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Abstract: Within few years Mobile Ad -hoc has fetched more attention due to plug and play self configuring infrastructure less 
network. Routing in Mobile Ad hoc Networks (MANETs) is an essential component for basic network function and also major 
issues in MANET is routing due to the mobility of the nodes. Ant Colony Optimization is an algorithm to solve problems like 
routing in MANETs based on food searching behavior of ants. Ant Colony Optimization, a swarm intelligence based optimization 
technique, is widely used in network routing. This paper presents an ant colony optimization (ACO) method in a mobile ad hoc 
network (MANET). The main goal in the design of the algorithm will be reduce the routing overhead, response time, end-to-end 
delay and increase the performance. 
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I. INTRODUCTION 
 

A MANET (Mobile Ad Hoc Network) is a group of mobile 

nodes equipped with wireless communication capabilities. 

These nodes can communicate with each other without using 

any fixed infrastructure. Advances in microelectronics 

technology have enabled the construction of small and 

portable mobile devices. These devices can move freely, 

resulting in dynamic topology. Several ad hoc routing 

protocols have been designed. Existing MANET routing 

algorithms can be classified as being proactive, reactive or 
hybrid. Proactive algorithms try to maintain up-to-date 

routes between all pairs of nodes in the network at all times. 

The advantage is that routing information is always readily 

available when data need to be sent, while the main 

disadvantage is that the algorithm needs to keep track of all 

topology changes, which can become difficult when there 

are a lot of nodes or when they are very mobile. Examples 

of proactive algorithms are Destination-Sequence Distance-

Vector routing (DSDV) [1] and Optimized Link State 

Routing (OLSR) [2]. Reactive algorithms only maintain 

routing information that is strictly necessary: they set up 
routes on demand when a new communication session is 

started, or when a running communication session falls 

without route. This approach is generally more efficient, but 

can lead to higher delays as routing information is often not 

immediately available when needed. Examples of reactive 

routing algorithms include Dynamic Source Routing 

(DSR)[3] and Ad-hoc On-demand Distance-Vector routing 

(AODV)[4]. Finally, hybrid algorithms use both proactive 

and reactive elements, trying to combine the best of both 

worlds. An example is the Sharp Hybrid Adaptive Routing 

Protocol (SHARP)[5]. 
 

However, Mobile ad hoc network routing is a difficult 

problem because network characteristics such as traffic load 

and network topology may vary stochastically and in a time 

varying nature. And also the dynamic nature of these 

networks, the topology can change continuously, and paths 

between sources and destinations that were initially efficient 

can quickly become inefficient or even infeasible. This 

means that routing information should be updated more 
regularly than in traditional wired telecommunication 

networks. However, this can be a problem in MANETs, 

because they typically have limited bandwidth and node 

resources, and make use of possibly unreliable wireless 

communication channels. New routing algorithms are 

therefore needed, which can give adaptively in an efficient 

and robust way.  

 

The distributed nature of network routing is well matched by 

the multi agent nature of ACO algorithms. The ACO 

metaheuristic is based on generic problem representation 
and the definition of the ant’s behaviour. ACO adopts the 

foraging behaviour of real ants. When multiple paths are 

available from nest to food, ants do random walk initially. 

During their trip to food as well as their return trip to nest, 

they lay a chemical substance called pheromone, which 

serves as a route mark that the ants have taken [6].  

 

 

Subsequently, the newer ants will take a path which has 

higher pheromone concentration and also will reinforce the 

path they have taken. ACO routing algorithms boast a 

number of interesting properties compared to traditional 
routing algorithms. First of all, they are adaptive, thanks to 

the use of continuous path sampling and probabilistic ant 

forwarding, which leads to an uninterrupted exploration of 

the routing possibilities. Next, they are robust. This is 

because routing information is the result of the repeated 

sampling of paths. Finally, ACO routing algorithms can 

usually set multiple paths, over which data packets can be 

forwarded probabilistically like ants. This can result in 

throughput optimization, automatic data load balancing, and 

increased robustness to failures. 
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II. MOBILE AD HOC NETWORK (MANET) 

A Mobile Ad Hoc Network is formed when the wireless 

mobile devices communicate with the neighbouring devices 

without any fixed infrastructure. As the nodes are mobile, 

the network topology changes dynamically and frequently. 

The absence of any hierarchy, established infrastructure, or 

centralized administration forces the nodes to control the 
network on their own. The Internet Engineering Task Force 

(IETF) defines MANET as an autonomous system of mobile 

routers (and associated hosts) connected by wireless links-

the union of which forms an arbitrary graph. The routers are 

free to move randomly and organize themselves arbitrarily; 

thus, the network's wireless topology may change rapidly 

and unpredictably. Such a network may operate in a 

standalone fashion, or may be connected to the larger 

Internet" (IETF) [7]. The ultimate goal of MANETs is to 

provide secure access of data resources to mobile users at 

anytime and from anywhere. In MANET, a wireless node 

plays different roles like source, destination and 
intermediate node of data transmission. Basically, Ad Hoc 

network is a collection of nodes communicating with each 

other by forming a multi-hop network. A wireless node 

plays the role of intermediate node as a router that can 

receive and forward data packets to its neighbour closer to 

the destination node. Due to the mobile nature of wireless 

nodes in ad hoc networks, the network topology changes 

from time to time. 

 

2.1 CHALLENGES IN MOBILE ADHOC NETWORK 

Mobile Ad-hoc Networks are different from the well-known 
wired networks; it is an absolutely new architecture. Thus 

some challenges raise from the two key aspects [8]: self-

organization and wireless transport of information. 

 Routing: In MANETs routing is an important challenge 

for the performance degradation due to unicasting, 

multicasting and geocasting demands by the network 

nodes in contrast to single hope wireless networks. It’s 

because of rapid change in network topology and with 

different mobility speeds. 

 Time-varying wireless link characteristics: Wireless 

channel is liable to a range of broadcast disorders such 
as path harm, declining, intervention and obstruction. 

These features resist the series, data rate, and 

consistency of these cordless transmissions. The range 

of which these features disturb the transmission that rest 

on atmospheric situations and flexibility of receiver and 

transmitter. Even two dissimilar key restraints, 

Nyquist’s and Shannon’s theorems that rule over 

capability to communicate the information at diverse 

data degrees can be measured. 

 Mobility-induced route changes: The system 

topography in ad hoc wireless network is extremely 

active because of node movement; as a result, a 
constant meeting undergoes numerous pathway 

breakages. Such position often results in regular path 

alterations. So flexibility administration is massive 

investigation theme in ad hoc networks.  

 Mobility-induced packet losses: Communication 

contacts in an ad hoc network are insecure such that 

consecutively conservative procedures for MANETs 

over a great damage frequency will suffer from 
performance deprivation. Though, with large frequency 

of inaccuracy, it is problematic to supply a data-packet 

to its target. 

 Quality of Service: In MANETs quality of service is an 

important challenge for the differed kind of quality 

level demands by the network nodes. Its becomes very 

difficult to fulfill the different levels or priority 

demands related to quality of service so these network 

required best control of QoS specially in case of 

multimedia [9].  

 Energy constrained operation: Some or all of the 

nodes in a MANET may rely on batteries. In this 
scenario, the most important system design criteria for 

optimization may be energy conservation. 

 Bandwidth: Bandwidth constrained is also a big 

challenge; Wireless links have significantly lower 

capacity than their hardwired counterparts. Also, due to 

multiple access, fading, noise, and interference 

conditions etc. the wireless links have low throughput.  

 Limited physical security: Mobile networks are 

generally more prone to physical security threats than 

are fixed cable networks. There are increased possibility 

odeavesdropping, spoofing and denial-of-service attacks 
in these networks. 

 Security: In MANET, security is one the important 

challenge due to its wireless environment. The data of 

users from one node to another node must be transferred 

safely and completely. The least privilege principle can 

also enhance the security of MANET systems as 

proposed for organizations. Moreover, there are hybrid 

models are also available that are offering benefits of 

two access control models with implementations [10] 

[11]. 

 

III. ANT COLONY OPTIMIZATION (ACO)  
 
The Ant colony optimization is based on the foraging 

behaviour of ants. When ants search for food, they wander 

randomly and upon finding food return to their colony while 

laying a chemical substance called pheromone. These 
pheromones are dropped at regular intervals to act as a trail. 

Also the pheromones slowly disappear over time. So they 

act as a guiding trail to other ants which begin to follow this 

path. In the same way, ants which trace a particular path 

strengthen the scents of pheromones on the path. In this 

way, a number of paths might exist from the nest to the food 

source. Also the shortest path will be the one with the 

highest pheromone scent and also naturally the path with the 

highest concentration of ants. Subsequently more ants are 

attracted by this pheromone trail, which reinforces the path 

even more. This autocatalytic behaviour quickly identifies 

the shortest path [12]. 
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Characteristics of ACO algorithms for routing 
The following set of core properties characterizes ACO 

instances for routing problems: 

 Providing traffic-adaptive and multipath routing. 

 Relying on both passive and active information 

monitoring and gathering. 

 Making use of stochastic components.  

 Not allowing local estimates to have global impact. 

 Setting up paths in a less selfish way than in pure 

shortest path schemes favoring load balancing. 

 Showing limited sensitivity to parameter settings 

[13]. 

 

The classification of ACO algorithm on MANET is mostly 
based on the type of protocols used. This paper classifies the 

algorithm in into two such as Energy based ACO algorithm 

and Security based algorithm. The following section 

explains some of the energy based ACO algorithms. 

 EAAR (Energy Aware Ant based Routing): EAAR is 

multipath ACO routing protocol it calculate the energy 

by transmitting a packet and the residual battery 

capacity of a node to increase the artery life of the node 

so that they can increase the battery life of the node. 

 AntHocNet [14]: It uses FANT to find routes and 

BANT to build routes from the source node to the 
destination node. The power problem in MANET has 

been receiving significant attention in mobile nodes. 

The power management schemes have two objectives to 

minimize the total power consumption in the network 

and to minimize the power consumption per node. 

 AEERP: An ant based energy efficient routing protocol 

(AEERP) is proposed in MANET. Where the path 

selects is dependent on not only the number of hops 

between nodes but also the energy consumed in 

transmitting packets and residual energy of nodes. 

AEERP can balance the energy consumption of node in 

the network and increase the network life time. 

 ARA (Ant colony based Routing Algorithm): Ant 

Colony based Routing protocol called ARA is an ACO 

based routing scheme using distance vector routing. It is 

a very simple and sophisticated algorithm for Ant 

Routing Algorithm (ARA). Route discovery in ARA is 

done by broadcasting forward Ants, similar to forward 

ant in AntNet, and similar to Route Request (RREQ) 

packets in AODV. 

 EEABR (Energy Efficient Ant Based Routing): 
Energy Efficient Ant Based Routing (EEABR) 

algorithm is maximizing the network lifetime. This 
algorithm main aim to reduce the energy consumption 

related to the ants. EEABR algorithm carries only the 

last visited node information. Each node keeps the 

information of the received and send in its memory. 

Each memory record contains the previous node and the 

forward node. A forward and arrived, a node looks up 

in its memory. The node record the information restarts 

the timer, and forwards the ant to next hop node. 

 ANTNET: ANTNET inspired by the foraging behavior 

of ants and is applied for wired networks. The main aim 

of this routing technique is for optimizing the 

performance of the network. ANTNET is based on a 
greedy stochastic policy according to the following 

rules [15]: forward ants randomly search for 

destination, after arriving at the destination, the ants 

travel backwards on the path; to visited all nodes are 

updated the most adjective information for the 

destination. The goodness of a path is influenced by the 

travel time of forwards ants, the selections probabilities 

of path updated by backward ants travelling in the 

forward rather than backward direction. 

 

3.1 ACO ALGORITHM 

Given below following steps are explain the operation of 

ACO algorithm.  

STEP 1: Let the source node S and destination node D, S 

has data to send to D with Quality of Service requirements 

higher bandwidth and less delay. A list of node visited by 

the ant is called visited node list, this forms the route from 

the source node to destination node. 
STEP 2: Initially choose the source node S, and the visited 

node list will be initialize to source node S. 

STEP 3: The Euclidean distance between the two nodes in 

the network is at most R, where R is the transmission radius 

which is equal for all nodes in the network. 

STEP 4: Source node S initiates a Path_Request_Ant to 

destination through all its neighbors which are in 1-hop 

distance from S. The next hop will be selected with the 

higher probability of the link, 

 

 

𝑃𝑖,𝑗 =  
 𝜏𝑖,𝑗  

𝛼
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𝜂𝑖,𝑗  - Pheromone on the link 

𝜏𝑖,𝑗  - Visibility factor of the link 

B- Bandwidth of the link 

K- K is the constant 

𝛼, 𝛽 - aco optimization constant 

 

STEP 5: When the Path_Request_Ant reaches the 

destination, it will be converted as Path_Reply_Ant and 

forwarded towards the original source node, and taking the 

same path corresponding to the Path_Request_Ant but in 

reverse direction. 
STEP 6: To find the best route our algorithm use the 

pheromone accumulation by the backward ants laid on links, 

which depends upon the QoS parameter as: 
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Δ𝜏
 i,j = 

B
K

β + 
K

Dβ
 

Δ𝜏 i,j  - accumulated pheromone on the l ink 

B – Bandwidth 

D- Delay 

STEP 7: The backward ant accumulate the pheromone and 

also the evaporation of pheromone take place, now calculate 

the updated pheromone after the evaporation, 

𝜏𝑛𝑒𝑤 =  𝜌. 𝜏𝑜𝑙𝑑 +  Δ𝜏 
STEP 8: The path with the higher path preference 

probability will be considered as the best path and the data 

transmission can be started along that path. 

 

IV. CONCLUSION 
 

Mobile ad-hoc networks are flexible networks that do not 

require any pre-installed infrastructure. One of the main 

important challenges in mobile ad-hoc networks is the 

routing problem, which is highly affected by the node 
mobility. Several algorithms were introduced in the 

literature trying to handle the routing problem in this kind of 

dynamic networks. In this paper, a routing algorithm based 

on Ant Colony Optimization (ACO) for mobile ad-hoc 

networks is presented and discussed. Using proposed 

algorithm (Ant Colony Optimization) to find the optimum 

route ensures that the optimum and reliable route has been 

found out with the greater throughput and lesser delay. 
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