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Abstract

Vehicular Ad-hoc Networks (VANETS) are the distributed network that does not
have any central control for providing efficient data communication among the
vehicles involved and between the communications with Road Side Units
(RSUS). In current scenario, VANETS are becoming a promising research domain
for enhancing traffic efficiency, vehicle and road safety and also safety of public
lives and properties by assuring well-defined traffic flow. Moreover, in
heterogeneous VANET, the vehicles are more dynamic and highly mobile in
nature, hence, topological changes affect the efficient data transmission over
vehicles. This issue can be effectively fixed by incorporating clustering technique
in VANET, which performs combining vehicles with respect to their location,
mobility and density. Through clustering, the vehicles of VANET utilize the
available bandwidth effectively, increases network lifetime and produces higher
throughput. With that note, this paper concentrates on developing an Energy-
based Clustering Model (ECM-EDT) for ensuring efficient data transmission
between Node_Vehicles. The Cluster Head_Vehiclefor framed cluster is elected
on the basis of connection parameters and processing abilities of Node_Vehicles.
Additionally, Data Distribution Strategy (DDS) includes Head_Vehicle reconcile,
infused for data hand-over and based on the Energy Utilization Factor of
Vehicles. Further, ECM-EDT is experimented in NS2 and comparative analysis is
made with the factors such as data traffic, throughput, packet drop, and energy
utilization ratio and network lifetime. The results evidence that the proposed
model outperform existing models.

Keywords: Road Side Units (RSUs); Energy-based Clustering Model; Data
Distribution Strategy (DDS); Energy Utilization Factor; Data Transmission.
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1. INTRODUCTION

In typical, VANETs are designed by
employing the Mobile Ad-hoc Network
(MANET) paradigms with the vehicular
domains based on unstructured configuration
of wireless networks[1] [2]. Initially, the
VANET communications were designed for
providing data sharing between two cars.
Later, the application has been extended to
develop an Intelligent Transportation System
(ITS) and designed in such a manner to attain
Vehicle-to-vehicle and Vehicle to
Infrastructure communications. Moreover, in
order to provide communication with the
vehicular nodes and their surroundings, the
VANET are considered to be furnished with
On-Board Unit (OBU) and sensor units. The
Road Side Units (RSUs) are located at the
deliberated position along road to ensure
consistent communication between vehicles.
Because of the high node mobility, the
topology of the devices is changing often.
During data transmission, there is an increased
chance for data loss that creates greater impact
on the overall network performance and
communication of VANET. Hence, reducing
efficient data transmission in VANET has
become a research area and myriad researches
are done for mitigating the problem [3].The
general framework of heterogeneous VANET
is presented in Figure 1.
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Figure 1: General Framework of
Heterogeneous VANET

The construction pattern of VANET is
completely adaptive based on the up-to-date
traffic flow and the environment with the help
of wireless communication protocols and
Global Positioning Systems (GPS). Vehicle to
vehicle communication is involved in short
and medium communication standards and
minimal implementation costs. And, Vehicle
to infrastructure communication provides the
effective data distribution in better coverage in
wider areas [4]. The main intention of
heterogeneous VANET applications is to
afford accident free traffic management,
comfortless of passengers and road
safety[5].In this, providing efficient data
communication has become a challenging
issue. On considering the VANET properties
given below, the proposed model is developed
in this work.

1.1.Properties of VANET:

A. Highly Dynamic Topology:
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The vehicles in VANET are moving in very
fast and uneven speed on roads. This makes
frequent topological changes in the network
[6].

B. Frequent Link Breakages:

Because of frequent topological changes, there
is an increasing possibility of link breakages
in the designed Vehicular Networks.

C. Unlimited Resources:

In VANET, there are no constraints in storage
capacity and battery power in moving
vehicles, which not available in MANET
computations.

D. Mobility Model:

The mobility model of VANET is designed on
the basis of the road type, traffic flow, vehicle
velocity, driving fluency of drivers, etc.

E. Distribution Model of Vehicles:
Because of the factors such as traffic flow,
patterns, road kinds, driving fluency, vehicle
speed, etc, the distribution model of
Node_Vehicles (NV) in VANET follows non-
homogeneous pattern.

F. Communication with OBU:

It is considered that the vehicles are endowed
with OBU for providing information about the
connectivity of vehicles.

G. Geographical Limitations:

The  vehicless in  VANET are
geographically limited based on their location
and position.

Based on these VANET properties, the
developed Energy-based Clustering Model is
designed. In that the Head Vehicle (HV) for
each cluster is elected on the basis of metrics
such as connection parameters and processing
abilities of Node Vehicles. DDS is also
incorporated in this work for efficient data
transmission, which is applied when the
vehicles have minimal energy. Moreover,
effective data transmission management is
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concentrated in this work to enhance the
throughput and reduce packet loss.

1.2.Paper Organization:

The remainder of this paper is organized
as follows: Section 2 deliberates a brief
overview about the related works. Section 3
contains the description of the work process of
proposed Energy-based Clustering Model with
Data Distribution Strategy (ECM-EDT) in
VANET. Section 4 contains the Simulations
results and comparative analysis for
evidencing the efficiency of data transmission
using ECM-EDT. Finally, the paper is
completed with the conclusion in Section 5
that also presents some directions for future
work.

2. RELATED WORKS

In [7], the authors have designed a protocol
called Cluster-Head Gateway Switch Routing
Protocol (CGSR) for performing multi-level
based routing in earlier days of routing design.
Moreover, the nodes are framed into clusters
based on hop counts. The Cluster-head
administrates the remaining nodes with in a
cluster. Using the cluster-heads, the protocols
efficiently involved in data transmission
through the gateway nodes. The major
drawback of this model is, the process of
cluster maintenance was being complicated in
the throughout routing process [8]. In
advanced manner, ‘Software Agent’ was used
for data collection from a particular region for
distributing gathered data to the corresponding
VANET is given in [9]. The software agent
collects the location oriented data such as
geographical and positional information for
perfect decision making in the Network on
data distribution.

Simple and Efficient Adaptive
Dissemination (SEAD) is presented in [10] for
Vehicular networks. The data distribution was
performed in SEAD based on the density of
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vehicular nodes and data directions. There was
no beacon sharing about vehicle velocity,
vehicle position, etc. The authors of [11]
analyzed two VANET techniques such as
slotted data transmission and continuous
transmission. Moreover, the methods followed
delay based approach, in which every node at
reception end based on specific waiting time
for acquiring the data. Redundancy based
Protocol (RBP) has been designed and
examined in [12], which is the integrated
model of probability and delay based data
transmission in VANET. Based on the
vehicular  density, the slotted based
transmission technique has been applied.

In advanced manner, Internet of Things
(IoT) has been a growing research field.
VANET is also relay on that for advanced
road safety and vehicle communication
through wireless techniques. Based on that,
the authors of [13] and [14] projected the
scheme based on various elements such as
energy resources, concerns and materials in
cluster formations to provide communication

between heterogeneous machines. The
explained model has been adapted for
providing effective vehicle based

communication. But, the authors have not
focused on the mobility speed of nodes in the
vehicular network.

Cluster-based File Transfer (CFT) model
was given in [15] for providing highly secured
file transmission in vehicular network
environment. Moreover, in that model, the
vehicle member in a particular cluster helped
their  corresponding head vehicles for
acquiring the file contents which was
demanded. The model especially worked well
on handling with high mobility speed of
vehicles in data transmission. But, the design
patter of the model was not applicable in
complicated traffic scenarios of vehicular
network. Furthermore, in [16], the clustering
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operations were effectively done with
Evolutionary Game Theory (EGT) based
protocol. For appropriate cluster formation
with optimal sizes and selection of CHs, the
entire utility function has been used. Based on
the traffic flow in VANET, an intelligent
naive bayes probabilistic estimation practice
(ANTSC) model was given in [17]. This
model increased the cluster stability for longer
time but the security of the data transmission
has not been considered in the network. For
minimizing the delay in data delivery and
increasing throughput, Street-Centric Routing
Protocol has been given in [18]. Traffic Light
Aware Routing Protocol was provided in [19]
based on the traffic on street roads and
distance between the nodes in between.

3. PROPOSED MODEL

The work process of the proposed Energy-
based Clustering Model with Data
Distribution ~ Strategy  (ECM-EDT) is
described in this section. The model aims to
maintain  the clustering consistency of
network, thereby, reducing the energy
utilization rate and increasing network life
span. It is considered that all Node_Vehicles
(NVs) are embedded with GPS and cluster
tables are also maintained for handling the
location based operations. The proposed
model is more effective in performing with
dynamic environment in which the mobility
rate and vehicle directions are not stable. For
evaluating the node mobility and connection
sustainability features, the energy based
clustering model is proposed here for selecting
efficient cluster head vehicle based on the
signal strength, vehicle velocity and energy-
efficiency. Moreover, Data Distribution
Strategy is incorporated in this model to
reduce the bandwidth usage and traffic density
of vehicles. In effective data transmission, the
load is balanced among all nodes effectively,
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when the vehicles are at lower energy levels,
thereby, data traffic is management well with
this. The operations of the proposed model
includes,

1. Formation of Clusters

i. Discovery of  Neighbour
Vehicles
ii.  Computation of Energy
Utilization Factor
iii.  Cluster Head_Vehicle
Selection
2. Data DistributionStrategy for Traffic
Management

i.  Reconcile function

The proposed clustering model with
moving vehicles is presented in Figure 2.
Initially, the network is framed with some set
of vehicles and connections between them.
For forming clusters, the neighbour nodes are
found to create a table based on the
connections. Here, clusters are formed with
the nodes that are at 1-hop distance from one
another. Efficient Head Vehicles are elected
for providing effective data transmission with
the base station and the member_vehicles
(MVs). Route Discovery is performed based
on the connection request and the factors
involved. Optimal route for data transmission
is determined on the vehicle_velocity, which
also includes the energy of vehicle and data
transmission rate. Further, it is checked for
Data Distributionissues, off-loading are
performed by storing the data contents in the
local storage at servers and then distributed to
multiple nodes. Before transmitting the
content from HV to other MVs, the HV chcks
for the connection availability and data rate to
be required for the data communications. The
communication is stopped when the
Load_queue becomes NULL.
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Head_Vehicle (HV)

@B a0

Member_Vehicles (MVs)

<4—» NV to NV Communication

€ NV to RSU Communication

Figure 2: Scenario of ECM in VANET

3.1.Formation of Cluters

3.1.1. Discovery of Neighbour Vehicles:

In the designed vehicular network,
discovering neighbour vehicles plays a vital
role for appropriate functioning of the overall
network. Moreover, this process includes the
finding process of all the nearby nodes, which
are in the specific communication range.
When a new vehicle is comes into the
network, it transmits a neighbour_query to
find the nearest nodes and waits for the reply
message. This handshake process is to be done
within defined time, otherwise, it is declared
to be expired and the neighbour_query
message is to be retransmitted. The entire
network function is basically depending on the
efficient communication  between  the
neighbour vehicles. The overall process of the
proposed model is given in Figure 3.
Clustering is performed following the process
of discovering neighbour vehicles. It typically
enhances the data transmission rate and
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minimizes the communication overhead in
VANET. The vehicles that are in the single
hop distance from the source with minimal
distance are framed into single cluster.

CH Selecti
Finding Neighbors clection

Computation of EUF

Table Formation
Selection of Head_Vehicle

Cluster Topology Update
n
Routing

Connecting 1-hop vehicles Connection Factor
s

Analysis 4|—‘ Table Formation
Forming Connection Request Route Formation Route

Determination

Analyzing Vehicle_Velocity

Data Distribution Strategy \

Data Transmission| | N0 Datt
from HV to MV S
required?

Yes

" o Local Data

Transmission Storage

N

Divide Data based
Load_Queue on connection and

data rate

End Data Transmission

Figure 3: Operations Involved in the ECM-
EDT in VANET
3.1.2. Computation of
Utilization Factor (EUF)
Here, the energy utilization of each
Node_Vehicle (NVi) is given as n(NV;) at the
instant ‘t’. Moreover, it is determined by the
equation (1), as follows,
n(NV;) = NB(NV;) x 1 X EB(NV;) X S; X t
1)
Where, ‘NB’ states the number of bits that are
forwarded, ‘EB’ is the energy utilized for
transmitting each bit of data and the sampling
rate of data is given as °S;’ for each vehicle
NV; . Further, the energy utilization is
computed, for each vehicle that transmits data
to another vehicle in the cluster with the
consideration that the hop count number
HC(n)=1. It can be stated that the energy
utilized by the HV is greater than other nodes
and the computation is given as follows,

Energy
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n(HV) = HC(HV) X XiZon(NV;)
)

Where ‘HC(HV)’ is the total hop counts for
transmitting data from the Head_ Vehicle to
the sink or RSU and ‘n’ is the number of
clusters that are framed in the defined
VANET. Here, the effective head node
selection is based on the residual energy of
each vehicle. Each vehicle is probable to be a
head node for a period of time ‘t” and hence,
the remaining time (t/n), the vehicular node
will be as Member _Vehicle (MV). Therefore,
the total energy utilization factor for a
particular node for being a Head_vehicle and
Member_vehicle at time ‘t° and ‘t/n’ is
determined as follows,

EUF(NV,) = (NB(NVi) x 1 x EB(NV;) X

S x2) + ((ﬁ) x HC(HV) X Z?=0n(NVi)>
3)

Node Registration on
Cluster

Signal Strength

Caleulate
Energy based
Node Weight

Node Residual

Low Register as

Node_Weight Member Vehicle

Figure 4: Pictorial Representation of
Cluster Formation and HV Selection in
ECM-EDT

3.1.3. Cluster Head_ Vehicle Selection:

As mentioned above, in this proposed
model, the Head Vehicle for each cluster is
selected on the basis of based on the residual
energy (REi), Vehicle Mobility (VM) and
signal strength (Sigi). According to the Node
weight is calculated for each NV and it is
given in equation 4.
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Node Weight (NW) = RE; + VM, + Sig;
(4)

From the results, the vehicle with greater
NW, higher Sig;, minimal mobility value and
with high energy and signal strength are
effectively elected as the Head_Vehicle for all
MVs in a particular cluster. The Figure 4
presents the pictorial representation of
operations involved in Cluster Formation and
Head Vehicle Selection.

3.2. Incorporation of Data Distribution

Strategy:

In the proposed model, mutual data
transmission methodology is used by
incorporating Data Distribution  Strategy

(DDS). Here, the network is considered as
heterogeneous, contains different vehicles to
be communicated. The initial process is to
frame the route formation for providing data
communication between vehicles. For that, the
cluster head HV1 broadcasts the route request
message to the vehicles in the route path,
when it receives request query from a vehicle.
When the HV1 does not get reply message
within specific time, then, the vehicle send
request to another node. If the HV2 gets the
request, it is checked with the table and the
address is cached based on the similarities in
the table contents. Following, the HV2 has the
probability of becoming cluster head in the
process of reconcile modelling. The head
vehicle checks for connection status of the
belonging member. The Head Vehicle
performs data transmission based on the data
rate provided by the MV. When there is case
that the HV receives the request for data from
several MVs, multicast based transmission is
performed.

With respect to the vehicle specifications,
the data are stored in the local storage
available at the Head Vehicle. Further, the
store data from head vehicle is distributed
over the member vehicles in a particular
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cluster. It is the responsibility of the HV, in
which the data is to be transmitted based on
the data rate determined by the MV.
Moreover, the data traffic is to be managed
here with the assured data transmission to the
appropriate destination, even in the high
mobility of wvehicles and frequent link
breakages.

3.2.1. Reconcile Function:

The data off-loading from a head
vehicles is considered to be completed, when
the MV will reconcile to its own head node
with respect to the threshold rates of similar
locations. Based on the topology, higher
threshold (Ht) and the lower threshold (L)
are randomly selected, which are calculated

based on the following equations.
1

Hy =5 (L(NVy) + My)
5)
Hy = 2 (LINVL) + My)
(6)

Where ¢ L(NVy) ’ denotes the location of
vehicle having more neighbours in a single
hop distance and ‘L(NV})’ stands the location
of vehicle that is having less neighbour nodes
in 1 hop. ‘M,;’ is the mean number of vehicles
in the single hop to the total number of
vehicles presented in the network. Hence, an
efficient data transmission is accomplished
with the proposed model. The Table 1
presents the pseudo code of the proposed
Energy-based Clustering Model (ECM-EDT).
Table 1: Pseudo code of the Proposed
ECM-EDT in VANET

1. Begin

2. Cluster Formation with vehicles
single-hop distance

3. Function Head Vehicle Selection

4. {

5. Find neighbour  vehicles
broadcasting Hello_Message

6. Receive Reply_message frc
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neighbours

7. Check status for Neighbour vehicles

8. if  Location (Neighbour vehicle)
communication range then

9. Vehicles=NOT REACHABALE

10. End if

11. Check Signal
vehicles

12. Get the vehicle mobility

Strength of neart

13. VNode_Vehicle Compute Ener
Utilization Factor
14. VNode_Vehicle Compt

Node_ Weight

15. If Value (Node Weight(NV;))>Val
(Node_Weight(NVi:1)) then

16. End if

17.}

18. Declare NV;i as Head_Vehicle

19. Incorporate DDS

20.{
21. Perform Data  Off-Load  frc
Head Vehicle

22. Perform Reconcile Function
23. Define Threshold rates

24. MV returns to Own HV

25. If Load_queue=NULL then
26. Stop DDS

27.End if

28.}

29. End

4. RESULTS AND DISCUSSIONS:

The proposed model ECM-EDT is
experimented with Network Simulation Tool
(NS2). Further, Comparative Analysis is made
with the results of existing models such as
Simple and Efficient Adaptive Dissemination
(SEAD), Redundancy based Protocol (RBP)
and Cluster-based File Transfer (CFT) in
terms of factors such as throughput, packet
drop, and energy utilization ratio,packet
delivery ratio and network lifetime. The basic
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parameter settings for VANET with the
proposed model are given in Table 2.

Table 2: Simulation Parameters and Values

SIMULATION

PARAMETERS VALUES
Simulator Tool NS-2.34
Simulation area 3000%3000m?
Simulation Time 300 Sec
No. of roads 40
Vehicle_Velocity 5-40 m/s
No. Of Vehicles 100 to 150
Vehicle Movement Random Motion
MAC Protocol 802.11 DCF
Transmission Range 250m
Propagation Model Two Way Groun(
Traffic type 16 CBR
Packet Size Upto 2048 Kb
Traffic Type CBR
Transmission Rate 4pckts/sec

The major aim of the proposed model
is to develop an Efficient Data Transmission
with increased throughput and network
lifetime with minimal energy consumption.
The model is also to be developed in such a
manner to increase the rate of packet delivery
with less delay and loss rate. Here, the Packet
Delivery Rate is evaluated with respect to the
vehicle mobility. The results are presented in
the chat given in Figure 5. It can be observed
from the chart that the proposed ECM-EDT
achieves better rate of packet delivery rates
than the compared models. Another important
factor for EDT is determining packet drop and
the results are shown in Figure 6. Here, Packet
Drop Rate is evaluated with respect to the
vehicle mobility. As it is portrayed in the
chart, the proposed model produces minimal
drop rate than others. In average, the packet
drop rate of ECM-EDT is evaluated as 1.4%,
which is the lower value than others.
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Figure 6: Evaluation of Packet Drop Rate

Further,  transmission  delay is
computed and the results are displayed in
Figure 7. Here, the delay on efficient data
transmission among vehicles is computed
against the total simulation time, which is
taken here as 300 seconds. It is clearly
observed from the Figure that the proposed
model shows lesser delay than compared

models, which is very much needed in
efficient data transmission.
> 10.0
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Figure 7: Transmission Delay Vs
Simulation Time (sec)
The next important factor to be
considered in testing the proposed model is
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the lifetime of formed clusters, based on the
longevity of Head Vehicle (HV) and
Member_Vehicle (MV). It is described that
the total time when a NV can be a Cluster
head or be a member vehicle for longer
periods. Hence, the model does not require for
frequent cluster reformation. This also
increases the cluster stability and the network
lifetime. The following graphs presented in
Figure 8 and Figure 9 contains the results of
lifetime sustained by the HV and MV with
respect to the vehicle mobility, respectively.
In the propose Energy based clustering model,
the head vehicles are elected on the basis of
residual energy, node capabilities and vehicle
mobility of each vehicle and the member
vehicles are designed by discovering
appropriate  neighbours.  Therefore, the
sustainability of clusters is maintained for
longer time in the proposed model than the
compared work such as SEAD, RBP, CFT and
ECM-EDT. Moreover, the average cluster
stability is given in Figure 10.
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Figure 9: Member_Vehicle Stability Vs

Vehicle Mobility
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Figure 10: Comparison of Cluster Stability
among Models

The Figure 11 depicts the obtained
results for throughput evaluation, which is an
important factor to be evaluated in data
transmission. From the figure, it is given that
the average throughput attained by the
proposed model is 6% more than compared
models.
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Figure 11: Throughput Evaluation between
Models

Analyzing Energy Utilization rate for
every node in the proposed model is very
important to be evaluated in evidencing the
proposed model. Here, the node_weight of
each Vehicles is computed and framed the
clusters. Using DDS, the data are transmitted
with optimal rate of energy consumption. The
average energy consumed for EDT in the
proposed model is about 12.3J, which is 40%
lower than compared works. The energy is
efficiently consumed by the nodes in VANET
and the results are given in Figure 12. With
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respect to vehicle mobility, the EUR
calculated for the proposed model is lesser and
optimally utilized for data transmission in
ECM-EDT.
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Figure 12: Energy Utilization Rate of
Models
5. CONCLUSION AND

WORK:

This paper presents an Energy-based
Clustering model for Efficient Data
Transmission in VANET communications. In
the developed ECM-EDT, the clusters are
formed by discovering the neighbour nodes
within specific communication range. Further,
the selection of Head_Vehicle for each cluster
is done with the analysis of factors such as
remaining energy, signal strength, node
capabilities and mobility of each member
vehicles in the defined VANET. The data is
acquired from the base station by the HV and
transmitted to the other MVs effectively by
using Data Distribution Strategy. Moreover,
balancing load among vehicles is obtained by
the incorporation of reconcile function, in
which the member vehicles are rejoined with
their own cluster based on certain threshold.
The results of the proposed model with respect
to packet delivery rate, packet drop,
transmission delay, network lifespan, average
throughput and Energy Utilization Rate, are
compared with the existing models and have
proved that the proposed model performs well
in EDT in VANET communications.

FUTURE
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This work can be focussed on the secure
side of data transmission in VANET with
efficient routing model in future process.
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