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Abstract - Vehicular Ad hoc Networks (VANET) are offset of Mobile Ad hoc Networks (MANET) made by vehicles communicating with each 
other. The special characteristic of VANET is high speed of nodes, so the time period of network is very small. Performing routing operation 
in such high dynamic network environment is difficult process. This work proposes cluster based Ant Colony Optimization routing in VANET 
scenario. In flat architecture each node bear equal responsibility, so that routing is performed in deployed cluster architecture. In first phase 
deploy a cluster architecture followed by Ant Colony Optimization routing procedures that results in a DYMO variant protocol called as ACO-
DYMO routing protocol, that perform well in dynamic network, has it performance evaluated in urban scenario. The obtained results suggest 
that making use of Ant Colony optimization Procedures in Cluster architecture is more suitable for Vehicular Ad hoc Networks. 

——————————      —————————— 

1 INTRODUCTION                                         
Vehicular Ad hoc Networks are special type of mobile Ad 
hoc Networks, made by vehicles communicating with each 
other and with devices located in road. The device installed 
in vehicles is called as On Board Units and device located in 
margin of roads are called Road side units. In vehicle to 
vehicle communication each On Board Unit work in ad hoc 
mode and forward message through multiple hops, but in 
this scenario network connectivity is highly depended on 
vehicle’s density and mobility pattern. 
VANETs are offset of MANETs and they have some 
distinguished characteristics too. The main characteristic of 
VANET is high speed of nodes (vehicles), so that the 
topology is highly dynamic and network is formed for very 
small amount of time that directly impact packet delivery. 
The solutions proposed for MANETs need to be evaluated 
carefully and then adapted in VANET environment. The 
goal of this work is to device and evaluates bio-inspired 
procedures in a deployed architecture. 
 
2 RELATED WORK 
Ant-Colony Based Routing Algorithm (ARA) [9] is a reactive 
MANET routing protocol that uses the ACO metaheuristic 
[2].  ARA’s artificial pheromone model is probabilistic and 
based on the number of hops. Through a search procedure, a 
forward ant (FANT) will create a pheromone trail from the 
source to the destination. A backward ant (BANT) does the 
same in reverse path, i.e. after a FANT reaches its 
destination, it is destroyed and a BANT is created and it is 
sent back to the source node, and finds its way to the 
destination by the means of a procedure similar to that of the 
FANT. It then creates the pheromone trail, or if it already 
exists, it increases the pheromone level on the path. The data 
packets also enforce the pheromone level on the path they 
are passing through.  

 Ant On-Demand Distance Vector Routing (Ant-AODV) 
[15] is a hybrid routing algorithm for MANETs based upon 
AODV, without changing any of AODV’s native 
characteristics. AODV does the reactive part and an ant-
based approach does the proactive one. The main goal of the 
ant algorithm here is to continuously create routes in the 
attempt to reduce the end-to-end delay and the network 
latency, increasing the probability of finding routes more 
quickly, when required. Ant-AODV’s artificial pheromone 
model is based on the number of hops and its goal is to 
discover the network topology, without any other specific 
functions, as opposed to most ACO algorithms [6]. 
 Ant Dynamic Source Routing (Ant-DSR) [1] is a reactive 
protocol that implements a proactive route optimization 
method through the constant verification of cached routes. 
This approach increases the probability of a given cached 
route express the network reality. 
 Mobility Aware Ant Colony Optimization for VANETs 
[22] devised ACO procedures that results in bio-inspired 
protocol called as MAR-DYMO and results obtained are 
evaluated in urban VANET scenario. In regard to end-to-end 
delay, it performed much better than pure DYMO protocol, 
and was good enough when compared to the hybrid 
protocol Ant-DYMO. The obtained results inspired to use 
those procedures in deployed architecture. 
Harri, Bonnet and Filali devised a location-aware frame 
work called Kinetic Graphs [11] for predicting and managing 
mobility. It assumes that, over a short period of time, an 
arbitrary node i will be following a linear trajectory, and 
hence its position can be modeled as a function of time by 
the means of 1st order kinetics, as shown in Equation (1). 

𝑃𝑜𝑠𝑖(𝑡) = �
𝑥𝑖 + 𝑣𝑥𝑖 . 𝑡
𝑦𝑖 + 𝑣𝑦𝑖 . 𝑡�                             (1) 

Posi (t) is the position of the node i at time t, the vector [xi; 
yi]T denotes the initial position of the node i, and the vector 
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[vxi ; vyi], its instantaneous velocity. This work, will apply the 
Kinetic Graphs framework to make information such as the 
vehicles’ position and speed available to the routing 
protocol, so that it will be able to use it for making its 
forwarding decision, aiming at a better overall routing 
performance. 
 
3   AUTONOMOUS CLUSTERING 

3.1 Overview 
The autonomous clustering [18] divides the network into 
multiple virtual groups to efficiently manage the network. 
Each cluster contains one clusterhead, two or more 
clustermembers and gateways. Gateways are nodes that are 
neighbor to other clusters. Each node has unique node ID 
and node ID of the clusterhead is assigned to the cluster as 
cluster ID. Multiple clusters that are configured by 
autonomous clustering are not overlapped with each other. 

3.2 Formation of Cluster 
In autonomous clustering by default all nodes that are not 
part of any cluster will be in ON (Orphan Node) state. ON 
nodes periodically broadcast a MEP (Member Packet) that 
contains its own node ID to inform its existence to 
neighbouring nodes. Each node that received the MEP adds 
the source node of MEP to its list of neighboring nodes. If all 
states of neighboring nodes are ON, the node sets its own 
cluster ID to its cluster ID, and becomes clusterhead. As a 
result, clusters are formed. 

3.3 Management of Cluster 
Clusterhead in a cluster periodically broadcast a MEP that 
contains its ID within the cluster. Clustermembers that 
receive MEP send MAP (Member Acknowledge Packet) 
containing its information back to clusterhead. The 
clusterhead construct cluster-based tree and creates list of 
Clustermembers to manage the cluster. The size of each 
cluster is restricted with upper bound U and lower bound L 
in advance. If number of cluster members become more than 
U, then cluster is divided into two, on the other hand if 
cluster members become lower than L, it merges the cluster 
with neighboring cluster. 
 
4   PROPOSED SCHEME- CLUSTER BASED ANT COLONY 

OPTIMIZATION ROUTING FOR VANET 

4.1 Overview 
In flat architecture of every node bears equal responsibility 
to act as a router for routing packets to every other node, so 
a great amount of message flooding takes place in order to 
obtain better routing efficiency. In return, such message 
flooding reduces the MAC layer efficiency to a certain extent. 
Clustering can be one possible solution to improve such 
MAC layer efficiency and makes the routing process easier 
[24]. Followed by autonomous clustering [18][22], Ant 
Colony Optimization  procedures are employed for routing 
process. 

4.2 Ant- Colony Optimization Procedure 
The major component of ACO algorithm is pheromone 
model [5] with two most important mechanisms: the way 
pheromones get deposited in the path ants pass through and 
the way pheromones evaporate[23]. These mechanisms will 
be discussed in following subsections. 

4.3 Pheromone deposit 
As like traditional ant the level of pheromone on a path 
indicates how good the path is, it reflects the quality of path, 
its cost. Consider the link lij, an ant walking from node i to 
node j deposits an amount of pheromone on the path. When 
the ant reaches node j in routing table entry of j, i is added as 
both destination and next hop, is increased of Δφij. Figure 1 
shows the pheromone table of the node j after receiving an 
ant from the neighbor node i.  
Δφij is defined as being the amount of pheromone to be 
deposited in the route for the link lij, and it will sum up with 
the previous pheromone level (assuming that route already 
existed), if it is a newly acquired route then, it is just be the 
actual level, it is represented in equation (2). 
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Figure 1. Ant walking through the link lij. The routing table at j is 
shown after the ant reaches j, and illustrates the pheromone deposit 
process 

        ∆𝜑𝑖𝑗 = 𝑃𝑟 + 𝑇𝑚𝑖𝑛
𝑇𝑚𝑎𝑥

                              (2) 
Pr is the expected probability of successfully receiving 
message sent through given distance, d meters, i.e., the 
probability of j receiving a message form node i or vice 
versa. Tmin is the route lifetime, given by the Kinetic Graphs 
framework, and Tmax is a value defined as the maximum 
route lifetime. The upper bound Tmax is specified to avoid 
larger route lifetime.  
From [13], we have that for Nakagami distribution with a 
positive integer value for the fading parameter m, we obtain 

𝑃𝑟(𝑑,𝐶𝑅) = 𝑒−𝑚(𝑑 𝐶𝑅⁄ )2 ∑ �𝑚(𝑑 𝐶𝑅⁄ )2�𝑖−1

(𝑖−1)!
𝑚
𝑖=1       (3) 

Equation (3) gives the probability of successfully receiving a 
message sent through a distance d between the sender and 
receiver in an intended communication range CR. Equation 
(3) does not consider the effects interference. Our pheromone 
deposit equation then becomes 

Δφ𝑖𝑗 = 𝑒−𝑚�𝑑𝑖𝑗 𝐶𝑅⁄ �2 ∑ �𝑚(𝑑 𝐶𝑅⁄ )2�𝑖−1

(𝑖−1)!
𝑚
𝑖=1 + 𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥
    (4) 

Equation (4) will determine the amount of pheromone to be 
deposited in every link visited by the ants, which will be the 
probability of reception of a message through this path 
summed with the ratio between the lifetime estimation of 
that path and the maximum (upper bound) lifetime. The 
probability of reception indicates the path quality. For multi-
hop routes whose length is bigger than the transmission 
range, the only indicative of quality is the estimated lifetime 
for the path. 

j i i 
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4.1 Evaporation Process 
Just like real ants, an ACO algorithm simulates the 
evaporation process of pheromone trails left by the ants 
while traveling through the link.  
From a practical standpoint, the evaporation process is 
necessary to avoid a too fast algorithm convergence towards 
a suboptimal region; it is a way to escape from a local 
optimum [5]. 
From an implementation standpoint, periodically every tev 
seconds, the pheromone level of all links decrease following 
a mathematical model that tries to imitate the evaporation 
mechanism of the real ants. Equation (5) show evaporation 
mechanism 

𝜑 ← (1− 𝜌).𝜑                            (5) 
ρ is the so-called pheromone evaporation rate and φ, the 
pheromone level associated with that path. 
In several ACO algorithms, such as ARA [9], ARAMA [12] 
and Ant-DYMO [14], to name a few, the evaporation rate ρ is 
fixed and the same for all links, usually a value found in 
some empirical way. The work propose different 
evaporation rates for every link, based on the assumption 
they are actually different, and hence, should behave 
differently in regard the pheromone evaporation.  
Through Kinetic Graphs, we have now estimation on the 
duration of a path, which will be represented by Tmin, from 
Equation (2). In practice, the route will be removed after Tmax 
seconds and it become invalid. 
Now proceed to calculate the rate needed to evaporate a link 
within Tmin seconds. Let 𝜑[𝑘] represent the pheromone level 
of an arbitrary link after the evaporation process described 
by Equation (5) is performed k times. 
Hence, 

𝜑[𝑘] = 𝜑. (1− 𝜌)𝑘                                (6) 
Equation (6) shows the amount of pheromone associated 
with this link after it suffers the evaporation process k times. 
Let ϵ be a smallest amount (different of zero) of pheromone 
possible to be associated with a link, for which we assume 
the following: 

𝜑 = � 𝜑, 𝑖𝑓 𝜑 ≥∈
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                   (7) 

 
Therefore, 

𝜑. (1 − 𝜌)𝑘 =∈ 
𝜌 = 1 − �∈

∅
�
1
𝑘                               (8) 

As the evaporation mechanism is performed after every tev 
seconds, k value is calculated, that tells the number of times 
the evaporation process was performed: 

𝑘 = 𝑇𝑚𝑖𝑛
𝑡𝑒𝑣

                                           (9) 
By combining (9) with (8), we get the evaporation rate a 
given link will be subject to, so that it will completely 
evaporate after its predicted duration: 

𝜌 = 1 − �∅
𝜌
�

𝑡𝑒𝑣
𝑇𝑚𝑖𝑛                             (10) 

 
5   APPLICATION OF THE PROPOSED TECHNIQUES TO AN 

EXISTING DYMO ROUTING PROTOCOL  
In this section, application of the proposed techniques 
presented in the previous section to the DYMO [3] routing 

protocol is done, and obtain the Ant Colony Optimization 
Routing DYMO, or simply ACO-DYMO, for short. 

5.1  Ant Colony Optimization Routing DYMO (ACO-
DYMO 
As DYMO is a reactive protocol. DYMO is going to turn it 
into an ACO algorithm by adding the pheromone deposit 
and pheromone evaporation discussed in section III. First we 
start by modifying the HELLO message from the DYMO 
protocol to add the fields shown in Figure 2. 
                                    32 bit 

position 
(vector) 

displacement (vector)  

speed (vector)  scalar 
speed  

timestamp  

Figure 2. Data a vehicle needs to transmit in order to allow 
others to make predictions on its mobility 
Now HELLO messages are not periodic anymore, but they 
will be sent by the vehicles when needed, in an aperiodic 
fashion managed by the Kinetic Graphs framework. That 
way the nodes will keep a table with updated info on their 
neighbors. This information allows a vehicle to make 
predictions on their neighbors, such as their position at a 
given time instant and the time they will be still neighbors, 
for instance. 
For turning the DYMO protocol into an ACO algorithm, the 
routing table is adapted to carry, for each route the 
pheromone level associated with the link and evaporation 
rate calculated through equation (10) and they are changed 
to work in a multi-path fashion too, so that actual route will 
be chosen among the existing routes based on corresponding 
pheromone levels, by using the roulette-wheel selection 
method. Route with a higher pheromone level will have 
higher probability of being chosen. 

𝑝𝑖 = ∅𝑖
∑ ∅𝑗𝑁
𝑗=1

                               (11) 
Equation (11) shows the probability a route i to a given 
destination will be chosen, among N (multiple) routes for the 
same destination. 
 
6 PERFORMANCE EVALUATION  
 
6.1 Simulation 
The simulations are carried out using the network Simulator 
2.34[16],[4], with modules Mac 802.11 Ext and WirelessPhy-
Ext, based on original ns-2 wireless modules. Propagation of 
signals Nakagami radio propagation model is used.  

Table I 
SUMMARY OF THE SIMULATION PARAMETERS 

Simulation parameters 
Simulation area 1600mX1500m 
Communication range 350m 
Propagation Model Nakagami 
Mobility Model Gipps 
Application VBR 
Transport UDP 
MAC and PHY 802.11 
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Packet size 512 bytes 

Transmission range 300,400,500,600, 
700,800,900,1000 

Interface Queue 20 packets 
Simulation Time 150 Seconds 
Number of Vehicles 100 
Routing Protocols AODV,ACO-DYMO 
 
The vehicular traffic is generated by the Vehicular Network 
Moment generator [17] according to lane changing behavior 
proposed by Gipps [7], belong to the class of collision 
avoidance vehicular mobility models. The AODV protocol is 
compared against the developed ACO-DYMO. The 
simulation parameters are summarized in Table 1. 
 
1) Scenario: The scenario is a 1600mX1500m urban area. The 
roads have two lanes each and the vehicular traffic flows in 
both directions. 
2) Data Traffic: The traffic used in the simulations is UDP. 
During the whole simulation, each node will be sending data 
to a random destination for a time chosen between 10 and 60 
seconds. Data rate varies from 250 to 1000. At regular 
intervals parameters are monitored. 3) Metrics: Four metrics 
are considered in order to evaluate the routing protocols in 
the proposed scenario: – the average delivery ratio, the 
average end-to-end delay, routing overhead and throughput. 
The average delivery ratio is defined as being the number of 
packets successfully received at the destinations per number 
of packets sent by the data traffic sources. This metric tells 
how good was the protocol in the task of successfully 
transmitting data end-to-end. 
 The average end-to-end delay is defined as being the 
average of the sum of the time it took to send/receive each of 
the successfully delivered packets and it tells about the 
latency of the protocol. 
 Throughput is the average rate of successful message 
delivery over a communication channel. This data may be 
delivered over a physical or logical link, or pass through a 
certain network node. The throughput is usually measured 
in bits per second (bit/s or bps). 
 The routing overhead is defined as being the number of 
routing packets – such as the protocol messages – per 
number of data packets successfully received at the 
destinations. This metric tells about the extra traffic 
generated by the routing protocol in order to successfully 
deliver data packets. 

6.1 Result and Discussion 
Figure 3 shows routing overhead, ACO-DYMO have less 

routing overhead when compared to AODV. Figure 4 
shows ACO-DYMO have good delivery ratio than 
AODV. Figure 5 shows average end-to-end delay is 
reduced in the proposed scenario, and AODV have worst 
performance.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 3. Routing Overhead 
 

 
Figure 4. Average Delivery Ratio 

 

Figure 5. Average Delay 
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Figure 6. Throughput 
 

Regarding throughput the proposed ACO-DYMO perform 
much better than AODV, showed in Figure 6 
 

7 CONCLUSION  
The paper had introduced a combined approach of 
clustering architecture and Ant Colony Optimization (ACO) 
routing procedures. The proposed method had worked 
pretty well in urban VANET scenario compared to AODV 
protocol. This paper concentrated only reactive phase 
routing, in future work proactive phase routing will be 
employed with Ant Colony Optimization procedures. 
 
 
8 REFERENCES 
 
[1] Aissani. M, Fenouche. M, Sadour. H, and Mellouk. A, “Ant-DSR: 

cache maintenance based routing protocol for mobile ad-hoc 
networks,” in Telecommunications, 2007. AICT 2007. The Third 
Advanced International Conference on, 2007, pp. 35–35. 

[2] Blum. C and Merkle. D, Swarm intelligence: introduction and 
applications. Springer-Verlag New York Inc, 2008 

[3] Chakeres. I and Perkins. C, “Dynamic manet on-demand (DYMO) 
routing,” draft-ietf-manet-dymo-21 (work in progress), 2010. 

[4] Chen. Q, Schmidt-Eisenlohr. F, Jiang. D, Torrent-Moreno. M, 
Delgrossi. L, and Hartenstein. H, “Overhaul of IEEE 802.11 
modeling and simulation in ns-2,” in Proceedings of the 10th ACM 
Symposium on Modeling, analysis, and simulation of wireless and 
mobile systems. ACM New York, NY, USA, 2007, pp. 159–168 

[5] Dorigo. M and Blum. C, “Ant colony optimization theory: A 
survey,” Theoretical Computer Science, vol. 344, no. 2-3, pp. 243 – 
278, 2005. 

[6] Dorigo. M and Stutzle. T, Ant Colony Optimization (Bradford   
Books). The MIT Press, July 2004 

[7] Gipps. P. G. “A model for the structure of lane-changing 
decisions,” Transportation Research Board, vol. 20B, no. 5, pp. 403–
414, 1986 

[8] Gipps. P.G, “A behavioural car-following model for computer 
simulation,” Transportation Research Board, vol. 15, pp. 105–111, 
1981 

[9] Gunes. M, Sorges. U, and Bouazizi. I, “ARA-the ant-colony based 
routing algorithm for MANETs,” in proceedings of the ICPP 
international Workshop on ad hoc networks (IWAHN). Citeseer, 
2002 

[10] Harri. J, “Modeling and predicting mobility in wireless ad hoc 
networks,” Ph.D. dissertation, EPFL, Lausanne, 2007. [Online]. 
Available: http://library.epfl.ch/theses/?nr=3836 

[11]  Harri. J, Bonnet. C, and Filali. F, “Kinetic mobility management  
applied to vehicular ad hoc network protocols,” Computer 
Communications, vol. 31, no. 12, pp. 2907–2924, 2008 

[12] Hussein. O and Saadawi. T, “Ant routing algorithm for mobile ad-
hoc networks (ARAMA),” in Performance, Computing, and 
Communications Conference, 2003. Conference Proceedings of the 
2003 IEEE International. IEEE, 2003, pp. 281–290.14 

[13]  Killat. M and Hartenstein. H, “An empirical model for probability 
of packet reception in vehicular ad hoc networks,” EURASIP 
Journal on Wireless Communications and Networking, vol. 2009, 
pp. 1–12, 2009 

[14] Martins. J, Correia. S, and Celestino. J, “Ant-DYMO: A bio-inspired 
algorithm for MANETS,” in Telecommunications (ICT), 2010 IEEE 
17th International Conference on. IEEE, 2010, pp. 748–754 

[15] Marwaha. S, Khong. C, and Srinivasan. T, “Ant-AODV - Mobile 
agents based routing protocol for mobile ad hoc networks,” In 
Proceedings of IEEE Globecom, 2002 

[16] N. Simulator, “ns-2,” 1989 
[17] Nzouonta. J,“Vehicular network movement 

generator.”[Online].Available:http://web.njit.edu/_borcea/invent/ 
[18] Ohta. T, Inoue. S, Kakuda. Y, and Ishida. K, “An adaptive multihop 

clustering scheme for ad hoc networks with high mobility,” IEICE 
Trans. Fundamentals, vol.E86-A, no.7, pp.1689- 1697, 2003 

[19] Perkins. C, Belding-Royer. E, and Das. S, “RFC3561: Ad hoc 
ondemand distance vector (AODV) routing,” Internet RFCs, 2003 

[20] Rubio. L, Reig. J, and Cardona. N, “Evaluation of Nakagami fading 
behavior based on measurements in urban scenarios,” AEU-
International Journal of Electronics and Communications, vol. 61, 
no. 2, pp. 135–138, 2007. 

[21] Ruiz. P and Ros. F, “DYMOUM – A DYMO implementation for 
real world and simulation,” URL http://masimum. dif. um. es, 
2005. 1130 

[22] Satoshi Teshima, Tomoyuki Ohta, Eitaro Kohno and Yoshiaki 
Kakuda. “A Data Transfer Scheme Using Autonomous Clustering 
in VANETs Environment” 2011 Tenth International Symposium on 
Autonomous Decentralized Systems, 978-0-7695-4349-9/11 2011 
IEEE 

[23] Sergio Luis O. B. Correia, Joaquim Celestino Junior, Omar 
Cherkaoui. “Mobility-aware Ant Colony Optimization Routing for 
Vehicular Ad Hoc Networks” 978-1-61284-254-7/11 2011 IEEE. 

[24] Sucec, J., & Marsic, I. (2004). Hierarchical Routing Overhead in 
Mobile Ad Hoc Networks. IEEE Transactions on Mobile 
Computing , Volume: 3 Issue: 1, (pp. 46 – 56). 

IJSER

http://www.ijser.org/
http://library.epfl.ch/theses/?nr=3836

	1 Introduction
	2 RELATED Work
	3   Autonomous Clustering
	3.1 Overview
	3.2 Formation of Cluster
	3.3 Management of Cluster

	4   Proposed Scheme- Cluster Based Ant Colony optimization routing for vanet
	4.1 Overview
	4.2 Ant- Colony Optimization Procedure
	4.3 Pheromone deposit
	4.1 Evaporation Process

	5   Application of the Proposed Techniques To An Existing DYMO Routing Protocol
	5.1  Ant Colony Optimization Routing DYMO (ACO-DYMO

	6 PERFORMANCE Evaluation
	6.1 Simulation
	6.1 Result and Discussion

	7 Conclusion
	8 References



