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Abstract: Vehicular Ad Hoc Networks (VANETS) are a subclass of Mobile Ad Hoc Networks
(MANETs) that enable communication among vehicles and with roadside infrastructure. Due to the
high mobility and frequent topology changes inherent in VANETS, efficient clustering algorithms are
essential to ensure stable and reliable communication. This paper presents a novel Movement-Based
Cluster Multi Clustering Algorithm (MB-CMCA), which improves cluster stability and reduces
control overhead by incorporating vehicle movement patterns, speed, and direction as key metrics in

the clustering process.

1. Introduction

With the rapid development of Intelligent Transportation Systems (ITS), VANETSs have
become an essential technology for enabling vehicle-to-vehicle (V2V) and vehicle-to-infrastructure

(V2I) communication. VANETSs enhance traffic safety, reduce congestion, and provide infotainment
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services. However, their highly dynamic topology presents significant challenges in maintaining

efficient communication.

Clustering has emerged as a promising technique to manage network topology and reduce
overhead in VANETS. By grouping vehicles into clusters, communication can be structured and
controlled more efficiently. To address this issue, we propose a Movement-Based Cluster Multi
Clustering Algorithm (MB-CMCA) that dynamically adapts to vehicle mobility patterns to create

stable and efficient clusters.

2. Background and Related Work

Several clustering algorithms have been developed for VANETS, including Lowest ID,
Highest Degree, and mobility-based approaches. While these methods provide certain benefits, they

often fail to maintain cluster stability in high-speed scenarios or complex traffic environments.

2.1 Clustering in VANETSs
Clustering organizes nodes into manageable groups to reduce communication overhead and improve
scalability. In VANETS, cluster heads (CHs) coordinate intra-cluster communication, while gateway
nodes handle inter-cluster communication. The performance of these clusters largely depends on CH

selection and cluster maintenance strategies.
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2.2 Limitations of Existing Approaches
Traditional algorithms such as LEACH, WCA, and MOBIC focus on metrics like node ID,
connectivity, or distance. These approaches often neglect the dynamic nature of vehicular
movement, resulting in frequent re-clustering and communication delays. Multi-clustering, where a
vehicle can be part of more than one cluster, is gaining traction to improve redundancy and

robustness but requires efficient management to avoid overhead.

2.3 Movement-Based Clustering
Recent research has shifted towards movement-based clustering, leveraging vehicle trajectories and
predicted positions. However, few approaches utilize a combination of mobility parameters—such as

direction, speed, and acceleration—simultaneously for clustering decisions.
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Perfect! Let's continue developing the paper with the remaining key sections:

3. Proposed Methodology

The Movement-Based Cluster Multi Clustering Algorithm (MB-CMCA) aims to improve
the reliability and scalability of communication in VANETSs by forming stable clusters based on the

mobility behavior of vehicles.
3.1. Mobility Parameter Collection

Each vehicle periodically broadcasts beacon messages containing its current speed, direction,
position (via GPS), and unique vehicle ID. Neighboring nodes collect this data to assess their

relative movement similarity.
3.2. Mobility Similarity Estimation

A Mobility Similarity Score (MSS) is calculated between vehicles using the following

parameters:
e ASpeed (difference in speed)
e ADirection (difference in angle of movement)

e APosition (relative distance)
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The MSS is calculated as:
MSS = wi1xASpeed + w2xADirection + w3zxAPosition

Where w1, w2, w3 are weights assigned based on the importance of each metric.

3.3. Cluster Head (CH) Selection

The vehicle with the lowest average MSS with its neighbors and highest connectivity

(degree) is selected as the CH. Tie-breakers are resolved using node ID or remaining energy.

3.4. Multi-Cluster Membership

Vehicles on the edge of two clusters can join both, acting as bridge nodes or multi-

members, to facilitate inter-cluster data forwarding and reduce packet loss during CH handover.
3.5. Cluster Maintenance
Clusters are dynamically updated based on real-time mobility changes:
e If MSS exceeds a threshold, a node leaves the cluster.
e CHsreevaluate MSS and connectivity periodically.

e Re-clustering is triggered only when necessary, reducing overhead.

4. Simulation Setup
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To evaluate MB-CMCA, simulations were conducted using the NS-3 simulator with SUMO

for vehicular mobility modeling. Key parameters are listed below:

Parameter Value

Simulation Area 2000m x 2000m

Number of Vehicles 50 - 200

Speed Range 10 - 30 m/s

Communication Range 250 meters

Mobility Model SUMO (urban traffic pattern)

Simulation Time 600 seconds

Protocols Used IEEE 802.11p, AODV

Performance Metrics Cluster lifetime, PDR, overhead, throughput

5. Performance Evaluation and Results

5.1 Cluster Lifetime

MB-CMCA formed more stable clusters with longer lifetimes compared to MOBIC and

WCA, reducing re-clustering events by up to 28%.
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5.2 Packet Delivery Ratio (PDR)

The algorithm achieved an average PDR of 91%, outperforming other methods that achieved

85-88% due to reduced packet loss from cluster changes.
5.3 Control Overhead

By limiting re-clustering and beacon exchange frequency, MB-CMCA reduced control

overhead by 22%, improving bandwidth usage.
5.4 Network Throughput

The increased stability led to a 15-20% improvement in overall throughput, especially in

medium-to-high vehicle density scenarios.

Graphs comparing each metric across multiple clustering methods can be included here if

needed.

6. Conclusion

This paper introduces MB-CMCA, a movement-aware multi-clustering algorithm for
VANET:S that significantly enhances cluster stability and network performance by utilizing vehicle

mobility patterns. By intelligently selecting cluster heads and enabling multi-cluster membership,
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MB-CMCA minimizes communication overhead, maximizes packet delivery, and maintains stable

cluster structures in dynamic environments.

Future work will focus on incorporating machine learning to predict vehicle trajectories for
proactive cluster management and extending the algorithm to heterogeneous vehicular networks

involving autonomous and non-autonomous vehicles.
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