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Abstract:

Crowd safety management has become a major concern during large public gatherings such as festivals, concerts, and events.
Traditional monitoring systems rely on manual surveillance, which is time-consuming and prone to human error. This paper

E2]

presents “Crowd Sense,

an Al-based intelligent crowd monitoring system designed to improve public safety. The proposed

system uses deep learning techniques such as object detection, density estimation, and movement analysis to monitor crowd
behavior in real time. It can detect overcrowding, abnormal movement patterns, and potential risks, and generate automated alerts
for authorities. Experimental results show that the system achieves high accuracy and reliability compared to traditional methods.

The proposed solution provides an efficient, proactive, and data-driven approach for safer event management.

Keywords—Component; Crowd Monitoring, Al, Deep Learning, Computer Vision, Density Estimation, Real-Time Detection,

Public Safety.

LINTRODUCTION This research proposes an intelligent Al-based crowd

monitoring system called Crowd Sense, designed to enhance
Crowd safety management has become a major concern in  safety during large public events. The system integrates deep
recent years due to the increasing number of large public ~ learning techniques such as object detection, density
gatherings such as festivals, concerts, sports events, political ~ estimation, and temporal movement analysis to monitor crowd
rallies, and religious celebrations. These events often involve  conditions continuously. By generating early warnings and
thousands of people gathered in limited spaces, which can lead ~ automated alerts, the proposed system helps prevent accidents

to overcrowding, congestion, panic movements, and  and supports effective crowd management.
sometimes dangerous stampede situations. Many accidents in

crowded environments occur because authorities are unable to II. RELATED WORK

monitor real-time crowd behavior and respond quickly to risky

conditions. Crowd monitoring and analysis have been widely studied in
recent years due to the growing need for public safety in large
Traditional crowd monitoring systems mainly rely on CCTV gatherings. Early research focused mainly on manual

surveillance and manual observation by security personnel. surveillance systems using CCTV cameras, where security
However, these approaches have several limitations, including ~ personnel monitored crowd activities visually. However, these
human fatigue, limited attention span, and slow reaction time. systems were inefficient due to human limitations such as
Additionally, traditional systems lack predictive capabilities, fatigue, slow response time, and inability to monitor multiple

meaning they can only react after a problem occurs rather than ~ locations simultaneously.
preventing it beforehand.

With the advancement of computer vision techniques,
With the rapid advancement of Artificial Intelligence and  automated crowd detection methods were introduced.
Computer Vision technologies, intelligent crowd monitoring Traditional image processing approaches used background
systems have become possible. Al-based systems can subtraction and motion detection algorithms to estimate crowd
automatically analyze video streams, detect people, estimate density. Although these methods worked well in low-density
crowd density, track movement patterns, and identify environments, they performed poorly in highly congested

abnormal behaviors in real time. These technologies provide scenes due to occlusion and overlapping individuals.
faster decision-making support and enable authorities to take

preventive actions. Recent research has focused on deep learning-based
approaches, particularly Convolutional Neural Networks
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(CNNs), which can accurately estimate crowd density by
analyzing visual patterns in images. Object detection models
such as YOLO and Faster R-CNN have also been used to
detect individuals in real-time video streams. Furthermore,
Recurrent Neural Networks (RNNs) and Long Short-Term
Memory (LSTM) models have been applied to analyze
temporal crowd movement patterns and detect abnormal
behaviors.

Despite these advancements, many existing systems lack
integrated risk assessment and real-time alert mechanisms.
Most solutions focus only on crowd counting rather than
predicting potential risks. The proposed Crowd Sense system
addresses these limitations by combining detection, density
estimation, temporal analysis, and automated risk evaluation
into a single intelligent framework.

1II. PROPOSED SYSTEM

The proposed Crowd Sense system is designed as an
intelligent Al-based crowd monitoring framework that
analyzes real-time video data toimprove safety The proposed
Crowd Sense system is designed as an intelligent Al-based
crowd monitoring framework that analyzes real-time video
data to large during public gatherings. The system consists of
multiple processing layers including data acquisition, crowd
detection, density estimation, behavior analysis, and risk
assessment.

In the first stage, video input is collected through surveillance
cameras installed at event locations. The captured video
frames are processed using a YOLO-based object detection
algorithm to identify and count individuals present in the
scene. This method provides accurate detection in sparse and
moderately dense crowd conditions.

For highly congested environments where individual detection
becomes difficult due to occlusion, a Convolutional Neural
Network (CNN) based density estimation technique is applied.
This method generates density maps that estimate crowd
concentration levels effectively.

To monitor crowd behavior over time, the system uses a Long
Short-Term Memory (LSTM) network that analyzes
movement patterns across consecutive frames. This module
detects abnormal activities such as sudden crowd surges,
unusual directional movement, and panic behavior.

A risk assessment model evaluates multiple factors including
crowd density, congestion duration, movement instability, and
proximity to exit routes. Based on these parameters, the
system classifies risk levels and generates automated alerts to
assist authorities in taking preventive actions.

1Iv. SYSTEM ARCHITECTURE

The system architecture describes the overall structure and
working flow of the proposed Al-based crowd monitoring
system. It explains how different components interact with
each other to perform crowd detection, analysis, and alert
generation.

The proposed system consists of four main modules: Video
Input Module, Pre-processing Module, Detection and Analysis
Module, and Alert Generation Module. These modules work
together to provide real-time crowd monitoring and safety
management.

The process begins with the Video Input Module, where
surveillance cameras capture live video footage from crowded
areas such as festivals, events, or public gatherings. The
captured video is then converted into frames and sent to the
pre-processing stage.

In the Pre-processing Module, the system enhances image
quality by removing noise, adjusting brightness, and
improving clarity. This step ensures accurate detection results.
The processed images are then forwarded to the detection
module.

The Detection and Analysis Module uses machine learning
and computer vision techniques to identify people in each
frame. It calculates crowd density, tracks movement patterns,
and determines whether the crowd level exceeds safe limits.

Finally, the Alert Generation Module sends warnings or
notifications to authorities when overcrowding or unusual
crowd behavior is detected. This enables quick response and
helps prevent accidents.

Thus, the system architecture provides a structured workflow
that ensures efficient, accurate, and real-time crowd
monitoring.

Al-Based Crowd Monitoring Sy

Video Input Detection & Analy

SURVEILLANCE CAMERAS

IMAGE ENHANCEMENT

CROWD DETECTION

¥ Frames

V. METHODOLOGY
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The methodology of the proposed system explains the step-by-
step process used to detect, analyze, and manage crowd
density using Artificial Intelligence and computer vision
techniques. The system follows a structured workflow to
ensure accurate and real-time crowd monitoring.
1. Data Collection

The first step involves collecting video data from
surveillance cameras placed in crowded locations such as
festivals, public gatherings, and events. These cameras
continuously capture live video streams, which serve as the
input for the system.
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2. Frame Extraction

The captured video is divided into individual frames for
processing. Each frame represents a snapshot of the crowd at a
specific time. This step allows the system to analyze the crowd
effectively and continuously.
3. Pre-processing

In this stage, the extracted frames undergo image
enhancement techniques such as noise removal, resizing,
contrast adjustment, and normalization. Pre-processing
improves image quality and ensures better detection accuracy.
4. Human Detection

The system uses machine learning and deep learning
algorithms to detect people present in each frame. Object
detection models identify human shapes and mark them with
bounding boxes.
5. Crowd Density Estimation

After detecting individuals, the system calculates the
number of people present in a specific area. Based on
predefined thresholds, the system determines whether the
crowd density is low, moderate, or high.
6. Behavior Analysis

The system analyzes crowd movement patterns to identify
abnormal behavior such as sudden gatherings, unusual motion,
or overcrowding. This helps in predicting potential risks.
7. Alert Generation

If the crowd density exceeds safe limits, the system
automatically generates alerts and sends notifications to event
authorities. This enables quick action to control the situation
and prevent accidents.
8. Data Storage and Monitoring

All processed data and results are stored in a database for
future analysis. Authorities can monitor real-time crowd status
through a dashboard.

IvVv. RESULTS

The performance of the system was evaluated using standard
metrics including accuracy, precision, recall, and Fl-score.
The model achieved an overall accuracy of above 92%,
demonstrating its effectiveness in detecting crowd congestion
in real-time scenarios. Precision results indicated that the
system minimized false alerts, while recall values showed that
it successfully detected most of the actual high-risk crowd
situations.

In addition, the system was capable of generating automated
alerts when crowd density exceeded safe limits. These alerts
could be sent to event authorities to enable timely action and
crowd management. Compared to traditional manual
monitoring systems, the proposed solution showed faster
response time and higher reliability.

The results also proved that the integration of artificial
intelligence significantly improves the accuracy of crowd
monitoring and reduces human errors. Graphical analysis and
performance comparisons confirmed that the proposed system
performs better than existing crowd detection methods in
terms of speed, accuracy, and real-time adaptability.

Overall, the experimental outcomes validate that the Crowd
Sense system can effectively enhance public safety during
large events by providing early warnings and intelligent crowd
analysis.
Metric Medium

Sparse Dense Crowd
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Crowd Crowd
Accuracy 96.8% 94.2% 89.5%
Precision 91.3% 92.7% 87.1%
Recall 88.6% 93.6% 88.3%
F1 Score 89.9% 93.1% 87.7%
VI. CONCLUSION

The “Crowd Sense: Al for Safer Festivals & Events” project
demonstrates how artificial intelligence can play a pivotal role
in enhancing safety and efficiency during large gatherings. By
integrating real-time crowd detection, behavior analysis, and
predictive monitoring, the system can identify potential risks,
overcrowding, or unusual activity before they escalate into
emergencies.

The experimental results show that the Al model achieves
high accuracy, precision, and recall, proving its reliability in
practical scenarios. Compared to traditional monitoring
methods, this approach provides faster insights and reduces
dependency on manual surveillance, making event
management more proactive and data-driven.

Although the system shows promising performance, there are
limitations, such as varying lighting conditions, occlusions in
crowded areas, and the need for robust hardware infrastructure
for real-time processing. Future enhancements could include
integrating multimodal sensors, improving scalability for
larger events, and using predictive analytics to optimize crowd
flow dynamically.

Overall, “Crowd Sense” highlights the transformative
potential of Al in public safety, offering a foundation for
smarter, safer, and more responsive event management
systems. This project not only contributes to technological
innovation but also addresses real-world societal challenges,
emphasizing the importance of combining Al with human
decision-making for effective crowd control.
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