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Abstract: PROXIMA: Proactive Occupancy Risk Management Interface is an Al-powered solution
designed to enhance safety and efficiency in monitoring crowds in confined spaces. Traditional crowd
monitoring methods rely on manual CCTV surveillance, which is prone to human error, slow response
times, and limited predictive capabilities. This project leverages machine learning algorithms,
particularly YOLOV4 for object detection and Deep SORT for tracking, to provide real-time crowd
analysis and anomaly detection.

The system captures video feeds from CCTV cameras, processes them using AI models, and predicts
potential overcrowding or unusual movement patterns. When anomalies are detected, real-time alerts are
sent to security personnel, ensuring proactive risk management. The project aims to improve scalability,
accuracy, and response times in environments like transportation hubs, industrial zones, and public
venues.
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I. INTRODUCTION
In today’s rapidly growing urban environments, managing crowds in confined spaces is a critical challenge. High-
density areas such as transportation hubs, industrial zones, auditoriums, and public venues are prone to overcrowding,
which can lead to safety hazards, operational inefficiencies, and even life-threatening situations. Traditional crowd
monitoring methods rely on manual CCTV surveillance, which is often inefficient, prone to human error, and lacks
predictive capabilities.
To address these limitations, PROXIMA (Proactive Occupancy Risk Management Interface) is developed as an Al-
driven crowd detection and monitoring system. This project leverages advanced machine learning and computer vision
techniques, particularly YOLOvV4 for object detection and Deep SORT for real-time tracking, to provide an automated
and proactive approach to crowd management.
PROXIMA continuously analyzes live video feeds from CCTV cameras, tracking individuals and detecting anomalies
such as overcrowding, erratic movement, or potential security threats. The system is designed to send real-time alerts to
security personnel, enabling quick decision-making and reducing response times in emergency situations.
The system is built using Python, OpenCV, PyTorch, and Keras, ensuring robust performance and adaptability. It
requires minimal hardware—an Intel i5 processor, 8GB RAM, and 128GB storage—making it cost-effective and easy
to deploy.
By utilizing Al to enhance situational awareness and proactive decision-making, PROXIMA aims to revolutionize
occupancy risk management in confined spaces. Future developments will focus on improving accuracy in low-light
conditions, integrating loT-based smart sensors, and expanding compatibility with diverse security systems.
With its ability to analyze, predict, and prevent potential hazards, PROXIMA represents a significant leap forward in
intelligent crowd management and safety enforcement.
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II. LITERATURE REVIEW
PROXIMA is an Al-based system designed to improve crowd monitoring in confined areas using deep learning.
Traditional surveillance methods suffer from human error and delays, while PROXIMA uses YOLOv4 for object
detection and Deep SORT for real-time tracking. This allows it to detect overcrowding and send instant alerts.
The system is efficient, scalable, and cost-effective, using technologies like Python, OpenCV, and Keras. It operates
well even with basic hardware, making it suitable for real-world use. The high accuracy in detecting anomalies and
people movement ensures improved safety and faster response.
[1] Mohammed Ameen and Richard Stone (2023) discussed Al methods in monitoring systems but lacked real-world
testing.
[2] Vincent Christlein et al. (2015) showed improved results for offline writer ID using CNNs, though not applicable to
real-time scenarios.
[3] Jake Lee et al. (2020) visualized CNN behavior but didn’t focus on practical usage.
[4] Juan Tapia and Christoph Busch (2019) reviewed evacuation algorithms without providing implementation details.
[5] Muhammad Usama et al. (2022) used deep learning for crowd monitoring but didn’t solve real-world challenges.
[6] Tobias Weyand et al. (2016) developed a CNN model for photo geolocation, though performance varied by
environment.

I1I. PROPOSED WORK FOR PROXIMA
The proposed system, PROXIMA: Proactive Occupancy Risk Management Interface, is designed to address the
limitations of traditional manual crowd monitoring methods by utilizing artificial intelligence (AI) and machine
learning (ML) technologies. The system enables real-time analysis of CCTV footage to detect, track, and predict
abnormal crowd behaviors and overcrowding in confined environments such as transportation hubs, auditoriums, and
industrial sites. The solution consists of several integrated components as described below:

1. Video Feed Acquisition and Preprocessing

The system starts by acquiring real-time video feeds from strategically placed CCTV cameras. These feeds are
preprocessed using OpenCV to improve clarity and remove noise. Preprocessing steps include frame resizing,
normalization, and enhancement techniques, which ensure high-quality input for the detection algorithms.

2. Object Detection using YOLOvVS

For real-time object detection, the system employs YOLOvVS8 (You Only Look Once version 8), which is one of the
most advanced models for detecting multiple objects quickly and accurately. YOLOvVS8 processes video frames and
identifies human presence with bounding boxes and class labels, offering both speed and precision.

* Advantages of YOLOVS:

o High frame rate processing (45 FPS on high-end GPUs)
o Low latency suitable for real-time systems

o Improved accuracy over previous YOLO versions

3. Tracking with Deep SORT

Once individuals are detected, the Deep SORT algorithm (Simple Online and Realtime Tracking with a deep
appearance descriptor) is applied to maintain consistent tracking across frames. Deep SORT enhances traditional SORT
by incorporating deep features that allow the system to differentiate between people even when they appear similar.

* Key Capabilities:

o Reliable tracking in cases of occlusion or sudden movement

o Unique ID assignment and persistence across the timeline
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4. Crowd Behavior Analysis and Anomaly Detection

The data from tracking is analyzed to determine crowd density, flow direction, and clustering behavior. Based on
predefined rules and trained anomaly models, the system identifies patterns such as:

* Overcrowding in confined zones

* Unusual gathering or dispersal patterns

* Rapid or erratic movement indicating panic or disorder

5. Alert Generation and Visualization Dashboard

Upon detecting anomalies, the system generates real-time alerts that are communicated to the security personnel
through an intuitive admin dashboard built with PyQt5. The dashboard displays:

* Live camera feed

* Detected individuals with tracking IDs

* Visual alerts for threshold breaches

» Summary reports on crowd metrics and event logs

6. System Architecture

* Data Acquisition: CCTV Cameras capture real-time video streams.

* Preprocessing Layer: OpenCV handles frame extraction and quality improvement.
* Detection Layer: YOLOVS performs person detection.

* Tracking Layer: Deep SORT ensures identity preservation across frames.

* Analytics Layer: Logic for density estimation and anomaly recognition.

* Interface Layer: PyQt5 dashboard with alerts, visual feedback, and system controls.

IV. RESULTS AND DISCUSSION
The PROXIMA system was evaluated for its real-time performance in detecting and managing crowd density and
anomalies within confined environments using computer vision and Al-based tracking techniques.
Table I presents the performance evaluation of the system. The integration of YOLOv8 and Deep SORT enabled high-
speed and precise object detection and tracking, achieving effective crowd density estimation and anomaly
identification. Real-time alerting mechanisms improved the overall responsiveness in emergency scenarios.

Metric Value

Detection Accuracy 94.5%

Tracking Robustness High

Frame Rate 40-45 FPS(on mid-range GPU)
Alert Response Time <2 seconds

Memory Usage ~250 MB

Scalability High

Environment Adaptability Indoor and semi-outdoor spaces

The system efficiently processed video feeds from surveillance cameras and issued alerts in scenarios of overcrowding
or abnormal behavior. Its ability to track individuals continuously using Deep SORT ensured consistent monitoring,
even with occlusions or sudden motion changes.

The PyQt5-based dashboard provided an intuitive interface for visualizing real-time alerts, tracking logs, and crowd
density graphs. Experiments in simulated environments such as hallways and enclosed labs confirmed system stability
and fast alerting. The modular architecture also ensures seamless adaptation to different settings like railway stations,
factories, or auditoriums.
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V. CONCLUSION

This paper presented PROXIMA: Proactive Occupancy Risk Management Interface, an Al-powered real-time crowd
detection and anomaly alerting system. By utilizing modern deep learning models such as YOLOVS for object detection
and Deep SORT for person tracking, the system offers a robust solution for managing occupancy-related risks in
confined and high-traffic environments.

The experimental results demonstrated high accuracy, rapid response time, and strong scalability, making it a practical
tool for improving safety in places like transportation hubs, industrial zones, and event venues. The graphical dashboard
enhances usability, enabling quick decisions by security personnel.

Future enhancements include:

* Integrating with existing surveillance infrastructure for seamless operation.

* Improving model robustness in low-light or highly cluttered environments.

* Expanding the system to include behavior prediction and heatmap-based analytics for smarter crowd control.

Overall, PROXIMA represents a significant step forward in Al-driven surveillance and crowd management, with
potential applications in both public safety and industrial monitoring contexts.
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