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Abstract
In recent years, Mobile Ad-hoc NETwork (MANET), a flexible and rapidly deployable communication network is widely 
being used. The mobile nodes often create link changes that demand reconstruction of the already identified routes. The 
route discovery and the successive route maintenance is performed by the routing algorithm. In order to determine an 
efficient, robust and scalable routing in MANET, there is a need to develop a routing algorithm that is fully aware of the 
current network topology and available resources. A multi objective unicast MANET route optimization problem that uses 
network performance measures such as delay, hop distance, load, cost and reliability is addressed in this study. A multi-
objective version of the traditional Ad hoc On-Demand Vector (AODV) routing protocol and an ant based routing algorithm 
is presented to solve this NP hard problem by employing this objective vector. Simulation is carried out in NS2 and the 
results revealed that the proposed algorithms yield good results in terms of delay, packet delivery ratio and throughput 
when compared with the AODV protocol. 
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1. Introduction
Mobile Ad-hoc NETwork (MANET) is extensively used 
in crisis management services such as military operations 
and disaster rescue programs, and also in satellite com-
munication and Personal Area Networks. The application 
of MANET for commercial purposes is currently being 
explored. Recently MANET is also being employed in 
Internet of Things (IoT), Body Area Networks (BAN) and 
5G devices1–5. Its self-creating, self-organizing and self-
administering capability and infrastructure less feature 
makes it advantageous than contemporary networks such 
as wired, wireless and mobile network6,7. The performance 
characteristics of MANET such as security and reliability, 
Quality of Service (QoS), inter-networking, power con-
sumption and multicasting have attracted more attention 
in academic research8. 

Many routing protocols are reported in the litera-
ture and the network performance largely depends on 
the performance of these protocols9–12. The conventional 
protocols adopt Dijkstra’s and Bellman-Ford Algorithms 
that yield good routing solutions, however with high 
computational complexity increasing with the increase in 
search space and solution space13,14. The hop count based 
routing strategy adopted in classical routing protocols 
lead to high failure rate in the network and subsequently 
the packet drop rate and overhead increases15. Recently 
evolutionary and swarm intelligent routing protocols 
are developed to solve this problem that include Genetic 
Algorithm16, Particle Swarm Optimization17, Bird-flight 
algorithm18, Bee Colony Optimization19 and Ant Colony 
Optimization (ACO)20. However, it appears that the study 
of this hard problem under the influence of a multi-ob-
jective optimization function consisting of QoS, energy 
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and stability metrics using evolutionary algorithms is 
scarcely reported in the literature. Multi-objective Ad-hoc 
On-Demand Vector (AODV) routing protocol and an 
Ant based optimization algorithm have been proposed to 
solve this complex route optimization problem.

2. The Background
Dynamic topology in MANET poses challenges in estab-
lishing uninterrupted network communication such as 
scalability, QoS, connectivity control, neighbor discov-
ery, traffic distribution, reliability and topology control15. 
These issues have to be addressed to ensure reliable and 
efficient communication. Routing is a mechanism that 
takes the data from source to destination nodes in a 
network through a loop-free path with minimum compu-
tational time, memory overhead using an optimal routing 
strategy11. The routing overhead due to the periodic or 
on-demand route maintenance contributes to computa-
tional complexity, memory complexity, data complexity, 
packet complexity and convergence time. The complex-
ity increases with the increase in the network size and 
dynamics in the network and hence, this route optimi-
zation problem in MANET is a complex NP-complete 
and NP-hard problem21,22. The design of routing proto-
col to generate an optimal route with the best network 
performance is a challenge. MANET is a network with 
self-administered mobile nodes that often experiences 
link/route failures leading to unreliable communica-
tion23. The MANET routing protocols are classified into 
Proactive, Reactive and Hybrid routing route discovery 
schemes.

Reactive routing scheme searches route only during 
the communication start (if the destination is not known 
yet) and during a communication failure (if the topology 
changes). Control packets are flooded across the network 
to construct an optimal route between a communicating 
pair24. The various routing metrics that are considered 
while making routing decision define the quality of the 
route. Initial routing protocols that performed reac-
tive routing were distance vector based like Routing 
on-demand acyclic multi-path (ROAM)25, Temporally 
ordered routing algorithm (TORA)26, Dynamic source 
routing (DSR)27 and Ad hoc on-demand distance vec-
tor (AODV)28. Hop count based route selection adopted 
by the standard AODV and DSR protocols are outper-
formed by Associativity Based Routing (ABR)29, Signal 
Stability Adaptive (SSA) protocol30 that consider the link 

stability in making routing decisions. There are several 
variants of AODV protocol that use other routing met-
rics such as QoS Ad-hoc On demand Distance Vector 
(QoS AODV)31, Energy Multi-path Ad-hoc On-demand 
Distance Vector routing (EM-AODV)32, Reduce AODV 
(RAODV)33, Energy Aware Reverse Reactive Routing 
Protocol (EA-RAODV)34 and  Route Stability and Energy 
Aware Routing (RSEA-AODV)35. Jain et al. made a review 
of Energy and Delay-Constrained AODV (EDC-AODV) 
and Energy and Delay AODV (EDAODV) which showed 
remarkable improvement than the traditional AODV 
protocol in the simulation experiments36. Cluster based 
reactive routing is reported in the literature viz., Cluster 
Switch Gateway Routing (CSGR)37, Cluster-based rout-
ing protocol (CBRP)38, Enhanced Distributed Weighted 
Clustering Routing Protocol (EDWCRP)39 and Efficient 
Neighbor Coverage Routing Protocol (ENCRP)40. These 
protocols disintegrate the network into clusters, each 
cluster having a cluster head. Though clustering method 
is advantageous in aspects like distribution, it has high 
complexity and overhead in maintaining the clusters. 
Moreover the reliability of the cluster head has serious 
impact on the network performance. Flow oriented rout-
ing protocol (FORP) that incorporates current position of 
nodes, velocity, direction of node movement, and trans-
mission range to estimate link/route expiration time41, 
Reliable on-demand routing protocol (RORP)23 and Link 
Failure Prediction (LFP) algorithm42 that uses received 
signal strength and battery power status are other reactive 
protocols reported in the literature.

On contrast to reactive routing type, proactive rout-
ing floods periodic updates through which the algorithm 
realizes a topology change and update the route between 
a communicating pair to sustain communication. Initially 
Destination-Sequenced Distance Vector (DSDV) pro-
tocol43 is developed that considers the routing metrics 
- hop count and distance for route selection. The study 
of DSDV protocol conducted out by He (2002) revealed 
that this protocol incurs high delay, high communication 
overhead due to the periodic routing updates. The stor-
age complexity is estimated to be 2(V ).q  Further it does 
not support multipath routing and with the increase in 
the network diameter and number of nodes, the compu-
tational effort increases leading to high packet loss. The 
count-to-infinity problem and indefinite looping effect 
in DSDV protocol are eliminated in Wireless Routing 
Protocol (WRP), Global State Routing (GSR) and Fisheye 
State Routing (FSR) protocols. The comparison of GSR 
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and FSR protocols, Link state method and DSDV pro-
tocol revealed that the computational time complexity 
of these algorithms is found to be 2(V ).q  and the rout-
ing inaccuracy is found to be very less in GSR and FSR 
protocols when compared to other protocols. The study 
also revealed that the control overhead of FSR protocol is 
lesser than GSR protocol and packet delivery rate of FSR 
protocol is high in GSR protocol when the network size is 
varied between 100 to 1000 nodes44. Source-Tree Adaptive 
Routing (STAR), Multimedia support in Mobile Wireless 
Networks (MMWN), Cluster-head Gateway Switch 
Routing (CGSR), Hierarchical State Routing (HSR), 
Optimised Link State Routing (OLSR), Open Shortest 
Path First (OSPF) routing, Topology Broadcast Reverse 
Path Forwarding (TBRPF) are other proactive routing 
protocols45. According to Chang et al, there is a con-
ceived overhead that consumes considerable bandwidth 
available in the network because of the periodic route 
updates and flooding of control packets. Especially when 
the network is large, the augmented bandwidth utiliza-
tion is tremendous and the algorithms do not scale well46. 
Literature also reveals that this class of protocols reports 
accelerating bandwidth consumption as the problem size 
and mobility increase. There is also a considerable drop 
in Packet Delivery Ratio since the time period between 
the route failure and route discovery suffers packet loss. 
It is found from the literature that, Global State Routing 
(GSR)49 and Fisheye State Routing (FSR)44 are more suit-
able for large mobile networks and  Optimised Link State 
Routing (OLSR) protocol for dense networks50. 

The hybrid type routing protocols takes the advantages 
of both reactive and proactive methods. These protocols 
use reactive approach for route discovery and proactive 
approach for route maintenance51. Some of the hybrid 
protocols are Zone routing protocol (ZRP), Zone-based 
hierarchical link state (ZHLS), Scalable location update 
routing protocol (SLURP), Distributed spanning trees 
based routing protocol (DST), Distributed Dynamic 
Routing (DDR) and Location Aided Routing (LAR)46,51. 
Mobility Aware Hybrid routing protocol is developed that 
excelled in packet delivery ratio and minimized the control 
overhead when compared with AODV and OLSR proto-
cols56. A hybrid multi-path routing algorithm in industrial 
wireless mesh networks is developed for enhancing the reli-
ability of data transmission and to reduce link failures by 
incorporating enhanced Dijkstra’s algorithm57. The com-
putational effort required by these hybrid protocols is high 
and they are more suitable for larger and diverse networks. 

Moreover, fixing an optimal zone radius contributes to the 
network performance that is difficult to decide58.

Many researchers have attempted to compare the 
performance of these protocols incorporating Quality 
of Service (QoS) metrics (viz., delay, throughput, jitter, 
packet delivery ratio), and other performance metrics like 
memory/overhead metrics and Stability based metrics. 
Studies reveal that AODV protocol is wisely preferred due 
to its ability to generate a route with minimal delay and 
overhead, high packet delivery ratio and throughput35,59. 
However Mobile Ad-hoc Network demands ‘long lived 
routes’ that surpasses mobility to minimize the possible 
route maintenance. It is also required to conserve energy 
in order to maximize the node lifetime60. In order to over-
come some of these limitations,  this study proposes a 
Multi-Objective Ad-hoc On Demand Vector (MOAODV) 
routing protocol that considers a combined metric based 
routing strategy for MANET with metrics viz., delay, hop 
distance, cost, load and reliability.

Research has also addressed the applications of evolu-
tionary algorithms to discover efficient routes in networks. 
Genetic Algorithm61 and Artificial Neural Network62 are 
used to perform MANET routing with good routing solu-
tions. Self-organized natural system has many desirable 
aspects that are suitable to routing problem in MANET. 
Researchers have used the foraging behavior of swarms 
like ants, bees63, termites64 and bats65. Existing ant based 
routing protocols66–88 yield promising results when com-
pared to the classical protocols. However, these algorithms 
are reported to have high routing overhead and the initial 
discovered route has a significant influence on the suc-
cessive route selections in the maintenance phases. Also 
it is observed that there is a need to extract a combined 
performance criterion from Medium Access Control 
layer and Network layer details which would minimize 
the routing overhead, delay, packet loss, energy and band-
width consumption. In this paper, an attempt has been 
made to select stable and efficient routes through Multi-
objective Ant Optimized Routing algorithm (MAOR). 
The simulation results obtained by both are compared 
and discussed.

3.  Multi-Objective Routing 
Optimization

The routing problem in Mobile Ad hoc Network (MANET) 
under study is a Multi-objective Optimization problem. It 
is observed from the literature that,
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i. The problem of Connectivity Management in MANET  
is multi-objective89

ii. QoS routing in MANET is multi-objective16,80,90 

iii. Multicast routing problem in MANET is multi-
objective84,91

iv. Energy efficient clustering in MANET is multi-objec-
tive17

v. Routing problem in Satellite MANET is multi-objec-
tive92

The unicast routing protocols that could optimize more 
than one routing qualities or routing metrics are to be 
developed93.

Since MANET consists of mobile nodes, the mobility 
characteristics and the residual power of the nodes that 
form a communication link have significant impact on 
the link characteristics. Moreover each link has various 
capacities and hence there is a flow constraint that restricts 
the traffic demand and the current load of the link within 
the capacity of the corresponding link. Also the over-
all route from the source node to the destination node 
should lead to minimal delay and distance. Considering 
these requirements, the problem is formulated in order 
to determine the Pareto-optimal or non-dominated set 
of paths from a source node to a destination node which 
would minimize the link metrics viz., distance, cost, delay, 
and load and maximize the reliability of the link. 

A network represented as a graph, G = (V, A) is con-
sidered where V is the vertex set, A is the Adjacency 
Matrix. P* is the set of non-dominated solutions that 
contains optimally assigned links ijx ’s that connects the 
source node, S to the destination node, D. The optimiza-
tion problem considered in the study is as follows:

Minimize Distance,

(i, j) A
p ij ijD d x

∈

= ∑  (1)

Minimize Cost,

(i, j) A
p ij ijC C x

∈

= ∑  (2)

Minimize Delay,

(i, j) A
p ij ijDe de x

∈

= ∑  (3)

Minimize Load,

(i, j) A
p ij ijL l x

∈

= ∑  (4)

Maximize Reliability,

(i, j) A
p ij ijR r x

∈

= ∑  (5)

Subjected to,

1
1
0

ij ij
j V j V
j i j i
i i

if i S
x x if i D

otherwise∈ ∈

≠ ≠
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 =


− = − =




∑ ∑  (6)

{0,1} (i, j) Aijx ∈ ∀ ∈  (7)

ij ij ijt zj+ ≤  (8)

where
dij  - Distance of the link (i,j)
cij - Cost of the link (i,j)
deij - Delay of the link (i,j)
tij - Traffic Load on the link (i,j)
rij - Reliability of the link (i,j)
zij   - Capacity of the link (i,j)
φij   - Demand of the link (i,j)

3.1 Delay Calculation
Delay of data transmission (n bits) from a node i to node j 
through a link (i,j) of bandwidth b is given by6,

ij i j i jde P P Q Q P T= + + + + +  (9)

Here,

ijde  - Delay of the link (i,j)

,i jP P  -   Processing delay at node i and j respectively
,i jQ Q  -  Queuing delay at node i and j respectively

P  - Propagation delay

T  - Transmission delay given by,

nT
b

=  (10)

3.2 Distance Calculation
It is the Euclidean distance between the pair of nodes 
(i,j) placed at positions ( , , )i i ix y z , ( , , )j j jx y z respectively 
which is given by,

2 2 2(x x ) (y y ) (z z )ij i j i j i jd = − + − + −  (11)

Figure 1. Delay of a link (i,j).
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3.3 Load Calculation
The load of a link (i,j) is calculated by keeping in track of 
the number of data packets that have been routed through 
this link and considering the bandwidth of the link.

3.4 Cost Calculation
The data rate of the link (i,j) in bps is assumed for each link 
which is given by bij. Unit cost of transmitting a bit over a 
link is given by cij and packet size is given by psize (fixed).

ij ijC psize c= ∗  (12)

3.5 Reliability Calculation
The unstable network configuration in MANET makes 
the consideration of reliability very vital that leads to 
longer route lifetime which in turn reduces delay and 
control overhead maximizing the bandwidth utiliza-
tion23. Frequent disconnection in links and route often 
makes reliable routing a challenging problem. The reli-
ability in connection depends on the durability of the link 
given by the connectivity period94. Through prediction 
schemes, link lifetime assessment can be made to reduce 
such failures in network connectivity and maximize 
the connectivity period95. MANET is confronted with 
dynamic topology changes and hence reliability of the 
route is a significant component that affects the network 
performance94,96–98. 

Mobility based reliability prediction model is given 
in23,97 is considered in this study however with few 
modifications. Consider a node pair (i,j). Their cur-
rent positions, velocities and directions are given by 
(x , y ,z ),(x , y ,z ) ,(v , v )i i i j j j i j
 
 

 and ( , )i jq q  respectively 
where, 0 , 2i jq q p≤ ≤ . The possible position of the nodes 
after duration t∆  can be given as,

(t ) x (t) cosi i i ix t tv q+ ∆ = + ∆  (13)

(t ) (t) sini i i iy t y tv q+ ∆ = + ∆  (14)

(t ) x (t) cosj j j jx t tv q+ ∆ = + ∆  (15)

(t ) (t) sinj j j jy t y tv q+ ∆ = + ∆  (16)

The reliability of node i is given as,

1
0

VALUEi THRESHOLD
i

if lifetime MIN
R

Otherwise
>

= 


 (17)

where,

i

Residual Energy
Lifetime =

Energy depletion rate
 (18)

Therefore, Mobility based Reliability of link (i,j) is calcu-
lated as,

1

(t )
(t )

0 0 0 (t )

transmission rangeand A 1

ij
ij

ij

i j ij

ij

d t
if d t

transmisison rangeR
if R or R or d t

transmission range

+ ∆

+ ∆
= 


= = + ∆



> =

>

 (19)

Signal strength based stablity model99  is given below:
Relative signal strength of the link (i,j) is given by,

old new
ij ij ijRSS SS SS= −  (20)

where,

ijRSS  - Relative signal strength
old
ijSS  - Recent signal strength
new
ijSS  - Current signal strength

Signal strength based Reliability is given by,

min2

max min

ij
ij

RSS Thresh
R

Thresh Thresh
−

−

 (21)

where,
2
ijR   -  Signal strength based reliability 

of the link (i,j)
minThresh  -  Lower bound for acceptable 

variation
minThresh  -  Upper bound for acceptable 

variation
Overall reliability of the link is given by,

( )
1 2R ,Rij ij ijR Average=� �  (22)

4. Routing Strategy

4.1 Multi-Objective AODV Algorithm
AODV protocol converges to shorter routes and gives 
high bandwidth utilization with low data drop in the sim-
ulation study. However additional information such as 
reliability of the link and energy of the nodes are required 
for effective and reliable routing. This will minimize the 
frequent route maintenance and thereby effectively mini-
mize the overhead. This study proposes a multi-objective 
version of the existing AODV protocol to incorporate the 
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multiple routing criteria in the routing process. The vari-
ables used are as follows:
S - Source node, D-Destination node V∈ ;
RREQ -  Route request packet; RREP-Route reply 

packet; 
NHi -  Neighbor nodes j of node i where (i,j) are live 

links;  
RTi  -  Next-hop node, j, and the link characteristics 

of node i including
ijDe  - Normalized delay of the link (i, j)

ijC  - Normalized cost of the link (i, j)
ijL  - Normalized Load of the link (i, j)
ijD  -  Normalized hop distance between the two 

nodes i and j in the link (i, j)
ijR  - Normalized Reliability of the link (i, j)
ijW  -  Combined weight estimate of the link (i,j)

((De) ij ij )ij ij ijijW S ij L D R− −

↓ ↓ ↓
= ∗ + + + −  (23)

During the control phase, the control packets (Route-
Request RREQ) flood across the network from the source 
node to all the other nodes. Every node forwards RREQ 
to all its neighbors and refresh the routing table of itself 
incorporating the changes occurred in the topology. After 
receiving the Route-Requests, the destination node sends 
back control packet (Route-Reply RREP) to the source 
node through the discovered route. The RREQ and RREP 
packet format for MOAODV is shown in Figure 2.

1. If node i == S, then  //Source node
  1.1 For all nodes j in |NHi| 
   1.1.1. Send RREQ in broadcast mode
   1.1.2. FT=0;
  1.2. End For
  1.3. If RREQ received
   1.3.1.  Drop RREQ // Sender received the packet
  1.4. End If
  1.5. If RREP received
   1.5.1. Start the CBR traffic session
  1.6. End If
2. Else 
  2.1.  k = RREQ_SRC;   //Sender of RREQ - source/

intermediate node
  2.2. i = receiver of RREQ    // not a source node
  2.3. If RREQ received

   2.3.1. If check_neighbor_list(k)==0
  NHi=NHi {i}
   2.3.2. End If
   2.3.3. Calculate ki kiki ki kikiW De C L D R= + + + −

   2.3.4. If wji < wki 
   j=k ;  //Replace the new node k with the 

existing next-hop node j
  FT=FT+wki;
   2.3.5. Else j is unaltered
   2.3.6. End If
   2.3.7. If i==D  //Destination reached
      2.3.7.1.  Send RREP in unicast mode to S 

through its next-hop of node D.
   2.3.8. Else // Intermediate node
      2.3.8.1. Forward RREQ to all j in NHi

   2.3.9. End If
  2.4. End If
  2.5. If RREP received // Intermediate node
   2.5.1. Forward RREP to the next hop node of i
  2.6. End If
3. End If

4.2  Ant Based Multi-Objective Routing 
Algorithm

Inspired by the nature of ants, formally the Ant-cycle 
algorithm was proposed and an Ant system that uses a 
positive feedback from the previous iteration for the com-
putations in the current iteration was developed100. Ant’s 
behavior in finding a path from its hill to food is quite 
interesting wherein, it deposits a chemical substance 
called pheromone, throughout the path it traverses. This 
substance evaporates at a particular rate as time increases. 
The follower ants take a path which has higher phero-
mone density and thereby over a period of time, the ants 
converge to the shortest path. In this study the ant’s forag-
ing behavior is encompassed in the routing protocol for 
MANET.
The RREQ and RREP packet format for this algorithm is 
shown in Figure 3.

1. If node i == S, then  //Source node
  1.1 For all nodes j in |NHi| 
   1.1.1. Send RREQ in broadcast mode

Figure 2. RREQ/RREP packet format for MOAODV Algorithm.

Source 
Address

Destination 
Address

Hop 
Distance Cost Delay Load Reliability ………..
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  1.2. End For
  1.3. If RREQ received
   1.3.1.  Drop RREQ // Sender received the 

packet
  1.4. End If
  1.5. If RREP received
   1.5.1. Start the CBR traffic session
  1.6. End If
2. Else 
  2.1. If RREQ received
   2.1.1.  k = RREQ_SRC; //Sender of RREQ - 

source/intermediate node
   2.1.2.  i =Receiver of RREQ   // not the source 

node
   2.1.3. If check_neighbor_list(k)==0
  NHi=NHi {k}
   2.1.4. End If
   2.1.5. Calculate 

1 1; ;

1 1 1; ;

ki ki ki

ki ki

De C L
ki ki

D R
ki ki ki

De C

L D R

h h h

h h

= =

= = =

   2.1.6. Calculate

kiP =

{ } { } { } { } { }( )

{ } { } { } { } { }( )

D C L De R

ki ki ki ki ki

D C L De R

ki ki ki ki ki

ki D C L De R

ki D C L De R

bl l l l la

bl l l l la

t h h h h h

t h h h h h

−

−

   2.1.7. Calculate kiw = ik ikL C+ ik ikikD De R+ −

   2.1.8. If ji kiP w>

      2.1.8.1.  j=k (replace the new node k with 
the existing next-hop node j)

      2.1.8.2. Fbest +=wji

      2.1.8.3. τji = τji +Δτ where, 1

bestF
t∆ =

      2.1.8.4. For all k in |NHi| and  k j≠

   τkj = (1-p) τkj  ; 
      2.1.8.5. End For
   2.1.9. End if
   2.1.10. If  i==D //Destination reached

      2.1.10.1.  Send RREP in unicast mode to S 
to its next-hop j.

      2.1.10.2. Ft= Fbest

      2.1.11. Else Forward RREQ to all j in NHi  

// Intermediate node
      2.1.12. End If
  2.2. End If
  2.3. If RREP received && i D≠  // Intermediate ndoe
   2.3.1. Forward RREP to next-hop node of i
  2.4. End If
3. End If

5. Simulation Results
This section presents the results obtained from the simu-
lation experiments of MOAODV and MAOR algorithms 
for MANET in Network Simulator NS 2. Simulation is 
also performed with AODV protocol, the de facto stan-
dard for MANET. The initial position and destination 
position of the nodes that construct a topology in the 
simulation area are taken in a random fashion. The nodes 
are always kept alive and they start with an initial energy 
of 1000 joules. The parameters used for the experimental 
setup are given in Table 1. 

With these configurations, simulation is carried out 
and the performance is evaluated in terms of average delay, 
throughput and packet delivery ratio. Initially MANET is 
configured with 20 nodes at a node speed of 20 m/s. The 
routes obtained from the three algorithms viz., AODV, 
MOAODV and MAOR are given in Table 2.

Source 
Address

Destination 
Address

Probability Pheromone 
intensity

Hop 
Distance

Cost Delay Load Reliability …

Figure 3. RREQ/RREP packet format for Ant based Routing algorithm.

Table 1. NS2 Simulation Parameters
Platform Linux (Fedora 14) 
NS version NS Allinone 2.35 
Simulation time (minutes) 5 
Number of nodes {20,50,100,200,300}
Node speed (m/s) {20,50,100,150,200}
CBR packet size  (bytes) {1000,1500,2000,2500,3000}  
Simulation area (sq. m.) 1500x1500  
Traffic Constant bit rate (CBR) 
Mobility model Random way point / Energy 

 Model
Transmission range (meter) 250
Protocol {AODV, MOAODV, MAOR } 
Initial Energy (joules) 1000 
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It is found that AODV protocol when implemented 
experienced six CBR traffic sessions and during the fifth 
session, there was no optimal solution retrieved by the 
algorithm, thereby leading to a high packet loss. It is 
observed that the number of non preemptive CBR ses-
sions or the number of times the corresponding routing 
algorithm is called due to a topology change varies and 
the overall routing overhead seems to be relatively low 
for MAOR and MOAODV algorithms, which implies 
that they provide long-lived routes or stable routes when 
compared with AODV algorithm. It can be also derived 
that the reduction in the number of routing updates 
considerably reduces the cost of bandwidth, energy and 
power expenditure due to the control message broad-
casts.

5.1  Effect of Node Velocity on the Network 
Performance

The performance of the proposed algorithms with the 
variation in the node velocity is evaluated and presented 
in Figures 4, 5 and 6. 

Simulation revealed that the average delay is high 
for low velocity networks. For high mobility, MOAODV 
and MAOR decrease the average delay in data trans-
mission. Throughput and packet delivery ratio values 
are high when MOAODV and MAOR are employed. 
Average Delay decreases with the increase in node 
velocity. However throughput and packet delivery ratio 
and throughput remain unaffected by node velocity in 
case of MOAODV and MAOR protocols unlike AODV  
protocol. 

Figure 5. Throughput with variation in Node 
Velocity.

Figure 6. Packet Delivery Ratio with variation 
in Node Velocity.

Table 2. Routes obtained from 
AODV, MOAODV and MAOR 
algorithms

ALGORITHMS ROUTES

AODV

2-4-18-15-10-3
2-14-18-11-6-3
2-14-18-15-10-3
2-14-13-15-10-3
NO_ROUTE
2-12-13-11-10-3

MOAODV
2-0-5-6-3
2-4-16-7-6-3
2-12-13-11-6-3

MAOR

2-12-16-7-6-3
2-4-16-17-10-3
2-14-16-7-6-3
2-0-5-6-3

Figure 4. Average delay with variation in Node 
Velocity.
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5.2  Effect of Traffic on the Network 
Performance

Simulation experiments are carried out by varying the 
packet size of the traffic pattern. The results so obtained in 
terms of the network performance metrics such as average 
delay, throughput and packet delivery ratio are shown in 
Figures 7, 8 and 9. The average delay is reduced with the 
increased traffic in the network. It is observed that with 
the increase in the network traffic packet delivery ratio 

and throughput is found to increase. Moreover it appears 
that ACO algorithm performs better than AODV proto-
col and MOAODV algorithm under high traffic.

5.3  Effect of Network Size on the Network 
Performance

Network size plays an important role in the performance 
of routing algorithm which reveals the scalability charac-
teristics. The delay, throughput and packet delivery ratio 
with the variation in network size are studied. The results 
are presented in Figures 10, 11 and 12.

The study revealed that AODV protocol could not 
yield seamless communication with the increase in net-
work size. This is revealed by the reduced throughput and 
packet delivery ratio values of AODV protocol. However 
MOAODV and MAOR algorithms could perform well in 
larger networks. 

Figure 7. Average delay with variation in Packet Size.

Figure 8. Throughput with variation in Packet Size.

Figure 9. Packet Delivery Ratio with variation in 
Packet Size.

Figure 10. Average Delay with variation in Network 
Size.

Figure 11. Throughput with variation in Network 
Size.
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6. Conclusion
In this paper, routing problem in MANET is consid-
ered as a multi-objective optimization problem and 
solved by Multi-Objective Ad-hoc On-Demand Vector 
(MOAODV) routing algorithm and Multi-objective Ant 
Optimized Routing (MAOR) algorithm. It is found from 
the study that these algorithms yield better solutions 
than that of the state-of-the-art AODV protocol. The 
MOAODV algorithm uses the estimated objective vector 
that includes metrics like delay, hop distance, cost, load 
and reliability, while the MAOR algorithm exploits the 
heuristic approach of ACO algorithm along with the pro-
posed objective vector. The comparison studies through 
simulation reveal that the routing approach considering 
the QoS, power and energy constraints yields better out-
put with minimum delay and maximum throughput and 
Packet Delivery Ratio. The multi objective vector consid-
ered in this study enables the proposed routing algorithms 
to converge to better routes when compared to the AODV 
protocol. The application of other meta-heuristics to 
implement this multi-objective optimization model can 
be explored and their comprehensive performance can be 
studied in future.

7. References
Janevski T. 5G mobile phone concept. Proceedings of 6th 1. 
IEEE Conference Consumer Communications Networking 
Conference; 2009. p. 823–4. 
Ahmed A, Khan F, Rahatullah, Khan G, Ali Y. The role of mobile 2. 
Ad-hoc Networking for pervasive computing. Int J Multi-
disciplinary Sci Eng [Internet]. 2012; 3(8):19–24. Available 
from: http://www.ijmse.org/Volume3/Issue8/paper4.pdf

Miorandi D, Sicari S, De Pellegrini F, Chlamtac I. Internet  3. 
of things: vision, applications and research challenges. 
Ad Hoc Networks [Internet]. 2012;10(7):1497–516. 
Available from: http://linkinghub.elsevier.com/retrieve/pii/
S1570870512000674
Castillejo P, Martínez J-F, Lopez L, Rubio G. An internet  4. 
of things approach for managing smart services provided 
by wearable devices. Int J Distrib Sens Networks [Internet]. 
2013; 2013:1–9. Available from: http://www.hindawi.com/
journals/ijdsn/2013/190813/
Prabh KS, Royo F, Tennina S, Olivares T. BANMAC: an  5. 
opportunistic MAC protocol for reliable communications 
in body area networks. IEEE 8th International Conference 
on Distributed Computing Sensor System [Internet]; 2012. 
p. 166–75. Available from: http://ieeexplore.ieee.org/lpdocs/
epic03/wrapper.htm?arnumber=6227738
Baumann R, Heimlicher S, Strasser M, Weibel A. A survey  6. 
on routing metrics. TIK Rep [Internet]; 2007 [cited 2014 
Oct 9]. Available from: http://scholar.google.com/scholar?
hl=en&btnG=Search&q=intitle:A+Survey+on+Routing+
Metrics#0
Li P, Fang Y. On the throughput capacity of heteroge- 7. 
neous wireless networks. IEEE Transaction on Mobile 
Computers [Internet]. 2012; 11(12):2073–86. Available 
from: http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.
htm?arnumber=6072211
Bheemalingaiah M, Naidu MM, Rao DS, Varaprasad  8. 
G. Energy Aware Node Disjoint Multipath Routing in 
Mobile Ad Hoc Network. J Theor Appl Inf Technol. 2009; 
5(4):416–31. 
Zaki SM, Ngadi MA, Razak SA. A review of delay aware  9. 
routing protocols in MANET. Comput Sci Lett. 2009; 1(1). 
Kumar D. Review: swarm intelligent based routing proto-10. 
cols for mobile Adhoc networks. Int J Eng Sci  [Internet]. 
2010; 2(12):7225–33. Available from: http://www.ijest.info/
docs/IJEST10-02-12-142.pdf
Abolhasan M, Wysocki T, Dutkiewicz E. A review of rout-11. 
ing protocols for mobile ad hoc networks. Ad Hoc Networks 
[Internet]. 2004; 2(1):1–22. Available from: http://linkin-
ghub.elsevier.com/retrieve/pii/S157087050300043X
Bakht H. Survey of routing protocols for mobile Ad-hoc net-12. 
work. Int J Inf Commun Technol Res. 2011; 1(6):258–70. 
Meghanathan N. Graph theory algorithms for mobile ad hoc 13. 
networks. Inform An Int J Comput Informatics [Internet]. 
2012; 36(2012):185–200. Available from: http://www.cis.
umac.mo/~fstqx/Literature_Review_Sample1.pdf
Hanzo L, Tafazolli R. A survey of Qos routing solutions for 14. 
mobile Ad Hoc networks. IEEE Communications Surveys 
and Tutorials. 2007; 9(2):50–70. 
Parissidis G, Karaliopoulos M, Baumann R, Spyropoulos T. 15. 
Routing metrics for wireless mesh networks.  Wirel Mesh 

Figure 12. Packet Delivery Ratio with variation in 
Network Size.



D. Jinil Persis and T. Paul Robert

Indian Journal of Science and Technology  885Vol 8 (9) | May 2015 | www.indjst.org

Networks [Internet]; 2009. Available from: http://link.
springer.com/chapter/10.1007/978-1-84800-909-7_8
Kotecha DK, Popat S. Multi objective genetic algorithm 16. 
based adaptive QoS routing in MANET. IEEE Congress on 
Evolutionary Computation (CEC); 2007. p. 1423–8. 
Ali H, Shahzad W, Khan F. Energy-efficient clustering in 17. 
mobile ad-hoc networks using multi-objective particle 
swarm optimization. Appl Soft Comput [Internet]. 2012; 
12:1913–28. Available from: http://www.sciencedirect.com/
science/article/pii/S1568494611001967
Misra S, Rajesh G. Bird flight-inspired routing protocol for 18. 
mobile Ad Hoc networks. ACM Transactions Auton Adapt 
Syst. 2011; 6(4):1–37. 
Bitam S, Mellouk A, Zeadally S. HyBR: a hybrid bio-inspired 19. 
bee swarm routing protocol for safety applications in vehic-
ular Ad hoc nETworks (VANETs). J Syst Archit [Internet]. 
2013. 59(10):953–67. Available from: http://linkinghub.
elsevier.com/retrieve/pii/S1383762113000532
Singh G, Kumar N, Kumar A. Ant colony algorithms in 20. 
MANETs: A review. J Netw Comput Appl [Internet]. 2012; 
35(6):1964–72. Available from: http://dx.doi.org/10.1016/j.
jnca.2012.07.018
Abdullah J. Performance of QOSRGA routing protocol for 21. 
MANET with random waypoint mobility model. Int J Adv 
Sci Technol [Internet]. 2012; 40(March):19–34. Available 
from: http://www.earticle.net/Article.aspx?sn=206687
Subbaraj S, Savarimuthu P. Eigen trust-based non-co-22. 
operative game model assisting ACO look-ahead secure 
routing against selfishness. EURASIP J Wirel Commun 
Netw [Internet]. 2014; 2014(1):78. Available from: http://
jwcn.eurasipjournals.com/content/2014/1/78
Wang N, Chang S. A reliable on-demand routing proto-23. 
col for mobile ad hoc networks with mobility prediction. 
Comput Commun. 2005; 29:123–35. 
Shrivastava A, Shanmogavel A. Overview of routing proto-24. 
cols in MANET’s and enhancements in reactive protocols. 
Comput Sci [Internet]. 2005. Available from: http://cs.lamar.
edu/faculty/disrael/COSC5100/Seminar.pdf
Raju J, Garcia-Luna-Aceves JJ. A new approach to on-25. 
demand loop-free multipath routing. Proceedings Eight 
International Conference on Computer Communication 
Networks (Cat No99EX370) [Internet]. 1999; 522–7. 
Available from: http://ieeexplore.ieee.org/lpdocs/epic03/
wrapper.htm?arnumber=805568
Park V, Corson S. Temporally-Ordered Routing Algorithm 26. 
(TORA) version 1 functional specification. IETF MANET 
Work Gr INTERNET-DRAFT. 2001; (January 2002):1–23. 
Johnson D, Maltz D, Broch J. DSR: The dynamic source rout-27. 
ing protocol for multi-hop wireless ad hoc networks. Ad hoc 
Netw [Internet]. 2001; 1–25. Available from: http://www.
monarch.cs.cmu.edu/monarch-papers/dsr-chapter00.pdf

Das S, Belding-Royer E, Perkins C. Ad hoc on-demand dis-28. 
tance vector (AODV) routing. 2003; Available from: http://
tools.ietf.org/html/rfc3561.html
Toh C. Associativity-Based Routing for Ad-Hoc Mobile 29. 
Networks. Wirel Pers Commun. 1997; 4:103–39. 
Dube R, Rais CD, Wang K-Y, Tripathi SK. Signal Stability-30. 
Based Adaptive Routing (SSA) for Ad Hoc mobile networks. 
IEEE Personal  Communications; 1997 Feb. p. 36–45. 
Torgheh F, Dehghan M, A’asl ZS, Mirhosseini SM. 31. 
QoS – AODV protocol suggestion and assessment based 
on estimating bandwidth for presenting quality service 
in Ad hoc networks. Proceedings of the 3rd International 
Conference on Communications and Information 
Technology; 2009. p. 301–6. 
Khelifa S, Maaza ZM. An energy multi-path AODV rout-32. 
ing protocol in ad hoc mobile networks. 5th International 
Symposium on I/V Communications and Mobile Network 
(ISVC); 2010. p. 1–4. 
Kumar R, Kamalakkannan P. Personalized RAODV algo-33. 
rithm for reduce link break in mobile ad hoc networks. 
International Conference on Advance Computing (ICoAC). 
2012; Available from: http://ieeexplore.ieee.org/xpls/abs_
all.jsp?arnumber=6416818
Gouda B, Behera C. An enhanced approach for finding 34. 
an optimal path in MANET using Energy Aware Reverse 
Reactive Routing Protocol (EA-RAODV). Int J Comput Sci 
Inf Technol. 2012; 3(5):5280–4. Available from: http://ijcsit.
com/docs/Volume 3/vol3issue5/ijcsit2012030571.pdf
Srinivasan P, Kamalakkannan P. RSEA-AODV: Route stabil-35. 
ity and energy aware routing for mobile Ad Hoc networks. 
Int J Comput Commun. 2013; 8(6):891–900.
Jain P, Kumar V, Jain R. Analytical learning of a delay aware 36. 
routing protocol for multi-hop mobile Ad-hoc networks. 
Int J Comput Trends Technol. 2013; 4(6):1820–4. Available 
from: http://www.ijcttjournal.org/Volume4/issue-6/IJCTT-
V4I6P155.pdf
Chiang C-C, Wu H-K, Liu W, Gerla M. Routing in clustered 37. 
multihop, mobile wireless networks with fading channel. 
IEEE SICON’97; 1997. p. 197–211. 
Jiang M, Li J, Tay YC. Cluster Based Routing Protocol 38. 
(CBRP). INTERNET-DRAFT; 1999. p.1–27. 
Gomathi K, Parvathavarthini B. An enhanced distributed 39. 
weighted clustering routing protocol for key management. 
Indian J Sci Technol. 2015. 8(4):342–8. 
Vinothini M, Umamakeswari A. Reliable data transmis-40. 
sion using efficient neighbor coverage routing protocol 
in wireless sensor network. Indian J Sci Technol. 2014; 
7(12):2118–23. 
Thomas D, Meghanathan N. Development of the multicast 41. 
flow oriented routing protocol for mobile ad hoc networks. 
48th Annu Southeast Regional [Internet]. New York, USA: 



Ant Based Multi-objective Routing Optimization in Mobile AD-HOC Network

Indian Journal of Science and Technology886  Vol 8 (9) | May 2015 | www.indjst.org

ACM Press; 2010. Available from: http://portal.acm.org/
citation.cfm?doid=1900008.1900134
Sharma KD, Patra NA, Kumar C. An update based ener-42. 
gy-efficient reactive routing protocol for mobile Ad Hoc 
networks. Int J Comput Netw Inf Secur. 2013; 5(11):17–26. 
Available from: http://www.mecs-press.org/ijcnis/ijcnis-
v5-n11/v5n11-3.html
Perkins C, Bhagwat P. Highly dynamic Destination-43. 
Sequenced Distance-Vector routing (DSDV) for 
mobile computers. ACM SIGCOMM Computer 
Communication. New York, USA: ACM Press; 1994. p. 
234–44. Available from: http://portal.acm.org/citation.
cfm?doid=190314.190336
Pei G, Gerla M, Chen T-W. Fisheye state routing in mobile 44. 
Ad Hoc networks. Work Wirel Networks Mobile; 2000. 
Available from: http://scholar.google.com/scholar?hl=en&
btnG=Search&q=intitle:Fisheye+State+Routing+in+Mobil
e+Ad+Hoc+Networks#8
Abolhasan M. Scalable routing strategies for mobile ad hoc 45. 
networks; 2003. 
Chang Z, Gaydadjiev G, Vassiliadis S. Routing protocols for 46. 
mobile ad-hoc networks: current development and evalua-
tion. Annu Work Circuits; 2005. Available from: http://pdf.
aminer.org/000/369/981/optimizing_the_location_aided_
routing_protocol_in_mobile_ad_hoc.pdf
Garcia-Luna-Aceves J, Spohn M. Source-tree rout-47. 
ing in wireless networks. Network Protocol; 1999. 
Available from: http://ieeexplore.ieee.org/xpls/abs_all.
jsp?arnumber=801950
Basagni S, Chlamtac I, Syrotiuk VR, Woodward 48. 
BA. A distance routing effect algorithm for mobil-
ity (DREAM). Proceedingsof 4th Annual ACM/IEEE 
Internal Conference on  Mobile Computer Network 
- MobiCom’98. New York, USA: ACM Press; 1998. p. 
76–84. Available from: http://portal.acm.org/citation.
cfm?doid=288235.288254
Gerla M. Global state routing: a new routing scheme for 49. 
ad-hoc wireless networks. ICC “1998 IEEE International 
Conference on Communication. Conference Record 
Affiliated with SUPERCOMM”98 (Cat No98CH36220). 
1998; 1:171–5. Available from: http://ieeexplore.ieee.org/
lpdocs/epic03/wrapper.htm?arnumber=682615
Huhtonen A. Comparing AODV and OLSR routing proto-50. 
cols. Telecommun Softw Multimed. 2004; Available from: 
http://edge.cs.drexel.edu/regli/Classes/CS680/Papers/Ad 
Hoc/Routing/aodv-oslr-comparison.pdf
Gupta AK, Sadawarti H, Verma AK. Review of various 51. 
routing protocols for MANETs. Int J Inf Electron Eng. 
2011; 1(3):251–9. 
Haas ZJ, Pearlman MR. Zone Routing Protocol. IEEE/ACM 52. 
Transaction Network. 2001; 9(4):427–38. 

Beijar N. Zone routing protocol (ZRP). Lab Helsinki 53. 
Univ Technol Finl. 2002; Available from: http://fb.yenol.
net/2007fall/advcomnet/papers/ZRP.pdf
Sarkar S, Bhaumik BB. MEHRP: an efficient hybrid routing 54. 
protocol for MANET using direction dependent bordercast-
ing. TENCON 2008 - 2008 IEEE Regional 10 Conference; 
2008. p. 1–6. Available from: http://ieeexplore.ieee.org/
lpdocs/epic03/wrapper.htm?arnumber=4766834
Dhote C, Pund M, Magrulkar R, Shahade MR. Hybrid 55. 
routing protocol with broadcast reply for mobile Ad hoc 
network. Int J Comput Appl. 2010; 1(10):108–13. Available 
from: http://citeseerx.ist.psu.edu/viewdoc/download?doi=
10.1.1.206.5188&rep=rep1&type=pdf
Kang M, Kum D, Bae J. Mobility aware hybrid routing pro-56. 
tocol for mobile ad hoc network. IEEE conference ICOIN; 
2012. p. 410–4. Available from: http://dl.acm.org/citation.
cfm?id=2194004
Zuo Y, Ling Z, Yuan Y. A hybrid multi-path routing algo-57. 
rithm for industrial wireless mesh networks. EURASIP J 
Wirel Commun Netw. 2013; 82(1):1–12. Available from: 
http://EURASIP Journal on Wireless Communications and 
Networking.
Abbas L, Iqbal M, Shafiq M, Rasool S, Irshad A. A compre-58. 
hensive review of some well known routing protocols for 
MANETs. Int J Adv Technol Eng Res. 2013; 3(6):53–61. 
Sahin C, Urrea E, Uyar M. Genetic algorithms for self-59. 
spreading nodes in MANETs. GECCO’08. 2008. p. 1141–2. 
Available from: http://dl.acm.org/citation.cfm?id=1389318
Helen D, Arivazhagan D. Power saving mechanism for 60. 
Ad-Hoc Network using 3G fast dormancy technology. 
Indian J Sci Technol. 2014; 7(S6):74–7. 
Yang S, Cheng H, Wang F. Genetic algorithms with 61. 
immigrants and memory schemes for dynamic short-
est path routing problems in mobile Ad Hoc networks. 
IEEE Transaction Systems, MAN, Cybernetics, Part - C 
Applications and Reviews. 2010; 40(1):52–63. 
Haigh KZ. Automatic learning-based MANET cross-layer 62. 
parameter configuration. WWASN; 2006. 
Al Maghayreh E, Al-Haija SA, Alkhateeb F. BeesAnts: a new 63. 
nature-inspired routing algorithm. Int J Comput networks 
Distrib Syst. 2013; 10(1):83–97. 
Zungeru AM, Ang L. Performance of termite-hill routing 64. 
algorithm on sink mobility in wireless sensor networks. 
Proceedings of International Conference on Swarm 
Intelligence; 2012. p. 334–43. 
Kiran M, Reddy GRM. Bat-termite: a novel hybrid bio 65. 
inspired routing protocol for mobile ad hoc networks. J Int 
J Wirel Mob Comput. 2014; 7(3):258–69. 
Okazaki A, Frohlich A. Ant-based dynamic hop optimi-66. 
zation protocol: a routing algorithm for mobile wireless 
sensor networks. GLOBECOM Work (GC); 2011. 1179–83. 



D. Jinil Persis and T. Paul Robert

Indian Journal of Science and Technology  887Vol 8 (9) | May 2015 | www.indjst.org

Available from: http://ieeexplore.ieee.org/xpls/abs_all.
jsp?arnumber=6162356
Karthikeyan D, Dharmalingam M. Ant based intelli-67. 
gent routing protocol for MANET. Proceedings of the 
2013 International Conference on Pattern Recognition, 
Informatics and Mobile Engineering (PRIME); 2013. 
Asokan R, Natarajan AM, Venkatesh C. Ant based dynamic 68. 
source routing protocol to support multiple Quality of 
Service ( QoS ) metrics in mobile Ad Hoc networks. Int J 
Comput Sci Secur. 2008; 2(3):48–56. 
Di Caro G, Ducatelle F, Gambardella L. AntHocNet: an ant-69. 
based hybrid routing algorithm for mobile ad hoc networks. 
Parallel Probl Solving from; 2004. Available from: http://
link.springer.com/chapter/10.1007/978-3-540-30217-9_47
Roy B, Banik S, Dey P. Ant colony based routing for mobile 70. 
ad-hoc networks towards improved quality of services. J 
Emerg Trends Comput Inf Sci. 2012; 3(1):10–4. Available 
from: http://sugatasanyal.info/papers/Ant_Colony_NC.pdf
Bokhari F, Zaruba G. AMIRA: Interference-aware routing 71. 
using ant colony optimization in wireless mesh networks. 
WCNC; 2009. 
Sathish S, Thangavel K, Vaidehi V. Cache based ant colony 72. 
routing algorithm for mobile ad hoc networks. Conference 
Wireless. 2011; 1:473–6. Available from: http://dl.acm.org/
citation.cfm?id=2185336
Wang J, Osagie E, Thulasiraman P, Thulasiram RK. 73. 
HOPNET: A hybrid ant colony optimization routing algo-
rithm for mobile ad hoc network. Ad Hoc Networks. 2009; 
7(4):690–705. Available from: http://dx.doi.org/10.1016/j.
adhoc.2008.06.001
Rout A, Sethi S, Mishra D. Optimized ant based routing 74. 
protocol for MANET. ICCCS’11; 2011. p. 21–5. 
Fujita K, Saito A, Matsui T, Matsuo H. An Adaptive Ant-75. 
Based Routing Algorithm used Routing History in Dynamic 
Networks. 
Gupta A, Sadawarti H, Verma A. MANET routing pro-76. 
tocols based on ant colony optimization. J Model Optim. 
2012; 2(1):42–49. Available from: http://www.ijmo.org/
papers/83-JQ082.pdf
Sabari A, Duraiswamy K. Multiple constraints for ant based 77. 
multicast routing in mobile Ad Hoc networks. J Comput 
Sci. 2009; 5(12):1020–7. 
Yoshikawa M, Otani K. Ant colony optimization routing 78. 
algorithm with tabu search. Proceedings International 
Multi Conference Engineers Computer Science; 2010 Mar. 
p. 17–20. 
Dominguez-Medina C, Cruz-Cortes N. Energy-efficient 79. 
and location-aware ant colony based routing algorithms for 
wireless sensor networks. GECCO; 2011. p. 117–24. 
Deepalakshmi P, Radhakrishnan S. An ant colony-based 80. 
multi objective quality of service routing for mobile ad 

hoc networks. EURASIP J Wirel Commun Netw. 2011; 
2011(1):153. Available from: http://jwcn.eurasipjournals.
com/content/2011/1/153
Ladhake S, Thakare S. A review: ant based ad hoc routing 81. 
protocols. Int J Emerg Technol … [Internet]. 2012 [cited 
2014 Jun 18];2(1):2–4. Available from: http://scholar.
google.com/scholar?hl=en&btnG=Search&q=intitle:A+Re
view+:+Ant+Based+Ad+hoc+Routing+Protocols#0
Umlauft M, Elmenreich W. QoS-aware ant routing with col-82. 
ored pheromones in wireless mesh networks. Proceedings 
of Second International Conference on Autonomic 
Computing and Communication Systems; 2008. 
Dhurandher SK, Misra S, Obaidat MS, Gupta P, Verma K, 83. 
Narula P. An energy-aware routing protocol for Ad-Hoc 
networks based on the foraging behavior in ant swarms. 
IEEE ICC 2009 Proceedings; 2009. 
Pinto D, Baran B. Solving multiobjective multicast rout-84. 
ing problem with a new ant colony optimization approach. 
LANC ’05 Proceedings 3rd International IFIP/ACM Latin 
American Conference on Networking; 2005. p. 11–9. 
Available from: http://dl.acm.org/citation.cfm?id=1168120
Correia F, Vazao T. Ad Hoc networks simple ant routing 85. 
algorithm strategies for a (Multipurpose) MANET model. 
Ad Hoc Networks. 2010; 8(8):810–23. Available from: 
http://dx.doi.org/10.1016/j.adhoc.2010.03.003
Wang H, Shi Z, Ge A, Yu C. An optimized ant colony algo-86. 
rithm based on the gradual changing orientation factor for 
multi-constraint QoS routing. Comput Commun. 2009; 
32(4):586–93. Available from: http://dx.doi.org/10.1016/j.
comcom.2008.11.017
Gunes M, Sorges U, Bouazizi I. ARA – the ant-colony 87. 
based routing algorithm for manets. IEEE Proceedings 
International Conference on Parallel Processing Workshops; 
2002. p. 79–85. 
Umlauft M, Wilfried elmenreich. QoS-aware ant rout-88. 
ing with colored pheromones in wireless mesh networks. 
Proceeding Second International Conference on Autonomic 
Computing and Communication Systems; 2008. 
Dengiz O, Konak A, Smith AE. Connectivity management 89. 
in mobile ad hoc networks using particle swarm optimi-
zation. Ad Hoc Networks. 2011; 9(7):1312–26. Available 
from: http://dx.doi.org/10.1016/j.adhoc.2011.01.010
Liu Y, Huang J. A novel fast multi-objective evolution-90. 
ary algorithm for QoS multicast routing in MANET. Int J 
Comput Intell Syst. 2009; 2(3):288–97. 
Crichigno J, Baran B. A multicast routing algorithm using 91. 
multiobjective optimization. Telecommun Networking-
ICT 2004. 2004. Available from: http://link.springer.com/
chapter/10.1007/978-3-540-27824-5_144
Houtian W, Qi Z, Xiangjun X. Cross-layer design and ant-92. 
colony optimization based routing algorithm for low earth 



Ant Based Multi-objective Routing Optimization in Mobile AD-HOC Network

Indian Journal of Science and Technology888  Vol 8 (9) | May 2015 | www.indjst.org

orbit satellite networks. Commun. 2013 Oct; 10(10):37–46. 
Available from: http://ieeexplore.ieee.org/xpls/abs_all.
jsp?arnumber=6650318

 93.  Meghanathan N. Survey and Taxonomy of Unicast 
Routing Protocols for Mobile Ad hoc Networks. Int J Appl 
Graph Theory Wirel Ad hoc Networks Sens Networks. 
2009; 1(1):1–21. 

 94.  Sivakumar M, Jayanthi M. Reliability analysis of link sta-
bility in secured routing protocols for MANETs. Eng J. 
2013; 18(1):65–76. Available from: http://www.engj.org/
index.php/ej/article/view/417

 95.  Zhang H, Dong Y. Mobility prediction model based 
link stability metric for wireless Ad Hoc networks. 
IEEE Wireless Communication Network; 2006. p. 3–6. 
Available from: http://ieeexplore.ieee.org/xpls/abs_all.
jsp?arnumber=4149384

 96.  Argyriou A, Madisetti V. Using a new protocol to enhance 
path reliability and realize load balancing in mobile ad 
hoc networks. Ad Hoc Networks. 2006; 4:60–74. Available 
from: http://www.sciencedirect.com/science/article/pii/
S1570870504000368

 97.  Padmavathy N, Chaturvedi S. Evaluation of mobile ad hoc 
network reliability using propagation-based link reliabil-
ity model. Reliab Eng Syst Saf. 2013; 115:1–9. Available 
from: http://www.sciencedirect.com/science/article/pii/
S0951832013000367

 98.  Eiza M, Ni Q, Owens T, Min G. Investigation of routing 
reliability of vehicular ad hoc networks. EURASIP J Wirel 
Commun Netw. 2013; 2013(1):179. Available from: http://
jwcn.eurasipjournals.com/content/2013/1/179

 99.  Sarma N, Nandi S. A multipath QoS routing with route 
stability for mobile Ad Hoc networks. IETE Tech Rev. 
2010; 27(5):380. 

100.  Dorigo M, Maniezzo V, Colorni A. The ant system: 
optimization by a colony of cooperating agents. IEEE 
Transactions on Systems, Man, Cybernetics Part B. 1996; 
26(1):1–13. 


