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Abstract

Vehicular Ad-Hoc Network (VANET) is a variety of mobile ad-hoc networks (MANET) that differs from the fact that VANETS com-
municates between vehicle-to-vehicle and vehicle-to-roadside communication network. VANETSs have the possibility to integrate with
WiFi, Bluetooth and other connectivity protocols which makes it a new standard. The desired outcome expected from VANET is to
communicate between nodes in any environment irrespective of traffic density and vehicle locations. Since vehicular communication is a
part of constantly changing environment and it must also operate in urban and rural areas. Taking in mind the large number of nodes that
are actually participating in these networks and also the property of high mobility between them, it has resulted in many debates about a
feasible routing protocol. This paper introduces a multi-agent system approach to solve the problems faced by vehicular communications
since it comprises of more than one agent solve the problem of routing, the resulting protocol gives higher efficiency and better perfor-

mance on packet delivery and end-to-end packet delay.

1. Introduction

When it comes to mass transportation, all over the world, publicly-
owned vehicles will remain dominant irrespective of its drawbacks
like accidents, congestion as well as negative environmental im-
pact. Leveraging the information as well as communication tech-
nologies can improve road safety, reduce delays, enhance the trav-
eler experience, etc. Creating a Mobile Ad hoc Network (MA-
NET) is one such possibility where vehicles themselves act as
network nodes. VANET [1] is another such technology in which
the temporary mobile nodes are associated and also manage them-
selves independently without any fixed infrastructure. Even if
there are some connections to the nodes, they will not affect the
decisions of the network management.

On the other hand, due to the unpredictable environment of vehi-
cles, all the traditional routing protocols which are applied for
MANETS cannot be applied to VANETS[3][4]. Hence, during the
recent years, many new routing protocols have been proposed
explicitly for VANETSs which deals with its unique characteristics
and also aim at routing the information within vehicular as well as
road-side nodes. The primary target of routing in VANETS is to
transmit data in a unicast manner, i.e., from a single source to a
single destination, or in geocast manner, i.e., by amalgamating
wireless multi-hop and carry-forward techniques. But measuring
the effectiveness and efficiency is always challenging in case of
these protocols.

There are mainly 3 categories for the architecture of VANET
namely vehicle to vehicle ad hoc networks, vehicle to infrastruc-
ture (e,g., fixed gateways at the road sides ) and hybrid architec-
ture.

VANETS finds its application in many areas and its scope is huge.
Firstly, Co-operative Message Transfer [2], which allows the
slow/stopped vehicles to exchange messages with other vehicles

for co-operation and help. Reliability and latency is a major con-
cern in this case and it may automate emergency braking for
avoiding accidents. Next is Post Crash Notification, in which a
vehicle involved in an accident will broadcast warning messages
containing its locations to the trailing vehicles to take a decision
within a short time and to highway patrol for tow away support.
Road Hazard Control Notification is another application where
cars notify other cars about any hazard such as landslides, road
feature because of road curve or sudden downhill. Another appli-
cation is Traffic Vigilance in which cameras can be installed in the
Road Side Unit (RSU) to input and act as a tool for low or zero
tolerance campaign for driving offenses. Remote Vehicle Person-
alization/Diagnostics help in downloading personalized settings
for a vehicle or in uploading vehicle diagnostics from/to other
infrastructures. VANETS can act as a medium which gives Inter-
net Access through RSU in case if the RSU can work as a router.
Digital Map Downloading is also an application of VANET where
map regions can be downloaded by drivers based on requirement
prior to their travel to a new area, and also Content Map Database
Download can get valuable information from mobile hot spots or
home stations acting as a portal. On-demand movie experience can
be expanded to the vehicles by the application of VANETS in Real
Time Video Relay. Service providers can profit from Value-added
advertisement by attracting them to their stores. Announcemnts
such as petrol pumps, highway restaurants can also reach the vehi-
cles, even in the absence of internet. Route Diversions can be
updated to oncoming vehicles in case of congestion. Lastly, even
in case of Toll Collection, it can be paid electronically using
VANETS. In case of Multi-agent systems [17], various aspects can
be considered for the benefit of the vehicles such as cooperation,
distribution, intelligence as well as autonomy. As the architecture
grows in a distributed and dynamic environment, this can get more
interesting. Therefore, a routing protocol for the VANET can
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solve a lot of problems in case of the before mentioned applica-
tion.

2. Related work

Major challenge faced by Vehicular Communication is routing.
Researchers have proposed many different types of routing proto-
cols [5] [6]. In VANET, the routing protocol can be classified into
many methods based on the related work that was carried out.
Road based routing and Communication based routing are two
types. Road based routing methods are available to developed
areas life urban, highways as well as rural area too. In case of
urban scenario, bidirectional communication and high density
have added features. The high density of vehicles results in a re-
duction in the mobility of vehicles during communication, but
Highway routing takes up unidirectional communication as well as
low vehicle density. Rural routing method is less efficient due to
the low network density and high mobility.

Additionally, few more routing protocols [7] [8] are Position
based routing, Topology based routing, and Cluster based routing
with regards to the arrangement of the nodes. Position based rout-
ing tracks the location information of the vehicles using Global
Positioning System (GPS) technology. It however does not main-
tain a routing table, but instead uses the location information of
the source node, next-hop node and destination node to carry out
the routing. Topology based routing can be further subcategorised
into Proactive, Reactive and Hybrid routing. Proactive routing
transfers data from source node to destination node using the
shortest path algorithm. It is a table driven approach as the infor-
mation in the table changes periodically when there is a change in
mobility. Therefore, procative is highly appropriate for low mobil-
ity and fewer topology change areas in VANET. Reactive on the
other hands used ondemand methods to deliver data. The routing
table in this case is reconfigured frequently. This can be adapted to
the environment which has high mobility and dynamic changes in
topology. Hybrid routing is a combination of the Proactive and
Reactive routing. It delivers efficiency and scalability during the
process of communication. In Cluster based routing [10] [12],
groups of vehicles combine together to form clusters and is man-
aged by a Cluster Head (CH). CH takes responsibility to coordi-
nate the vehicles in inter-cluster and intra-cluster structures and
also sends the packets to the next hop node during the process of
routing. Various approaches are proposed to elect the CH. This
method is highly scalable.The protocols proposed for MANET
cluster cannot be adapted for VANET due to high mobility in the
nodes. Hence some routing protocol [14] such as CBR, COIN and
LORA_CBF are proposed in order to adapt to the VANET envi-
ronment.

Based on the modes of communication between the nodes the
routing can be further classified as Geocast, Broadcast and Mul-
ticast routing. Geocast routing coordinates the position based and
multicast based routing methods. This method sends packets to all
vehicles in a specific location or area using Zone of Relevance
(ZOR). This reduces the overhead in network and ensures reliabil-
ity in delivery of packets. The broadcast routing on the other hand
sends the packets to all the nodes as and when the destination is
out of the range for communication. Intelligent Transport System
(ITS) uses mostly the Broadcast and Geocast routing to share de-
tails such as climate, traffic and emergency warning signal across
to all the vehicles. This method enables to get reliable transmis-
sion of packet and thereby minimizing the network overhead. But
sending the packets to every node in the network leads to replica-
tion of those packets. Similarly, another scenario can be inferred
from Multicast routing, in which,the source node sends the packet

to multiple destination. The routing of these packets can be carried
out in tree based and mesh based routing structure. But the prob-
lem arises when there are frequent changes in the network. These
changes apparently result in change of tree structure and also the
mesh structure, thereby affects the performance in a negative way.
The mobility of nodes [19] in VANETS require the backbone of
the network to reconstruct continuously in a periodic fashion.
Thus there arises a critical research on more distributed, adaptive
and intelligent protocol. Agent technology [16] has found its way
into the most exciting research area in case of VANETSs. Kumar et
al proposed an algorithm in VANET for agent learning-based
clustering. They have evaluated the performance of this algorithm
by taking various metrics such as node participation, connectivity
percentage, period of cluster head, connectivity preservation ratio
as well as a message transmission ratio. Tyagi et al [18] on the
other hand proposed an architecture exclusively for a VANET
using mobile agent to design clusters. Mobile agents [5] among
VANET nodes are used to create a concept of clustering. One of
the vehicle acting as cluster head takes all the decisions for other
vehicles. Since there is always a change in the topology, the deci-
sions taken might not be valid for a longer time. All these collec-
tions of drawbacks act as a driving force to develop a efficient
routing method which will improve the packet delivery ratio and
thereby reduces end to end delay in vehicular communication.

3. Proposed system

The proposed system comprises about a multi-agent routing proto-
col, which includes three agents, namely Information Agent (1A),
Cluster Agent (CA) and Route Agent (RA) respectively. These
three agents share many details among each other which results in
efficient packet delivery in vehicular communication. Each agent
has its own set of responsibilities in building the complete routing
protocol. The Figure below depicts the proposed system with three
agents. The work of each agent is explained as follows:

4. Information agent

The node is elected as information-agent [11] which will in turn
have all the neighbor nodes sharing the same information. This
information node collects the various information of neighbor
nodes and helps to form the cluster. The Information agent has the
HELLO message packet which contains the ID, speed and position
of every vehicle. This HELLO message packet which is trans-
ferred periodically will be broadcasted to all neighbor nodes. After
this process, the information agent helps to elect the Cluster agent.

5. Cluster agent

The Cluster agent acts as Cluster head, which maintains the cluster
topology. Cluster agent is elected based on the neighbor nodes
with the information that is provided by the Information agent.
Energy consumption is a secondary factor to elect the cluster
agent. When the vehicle transmits the messages to longer distance,
it needs a higher energy. Whereas, if the cluster agent has low
energy then the cluster topology will be destroyed. The energy is
calculated based on the distance of the next hop between nodes
and neighbor nodes. The final factor is a stability of the cluster
topology which is calculated based on the zonal distance between
a set of the neighbor nodes.
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Fig. 1: System Architecture.

6. Routing agent

The Routing agent performs the major role in this system; this
agent node constructs the routing path for a vehicle communica-
tion. Elected Cluster agent and cluster head is notified to the rout-
ing agent. In VANET the routing is a one of the major challenge,
because of the instability of the nodes and the vehicles are moving
with high speed and in various directions. Routing agent is to
choose the next hop nodes in the cluster. This next hop node has
the maximum link residual time and the low mobility factor com-
pared to other neighbor nodes. The main objective of this routing
agent is to calculate the link residual time for all the neighbor
nodes [9] and chooses the optimized next hop node for construct-
ing the routing path in vehicular communication. The neighbor
node information is provided by information agent.

Algorithm Muti-Agent ()

Inputs: Vehicle id, speed, direction, position, Signal strength.
Output: Information Agent, Cluster Agent,Route Agent and Rout-
ing Path construction

Begin
Information —Agent ()
Begin
Collects the information of neighbor nodes using the
HELO message packets.
Retrieve Process
Data communication between 1A and CA
End Information Agent.
Cluster-Agent ()
Begin
Data collection from the IA.
Calculation ()

{

Energy consumption (Ec).
Stability Factor (Sf).
Cluster Node weight (Cw).

For each Node
Compare the Cluster Node weights.
End for each.
Declare the CA.
End Cluster Agent.
Route Agent ()
Begin
Data collection from CA and IA.
LRT ()
Construct the routing path.
End Route Agent.
End Algorithm.

The algorithm on the working of the proposed multi-agent routing
protocol is given below. The inputs for the algorithm are various
parameters of the vehicular network such as vehicle ID, speed,
direction, position and signal strength. The output of the algorithm
is the final construction of IA, CA, and RA. There are three func-
tions each for 1A, CA and RA respectively.

7. Simulation analysis

In proposed system, mainly focused on transferring the data from
one vehicle to another vehicle with less delay time and high pack-
et delivery ratio. The Adaptive traffic control model was comput-
ed using SUMO (Simulation of Urban Mobility) and NS3 (Net-
work Simulator). The SUMO is a simulation tool to create a
VANET environment like real time manner. Using this tool, to
create a vehicle’s movement, in real time scenario. NS3 is used to
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maintain the communication in between vehicles and infrastruc-
ture elements. Table (1) shows the simulation parameters.

Table 1: Simulation Parameters

Parameters Value
Simulation Time 360 Seconds
Number of Vehicles 500

Vehicle Communication Range 1000meters
Vehicle Speed 0-100Km/hr
Data packet Size 512 bytes
MAC Protocol 802.11p

Fig. 2: A) VANET Real Time Environment Setup.

Fig. 2: B) VANET Real Time Environment Setup in Fourway junction.

Fig (2A) and (2B) represents the VANET environment using the
SUMO Tool. Its demonstrate the Vehicle movements in a two way
lane segment. The vehicles are moving with different speeds and
different directions randomly.In this VANET environment the
vehicles are moving with different speed and different directions.
Fig (3) represents the performance analysis for Packet Delivery
Ratio (PDR). Using this ICR multi agent routing method the pack-
et delivery has been increased compared to the Dynamic Source
Routing. In ICR multi agent routing method was to reduce the link
disconnectivity during the data transmission.

Fig (4) represents the performance analysis for End-to-End delay.
Using this ICR multi agent routing method the End-to-End delay
has been decreased compared to the Dynamic Source Routing. In
ICR multi agent routing method used to transfer the data efficient-
ly with less time period.
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Fig. 4: End to End Delay Vs. Speed.

8. Conclusion

No matter how efficient the protocol is, there is always a greater
threat of frequent disconnection, unreliable large VANET nodes
which are dynamically changing the communication environment.
Agent technology takes steps to apply its solution to these net-
works, which gives a promising solution to the development of
routing systems. In this paper, we have successfully proposed a
multi agent approach for routing in VANET. This approach has
proved to be more efficient than the existing protocols. The 1A is
to collect the all information; CA maintains the cluster topology
and RA is used to construct the efficient routing path. The three
agents cooperate together to find the best route possible and also
reduces the end-to-end delay and a increased packet delivery ratio.
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