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ABSTRCT

Crowd management has become a critical
concern in today's world due to the
increasing number of people attending
public gatherings such as religious festivals,
concerts, sports events, political rallies,
transportation hubs, and shopping centers.
High-density crowds can quickly become
dangerous if not monitored effectively,
leading to stampedes that result in injuries,
loss of life, and significant disruption.
Traditional crowd monitoring methods rely
heavily on manual observation by security
personnel, which is often inefficient, time-
consuming, and prone to human error,
particularly in large and dynamic
environments. Therefore, there is a growing
need for intelligent and automated systems
capable of continuously monitoring crowd
behavior and providing timely alerts to
prevent disasters.

The proposed project, "Crowd Monitoring
Through Live Camera to Handle
Stampedes," aims to develop a real-time
surveillance system that utilizes live camera
feeds and advanced computer vision
techniques to monitor crowd density and
detect potentially hazardous situations.
Thesystem captures video streams from
surveillance cameras installed at strategic
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locations and processes them using image
processing and machine

learning algorithms to estimate crowd
density, analyze movement patterns, and
identify abnormal crowd behavior. By
continuously evaluating crowd conditions,
the system can detect overcrowding,
congestion, sudden surges in movement, and
panic situations that may lead to stampedes.

INTRODUCTION

The rapid growth of urban populations and
the increasing frequency of large public
gatherings have made crowd management
one of the most important challenges faced
by authorities and event organizers. Events
such as religious festivals, concerts, sports
competitions, political meetings, exhibitions,
and  transportation  activities  attract
thousands or even millions of people within
confined spaces. While these gatherings
serve social, cultural, economic, and
recreational purposes, they also present
significant safety concerns. Inadequate
monitoring and ineffective crowd control
measures can result in overcrowding, panic
situations, and stampedes that may lead to
severe injuries, fatalities, and property
damage.

A stampede is a dangerous phenomenon that
occurs when large groups of people move
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uncontrollably due to fear, panic, confusion,
or congestion. Historical incidents around
the world have demonstrated the devastating
consequences of poor crowd management.
Traditional surveillance systems primarily
depend on security personnel observing
multiple camera feeds and manually
assessing crowd conditions. However,
continuous human monitoring is often
limited by fatigue, delayed reactions,
subjective judgment, and the inability to
accurately estimate crowd density in highly
populated environments. As the size and
complexity of public gatherings increase,
there is a need for automated solutions
capable of assisting authorities in monitoring
crowd behavior effectively and responding
promptly to emerging threats.

Recent advancements in computer vision,
image processing, artificial intelligence, and
machine learning have opened new
opportunities for developing intelligent
surveillance systems. These technologies
enable automated analysis of live video
streams to extract meaningful information
regarding crowd size, density, movement
direction, and behavioral patterns. By
utilizing algorithms capable of detecting
abnormal  activities and  identifying
overcrowded areas, surveillance systems can
provide early warning signals before critical
situations escalate into disasters. Real-time
analysis allows authorities to implement
preventive measures rather than merely
reacting after incidents occur.

The proposed project, "Crowd Monitoring
Through Live Camera to Handle
Stampedes," focuses on developing an
intelligent monitoring framework that
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continuously analyzes live camera feeds to
assess crowd conditions and identify
potential risks. The system estimates crowd
density using computer vision techniques,
tracks movement patterns, detects sudden
changes in crowd behavior, and evaluates
whether safety thresholds are being
exceeded. When the system identifies
hazardous conditions, automated alerts are
generated to notify security personnel and
emergency responders. These notifications
facilitate rapid intervention through crowd
redirection, controlled access management,
emergency announcements, and deployment
of additional resources.

LITERATURE SURVEY

1. Title: "Real-Time Crowd Density
Estimation Using Convolutional Neural
Networks"

Author: Li Zhang et al.

Description: This paper investigates the use
of Convolutional Neural Networks (CNNs)
for real-time crowd density estimation in
surveillance environments. The proposed
approach generates density maps from live
video feeds to accurately estimate the
number of individuals present in crowded
scenes. The study demonstrates that deep
learning techniques outperform traditional
image processing methods, particularly in
high-density environments where severe
occlusions and perspective distortions occur.
The system provides timely identification of
overcrowded regions, enabling authorities to
implement preventive measures to avoid
crowd-related disasters and stampedes.
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2. Title: "Abnormal Crowd Behavior
Detection for Public Safety Using Optical
Flow and Machine Learning"
Author: Ahmed Hassan et al.

Description: This study presents an
intelligent  surveillance framework for
detecting abnormal crowd behaviors that
may indicate panic situations and potential
stampedes. The proposed method utilizes
optical flow techniques to extract motion
patterns from live video streams and
employs machine learning -classifiers to
distinguish normal crowd movement from
unusual activities. Experimental results
indicate that the system can detect sudden
surges, rapid directional changes, and panic-
induced behaviors with high accuracy,
thereby assisting security personnel in
initiating timely interventions.

3. Title: "Deep Learning-Based Intelligent
Crowd Monitoring System for Stampede
Prevention"

Author: Priya Sharma et al.

Description: This paper explores the
application of deep learning techniques,
specifically Convolutional Neural Networks
(CNNs) and Long Short-Term Memory
(LSTM) networks, for continuous crowd
monitoring and stampede prevention. The
proposed system analyzes live surveillance
footage to estimate crowd density, track
movement patterns, and detect abnormal
crowd dynamics in real time. The study
demonstrates that combining spatial and
temporal analysis significantly improves the
prediction of hazardous situations and
supports early warning mechanisms.
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4. Title: "Vision-Based Crowd Analysis and
Anomaly Detection in Mass Gatherings"
Author: Michael Brown et al.

Description: This research focuses on
computer vision techniques for analyzing
crowd behavior in large public gatherings.
The system employs background
subtraction, motion analysis, and anomaly
detection algorithms to identify unusual
crowd activities that may escalate into
dangerous situations. The findings reveal
that automated video analytics can
effectively support security personnel in
maintaining crowd safety and reducing
response times during emergencies.

5. Title: "Real-Time Surveillance
Framework  for  Crowd  Congestion
Detection"

Author: Wei Chen et al.

Description: This paper proposes a real-
time surveillance framework designed to
detect congestion and overcrowding in
public spaces. The methodology utilizes
density estimation algorithms and object
tracking techniques to monitor crowd flow
and identify high-risk zones. The system
generates alerts whenever crowd density
exceeds predefined thresholds, enabling
authorities to implement effective crowd
control strategies before incidents occur.

6. Title: "LSTM-Based Prediction of Crowd
Movement for Emergency Management"
Author: Sarah Johnson et al.

Description: The study presents an LSTM-
based predictive model for forecasting
crowd movement patterns using sequential
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video data. By analyzing temporal
dependencies in crowd behavior, the
proposed framework predicts sudden
changes in movement that could indicate
panic or evacuation scenarios. The results
demonstrate the potential of recurrent neural
networks  in  improving = emergency
preparedness and preventing crowd-related

accidents.

7. Title: "Smart Crowd Monitoring Using
[oT and Artificial Intelligence"
Author: Rajesh Kumar et al.

Description: This paper introduces a smart
crowd  monitoring
integrates loT-enabled surveillance cameras
with artificial intelligence techniques for
real-time crowd assessment. The framework

architecture that

continuously monitors crowd density,
detects abnormal events, and communicates
alerts to control centers through connected
networks. The study highlights the
effectiveness of combining IoT
infrastructure with Al-driven analytics to
enhance public safety and support efficient
crowd management during large-scale
events.

SYSTEM ANALYSIS

EXISTING SYSTEM

The existing crowd monitoring systems
primarily rely on conventional surveillance
methods where security personnel manually
observe multiple CCTV camera feeds to
monitor crowd activities and identify
potentially dangerous situations. Human
operators are responsible for estimating
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crowd density, identifying congestion,
recognizing abnormal behaviors, and
making decisions regarding crowd control
measures. In large public gatherings such as
religious events, concerts, sports
tournaments, railway stations, shopping
malls, and political rallies, these systems
depend heavily on the vigilance and
experience of security staff.

Some organizations employ basic video
surveillance systems equipped with simple
motion detection capabilities. These systems
provide visual records of events and assist
authorities in reviewing incidents after they
occur. Traditional crowd management
approaches also include physical barriers,
manual counting methods, public
announcements, and deployment of security
personnel at strategic locations. Although
these techniques contribute to maintaining
order, they generally operate in a reactive
manner and often fail to provide timely
warnings before dangerous  situations
escalate into stampedes.

The limitations of manual observation
become increasingly evident in highly
crowded environments where numerous
camera feeds must be  monitored
simultaneously. Human operators may
experience fatigue, delayed responses, and
difficulties in accurately assessing crowd
density and patterns.
Consequently, existing systems struggle to
provide proactive crowd management and
early detection of potential stampede

movement

situations.
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EXISTING SYSTEM

DISADVANTAGES

> Heavy dependence on continuous human
observation and supervision.

» Human errors caused by fatigue, stress,
and limited attention span.

» Difficulty in accurately estimating crowd
density in highly congested areas.

»  Inability to continuously monitor
multiple surveillance feeds effectively.

» Delayed identification of abnormal crowd
behaviors and panic situations.

» Lack of automated early warning
mechanisms for stampede prevention.

» Reactive response that focuses on
managing incidents after they occur.

» Limited capability to analyze crowd
movement patterns in real time.

» Increased operational costs due to the
requirement for large security teams.

» Reduced effectiveness during large-scale
public events involving thousands of
individuals.

PROPOSED SYSTEM

The proposed system, "Crowd Monitoring
Through Live Camera to Handle
Stampedes," introduces an intelligent
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surveillance framework that utilizes live
camera feeds, computer vision, image
processing, and machine learning techniques
to monitor crowd conditions automatically
and continuously. The system captures video
streams  from strategically positioned
surveillance cameras and analyzes them in
real time to estimate crowd density, track
movement patterns, and identify abnormal
crowd behaviors that may indicate potential
stampede situations.

Advanced algorithms process the incoming
video frames to detect overcrowding,
congestion, sudden surges in movement,
unusual directional changes, and panic-
induced activities. The system evaluates
crowd conditions against predefined safety
thresholds and continuously assesses the
level of risk within monitored areas.
Whenever  hazardous  conditions  are
detected, automated alerts and notifications
are generated to inform security personnel
and event organizers immediately.

These early warning mechanisms enable
authorities to implement preventive actions
such as regulating entry and exit points,
redirecting ~ crowd  flow,  deploying
emergency response teams, making public
announcements, and initiating evacuation
procedures when necessary. The proposed
framework  supports  proactive  crowd
management and significantly improves
situational ~ awareness  during  mass
gatherings.
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PROPOSED SYSTEM ADVANTAGES

> Provides continuous real-time monitoring
of crowd activities.

» Automatically estimates crowd density
with improved accuracy.

» Detects abnormal crowd behaviors and
panic situations at an early stage.

» Generates instant alerts and notifications
to security personnel.

»  Reduces dependence on manual
observation and human intervention.

» Minimizes human errors associated with
fatigue and delayed reactions.

» Enables proactive measures to prevent
stampedes before they occur.

» Improves emergency response time and
decision-making efficiency.

»  Supports crowd flow analysis and
congestion identification.

» Enhances public safety during large
gatherings and events.

» Scalable and adaptable for deployment in
stadiums, railway  stations,  airports,
shopping malls, religious gatherings, and
other crowded locations.
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» Reduces operational costs associated with
extensive manual surveillance.

» Provides analytical reports and visual
insights for effective crowd management
planning.

» Increases the reliability and effectiveness
of surveillance systems through intelligent
automation.

IMPLEMENTATION

1. Requirement Analysis

The implementation of the project "Crowd
Monitoring Through Live Camera to
Handle Stampedes' begins with analyzing
the increasing need for intelligent crowd
surveillance systems capable of preventing
crowd-related disasters. Traditional crowd
monitoring methods mainly rely on manual
observation by security personnel, which
may result in delayed responses, inaccurate
crowd assessment, and difficulty in handling
large gatherings. The proposed system
utilizes Computer Vision, Image Processing,
and Machine Learning techniques to
continuously monitor crowd activities
through live camera feeds and provide early
warnings to prevent stampedes.

2. System Design

The system architecture is designed for real-
time crowd analysis, density estimation,
abnormal behavior detection, and emergency
alert generation.
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Main Modules

* Live Video Acquisition Module

* Crowd Detection Module

* Crowd Density Estimation Module

* Movement Analysis Module

* Machine Learning Classification Module
* Risk Assessment Module

* Alert and Notification Module

* Visualization and Monitoring Dashboard
Module

The architecture enables continuous
surveillance and

management.

proactive crowd

3. Live Video Data Collection

The system captures crowd information
through surveillance cameras installed at
strategic locations.

Collected Information

* Live video streams

» Camera identification details
* Frame sequences

* Timestamp information

* Monitoring zone details

* Crowd activity recordings
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The collected data serves as the primary
input for crowd analysis and risk detection.

4. Video Preprocessing

The system preprocesses captured video
frames to improve image quality and ensure
accurate analysis.

Preprocessing Operations
* Frame extraction

* Image resizing

* Noise removal

* Contrast enhancement

* Background subtraction

* Image normalization

These operations improve the effectiveness
of crowd detection under varying
environmental conditions.

5. Crowd Detection and Density
Estimation

The system identifies human presence and
estimates crowd density from live video
feeds.

Density Estimation Activities
* Human detection
* Crowd counting

* Density map generation
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* Occupancy estimation
* High-density zone identification
 Congestion detection

These processes enable authorities to
identify overcrowded areas that may pose
safety risks.

6. Crowd Movement Analysis

The system analyzes crowd movement
patterns to identify unusual activities and
congestion.

Movement Analysis Functions
* Motion tracking

* Direction estimation

* Speed analysis

* Flow pattern analysis
 Congestion point identification
* Sudden movement detection

The analysis provides valuable insights into
crowd dynamics and potential threats.

7. Machine Learning-Based Classification

The system utilizes machine learning
algorithms to classify crowd behavior as
normal or abnormal.

Classification Activities

» Feature extraction
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* Model training

* Behavioral pattern recognition
» Normal activity classification
 Abnormal activity detection

* Risk prediction

Machine learning improves the accuracy of
identifying potentially dangerous crowd
situations.

METHODOLOGY

1. Live Video Data Acquisition

The methodology begins with collecting
real-time crowd information through
surveillance cameras installed at strategic
locations where large public gatherings
occur. These live video feeds provide
continuous visual data required for crowd
analysis and stampede prevention.

Data Sources

* Live surveillance camera feeds

* CCTV monitoring systems

* Public event surveillance networks
* Transportation hub cameras

* Stadium and auditorium cameras

* Religious gathering monitoring systems
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This visual data forms the foundation for
intelligent crowd monitoring and risk
assessment.

2. Video Preprocessing and Frame
Analysis

The collected video streams undergo
preprocessing operations before crowd
analysis is performed.

Preprocessing Operations
* Frame extraction

* Image resizing

* Noise removal

* Background subtraction

* Contrast enhancement

* Image normalization

These operations improve video quality and
enhance the accuracy of crowd detection.

3. Crowd Feature Extraction

The system extracts important crowd-related
features from processed video frames.

Important Features

* Crowd density levels

* Number of individuals
* Occupancy rates

* Movement speed
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* Direction of movement
« Congestion indicators
* Flow consistency measurements

These features help identify crowd patterns
and detect potentially hazardous situations.

4. Machine Learning Model Training

Machine learning models are trained using
labeled crowd datasets containing examples
of normal and abnormal crowd behavior.

Training Process

1. Input processed crowd data.

2. Extract crowd behavior features.

3. Train machine learning classification
models.

4. Optimize prediction accuracy.

5. Validate crowd behavior detection
performance.

The models learn relationships between
crowd characteristics and potential stampede
situations.

5. Crowd Risk Prediction Process

The trained model predicts whether the
current crowd conditions are safe or likely to
develop into dangerous situations.

Prediction Workflow
* Analyze crowd density.
» Evaluate movement patterns.

* Identify congestion levels.
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* Detect abnormal crowd behavior.
* Calculate stampede risk probability.
* Generate crowd safety assessments.

The system provides risk predictions with
corresponding severity levels to support
preventive action.

6. Abnormal Behavior Detection

The system continuously monitors crowd
activities to identify unusual behaviors that
may indicate panic or emergency situations.

Detection Functions

* Detect sudden crowd surges.

* Identify panic-induced movements.

* Recognize rapid directional changes.
* Detect overcrowded zones.

* Monitor unusual crowd dispersion.

* Track conflicting movement patterns.

This improves the ability to recognize early
warning signs before stampedes occur.

7. Real-Time Monitoring and Alerts

The system continuously analyzes live
crowd conditions and generates alerts
whenever dangerous situations are detected.

Monitoring Activities

* Monitor crowd density thresholds.
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* Detect high-risk situations.

* Trigger emergency notifications.

* Alert security personnel.

* Recommend immediate intervention.

» Update the control dashboard in real time.

This supports proactive crowd management
and early disaster prevention.

RESULTS

e Organized Project Structure:
The project is organized into separate
folders such as templates, static,
uploads, processed, and yolo, along
with  Python  files (app-py,
crowd_detector.py, models.py). This
modular  structure  makes the
application easier to develop,
maintain, and scale.

e Integration of Al-Based Crowd
Detection:

The presence of the yolo folder and
crowd_detector.py indicates that the
system uses the YOLO (You Only
Look Once) deep learning model for
real-time crowd detection from live
camera  feeds.  This  enables
continuous monitoring and helps
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identify overcrowded areas to reduce
the risk of stampedes.

Project Execution from Command
Prompt:

The screenshot shows the Crowd
Monitoring Through Live Camera to
Handle Stampedes project being

executed from the Windows
Command  Prompt using the
command python app.py. This

demonstrates that the application is
launched through the main Python
file to start the crowd monitoring
system.

Environment Configuration Issue:
The command conda activate crowd
fails with the message '"'conda’' is
not recognized as an internal or
external command", indicating that
Anaconda/Conda is either not
installed or not added to the system's
PATH. Despite this, the project is
attempted to be run directly using
Python, highlighting the need for
proper environment configuration
before execution.
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Crowd Alert System

Manitar crowd levels and recs

Successful

Deployment:
The Flask-based Crowd Monitoring
application is successfully launched
using the python app.py command.

Application

The console confirms that the
YOLO model has been loaded
successfully, and the web server is
running locally at
http://127.0.0.1:5000, making the
live crowd monitoring
accessible through a web browser.
Crowd

system
Real-Time Detection
Ready:

The terminal output shows that the
Flask development server and
debugger are active, indicating that
the application is ready to receive
live camera input and perform real-
time crowd detection. This enables
continuous monitoring of crowd

density and supports early warning to
help prevent stampedes.

lerts
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User-Friendly Web Interface:
The homepage of the Crowd Alert
System provides a simple and user-
friendly interface with Sign Up and
Login options. It allows users to
register and access the system for
real-time crowd monitoring and alert
notifications.

Real-Time Crowd Alert Platform:
The web application is designed to
monitor crowd density through live
camera feeds and generate alerts
when the crowd exceeds predefined
safety  thresholds.  This  helps
authorities take timely action to
prevent overcrowding and potential
stampede incidents.

Secure  User  Authentication:
The Crowd Alert System provides a
secure  login  interface = where
registered users can authenticate
using their email address and
password. This ensures that only
authorized users can access the live
crowd monitoring dashboard and
alert system.

Access to Real-Time Monitoring:
After successful login, users can
access the application's real-time
crowd monitoring features, including
surveillance, crowd
analysis, and alert

live camera
density

2

Profession
)

notifications to  help prevent

overcrowding and potential stampede
situations.

al Dashboard

—
el | ‘

Real-Time
Dashboard:
The Admin Dashboard displays key
information such as the current
crowd count, safety status, and
total registered users. It
continuously monitors crowd density
and indicates whether the area is

Crowd Monitoring

within  the predefined safety
threshold.
Crowd Analysis and Decision
Support:
The dashboard includes a Crowd
History graph that visualizes

changes in crowd count over time.
This enables administrators to
analyze trends, identify
overcrowding patterns, and take
preventive measures to reduce the

crowd

risk of stampedes.

Crowd Management (Manual Entry)

[T ]
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e Manual Crowd Management: It also provides Start Camera and
The Crowd Management page allows Stop Camera controls for managing
the administrator to manually enter the live monitoring  process

or update the current crowd count
and set the alert threshold. This
feature is useful for testing the
system or updating crowd
information when automatic
detection is unavailable.

e Configurable Alert Threshold: e
Administrators can modify the crowd PO
limit according to the location's
capacity. When the crowd count
exceeds the specified threshold, the
system can trigger alerts, enabling
timely action to prevent
overcrowding and reduce the risk of
stampedes.

efficiently.

e Real-Time Crowd Status
Monitoring:
The dashboard displays the current
crowd count, alert threshold, and a
safety indicator (Green — Safe).
This enables administrators to
quickly assess whether the crowd
density is within the predefined safe
limit.

e Administrative Overview:
The dashboard provides a centralized
view of important system
information, including new user
registrations and current monitoring

An Heatmap

* Realem.le Live Camera status. This helps administrators
Monitoring: efficiently manage the crowd
The Live Camera Feed page enables monitoring system and respond
real-time surveillance by connecting promptly to potential overcrowding
to a camera and displaying the situations.
annotated  video  stream. It B
continuously detects and counts e
people using the YOLO model, ot

providing the current crowd count
for effective monitoring.

e Heatmap Visualization and
Camera Control:
The system generates a heatmap to
highlight areas with high crowd

concentration, helping administrators * Real-Time Person Detection:
The system captures the live camera

identify overcrowded zones quickly.
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feed and uses the YOLO-based
object detection model to identify
people in real time. Detected
individuals are highlighted with
bounding boxes, and the current
crowd count is displayed
continuously for accurate
monitoring.

e Heatmap-Based Crowd Analysis:
The generated heatmap visually
represents areas with higher crowd
concentration, enabling
administrators to identify densely
populated regions quickly. This
assists in early warning generation
and helps prevent overcrowding and
potential stampede incidents.

CONCLUSION

The project "Crowd Monitoring Through
Live Camera to Handle Stampedes" presents
an intelligent and proactive approach to
ensuring public safety during large
gatherings through the use of live video
surveillance, computer vision, image
processing, and machine learning
technologies. With the increasing frequency
of mass events such as religious festivals,
concerts, sports competitions, transportation
activities, and political gatherings, the risk
of crowd-related disasters has become a
major  concern. Traditional ~ crowd
monitoring methods that depend primarily
on manual observation are often inadequate
due to human limitations, delayed responses,
and the inability to continuously analyze
multiple surveillance feeds simultaneously.

The proposed system addresses these
challenges by automatically capturing and
analyzing live video streams to estimate
crowd density, monitor movement patterns,
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identify congestion, and detect abnormal
crowd behaviors that may lead to stampedes.
By  continuously  evaluating  crowd
conditions and comparing them with
predefined safety thresholds, the framework
provides  early = warnings  whenever
potentially hazardous situations arise. The
generation of real-time alerts enables
security personnel and event organizers to
implement preventive measures such as
crowd redirection, access control,
emergency announcements, and rapid
deployment of response teams before

situations escalate into disasters.

Furthermore, the integration of machine
learning techniques enhances the accuracy
and reliability of crowd behavior analysis by
enabling the system to distinguish between
normal and abnormal activities. The
visualization dashboard offers valuable
situational ~ awareness  through  live
monitoring, trend analysis, and incident
reporting, thereby supporting informed
decision-making during emergencies. The
system is scalable and adaptable, making it
suitable for deployment across various
environments, including stadiums, railway
stations, airports, shopping  malls,
educational institutions, pilgrimage sites,
and other locations that frequently
accommodate large crowds.

In conclusion, the proposed crowd
monitoring framework contributes
significantly to the prevention of stampedes
and the enhancement of public safety. By
transforming traditional surveillance into an
intelligent, automated, and predictive
system, the project provides an effective
solution for proactive crowd management.
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The successful implementation of this
system can reduce casualties, improve
emergency preparedness, optimize resource
utilization, and create safer environments for
individuals participating in large public

gatherings. Future advancements
incorporating  deep learning, edge
computing, and Internet of Things

technologies can further strengthen the
capabilities and effectiveness of intelligent
crowd monitoring systems.
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