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ABSTRACT:

Vehicular Ad-hoc Networks (VANETS) require efficient leader head selection
algorithms to optimize network management tasks and communication overhead In
this paper, we offer a proactive approach technique to reduce message overhead while
retaining effective network performance for leader head selection in VANETSs. To
create clusters and choose leader heads, the system makes use of predictive models of
vehicle motion and communication patterns. The proposed technique achieves better
scalability, decreased communication cost, and improved network performance by
minimizing the number of messages exchanged and optimizing cluster formation. The
algorithm's success in decreasing message overhead and ensuring effective leader

head selection in VANETS is demonstrated by simulation results.

Vehicle-to-vehicle (V2V) communications have rapidly advanced in recent
years, opening the door for new applications tackling concerns like autonomous
driving, traffic efficiency, and vehicle safety. These applications may greatly enhance
the driving experience, travel time, fuel efficiency, traffic safety, and other elements
directly connected to automobiles. In many of these circumstances, a coordinator
vehicle is necessary to coordinate the right-of-way among many cars. Such a
coordinator or leader vehicle is essential in many situations where a cooperative aim

is desired for all cars in the group.

Effective leader head selection algorithms are crucial in the context of
Vehicular Ad-hoc Networks (VANETS) for optimizing network management
activities and reducing communication overhead. The proactive approach strategy that
is suggested in this study attempts to lower message overhead while maintaining
efficient network performance in VANETSs. To generate clusters and choose leader
heads, the method makes use of predictive models of vehicle movements and
communication patterns.

The suggested method delivers higher scalability, lower communication costs,
and increased network performance by utilizing predictive models. This is

accomplished by optimizing cluster formation and reducing the volume of



communications transferred during the leader-head selection process. To choose the
best leader heads, the system considers a number of variables, including vehicle
velocity, proximity, connection, and communication patterns. The algorithm can
efficiently divide the leadership position among cars in a way that improves network

performance and lowers communication costs by taking these aspects into account.

Results from simulations show how the suggested technique is successful in
lowering message overhead and guaranteeing efficient leader head selection. The
simulations illustrate how the algorithm can build effective clusters and choose
appropriate leader heads, improving throughput, latency, and reliability across the
network. The algorithm's proactive strategy and implementation of predictive models
let it adapt to VANETS' dynamic nature, where cars are continually moving and

entering/leaving the network, effectively.

The development of vehicle-to-vehicle (V2V) communications has created new
possibilities for applications relating to autonomous driving, traffic efficiency, and
vehicle safety in a more general sense. The existence of a coordinator or leader
vehicle is essential in many of these scenarios in order to promote coordination and
collaboration among several vehicles. In order to enable smooth coordination and
collaboration inside VANETS, the suggested leader head selection algorithm solves

this need by effectively recognizing and choosing leaders' heads.

Overall, the proactive strategy and technique based on predictive modeling described
in this study provide solutions that have promise for lowering message overhead,
improving cluster formation, and ensuring efficient leader head selection in VANETS.
These developments have the potential to improve a number of directly linked
features of vehicles and their interactions in V2V communication scenarios, including

the driving experience, journey duration, fuel efficiency, traffic safety, and others.
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1. INTRODUCTION

VANET is a particular kind of wireless multi-hop network that must
support fast topology changes due to high node mobility. As more vehicles are
equipped with wireless communication devices and computer capabilities, inter-
vehicle communication is evolving into a viable field for study, standardization, and
development. Due to the exponential rise in the number of cars and the delay
restrictions brought on by frequent disconnections, deploying such congestion
detection and traffic analysis algorithms for the VANET on conventional architectures
appears to be a challenging issue.

Our algorithm's main goal is to reduce message overhead while choosing
leader heads in VANETSs. We seek to increase network scalability, decrease resource
usage, and improve overall network performance by lowering the volume of messages
exchanged throughout the selection process. The system accomplishes this by using a
clustering approach, in which vehicles are grouped together based on their proximity
to one another and their communication habits. A leader head is chosen for each
cluster according to established standards like network load, dependability, or

mobility patterns.

An important factor in improving traveler comfort, traffic safety, and
intelligent transportation systems is the vehicle ad-hoc network (VANET). In order to
establish connection between automobiles and between cars and infrastructure,
specialized short-range communications technology is developed for the VANET.
The VANET may experience complex problems with scalability, resource scarcity,
reliability, and hidden terminal concerns due to the absence of router equipment and
flat vehicle-to-vehicle network structure. Vehicle clustering is used in the VANET to
address all of these concerns and enhance network performance. According to their
design goals, clustering protocols in VANET are comprehensively categorized in this
study.

When examining clustering techniques in VANET, two fundamental

categories—generalized and application dependent—are taken into
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consideration.Building a solid cluster with a long sustainable life is the main goal of
the cluster design in the generalized clustering protocol. The goal of cluster design, as
opposed to application-dependent clustering protocols, is to enhance the performance
of certain applications (such as target tracking, traffic prediction, misbehavior
detection, privacy preservation, certificate revocation, etc.) on a variety of
performance criteria.Our objective is to assess the existing algorithms and provide a
solution or improvement for the present problem. In this paper, we provide a broad
introduction of the concept of vehicular ad hoc networks, as well as information on
their uses, characteristics, and clustering. Additionally, we will talk about some of the

cluster head selection that is the basis of our work.

Our algorithm's main goal is to minimize message overhead while selecting leader
heads in VANETs effectively in order to solve this problem. Our technique attempts
to improve network efficiency, scalability, energy conservation, collision avoidance,
and latency by decreasing the number of messages exchanged throughout the
selection process. This improvement enhances VANETS' overall performance while
also facilitating the smooth operation of numerous applications, such as traffic control,

cooperative driving, and safety features.

Our program uses clever approaches and tactics to achieve the goal of lowering
message overhead. It makes use of its knowledge of the neighborhood and
communicates with the appropriate vehicles involved in the leader head selection
process on a selective basis. The technique seeks to save bandwidth and increase
network scalability, especially in heavily populated areas, by eliminating needless

message distribution.

Periodic broadcast optimization, which transmits messages at optimal intervals while
taking into account variables like vehicle density, mobility patterns, and the
importance of the leader head selection process, complements selective
communication. The algorithm also uses message aggregation strategies, which
combine several messages into a single transmission to lower the total number of

messages and further conserve resources.



Additionally, our program automatically limits the amount of redundant or
superfluous messages sent by only initiating message exchanges when necessary
circumstances are met. The system introduces hybrid communication modes,
employing combination infrastructure-to-vehicle (I2V) and vehicle-to-vehicle (V2V)
communication, to maximize message delivery and relieve the communication burden

from vehicles when infrastructure help is available.

Extensive simulations or real-world experiments will be performed to assess our
algorithm's performance in terms of message overhead reduction, leader head
selection accuracy, and overall network efficiency. Our method intends to increase the
capabilities of VANETSs by successfully lowering message overhead. This will allow
for seamless communication, better resource usage, and effective coordination

amongst cars, thereby boosting the security and effectiveness of vehicular networks.

The requirement to improve the efficiency and scalability of Vehicular Ad Hoc
Networks (VANETSs) is what drives effective leader head selection in VANET by
minimizing message overhead. VANETSs are dynamic networks made up of moving
automobiles that interact with one another and roadside infrastructure to provide a
variety of functions, including traffic control, collision avoidance, and information
sharing. The choice of leader heads, who are in charge of organizing network
operations and distributing information, is critical to the success of VANETS.
Traditional leader head selection techniques, on the other hand, could have substantial
message overhead, which might have a detrimental effect on communication
dependability, network efficiency, and resource use. To reduce message overhead
while preserving the needed network speed, an effective leader head selection system

must be created.

The issue at hand is how to choose leader heads in VANETs while reducing message
overhead. In order to ensure effective network operations and lower the quantity of
messages needed for coordination and information dissemination, the goal is to
choose a subset of vehicles as leader heads in the most effective way possible. The

main issues and problems are as follows:
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a)

b)

Reducing Message Overhead: The main issue is reducing the volume of messages
sent and received by the vehicles during the leader head selection procedure.
High message overhead can contribute to network congestion, decreased
throughput, and energy waste. A leader head selection technique that minimizes
messages while retaining efficient coordination and communication is the

objective.

Criteria for Leader Head Selection: Establishing the standards for choosing leader
heads is another issue. It is possible to take into account a number of variables,
including vehicle proximity, connection, communication range, node degree, and
particular application needs. The difficulty is in defining the right standards that
support effective network operations and guarantee the choice of qualified and

dependable leader heads.

Scalability and Dynamism: A huge number of vehicles that are continually
moving as well as joining/leaving the network are what VANETSs are known for.
The network's dynamic character should be able to be accommodated by the
leader head selection algorithm's scaling to a high number of cars. While
retaining minimal message overhead, it should be able to adapt to changes in

traffic circumstances, vehicle mobility, and network architecture.

The goal is to provide an effective leader head selection algorithm that reduces

message overhead, enhances network performance, as well as enables effective

communication and coordination in VANETSs by solving these issue statements.
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2. LITERATURE REVIEW:

We started with cluster analysis, which consist of understanding how cluster are form
in Vanet.We began to study cluster , which involves classifying vehicles according to
their proximity, communication patterns, and movement characteristics in order to
comprehend how clusters arise in VANETSs. This analysis aids in the discovery of
clusters that can promote effective resource sharing, communication, and coordinated

operations within the VANET.

We studied cluster head selection, which involves the process of identifying
suitable vehicles within each cluster to act as cluster heads in VANETs The cluster
head selection method takes into account a number of variables, including the
vehicle's capabilities, communication range, connectivity, and leadership
characteristics, to choose the best vehicles for the cluster head position. In VANET
setups, choosing capable cluster heads is essential for controlling intra-cluster

communication, coordinating network activities, and optimizing resource usage..

This paper proposes an algorithm that will ultimately pick a leader for each
connected component of a dynamic network where nodes can relocate or crash is
proposed in this study. A node retains topological knowledge, or a confined view of
the network's communication graph and its dynamic evolution, and only interacts with

other nodes within its transmission range[2].

Each time the network's topology or a node's membership is changed in
this study, one or more nodes pick it up and broadcast it throughout the network,
updating the nodes' topological knowledge in the process. Particularly on big
components with little node movement, both Topology Aware techniques are more
reliable than Flooding Degree, and the proximity variant has a shorter path to the
leader.In comparison to Flooding Degree, the method increases leader stability up to
82%, transmits half as many messages, and reduces the distance that nodes must

travel to the leader by 11%.
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In addition, Nejood Faisal Abdulsattar[3] introduced a novel technique that
forms usable clusters by employing the improved rider optimization algorithm (ROA)
to choose the CH optimum. Using privacy-preserving mobility patterns during
transmission, the network is shielded from all sorts of issues brought on by the
blending and migration of new vehicles. The behavior of the bypass rider's CH is

chosen by analysis, and thus creates the optimum clusters.

Vehicular Ad Hoc Networks are mobile wireless networks that enable communication
and information sharing between cars and with infrastructure. In VANETS, the effective
selection of cluster heads is essential since they are critical for resource allocation, routing,
and data aggregation. The difficulties of privacy protection and ideal selection, however,

might not be sufficiently addressed by conventional cluster head selection techniques.

The P20-ACH technique, which merges a privacy-preserving mobility model alongside
an optimization-based cluster head selection method, is the solution the paper suggests for
these problems. The privacy-preserving mobility paradigm guarantees the security of vehicle
location data, lowering the possibility of privacy violations. Based on factors including
connection, stability, and availability, the optimization-based cluster head selection algorithm
chooses cluster heads in the best possible way.

The efficacy of the suggested algorithm is assessed using simulations, and the outcomes
show that it performs well in terms of network performance, energy efficiency, and privacy
protection. By balancing the selection of cluster heads with the protection of privacy, the

algorithm ensures effective and safe communication in VANETS.

By offering a fresh method for choosing cluster heads that tackles privacy issues and
streamlines the selection procedure, the paper adds to the body of knowledge already
available on VANETS. It emphasizes the need of protecting privacy in vehicle networks and
offers details on how to build and deploy effective and secure VANET networks.

The "Privacy-Preserving Mobility Model and Optimization-Based Advanced Cluster
Head Selection (P20-ACH) for Vehicular Ad Hoc Networks" article offers insights and
solutions for privacy-preserving cluster head selection in vehicular networks, making a

significant contribution to the literature on VANETs.
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Panimalar Kathiroli[11] suggested that in wireless sensor networks, a sizable number
of nodes with low battery life are employed to collect and transmit data to the base

station. Here, data transport uses up the greatest energy.

Therefore, one of the main issues is maximizing network longevity while minimizing
node energy use. The clustering approach is used to address this problem and produce
energy-efficient data transfer. The network lifespan is increased by electing a cluster
head who employs an energy distribution technique to save the remaining power.
Different modern approaches are used, however each algorithm has significant

limitations on its own.

Through cluster head selection, this study suggests a hybrid Sparrow Search approach
with a Differential Evolution method to solve the issue of energy efficiency in
Wireless Sensor Networks. The suggested method uses the very efficient Sparrow
Search method with the dynamic capability of Differential Evolution, which expands
node lives. Utilizing throughput, remaining energy, and the proportion of live and
dead nodes, this hybrid model seems to function effectively. The recommended
Improved Sparrow search algorithm uses the Differential evolution model to choose
the best cluster head and outperforms earlier comparable techniques in terms of
residual power and throughput.

Finally, Rusheng Zhang[1] said that Rapid developments in vehicle-to-vehicle
(V2V) communications in recent years have made it possible for new applications to
solve issues with vehicle safety, traffic efficiency, autonomous driving, and other
issues.

Proactive approaches to leader selection in VANETs have been proposed.
These approaches aim to enhance network performance, reduce communication
overhead, and improve coordination and management within the network.

This paper initially introduces a novel proactive leader selection method. The
algorithm's desirable qualities are then demonstrated through simulation results,
which reveal that they include:

The procedure is straightforward and only calls for a small quantity of data to
be provided. However, in terms of quick convergence time, it is quite effective. The

algorithm also quickly returns to stability when uncontrollable errors occur.
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The algorithm is simple to implement and may be quickly incorporated into
vehicular network protocols by simply adding a special field or header to the Basic
Safety Message (BSM).

The method holds up well in extremely dynamic settings. It does not
necessitate a rigid topology, dependable channels for communication, or even

constant network connectivity.

This paper considered a typical VANET scenario for a small, moving group of
cars, often no more than 40 cars. While V2V communication is possible between all
of the vehicles under consideration, the channel may be noisy and unreliable, making
it possible for any packet to be lost. The i-th vehicle is referred to as vehicle. An order
function (vehl, veh2) that returns 1 or 0 depending on the relationship between the

two automobiles provides a rigorous binary relationship for any two vehicles.

The order function determines which vehicle will be the leader; they should all
agree on the leader and be aware of him or her. The ideal vehicle should be the leader.
It's important to maintain the leadership position: When the current leader departs, the
search for a replacement starts; as new vehicles join the club, they make the same
choice. Because switching leaders will result in a time gap, which is undesirable for
most applications, the leader status should continue even if the node order changes or

a better vehicle joins.

The leader should be able to provide the same information to all of the group's
vehicles. These communications are known as leader messages.All of the vehicles in
the group should be able to get the same information from the leader. These messages

are referred to as leader messages.

However, this involves sending a lot of messages, especially in proactive
models where nodes must often interact and reassess their leadership positions. There
is an inherent communication overhead to ensure that each node is aware of the

present network leadership structure.
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3. VANET (Vehicular ad-hoc network)

Vehicle-to-vehicle communication is made achievable via a unique class of dynamic
wireless networks called the VANET (Vehicular Ad-hoc Network). Wireless
communication between nodes and their various mobility nodes occurs in VANET.
The two distinguished communication instances that have been established for
transportation networks are vehicle-to-vehicle communication (V2V), in which cars
exchange messages directly, and vehicle-to-infrastructure communication (V2I), in
which exchange of information is made through the RSU in addition to tolls and

Internet access points.

Figure 1 : Vanet Generic Architecture[10]

When the VANET network components work together, they form domains, which are
collections of logical and physical elements that work together to generate links
among nodes and RSU. The following criteria are used to classify these domains:

* Domain in the car: These can be wired or wirelessly linked domains that provide a

bidirectional communication network within the vehicle.
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* Ad hoc domain: This domain refers to wireless connections made between nodes or
between nodes and the RSU.

* The domain of infrastructure was established by the access networks, the RSU,
and the back-end infrastructure that supported the nodes' requests for Internet access.

It is possible to communicate through wired and/or wireless technologies.

3.1 Vanet application

Through collaborative systems built on v2x communications, the VANETS present a

possibility for the creation of applications that improve travel and traffic situations.

Applications for road safety

With the aid of these applications, traffic accidents tend to occur less frequently and
result in fewer injuries and fatalities. Drivers are in this instance issued alert messages
about unexpected road incidents, information about nearby vehicles, and incident

management.

i. Crash avoidance Here, the RSU alerts the driver when there is a potential collision
between two vehicles. There are

* a collision alert for intersections.

* a pre-collision alert.

* a line change alert.

* an alarm for risky areas.

ii. The purpose of traffic sign notification (RSN) is to alert drivers to road signs and
offer help while they are on the road. Several RSN applications include:
* Speed Warning for Curves.

* Violation of a traffic signal warning

Road Efficiency Applications: The goal is to manage and monitor vehicle traffic and

road conditions in order to improve traffic conditions.It is separated into two parts:
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i.Traffic management: processes information from the RSU components of the
transportation network on traffic flow and management. Applications of this kind
include:

- intelligent traffic control;

- traffic-free tolls.

- Controlling speed.

- Better navigation and route recommendations.

ii. Traffic monitoring: Keep an eye on the state of the roads and the vehicles on them,
and alert drivers and traffic officials to any abnormalities. Some of these uses include:
* Traffic congestion monitoring.

* Tracking agents and vehicle tracking.

Applications for commerce and information (infotainment)
These kinds of applications concentrate on offering drivers and passengers

entertainment and information offerings.

I. Entertainment: Users may do a variety of tasks, including as browsing the internet,
playing online games, and viewing multimedia content, using wifi access points
installed on the road or over the cellular phone data network. The use of the VANET
resources for leisure activities is made possible for the passengers of the cars via these
applications.

II. Background data: These applications advise drivers about interesting places,
nearby landmarks, and location-based services. Here are a few instances:

® Download and update maps.

® [ ocation and Parking Reservation.

® [nformation on Sites of Interest

3.2 Vanet characteristics

MANET application, it has unique qualities that can be summed up as follows:

i.High Mobility: The nodes in VANETS typically move quickly. As a result, it is

more difficult to forecast a node's position and node privacy is less protected.
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ii. Network topology: Because of high node mobility and erratic vehicle speeds, node
positions regularly change.

iii-Unrestricted network size: VANET can be developed for a single city, a group of
cities, or an entire country.

iv.Regular information exchange: The ad hoc nature of VANET encourages the
nodes to collect data from other vehicles and roadside equipment.

v. Wireless Communication: The VANET is developed for wireless environments.

Wireless connections allow nodes to communicate and exchange information.

3.3 Clustering

A method for organizing logical groups of automobiles nearby is called clustering. A
cluster is the name given to the created logical groups. In a cluster, the vehicles may
play any of the following roles:

* Cluster head (CH): A vehicle that manages data transmission between other cluster
heads and its own members.

* A cluster member (CM) is any additional regular vehicle within a cluster that is
not connected to another cluster.

* A cluster-gateway (CGQG) is a device that connects two or more clusters together.
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Figure 2 : General flat and cluster based network structure in Vanet[3]
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Some of the cars that make up the cluster member are within the transmission
range of several clusters or CHs that are used to connect clusters. Gateways are the
name given to these vehicles. The gateway vehicles, cluster members, and cluster
head's status are monitored on a regular basis.

By applying an effective cluster head selection technique, the stability of a
cluster may be considerably increased, and many applications, like routing and MAC,
can perform better as a result. When creating clusters and selecting a cluster leader, a
number of important factors must be taken into consideration.

Figure 2 displays the standard procedures that each clustering algorithm follows

r Y
Collection of required local information

N A

_ + -
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. S
, v .
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. A
) v R}
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e s
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A

Figure 3 : General steps of clustering algorithm|2]
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3.4.1 Role of cluster in Vanet

The vehicle-to-vehicle communication protocol has two methods for data
dissemination in the network: flooding and relaying. A flooding strategy was used by
all nearby cars that received the broadcasted data packet from the source node to
rebroadcast it to their neighbor. The data packet's destination was the main focus of
the procedure's multiple rounds. In a flat, dense network, flooding may lead to the
broadcast storm problem [40].

Only a select few vehicles designated as forwarder vehicles are permitted to transmit
new data packets, while all surrounding vehicles in relaying approaches receive the

data packets broadcast from the source vehicle.

The flooding strategy is used in multi-hop flat dense vehicular ad hoc networks to
reduce the likelihood of successful data transmission to the destination [40].

Using a relaying strategy enhanced the likelihood of effective data delivery at the
same time, but with significant overhead and delay. Clustering in VANET is, to a

large extent, a popular approach to address such issues.

Due to the limitations of proactive, reactive, and spatial routing protocols in VANET,
such routing approaches that improve routing scalability and dependability, efficient
bandwidth use, and lowered data transmission time are required. Cluster-based
routing systems largely satisfy these constraints. In cluster-based routing systems, the
large network is divided into distinct entities known as clusters. The routing protocols
used within a cluster and between clusters are referred to as intra-cluster and inter-
cluster, respectively. In both scenarios, CH takes complete ownership of all routing

duties in place of cluster's entire fleet of vehicles.

Using the clustering technique, the VANET is divided into manageable portions, and
the cluster head effectively arranges channel access for the cluster members. In order
to increase throughput, it maintains the network topology in addition to lowering
channel contention. The cluster-based MAC protocol makes the network more

scalable and reliable.
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Clustering protocols are necessary for MAC and routing applications. The main
purpose of the MAC protocol is to provide infrastructure and automobiles with fair
channel access. The VANET's dynamic topology causes an increase in the overhead
of control messages used for channel access. The constrained bandwidth of a vehicle
network in a crowded area exacerbates channel congestion. The exposed terminal
problem and the hidden terminal problem with channel access are major

problems in Vanet.

3.4.2 Challenges of cluster in vanet

Due to the dynamic nature of the network and the distinctive features of vehicular
communication, clusters in Vehicular Ad Hoc Networks (VANETSs) may encounter a

variety of difficulties. The following are some difficulties with clustering in VANETS:

Dynamic Network Topology: Because vehicles are mobile, VANETs are very
dynamic networks that frequently change their topology. The maintenance of stable
and durable clusters is difficult due to its dynamic character. Cluster creation, upkeep,

and management must change to accommodate the evolving network topology.

Resource Constraints: Resources are limited for vehicles in VANETS, including
processing speed, memory, and battery life. To increase the lifespan of the network,
cluster formation and maintenance should consume as little resources as possible. For

stable clusters to be kept while minimizing overhead, resource efficiency is essential.

Interference and Channel Access: Because VANETS use shared wireless channels,
cluster performance may be impacted by interference. It's possible for vehicles in
adjacent clusters to compete for the same channel resources, increasing packet
collisions and decreasing communication dependability. To enable efficient cluster
communication, effective channel access methods and interference management

techniques are required.

Security and Privacy: Clustering creates issues for VANETS in terms of security and

privacy. Cluster leaders might be given more responsibility and access to private data.
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Important factors in VANET clustering include defending against assaults on cluster

heads, securing cluster communication, and guaranteeing privacy protection.

Heterogeneity: Vehicles with varying capacities, communication ranges, and
transmission powers may be a part of VANETSs. To accommodate different vehicle
features and promote effective cluster formation and operation, clustering algorithms

should take heterogeneity into account.

The creation of reliable and flexible clustering algorithms, effective cluster
management protocols, and efficient resource utilization techniques are necessary to
meet these problems. Researchers are still looking into novel ways to improve the
functionality and scalability of clusters in VANETs while taking into account the

particulars of vehicular communication.
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4. METHODOLOGIES:

In this section, we describe our working process of selecting candidate for
leader selection The concept uses candidate evaluation and predictive modelling to
make proactive selections of effective leader heads. The algorithm predicts future
vehicle behaviour and enhances cluster formation using predictive models. By
limiting communication to pertinent cars within clusters, this reduces message
overhead. The selection process for candidates makes sure that the chosen leader

heads have the attributes needed for effective network management.
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Figure 4: Workflow of the algorithm
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The following stages make up the method for effective leader head selection in
VANET with an emphasis on reducing message overhead. First, the network's
maximum number of leaders and cars is determined. The leaders and candidate
leaders are then added to empty lists. The next step is to arrange a fleet of cars at
random, and the initial leaders are selected using criteria like proximity, connection,

or node degree. The leaders list now includes these early leaders.

Each leader sends a message to the nearby cars containing pertinent information, such
as the leader's ID and job. The nearby cars analyze the received leader messages and
extract data such as the leader ID and position. Leading candidates are chosen from
the received messages based on variables such as distance, signal strength, or node
characteristics. The qualifying candidates are added to the candidate leaders list after
comparison with the probable candidates, the candidate leaders list, and the present

leaders.

In accordance with a selection criterion like the greatest priority, enhanced connection,
or best coverage, the leaders are updated by choosing them out of the candidate
leaders list. The leaders are then compared to the present leaders to update the leader
list. The least qualified leaders are eliminated using a specified criterion if the number
of leaders is more than the maximum permitted. The data forwarding system is
updated utilizing optimizations like selective forwarding, temporal filtering, or

clustering to reduce message propagation and redundancy.

Checking for leader selection stabilization, which means that the leader list has not
experienced major changes, is how convergence analysis is carried out. The process
of message swapping, candidate selection, and leader update resumes at step 4 if
convergence is not attained. The algorithm then produces the final selection of leaders
and offers data on the quantity of messages exchanged, the speed of convergence, and

other pertinent parameters.

Overall, by minimizing messages overhead and taking into account variables like
proximity, connection, and node characteristics, this method seeks to effectively

choose leader heads in VANET.
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4.1 Candidate selection

The methodology for the efficient leader head selection algorithm in VANETS, based
on a proactive approach to minimize message overhead, involves two main steps:

candidate selection and leader selection. Here is an overview of the methodology

a) Candidate Evaluation Criteria:
i. Reliability: Evaluate a candidate vehicle's dependability based on elements like

its previous performance, stability, and consistency in communication.

ii. Communication Capabilities:communication capability, taking into account

their bandwidth availability, transmission range, and signal strength.

iii. Available Resources: To make sure the candidate can handle the increased
obligations of being a leader head, take into account the applicant's available

resources, such as computational power, storage capacity, and battery life.

iv. Connectivity: Assess the candidate's connectivity to other cars in its cluster and to
the wider VANET network. Enhanced connectivity and more communication

links

b) Rating and Scoring of Candidates:

Establish a scoring system or a set of guidelines to award scores to each candidate in
accordance with the evaluation criteria. This can be a weighted average of the results

for each individual criterion or a more intricate scoring formula.
Candidates are ranked: Put the best candidate at the top of the list by ranking the

candidates according to their scores. The candidate selection order is influenced by

this ranking.

26



b) Select leader heads:

Choose the candidate with the highest score among all vehicle as leader head
for a particular small group of clusters. The selection of the leader head comes after
the selection of the candidate leader. The best candidates are chosen as leader heads
after the candidate leaders have been assessed based on a set of criteria. The leader
head selection procedure makes sure that the selected leaders possess the needed

abilities and traits necessary for effective functioning in the VANET.

4.2 Leader selction

Candidate Evaluation: Vehicle candidates for the selection of the leader head
are located within each cluster. The system assesses each candidate's appropriateness
based on predetermined standards such vehicle dependability, communication
abilities, resource availability, or mobility patterns. Considerations for factors such
vehicle speed, stability, connectivity, and past performance may be made during the

appraisal process.

Leader Head Selection: The algorithm chooses a leader head for each cluster
based on the candidate evaluation. Routing, data aggregation, and job scheduling are
just a few of the network operations that the leader head is in charge of managing and
organizing. Criteria like leadership experience, network load balancing, or dynamic
adjustment depending on shifting circumstances could be considered during the

selection process.
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Figure 5: Leader selection process

4.3 Reduction of message

The leader messages generated will be reduced by reducing the threshold frequency

between the message broadcast intervals thereby increasing the time and vice versa.
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3. EXPERIMENTS AND RESULTS:

5.1 Experiment : This experiment is been conducted on Sumo.The version is 1.8.0
for windows 64bit compatible together with veins versions 5.2 and inet 4.2.5 installed
correctly in the platform. In windows as well as in Ubuntu to be able to execute the

simulations smoothly without any interruptions and results given respectively.

A. Dateset Description:

In this scenario we use 40 vehicles .We ran extensive packet-level simulations to

assess how the developed algorithm worked in various scenarios [22].
In order to obtain reliable and precise results, we developed a hybrid simulator that
mimics both the mobility of autos and the probabilistic DSRC channel. The mobility

is simulated using SUMO, a popular open-source mobility simulator

i.  Number of message generated:

30

25

Number of messages
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a0

o 25 50 75 100 125 150 175 200

Time(s)

Figure 6: Message generated
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From the above figure, we can see that at the setting from 0 to 20 the number
of message is not relevant.But when they are new vehicle coming inside the cluster
the number of message increase as there is many candidate vehicle .from 100-125 we

can see a flux of un-stop message generate by candidate and leader

ii. Convergence time:

A Leader selected 10

e

0.0

No Leader selected

o 25 50 75 100 125 150 175 200

Time(s)

Figure 7: Convergence time

The leader will wait for the red light at the intersection for some time before
moving on when it turns green. We see that as the leader vehicle exits the intersection,
the other vehicles immediately recognize this as an event and begin choosing a new
leader. This new leader selection time is quite brief—less than one second. The basic
leader selection algorithm performs nearly identically to the optimized leader and

improved version selection method in terms of maintaining leader status.
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B. Results:

L.

Comparison model:

algorithm Basic Optimized Improved_version
Stable percentage 98% 98% 97.5%

Average Convergence time(s) | 0.6 0.39 0.52

Maximum convergence time(s) | 0.83 0.64 0.7

Number of message 54743 8829 2481

Table 1: comparison of model

As we can see from this table that,the number of message for the basic message has

been reduce by 85% by the optimized version in dense traffic,these message has also

been reduce by 79%.also we can see that the average converge time of the improved

version is higher this is due to the candidate selection
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Figure 8 : algorithm comparison
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i.  Conclusion on experiment :

These methods efficiently reduce the amount of messages sent by either
limiting communication to representative nodes within clusters, sending updates only
when certain criteria are met, synchronizing communication based on predictive
models, aggregating information to provide a summary, or scheduling message
exchanges during specific time slots. Researchers have successfully used these
techniques to lessen the overall message load on the network while ensuring that

essential leadership information is quickly communicated.

It's crucial to remember that there is still room for improvement in terms of lowering
message overhead. Work that is currently being done and that will be done in the
future may concentrate on optimizing algorithms, dynamically modifying thresholds,
creating adaptive communication plans, including fault-tolerant mechanisms, utilizing
machine learning, and creating thorough assessment frameworks. The quantity of
messages sent during leader selection in VANETs can be further decreased by
continued improvement and innovation in these areas, resulting in increased

scalability, improved network performance, and more effective resource usage.
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6. CONCLUSION:

In conclusion, the research on choosing leaders in vehicular ad-hoc networks
(VANETSs) and the investigation of proactive strategies have brought to light the
significance of creating a reliable and effective leadership structure in dynamic
network environments. The goal of the proactive strategy is to shorten response times
and ensure prompt coordination throughout the network by anticipating the need for
leaders in advance.

By limiting communication to representative nodes inside each cluster,
cluster-based techniques can minimize the volume of communications. Threshold-
based updates reduce pointless message exchanges by allowing nodes to provide
updates only in certain circumstances. By predicting future network conditions and
leader stability, predictive algorithms enable synchronization and decrease message

overhead.

The reduction in message overhead achieved through these approaches contributes
to improved scalability, network performance, and resource utilization. By
minimizing communication delays and computational complexity, proactive leader

selection approaches can enhance the overall efficiency and effectiveness of VANETS.

The performance of vehicular networks can be significantly improved by
minimizing message overhead while choosing leader heads in VANETSs, which is the
main goal of our technique. We seek to improve network efficiency, scalability,
energy conservation, collision avoidance, and latency by decreasing the number of

messages sent during the leader head selection procedure.

Our approach solves the issues related to message overhead in VANETSs by
using intelligent techniques such neighborhood awareness, selective communication,
periodic broadcast optimization, message aggregation, intelligent triggering, and
hybrid communication modes. These methods help to select the best leader candidate
for a particular group of clusters with better resource management, less traftic, longer

battery life, quicker decision-making, and more dependable communication.
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7. FUTURE WORK:

We are still working forward to improve the the convergence time and the
stability of the leader. We can research more methods to increase the stability of
leader selection and concentrate on further enhancing the convergence time and
stability of choosing a single leader in order to reduce the time needed to choose a

leader while maintaining stability and dependability in the selection process.

34



REFERENCES:

[1] B. J. K. B. S. B. K. K. B. F. L. M. S. Z. O. K. T. Rusheng Zhang, "Leader
selection in Vehicular Ad-hoc Networks: a Proactive Approach," in 2020 IEEE 91st
Vehicular Technology Conference (VTC2020-Spring), Antwerp, Belgium, 2020.
[2]N. G. L. A. A. F. J. L. P. S. I. Arnaud Favier, "Topology Aware Leader Election
Algorithm for Dynamic Networks," in 2020 IEEE 25th Pacific Rim International
Symposium on Dependable Computing (PRDC), Perth, WA, Australia, 2020.

[3] L. A. S. A. R. A. H. M. S. A. A. S. M. Mustafa Maad Hamdi, "A Review of
Applications, Characteristics and Challenges in Vehicular Ad Hoc Networks
(VANETs)," in 2020 International Congress on Human-Computer Interaction,
Optimization and Robotic Applications (HORA), Ankara, Turkey, 2020.

[4] D. S. R. S. Y. Abhay Katiyar, "State-of-the-art approach to clustering protocols in
VANET: a survey," in Springer Science+Business Media, LLC, part of Springer
Nature 2020, Uttar Pradesh, India, 2020.

[STH.L.G. Z. L. C.J. Z. Y. L. Xu Bao, "Efficient Clustering V2V Routing Based on
PSO in VANETS," Measurement, vol. 152, no. 107306, p. 25, 2019.

[6] H. A. a. M. C. Weigle, "Using DTMon to Monitor Transient Flow Traffic," in
2010 IEEE Vehicular Networking Conference, Jersey City, NJ, USA, 2010.

[71A. A. M. D. A. S. Abdul Quyoom, "Security Attacks and Challenges of VANETS :
A Literature Survey," Journal of Multimedia Information System, vol. 7, no. 1, pp.
45-54, 2020.

[8] J. L. H. V. MengyingRen, "A review of clustering algorithms in VANETsS,"
Institut Mines-T el’ecom and Springer Nature Switzerland AG 2021, vol. 76, p.
pages581-603, 2021.

[9] R. D. H. B. S. T. A. N. Jitendra Bhatia, "SDN-based Real-Time Urban Traffic
Analysis in VANET Environment," Computer Communications, vol. 149, pp. 162-
175, 2020.

[10] P. M. D. Ms. Divyalakshmi Dinesh, "Challenges in Vehicle Ad Hoc Network
(VANET)," International Journal of Engineering Technology, Management and
Applied Sciences , vol. 2, no. 7, 2014.

[11] K. S. Panimalar Kathiroli, "Energy efficient cluster head selection using
improved Sparrow Search," Journal of King Saud University — Computer and

Information Sciences, vol. 34, p. 8564—8575, 2022.

35



M. Ferreira, R. Fernandes, H. Conceic

[12] O. K. Tonguz, “Red light, green light — no light: Tomorrow’s com
municative cars could take turns at intersections,” IEEE Spectrum
Magazine, vol. 55, no. 10, pp. 24-29, October 2018.

[13] R. Zhang, F. Schmutz, K. Gerard, A. Pomini, L. Basseto, S. B. Hassen,
A. Ishikawa, 1. Ozgunes, and O. Tonguz, “Virtual traffific lights: System
design and implementation,” in 2018 IEEE 88th Vehicular Technology
Conference (VTC-Fall). IEEE, 2018, pp. 1-5.

[14] M. Elhadef, “An adaptable invanets-based intersection traffific control
algorithm,” in 2015 IEEE International Conference on Computer and
Information Technology; Ubiquitous Computing and Communications;
Dependable, Autonomic and Secure Computing; Pervasive Intelligence

and Computing. IEEE, 2015, pp. 2387-2392.

[15] Q. Lu and K.-D. Kim, “A mixed integer programming approach for
autonomous and connected intersection crossing traffific control,” in 2018
IEEE 88th Vehicular Technology Conference (VTC-Fall). IEEE, 2018,
pp. 1-6.

[16] C. Sommer, F. Hagenauer, and F. Dressler, “A networking perspective on
self-organizing intersection management,” in 2014 IEEE World Forum
on Internet of Things (WF-IoT). IEEE, 2014, pp. 230-234.

[17] N. Fathollahnejad, R. Barbosa, and J. Karlsson, “A probabilistic analysis
of a leader election protocol for virtual traffific lights,” in 2017 IEEE
22nd Pacifific Rim International Symposium on Dependable Computing
(PRDC). IEEE, 2017, pp. 311-320.

[18] O. K. Tonguz, N. Wisitpongphan, J. S. Parikh, F. Bai, P. Mudalige,
and V. K. Sadekar, “On the broadcast storm problem in ad hoc
wireless networks,” in 2006 3rd International Conference on Broadband
Communications, Networks and Systems. IEEE, 2006, pp. 1-11.

[19] N. Wisitpongphan, O. K. Tonguz, J. S. Parikh, P. Mudalige, F. Bai, and
V. Sadekar, “Broadcast storm mitigation techniques in vehicular ad hoc
networks,” IEEE Wireless Communications, vol. 14, no. 6, pp. 84-94,
2007.

[20] M. Killat and H. Hartenstein, “An empirical model for probability of

packet reception in vehicular ad hoc networks,” EURASIP Journal on

36



Wireless Communications and Networking, vol. 2009, no. 1, p. 721301,
2009.

[21] S. R. Azimi, G. Bhatia, R. R. Rajkumar, and P. Mudalige, “Reliable
intersection protocols using vehicular networks,” in Proceedings of the
ACM/IEEE 4th International Conference on Cyber-Physical Systems.
ACM, 2013, pp. 1-10.

[22] R. Zhang and B. Jacquemot, “Leader selection algorithm repo,”
https://github.com/beedrill/leader-selection-simulation, 2019.

[23]Shih-Yen Lin and Ren-Hung Hwang. "Efficient Leader Election Algorithm for
VANET." In 2010 International Symposium on Intelligent Signal Processing and
Communication Systems, pp. 1-5, 2010.

[24]Irfan Ahmed, Hadees Zahid, Abdul Hanan Abdullah, and Rosilah Hassan.
"Optimized Leader Election for Vehicular Ad Hoc Networks." International Journal

of Computer Science and Information Security, Vol. 11, No. 7, pp. 49-56, 2013.

[25]Preeti Ranjan Panda, Saswati Mishra, Annapurna Mishra, and Banshidhar Majhi.
"Efficient Leader Selection Algorithm for VANET using Intelligent Water Drops." In
2014 International Conference on Advanced Computing and Communication Systems,

pp. 1-6, 2014.

[26]Renuka Panwar and Sangeeta. "Efficient Leader Selection using Distance and
Direction for Vehicular Ad Hoc Networks." In 2016 IEEE Calcutta Conference
(CALCON), pp. 1-5, 2016.

[22]M. A. Hoque, A. A. Mamun, M. S. Alam, and A. B. M. Aowlad Hossain.
"Message-Efficient Leader Election Protocol for Vehicular Ad Hoc Networks." In
2018 International Conference on Networking, Systems and Security (NSysS), pp. 1-6,
2018.

[27]1X. Yu, Z. Yang, Y. Zhang, and H. Chen. "Leader election algorithm in VANET
based on clustering coefficient and relative distance." In 2015 IEEE 82nd Vehicular

Technology Conference (VTC2015-Fall), pp. 1-5, 2015.

37



[28]A. A. Awad, M. H. Ahmed, M. H. Zulkernine, and A. H. Abdullah. "Distance-
based Leader Selection Scheme for Vehicular Ad Hoc Networks." In 2014 IEEE 28th

International Conference on Advanced Information Networking and Applications

(AINA), pp. 163-170, 2014.

[29]A. D. Alashwali, M. Ould-Khaoua, and L. M. Mackenzie. "A Novel Distance-
Based Leader Election Algorithm for VANET." In 2014 IEEE International
Conference on High Performance Computing and Communications, pp. 1125-1130,

2014.

[30]Z. A. Khan, A. S. Islam, A. S. M. Hasan, and M. Z. Hasan. "Efficient Leader
Election Algorithm for Vehicular Ad hoc Networks." In 2017 4th International

Conference on Electrical Engineering and Information & Communication Technology

(ICEEICT), pp. 1-4, 2017.
[31]R. P. Patil and S. C. Hota. "A Comparative Study of Cluster Based Leader

Election Algorithms in VANET." In 2016 International Conference on Electrical,
Electronics, and Optimization Techniques (ICEEOT), pp. 2325-2330, 2016.

38



