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ABSTRACT 
Routing in MANET (Mobile Ad hoc Network) is a 

challenging task because of the mobile nature of the nodes in 

a network and topology changes very often and developing 

effective routing protocols for MANET is also a highly 

challenging task. To fulfil the multiple routing requirements 

as low control overhead, low packet delay, high packet 

delivery rate and adapting effectively to network topology 

changes and so on, are the issues which are emerging. 

Amidst lots of problems which are found to be NP-hard in 

routing, new ways to find approximate solutions have to be 

investigated. A lot of attention was attracted by Swarm 

intelligence inspired algorithms which are based on the Ant 

Colony Optimization meta heuristic technique because they 

can offer optimized solutions ensuring low control overhead, 

robustness etc. and presents framework for approximating 

solutions to NP-hard problems. This paper includes 1) 

Introducing the ACO technique and its principles 2) Various 

ACO based routing protocols 3) summary and conclusion. 
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1. INTRODUCTION 

1.1 Manet 
Mobile Ad hoc Network also known as Wireless Ad hoc 

Network or ad hoc wireless Network is an infrastructure less 

network of mobile devices connected wirelessly and is a 

continuously self configuring network. Each node can act as 

router, transmitter and receiver and forward the traffic that is 

unrelated to its use. Each device in a MANET changes its 

links frequently and is free to move around in any direction. 

At one time the node is in the range and another time it is not 

[1].  Therefore routing has become a highly challenging and 

central issue because of lack of centralised control. To 

overcome this issue and provide high packet delivery rate, 

low packet delay and low control overhead, many meta-

heuristics techniques have been introduced which are 

inspired by the biological systems in the past two decades 

[2]. 

Swarm Intelligence approach was introduced by Beni and 

Wang in 1993.SI is a computational Intelligence and is the 

collective behaviour of decentralised, self organised systems, 

natural or artificial [4]. A typical SI field comprising of 

group of simple agents which interact locally with each other 

and with the environment surrounding them [5].These type 

of interactions generate enormous benefits and lead to good 

behaviour. It takes good advantage of swarm therefore it is 

able to provide optimal solutions: Particle swarm 

optimization (PSO) and Ant Colony Optimization (ACO). 

According to the previous work which has been done, we 

have studied about the Ant colony optimization techniques 

and various research applied on them. In this paper we give 

an overview of various routing protocols based on this 

technique. The rest of the paper is organised as follows. In 

section 1.2 the history of Ants and its techniques are 

presented, then in section 

 

 

 

 

 

Figure  1 

2 we have introduced the ACO based routing protocols. The 

comparison and summarization of the protocols reviewed in 

this paper and conclusion of the work is also mentioned. 

1.2 History of ACO 
Ants are the insects which are present everywhere and 

began to diversify 100 million years ago. Ants are very 

common type of insects and the size of ant colony can vary 

in its size up to millions even. An ant colony comprises of 

various castes such as workers, Queens, Drones and 

soldiers. Among them the most common category of Ants 

are Workers which are sterile females and do all of the 

work in the colony: searching for food, maintaining and 

expanding the nest, taking care of queen and brood, and so 

on. Queens are the fertile females which make all colonies, 

the main task of which is to lay eggs. The only male ants in 

the colony are the drones which only survive during the 

mating season. Soldiers are the other castes which can also 

be present in the colonies which protects all others from 

predators. Each caste in the colony has different tasks. Each 

and every caste in the colony has different tasks, all castes 

work together to ensure the survival of colony [9] [10]. To 

finish the task efficiently and remarkably single ant is not 

very good but a collection of ants called as colony can 
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finish the task remarkably like as dealing with floods. To 

build raft in short time in order to beat the flood by using 

their bodies. Millions of ants can rearrange themselves to 

build a stable raft within some seconds, because they can 

react to their environment quickly. 

The process of exchanging or sharing information among 

ants in an ant colony is different from that in humans, as 

humans use sound or sight to exchange information while 

ants use a chemical substance, pheromone which is the 

important component in communication. Whenever moving 

around ants produce pheromone through their glands and 

that is detected by the antennas in the surrounding area. 

Each ant in an ant colony understands different types of 

pheromone perfumes. There are various types of 

pheromone like alarm and trail pheromone. In order to 

alarm nest mates some species of ants create alarm 

pheromones by using poison glands. By detecting the alarm 

pheromone workers ants either escape or go fast or go 

towards danger: because of the presence of Formic acid and 

n-undecane. Second type of pheromone is the trail 

pheromone. When an ant foraging for food, it leaves its nest 

and randomly chooses a path to move on, if it does not finds 

a pheromone   trail. Once it finds one, the highest 

probability is to choose that path. Whether it follows the 

route or not but it deposits pheromone over it. The same 

concept is used by other ants as well. Performance of a trail 

is directly related with the probability of an ant to follow 

that trail. When the food is exhausted and no more 

pheromone is deposited on the trail and pheromone begins 

to evaporate over the time [11].In this way ants are used to 

find the optimized solution. 

1.3 Artificial Ants 

As human Society follow the functions, ants take on similar 

functions, but ants don’t rely on any central control to 

provide these functions. In previous work which is defined 

in [13] author designed a brilliant experiment: the double 

bridge experiment. Ant nest and food source are connected 

by two bridges of different length. In this experiment ants 

need to cover the route for foraging food. Experimental 

results showed that short path attracts more ants to follow, 

if both short and long path are given to the ants in the same 

time. Ant Colony Optimization Algorithm (ACO) was 

initially proposed by Dorigo in [7], the first Ant inspired 

algorithm, which is aimed to find the optimal path in a 

graph based on the foraging behaviour of Ants. Since after 

that various researches in this area was proposed by many 

scientists and many versions of ACO algorithms were 

proposed. ACO is the important components in the SI field 

and we will introduce more about this in the following 

sections. 

2. ACO BASED ROUTING 

PROTOCOLS 
ACO is a meta heuristic technique which is inspired by 

foraging behaviour of ants and is an important component 

of SI field. Artificial ants work together to find good 

solution for optimized problems [14]. If we recall the 

previous section, an ant deposits pheromone on its path to 

mark its trail and inform other ants. It becomes high 

probability to follow that trail for other ants and when they 

follow that route they deposit new pheromone over that 

route. That pheromone might attract new ants to follow and 

therefore it is an indirect information exchange among the 

ants. The problem under consideration which has to be 

optimized is to be represented graphically

 

  

  

  

  

  

  

 

 

 

 

 

From graph it is needed to find the optimal path between 

the nodes N & F as given in Fig 2.Once we formulate the 

problem on the graph the constraints of the problem need to 

be defined and the constraint is that ants can only move 

only on the arcs which connect the nodes.  

A heuristic value and pheromone trail both are associated 

with an arc. Only one heuristic value is associated with an 

arc but the pheromone trail is separate for each destination 

[11]. If we consider the graph in fig. 2 the problem is to find 

the optimal path between the node N and F. We can say that 

the problem is to find the optimal solution between the ants’ 

nest and food source. To determine the best route among 

the nodes and hence routing tables are continuously 

maintained by protocols. 

As already discussed the behaviour of ant colonies is their 

foraging behaviour as when they visit each node some 

amount Δt of special substance called pheromone, they 

deposit. 

Δt α 1/LΔ (t)       II.1 

In the above equation LΔ (t) amount of pheromone 

deposited is directly proportional to the quality of route and 

Figure. 2 Representation of nodes graphically while applying ACO 
metaheuristic 
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quality of route is inversely proportional to the route length. 

This means if shortest path is followed by the ants then 

more is the amount of pheromone deposited on the route, 

that helps other ants to follow. In ant Colony Optimization, 

there is a mechanism to follow the old routes by 

evaporating the pheromone deposited on the route [15].This 

is necessary to eliminate old routes.  

As arcs have the pheromone values and these pheromone 

values are updated by the ants that have completed the path 

length as follows: 

Tij =(1-Δ)xTij + ∑   Tij
k             II.2 

In the above equation m is the number of ants that have 

completed the path, Δ Є (0, 1) determines the evaporation 

rate of pheromone. Tij
k is the quantity of pheromone 

deposited by ant k on edge (i,j). 

ACO follows a probability rule to which is a function of 

pheromone trails and heuristic value. The probability rule 

can be represented as equation II.3 and II.4: 

Pij (t) = [Tij (t)]
α 
.[ȵij ]β     if  jЄNi     II.3 

  

 ∑l ЄNi [Til(t)]]
α 
.[ȵil]

β 

 

 

 
0 if   jЄNi   II.4 

In the above equation Pij denotes the probability of an ant to 

move from node i to node j at the ith time slot and Ni is the 

set of current neighbouring nodes of node i, Tij i(t) the 

amount of pheromone deposited on arc between node i and 

node j at ith iteration step or time slot, ȵij is the heuristic 

value of the arc between node i and node j, α and β re 

weight parameters which maintains the pheromone intensity 

from node i to node j [11]. 

Inspired by the ACO Algorithms, researchers have been 

motivated to apply these algorithms to find optimized 

routes for network communications .Now we introduce 

some of the famous approaches: 

2.1 Ant Net 
Ant Net was proposed by Di Caro and Dorigo [16] which is 

the first representative ACO Based Algorithm or solving 

the problem of  routing in MANET. In this the concept of 

forward Ant and Backward Ant is used. Each node 

proactively in a network sends out forward Ants (FANT) to 

discover a path to randomly chosen destination node. 

Backward ants are sent back to the source node following 

the reverse path, whenever the forward ants reach the 

destination. Local routing tables and network status are 

updated by BANT at each node. The performance of this is 

evaluated in three different network scenarios. 

2.2 Ara 
This ACO based routing protocol was proposed by Gunes et 

al[17].This is based on simple ant colony meta heuristic 

algorithm and is an on demand routing protocol. This 

algorithm consists of three phases: a route discovery phase, 

route maintenance and route failure handling. In the route 

discovery phase, new routes are created. The creation of 

new routes require the use of forward ant and backward ant 

much similar like Ant Net algorithm. Sender broadcast the 

FANT. FANT is a small packet with unique number. Nodes 

are able to distinguish duplicate packets on the basis of 

sequence number and are deleted by intermediate nodes. 

Once FANT reach the destination BANT are created and 

sent back to the source node. If a node recognizes failure it 

first sends the pheromone value to zero so that that link may 

not be active. An alternate link will be searched after it. If 

this route also fails, then it informs its neighbours. This 

process is repeated until an alternative route has been 

found. 

2.3 Pera 
PERA was proposed by Baras and Mehta [18], which is 

proactive routing protocol. To discover the network 

topology PERA also uses ant like agents and maintain 

routing in dynamic networks as MANET. PERA uses three 

kinds of ants: regular FANT, uniform FANT and BANT. 

The ants which are sent proactively are regular and uniform 

FANT. These ants explore available route in a network. The 

routing procedure of Regular and uniform ants are different. 

Instead of using routing table at each node uniform FANTs 

chose the next hope node with equal probability. BANT are 

used to adjust the routing tables and statistic tables at each 

node, according to the information gathered by FANT. 

Comparison was done with AODV [19], a proactive routing 

protocol, results showed that PERA has better output in all 

parameters. 

2.4 AntHocNet 
This algorithm was developed by Di Caro et al [19] which 

is a hybrid multipath routing algorithm. Likewise the 

previous algorithms had FANT and BANT. This algorithm 

has 6 different kinds of ants: proactive FANT and proactive 

BANT, Reactive FANT and Reactive BANT, Repair FANT 

and Repair BANT. If a source node has no information 

which route is to be followed for the destination node, it 

broadcast the RFANT otherwise it unicasts. When this 

RFANT reaches the destination as the other algorithms do a 

RBANT is sent back to the source. When it travels back it 

collects all information about the links and updates the 

pheromone values at each node. AntHocNet starts the 

proactive route maintenance process once the first route is 

established. Then the PFANT are sent out to the destination 

node by the source node. When PFANT reaches the 

destination node it sends PBANT back to the source and 

update pheromone table at each link. When any link fails 

RPFANT and RPBANT are used o handle the problem. 

Author compared the results with AODV and find the 

results quite better than AODV.   

2.5 Paconet 
Osagie et al.[21] proposed PACONET a ACO algorithm 

with some enhancement in this. Instead of broadcasting the 

FANT to every node PACONET restricts the broadcasting 

to explore the network. When FANT visits the node it 

update the pheromone value and keep the record of all 

visited nodes and total time it has travelled. In a similar way 

like in the other algorithms has been described when FANT 

reach the destination, a corresponding BANT is generated 

and visit the nodes which were recorded by FANT and in 

the reverse direction again the pheromone value will be 

updated by BANT. Different from the other algorithms, this 

algorithm let both FANT and BANT to update the 

pheromone value. Result of this protocol was compared 

with AODV [2][11]. 

K=1 

m 
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2.6  Aco-Ahr 
This algorithm which is a hybrid routing algorithm includes 

reactive routing setup and proactive routing maintenance 

and was proposed by Yu et al. This algorithm uses two 

types of agents: Service agents and Ant agents. Ant agents 

comprises of FANT and BANT as in other algorithms. As 

described in the previous algorithm in the reactive route set 

up FANT records all the nodes it has visited along the route 

and each BANT carries all information recorded by FANT 

and it calculates the delay from one intermediate node to 

destination. Service agent is generated once a BANT 

reaches the source node and it updates the routing tables at 

intermediate nodes by information which is gathered by 

BANT.As the route maintenance is proactive proactive 

FANT are sent out while the data session is going. 

2.7  Hopnet 
HOPNET, which is proposed by WANG et al [22] and is 

based on the zone routing framework with ACO algorithm 

HOPNET performs local proactive route discovery within 

the node’s neighbourhood and reactive communication 

between neighbourhoods. Authors have compared the result 

of HOPNET with famous routing protocols such as AODV, 

AntHocNet etc. Results showed that HOPNET is highly 

scalable in large networks. 

2.8  Summary and conclusion: 
In this paper we reviewed the Ant Colony Optimization 

algorithm and various routing protocols which were 

proposed in the early stages of ACO based routing 

protocols. First ACO based protocol was AntNet, proposed 

in 1998 gave example of how to apply the algorithm in 

communication networks. In the following 10 years many 

researchers proposed many ACO protocols for MANET. 

The main aim was to find out the optimal path from source 

to destination node. After reviewing it was concluded that 

using ACO algorithm on MANET protocols lead to good 

results in overhead, end to end delay, PDR etc. 
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