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1. Project Overview
In the rapid growth of urban populations, metro systems are becoming the primary mode of public transportation. During peak hours and on national holidays, these stations often experience overcrowding. Traditionally, metro authorities have relied on manual observation, including CCTV surveillance and station personnel, to monitor crowd movement and respond to incidents. As highlighted by Chen (2020), traditional CCTV monitoring is inefficient, and Liu & Sun (2021) discuss how human operators struggle to efficiently process large visual data streams, resulting in delayed responses. 
This research aims to enhance crowd management efficiency by automating the real-time analysis of CCTV footage through computer vision and deep learning algorithms. Although Riyadh Metro is equipped with extensive CCTV infrastructure, its use is primarily limited to manual monitoring and post-incident analysis. This limits the ability to predict congestion and manage crowds proactively.

The deployment of AI-based CCTV analytics has the potential to address these limitations; however, its operational effectiveness, ethical implications, and integration challenges require systematic investigation.
2. Project Goal
To analyze the role of AI-based CCTV analytics in metro crowd management
This objective aims to investigate how artificial intelligence enhances crowd monitoring and operational awareness within metro environments.
To evaluate the effectiveness of AI techniques in detecting and predicting crowd congestion
This includes assessing how AI models process CCTV data to identify crowd density, movement patterns, and potential safety risks in real time, and comparing their performance with traditional manual monitoring methods.
To identify the operational benefits and technical limitations of AI-enabled crowd monitoring systems
This objective focuses on evaluating system reliability, accuracy, scalability, and integration challenges within existing metro operational workflows.
To examine ethical, privacy, and governance considerations associated with AI-based surveillance in public transportation
Attention is given to issues of data protection, transparency, explainability, and accountability in the deployment of AI-supported monitoring systems.
To develop a practical framework for the responsible integration of AI-based crowd monitoring systems into metro operations
This objective aims to propose actionable guidance for transportation authorities and system developers to support the effective integration of AI solutions within the Metro Operations Control Center (OCC), ensuring operational usability, ethical compliance, and long-term sustainability.
3. Approach
This research employs a mixed-methods approach to systematically examine the impact of artificial intelligence on crowd management, utilizing CCTV footage within Riyadh Metro operations. The methodology is designed to analyze both the technical performance and operational implications of AI-based crowd-monitoring systems, while also addressing issues of trust, transparency, and decision support in metro environments. By combining qualitative insights from operational stakeholders with quantitative evaluations of AI system outputs, this approach enables a comprehensive understanding of how AI technologies influence the effectiveness of crowd management. The integration of both methods ensures a balanced assessment of practical implementation challenges, system reliability, and ethical considerations within real-world metro operations.


















4. Project Steps and Timeline
	Task
	Start Date
	Duration (Days)

	Literature Review
	1/9/2026
	30

	Formulate Research Questions
	2/10/2026
	15

	Develop Methodology
	2/26/2026
	16

	Data Collection
	4/11/2026
	45

	Data Analysis
	5/6/2026
	25

	Framework Development
	6/4/2026
	28

	Drafting Thesis
	7/19/2026
	45

	Revisions
	9/4/2026
	15

	Final Submission
	9/19/2026
	15

	Presentation Preparation
	10/15/2026
	16



5. Expected Results
Comprehensive Analysis of AI-Based Crowd Management Challenges: A detailed analysis of the key challenges associated with the use of artificial intelligence for crowd management using CCTV footage in metro operations. This outcome is expected to highlight technical, operational, ethical, and governance-related issues, including data privacy, system accuracy, transparency of AI decision-making, and public acceptance within the context of Riyadh Metro.
Evaluation of Existing AI Crowd Management Solutions: An assessment of current AI-driven crowd monitoring and management solutions employed in metro and mass-transit systems. This evaluation is expected to identify strengths and limitations of existing approaches, particularly in terms of scalability, real-time effectiveness, adaptability to high-density environments, and compliance with ethical and regulatory requirements.
Development of a Practical Crowd Management Framework: The development of a comprehensive and context-specific framework for AI-enabled crowd management using CCTV footage in Riyadh Metro operations. The framework will integrate insights from the literature review and qualitative and quantitative research phases, providing practical guidance for metro operators, system designers, and decision-makers to enhance safety, efficiency, and ethical use of AI technologies.
Actionable Recommendations for Key Stakeholders: The formulation of clear and actionable recommendations tailored to stakeholders involved in metro operations, including transport authorities, security teams, AI developers, and policymakers. These recommendations aim to support effective implementation, governance, and continuous improvement of AI-based crowd management systems.
Contribution to Academic and Operational Practice: A meaningful contribution to both academic research and industry practice in the fields of intelligent transportation systems and AI-driven surveillance. The study is expected to bridge the gap between theoretical research and real-world application by offering empirically grounded insights relevant to metro and smart-city environments.
Foundation for Future Research: The establishment of a solid foundation for future research on AI applications in crowd management and public transportation. The findings are expected to identify new research directions related to advanced analytics, ethical AI deployment, and system optimization in large-scale transit operations.
Enhanced Awareness and Informed Decision-Making: An increased level of awareness among practitioners and decision-makers regarding the capabilities, limitations, and responsible use of AI in crowd management. This outcome supports more informed decision-making and encourages responsible adoption of AI technologies in public transportation systems.
6. Resources Needed
List any tools, software, or datasets you’ll need, along with any other support required, such as computing resources or expert guidance.
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