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Abstract— Moving vehicle is never free of traffic congestion
especially in the cities. Every day commuters wastes hours in
travelling just because of traffic congestion. This has led to the
emergence of vehicular management which will be beneficial
for Road Transport department to control and manage the
traffic flow on congested roads. Thus to support above idea we
have Vehicular Ad-Hoc Network, or VANET technology that
turns every participating car into a node, allowing cars to
connect with each other and in turn create a network. It
ensures there is proper co-ordination amongst the vehicles on
the road and this in turn reduces traffic congestion. This is also
benefits the environment by reducing the pollution caused due
to burning of fuel during traffic jams. In this paper cluster
formation algorithm run on the vehicular environment so as to
have a stable form of communication amongst the vehicles .The
transmission range of mobile terminals being is fixed, results in
a dynamically changing network topology: As stations move
around, some network links are destroyed while the possibility
of new links being established arises. Thus, new routing
protocols are needed for the dynamically changing ad-hoc
wireless environment. The different cluster formation and
routing protocols which suits the ad-hoc environment are to be
simulated using NS2 and SUMO and results can be analyzed to
have the best one. Thus for our simulation, real aspects of
vehicular traffic is very essential and scenarios play a very
crucial role.

Index Terms— commuters wastes, NS2, SUMO, VANET

I. INTRODUCTION

The concept of leveraging wireless communications in
vehicles has fascinated researchers since 1980°s [4]. In the
last few years we have witnessed a large increase in research
and development in this area because traffic congestion has
become a major concern. This technology treats every car as
a moving node and thus these moving nodes form the
network. In VANET communication is also made possible
between these nodes via the transmission of messages in the
wireless environment.

Also the vehicles have different destinations and hence over a
course of time they follow different routes which lead to the
change in the network, as result the vehicle network has no
fixed topology and keeps on changing with time. From this it
is clear that vehicle movement reflects the ad-hoc nature
because of dynamic networks and hence the name VANET-
“Vehicular Ad-Hoc Network” is completely justified.
There are two units which connect the vehicles with one
another :
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* RSU (Road Side Unit) - It is the stationary unit that
connects the roaming vehicles to the access
network.

+ OBU (On Board Unit) - It is network device fixed in
roaming vehicle and is connected to the wireless
network.

A. Objectives

¢ Reduction of Traffic Congestion: Messages which
are exchanged among the moving vehicles help in
distribution of information amongst them and thus
reduces traffic load, driver spend less time on the
roads.
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Fig. 1 VANET ina city scenario. Vehicles are warned of the truck blocking the
road, and alternate routes [5]

e Reduction in the number of accidents: Safety
messages are given to the vehicles, information is
available about the vehicles, and this is turn helps
the drivers to avoid accidents.

Fig. 2 VANET preventing a multi-vehicle collision [5]

To fulfil the above mentioned objectives of VANETS many
complications must first be overcome. The dynamic VANET
topology and harsh VANET environment results in many
communication and networking challenges.

The extreme economic and social impacts of motor vehicle
accidents have motivated the research and development of
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Intelligent Transportation Systems (ITS). Intelligent
transportation systems aim to improve the safety, security
and efficiency of surface transportation systems, through the
implementation of intelligent technologies. These intelligent
systems encompass a variety of technologies; however most
applications rely fundamentally on the ability for
communication in the vehicular environment.

The rest of the paper is organised as follows. Section 2
describes the cluster formation process and selection of
cluster head. We also propose a new cluster head selection
algorithm. Section 3 describes the routing protocols used in
the simulation and also 802.11p (DSRC). Section 4 describes
the stepwise generation of realistic mobility model for
VANET. The conclusion is presented in Section 5.

Il. CLUSTERING

Clusters are conceptual structures where several nodes self
organise into a group around their momentarily selected
representative called the cluster head.
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A configuration of clusters

The cluster head is a special node which assumes the role of
coordinator for the remaining members of the cluster. Cluster
gateway is responsible for communication between two
different clusters.

A. Process of Clustering:

Clustering in VANET’s requires selecting a cluster head that
results in a stable cluster. The nodes which are present in a
particular cluster select a cluster-head to coordinate the
communication among them. The cluster head will be able to
communicate directly to all other cluster members and may
act as the relay node of communications to other cluster
members and other nodes in different clusters. Significant
time and channel bandwidth will be consumed to complete
this process.

B. Advantages of Clustering:

VANET is the dynamic and dense network topology,
resulting from the high mobility and high node-density of
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vehicles [6]. This dynamic topology causes routing
difficulties as well as congestion from flooding, and the
dense network leads to the hidden terminal problem. The
hidden terminal problem is the main cause of collisions in a
wireless network. The hidden terminal problem occurs when
there are two nodes that are outside the transmission range of
each other but will each transmit to a node that is shared
between them[7].

In Fig. 3 below, nodes Sland S2 cannot sense each other’s
transmissions. If both S1 and S2 were to transmit to R1 at the
same time a collision would occur.

81 R1 52

Fig. 3 Collision in transmission

A clustered structure can make the network appear smaller
and more stable in the view of each node [8], [9]. By
clustering the vehicles into groups of similar mobility, the
relative mobility between communicating neighbour nodes
will be reduced, leading to intra-cluster stability. In addition,
the hidden terminal problem can be diminished by clustering
[10].

The dynamic topology of VANETSs demand a high frequency
of broadcast messages to keep the surrounding vehicles
updated on position and safety information. In addition,
many routing algorithms necessitate flooding the network to
find routes, which in a dynamic network needs to be done
frequently to keep routes updated. All this flooding leads to
severe congestion, which can be alleviated by a clustered
topology [11] [12]. When the network is clustered, only the
cluster-head participates in finding routes, which greatly
reduces the number of necessary broadcasts.

An additional challenge for VANETS is Quality-of-Service
(QoS) provisioning. In VANETSs, many different types of
data will need to be transmitted, and messages will be both
delay-intolerant and delay-tolerant. For example, safety
messages will demand high reliability and low delay,
whereas non-vital road and weather information will be
tolerant to longer delays. These different data types
necessitate QoS provisioning, which can be achieved by a
clustered network [13] [14].

C. Requisite for a clustering algorithm:

The main aim of clustering algorithm is to minimize cluster
reconfiguration and cluster-head changes, which are
unavoidable due to the dynamic nature of the network.
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Having a good clustering algorithm requires selecting the
cluster-head that will serve most of the vehicles for the
longest possible time. Knowing the traffic flow and the
general information of a vehicle, such as speed, direction,
location and lane, should lead to better cluster-head
selection.

D. Clustering algorithm

Lowest-id clustering algorithm is having the lowest overhead
[15]. In Lowest-ID, each node is assigned a unique 1D, and
the node with the lowest ID in its two-hop neighbourhood is
elected to be the cluster-head. The algorithm works as
follows: (1) Each node periodically broadcasts its unique ID,
along with the ID of its neighbours. (2) If a node has the
lowest ID of all ID's it hears, it becomes a cluster-head.(3)
The lowest-ID a node hears is its cluster-head, unless that
node gives up cluster-head status to another lower 1D node.
In this case, the node will re evaluate lowest ID status
amongst undetermined nodes. (4) A node that hears from
more than one cluster-head is a gateway node.

In an effort to reduce the frequent re-clustering involved in
maintaining the lowest-1D status of all cluster-heads, the
Least Cluster Change (LCC) algorithm was suggested
[16].In LCC, re-clustering is only performed when two
cluster-heads come within range of one another. At this
point, the cluster-head with the lower ID remains the
cluster-head.

In highest degree based clustering algorithm each node in the
network is assigned a degree based on the number of
neighbours in the defined range. The node with the highest
degree is selected as the cluster head [17].

These algorithms do not exhibit cluster stability because they
make no attempt to select a stable cluster-head during initial
cluster-head election. For highly-mobile networks, mobility
must be considered during the clustering process in order to
ensure cluster stability.

The proposed algorithm is a distributed clustering algorithm,
which possesses excellent cluster stability, where stability is
defined by long cluster-head duration, long cluster member
duration, and low rate of cluster-head change.

The relative mobility between node [15] X and node Y is then
approximated by taking the ratio of time T taken at node Y for
two successive “hello” messages to arrive from node X. The
relative mobility metric, M™\(X), at node Y with respect to X,
is as follows:

MreIY(X) - (Tnewx_)Y/ ToIdX?Y)

In the above metric, if T""y ,y <T*%_y,then M"™(X)<0,
which implies the nodes are moving towards one another.On
the other hand, if 7"y >T_y,then M"™!(X) > 0, which
indicates that the nodes are moving away one another.
Therefore, the closer M™\(X)is to one, the lower the relative
mobility. Node Y calculates an aggregate mobility metric by
considering the M"™\(X;)for each neighbour, Xi. The
aggregate mobility metric is found by finding the variance,
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with respect to zero, for the set of relative mobility values,
M™(X). This aggregate mobility metric, My, is computed by:
My= var{M"™(X)}"j-1

Proposed algorithm is based on the mobility of the vehicles
on the roads and hence it ensures formation of a stable
cluster.

I1l. ROUTING PROTOCOLS:

In wireless ad hoc networks, stations are free to move around.
This, together with the fact that the transmission range of
mobile terminals is fixed, results in a dynamically changing
network topology: As stations move around, some network
links are destroyed while the possibility of new links being
established arises. Thus, new routing protocols are needed
for the dynamically changing ad-hoc wireless environment.
There are two types of ad hoc routing protocols-table-driven
and on-demand.

In this paper we will be focusing on DSDV, DSR and AODV
protocols.

In DSDV, each node maintains a routing table that contains
information regarding all possible routes within the network,
the number of hops of each route and the sequence number of
each route. Network nodes periodically broadcast their
routing tables in order to propagate topology knowledge
throughout the network.

The DSR protocol allows nodes to dynamically discover a
source route across multiple network hops to any destination
in the ad hoc network. The protocol is composed of the two
main mechanisms of "Route Discovery" and "Route
Maintenance"”, which work together to allow nodes to
discover and maintain routes to arbitrary destinations in the
ad hoc network. In order to limit the overhead of this control
messaging, each node maintains a cache comprising routes
that were either used by this node or overheard. As a result of
route request by a certain node, all the possible routes that are
learned are stored in the cache. Storing in the cache of
alternative routes means that route discovery can be avoided
when alternative routes for the broken one exist in the cache.
Therefore route recovery in DSR can be faster than in other
on-demand protocols.

AODV based on business needs to establish and maintain
routing is a combination of DSR and DSDV which is known
as a typical on-demand routing protocol. It uses the base of
route discovery and route maintenance in DSR protocol and
uses hop-by-hop routing, sequence order number and the
cycle update mechanism in route maintenance phase.

For setting up DSDV/DSR/AODV we set following line in
tel script:

setval (rp) DSDV/DSR/AODV;
IEEE 802.11p
IEEE 802.11p/DSRC is a wireless communication protocol
designed for vehicular ad hoc networks in order to support

safety and commercial non-safety applications.  The
conventional 802.11 protocols are not suitable for these types
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of networks because of high wvehicular mobility, faster
topological changes and requirements of high reliability and
low latency for safety applications.

The above needs and requirements have been addressed by
the Dedicated Short Range Communication (DSRC)
technology, which was adopted by ASTM and IEEE to
provide a secure, reliable, and timely wireless
communication component as an integral part for the
intelligent transportation system (ITS). DSRC operates in
the 75 MHz licensed spectrum at 5.9 GHz bandwidth.
WAVE (Wireless Access in Vehicular Environments) or,
802.11p, is an IEEE standard which provides enhancements
to the physical (PHY) and medium access control (MAC)
layers for the DSRC protocol.

IV. SIMULATION

There are many open source and commercial tools and
softwares available in the market for generating traffic
simulation model.

In the proposed paper we are using OpenStreetMap
(www.openstreetmap.org) to get the road network in the
form of .osm file.

The .osm file is converted to sumo XML files by eWorld and
then TraNS

1. Open www.openstreetmap.org. Enter the location
and select appropriate road for which simulation is
to be done. After selecting road map go to export
and select OpenStreetMap XML data and export the
.osm file and save it.

2. The OSM file will be imported in eWorld which is an
open source project that converts the map data from
.osm file to the format used dfor traffic simulators
like SUMO. The result is files containing
information about routes, nodes, etc. in XML
format for SUMO.

3. The network and route file generated by eWorld is
given to TraNS which is a GUI based tool which
integrates traffic and network simulators (SUMO
and ns2) for generating realistic scenarios of
Vehicular Ad hoc NETworks. TraNS allows the
information exchanged in a VANET to influence
the vehicle behavior in the mobility model. It
generates the .tcl files.

OpenStreetMap Network Simulator (ns 2.34)

A

1

map.osm contains map data

TraNS
(Generate mobility
traces forns-2.34)

eWorld

1

files containing road, vehicle,
route information

A

i

sUMO

Fig 4. Generation of files used for Simulation
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V. IMPLEMENTATION:

mmmmm

Fig 5. eWorld

Trans

5@ elelelaHm.

Fig 6. TraNSV

Scenario Information

Before runing ns2 do not forget to change the values of thefollowing variables in the Jmability_tracesi

set opinn) 38 #number of nodes

set opt(y) 4939.38 #1he width (x-axis) ofthe simulation
set optly) 855113 #1he width (x-avis) ofthe simulation
set opt(stop) 2000 #simulation endtime

setopifsc) D WANETIproject-switransv 2TraNSv1 2iexamplesimobility_traces)

(| [ |

[»

Fig 7. Scenario information by TraNS
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Fig 9. Best lane for a vehicle in SUMO
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Flg 12(b) Nodes sending messages in VANET

2] From the trace file(messageout.tr) generated, node id and

speed of vehicles are obtained and stored in variance.txt
using ClusterHead.awk file.

Sending_| h.m e Node_id Receiving_time

:e txt - Notey]

‘J” Help

t  Format

¢

| Fil
o 1 308038 1 1.300106 2 1.200107 2 1.3000165 4 l 200167 5
o000 10 1.3

1 359196 §T.399196 o 1.

991546 11

1.200106 &
1.399167 12

~

1300106
3560197
3569197
359196
350196
350196

3058196 14 1.399157 15 1.3991G67 16 1.
309197 20 1.399197 21 1,399107 22 1,
309197 26 1.399197 27 1,399106 28 1,
309197 32 1.399197 33 1,399156 34 1,
300197 38 1.399197 30 1.399106 40 1.
300107 44 1.399196 45 1.399107 45 1.

3901586 17 1.359158 18
399167 23 1,3501598 24
399156 29 1,359197 30
399156 35 1.3589197 36
3001567 41 1.350167 42
300108 47 1.300197 48

hwwNHH

350197
050442

49

prEs T
ERPRRRE

.3559196 1 1.050183 0 1.090441 2

1.0590442 3 1.090442 4

5 1.000441 6 1.000442 7 1.090442 8 1.090442 9 1.

090442 10

050442 11 1.0590442 12 1.090442 13 1.000442 14 1.090442
000442 17 1.000443 18 1.000442 10 1.000442 20 1.090442
000442 23 1000443 24 1.000442 25 1.000442 26 1.000442
050442 29 1000442 30 1.090441 31 1.090442 32 1.090442
050441 35 1.000442 36 1.000442 37 1.090442 38 1.090442
050442 41 1.0500442 42 1.090442 43 1.090442 44 1.090441 45 1.080442 46
050442 47 1.050442 48 1,090442 49 1.090441 2 1,758747 0 1.759006 1

. . . 15 1.050442 16
Fig 10. Vehicle parameters in SUMO 71030441 3
33 1.050442 34
39 1.050441 40

PRPERERRERERRERRRRRR R

~In

E speed [m/s] from vehicleRand.. E]@
E 1s :|
B b
64.6
/ \

L
/ il S
an 7 U 4" - - » L3

12100 756.00

‘14 noise (Hamoncise) (dB] from v...| o | (=[]
B j

noISe (HArmonoise; [48)

|

Fig 13. Variance.txt

3] The second executed tcl file(chselection.tcl) will calculate
the cluster head.

M appiications Places System @

D 9 sl

251152008 | Stop: 1949ms

st

75700 g )
72’} ‘.’.-
Fig 11. Vehicle graph in SUMO d -
° ..‘ .i
VI. SIMULATION IN NS2: :

1] In the first executed tcl file(message.tcl), all the nodes in
the cluster will send messages to others. This will help to
capture their speed which will be used for finding the
clusterhead for that particular cluster.

I

CLUSTERHEAD OF FIRST CLUSTER IS 40
IACCIDENT HAS OCCURED
HODE 0 SENDING MESSAGE OF ACCIDENT TO ITS CLUSTER HEAD

Fig.14 Cluster Head in VANET
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VII. RESULT AND ANALYSIS:

To do analysis of DSDV, AODV and DSR routing protocol,
five main and very important performance parameters are
considered:
1. Number of packets sent
Number of packets received
Packet delivery ratio
End to end delay
Throughput

abrwn

End to end delay: Average end to end delay is calculated
and analyzed at Fig.15 by varying routing protocol under
parameters of 802.11p. Itis clear from results that DSDV has
the lowest end-to-end delay among all the three routing
protocols.

1

5

4

1 IIIIII
0 IIIIIII . .

dsdv dsr

Fig. 15 End-to-end delay

Time
{in msec)
w

aodv

Throughput: Throughput is calculated and analyzed at
Fig.16 by varying routing protocol under parameters of
802.11p. It is clear from results that DSDV has the highest
throughput among all the three routing protocols.
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320

- IIIIII

310 T T d
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Fig. 16 Throughput

Throughput
(inkbps)
w
w
[=]

aodw

Packet delivery ratio: Packet delivery ratio is calculated
and analyzed at Table.5.4 and Fig.5.3 by varying routing
protocol under parameters of 802.11p. It is clear from results
that DSDV has the highest throughput among all the three
routing protocols.

101
1
alk=l]

098

097
096

k=13

094

Packet Delivery Ratio
(PDR)

093
092

091
] T T
dsdv dsr

Fig.17 Packet delivery ratio
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CONCLUSION: As per the simulation results obtained from
the above scenario, we can conclude that DSDV (Destination
Sequenced Distance Vector) Routing Protocol is the best
suited routing protocol for the mentioned clustering
algorithm. It gives the highest throughput and PDR (Packet
Delivery Ratio) while giving the minimum end-to-end delay.
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