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ABSTRACT

A critical aspect of Vehicular Ad-​Hoc Networks (VANETs) is the selection of cluster 
heads. In this paper, an approach to cluster head selection in VANETs based on 
Ant Colony Optimization (ACO) is presented. By utilizing the collective intelligence 
of ants, the proposed algorithm will guide the selection process and optimize net-
work performance. The algorithm selects cluster heads by taking into account a 
variety of parameters, as vehicle proximity, communication range, residual energy, 
and the attractiveness of neighboring vehicles based on pheromone values. Using 
extensive simulations and performance evaluations, it has been verified that the 
proposed algorithm has shown a significant improvement in network performance, 
as it reduces packet loss, improves network throughput, and extends the life of the 
network, also, the algorithm exhibits adaptability and self-​organization, allowing 
it to dynamically adjust to changes in the vehicular environment in real-​time. The 
results of this study highlight an overall improvement of communication and data 
dissemination in vehicular networks.
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1. INTRODUCTION

In recent years, Vehicular Ad-​Hoc Networks (VANETs) have gained significant 
attention for improving traffic efficiency, road safety, and communication in trans-
portation. Vehicles can communicate with each other and with roadside infrastructure 
through VANETs, enabling information to be exchanged about road conditions, 
traffic congestion, and safety hazards. There are, however, several challenges with 
VANETs, including limited bandwidth, frequent topology changes, and dynamic 
network conditions. By dividing the network into clusters and selecting Cluster 
Heads (CHs), Liu et. al. (2013), cluster-​based routing addresses these challenges 
effectively. A CH coordinates data aggregation, routing, and resource management 
within a cluster, thereby reducing communication overhead and enhancing VANET 
scalability. For cluster-​based routing to succeed, CH selection is critical. Traditional 
CH selection methods often rely on heuristics, such as node density, position, or 
communication range. A dynamic network, heterogeneous vehicles, and changing 
traffic conditions may not be considered by these methods. A Vehicle Ad-​Hoc 
Network (VANET) is a type of Mobile Ad-​Hoc Network (MANET) Liu et. al. 
(2013), capable of enabling vehicle-​to-​vehicle communication (V2V) and vehicle-​
to-​infrastructure communication (V2I). A VANET utilizes Dedicated Short-​Range 
Communications (DSRC), Peng et. al. (2015) or Cellular Vehicle-​to-​Everything 
(C-​V2X), P. Manickam et. al. (2019) to facilitate real-​time communication. Since 
VANETs enable vehicles to connect with one another and exchange information 
about potential road hazards, they have safety applications. Examples of safety ap-
plications include collision warnings, emergency vehicle alerts, junction assistance, 
and safeguarding the most vulnerable road users.

The VANETs may improve traffic flow and congestion management by providing 
real-​time traffic information, dynamic routing concepts, and adaptive traffic signal 
control. By improving traffic flow, cutting down on travel times, and other factors, 
Zahid Khan et. al. (2019), these projects contribute to improved road efficiency. 
Intelligent Transportation Systems (ITS), of which VANETs are an essential com-
ponent, integrate cutting-​edge technology for improved transportation management 
and control, AA Khan et. al. (2018). Examples of ITS applications include dynamic 
route guidance, intelligent parking systems, eco-​driving assistance, and incident 
management. Location-​based services, social networking, multimedia streaming, 
and internet access In-​car versions of these entertainment and information services 
may be offered through VANETs, Liu et. al. (2018). Cluster-​based routing is a 
valuable tactic to improve the effectiveness and scalability of communication in 
VANETs. Fleets of vehicles are arranged into “clusters,” each of which is headed 
by a CH, using cluster-​based routing. The CH serves as the central node for all 
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