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 Rapid urbanization and the increasing frequency of large public gatherings 

have created significant challenges in ensuring public safety. Overcrowding 

in transportation hubs, stadiums, shopping centers, and event venues can 

lead to accidents, stampedes, and delayed emergency responses. Traditional 

crowd monitoring systems rely heavily on manual surveillance, which is 

inefficient, time-consuming, and prone to human error. This paper proposes 

an AI-based crowd safety monitoring system that uses computer vision and 

machine learning techniques to detect crowd density, analyze movement 

patterns, and identify abnormal behaviors in real time. The proposed system 

integrates surveillance cameras, intelligent data processing, and predictive 

analytics to enhance situational awareness and support timely decision-

making. Experimental observations show that AI-driven monitoring 

significantly improves risk detection accuracy and response efficiency 

compared to conventional methods. The system can play a vital role in 

smart city infrastructure and public safety management. 
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I. INTRODUCTION 

Large public gatherings are common in modern

 urban environments. 

Transportation terminals, commercial centers, 

sports arenas, religious events, and festivals 

frequently attract thousands of individuals within 

limited spaces. Monitoring such environments is 

crucial to prevent overcrowding, panic situations, 

and safety hazards. Poor crowd management has 

historically led to serious incidents, including 

stampedes, injuries, and infrastructure damage. 

Traditional crowd monitoring methods rely on 

human operators observing surveillance footage. 

While useful, manual observation is limited by 

fatigue, delayed reaction time, and the inability to 

analyze multiple data streams simultaneously. 

Furthermore, human monitoring cannot efficiently 

detect subtle changes in crowd movement patterns 

that may indicate potential risks. 

Artificial Intelligence (AI) provides a 

transformative solution by enabling automated, 

real-time analysis of visual and environmental 

data. AI-based crowd safety monitoring systems 

can detect people, count individuals, estimate 

crowd density, and identify abnormal movement 

patterns. These systems provide early warnings 

that help authorities take preventive action before incidents 

occur. 

This paper presents the design, architecture, and operational 

workflow of an AI-based crowd safety monitoring system. 

The system uses computer vision algorithms, deep learning 

models, and predictive analytics to enhance safety in public 

environments. 

 

II. LITERATURE REVIEW 

Recent research in intelligent surveillance has focused on 

automated crowd analysis using computer vision 

techniques. Early approaches relied on background 

subtraction and motion detection to identify human 

movement in video streams. However, these methods 

struggled in dense crowd conditions and complex 

environments. 

Modern deep learning models have significantly improved 

crowd analysis capabilities. Convolutional Neural 

Networks (CNNs) are widely used for object detection and 

human identification in video frames. Density estimation 

models enable accurate crowd counting even in highly 

congested areas. Optical flow techniques help analyze 

movement direction and speed. 

Researchers have also explored anomaly detection methods 

that identify unusual behavior such as sudden dispersal, 

http://www.ijarst.com/
https://doi.org/10.62226/ijarst20262657
https://portal.issn.org/resource/ISSN/2319-1783
https://portal.issn.org/resource/ISSN/2320-1126
https://ijarst.com/for-authors/indexed
https://doi.org/10.62226/ijarst20262657
https://journals.indexcopernicus.com/search/journal/issue?issueId=all&journalId=31524
https://scholar.google.com/citations?hl=en&user=wnRawV4AAAAJ&view_op=list_works&authuser=3&gmla=AEk_c1sI9nVAZN31R0V7kgVfAljzc5C8-cpsp8B7lq2QtZdQDKCVimI1js_Odxovhlmf-m_LrsfZ


Int. J. Adv. Res. Sci. Technol. Volume 15, Issue 4, 2026, pp.1905-1908. 

www.ijarst.com   Maheswari et al.,                       Page | 1906 

aggressive motion, or abnormal clustering. 

Machine learning models trained on historical data 

can predict potential congestion and risk zones. 

Although existing systems demonstrate strong 

analytical capabilities, many lack real-time 

response integration and predictive alert 

mechanisms. The proposed system addresses these 

limitations by combining real-time monitoring with 

automated alert generation and decision support. 

 

III. METHODOLOGY 

The methodology of the proposed AI-based crowd 

safety monitoring system is designed to perform 

real-time data acquisition, intelligent processing, 

and automated decision-making. The system 

follows a structured pipeline that transforms raw 

surveillance data into actionable safety alerts. The 

workflow is shown in Fig. 1. 

 

Fig. 1. Operational workflow of the AI-based crowd 

safety monitoring system. 

 

A. Data Acquisition 

 

The first stage involves continuous data collection 

from surveillance cameras installed in public 

environments. Cameras capture high-resolution 

video streams covering wide monitoring areas. The 

data collected includes spatial information, 

movement patterns, and environmental context. 

Multiple camera feeds may be synchronized to 

provide comprehensive coverage and eliminate 

blind spots. 

Mathematically, the captured video stream can be 

represented as a sequence of frames: 

V = {F1, F2, F3, ..., Fn} 

 

where each frame Fi represents an image captured at time 

interval i. 

B. Image Preprocessing 

 

Raw video frames often contain noise, lighting variations, 

and distortions. Preprocessing enhances image quality and 

prepares data for accurate detection. The following 

operations are performed: 

1. Noise filtering using Gaussian 

smoothing 

2. Contrast enhancement for 

improved visibility 

3. Background subtraction to isolate moving 

objects 

4. Frame normalization for consistent analysis 

These preprocessing steps improve feature extraction 

accuracy and reduce computational complexity. 

C. Human Detection and Tracking 

 

Object detection algorithms identify individuals present 

in each frame. Deep learning models such as 

convolutional neural networks are used to detect human 

features and generate bounding boxes around detected 

persons. 

Tracking algorithms monitor movement across frames 

using position coordinates. If (x, y) represents the location 

of an individual, motion tracking estimates displacement: 

D = sqrt((x2 - x1)^2 + (y2 - y1)^2) 

 

This enables continuous monitoring of crowd movement 

and flow direction. 

D. Crowd Density Estimation 

 

Crowd density estimation determines the number of 

individuals within a specific spatial region. Density maps 

are generated using deep learning models that analyze 

spatial distribution. 

Crowd density can be expressed as: Density = Number of 

people / Area 

Heatmap visualization highlights high-density zones, 

allowing identification of overcrowded regions. This stage 

is essential for preventing congestion and stampede risks. 

E. Behavior Analysis and Anomaly Detection 

The system analyzes motion patterns to identify abnormal 

or unsafe conditions. Behavioral analysis evaluates: 

• Sudden acceleration or panic 

movement 

• Irregular clustering 

• Opposite directional flow 
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• Rapid crowd formation 

 

Machine learning models classify movement as 

normal or abnormal based on learned patterns. An 

anomaly score is computed: 

A = |Observed behavior - Expected behavior| 

If A exceeds a predefined threshold, the situation is 

considered unsafe. 

F. Alert Generation 

 

When safety thresholds are exceeded, the system 

generates automated alerts. Alerts may include: 

• Visual warnings on monitoring 

dashboards 

• SMS or notification alerts to 

authorities 

• Emergency control signals 

• Alert triggering condition: 

 

If Density > Threshold OR Anomaly Score 

> Limit -> Trigger Alert 

 

This ensures immediate risk communication. 

G. Response and Control Actions 

 

Security personnel or automated systems initiate 

corrective actions based on alerts. Possible 

responses include 

• Redirecting pedestrian flow 

• Restricting entry into crowded 

zones 

• Initiating evacuation protocols 

• Deploying emergency services 

 

This stage ensures real-time intervention to prevent 

escalation. 

H. System Integration 

 

All processing modules operate in a unified 

architecture. Real-time data flows from cameras to 

processing units, then to decision systems. Cloud 

or edge computing platforms enable scalable 

deployment across large monitoring environments. 

The integrated methodology ensures continuous 

monitoring, intelligent analysis, and proactive 

safety management. 

 

 

 

EXTRACTED FEATURES FOR CROWD SAFETY 

ANALYSIS 

 

 

 

DATASET DISTRIBUTION FOR CROWD 

MONITORING 

 

IV. PROPOSED SYSTEM  

 

A. System Overview  

 

The proposed AI-based crowd safety monitoring system 

integrates surveillance cameras, data processing modules, 

and intelligent decisionmaking algorithms. The system 

continuously captures video feeds, processes visual 

information, and generates alerts when unsafe conditions 

are detected.  

 

B. Objectives  

The primary objectives of the system include:  

1. Real-time crowd density estimation  

2. Detection of abnormal crowd behavior  

3. Early identification of congestion risks 

 

 

 

 

Category Description Percentage 

Normal 

Crowd 

Safe movement 

and controlled 

density 

45% 

Medium 

Density 

Crowd 

Moderate 

gathering of 

people 

30% 

High 

Density 

Crowd 

Overcrowded 

conditions 

20% 

Emergency 

Situations 

Panic or 

abnormal 

movement 

 5% 
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PROPOSED SYSTEM MODULES 

 

 

 

 

 

 

 

 
 

 

 

SYSTEM ARCHITECTURE 

 

 
 

VI. IMPLEMENTATION AND 

EXPERIMENTAL OBSERVATIONS 

 

The system was tested using recorded video 

datasets representing public spaces with varying 

crowd densities. Performance was evaluated based 

on detection accuracy, response time, and anomaly 

recognition.  

 

Results indicate that the AI-based system 

accurately detects crowd density changes and 

identifies abnormal movement patterns. Compared 

to manual monitoring, the system demonstrates 

faster detection speed and improved reliability.  

 

 

 

Key observations include:  

• Accurate crowd counting in moderate and high-

density environments  

• Reliable detection of sudden crowd clustering  

• Real-time alert generation within seconds  

• Reduced monitoring workload for security 

personnel 

 

VIII. CONCLUSION 

AI-based crowd safety monitoring represents a significant 

advancement in public safety management. By combining 

computer vision, machine learning, and predictive 

analytics, the proposed system enables real-time detection 

of overcrowding and abnormal behavior. The system 

enhances situational awareness and supports proactive risk 

management. 

As urban populations continue to grow, intelligent 

surveillance solutions will play a crucial role in ensuring 

safe and efficient public environments. The adoption of AI-

driven monitoring systems can reduce accidents, improve 

emergency response, and contribute to the development of 

smarter and safer cities. 
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