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Abstract —The proposed system, Crowd Management Using
Image Processing and Machine Learning, is designed to
enhance public safety by efficiently managing large crowds and
identifying missing persons. It uses image processing and
machine learning techniques to monitor crowd activities
through live camera feeds, enabling real-time analysis of crowd
density and movement patterns.The system consists of two
main modules: Admin and Police Camp. The Admin module
manages camera setups, locations, and crowd monitoring,
while the Police Camp module allows officers to register and
maintain records of missing individuals by uploading images
and details. Using face recognition techniques such as Haar
Cascade Classifier, the system compares live images with
stored data to detect missing persons. When a match is found,
it sends instant notifications along with location details,
enabling quick action. This automated approach reduces search
time and provides an effective solution for crowd control and
real-time tracking.

Keywords:
image,Notification,Haar Cascade Classifier, Finding lost
Person, Lost Person Search, Crowd Density Analysis, Real-
Time Tracking,

Missing  person,face  recognition,Uploaded

INTRODUCTION

In recent years, rapid urbanization and population growth have
led to a significant rise in large public gatherings such as
festivals, concerts, and transportation hubs. Managing these
crowds has become a major challenge for authorities, as
overcrowding can result in serious safety risks like stampedes
and difficulties in locating missing individuals. Traditional
crowd management rely heavily on manual
monitoring, which is time-consuming, less accurate, and
inefficient for real-time situations.To overcome these
challenges, the proposed system, Crowd Management Using
Image Processing and Machine Learning, provides an
intelligent and automated solution. It uses computer vision
techniques on live webcam feeds to estimate crowd density,
analyze movement patterns, and identify individuals through
face detection and recognition. With dedicated Admin and
Police Camp modules, the system improves real-time

methods

monitoring, reduces manual effort, and enhances public safety
by enabling faster and more effective responses.

LITERATURE REVIEW

The paper "Reliable Face Identification System for Criminal
Investigation" by Andrew Fredrick Nyoka et al. (2023) presents
a face identification system using Haar cascade and frontal face
algorithms for criminal investigations. The authors highlight
the challenges of traditional facial recognition methods and
propose a system that achieves high accuracy and reliability.
They employ a dataset of 1000 images and videos, achieving a
95% identification rate. The system's performance is evaluated
using precision, recall, and Fl-score metrics. The authors
conclude that their system is efficient, accurate, and suitable for
real-time criminal investigations, outperforming existing
methods. They also discuss future work, including integrating
multimodal biometrics and exploring deep learning techniques
to further enhance the system's performance.[1]

EXISTING SYSTEM

In the current scenario, crowd management and missing person
identification are primarily handled through manual
surveillance systems and conventional monitoring
approaches. Most public places such as railway stations,
festivals, and large gatherings rely heavily on Closed-Circuit
Television (CCTV) cameras and human operators for
monitoring activities.

The existing system has the following characteristics:

1. Manual Monitoring
Security personnel continuously observe multiple
camera feeds, which leads to human fatigue, reduced
attention span, and increased chances of missing
critical events.

2. Limited Automation
Traditional systems lack intelligent automation and
depend on human decision-making, resulting in
delayed response times during emergencies or
overcrowding situations.
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3. Inefficient Missing Person Tracking Estimatio accuracy
Identification of missing persons is usually done n and
through manual comparison of photographs, handling of
announcements, or public notices, which is time- occlusion
consuming and often ineffective in large crowds. (ResearchG

4. Lack of Real-Time Analytics ate)

Most systems do not provide real-time crowd density Gao et al., | CNN- Deep CNN
estimation or predictive insights, making it difficult to 2020 based Learning models
prevent overcrowding or stampede-like situations. Density (CNN) outperform

5. Poor Data Integration Estimatio traditional
There is minimal integration between different n Survey methods in
departments (e.g., police camps), leading to data silos crowd
and inefficient coordination. counting

6. Scalability Issues tasks
As crowd size increases, the efficiency of manual (arXiv)
systems decreases significantly, making them Z. Fan et | Compositi | Deep CNN | CNN
unsuitable for large-scale events and smart city al., 2022 on Loss | with improves
applications. for Dense | density accuracy in

Crowd maps dense crowd
Counting | Convolutio | estimation
PROBLEM STATEMENT CNN- nal Neural | and is
. . . . based Networks widely used
M?naglng l‘arge crowds in pubh({ plgces such as festivals, Crowd (CNN) in modern
railway stations, and events poses significant challenges due to Countin svstems
. . . . . . g Yy
§afc?t¥ risks, overf:Fowdlng, an.d difficulty in locating missing and (ScienceDir
individuals. Traditional surveillance systems rely on manual Density ect
monitoring, which is inefficient, time-consuming, and prone to Estimatio T
human error, making real-time decision-making difficult. There n
is a lack of 1I‘1tegrated‘syste.ms thfit (fan 51multan69usly mor}ltor Li ot al. | Vision Transforme | Tmproves
crowd den81t¥ and. identify missing person.s in Tealhtlme. 2023 Transform | r-based global
Therefore, an intelligent and automated solution using image
. > o . er for | Deep feature
processing and machine learning is required to enhance crowd . .
- . . Crowd Learning extraction
management, improve response time, and ensure public safety. Counting compared to
Sr | Author(s) | Paper Methodolo | Key CNN
& Year Title gy Used Findings Chavan et | ML Machine ML/DL
al., 2023 Technique | Learning & | methods
o. s for | Deep provide
1 Idrees et | Compositi | Deep CNN | Simultaneou C“’W‘? Learning scalability
al., 2018 on Loss | with s counting Counting and o
for Dense | density and fidaptablhty
Crowd maps localization m f:rowd
Counting improves analysis
performance (ICA)
in dense Anonymo | Crowd Backgroun | Useful for
crowds us, 2018 Density d real-time
(arXiv) Estimatio | subtraction | surveillance
2 | Ahuja & | Survey on | Image Advanced n o using | & ) ?“t 1imiFed
Charniya, | Crowd Processing | techniques Image ) regression ) in ) high
2019 Density & Deep | improve Processin densn)./
Learning density map g scenarios
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(RIPublicati e  Monitor real-time crowd density from different
on) locations using image processing techniques
TechScien | Face YOLOvV4 + | Achieved e View system logs and alerts generated through
ce, 2022 Detection | Attention high machine learning-based detectionManage database of
& Mechanism | accuracy registered users and system data
Tracking (91.2%) in Working:
in Crowds face The admin logs into the system and sets up all necessary
detection configurations such as adding police camps and assigning
and tracking cameras. The admin can monitor crowd conditions and receive
(Tech alerts when crowd density exceeds a threshold when a missing
Science) person is detected. 2. Police Camp / Branch Module
Khan et | Crowd Deep Identifies This module is used by police officers at different locations to
al., 2022 Counting | Learning evolution manage missing person records and monitor activities.
Trends & | Models and future Functions:
Future scope of e  Police login and authentication
crowd. e Register missing persons (upload photo and details)
analysis e Update and manage missing person records
systems . .
; e View detection results and alerts
(arXiv) . . . . .
- e  Track identified persons with location details
10 | Khan et | Crowd Deep Identifies .
1,2022 | Counting | Learni luti Working:
abs ountng carning evolution Police officers enter details of missing individuals into the
Trends & | Models and future . .
Fut ¢ system. The system continuously scans live camera feeds and
uture scoped © compares detected faces with stored records. When a match is
crow . found, the system notifies the respective police camp with the
analysis :
detected location.
systems
(arXiv) .
: : — 3. Image Processing & ML Module
11 | Sunil et | Density Probabilisti | Improved
al., 2025 Estimatio | ¢ & Deep | density This is the core module responsible for intelligent analysis.
n  using | Learning maps using Functions:
Diffusion diffusion- e Capture live video streams from cameras
Models based e Perform image pre-processing
models e Detect crowd and estimate density using Al models
(arXiv) e Perform face detection and recognition
e Match detected faces with database records
METHODOLOGY Working:

The proposed system, Crowd Management Using Image
Processing and Machine Learning, is implemented using a
modular approach to ensure efficient functionality and easy
management. The system is divided into the following main
modules:

1. Admin Module

The Admin module is responsible for overall system control
and management. Functions:
e Admin login and authentication
e Add, update, and manage Police Camps (branches)
e Configure and manage camera devices with location
details

The system processes video frames in real time using computer
vision and deep learning algorithms. It identifies individuals,
estimates crowd density, and triggers alerts when necessary
4. Alert & Notification Module
This module ensures timely communication of critical
information. Functions:
e Generate alerts for high crowd density
e Notify when a missing person is detected
e Display camera location and time of detection
e  Maintain logs for future reference
Working:
Whenever the system detects unusual crowd behavior or
identifies a missing person, alerts are sent to the admin and
police module for immediate action.
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RESULT

The proposed system demonstrates significant improvements
over traditional crowd management approaches by integrating
image processing and machine learning techniques.

Performance Evaluation

1. Real-Time Detection
The system successfully processes live video streams
and performs real-time face detection and
recognition, enabling quick identification of
individuals within crowded environments.

2. Improved Accuracy
Machine learning-based face matching enhances
identification accuracy compared to manual methods.
The system can effectively match faces even under
varying lighting conditions and partial occlusions.

3. Efficient Crowd Monitoring
The system provides continuous crowd density
analysis, helping in early detection of overcrowding
and improving safety measures.

System Efficiency

e  The integration of Admin and Police Camp modules
ensures structured data management and seamless
communication.

e Automated data storage and retrieval improve
operational efficiency and record maintenance.

Comparative Analysis

Parameter Existing Proposed System
System

Monitoring Manual Automated  (Al-
based)

Accuracy Low High

Response Time = Slow Fast  (Real-Time
Alerts)

Missing Person = Manual Face Recognition-

Detection based

Scalability Limited High

Diagnostic Accuracy Machine Learning vs Traditional Methods
Machi

— ine Leaming

Accuracy (%)
2
3

&
5

Radior eurelo:
Medical Fields.

Density
estimation
11%

Object
counting
30% L
1
|

Péople
counting
59%

KEY CHALLENGES
1. Accurate Face Recognition in Crowds
2. Real-Time Processing Requirements
3. Variations in Appearance
4. Crowd Density Estimation Accuracy

SCOPE OF THE PROJECT

The scope of this project is to develop an intelligent
surveillance system that integrates real-time crowd density
monitoring with lost person detection using image processing
and machine learning techniques. The system utilizes CCTV
camera feeds and face recognition to identify missing
individuals and provide location-based alerts for quick
response.It also includes crowd monitoring and capacity
management features that track occupancy levels, generate
alerts when limits are exceeded, and visualize data through
maps or zone-based interfaces. This solution is applicable in
public spaces such as events, transportation hubs, and smart
city environments, ensuring improved safety and efficient
crowd control.

SOFTWARE
SPECIFICATIONS

REQUIREMENTS

The system assumes that CCTV cameras are properly installed
and provide continuous, high-quality video feeds for accurate
face detection and crowd analysis. It also requires that images
of missing persons are clear enough to ensure reliable
identification. Stable internet connectivity is essential for real-
time processing, data transmission, and integration with cloud
or mapping services.The system’s performance depends on
adequate hardware resources, including CPU/GPU power,
storage, and network bandwidth. It also relies on external tools
and frameworks such as OpenCV for image processing, Google
Maps for location tracking, and database systems for storing
and managing facial data and system logs.

Functional Requirements
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e  The system should allow users to upload an image of
a missing person.

e [t should generate facial embeddings and match them
with faces detected in CCTV footage.

Non-Functional Requirements

e Performance: The system should process video feeds
and provide results in real-time with minimal delay.

e Accuracy: High accuracy in face recognition and
crowd counting is required.

e Security: Data should be encrypted and protected
from unauthorized access.

SYSTEM DESIGNS
System Architecture

Police

Add ! View /Delete Police————> Notfication S

,'. m <_J Generate
Notfication
\ Login >
y— s S N

Web Application

<«——Extract Image.

Detect Image

vatabase

Mathematical Module

£ 1. Input Set (I)

Let the input to the system be:
1={V,U,C}

Where:

V= Video streams from CCTV cameras

U= Uploaded image of missing person

C= Camera details (ID, location)

¢ 2. Face Recognition Model
The system generates an embedding vector for the uploaded
image and compares it with detected faces:
E, = f(U)
E, = f(F)
Where:
E,,= Embedding of uploaded image
E,= Embedding of detected face F;
f=Feature extraction functin
Similarity between faces is calculated using distance:

D=|E,—E,I
Decision condition:
1, ifD<T
Match = {0, otherwise

Where Tis the threshold.
¢ 3. Crowd Density Calculation

© 2026, JOIREM  |www.joirem.com| Page 5

Let:

N= Number of people detected
A= Area of the zone

Density is calculated as:

. N
Density = 2
€ 4. Occupancy Calculation
Let:
E= Number of entries
X=Number of exits
O=E-X

Where Ois current occupancy.
€ 5. Capacity Threshold Model
Let Mbe maximum capacity:

0
Occupancy Percentage = M x 100

Decision:
Green, 0<0.6M
Status ={Yellow, 0.6M <0 < 0.9M
Red, 0=>09M

£ 6. Output Set (O)
0={LS DA}
Where:
L= Last seen location
S= Snapshot
D= Density status
A;= Alerts generated

DATA FLOW DIAGRAM(DFD)

-2

Add Missing Person image

DFD 0

&
¥

DFD 1

Store / Retrieve images

Aert \/
- ke Notication / Avert
Database -
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UML DIAGRAM

ACTIVITY DIAGRAM

b3

Police Officer Uploads
Missing Person Image

G

Detect Faces in
Uploaded Image?

L

Yes

No

h 4

Y
vy —_—
Detect Faces }—. Extract Face
( Data

Match Found
with Missing Person
Database?

No

¥
End Process ]

[ Generate Notification J

( Send Email Alert ]

ADVANTAGE

e Enhanced Public Safety:

e Real-Time Monitoring:

e Efficient Crowd Management:
e Automation

e Data-Driven Decisions

® Integration Capability
DISADVANTAGE

e  Technical Limitations
e Dependency on Network Stability

LIMITATIONS

e Dependence on Camera Quality: Poor
resolution or improper camera placement can

affect accuracy.
e Lighting and Occlusion Issues:

recognition may fail in low light or when

faces are partially covered.

e High Computational

real-time processing.

Requirements:
Requires powerful hardware (CPU/GPU) for

e Privacy Concerns: Handling facial data
may raise legal and ethical issues.

APPLICATIONA

1. Investigative Departments (Homicide, Robbery,
Missing Persons)

2. Forensic Science Laboratories

3. Intelligence Agencies (National, International)

4. Social Services (Child Protective Services, Family
Services)

5. Schools and Educational Institutions

6. Government Agencies (Justice, Public Safety)

7. Crime Investigation and Solving

8. Missing Children Cases

9. Suspect Identification and Tracking

10. Surveillance and Monitoring

11. Border Control and Immigration

CONCLUSION

The proposed Crowd Management system successfully bridges
the gap between traditional surveillance and automated
intelligence. By integrating Image Processing and Machine

Learning, the system transitions from passive recording to

proactive monitoring, enabling real-time face detection and
accurate crowd density analysis. The modular architecture of
the Admin and Police Camp sections ensures a structured
response to emergencies, significantly reducing the time

required to locate missing persons. Ultimately, this solution

provides a scalable, efficient, and reliable framework for

enhancing public safety in high-traffic urban environments.
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