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Abstract – A group of wireless mobile nodes dynamically 

forming a network are termed as Mobile ad hoc network 

(MANET). Such a network has no pre-defined structure or a 

significant administration system. Finding a path between the 

communicating nodes is considered as a biggest challenge in 

MANET. Optimized Link State Routing (OLSR) is a popular 

proactive routing protocol developed for MANET. The OLSR 

works on the idea of Multi Point Relay (MPR) mechanism. In 

this, the mobile nodes selected as MPR nodes can only 

retransmit broadcast packets received from other mobile 

nodes. To optimize the routing in the MANET, heuristic 

methods are used. In this work, a hybrid algorithm using Ant 

Colony Optimization (ACO) algorithms, which draws its 

inspiration from the group of ants foraging behaviour, for 

finding an optimal route between source and destination. In 

ACO routing algorithms there are simple agents called 

artificial ants to establish an optimal connection between 

source and destination to communicate indirectly with each 

other by means of stigmetry. 
 

Keywords – Mobile Ad-hoc Network (MANET), Optimized 

Link State Routing (OLSR) and Ant Colony Optimization 

(ACO), Hybrid Algorithm. 

 

I. INTRODUCTION 
 

The mobile devices are enabled to connect to wireless 

technologies such as Bluetooth or the 802.11 standards by 

establishing a Mobile Ad-hoc Network (MANET) that 

connects dynamically through the wireless medium not 

including any centralised structure. There are several 

advantages in using MANETs than other conventional 

methods as these have reduced infrastructure costs and 

could be easily established. The other advantage is fault 

tolerance, as routing is performed independently by nodes 

employing other intermediate network nodes to send 

packets. This multi-hopping brings down the possibility of 

bottlenecks but on the other hand the main benefit of 

MANET is improved mobility than wired solutions. 

However the dependability and viability of Ad-hoc 

networks are restricted by a number of issues as they do not 

have a centralised structure within MANET. Due to this 

feature of MANET every individual node is made to act like 

a router, responsible for performing packet routing tasks. 

This is done using one or more common routing protocols 

across the MANET. Ad-hoc networks with large number of 

nodes require large processing power, memory and 

bandwidth maintain precise routing data. This leads to 

network traffic overhead as the nodes transmit routing 

information and also over use of battery power [1]. 

These protocols can be classified as proactive, reactive 

and hybrid protocols the proactive routing protocols (are 

also called as table-driven routing protocols), such as 

optimized link state routing protocol (OLSR) and 

Destination-Sequenced Distance-Vector (DSDV), 

exchange information at regular intervals to maintain up to 

date routing table for all nodes all through the network. 

Conversely, in reactive routing protocols (also known as on 

demand routing protocols), such as Ad hoc On-demand 

Distance Vector (AODV) and Dynamic Source Routing 

(DSR),there is no regular transmission of topological data. 

In reactive routing protocols, the routing information for a 

particular path to end nodes is established only when 

required. The hybrid routing protocols namely the 

Temporally Ordered Routing Algorithm (TORA) and Zone 

Routing Protocol (ZRP) tend to combine a few attributes of 

both reactive and proactive routing protocols. 

Among the routing protocols, OSLR is a popular 

proactive protocol for MANET. This protocol was 

developed at INRIA and standardized by the IETF MANET 

working group in the draft Request for Comment RFC3626. 

Every mobile node in OLSR has routing table constructed 

by flooding broadcast packets at regular intervals. The 

number of broadcast packets in OSLR is reduced by 

employing the concept of Multi Point Relay (MPR). For 

every mobile node there is one-hop neighbour node selected 

as the MPR node depending on its accessibility and degree. 

The MPR nodes are selected as it can only send broadcast 

packets received from other mobile nodes and in turn OLSR 

brings down the number of broadcast packets. There is 

more energy utilisation in MPR nodes as they forward more 

packets compared to other mobile nodes [2]. 

Advantages: 

(1) Decreases the control information. 

(2) The usage of broadcast traffic bandwidth is 

minimized effectively. 

(3) There are more advantages with OLSRv2 than OLSR, 

as it also supports IPv6, a format which is 

accommodating with extendible message option and 

fewer message types. 

(4) No external interaction is required. 

As routers are flexible to frequently changing network 

structures in a self-organizing manner and can also 

accommodate OLSRv2 routers with heterogeneous 

configuration in the same network.  

The drawback is that a few of the routing parameters (link 

quality related parameter) are not properly assigned with 

respect to the features of the given network. The local 

structure might flutter between several possible 

configurations. (disadvantage is mentioned here). 

In addition it is capable of controlling overhead traffic in 

router calculations and weak performance [4]. 

Disadvantages: 

(1) Despite the provided by OLSR from source to 

destination, it is not essentially the shortest route as 

every route involves forwarding through a MPR node. 

(2) There are routing delays and bandwidth overhead in 

OLSR at the MPR nodes as they behave as localized 

forwarding routers [3]. 
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A widely used optimization method is Ant Colony 

Optimization (ACO) which is inspired by the foraging 

behaviour of ant species in real life. The ants by nature tend 

to deposit a chemical substance called pheromone when 

they go in search of food so that the other colony members 

can follow the shortest route establishes. Likewise in ACO, 

artificial ants are the agents employed in solving several 

optimization problems. The agents namely the ants move 

from one node to another throughout the network to update 

routing tables (called pheromone table) of the nodes that 

they visit with information related to their traversal. Later 

from the updated pheromone table the shortest path is 

selected [5]. 

The two best-effort ACO protocols for routing in wired 

datagram networks are AntNet and AntNet-FA. 

Conversely, the Ant Colony Routing (ACR) is the basic 

structure of reference for designing automatic routing 

systems. The features required for defining a multi-agent 

society is given by ACR. The main objective is to provide 

a meta-architecture of reference for designing and 

implementing a fully adaptive and distributed routing 

systems for large network scenarios for example wired and 

wireless, best-effort and QoS, static and mobile.  

The Mobile ad hoc network routing is a complicated task 

as it involves network characteristics such as traffic load 

and network topology that vary stochastically and also with 

time. The distributed nature of network routing matches 

well with the multi agent nature of ACO algorithms. The 

fundamental characteristics of ACO algorithms for routing 

are mentioned below: 

The below given features illustrates ACO instances for 

routing problems: 

It provides traffic-adaptive and multipath routing. 

It utilizes stochastic components. 

The local estimates are not allowed to have a global 

impact. 

The paths are set up in favour of load balance rather than 

along the shortest route [6]. 

The above mentioned features are obtained by applying 

the guidelines of ACO design. The characteristics are also 

the result from controlled random experiments (the ants) 

that were frequently performed to collect useful non-local 

information about the features of the solution set [7].  
 

II. LITERATURE REVIEW 
 

Prabu and Subramani [8] suggested an innovative method 

for routing algorithm known as the Energy Saver Path 

Routing using OLSR (ESPR-OLSR) protocol. The author 

suggested the above protocol, since routing in MANET is 

an important problem as network topology is variable with 

mobility of nodes. The routing in MANET must be 

designed in such a way that it effectively uses the residual 

battery power to improve the life span of the node as well 

the network. This ESPR algorithm performs based on edge 

node selection mechanism. This mechanism is capable of 

selecting the shortest route from source to destination with 

minimum transmission power to transmit the packet and 

also improves the Packet Delivery Ratio (PDR). Further it 

reduces the End-to-End delay when compared to ordinary 

OLSR. 

Patil and Patil [9] presented a new method in which the 

original OLSR was given a new form with three criteria for 

selecting MPR. The selection criteria for MPR are link 

stability, residual energy and queuing capacity of the node. 

By implementing these criteria, there is a stable path which 

is resilient for communication in the network can be 

established. NS2 simulator is used in evaluating the 

performance. El-Hajjet al., [10] suggested a technique to 

further improve the functioning of OLSR by implementing 

the concept of Mobile Agent (MA) and by maintaining the 

MANET topology information. This results in MA-based 

OLSR (MOLSR). In this new approach MPR is substituted 

with MA and they depend on unicast rather than broadcast. 

This is a major leap in terms of traffic overhead. In 

MOLSR, every individual node creates and launches a MA 

to smartly traverse in and out of the network. During this 

process fully topology is captured by MA. If under any 

circumstance MA is lost, MOSLR can automatically revive 

the MA to cover the network. Through experiments it is 

clear that MOLSR performs better than OLSR in several 

areas, namely the total control messages, network 

utilization, and reliable message transfer. 

Fanget al., [11] examined the advantages and the 

exchange that take place among the routing strategies 

employed in MANET. The authors were precise in 

comparing the performance of OSPF-MDR, OLSR, and 

Composite Routing. Depending on further extensions of 

OSPF-MDR along with OLSR as the sub-IP MANET 

routing protocol, composite routing can be implemented. 

The simulation results proved the enhanced performance of 

OLSR than OSPF-MDR. Consequently, composite routing 

is capable of leveraging OLSR to attain enhanced network 

performance compared to OSPF-MDR with minimal 

overhead. In addition, composite routing can efficiently 

minimise routing updates to legacy networks due to 

MANET dynamics (it is reduced to about 95% under high 

mobility). Marimuthu and Krishnamurthi [12] examined 

the susceptibility of pro-active routing algorithm called 

OLSR against a specific type of denial-of-service (DOS) 

attack known as node isolation attack. The authors 

suggested a technique called enhanced OLSR (EOLSR) 

protocol. It is a trust based technique to protect the OLSR 

nodes from attacks. The simulation output illustrates that 

the protocol is capable of achieving routing security with 

45% increase in packet delivery ratio and 44% reduction in 

packet loss rate against conventional OLSR under node 

isolation attack. This method trivial as it does not include 

high computational complexity in order to secure the 

network. 

Romaniket al., [13] illustrated the improved performance 

of the routing mechanism for mobile ad-hoc networks. The 

proposed solution is based on the proactive OLSR protocol. 

An innovative method is presented to evaluate the node 

performance metric in regard to local resources, i.e., the 

battery level and the available bandwidth. This measure 

depends on the Willingness value dispersed by every node 

that runs OLSR and used in selecting MPRs. From the 

results the advantages of the method could be deduced as 

network reliability and increased lifetime. Anwar and Deng 

[14] suggested a Multicast Routing Algorithm (MRA) 
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which is called ACOBMRA for MANETs. Furthermore, 

the authors examined several multicast routing protocols to 

identify the most suitable protocol that can effectively 

perform under a multiple network scenarios based on 

network simulator 2 (NS-2). The experimental results prove 

the efficacy of the proposed ACOBMRA against 

conventional algorithms. 

Karthikeyan and Dharmalingam [15] proposed an energy 

efficient routing algorithm for MANETs based on ACO. 

The performance of the proposed algorithm was simulated 

on the network tool NS2 and was also compared with 

existing algorithm's performance. Khatri and Dixit [16] 

analysed and assessed the Ant Colony based routing 

algorithms along with its variations. For analysis the 

delivery ratio of packets and end to end delivery were 

specifically considered as the performance factor for 

MANETs. The basic idea is to employ ACO in MANET 

protocol AODV to optimize its performance by minimising 

Route discovery latency. Wuet al., [17] suggested a Pareto-

based ACO algorithm to handle multi-objective 

optimization problem. In this method a modern encrypting 

method was suggested to minimize the search space as well 

a modern decrypting scheme was proposed to effectively 

create high-quality solutions. Simulation results revealed 

that this method is far off then other standard methods. 

Tyagi and Sharma [19] proposed an algorithm using 

ACO and OLSR which produces a stable route between 

source and destination. The algorithm used two QoS 

parameters namely bandwidth and delay of the link in the 

fitness function to find the optimum path. 

 

III. METHODOLOGY 
 

In this section, we will discuss about ACO based OLSR 

routing using five nodes. 

3.1 Experimental Setup 
Number of paths available is obtained from ACO - OLSR 

algorithm by using 5 nodes. Each node is assigned 

particular weight and 5 nodes are placed in a network as 

shown in figure 1. 

Based on the available paths obtained from ACO-OLSR 

algorithm and by applying the proposed fitness function 

containing number of hops; nhtime, end-to-end delay and 

packet delivery ratio, optimal paths are arranged from 

highest probability to lowest probability. The best ten ants 

are considered for data transmission. The data are 

transmitted from source to destination in packets with a 

packet size of 48 bytes. The QoS parameters like 

throughput, average end to end delay and packet delivery 

ratio are calculated and compared with the existing system 

proposed by Tyagi and Sharma. 

 
Fig. 1. Network considered for experimental setup 

 

3.2 Optimized Link State Routing Protocol (OLSR) 
As stated before the OLSR is a table-driven pro-active 

protocol. In this protocol the link-state scheme is used in an 

optimized manner to spread topology information all 

through the network. OLSR uses this approach as well, as 

the algorithm works on a wireless multi-hop scenarios the 

message flooding in OLSR is regularized to conserve the 

bandwidth. As it is a table-driven protocol the main purpose 

of OLSR is to update and maintain data in variety of tables. 

The information present in these tables depends on received 

control traffic and in turn the control traffic is generated 

based on data extracted from these tables. It is essential to 

know that OLSR does not route traffic i.e. in no way it is 

accountable for the actual process of routing traffic. It is 

appropriate to describe OLSR as a route maintenance 

protocol as it is accountable for maintaining the routing 

table used for routing packages. These type of protocols are 

generally referred as routing protocols [18]. 

The OLSR protocol was created for mobile ad-hoc 

networks by the French National Institute for Research in 

Computer Science and Control (INRIA). The protocol is 

table-driven and is proactive i.e., there is exchange of 

topology information among the nodes at regular intervals. 

The significant purpose of this protocol is to select small 

number of nodes known as Multi Point Relays (MPR) to 

reduce control traffic by flooding topological information. 

The MPR nodes are employed to select an optimal path 

from a given node to any destination node in the network 

during route calculation. Large and dense networks work 

perfectly with this type of protocol. Four types of periodic 

control messages are proposed by OLSR generally purposes 

and they are:- 

Hello messages 

Topology Control (TC) messages 

Multiple Interface Declaration (MID) messages 

Host and Network Association (HNA) messages 

Hello messages: There are two types of control messages 

used in OLSR namely Hello and Topology Control (TC). 

The neighbourhood data is acquired through hello messages 

as they are exchanged regularly within the one-hop 

neighbourhood. With this neighbourhood information 

every node is able to select a subset of one-hop away 

neighbours called as the MPR set. Within the MPR set, the 
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available two-hop away neighbours are accessible through 

any member present in the MPR set. Through hello 

messages the information related to link status and the 

host’s neighbours can be found. The messages are also used 

in constructing Multipoint Relay (MPR) Selector set to 

explain about neighbours who have chosen this host to act 

as MPR. Using this data the host is able to evaluate its own 

set of the MPRs. The Hello messages can be transmitted to 

nodes that are only one hop rather the TC messages can be 

broadcasted all through the network. To broadcast 

information about own advertised neighbours can be done 

through TC messages which includes at least the MPR 

Selector list. 

Topology Control (TC) messages: with the help of MPR 

nodes, TC messages are able to generate and retransmit to 

flood the entire network with topological information. To 

relay MID and HNA messages, MPR nodes are used. 

Hence, OLSR regulates the control traffic overhead by 

reducing the extent of the MPR set. The TC messages are 

generated and retransmitted by MPR member. Thus route 

calculation is enabled through these messages that provide 

every node in the network with sufficient link-state 

information [8]. 

Multiple Interface Declaration (MID) messages: Multiple 

Interface Declaration messages are forwarded by nodes that 

run OLSR on a multiple interface. The IP addresses used by 

the node are listed by these messages. This is a derivative 

of classical link-state algorithm and so OLSR secures its 

state by handling various database of information. 

Generally, when the received messages are processed, these 

information repositories get updated and such information 

is utilized in generating such messages. Following is a brief 

illustration on various information repositories used in core 

OLSR. 

Host and Network Association (HNA) messages: A 

“Host and Network Association” (HNA) message is 

available to provide the external routing information in 

which the prospect for routing to the external addresses is 

given. Information about network- and the net mask 

addresses are given by HNA message. With this the OLSR 

host can consider that the announcing host can act as a 

gateway to the announcing set of addresses. The HNA is 

measured as a universal version of the TC message. The 

main difference between the two is that the TC message can 

notify about route cancelling whereas HNA message 

information can be eliminated only after expiration time. 

3.3 Ant Colony Optimization (ACO) 
The Ant colony optimization is based on the foraging 

behaviour of ants. The ants when go in search of food, they 

randomly move about the place and if they find food they 

return to their colony by leaving behind a chemical 

substance called pheromone. These pheromones act as 

guideline for other ants to follow the path as it is deposited 

periodically. The pheromones disappear with time. 

Similarly, ants tracing a particular path intensify the odour 

of pheromones on the path. By this there are more number 

of paths between the food source and the nest. 

Consequently the shortest route is the one with the highest 

pheromone scent (due to shorter round-trip time) and also 

the path with the highest concentration of ants. Due to this 

more ants gets attracted to the pheromone trail thereby 

reinforcing the path. With this autocatalytic behaviour the 

shortest route can be quickly identified. 

ACO routing algorithms draws inspiration from the 

behaviour of ants in nature and also from the associated 

field of ACO to find optimal solutions for problem 

involving routing in communication networks. The source 

of inspiration is from the behaviour of certain type of ants 

(e.g. the family of Argentine ants Linepithema Humile). It 

finds the shortest path by using a chemical substance called 

pheromone while traversing between their nest and food 

source. Paths with high concentration of pheromone attracts 

more number of ants as shorter paths can be completed 

soon, they receive higher levels of pheromone from the 

attracted ants. This positive reinforcement theory permits 

the colony as a whole to converge on the shortest path. This 

is the basic idea in the field of ACO. 

3.4 Proposed ACO 
In Ant Colony Optimization problems are shown through 

a graph. Let G (V, E) be a connected graph with n = V 

nodes. Hence components cij are represented by either 

edges or graph vertices. The objective is to locate the 

shortest path between the source node Vs and the 

destination Vd. Each G edge maintains a value  which 

denotes artificial pheromone concentration value over that 

node and is altered whenever an ant goes over it. To 

implement natural ant foraging, following three equations 

are used: 

τij= 𝜏ij + Δτ 

Where
ij is pheromone concentration over link. The 

pheromone evaporation is given by: 

 1 *ij ij   
 

Where (1 –) is pheromone decrease count. The 

probability of choosing the next node during path selection 

is given by: 

 /  if j N  and 0,  otherwise
i

d k k

ij ij ij i

j N

p d 


   
    
   


 

Where the ant is node d transitioning to node j from node 

i, Ni is set of neighbors, k is route selection exponent which 

determines the sensitivity of the ant algorithm to 

pheromone changes. 

In this work a novel fitness function is proposed based on 

end to end delay, packet delivery ratio and neighborhood 

hold time. The Total Route Fitness (TRF) is given by [20]. 

 
PDR

EDE
TeTRF hold

n 2
21     

Where 

1 2 1 2=1 

n is the number of hops between source and 
destination 

Thold is the neighbor hold time 

E2ED is the end to end delay 

PDR is the packet delivery ratio 
The block diagram of the proposed configuration is shown 

in figure 2. 
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Fig. 2. The proposed architecture 

 

IV. RESULTS AND DISCUSSION 
 

Five nodes with different IP addresses are connected in 

the network. Basic ACO-OLSR algorithm is implemented 

to obtain the available paths and the parameters average end 

to end delay, throughput, packet delivery ratio, 

neighborhold time, number of hops, bandwidth are 

obtained. The paths are arranged using high probability 

values by using the proposed system. The data are 

transmitted from source (A) to destination (E) with ten 

antsand the results are tabulated in Table 1. 

The above procedure is repeated for the existing system 

also and the results are tabulated in Table 2. 

Proposed and existing systems are compared from the 

Figures 3 to 9. 

 

Table1. Parameters obtained for the proposed system 
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PDR 

1 40 3 4248 3.61581 0.09916 0.09592 

2 39 6 4319 3.46746 0.10081 0.09352 

3 44 9 4336 3.89667 0.10121 0.10551 

4 43 9 4302 3.83821 0.10042 0.10311 

5 41 9 4278 3.68022 0.09986 0.09832 

6 38 9 4201 3.47345 0.09806 0.09112 

7 43 12 4225 3.90816 0.09862 0.10311 

8 44 12 4310 3.92018 0.10060 0.10551 

9 41 12 4294 3.66651 0.10023 0.09832 

10 42 12 4326 3.72815 0.10098 
0.1007

1 

Average delay of 10 routes = 103.23 mS 

Table 2. Parameters obtained for the existing system 
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PDR 

1 37 3 4928 2.88311 0.09974 0.08872 

2 37 6 4664 3.04631 0.09440 0.08879 

3 38 9 4889 2.98465 0.09895 0.09112 

4 36 9 5106 2.70740 0.10335 0.08633 

5 36 9 5080 2.72125 0.10282 0.08633 

6 40 9 5064 3.03317 0.10250 0.09592 

7 41 12 5033 3.12815 0.10187 0.09832 

8 39 12 4767 3.14159 0.09649 0.09352 

9 38 12 4915 2.96887 0.09948 0.09112 

10 34 12 4958 2.63331 0.10035 0.08153 

Average delay of 10 routes = 131.3936 mS 
 

The throughput is high compared to existing system as 

shown in Figure 3because four QoS parameters are 

considered to decide the optimal path in the proposed 

system and only two QoS parameters are considered in the 

existing system. 

The packet delivery ratio is better when compared with 

the existing system as it uses the best fitness function to 

decide the optimal path which is shown in Figure 4.  

Figure 5 reveals that in all the routes,number of packets 

transmitted is more in the proposed system as it considers 

the best optimal route when compared with the existing 

system. 
 

 
Fig. 3. Throughput 

 

 
Fig. 4. Packet Delivery Ratio 

ACO based OLSR tuning parameters 
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The average end-to-end delay is better in most of the 

routes of the proposed system as shown in Figure 6. Though 

the average end-to-end delay seems to be better in some 

routes of the existing system, routewise packet delay is 

more as shown in Figure 7. 

The delay in each route is less in the proposed system 

when compared with existing system as each route 

transmits more packets in less time is shown in Figure 7. 

The packet loss ratio in the proposed system is very less 

as it uses efficient paths compared to existing system which 

is shown in Figure 9. Also the average time taken for the 

packet to reach destination is less when compared to 

existing system as shown in Figure 8. 

From Figures 8 and 9, it is observed that the proposed 

system uses the routing protocol with proper fitness 

function to select the optimum path and hence takes less 

average time per packet delivery and packet loss ratio. 

 

 
Fig. 5. Routewise packet transmission 

 

 
Fig. 6. Average end-to-end delay 

 

 
Fig. 7. Routewise Packet delay 

 

 
Fig. 8. Average time per packet 

 

 
Fig. 9. Packet loss ratio 

 

V. CONCLUSION 
 

MANETs are becoming very popular in recent days. This 

paper proposes improvements in QoS of OLSR through 

ACO. ACO routing algorithms consists a number of 

fascinating features than conventional routing algorithms. 

The main feature is the adaptive nature. This is due to the 

use of continuous path sampling and probabilistic ant 

forwarding leading to continuous exploration of routing 

possibilities. Secondly they are robust. This feature is due 

to routing information that is a result of repeated sampling 

of paths. After all the ACO routing algorithms basically set 
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multiple paths to transmit data packets, probabilistically 

like ants. As a result we can obtain throughput optimization, 

automatic data load balancing, and increased robustness to 

failures. ACO routing algorithms permits direct agent-to-

agent communication making them more appropriate for 

MANETs.  

The QoS parameters of the optimal paths obtained by the 

proposed and existing systems are compared for the 

considered network. It is observed that proposed system 

with hybrid algorithm performs better when compared with 

the existing system because of its effective function. The 

results prove that the throughput is improved and packet 

delay is minimised compared to ACOOLSR. 

 In future, the proposed algorithm can be implemented 

with IoT with cloud integration. 
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