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Abstract

Overcrowding in public places such as railway stations, shopping malls, classrooms, and large events poses
serious safety risks including stampedes, health hazards, and challenges in emergency evacuation. Traditional
manual surveillance methods are often inefficient and prone to human error, making real-time crowd
monitoring difficult. This project proposes an Al-based real-time crowd surveillance system that uses
computer vision and deep learning techniques to automatically detect and analyze crowd density through live
video streams from surveillance cameras. The system applies image preprocessing and object detection
models to accurately identify individuals and estimate crowd levels. When density exceeds predefined safety
limits, instant alerts are generated to enable timely preventive action. The proposed solution enhances public
safety, supports efficient crowd management, and provides a cost-effective and scalable approach suitable for
deployment in transportation hubs, educational institutions, public gatherings, and smart city environments.
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1. Introduction

In recent years, rapid urbanization and population
growth have significantly increased the density of
people in public spaces such as railway stations,
shopping malls, educational institutions, stadiums,
and large-scale events. Managing such crowded
environments has become a critical challenge for
authorities, as overcrowding can lead to severe safety
risks including stampedes, panic situations, health
hazards, and inefficient emergency evacuation.
Several tragic incidents in crowded public gatherings
have highlighted the importance of effective crowd
monitoring and management systems. Traditional
surveillance systems rely primarily on Closed-Circuit
Television (CCTV) cameras monitored by human
operators. Although these systems provide visual
access to crowd activities, they suffer from several
limitations. Continuous manual monitoring is time-
consuming, prone to human error, and often results in
delayed responses during critical situations.
Moreover, human operators may find it difficult to
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accurately estimate crowd density or detect abnormal
patterns in real time, especially in highly dense
environments. These challenges necessitate the
development of intelligent, automated solutions that
can  assist in  real-time  decision-making
Advancements in Artificial Intelligence (Al),
particularly in the field of Computer Vision, have
opened new possibilities for automated crowd
analysis [1-3]. Computer vision techniques enable
machines to interpret and analyze visual data from
images and videos, making it possible to detect
individuals, track movements, and estimate crowd
density. Deep learning models such as Convolutional
Neural Networks (CNNs) and object detection
algorithms like YOLO (You Only Look Once) have
demonstrated high accuracy and efficiency in
identifying people within video frames. These
technologies provide a strong foundation for building
real-time crowd surveillance systems.
1.1.Real-Time Crowd Monitoring Using Ai
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Real-time crowd monitoring involves analyzing live
video streams to detect and track individuals.
Computer vision techniques are used to identify
human presence and movement patterns. Deep
learning models such as YOLO (You Only Look
Once) enable fast and accurate object detection.
These models process video frames and identify
people within the scene. The detected data is used to
calculate crowd density and monitor movement
behavior.

1.2.Crowd Density Estimation and Anomaly

Detection

Crowd density estimation is an important aspect of
surveillance systems. It involves counting the number
of individuals in a specific area and determining
whether the density exceeds safe limits. The system
uses Al algorithms to analyze spatial distribution and
movement patterns of people. When abnormal
conditions such as overcrowding or sudden dispersal
are detected, alerts are generated. This helps
authorities respond quickly to potential threats [4-6].
2. Method
The proposed Al-Based Real-Time Crowd
Surveillance System consists of multiple stages
including data acquisition, preprocessing, detection,
analysis, and alert generation. The system receives
input from CCTV cameras installed in public areas.
Video frames are extracted and preprocessed to
improve quality and remove noise. Deep learning
models are applied to detect individuals and track
their movement. The detected data is analyzed to
estimate crowd density and identify unusual
behaviors. The system generates real-time alerts
when predefined thresholds are exceeded. This
automated workflow ensures continuous monitoring
and quick response to critical situations. Finally, the
system generates real-time alerts and visual reports,
enabling authorities to respond quickly to potential
risks. This automated workflow ensures efficient and
continuous monitoring of large crowds.

2.1.Data Collection and Preprocessing
Data collection is performed using CCTV cameras
that capture real-time video streams from public
spaces. The collected data may vary in resolution,
lighting  conditions, and camera  angles.
Preprocessing is an essential step to improve the
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quality of input data. Techniques such as noise
reduction, image resizing, normalization, and
contrast enhancement are applied. These steps ensure
that the data is suitable for further analysis and
improve the performance of detection models.
In some cases, video frames may contain distortions
or irrelevant information. Preprocessing helps
eliminate such issues and prepares the data for
accurate detection and analysis.

2.2.Human Detection Using Deep Learning
Human detection is performed using advanced deep
learning models such as YOLO and CNN-based
architectures. These models are trained on large
datasets containing images of people in various
environments. The detection model identifies
individuals in each frame and provides their
coordinates. This information is used to count the
number of people and track their movements over
time. The use of deep learning improves detection
accuracy, even in challenging conditions such as low
lighting, partial  occlusion, and crowded
environments. This ensures reliable performance in
real-world scenarios.

2.3.Behavior Analysis and Alert System
Behavior analysis involves studying the movement
and interaction of individuals within a crowd. The
system analyzes parameters such as speed, direction,
and clustering of people. Machine learning
algorithms detect patterns that indicate normal or
abnormal behavior. For example, sudden running,
crowd gathering, or unusual dispersion may indicate
panic or emergency situations. When such events are
detected, the system generates alerts in real-time.
These alerts can be displayed on monitoring
dashboards or sent to authorities through
notifications. This enables quick response and helps
prevent potential hazards.

2.4.Visual Analytics and Result Presentation
The system presents results through visual
dashboards that provide insights into crowd behavior.
Data visualization techniques such as bar charts, line
graphs, and heatmaps are used to represent crowd
density and movement patterns. Heatmaps are
particularly useful for identifying high-density areas,
as they visually highlight regions with maximum
crowd concentration. These visual tools help
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authorities understand the situation quickly and make
informed decisions
2.5.Visual Analytics and Result Presentation

The Visual Analytics and Result Presentation module
plays a crucial role in the Al-Based Real-Time Crowd
Surveillance System by transforming processed data
into meaningful insights that can be easily interpreted
by users [7-10]. This layer ensures that the detected
crowd information, anomalies, and alerts are
presented in a clear, interactive, and real-time
manner. Shown in Figure 1.
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Figure 1 Architecture of Ai Based Crowd
Surveillance System

The system provides a live video feed interface where
the detected individuals are highlighted using
bounding boxes. Each detected person is labeled with
a confidence score generated by the deep learning
model. Along with this, the total people count is
dynamically displayed on the screen, enabling real-
time monitoring of crowd density. A key feature of
this module is the crowd status indication, which
classifies the environment into different states such as
Normal, Warning, and Overcrowded. This
classification is based on predefined threshold values.
For example, when the number of detected
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individuals exceeds the warning threshold, the
system flags it as a warning state, and when it crosses
the critical threshold, it is marked as overcrowded.
This helps authorities take immediate action. The
system also includes a comprehensive dashboard
panel that provides detailed analytics such as:

e Total number of people detected

e Density status (Normal / Overcrowded)

e Threshold values (Warning and Critical

levels)

¢ Real-time updates of crowd changes
Users can configure these threshold values through
the interface, making the system flexible and
adaptable to different environments such as public
events, railway stations, shopping malls, and
campuses. In addition to crowd monitoring, the
module also  supports anomaly  detection
visualization. Unusual behaviors such as sudden
crowd gathering, abnormal movement patterns, or
unexpected density spikes are identified and
highlighted. These anomalies are visually marked
and can trigger alerts for further investigation. The
alert generation system is integrated into the
visualization layer, where notifications are displayed
when abnormal conditions are detected. Alerts may
include visual warnings, color changes, or alarm
indicators, ensuring quick response from security
personnel. Finally, all the processed information is
presented through an intuitive graphical dashboard,
which may include charts, statistics, and historical
data trends. This allows users not only to monitor
real-time activity but also to analyze past data for
better decision-making and crowd management
strategies. Overall, the Visual Analytics and Result
Presentation module enhances situational awareness
by converting complex Al outputs into user-friendly
visual information, making the system efficient,
responsive, and practical for real-world surveillance
applications[11-14].
3. Result and Discussion

3.1.Results
The proposed system was tested using real-time
video data and simulated datasets. The system
successfully detected individuals and estimated
crowd density with high accuracy. It was able to
identify overcrowded areas and generate alerts when
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thresholds were exceeded. The system performed
efficiently in both indoor and outdoor environments,
demonstrating its capability for real-world
applications. The use of deep learning models
ensured fast and accurate detection, making the
system suitable for real-time monitoring.

Overall, the system achieved good accuracy, real-
time performance, and reliable crowd monitoring,
making it suitable for practical surveillance
applications.

® Al Surveillance System
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Figure 2 Analysis of Person Detection and
Threshold-Based Alert System

Figure 2 shows that the crowd density analysis
component effectively classified the situation into
different states such as Normal, Warning, and
Overcrowded. Based on predefined threshold values,
the system automatically updated the crowd status.
For instance, when the number of people exceeded
the critical threshold, the system correctly labeled the
situation as “Overcrowded,” as observed in the
experimental results.

Al-Based Real-Time Crowd Surveillance System

Anomaly Behavior Detection & Alert System

Unusual Behavior
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Figure 3 Detection of Unusual Behavior
Figure 3 shows that anomaly detection module
successfully identifies unusual crowd behavior such
as sudden increases in crowd density and abnormal
movement patterns. These anomalies were visually
highlighted on the screen, making it easier for users
to identify potential risks. The system generated
alerts in real time, ensuring immediate attention to
critical situations.

The visual dashboard provided a clear and user-
friendly interface displaying:

e Real-time people count

e Crowd density status

e Configurable threshold values

e Anomaly detection module

e Alert notifications

3.2.Discussion
The proposed Al-Based Real-Time Crowd
Surveillance System significantly improves the
efficiency of monitoring and managing large crowds
compared to traditional methods. By automating
human detection, crowd counting, and behavior
analysis, the system reduces dependency on manual
monitoring and minimizes human errors. It ensures
continuous and consistent observation without
fatigue, which is a major limitation in conventional
surveillance systems. The integration of deep
learning models enables accurate detection of
individuals and effective estimation of crowd density.
The system classifies crowd levels into normal,
warning, and overcrowded states, allowing better
situational awareness. Additionally, the anomaly
detection feature identifies unusual behaviors such as
sudden crowd gatherings or abnormal movements.
The real-time alert mechanism ensures quick
response from authorities, thereby enhancing public
safety. However, certain challenges still exist,
including variations in lighting conditions, occlusion
in dense crowds, and issues related to camera
placement. These factors may affect detection
accuracy and system performance. Future
improvements can focus on advanced deep learning
models, multi-camera integration for better coverage,
and edge computing to reduce latency. Overall, the
system provides a scalable and effective solution for
intelligent crowd monitoring in real-world
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applications.

Conclusion

The Al-Based Real-Time Crowd Surveillance
System provides an efficient and intelligent solution
for monitoring and managing large crowds. By
utilizing computer vision and deep learning
techniques, the system automates human detection,
crowd counting, and behavior analysis, reducing the
need for manual surveillance and minimizing human
errors. The system effectively estimates crowd
density, detects unusual behavior, and generates real-
time alerts when predefined thresholds are exceeded.
These features enhance public safety and enable
quick decision-making by authorities in critical
situations. The visual dashboard further improves
usability by presenting data in a clear and
understandable format. Although challenges such as
lighting variations, occlusion, and camera positioning
exist, the system demonstrates strong potential for
real-world applications. With future improvements
such as advanced models, multi-camera integration,
and edge computing, the system can be further
enhanced and deployed in smart cities, transportation
hubs, and large public events for better crowd
management and safety.
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