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Abstract: Crowd management is a critical aspect of public safety, especially in places where large
gatherings occur such as railway stations, bridges, temples, and public events. Traditional crowd
monitoring methods rely heavily on manual observation and CCTV surveillance, which are often slow,
inefficient, and prone to human error. To address these challenges, this paper proposes a Smart Crowd
Management Model using YOLO (You Only Look Once), a deep learning-based object detection
algorithm designed for real-time applications.

The proposed system captures live video streams through surveillance cameras and processes them using
the YOLO model to detect and count individuals accurately. It continuously monitors crowd density and
compares it with a predefined threshold limit. When the number of people exceeds the safe limit, the
system automatically generates alerts to notify authorities, helping prevent accidents such as stampedes
or structural failures.

The system is capable of real-time processing, high accuracy, and scalability, making it suitable for
deployment in smart city environments. Overall, this approach provides an efficient and automated
solution for improving public safety and managing crowds effectively.
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L. INTRODUCTION
In recent years, the rapid growth of population and urbanization has led to an increase in large public gatherings at
places such as railway stations, bridges, temples, stadiums, and public events. Managing such crowds has become a
major challenge for authorities, as overcrowding can lead to serious risks including stampedes, accidents, and even
structural failures. Traditional crowd monitoring methods mainly rely on manual observation through CCTV cameras,
which is time-consuming, inefficient, and often prone to human error.
With the advancement of Artificial Intelligence (AI) and Computer Vision, automated systems have been developed to
improve the efficiency and accuracy of crowd monitoring. These systems can analyze video data in real time and
provide useful insights such as crowd density and movement patterns. One of the most effective techniques used in
object detection is YOLO (You Only Look Once), which is known for its high speed and accuracy in detecting multiple
objects within a single frame.
This paper presents a Smart Crowd Management Model using YOLO, which is capable of detecting and counting
people in real time using video input from surveillance cameras. The system continuously monitors the number of
individuals present in a particular area and compares it with a predefined threshold limit. When the crowd exceeds the
safe limit, the system automatically generates alerts to notify the authorities, allowing them to take immediate action.
The proposed system aims to reduce human effort, improve monitoring accuracy, and enhance public safety. It can be
effectively used in smart city environments and various public places to prevent overcrowding and manage crowds in
an efficient manner.
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II. LITERATURE REVIEW

A. Arun K., Renuka Sree M., and Neela K., “Smart Crowd Monitoring System using YOLO-GHOST,” 2024 [1]
The authors proposed a smart crowd monitoring system using an IoT-based YOLO-GHOST model for real-time
detection and counting of people in crowded environments. The system is designed to handle real-world challenges
such as illumination variation, occlusion, and different camera viewing angles. By integrating IoT modules, the system
enables continuous monitoring and remote accessibility of crowd data. The proposed model improves detection
accuracy and provides faster processing compared to traditional methods. Experimental results indicate that the system
performs efficiently in dynamic conditions. However, the system may face limitations in extremely dense crowd
situations and requires further optimization to reduce false positives. [1]

B. Patel R., Sharma A., and Singh P., “Real-Time Crowd Monitoring using YOLO-based Video Surveillance,” 2021
(2]

This paper presents a real-time crowd monitoring system using CCTV cameras combined with the YOLO object
detection algorithm. The system processes live video streams and detects individuals frame-by-frame to calculate
crowd density. A predefined threshold mechanism is used to generate alerts when overcrowding occurs, enabling
authorities to take immediate action. The study highlights the advantages of YOLO, including high speed, low latency,
and efficient performance in real-time applications. The system is suitable for deployment in public places such as
stadiums, railway stations, and events. However, the performance may degrade under low-light conditions and heavy
crowd overlap, which can affect detection accuracy. [2]

C. Boominathan L., Kruthiventi S., and Babu R. V., “CrowdNet: A Deep Convolutional Network for Dense Crowd
Counting,” 2016 [3]

The authors introduced CrowdNet, a deep convolutional neural network designed for dense crowd counting. The model
combines deep and shallow convolutional layers to capture both global and local features from images. This approach
allows the system to estimate crowd density accurately even in highly congested environments where individual
detection is difficult. The results demonstrate significant improvement in accuracy compared to traditional image
processing techniques. However, the model requires high computational resources and is not optimized for real-time
applications, limiting its use in live monitoring systems. [3]

D. Marsden M., McGuinness K., and O’Connor N. E., “ResNetCrowd: A Deep Learning Model for Crowd Counting
and Behavior Detection,” 2017 [4]

his research proposes a ResNet-based deep learning architecture for crowd analysis. The system is capable of
performing multiple tasks such as counting individuals, estimating crowd density levels, and detecting abnormal crowd
behavior. The use of residual learning improves feature extraction and enhances performance in complex and dense
environments. The model demonstrates strong results in both accuracy and robustness. However, it requires powerful
hardware for real-time implementation and may face challenges when processing low-resolution or noisy video data.
[4]

E. Reddy S., Kumar V., and Gupta A., “Al-Based Crowd Density Estimation using YOLO and Neural Networks,” 2024
[5]

The authors proposed an Al-based crowd density estimation system by combining YOLO with advanced neural
network techniques. The system detects individuals and performs spatial analysis to estimate crowd density in real
time. It also includes an automated alert mechanism to notify authorities when overcrowding is detected. The results
show improved accuracy, faster processing speed, and better scalability compared to earlier models. Additionally, the
system can be integrated with smart city infrastructure for enhanced surveillance and safety. However, further
improvements are required to handle extreme crowd density, environmental variations, and camera placement
challenges. [5]

Copyright to IJARSCT
www.ijarsct.co.in

279

| 2581-9429 |1
R\ 1JARSCT /3
& <




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal Figp cO)
ISSN: 2581-9429 Volume 6, Issue 10, April 2026 Impact Factor: 8.2
OBJECTIVES / AIMS

The main aim of this project is to develop an intelligent and automated system for real-time crowd monitoring and
management using deep learning techniques. The system is designed to improve public safety by detecting and
controlling overcrowding situations effectively.
The specific objectives of the proposed system are as follows:

*  To detect and identify individuals in real time using the YOLO object detection algorithm.

*  To count the number of people present in a specific area using video surveillance.

»  To estimate crowd density and monitor crowd behavior continuously.

*  To define a threshold limit for safe crowd capacity in public areas.

»  To generate alerts automatically when the number of people exceeds the predefined limit.

*  To reduce human effort and minimize errors in manual crowd monitoring systems.

» To provide a fast, accurate, and scalable solution for real-time crowd management.

» To enhance public safety and support smart city surveillance systems.

III. RESEARCH METHOD / METHODOLOGY
The proposed Smart Crowd Management System follows a systematic methodology to detect, count, and analyze
crowd density in real time using the YOLO (You Only Look Once) object detection algorithm. The system is designed
to process live video streams and generate alerts when overcrowding occurs.
Step 1: Data Acquisition
The system captures live video streams using CCTV cameras or webcams installed in public areas such as railway
stations, bridges, and event venues. The video input serves as the primary data source for crowd analysis.
Step 2: Frame Extraction
The captured video is divided into individual frames for processing. Each frame represents a snapshot of the scene,
allowing the system to analyze crowd information continuously.
Step 3: Image Preprocessing
The extracted frames are preprocessed to improve detection accuracy. This includes resizing images, normalization,
and noise reduction. Preprocessing ensures that the input data is suitable for the YOLO model.
Step 4: Object Detection using YOLO
The preprocessed frames are passed to the YOLO model, which detects multiple objects in a single pass. The model
identifies and classifies objects, and only the “person” class is considered for crowd analysis. Bounding boxes are
drawn around detected individuals.
Step 5: Crowd Counting
After detecting individuals, the system counts the total number of people present in each frame. This count is updated
continuously to reflect real-time crowd conditions.
Step 6: Threshold Comparison
A predefined threshold value is set based on the maximum safe capacity of the monitored area. The system compares
the current crowd count with this threshold to determine whether the area is overcrowded.
Step 7: Alert Generation
If the number of people exceeds the threshold limit, the system automatically generates alerts. These alerts can be in the
form of visual warnings, sound notifications, or messages sent to authorities.
Step 8: Output Display
The final output is displayed on the screen with bounding boxes around detected individuals along with the total crowd
count. The system may also highlight overcrowded areas for better visualization.
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IV. FINDINGS / RESULTS:

V. DISCUSSION / ANALYSIS
The proposed Smart Crowd Management System using YOLO was analyzed based on its performance, accuracy, and
real-time capabilities in different crowd scenarios. The system successfully detects and counts individuals from live
video streams, making it suitable for practical deployment in public areas.
The use of the YOLO algorithm provides a significant advantage due to its high speed and efficiency. Unlike traditional
methods, YOLO processes the entire image in a single pass, which enables real-time object detection. This makes the
system capable of handling continuous video streams without noticeable delay. The detection accuracy is high in
normal and moderately crowded environments, where individuals are clearly visible.
However, during analysis, it was observed that the system faces certain challenges in highly dense crowd situations. In
such cases, overlapping of individuals (occlusion) makes it difficult for the model to detect each person accurately.
Additionally, environmental factors such as low-light conditions, shadows, and camera angle variations can affect
detection performance.
The threshold-based alert mechanism plays a crucial role in the system. It allows authorities to receive instant
notifications when the crowd exceeds a safe limit, enabling quick decision-making and preventive actions. This feature
makes the system highly useful for crowd control in sensitive areas such as railway stations, events, and public
gatherings.
From the experimental observations, it is clear that the system performs efficiently in real-time applications with good
accuracy and speed. Compared to traditional manual monitoring systems, the proposed approach reduces human effort
and minimizes errors. However, the performance of the system depends on factors such as camera quality, hardware
specifications, and proper placement of surveillance devices.
Overall, the analysis shows that the proposed system is reliable, scalable, and effective for real-time crowd monitoring.
With further improvements in handling dense crowds and varying environmental conditions, the system can be widely
used for smart city applications and public safety management.

VI. CONCLUSION / SUMMARY
In this paper, a Smart Crowd Management System using the YOLO object detection algorithm has been proposed to
address the challenges of monitoring and controlling crowds in public places. The system is capable of detecting and
counting individuals in real time using video surveillance, which helps in estimating crowd density accurately.
The use of deep learning techniques, especially YOLO, enables fast and efficient processing of video data, making the
system suitable for real-time applications. The implementation of a threshold-based alert mechanism further enhances
the system by providing immediate notifications when overcrowding occurs. This helps authorities take timely actions
to prevent accidents such as stampedes and overcrowding-related incidents.
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The analysis of the system shows that it performs effectively in normal and moderately crowded environments with
high accuracy and speed. Although certain limitations exist, such as reduced performance in extremely dense crowds
and low-light conditions, the overall system proves to be more efficient than traditional manual monitoring methods.

In conclusion, the proposed system provides a reliable, scalable, and automated solution for crowd management. It has
the potential to be widely used in smart cities, public events, transportation hubs, and other crowded areas to improve
safety and ensure efficient crowd control.

VII. LIMITATIONS
Although the proposed Smart Crowd Management System using YOLO provides efficient and real-time crowd
monitoring, it has certain limitations that affect its performance in specific conditions.
The system’s accuracy decreases in low-light or poor visibility conditions, which can make it difficult to detect
individuals clearly.
In highly dense crowd situations, overlapping of people (occlusion) can lead to incorrect counting or missed
detections.
The performance of the system is highly dependent on the quality and positioning of the camera, which may affect
detection results.
The system requires good computational resources (hardware) to process video streams in real time, which may
increase implementation cost.
Sudden changes in environment such as weather conditions, shadows, or camera movement can impact detection
accuracy.
The system currently focuses only on detection and counting, and does not fully analyze complex crowd behaviors or
movement patterns.

VIII. RECOMMENDATIONS
Based on the analysis of the proposed system, the following improvements are recommended:
The system should be enhanced to perform better in low-light conditions using advanced image processing techniques.
More efficient models can be used to handle dense crowd situations and reduce detection errors due to occlusion.
High-quality cameras and proper placement should be ensured for accurate detection.
Integration with multiple cameras and IoT systems can improve large-area monitoring.
Future development should include crowd behavior analysis and prediction for better safety management.
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