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Abstract
Dr.eng. Ahmad Alali®

Vehicular Ad Hoc Networks (VANETs) have emerged as one of the key
components of Intelligent Transportation Systems (ITS), providing a dynamic
communication environment between vehicles and roadside infrastructure to
enhance road safety and improve traffic management efficiency. However,
the highly dynamic nature of VANETS, characterized by high vehicle mobility
and frequent topology changes, poses significant challenges to routing
protocols in terms of communication reliability, route stability, and efficient

data transmission.

This research aims to evaluate and analyze the performance of a set of
reactive, geographic, and intelligent routing protocols in VANETS, including
AODV, AOMDV, AODV-UU, EAODV, IAODV, GPSR, and an intelligent
routing protocol based on the Q-Learning reinforcement learning algorithm.
The study was conducted using multiple simulation scenarios that reflect
realistic VANET operating conditions, including variations in vehicle density,
vehicle speed, urban and highway environments, roadside unit (RSU)

deployment density, and the percentage of participating vehicles.

The evaluation was based on several key performance metrics, including
Packet Delivery Ratio (PDR), End-to—-End Delay (E2ED), Throughput, Packet
Loss Ratio (PLR), and Routing Overhead (RO). The simulation results
indicate that the enhanced AODV-based routing protocols outperform the
conventional AODV protocol in most evaluated scenarios. Among them,

IAODV demonstrated superior performance in dense urban environments,
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while GPSR achieved outstanding performance in highway scenarios due to
its utilization of geographic position information. Furthermore, the Q-
Learning—based routing protocol exhibited greater adaptability to dynamic
network conditions, achieving higher packet delivery ratios while reducing
end-to—end delay and packet loss compared with most of the other evaluated

protocols.

The results also demonstrate that integrating Roadside Units (RSUs)
significantly improves communication reliability and routing efficiency across
all studied protocols, with the intelligent reinforcement learning—based routing
approach achieving the best overall performance. The study concludes that
selecting the most appropriate routing protocol in VANETs depends on the
traffic environment and application requirements. Moreover, incorporating
artificial intelligence techniques into the routing process represents a
promising direction for enhancing VANET performance and supporting the

next generation of Intelligent Transportation Systems.

Keywords: Vehicular Ad Hoc Networks (VANETS), Routing Protocols, AODV,
AOMDV, AODV-UU, EAODV, IAODV, GPSR, Q-Learning, Reinforcement
Learning, Intelligent Transportation Systems (ITS), Roadside Units (RSUs).

* Lecturer, Department of Systems and Computer Networks, Faculty Of

Informatics Engineering, Homs University.
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