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ABSTRACT

Restricted-area violations, such as entering into vehicle zones, cre-
ate serious security issues in a variety of monitoring applications.
This research presents a deep learning-based framework for real-
time detection and surveillance of individuals who violate desig-
nated restricted zones. The proposed system uses advanced ob-
ject detection algorithms, specifically YOLOVS, for head detection
and spatial reasoning to track individuals who enter restricted ar-
eas. The framework uses centroid-based tracking to accurately de-
tect and count violations, ensuring that each individual is flagged
once within a frame only once. The method improves detection
accuracy further by modifying bounding boxes and using region-
specific polygonal filtering, allowing for more exact violation de-
tection. Visual feedback is provided by overlaying boundary boxes
and labels on the detected individuals, while cumulative violation
counts are recorded. This method is highly effective, providing sta-
ble performance in changing conditions, and can be used for crowd
management, security, and surveillance. The system’s architecture
is flexible, with the ability to add capabilities like movement direc-
tion and speed analysis for more context-aware violations.
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1. INTRODUCTION

As urban highways become more congested, municipal planners
and police have a crucial problem in managing human and automo-
bile safety. People entering vehicle zones, such as roads, highways,
or areas reserved exclusively for automobiles, pose significant
risks to both the individuals involved and the overall flow of traffic.
Traditional monitoring approaches, such as manual inspections or
static surveillance cameras, have proven insufficient for real-time
identification and regulation, especially in unpredictable traffic

situations where violations might occur unexpectedly.

Current surveillance systems heavily depend on human oversight
or specific technology such as motion sensors, which cannot
frequently detect and track violations automatically and on a
large scale. While modern technologies such as automatic number
plate recognition (ANPR) cameras can track automobiles, there
is an important technological gap in tracking people who acci-
dentally enter vehicle zones. Furthermore, these old systems are
frequently expensive, require complicated infrastructure, and ne-
cessitate extensive maintenance, restricting their use in many areas.

Recent developments in computer vision and deep learning [11]
offer a chance to overcome these difficulties by utilizing existing
traffic cameras and surveillance systems. These technologies,
combined with strong object identification algorithms like YOLO
(You Only Look Once), allow for real-time detection and tracking
of people entering vehicle zones. These systems can detect
violations automatically by analyzing video feeds from numerous
general-purpose security cameras, avoiding the need for expensive
or specialized equipment.

This paper presents a deep learning-based method for detecting and
tracking people who violate vehicle zones on the road. The tech-
nology uses powerful object identification techniques to identify
people in real-time and follow their movements as they enter re-
stricted vehicle areas. The system detects violations precisely by
utilizing centroid-based tracking and spatial reasoning, flags those
identified, and provides visual feedback. This automated technol-
ogy reduces the need for staff involvement, improves the effective-
ness of road safety management, and offers a flexible, cost-effective
method for metropolitan locations to utilize current surveillance in-
frastructure.

1.1 Motivation

This research is motivated by the need to improve road safety,
ensure pedestrian-vehicle separation in traffic zones, and use ex-



isting infrastructure for intelligent monitoring. Cities can upgrade
general-purpose security cameras to advanced systems capable of
detecting human violations in vehicle-only zones.

(1) Provides real-time monitoring of restricted traffic areas without
the need for expensive, specific technology.

(2) Enhance police consistency, resulting in greater obedience to
traffic safety rules.

(3) Incorporate easily with existing smart city frameworks and
data analytics platforms to enhance urban traffic and safety
management.

1.2 Contributions
The primary contributions of this work are:

(1) Utilizing Public Cameras: Demonstrating the feasibility of
utilizing general-purpose surveillance cameras, which are
widely used for security purposes, to monitor human invasions
in car zones.

(2) Violation Detection Framework: Creating a full structure that
uses YOLO-based object identification algorithms to identify
and track people entering restricted traffic areas in real-time.

(3) Centroid-Based Tracking: Using a centroid-based technique
allows for pedestrian identity consistency between frames,
which improves detection accuracy as well as reliability.

(4) Zone-Specific Analysis: Uses spatial reasoning and polygon-
based filtering to detect violations within designated vehicle
zones, ensuring accurate monitoring of restricted regions.

(5) Adaptable and Scalable System: Creating a flexible frame-
work that adjusts to different camera angles and urban settings,
as well as the capacity to integrate with the cloud, allowing for
large-scale application in smart cities.

2. RELATED WORK

Several studies have explored person tracking using overhead
views to address challenges faced in traditional front-view datasets
[10]. One approach combines Faster-RCNN for object detection
with the GOTURN architecture for tracking, enabling robust
person tracking in various indoor and outdoor environments [1].
Another work focuses on long-term identity-aware multi-person
tracking for multi-camera surveillance, leveraging spatial and
appearance manifolds to propagate identity information across
frames [2]. The SiamMask framework adopts fully convolutional
Siamese networks for fast online object tracking and segmentation,
integrating pixel-wise binary mask prediction with bounding box
coordinates for improved tracking accuracy and efficiency [3].
Similarly, multi-camera tracking algorithms have been compared
using techniques such as particle filtering, face detection, and
edge alignment to track individuals in indoor environments with
overlapping camera views [4]. In the context of 3D multi-object
tracking, SimpleTrack introduces improvements like aggressive
non-maximum suppression (NMS) and enhanced association
techniques to reduce redundancy and improve localization and
identification in complex scenarios [5].

These studies highlight advancements in tracking technologies
through innovative deep learning and algorithmic approaches.

2.1 Data Acquisition

The dataset for this project was generated using real-world CCTV
footage gathered from safety cameras monitoring public areas. To
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guarantee accurate human detection and tracking, pre-trained mod-
els, like YOLO, were refined using a carefully selected collection
of overhead video streams. This fine-tuning procedure adjusts pre-
trained models to the particular requirements of overhead view per-
son tracking while using their broad feature extraction abilities.

2.2 YOLO Model Architecture

The YOLO [9] (You Only Look Once) model is a real-time object
detection framework known for its speed and accuracy. Unlike
traditional methods that involve region proposal followed by
classification, YOLO treats object detection as a single regression
problem. It divides the input image into a grid and predicts
bounding boxes, class probabilities, and confidence scores for each
cell.

Key Components of the YOLO Architecture:

(1) Input Layer: Resizes the image to a fixed dimension and nor-
malizes pixel values.

(2) Feature Extraction: A series of convolutional layers extract
features from the image, with batch normalization and pooling
layers to improve generalization and reduce overfitting.

(3) Grid-based Prediction: The image is divided into an SxS
grid. Each cell predicts bounding boxes, objectness scores, and
class probabilities.

(4) Bounding Box Regression: Each bounding box is defined by
its center coordinates, width, height, and confidence score, in-
dicating the probability of the box containing an object.

(5) Non-Maximum Suppression (NMS): Filters overlapping
boxes to retain the most probable detection for each object.

YOLO’s unified architecture makes it exceptionally fast, making
it suitable for real-time applications like traffic monitoring. Its
trade-off between speed and accuracy allows scalable deployment
on edge devices or cloud platforms.

For further details, refer to the article "Computer Vision and
Deep Learning-based Approach for Traffic Violations due to Over-
speeding and Wrong Direction Detection”

2.3 Model Architecture and Discussion

To detect and track persons in real-time, the system uses a cus-
tomizable deep-learning framework. It efficiently detects humans
using a YOLO-based architecture that detects objects instantly.
Advanced geographical analysis and rule-based algorithms are
then used to evaluate activities like accessing restricted areas or
breaking from designated lines. .

Step-wise YOLO Model Process:
Input Image — Grid Based Detection — Bounding Box Prediction
— Class Prediction — Non Maximum Suppression

Output: Detection of heads with bounding boxes, class labels, and
confidence scores.

This paper utilized the YOLO Model for object identification and
localization and integrated a tracking mechanism to maintain con-
sistent object identities across frames. The following subsections
elaborate on key components of the system:

(1) Object Detection and Object Tracking : A pre-trained
YOLO model is used for object detection and tracking.



(a) Object Detection :The YOLO model identifies pedestri-
ans in real time, dividing the input frame into an SxS grid.
Each grid cell predicts bounding boxes and their confi-
dence scores.

Confidence = P(Object) - IOUpyeq True

where P(Object) indicates the probability of an object in
the cell, and IOUpyeq v 18 the intersection-over-union of
the predicted and true bounding boxes.

(b) Object Tracking : A tracking mechanism assigns unique
IDs to the detected person and maintains consistency
across frames. Centroids and bounding box dimensions
are used to match detections frame-to-frame.

(2) Centroid Calculation and Categorization: Each detected
person is assigned a centroid [8] for simplified spatial repre-
sentation:
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2 2
Centroid positions are then checked against a pre-defined poly-

gon representing the restricted vehicle zone. Persons whose
centroids fall within this region are flagged as violators.

(3) Restricted Zone Violation Detection: The system checks
whether a person is entering a vehicle zone:
*A polygonal restricted zone is pre-defined using its coordi-
nates.
oIf the person’s centroid is within this zone, the system
records the violation, flags the individual, and updates the
violation count.

centroid, = centroid, =

2.4 Visualization and Output:

The proposed system provides a real-time visualization frame-
work to identify and track pedestrian violations in restricted vehicle
zones. Each processed frame includes:

(1) Detected pedestrians in restricted vehicle zones are highlighted
with unique bounding boxes.

(2) Each detected pedestrian is labeled with their tracking ID for
consistent identification across frames.

(3) The restricted vehicle zone is outlined in the frame, providing
a clear visual context for determining violations.

(4) Pedestrians entering the restricted zone are flagged with labels
such as ”Violation Detected.”

This system ensures an effective real-time solution for detecting
unauthorized pedestrian entry into vehicle zones.

3. CONCLUSION AND FUTURE WORK

The developed system successfully detects and tracks pedestrians
entering restricted vehicle zones in real time. Using YOLO-based
object detection and centroid tracking, it accurately identifies
violations and highlights them on screen. The system also keeps
track of violations and presents this data clearly, making it easier
for authorities to act on the information.

This solution reduces the need for manual monitoring and con-
tributes to safer roads by enforcing pedestrian-vehicle boundaries.
Its flexible and scalable design makes it suitable for a wide range
of urban traffic scenarios, while also being capable of integration
into larger smart city systems.
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Fig. 1. Turquoise Box around Pedestrian Invading Vehicle Area

Although the system works well in its current form, there are sev-
eral ways to improve it further:

(1) Adding features to detect patterns like jaywalking or sudden
intrusions could give more context to reported violations.

(2) Enhancing the logic to distinguish between accidental and in-
tentional violations could help authorities take more precise
actions.

(3) Making the system run efficiently on smaller devices placed at
the cameras themselves could reduce delays and make it scal-
able for large deployments.

(4) Improving the system to adapt to different lighting, weather, or
camera angles would make it even more reliable in real-world
conditions.
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