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Abstract

The huge numbers and spatial concentration of pilgrims during Hajj have made

crowd management a major concern for authorities, especially as the number of
pilgrims increases every year. By collecting and analyzing data in real time, Al
provides a viable answer to crowd management. In order to monitor crowd density,
identify rest areas in crowded areas, and notify authorities in real time of medical
emergencies or abnormal crowd behavior, this thesis proposes the use of Artificial
Intelligence (AI). The proposed approach seeks to enhance crowd flow control and
provide a safer Hajj experience by leveraging Al techniques.

Introduction

Hajj, one of the largest annual religious gatherings globally, presents significant
challenges in terms of managing massive crowds and ensuring the safety of millions
of pilgrims. Overcrowding, a common occurrence during this event, can lead to
dangerous situations such as stampedes, accidents, and other emergencies that
require immediate medical attention. The magnitude of the Hajj pilgrimage makes
crowd management a critical issue, as the potential for catastrophic outcomes
increases with poor handling of the influx of people. With the rapid advancements in
artificial intelligence (Al), however, managing such a large-scale event has become
more efficient and effective. Al provides tools to gather real-time data, monitor crowd
movements, predict potential hazards, and improve overall security measures.

This study aims to explore how Al can be leveraged to address the challenges posed
by overcrowding during Hajj. Specifically, Al technology can be used to identify and
monitor the movements of pilgrims, allowing for more precise crowd control
strategies. By analyzing key data, such as crowd density, movement patterns, and
potential bottlenecks, Al can assist in suggesting optimal strategies for controlling
and dispersing the mass of pilgrims. Furthermore, Al can play a critical role in
safeguarding vulnerable groups, such as elderly or physically weak pilgrims, by
providing real-time analysis and recommendations for their protection and comfort.
The ultimate goal of this research is to apply Al in crowd management during the Hajj
pilgrimage, ensuring the safety, security, and well-being of all participants while
mitigating the risks associated with such large gatherings.




Problem Definition

Crowd management during Hajj poses several challenges, including high density of
people, limited space, and the potential for emergencies. Traditional approaches, such

as human supervision and manual monitoring, are insufficient to address these

issues. An Al-based approach is needed to analyze crowd movements in real time,
detect areas of high density, predict emergencies, and ensure immediate response by
alerting the relevant authorities. The proposed system will integrate Al-based models

to provide insights into crowd behavior, detect potential bottlenecks, and notify

officials when critical thresholds are reached. This system will improve the overall
flow of pilgrims and mitigate the risks associated with overcrowding.

Research Objectives
The primary objectives of this research are:

Develop a real-time Al-based system to monitor and analyze crowd movement
during Hajj.

Propose improvements in crowd flow management by identifying congestion
areas and suggesting rest stops.

Send real-time alerts and notifications to authorities about medical
emergencies or other abnormal crowd behavior.

Improve the overall safety and experience of pilgrims by preventing
overcrowding and ensuring immediate response to potential hazards.

Dataset

The research will leverage publicly available datasets and real-time data
collected during Hajj. These datasets include:

Pilgrim Count Data: Estimating the number of pilgrims in different locations.
Medical Emergency Records: Identifying patterns in crowd-related medical
emergencies.

Crowd Flow Data: Tracking crowd movements to detect bottlenecks and
congestion.

+» Some key datasets to be used include:
1. Al-Mashaaer Al-Mugaddassah Metro Southern Line Dataset:
Provides insights into crowd flow around the Hajj metro system.
2. Saudi Ministry of Hajj and Umrah Records: Offers historical and
real-time data on pilgrim movements.
3. Open Data from Smart Cities Projects: Includes crowd data from
large public events, which can be simulated for Hajj conditions.




Related Work

Several studies have explored Al applications in managing large crowds in various
contexts. For example, deep learning techniques have been employed to estimate
crowd sizes in real-time, while neural networks have been applied to detect abnormal
crowd behavior.

The following related studies provide a foundation for this research:

1. Chen et al. (2021): Investigated the use of convolutional neural networks (CNN)
to estimate crowd density at large gatherings such as concerts and religious events.

- Chen, ], Wang, Y., & Zhang, X. (2021). 'Real-Time Crowd Monitoring Using Al
Models in Large Gatherings.' Journal of Al Research, 55(2), 123-135.

2. Ahmed et al. (2022): Applied Al techniques for real-time monitoring and
predicting crowd flow during mass gatherings in Mecca.

- Ahmed, A., Hussein, M., & Al-Rashid, S. (2022). 'Al-Based Solutions for Crowd
Management in Religious Events.' IEEE Transactions on Smart Cities, 6(4), 45-56.

3. El-Husseini et al. (2023): Explored Al-driven models for emergency detection in
high-density crowds during Hajj.

- El-Husseini, F., Mansour, T., & Ghanem, H. (2023). 'Al-Based Emergency Response
Systems for Pilgrimage Events.' Journal of Safety and Security, 17(3), 201-215.

Research Plan

1) Data Collection: Gather data from surveillance systems, sensors, and crowd
simulations. This data will include both real-time and historical information
on crowd movements, medical emergencies, and bottleneck occurrences
during Hajj.

2) Preprocessing: Use data preprocessing techniques such as normalization and
dimensionality reduction to prepare the data for analysis.

3) Feature Extraction: Extract key features from the data, such as crowd density,
movement patterns, and emergency occurrence rates.

4) Model Development: Develop and train machine learning and deep learning
models to predict crowd behavior, detect potential bottlenecks, and notify
authorities of emergencies.

5) Validation: Validate the developed models using both real-world data and
simulation-based datasets to ensure accuracy and reliability.

6) Testing: Test the system in simulated Hajj conditions and compare the Al-
generated results with actual crowd movement data.




Expected Results

The developed Al system is expected to significantly improve the management of
crowds during Hajj by providing real-time insights into crowd movements, detecting
emergencies, and proposing enhancements in the crowd flow. By integrating these Al
models into existing infrastructure, authorities can better manage high-density areas
and ensure a safer pilgrimage experience.

Conclusion

This research seeks to address the challenges associated with crowd management
during Hajj by leveraging Al technologies. The developed Al-based system will offer
real-time monitoring and analysis of crowd movements, propose solutions to
improve the flow of pilgrims, and ensure quick responses to emergencies. By
improving the safety and experience of pilgrims, this system will play a crucial role in
future Hajj management strategies.
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