
CSBR: A Cosine Similarity Based Selective
Broadcast Routing Protocol for Vehicular

Ad-Hoc Networks
Ankur Nahar

Computer Science & Engineering
Indian Institute of Technology

Jodhpur, India
nahar.1@iitj.ac.in

Himani Sikarwar
Computer Science & Engineering

Indian Institute of Technology
Jodhpur, India

himani.1@iitj.ac.in

Debasis Das
Computer Science & Engineering

Indian Institute of Technology
Jodhpur, India

debasis@iitj.ac.in

Abstract—Vehicular ad-hoc networks (VANETs) inflict
smart traffic control using information exchange (i.e.,
warning messages, routing and network discovery mes-
sages) with nearby vehicles immediately in a highly dy-
namic environment. Prior approaches have proposed sev-
eral routing computations and discovery techniques using
prediction, direction aware, and hello message assisted
algorithms. However, most of them do not perform ad-
equately in real-life traffic situations and have various
concerns i.e., broadcast storming, unpredictable network
dynamics, fixed-route life-time problem, non-linear real-
world traffic, high routing overhead, and low packet
delivery ratio. Clustering architecture in vehicular scenar-
ios improves resource utilization, network scalability and
flow of data between communicating vehicles but stable
cluster formations is also a challenging task in real-life
traffic situations. Therefore, in this paper, we proposed a
cosine similarity based selective broadcast routing protocol,
also known as CSBR, which leverages non-linear cluster
formation ability using cosine similarity index. Distinct
clusters and the coordinating vehicles assist each other in
finding the most suitable path to reach the destination.
Additionally, a probabilistic forwarding approach is used
to disseminate routing messages further in the network.
The outcomes exhibit that the proposed scheme improved
5-10% packet delivery fraction (PDF), minimizes average
delay approximately 25%, up to 10% low communication
overhead, improved throughput upto 5-10%, and less
neighbour discovery messages overhead compared to the
existing broadcast routing protocols in VANETs.

Index Terms—Vehicular Ad-Hoc Networks (VANETs),
Clustering, Broadcasting, Routing.

I. INTRODUCTION

The rapid growth in the transportation system in-
creases eminence traffic on the streets [1]–[3]. In con-
sequence of this, plenty of road accidents and traffic
congestion has been noticed in recent times. In a report
by the world health organisation (WHO) affirms that
road traffic accidents touched 1.35 million deaths per
year. Thus, the vehicular ad hoc networks (VANETs)
aims to enhance road safety, information dissemination
and traffic management applications [4]–[7]. Through
VANETs, we can provide vehicle-to-vehicle (V2V) com-
munication, which can avoid a crash and hazardous
condition by propagating alert messages to other vehicles
in the network. VANET is an intelligent traffic system,

which is composed of interconnected vehicles and road-
side units (RSUs) [8]–[10].

Fig. 1 represents a VANET scenario where the differ-
ent vehicles in an urban environment are communicating
with each other. RSUs are also placed in some sections
of the city. Two nearby vehicles can transmit information
to each other directly if they are in the communication
range, but in case of a long-distance, they can commu-
nicate through RSUs. The angular similarity between
vehicles is represented by the cosine angle, whereas
linear distance is represented by Euclidean distance.

Fig. 1. Example of A VANET V2V/V2I Network Scenario and Cosine
Model

The routing becomes a necessary step for network op-
erations and accomplishing services [11]–[13]. Existing
routing protocols in VANETs such as direction aware
best forwarder selection routing (DABFS) [1] discover
the route to the destination by broadcasting beacon
messages to the neighbour vehicles. These broadcasting
messages create a broadcast storm in the network, which
degrades the network performance by creating a situation
of congestion and high packet collision. Prediction based
schemes such as Kalman prediction based neighbour
discovery (KPND-AODV) [2] used a Kalman filter for
predicting vehicular movement, which is not suitable for
non- linear real-world environments. The CEG-RAODV
[4] and CPB [5] used clustering architecture with a
probabilistic forwarding approach, but the erroneous
assumptions about the vehicular movement create a
problem as the vehicle change its position before theISBN 978-3-903176-28-7 ©2020 IFIP
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requesting vehicle discovers the path to the destination
[14]–[18].

In this paper, the CSBR protocol aims to reduce
the unnecessary broadcasts and provide an efficient
approach for neighbour discovery and route discovery
phase [19]–[22]. Our research aims to optimize routing
processes using stable and robust clustering in real-
world scenarios. The proposed scheme uses the concept
of hybrid clustering and anycasting approach, in which
we are limiting the broadcast messages only to the
group of similar cosine indexed vehicles that form a
cluster. Packet forwarding or dropping decisions are
based on a probability factor and the coordination of the
cluster members. The probabilistic approach provides a
controlled environment to restrict propagating unwanted
broadcast messages. This property helps to reach our
prime objective to improve network performance in
terms of throughput, less neighbour discovery message
and control the broadcast storm in the network. A
cluster head is responsible for the coordination among
the members, which is chosen based on the distance,
connectivity, and high connection probability metric.
Different from previous clustering schemes, we use the
angular movement of a vehicle and non-linear charac-
teristics of real-world scenarios to form stable clusters
[23], [24].

Implementing a real-world scenario is expensive to
execute and test. Therefore, we use various mobility
testbeds to simulate distinct existing routing protocols
and CSBR. The simulation result demonstrates an im-
provement in the successful delivery ratio of a packet to
an average of 97-98% and minimizes the average delay
up to 25% in a dense network of 200 vehicles in an
urban mobility scenario. Moreover, CSBR minimizes the
routing overhead upto 10%, and enhanced the throughput
of the network for the simulated environment up to 700-
800 kbps, and showed an average of 10% improvement
than other existing protocols used in this paper. The
CSBR also decreases the number of broadcast packets
needed to discover neighbouring vehicles.

The paper is organized in the subsequent sections:
Section II, provides information about the literature and
the past work done by different researchers in this area.
In Section III, we discuss the objectives and contribution
of the research. Section IV and V, contains the details
about the network model and our proposed CSBR proto-
col in detail. Whereas, in section VI and VII, we present
a performance analysis of simulated protocols and the
simulation results.

II. RELATED WORK

The area that is attracting lots of researchers is
VANETs. Much prominent work has been carried out
in this field, which studied routing approaches, issues
involving in routing, and the solution to resolve these
issues. Existing schemes based on prediction, oppor-
tunistic, hello messages, and clustering are described
below:

A. Prediction and Opportunistic Based Routing Schemes

S. Haider et al. [1] introduced a direction based
routing protocol for the bi-directional networks, such

as VANETs. In their research, they have used relative
position and the direction of a vehicle to determine
the vehicle movements. C. Liu et al. [2] proposed a
new technique using Kalman prediction for neighbour
discovery and analyzed its effects on the routing. In their
research, they found out that using Kalman prediction
method neighbour discovery, the time was reduced, and
the performance of the routing was also significantly
improved. M. Naderi [3] proposed an adaptive routing
technique to send beacon messages to the neighbours.
They have used opportunistic routing strategy and the
VANETs characteristics such as speed, position, and
the direction of drift of the vehicles in the network to
enhance throughput and the average successful packet
transmission. In another research conducted by M.
Toohani et al. [7] and F. Li and Y. Wang [8] dis-
cussed the challenges in VANETs routing and protocol
designing. In their study, they discussed many routing
protocols including geocast, hierarchical, opportunistic
and positional protocols. S. Han [9] proposed an adaptive
hello message technique which can reduce the overhead
on periodic hello message-based routing protocols. T.
Saini and S. Chandra [10] surveyed various routing
protocols including proactive, reactive, geo-positional,
QoS, anycast, multicast, and multipath routing. In their
article, they covered various techniques and the protocols
that can be useful in VANETs.

Y. Tang et al. [11] proposed a technique that uses
machine learning and artificial intelligence techniques to
predict the mobility of a vehicle. In their research, they
found, if the movement of a vehicle can be determined,
then a better routing scheme and improved performance
can be achieved. D. Zhang et al. [12] proposed a sub-
stantial self-adaptive routing algorithm based on the link
continuation model. In their research, they used mobility
to design their routing protocol by using a heuristic
search technique. A. Ghaffari [13] proposed a hybrid op-
portunistic technique for routing in VANETs, which used
position based information and the greedy method, in
which the highest geographic progressive vehicle chosen
for forwarding the packet to the destination. H. Abbasi et
al. [14] proposed an intelligent forwarding protocol and
used handshake less communication between vehicles
and also decoupled acknowledgements (ACKs) from the
message dissemination process to reduce the delays. For
faster retransmission, euclidean distance and the signal
to noise ratio (SNR) has been used to optimize the
contention window.

B. Cluster-Based Routing Schemes

Z. Khan et al. [4] introduced a cluster-based VANETs
oriented evolving graph (CVoEG) model routing tech-
nique based on a bi-direction highway model. They used
the Eigengap heuristic strategy for packet forwarding.
L. Liu et al. [5] proposed a data dissemination tech-
nique that relied on the clustering and a probabilistic
approach of broadcasting. In their research, they used
conditional probability for packet forwarding decisions.
In another research conducted by S. Haider et al. [6]
simulated a cluster-based V2V environment to reduce
collision on highways. A probability-based, direction-
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aware technique has been used to provide early warning
messages to the other vehicle to reduce the chances of
accidents.

In general, various routing protocols have been pro-
posed for vehicular communication for performance
enhancement, but designing an effective routing protocol
is a challenging task for VANETs. Besides the vehicle’s
high mobility, the urban environment and traffic com-
plexity is an influential parameter that influences the
performance factor of a vehicular network. Improving
cluster stability is another crucial factor that affects
routing techniques in cluster-based routing. However,
existing routing techniques suffer from local optimum
cluster selection and less stability. Concerned by the
stable clustering issue, our work aims for link stability,
and efficient cluster formation and performance enhance-
ment.

III. MOTIVATION AND CONTRIBUTION

As described in the introduction section, optimized
routing in clustered architecture depends on effective
clustering and corporative message forwarding between
the vehicles. Numerous researches attempted to solve the
cluster stability, low coherence, and vehicle coordination
problem, but they showed performance degradation in
real-life traffic situations due to highly dynamic topol-
ogy and incorrect assumptions. The correct analysis of
vehicle characteristics such as velocity, direction, and
angular movement assists in creating more stable clusters
and better information forwarding behaviour. Using the
message delivery probability factor helps to decrease
the unwanted message broadcast in the network. More-
over, it increases the routing efficiency and optimizes
the routing performance. Our design focuses on three
challenges: i) How to efficiently create fully associate
clusters of the vehicles; ii) How to choose the cluster
head for each cluster and information forwarding relay
toward the destination vehicle using coordinating vehi-
cles in the cluster; iii) How to achieve high throughput
and less overhead in VANETs.

CSBR makes use of the concept of cosine similar-
ity indexing and cosine distance for the clustering in
VANETs. Cosine similarity provides an efficient way to
create a cluster of vehicles with the same characteristics
in terms of the direction and movement of a vehicle. For
the route discovery and path identification, CSBR iden-
tifies the cosine similarity between the communicating
vehicles and finds cluster heads through cosine distance.
Then it defines a relationship between cluster heads and
the cluster members that coordinate among themselves
and uses probability functions to reduce the broadcast
density in the network. Our main contribution of the
research are as follows:

• We propose a novel cluster-based routing pro-
tocol for the VANETs environment known as
CSBR, which efficiently create stable clusters
and use them for effectively route a packet to
the destination.

• We introduce the cosine similarity concept to
finding stable clusters and then use cosine

distance to elect cluster heads among them to
maximize the performance.

• CSBR protocol decrease unwanted broadcast
messages by selectively sending, only to the
cluster members based on a probability factor
defined in proposed route selection algorithm.
It allows the routing protocol to minimize
broadcasts in the network and discover the
optimum path to the destination.

• We evaluate the performance through exten-
sive simulations and done comparison analysis
with existing schemes DABFS, KPND, CEG-
RAODV, and CPB in term of pdf, average
delay, routing overhead, throughput, and neigh-
bour discovery messages overhead.

IV. NETWORK MODEL

For CSBR protocol, we develop a simulation environ-
ment which is considerable for VANETs infrastructure.
Based on this model, we consider N numbers of vehicles
such that {V : V1, V2, V3. . . .VN} with the M number of
road-side units {R : R1, R2, R3. . . .RM}. The mobility
model for the connectivity can be represented by a
graph G =(V, E), Due to the real-time compulsions
and resource limitation, here we exercise short-range
communication given according to dedicated short-range
communications (DSRC) (i.e., 300 - 1000m) between
vehicles. Each vehicle in a VANET broadcasts a traffic
safety message every 100-300 ms, which keeps the
vehicle’s driving-related information, such as location,
speed, turning intention, and driving status (e.g., regular
driving, waiting for a traffic light, traffic jam, etc.), to
other vehicles [20]. OBUs (on-board units) are used as
the packet originator and the packet receiver. We assume
that each vehicle’s OBU contains geographical informa-
tion by using the global positioning system (GPS). This
location information can be exchanged with the other
vehicles in the communication along with the routing
table information by hello messages using triggered
updates whenever there are any changes in the network.

The urban mobility scenario, which is a manhattan
model [16] simulated for the block of Oslo city, Norway
region with live traffic simulation using OsmWebwizard.


η(t)− η(t

′
) + 2π, for − 2π < η(t)− η(t

′
) ≤ −π

η(t)− η(t
′
), for − π < η(t)− η(t

′
) ≤ π

η(t)− η(t
′
)− 2π, for π < η(t)− η(t

′
) ≤ 2π

(1)
Here ∆η(t) is the directional difference between the

new direction η(t) and old direction η(t
′
). In our exper-

imental setup, the vehicles can move along the path of
a territory. Each vehicle can communicate with another
vehicle if both are in the communication range of each
other. The vehicles can communicate straight to the road-
side units if other vehicles are not in the communication
range. The street structure enforces the vehicle to change
its direction and its movement pattern. The intersections
and traffic lights are used for traffic control management.
The on-board units on the vehicle help to communicate
with the other entities in the network.
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Fig. 2. Network Model for VANET Simulation

Fig. 2 shows the communication model between the
vehicles and the road-side units (RSUs). If two vehi-
cles are nearby each other, then they can communicate
directly, but in case of a long-distance between two
vehicles, they can communicate through RSUs. It can
be assumed for the simulated urban city block that lane
changing, acceleration, and direction-changing taking
place on the road. The random distance between the
vehicle can be given by k̂ using eq. (3), which is the
cosine distance between the vehicle. A vehicle Vi can
move in the direction of another vehicle Vj , or it can
move towards the opposite direction. The speed and the
direction are varied according to the relative velocity
of the other vehicles. Vehicles with the same direction
and relative speed can form a cluster according to the
cosine similarity (ε) using eq. (2). These clusters have
been further utilized by the CSBR to discover the most
suitable route towards the destination.

A. Basic of Cosine Similarity and Cosine Distance

The Cosine similarity is often used to analyze entities
in a multidimensional space that measures the cosine
angle between two vectors [17]. In our proposed proto-
col, we use cosine similarity to determine the directional
relationship among the vehicles, where we measure
the orientation of a vehicle and neglect the magnitude
values. The resultant cosine similarity used to generate
a metric that explains how two vehicles are associated
with each other by considering the angle of movement.
Fig. 3 Shows the mapping of a vehicle movement in a
vector space that is the direction along the line in the
multidimensional space.

Fig. 3. Vehicle directional movement at intersection

Here, a vehicle ~Vi positioned at the intersectional
roadblock where it can move in any direction. The angle
of movement is given by an angle of α, β, and γ.
If the two vehicles

{
~Vi, ~Vj

}
are moving in the same

direction, then we can consider that the vehicles are
moving parallel.

B. Cosine Similarity Measures

Since α ∈ [0, 2π], a vehicle can drive in any direction
in front of an intersection, for example, left, right,
straight or 180-degree turn.

Fig. 4. Cosine similarity measures

Fig. 4 shows the similarity measure between the
vehicular directional movements. Here, we can see if
the movement of vehicles is in the same direction as the
cosine similarity score is the same between the vehicles.
In other conditions, the similarity score differs between
the vehicles [18].

V. CSBR: A CLUSTER-BASED SELECTIVE
BROADCAST ROUTING PROTOCOL FOR VEHICULAR

AD-HOC NETWORKS

This paper proposed a cluster-based selective broad-
cast routing technique that can enhance the neighbour se-
lection method and reduce the broadcast storm prompted
by the RREQ packets. CSBR can enhance network
efficiency in terms of high packet delivery ratio, low av-
erage delays, low routing overhead, high throughput, and
less neighbour discovery message overhead in VANETs.
CSBR protocol operates in two phases: firstly, it formu-
lates distinct clusters based on the cosine similarity index
among vehicles and then selects the cluster head, which
will communicate to the other cluster heads in separate
clusters. The vehicle with high association probability
and the lowest cosine distance metric selected as cluster
head. Secondly, it discovers the optimum route from
source to destination utilizing cluster heads.

CSBR protocol is inspired by the similarity clustering
method. Firstly, it formulates primary clusters, which is
based on the similarity index produced by the cosine
similarity using vectored information about the vehicle
i.e., velocity, direction, location, and the vehicle ID.
Cosine similarity commonly refers to angular similarity
or angular distance. The cluster formed by similarity
index is independent of sequential ordering. It later
handles the route discovery algorithm for each cluster
individually. The clustering technique is also used for
the neighbour discovery process. Using eq. (2) we can
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find the cosine similarity between two vehicles i.e., Vi
and Vj in a vehicle set Vn. The cosine similarity can be
defined as:

ε =

∑N
i=1

~Vi~Vj√∑N
i=1

~V 2
i

√∑N
i=1

~V 2
j

(2)

Here ~Vi and ~Vj is the ith and jth vehicle’s
vector information list. Each vehicle Vi has
associated with a vector information metric values
~Vi =

(
~V1, ~V2, ..~Vj ..~Vn

)
, where ~Vi represents a value

which indicate associativity between vehicles. The
cosine distance model is used to find the distance
between the communicating vehicles. It can define as:

k̂ = {1− ε} (3)

Where k̂ is the cosine distance and the ε is the cosine
similarity. This distance is further used as one of the
parameters for the cluster head selection by comparing
it to the threshold distance (ρ̂) defined in eq. (8). We
used the following steps for identifying cluster heads in
the network.
• Find the cosine similarity of the vehicles for

clustering purpose
• Find the vehicle which has less distance (k̂)

than a threshold distance (ρ̂) from the other
vehicle

• Find the adjacency matrix (neiMatij) for ev-
ery vehicle in the network

The connectivity among the vehicles in a cluster can
be determined by the similarity index, in which the
vehicles can communicate with each other. If the simi-
larity index value between the vehicles is approximately
equivalent to each other, then they are considered in
the same cluster. In this method, we also employed
an opportunistic approach [16] where unlike traditional
protocols, a vehicle does not transmit its data packets
to the most adjacent vehicle but prefer to transmit the
packet to the cluster head or a selected vehicle in the
network. Now, this vehicle concludes how to forward the
packet further in the network. Our approach encourages
the formulation of clusters of vehicles where some
vehicles act as cluster heads to transmit information
further. The cluster head is selected by calling the cluster
head selection approach.

Table I, contains the symbol table used in the proposed
routing scheme. The symbol table lists all the parameters
and the details used in the algorithm.

A. CSBR Protocol Algorithm

As stated above, the proposed algorithm work in two
steps.

1) Cluster Head Selection and Neighbour Discovery:
In the first step, the cluster head selection is carried
out by the vehicles in the network. The cluster head
selection procedure assigns priority to each vehicle based
on the distance metric and the connectivity parameters.
The cluster head selection procedure starts with the

TABLE I
SYMBOL TABLE FOR CSBR PROTOCOL ALGORITHM

Variables
Name of
Variable Description

V {} Vehicles set in the network V =
{V1, V2, V3...Vn}

ε Cosine similarity for forming the clusters
neiMatij The adjacency matrix of a vehicle

χ Cluster head set χ = {χ1, χ2, χ3...χn}

ClustMβ
Member vehicles of a cluster ClustMβ =
{ClustM1, ClustM2...ClustMn}

k̂
cosine distance based on the cosine

similarity between ith and jth vehicles
ρ̂ Threshold distance

OptimRouteγ Minimum path to the destination
Pκ Probability function

~Vi

Vector information metric of a vehicle
Vii.e., velocity, direction, location, and

vehicle ID
Rand () Random value generator function

computation of the cosine similarity index. The simi-
larity index is used to determine the cluster size and
the cluster members, which fall into the similar index
values. The similarity index is calculated using eq. (2).
After the similarity calculation, the distance connectivity
matrix is calculated. This connectivity matrix is used to
identify the adjacency (connectivity to other vehicles) of
a vehicle. The adjacency matrix allows representing the
network with the N*N matrix.

neiMat = [f (i, j)] (4)

Where each element represents the connectivity of the
vehicles. The formula calculates the adjacency matrix:

neiMat [i, j] =


0, if i = j

neiMat (i, j) , if i 6= jand (i, j) ∈ E
∞, if i 6= jand (i, j) /∈ E

(5)

Here i and j is the ith and jth vehicle in network and
G is the network graph with vehicles V. After calculating
the adjacency matrix, distance form a vehicle to another
vehicles in a cluster is calculated.

Before calculating this distance, some information
is needed by the vehicle such as vehicle id,
current position, and the velocity of the vehicle.
This information is acquired by broadcasting the
neighbour discovery packets. Once this information
is obtained by a vehicle, it can calculate the distance
from the other vehicles. The following eq. (6)
and (7) can calculate the angular distance and
the angular similarity of communicating vehicles:

k̂θ =
cos−1(ε)

π
(6)

εθ = 1− k̂θ (7)

Here the k̂θ is the angular distance between the
vehicles and εθ is the angular similarity between the
vehicles. ε is the similarity index value of a vehicle.
After finding the coordinates of a vehicle, distance can
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Algorithm 1: Cluster Head Selection Based on
the Cosine Similarity Index in CSBR Protocol
Input: neiMatij , V {}
// The connectivity neiMatij of ith vehicle

Vi in a defined vehicle set V

Output: cluster head χi
Data: vehicles set Vn

1 Calculate connectivity matrix{neiMatij}
2 Cluster selection procedure{neiMatij , k̂}
3 for i=1 to N do

// Calculate cosine distance (k̂) based

on the cosine similarity index

4 ε =
∑N
i=1

~Vi~Vj√∑N
i=1

~V 2
i

√∑N
i=1

~V 2
j

// ε is the cosine similarity index

5 k̂ = {1− ε}
// Calculate threshold distance ρ̂

6 ρ̂ = 1/Ni
∑N
i=1 k̂

7 find cluster head {neiMatij , ρ̂}
8 if neiMatij ≤ ρ̂ then
9 if neiMatij == maxneiMatij then

10 return χi
11 Exit

be calculated by the cosine distance formula given in eq.
(3).

In the last step, the selection of the cluster head is
performed by comparing each vehicles cosine distance
to the other vehicles and the adjacency matrix of the
vehicles in the cluster. Here the cosine distance is com-
pared with the threshold distance, which is calculated by
the formula:

ρ̂ = 1/N

N∑
i=1

k̂ (8)

Here N is the number vehicle in the cluster and k̂ is the
distance between vehicles. The vehicle with the lowest
cosine distance from other vehicles and has maximum
adjacency values are selected as the priority vehicle or
the cluster heads. Now, this vehicle will be responsible
for forwarding the data packets to the destination or
discovering the shortest path to the destination.

2) Route selection in CSBR: After selecting
the cluster head for each cluster in the network,
the next phase of the route discovery takes place.
Priority vehicles in the cluster are responsible for the
coordination and obtaining the most suitable path to
the destination. One of the cluster member vehicles
initiates route discovery message by generating RREQ
packets. If the receiving vehicle is the cluster head,
then it will transmit the RREQ packet to the succeeding
hop or nearest cluster head with the probability of 1.
But if the receiving vehicle is the member vehicle of
the cluster, then it will decide to either forward the
packet or drop the packet by a probability function. The
packet forwarding probability function can be given by:

Pκ = 1− e−
(
k̂i
ρ̂

)
(9)

Here Pκ is the probability function, k̂i is the cosine
distance value of a vehicle Vi. Now, this probability
value is compared with a random value generated by
the rand() function. If the probability is higher than
the random value, then the packet is forwarded to the
nearest vehicle otherwise, the vehicle decides to drop the
packet. This process continues until the request reaches
the destination. After this, the path with the lowest end-
to-end delay is chosen as the shortest path.

Algorithm 2: Route Selection in CSBR Protocol
Input: Initialize all clusters Clustα, cluster

members ClustMβ

// α = 1, 2, ....N, β = 1, 2, ...M

Output: Minimize path to the destination
(OptimRouteγ)

Data: Vehicle set Vn, Cluster Heads χi
// Route discovery using cluster heads

1 Find Route {OptimRouteγ}
// Send route discovery request to the

cluster head

2 for i=1 to α do
// Generate RREQ messages based on the

probability function

3 Pκ =

{
1, if clusterdist = min

1− e−
(
k̂i
ρ̂

)
, otherwise

4 Fwd route Req {ClustMβ , Clustα}
5 if Vi == χi then

// if receiving vehicle is cluster

head

6 go to step 11

7 if Vi == ClustMβ then
// if receiving vehicle is Member

vehicle

8 if Pκ ≤ rand(0, 1) then
9 drop the request packet

10 forward to nearest vehicle within the
cluster

11 forward the RREQ request with the (P)
probability to the nearest cluster-head (χi)
and wait for RREP messages

12 Cal RREP Delay {}
13 Store: OptimRouteγ // Minimize path

14 Exit

The above presented Algorithm 1 (i.e., Cluster head
selection based on the cosine similarity index in CSBR
Protocol) illustrates the selection of the cluster head
and the coordinating cluster member vehicles. Cosine
distance in used to find a more stable cluster based on the
angular direction, which further solves the fixed-route
lifetime problem by generating a new route based on
cluster formations. Algorithm 2 (i.e., Route selection in
CSBR protocol) use a probabilistic approach for route
discovery, which helps to achieve the solution to our
prime concern i.e., broadcast storming in the network.
Due to more stable cluster formation and optimum route
discovery using cluster heads, the packet delivery ratio
of the network also increases.
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VI. PERFORMANCE ANALYSIS

In this paper, we have taken multiple ad-hoc proto-
cols in consideration, such as DABFS, KPND-AODV,
CEG-RAODV, CPB, and CSBR. DABFS [1] is based
on the route discovery using beacon messages broad-
casting to the neighbour vehicles. KPND-AODV [2]
used a Kalman filter for predicting vehicular move-
ment, whereas The CEG-RAODV [4] and CPB [5] used
clustering architecture with a probabilistic forwarding
approach to predict route to the destination. These
protocols are examined in a VANET scenario in the
simulation.

A. Simulation Environment
For simulation designs, we use the ns2.35 tool, which

is an OTcl based network simulator. Here, we take
distinct bandwidth constraints and vehicle density in
urban mobility. The system configuration, which is used
for the simulation, is based on 9th generation intel
i5 processor with 8 GB on-board ram on the Linux
platform.

We created the scenario by the WebWizard tool, which
is used for reproducing live traffic situations. Here we
use the block of Oslo city, Norway, for the traffic
simulation purpose. The Manhattan mobility model [16]
is used as the simulation environment, as it is the most
suitable model for urban mobility simulation. The imple-
mented protocol simulates the dynamic characteristics
and scenarios of real networks like congestion in the
dense traffic areas, link breaks due to road conditions,
drops behaviour due to the peak hour condition, and the
limited link capacity. The dynamic behaviour due to the
delays on different paths and acceleration of a vehicle,
enables the vehicles to split the outgoing traffic among
multiple distinct paths.

B. Vehicles Parameter Configurations
In this section, we define various parameters for the

simulation purpose. We conducted simulations using
ns2.35 tool using realistic parameters and scenarios. For
real-life traffic generation, we integrate SUMO tool. The
simulation parameters are listed in Table II depicts the
parameters and the values used in the simulation.

TABLE II
VEHICLES CONFIGURATION IN URBAN ENVIRONMENT

Parameter Name Value of the parameter
Outgoing packet size 512 bytes (based on 1500-byte MTU)

Outgoing rate As many packets as possible per second
Incoming packet size 0 bytes (off))

Incoming rate 0 (off)
Runtime 150 seconds

Receive buffer 50
Send buffer 50

Traffic Source TCP/UDP
Area 5000*5000

MAC Standards IEEE 802.11p, WAVE
Tool NS-2.35

Mobility Model Manhattan Model (Urban Scenario)
Classifier Model Gaussian Mixture Mobility

Data Rates 2 Mbps
Transmission Range 300− 1000 meters

Vehicle Density 25 - 200 Vehicles
Velocity of Vehicles 0 ∼ 20 (m/s)

C. Performance Measures

For simulation, we implemented our proposed proto-
col naming CSBR and also compared it with the recently
proposed routing techniques in terms of following per-
formance measures:

1) Packet Delivery Fraction: We can measure PDF in
VANETs by determining the total packets received by a
destination vehicle (Vd) in communication, ratio to the
cumulative send packets by the communicating source
vehicle (Vs).

2) Average Network Delay: The average delay is
specified as the average time (sec or ms) taken by
the packets to arrive at the destination. The average
delay depends upon the transmission mechanism and the
intermediate vehicles.

3) Routing Overhead: VANETs routing load rep-
resented as the packets processed by the vehicles in
communication. For this objective, we applied a counter
to estimate the amount of routing packets.

4) Throughput: It is the amount of data packets
successfully transmitted and received from origin to
destination in a unit interval is called throughput of a
network. It is typically measured in bits/sec.

5) Neighbour Discovery Message Overhead: Every
vehicle in VANETs collects the information of neigh-
bours by broadcasting neighbour discovery packets. The
discovery message overhead signifies the number of
messages transmitted to identify neighbour vehicles.

VII. SIMULATION RESULTS

The simulation results based on the performance pa-
rameters outlined earlier are depicted in the subsequent
illustrations.

Fig. 5 indicates the network density influence on the
ratio of the successfully delivered packet. As repre-
sented, the CSBR protocol outperforms the other proto-
cols and possesses the highest ratio of the successfully
delivered packet due to less amount of packet drops in
the network. CSBR uses similarity index and connectiv-
ity matrix for electing cluster heads, which produce more
reliable routes to the destination. These cluster heads
transmit packets to the destination using high forwarding
probability, which increases the packet delivery ratio.

Fig. 5. Packet Delivery Fraction

As exhibited in Fig. 5, when we have scattered traffic
situations such as 25 to 50 vehicles on the road, CSBR
functions similar to DABFS and CEG-RAODV as the
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probability of forwarding a packet is less as there are
fewer number of vehicles on the road. But as the traffic
moves to denser conditions such as 100-200 vehicles on
the road, CSBR performs more efficiently than all other
compared protocols as the probability that a message
will be forwarded towards the destination is increased.
Here KPND represents the worst packet delivery ratio
in high denser vehicular scenarios as Kalman filters are
most suitable for the linear system. In contrast, highly
dynamic real-world scenarios are mostly non-linear.

Fig. 6 indicates the average delay in simulated
conditions. As represented, the CSBR protocol has a
marginally moderate delay from the other protocols.
CSBR uses cosine distance as one of the primary pa-
rameters for electing cluster heads, which further plays
a primary role in packet forwarding. The selected cluster
heads are used for the packet transmission, and these
cluster heads work as the relay nodes to forward the
information. Due to this, the average delay is quite low
in the CSBR protocol.

Fig. 6. Average Delay

As shown in the illustration, CSBR substantially
outperforms all other existing protocols in terms of
average delay. KPND-AODV possesses the highest delay
amongst all other protocols as it demands substantial
processing time in the neighbour discovery process,
whereas CSBR has the lowest delay in the network due
to passive clustering. All information regarding cluster
members, position, direction, and speed sent in the
packet header itself, which gradually decreases delays
and processing time. Here, we can conclude that as the
number of vehicles rises, the average delay also rises.
As we already know, there are more packet collisions
in the denser network. It increases the probability of the
retransmission of the data packets as well as environ-
mental interference incurs more transmission delays.

Fig. 7 indicates the comparison of routing overhead
between broadcast and cluster-based routing schemes.
We can see from the graph that the KPND-AODV pro-
tocol has the lowest routing overhead. In contrast, CSBR
protocol performs respectively better then DABFS as ve-
hicles need to process less number of broadcast packets
during path discovery and neighbour discovery phases.

CSBR has low overhead in sparse traffic conditions as
less number of packets need to be processed. But as the
traffic increases, CSBR complexity increases resulting in
high overhead. The clustering and forwarding technique

Fig. 7. Routing Overhead

has a significant impact on the routing overhead. Since,
we know, CPB also uses a probabilistic approach to
forwarding data packets further in the network. It has
almost the equivalent routing overhead whereas CEG-
ROADV has more routing overhead due to additional
computation required to calculate an optimal number of
clusters.

Fig. 8 indicates the effect of network density on the
throughput. The graph represents a comparison between
existing prediction schemes and cluster-based schemes.
As depicted, both CSBR and CEG-RAODV protocol
performs good and has a high throughput, whereas
KPND-AODV emphasizes more on the neighbour dis-
covery process and lacks performance enhancement.
More bandwidth is utilized in the discovery process,
and a low delivery ratio results in low throughput.
DABFS is based on beacon message broadcasting for
directional updates and creates broadcast storms with
increasing numbers of vehicles hence does not show high
incremental growth in throughput.

Fig. 8. Throughput

CSBR uses parameters such as connectivity matrix,
cosine distance, and a probability function for forward-
ing packets, which improve the throughput of a network.

The cumulative amount of discovery messages gen-
erated throughout the entire simulation is also counted.
Fig. 9 represents the influence of vehicle density on the
neighbour discovery procedure. It can be analyzed that
the message overhead rises with the rise of numbers
of vehicles. Under different vehicle density simulation
environments, CSBR needs a less number of neighbour
discovery packets than other comparative protocols.
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Fig. 9. Neighbour Discovery Message Overhead

Since we know, CSBR and CPB employ a probabilis-
tic approach to forwarding data packets, and the amount
of broadcast packets decreases as clusters stabilize in
the network. That is why higher dense network perfor-
mance of CSBR is improvised compared to the existing
schemes.

VIII. CONCLUSION AND FUTURE SCOPE

In this paper, we proposed a cluster-based routing with
the selective broadcast approach named CSBR. In this
approach, the cluster heads are used to obtain an efficient
route to the destination vehicle in a topological scenario.
The cluster head is elected for each cluster based on
the cosine distance, velocity, and neighbour adjacency.
Cosine similarity provides more stable clusters in the
network as it is based on the orientation of vehicles
rather than just considering the magnitude of a vehicle.
A probabilistic function is applied to determine the
forwarding or dropping decisions of the data packets.
For estimating the performance of the proposed CSBR
protocol, we conduct numerous simulations and use
distinctive density scenarios of vehicular networks. We
observed that in the urban mobility scenario, existing
routing protocols suffer from performance degradation.
In contrast, CSBR performs more efficiently in given
circumstances.

Our research work currently focuses more on the
performance parameters of the vehicular networks in ur-
ban traffic circumstances. We can continue our research
for the additional mobility models, i.e., highway and
group mobility models, inter-sectional areas in the city,
and complex traffic scenarios. We will also continue
our research to enhance the stability of the clustering
process with less overhead and self-learning architecture
in VANETs routing.
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