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ABSTRACT: Managing large crowds in public spaces is a crucial obstacle since to the risk of congestion, panic, and 

accidents. This paper presents CrowdGuard AI, a predictive crowd safety intelligence system intended to enhance real-

time monitoring and early risk detection. The suggested system utilizes artificial intelligence as well as computer vision 

techniques to analyze crowd density, movement patterns, and behavioral anomalies from video data. By integrating 

machine learning models, the system identifies potential hazards such as overcrowding, sudden crowd surges, and 

unusual actions before they become hazardous. Additionally, it provides timely alerts and actionable insights to 

authorities for effective crowd management and decision-making. The system aims to improve safety in high-density 

environments such as public events, transportation hubs, and urban areas. Overall, CrowdGuard AI offers a proactive 

and scalable approach to preventing crowd-related incidents and ensuring public safety through intelligent data-driven 

solutions. 
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I. INTRODUCTION 

 

The rapid expansion of urban areas Considering the increasing quantity of large-scale public events have made 

effective crowd management an essential concern for ensuring public safety. Environments such as concerts, religious 

gatherings, sports events, and transportation hubs often experience high crowd density, increasing the likelihood of 

congestion, panic situations, and stampedes. Managing such dynamic and unpredictable scenarios using traditional 

approaches continues to be a major obstacle. Conventional crowd control methods rely mostly on manual observation 

and basic surveillance systems, which may not provide timely insights or early warnings about potential risks. 

 

With the advancement of artificial intelligence and data-driven technologies, new opportunities have emerged to 

enhance crowd monitoring and safety. Intelligent systems can analyze real-time data from video feeds and sensors to 

understand crowd behavior, detect unusual patterns, and predict possible hazards.  

 

These capabilities enable authorities to respond more effectively and avoid hazardous circumstances before they arise. 

Here, CrowdGuard AI is presented as a machine learning and computer vision-based predictive crowd safety 

intelligence system. The technology is intended to observe movement patterns, keep a watch on crowd density, and 

notice any odd behavior that would indicate athreat. It facilitates proactive crowd control decision-making by 

producing real-time alerts and useful insights. This strategy uses cutting-edge technology to lower hazards, enhance 

emergency response, and create safer public areas. 

 

II. LITERATURE SURVEY 

 

1.Title: AI-Based Crowd Monitoring and system for detecting anomalies (2025) 

Authors: Rahul Mehta, Sneha Kapoor  

Abstract: This research offers an artificial intelligence-driven system for monitoring crowd behavior using real-time 

video analysis. Deep learning methods are used to detect unusual patterns such as sudden crowd surges and irregular 

movements. The system improves early risk identification and helps authorities take preventive actions in high-density 

environments. 

 

http://www.ijirset.com/


 |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                                  Volume 15, Issue 5, May 2026 

                                             |DOI: 10.15680/IJIRSET.2026.1505098|  

IJIRSET©2026                                      |     An ISO 9001:2008 Certified Journal   |                                          8084    

2. Title: Predictive Analytics for Crowd Risk Management in Public Spaces (2025)  

Authors: Li Wei, Ananya Sharma  

Abstract: This research focuses on predictive models that evaluate crowd density and movement trends to estimate 

potential risks. By combining historical and real-time data, the system identifies overcrowded zones and forecasts 

possible congestion. The study emphasizes proactive strategies to enhance safety during large-scale events. 

  

3. Title: Deep Learning-Based Crowd Density Estimation Using Surveillance Data (2024)  

Authors: Ahmed Khan, Priya Nair  

Abstract: The paper proposes a deep learning method for estimating crowd density from surveillance footage. Neural 

networks using convolutions are employed to accurately count individuals in dense areas. The results demonstrate 

improved detection of overcrowding, supporting better planning and crowd control measures. 

 

4. Title: Intelligent Public Surveillance System Safety Using Machine Learning (2024)  

Authors: Daniel Joseph, Kavya Reddy  

Abstract: This study introduces a machine learning-based surveillance system designed to monitor public spaces and 

detect abnormal crowd behavior. It identifies patterns such as panic movement and sudden dispersal, generating real-

time alerts to improve emergency response and ensure safety. 

  

5. Title: AI-Driven Intelligent Crowd Control System for Urban Environments (2024)  

Authors: Arjun Verma, Neha Gupta  

Abstract: This research presents an AI-based framework for managing crowd movement in smart cities. The system 

analyzes real-time data to predict congestion and optimize crowd flow. It supports decision-making by providing 

actionable insights, reducing the risk of accidents in crowded public areas. 

                                                    

III. METHODOLOGY 

 

Existing Problem 

Current crowd Management systems are mostly dependent on manual monitoring and basic surveillance, which lack 

real-time predictive capabilities. They often fail to detect early signs of overcrowding or abnormal behavior, leading to 

delayed responses, increased risk of accidents, and inefficient handling of emergency situations. 

 

Disadvantages 

• Lack of real-time prediction leads to delayed identification of risky situations.  

• Heavy dependence on manual monitoring increases chances of human error.  

• Inability to accurately detect abnormal crowd behavior in dense environments.  

• Limited scalability and inefficiency in handling large-scale events or emergencies.   

 

Proposed Solution 

The proposed CrowdGuard AI system uses artificial intelligence and computer vision to monitor crowd behavior in real 

time. It predicts congestion and detects abnormal activities, generating instant alerts to enable quick response and 

improve safety in crowded public environments. 

 

Proposed Methodology  

The CrowdGuard AI system collects real-time surveillance camera video data and preprocessing it for clarity. 

Computer vision techniques detect and track individuals, while machine learning models analyze crowd density and 

movement patterns. The system identifies abnormal behavior and predicts potential risks, generating instant alerts to 

support quick decision-making and improve crowd safety management.                                       
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Fig 1: Proposed Methodology for Crowd Safety Prediction 

 

 
                                           

Fig 2: Activity Flow of CrowdGuard AI System 
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IV. SYSTEM DESIGN 

 

The system design of CrowdGuard AI follows a layered architecture to ensure efficient crowd monitoring and risk 

prediction. It begins with the input layer, where real-time video data is captured from CCTV cameras. The processing 

layer enhances the video through frame extraction, noise removal, and image improvement. The AI and analytics layer 

uses machine learning and computer vision methods to detect individuals, track movements, and analyze crowd density 

and behavior. The prediction layer evaluates this data to identify potential risks such as overcrowding or panic 

situations. Finally, the output layer generates alerts and displays insights on a dashboard, enabling authorities to take 

timely and effective action. 

 

                                                                     

 

 

 

 

 

  

 

 

 

                                    

 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                            

 

 

 

 

 

 

 

 

 

 

 

          Fig 3: Layered System Design of CrowdGuard AI 
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V.  SYSTEM ARCHITECTURE & DESIGN 

 

The CrowdGuard AI system follows a layered architecture for efficient crowd monitoring and risk prediction. It begins 

with the input layer, where CCTV cameras capture real-time video data. This data is processed through frame 

extraction, noise reduction, and image enhancement to improve clarity. In the AI and analytics layer, computer vision 

techniques detect and track individuals, while features such as crowd density, speed, and models of machine learning 

are employed to assess movement patterns. This data is assessed by the prediction layer to identify potential risks like 

overcrowding or abnormal behavior. Finally, the output layer generates alerts and displays insights on a dashboard for 

authorities. The system is developed using Python, OpenCV, TensorFlow or PyTorch, and web technologies such as 

HTML, CSS, and JavaScript, ensuring an efficient and scalable crowd safety solution. 

  
Fig 4: Data Flow Diagram of CrowdGuard AI System 

                                            

VI. IMPLEMENTATION 

 

The implementation of CrowdGuard AI focuses on developing a real-time system for monitoring and analyzing crowd 

behavior using video data. The system is built using Python as the primary programming language. Video input is 

obtained from CCTV footage or recorded datasets and processed using OpenCV to perform frame extraction and image 

enhancement. A deep education model, such as YOLO or a neural convolutional network, is applied to detect and track 

individuals within the crowd. 

 

Relevant features including crowd density, movement speed, and direction are computed using the information that has 

been processed. Following that, these traits are examined using machine learning models to identify unusual patterns 

and predict potential risks. The method is connected to a web-based interface created using HTML, CSS, and 

JavaScript, which displays real-time results. Alerts are produced when unusual circumstances are detected, allowing 

authorities to respond quickly and manage crowd situations effectively. 
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VII. RESULTS & DISCUSSION 

 

The proposed CrowdGuard AI system was evaluated using sample video inputs to evaluate how well it monitors 

crowds. The system successfully detected individuals and estimated crowd density under different conditions. Visual 

outputs such as detection boxes and heatmaps clearly represented crowded areas and movement patterns, making 

analysis easier. The system was also able to identify unusual crowd behavior, including sudden movement and 

overcrowding. In such cases, it generated timely alerts, which were shown on the dashboard for quick action. This 

demonstrates that the system has the ability to risk identification and improve response time. 

 

The integration of system intelligence techniques enhanced the overall performance and reduced errors in detection. 

The results demonstrate that the system is able to providing reliable and real-time insights. This helps authorities 

manage crowds more efficiently and prevent potential incidents, making the solution practical for real-world 

applications. 

 

VIII. CONCLUSION 

 

The CrowdGuard AI system presents an effective solution for improving crowd safety through intelligent monitoring 

and prediction. By combining computer vision Using machine learning algorithms, the system is able to track 

movement, recognize anomalous behavior, and detect crowd density by analyzing real-time video data. Early warning 

systems assist lower the likelihood of mishaps like crowding and panic attacks. The outcomes show that the system can 

offer reliable insights and support quick decision-making by authorities. This approach shifts crowd management from 

a reactive process to a proactive one. Overall, the proposed system offers a scalable and practical method for enhancing 

safety in public spaces and managing large gatherings more efficiently.     

    

IX. FUTURE ENHANCEMENTS 

 

The CrowdGuard AI system can be further improved by incorporating advanced technologies and expanding its 

capabilities. One important enhancement is the integration of the internet of things sensors, such as wearable devices or 

environmental sensors, to collect additional real-time data and improve prediction accuracy. The system can also be 

extended to support multi-camera integration, enabling wider area coverage and better tracking of crowd movement 

across different locations. 

 

Another improvement involves the application of increasingly advanced deep learning models can improve detection 

accuracy, particularly in settings that are extremely complex or dense. Over time, crowd behavior can be more 

accurately predicted by incorporating predictive analytics based on historical data. Putting edge computing into practice 

can also lower latency and enable quicker processing right at the data source. 

 

The model can also be enhanced with mobile application support, allowing authorities to receive instant alerts and 

monitor crowd conditions remotely. Coordination during emergency scenarios would be further enhanced by 

connection to emergency response systems and smart city infrastructure. Overall, these enhancements would make the 

system more robust, scalable, and efficient, ensuring better performance in real-world crowd management scenarios.                    
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