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Abstract

Vehicle and bus inspection checkpoints serving pilgrims and Umrah visitors in Makkah are critical
components of the transportation and crowd management system, as they directly influence traffic
flow, operational efficiency, and service quality. With increasing travel demand during peak
seasons, there is a growing need for scientific approaches to evaluate operational performance and
assess improvement alternatives that can enhance capacity, reduce waiting times, and mitigate

congestion.

This study evaluates the current operational performance of the Al-Nawariyah Checkpoint and
assesses the impact of selected engineering and operational improvements using a computer
simulation model. The model represents the checkpoint's operational environment, including
vehicle and bus arrivals, service lanes, and inspection processing times. Several improvement
scenarios were analyzed, including increasing vehicle inspection lanes, improving inspection
procedures, and implementing a bus pre-processing facility. Their effectiveness was evaluated by
using key performance indicators such as throughput, waiting times, queue lengths, and traffic

flow efficiency.

The simulation results showed considerable potential for improving system performance.
Increasing service capacity and improving processing efficiency reduced waiting times and queue
lengths, while the bus pre-processing facility achieved the most significant improvements in

throughput and operational efficiency.

The findings demonstrate the effectiveness of simulation modeling as a decision-support tool for
evaluating operational and engineering alternatives before implementation and provide practical

recommendations for enhancing checkpoint performance during peak demand periods.
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