route discovery is achieved by
broadcasting route request packets over the mobile network. Dynamic Source Routing (DSR), Ad hoc on-demand
multipath distance vector (AOMDV)and Ad hoc on demand vector (AODV) protocols comes under this category
[7]. DSR focus mainly on two phases: route discovery and route maintenance. Route discovery phase determines
the most optimal path for data transfer and route maintenance phase maintain the route for successful transfer of
packets because MANET has a dynamic topology, there is a connection breakage, resulting in network failure
between mobile nodes. AODV isbuilt on the concept of DSDV and DSR protocol [8]. To transmit an RREP back
to the source, AODV uses routing table entries and to determine the freshness of routing information and to avoid
routing loops, AODV uses sequence numbers kept at each sink node[8]. The AOMDV protocol is a multipath
enhancement to the AODV. In route discovery phase, AOMDV extends the AODV protocol to find various paths
between the source and sink. Multiple pathways that are computed in AOMDV are ensured to be loop-free and
disjoint in nature [9].It uses alternate routes in the case of a route breakdown and a new route is discovered when
all routes fail [10]. Multipath routing is an improvement over unipath routing, with the added benefit of handling
network traffic, minimizing congestion, and enhancing reliability. The main disadvantage of reactive protocols is
that nodes may have to wait longer for the route to be discovered. Hybrid routing protocol combines the benefits
of on-demand and table-driven protocol. These protocols are adaptable in nature, they can change the zone and
position of mobile nodes between source and destination. Zone Routing Protocol (ZRP) comes under this category
[11]. In ZRP, the entire network is divided into zones, and tracked the location of source and sink. When the
source and destination nodes are in the same zone, proactive routing is used and when they are in different zones,
reactive routing is used to transmit data packets. Figure 1 represents the taxonomy of MANET routing protocols.

DSDV Protocol
Proactive Protocol
GSR Protocol

DSR Protocol
Routing Protocols in
MANET

AOMDV Protocol

Reactive Protocol
AODV Protocol

ZRP Protocol
Hybrid Protocol
Fig. 1: Taxonomy of MANET routing Protocols

One of the most significant issues faced by MANET in recent decades has been the efficient use of energy in
various field. Effective utilization of energy includes saving energy or reducing network energy consumption to
make it appropriate for long-distance communication. Several strategies for creating energy-efficient
communication networks have been developed in recent decades, but it remains a difficult issue [12].Recently,
there has been a surge in interest in using swarm intelligence (SI) or nature-inspired algorithms for enhancing the
performance of MANET in terms of energy efficiency and network lifespan. SI is a computational intelligence
technique that entails the collective behavior of intelligent agents that interact with one another in a dispersed
environment to solve a problem in the order to obtain a global solution. SI techniques are used in nature by ant
colony, birds flocking, animal herding, and fish schooling to create an effective routing algorithm for MANET.
Two of the most widely used SI approaches for path discovery in MANET are ACO and PSO. Many researchers
use the ACO algorithm to create optimized multipath routing solutions in MANET. The domain of ant algorithm
examines models generated from observations of real ant’s behavior and uses these models as a source of
inspiration for the development of unique algorithms for solving optimization and distributed problems. Several
features of ant colony behavior have inspired several types of ant algorithms, including foraging and cooperative
transportation [13]. The use of chemical compounds created by ants is used to mark some favorable path that
should be followed by other members of the colony. The chemical compound is known as Pheromone. When
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compared to longer paths, several ants in shorter paths have higher pheromone trails, resulting in higher density
and more uniqueness. Pheromone trails are diminished as the rate of evaporation increases. The ACO algorithm
begins with parameter setup and pheromone networks. This is repeated recursively on the cycle until the first ant's
path is constructed, and then the ant's path is formed continually using local search. The pheromone network is
finally updated [14].
PSO is a population-based SI approach that was emulated by the behavior of birds or a school of fish to solve the
optimization problem since all agents or particles retain information of optimal solutions and share it [15]. Thus,
PSO can be applied to the solution space to proceed towards the near optimal solution. If the algorithm has reached
convergence, the best solution is obtained. The position and velocity of the particles have an impact on whether
the algorithm has reached convergence. Because of unique searching method and ease of implementation, PSO
has been used to solve a variety of real-world problems [16]. PSO algorithm starts by creating a population of
particles. After creating the population, evaluate the position of each particle. If the current position of a particle
is better than its prior best position, update it and get the particle's best position. After finding the best position,
update particle velocities and move the particles to their new positions. This procedure is repeated until the
stopping criteria is met. The following is a breakdown of the research work structure: Section 2 covers the
literature review based on optimization techniques which improves the network's energy efficiency and lifespan.
Section 3 discuss the suggested approach; section 4 analyzes the performance of proposed technique and finally
section 5 discuss the conclusion of the research work.
2. Literature Review
A lot of research has already been done on routing protocols and optimization techniques therefore performing a
thorough study and analysis of previous work is very important. Z. Sun et al. [17] suggested a multi-objective
ACO based secure routing protocol for WSN. Their goal is to increase security by deploying wireless nodes with
low energy consumption. In general, ACO-based techniques simply analyze the routing path's optimality, but they
have also considered energy usage in addition to the routing path. S. Janaki Raman [18] proposed a hybrid ACO
and Artificial Bee Colony Optimization approach for cluster selection in the Internet of Things. Each IoT device
in their network serves as a sensor network node. The cluster head is chosen depending on a variety of factors
such as distance, load, energy and delay. F. de Rango et al. [19] examines the performance of reactive protocols
using equal load and environmental variables parameters. Analysis is done in term of two performance measures
i.e., average E2E delay and PDR. The simulation results demonstrate that as the network expands, the average
E2E delay rises, and as the pause period rises, the mean E2E latency decreases, however as the size of network
gradually increases, the mean loop detection time increases. A. S. Nasab et al. [20] suggested a PSO-based energyefficient routing strategy. They evaluated delay and energy as two limitations for minimizing the PSO problem.
PSO outperforms the Genetic Algorithm (GA) in terms of identifying the optimum path with the least amount of
energy usage, according to their simulation results and a comparison analysis. D. Rupérez Canas et al.
[21]proposed a hybrid ACO Routing (HACOR)method is based on ACO, which analyses ant behavior while
acquiring food and incorporates SI principles. HACOR acts in a multipath manner since it establishes many paths
to transfer data to the destination. It is also adaptable because it adjusts to change in traffic and network situations.
When generating a route with all visited nodes, researchers don't utilize the evaporation approach like simpleACO and instead use the free-loop method. HACOR employs Disjoint-Link option therefore any alternate routes
that emerged because of this procedure are disjoint. P. Ramesh et al. [22] suggest that the route-establishing phase
uses the standard AODV routing protocol to detect multiple pathways between the source and sink. The trust
metrics such as residual energy, PDR, and node queue length are used to determine the optimal path which results
in minimizing the Packet loss and delay. Finally, thelion optimization algorithm is used to choose the best path
out of all the available choices. With the network having 200 nodes and a transmission radius of 250 meters, the
proposed technique is implemented, and the nodes are spread out over an area of 1000*1000 m2, and the packet
size is set to 512 bytes.
A. S. Mohammed et al. [1] computes the fitness value of the nodes by considering fuzzy clustering
optimization approach which uses fuzzy parameters. Cluster head (CH) selection is done based on the fitness
value. This technique has been improved to handle unknown scenarios such as CH failure, topology changes, and
CH energy depletion. If there are any inconsistencies, the node that discovered the problem will restart CH
selection using the device remaining residual energy and the amount of data transferring by that mobile node. D.
N. Shashidhar et al. [2] suggest a new approach that relies on Cuckoo Optimization Method and TOPSIS multicriteria algorithm to reduce energy usage. The proposed approach can be used in complex situations, and it
considers four essential variables: available bandwidth, remaining energy, movement speed, and the number of
steps required for routing. The TOPSIS multi-criteria method was used to choose appropriate groups for the
purpose of relaying data packages. The Cuckoo Optimization Algorithm was utilized to find the shortest path
between the relay groups.
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S. Sarhan et al. [23] proposed an optimization technique named as EHO-AOMDV that works in four
stages: node classification, path discovery, path maintenance, and data load balancing. The goal of the node
classification phase is to optimize node energy by dividing nodes into two clans based on nodal energy (the
separation operator). By propagating RREQ signals from source to sink, AOMDV protocol is used in the route
discovery phase to locate multilink disjoint paths, establishing many reverse paths at both intermediate and
destination nodes. The energy of all nodes is reevaluated in the path maintenance phase by updating the operator,
and all discovered paths are arranged in descending order in the data load balancing step, with the maximal nodal
residual energy of each path computed using the minimal nodal residual energy of all nodes on the path. S. K.
Nivetha et al. [24] For a given network architecture, the proposed technique employs ACO to locate all feasible
pathways from every source to sink. Once the set of possible routes are discovered based on the pheromone, the
resulting population form the starting population for the genetic algorithm phase. Using the fitness function and
genetic processes, the optimum paths for any source-destination pair are found from the initial population. A
fitness function with the lowest required bandwidth is developed in addition to the node energy required for the
given data flow. The genetic algorithm cycle is repeated until either the desired number of generations is reached,
or no unique children are created. To increase the energy efficiency of the Optimized Link State Routing protocol
(OLSR), M. A. Jubair et al.[25] presented a new Bat Optimized Link State Routing (BOLSR) protocol. OLSR
and the Bat Algorithm use the same approach to discover the path by sending and receiving signals. The BOLSR
protocol was developed because of this symmetry, and it discovers the optimum path from a source node to a
destination node based on the energy dynamics of the nodes. Tri Kuntoro Priyambodo et al. [26] investigated how
to improve MANET performance. In order to achieve their goal, they investigated various routing protocols. PDR,
throughput, delay, packet loss, EC, and routing overhead were the key metrics used to assess performance. The
results reveal that OLSR protocol has a lower delay than the AODV protocol, however the AODV protocol
outperforms the OLSR protocol. Table 1 shows the research findings and simulator used of some commonly used
optimization techniques.
Table 1. Research findings and simulator used of some commonly used optimization techniques

Name of
Author and
Year of
Publication

Optimization
Methodology

Simulator
Used

Performance Metrices

Research Outcome

D.
Rupérez
Cañas et. al,
2013

HACOR

NS3

Average E2E delay,
jitter, overhead in
number of bytes and
packets, PDR and
throughput

HACOR outperforms AODV on
all performance parameters, but
the overhead of packets in
HACOR is larger than in AODV.

P. Ramesh et.
al., 2018

Lion
Optimization
Algorithm

NS2

PDR, latency, energy
consumption
and
network lifespan

The proposed method conserves
a significant amount of energy,
resulting in a longer network
lifetime.

A.
S.
Mohammed
et. al., 2020

fuzzy clustering
optimization
approach

NS-2.35

Network
lifetime,
Average E2E delay and
PDR

By addressing uncertainty, the
fuzzy constraints clustering
optimization technique achieves
the goal of extending network
lifetime.

D. N.
Shashidhara
et. al., 2019

Cuckoo
Optimization
Algorithm

Opnet

Average E2E delay and
Throughput

Through the selection of more
stable channels with increased
levels of energy, the approach
was able to improve the overall
efficiency of the network and the
accuracy of data package
delivery.
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S. Sarhan et.
al., 2021

Elephant
Herding
Optimization

NS-3

Routing overhead, EC,
PDR,
E2E
delay,
Number of dead nodes

S. K. Nivetha
et. al., 2016

ACO
GA
hybrid
metaheuristic
approach

NS 2.34

PDR,
E2E
delay,
average residual node
energy, hop-count, and
routing overhead

M. A. Jubair et
al. , 2019

BOLSR

MATLAB

routing overhead ratios,
EC, and E2E delay

EHO-AOMDV attained higher
PDR withless routing overhead
whereas average EC and E2E
delay
in
AOMDV
has
outperformed the proposed
protocol.
When the node pause duration is
quite long, the suggested hybrid
technique enhances MANET
routing
performance
while
satisfying QoS criteria.
BOLSR has the lowest overhead
ratio,
delay,
and
energy
consumption as it selects a robust
path of nodes with the optimal
energy.

3.Proposed Methodology
In MANET, communication is one of the primary sources of energy consumption. As a result, in order to extend
the network lifespan, the routing protocol must be optimized which selects the optimal path.As a result, in our
proposed technique, AOMDV protocol is used to select multiple paths from source to sink and SI techniques are
utilized to locate the best route among all of them. SI-based solutions are capable of resolving a wide range of
routing issues. During route discovery phase if a node receives a duplicate route request, then it implies alternate
reverse path and if a node accepts all of these duplicate route request packets, then routing loops will be formed.
Therefore, in proposed technique AOMDV-ACOPSO, AOMDV uses advertised hop count to prevent loop
formation and guarantee loop freedom. The advertised hop count is the greater hop count of all accessible routes
at that node and as the sequence number changes, the advertised hop count is updated. After selecting the multiple
paths, the proposed algorithm incorporates all the parameters of ACO and PSO which assist to find the optimized
path among multiple paths. The basic idea underlying is to calculate the fitness function over an initial population
and then calculate the fitness of a new population iteratively, which is achieved by performing operations on
populations. Finally, we may compare all of the solution to the optimal one to determine which solution is the
best. The best solution provides us the population's optimal values, which can be utilized to discover the best
routing path. The proposed algorithm makes advantage of PSO to improve the ACO algorithm's features, therefore
the output of ACO algorithm will act as the input for PSO algorithm. The ACO method is improved in order to
discover the shortest path. Not only does the suggested approach reduce the number of paths in the ACO, but it
also discovers the shortest path among the longest. The combination of ACO and PSO algorithms produces better
results than either ACO or PSO alone. The pseudocode of proposed AOMDV-ACOPSO is as follow:
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Input: Nodes and their energy level
Output: Energy Efficient nodes
Use AOMDV to find the multiple routes from source to sink
Set the parameters and pheromone trial of ACO.
Update the quantity of pheromones based on node residual energy
While (not met closing condition) do
create ant solutions by applying local search
find fitness value corresponding to each ant
find best solution and update pheromones trails using equation 2
End while
Multiple routes are created by ACO
Now generate random population of particles
Repeat
For all particles
Evaluate fitness value for local and global solutions
Update velocities and positions of each particle using equation 3 and 4 given below
Select best position
End For
Until stopping criteria
The process is finally completed when the best set of particles is returned.

In ACO, kth ant moves from node u to node v with probability is shown below in Eq (1).

P =

(1)

Where,
P
τ

Ant's probability of travelling from node u to node v
Total Pheromone deposit by ant on path uv

η

Value of path uv

And the equation for updating the value of pheromones trails calculated by Eq(2).

τ

←

+ ρ ∆τ

(2)

Where,
τ
Total Pheromone deposit by ant on path uv
1 ρ
Pheromone Evaporation Rate
ρ = Residual Pheromone coefficient
Whereas. the velocity and position of the particles are solved using the Eq(3) and Eq(4):

Vuv (t + 1) = W v(t) + C1r1 (pBest(t) –Xuv (t)) + C2r2(gBest (t) – Xuv(t))

(3)

Xuv (t + 1) = Xuv (t) + Vuv (t + 1)

(4)
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Where,
Vuv (t + 1) = Particle’s velocity
Xuv (t + 1) = Particle present position
t = number of iterations
Wuv =Inertia weight
C1, C2 = awareness and gregarious learning factor
r1, r2 is the random number whose values lies between 0 and 1
pBest, gBest = Personal and Global best of particle
In the proposed approach, the above steps are carried out to identify the optimal route among the multiple paths
created by the ACO. PSO algorithm is employed in the suggested approach to discover the optimal path. The
flowchart for the proposed algorithm is as follow:

Fig 2.Flowchart for AOMDV-ACOPSO algorithm
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4. Performance Analysis of AOMDV-ACOPSO
For the performance analysis of proposed approach, the following performance measures are used:
E2E delay: It is the average time taken for packets to be successfully transmitted from source to sink[27]. It can
be computed by Equation 5:
𝒏

End to End delay =

𝒋 𝟏

𝑫𝒋

𝑺𝒋 /𝒏

(5)

where D stands for destination and S stands for source.
Throughput: It refers to how much data the destination receives in a certain length of time[28]. It is expressed
in kbps and calculated by Eq. 6.
Throughput= (the number of bytes received* 8 / the time taken for simulation) *1000 kbps

(6)

PDR: It is the proportion of total packets received by the sink node (PR) to total packets sent by the sender node
(PS)[29] shown below in equation 7.
(7)

PDR= (PR/ PS) * 100

Energy Consumption (EC):It is the quantity of energy utilized by nodes during the simulation time[30]. This is
determined by computing the energy level of each node at the end of the simulation by equation 8.
Energy Consumption =

𝒏
𝒋 𝟏

𝒊𝒏𝒊𝒕 𝒋

𝒆𝒏𝒆𝒓 𝒋

(8)

4.1 Simulation Parameters
The performance of proposed and existing techniques is evaluated in a variety of simulation parameters. For
simulation, the NS2.35 network simulator tool is utilized because it provides accurate implementations of several
network protocols. Our method AOMDV-ACOPSO has been evaluated against other routing protocols and
optimization techniques such as AODV, AOMDV, ACO-AOMDV, PSO-AOMDV. With a node count from 20
to 100 and deployment area of 1000*1000 m2 the proposed and existing techniques are implemented. Table 2
below, lists the simulation parameters.
Table 2. Details of Simulation Parameters
Parameters

Value

Type of Channel

Wireless

Radio Propagation model

Two-way Ground

Mac Type

Mac/ 802_11

Antenna model

Omni Antenna

Length of Queue

50

Nodes no.

20,40,60,80,100

Nodes Speed

20

Area

1000m*1000m

Traffic type

CBR

Simulation Time

80s

Routing Protocol

AODV, AOMDV

Speed Type

Uniform

Pause Time

5s

Pause Type

Uniform

4.2 Throughput: Throughput is the most important performance statistic for any routing approach.Fig.3 and
Table 3 shows the result of throughput for AODV, AOMDV, ACO-AOMDV, PSO-AOMDV and proposed
AOMDV-ACOPSO optimized routing protocol with node size vary from 20 to 100.
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Table 3. Throughput vs number of nodes

Number of Nodes

AODV

AOMDV

ACOAOMDV

PSOAOMDV

AOMDVACOPSO

20

7000

7500

8000

8100

11500

40

7000

7500

8000

8100

11500

60

5000

6000

7500

7610

10350

80

6000

7000

8000

8200

11500

100

7000

7500

8000

8210

12100

Fig.3. Throughput vs number of nodes

The results of the simulation show that as the size of network increases from 20 to 100 node, the proposed
technique achieves a higher throughput than AODV, AOMDV, ACO-AOMDV, PSO-AOMDV. Throughput
increases in proposed technique because of optimal path selection among the multiple pathways generated by
AOMDV. The performance of ACO-AOMDV and PSO-AOMDV in terms of throughput is quite similar as there
is very slight variation in their values, however AODV has very less throughput as compared to other techniques.
4.3 E2E Delay: Fig.4 and Table 4 shows the experimentation findings of E2E Delay for AODV, AOMDV, ACOAOMDV, PSO-AOMDV and proposed AOMDV-ACOPSO optimized routing protocol with node size ranging
from 20 to 100.
Table 4. E2Edelay vs number of nodes

Number of Nodes

AODV

AOMDV

ACO-AOMDV

PSO-AOMDV

AOMDVACOPSO

20

0.38

0.37

0.35

0.32

0.24

40

0.38

0.37

0.35

0.32

0.22

60

0.38

0.36

0.32

0.28

0.18

80

0.35

0.33

0.3

0.25

0.18

100

0.3

0.28

0.3

0.24

0.17
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Fig4. E2Edelay vs number of nodes

Comparing with AODV, AOMDV, ACO-AOMDV and PSO-AOMDV, the simulation results show that
AOMDV-ACOPSO performs best in terms of E2E delay when the size of network gradually increases from 20 to
100 due to the selection of optimum path for data transfer. It is also observed from above figure and table that
AODV has higher end-to-end delay than other techniques. This is most possibly because in AODV nodes may
have to wait longer for the route to be discovered which result in a delay for successful transmission of packets
from source to sink node.
4.4 Energy Consumption: Fig.5 and Table 5 shows the simulation results of existing techniques and proposed
optimized routing protocol when node size vary from 20 to 100.
Table 5. Energy Consumption vs Number of nodes

Number of
Nodes

AODV

AOMDV

ACO-AOMDV

PSO-AOMDV

AOMDVACOPSO

20

60

58

55

53

48

40

65

60

55

54

48

60

70

70

58

55

49

80

75

68

59

56

50

100

80

75

59

57

52
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Fig.5. Energy Consumption vs Number of nodes

In comparison to existing techniques, the proposed optimization technique achieves better energy efficiency and
node stability due to less energy consumption and successful packet delivery from source to sink node. Reducing
energy usage is required to balance the energy of nodes and extends network lifetime. The most stable route for
data transfer is determined using the proposed technique, which helps to reduce the probability of link breakages
and responds better to changes in network topology. However, AODV consumes a lot of energy when compared
to other techniques since nodes in AODV may have to wait longer for the route to be discovered, resulting in
energy consumption and a shorter network lifetime.
PDR: Fig. 6 and Table 6 compares and analyses the PDR of the proposed technique and existing technique. In
figure, X-axis represents the number of nodes, and the Y-axis indicates the PDR.

Table 6. PDR vs Number of nodes

Number of
Nodes

AODV

AOMDV

ACO-AOMDV

AOMDVACOPSO

PSO-AOMDV

20

78

80

85

88

92

40

77

79

85

89

92

60

75

78

83

86

91

80

76

79

84

88

92

100

77

78

85

89

92
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Fig.6. PDR vs number of nodes

The PDR examines at how many packets are sent and received by the node. The routing and optimization
technique becomes more reliable as the packet delivery rate increases. The AOMDV-ACOPSO has a greater PDR
than the existing approaches, as evidenced by the experimental findings. The presence of major trust measures
and the selection of optimal routes are the primary reasons for the suggested technique superior performance. The
proposed technique has a low latency rate because it selects the optimal route rather than the shortest route. The
shortest path may comprise fraudulent nodes, whereas the best route is made up of secure nodes. Experimental
results show that AODV has a very high PDR as compared to other techniques because it takes a more time to
identify a route which leads in a longer time to deliver the packet.
5. Conclusion
Wireless devices having no predetermined infrastructure create MANET. In MANET,data transfer from a source
to a sink is an important and complex task due to its dynamic topology. There has been a rise in interest in applying
SI or nature-inspired techniques to improve the energy efficiency and network lifespan of MANET networks.
ACO and PSO are two of the most widely used SI techniques for path discovery in MANET.In this research work,
we introduce AOMDV-ACOPSO, a hybrid optimization technique that always chooses the optimal route for data
transfer rather than the shortest path. AOMDV protocol generates the multiple paths from source to sink node and
ACOPSO technique is used to select the optimized route among all the routes generated by it. Experimental
analysis is done using NS2.35 and simulation results of proposed technique is compared with AODV, AOMDV,
ACO-AOMDV and PSO-AOMDV in which suggested approach outperforms the existing techniques in terms of
PDR, E2E delay, Energy Consumption, and Throughput.
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