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ABSTRACT

Real time object detection and tracking have become fundamental components of intelligent
vision systems. These technologies are widely used in applications such as video surveillance,
traffic monitoring, smart transportation systems, crowd analysis, and human activity
recognition. The ability to accurately detect and continuously track multiple objects in
dynamic environments is essential for building reliable and automated monitoring systems.
Traditional computer vision techniques relied on handcrafted features and classical tracking
algorithms, which often struggled in complex environments involving occlusions,
illumination changes, and scale variations. With the advancement of deep learning, modern
object detection models have significantly improved detection accuracy and robustness.
Among these models, YOLOvVS has emerged as an efficient and high performance real time
detection framework. In multi object tracking systems, detection alone is not sufficient.
Maintaining consistent object identities across consecutive frames is equally important.
Challenges such as object overlap, temporary disappearance, and motion blur can interrupt
tracking continuity. To address these issues, tracking algorithms such as ByteTrack utilize
motion prediction and association strategies to preserve object identity even under partial
occlusion conditions. This project focuses on developing a real time multi class object
detection and tracking system with effective occlusion handling using YOLOvV8 and the
ByteTrack algorithm. Unlike GPU dependent implementations, the proposed system is
optimized to operate efficiently in CPU only environments. Techniques such as resolution
optimization and offline video processing are applied to ensure smooth performance on

resource constrained devices. The main objective of this work is to demonstrate that deep
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learning based multi object tracking can be implemented effectively even under hardware
limitations, thereby extending its applicability to low resource systems such as standard
laptops and embedded platforms.
Keywords: Deep Learning; Object Detection; Multi-Object Tracking; YOLOv8; YOLOVS-

nano; Byte Track; Occlusion Handling; Motion Prediction; TrackMemory

1. INTRODUCTION

Recent advancements in computer vision and deep learning have significantly improved the
capability of machines to analyze visual data, particularly in real-time object detection and
tracking applications such as surveillance, autonomous driving, and traffic monitoring.
Traditional methods based on handcrafted features faced limitations in complex and dynamic
environments, whereas deep learning approaches, especially Convolutional Neural Networks
(CNNs), have achieved superior accuracy and efficiency. Among these, the You Only Look
Once (YOLO) family stands out for its ability to perform detection in a single pass, enabling
real-time performance. The latest model, YOLOvVS, introduces improved architecture,
enhanced feature extraction, and anchor-free detection, making it highly effective for multi-
class object detection even in resource-constrained environments. However, challenges such
as occlusion, object overlap, and identity switching during tracking still affect system
reliability. Occlusion, where objects are partially or fully hidden, can lead to missed
detections and tracking errors. To address these issues, this work presents a YOLOvS8-based
real-time multi-class object detection and tracking system with effective occlusion handling,
integrating advanced tracking techniques to maintain consistent object identities across

frames while ensuring robust and efficient performance in real-world scenarios.

2. LITERATURE SURVEY

The literature on real-time object detection and tracking highlights significant progress driven
by deep learning models, particularly the YOLO framework, which introduced fast and
efficient single-stage detection. Subsequent improvements like YOLOv4 enhanced the
balance between speed and accuracy, enabling practical deployment in real-world and
resource-constrained environments. In multi-object tracking, algorithms such as ByteTrack

improved performance by utilizing both high and low confidence detections, reducing missed

Vol 15 Issue 06, June 2026 ISSN 2456 — 5083 Page 282



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

WWW.1jlemr.org

targets and identity switches. Similarly, SORT provided a lightweight and real-time tracking
solution, though it faced challenges in handling occlusions and maintaining consistent
identities. Overall, existing studies emphasize key challenges such as occlusion handling,
computational efficiency, and robust tracking, motivating the development of advanced

approaches like YOLOv8-based systems.
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4. REQUIREMENTS

4.10perating System (windows)

The Windows operating system serves as the primary execution environment for the
proposed system. It provides a stable and widely supported platform for running Python-
based applications and deep learning frameworks. Windows offers compatibility with
essential libraries such as OpenCV and PyTorch and supports efficient file handling, video

processing, and development tools. The use of Windows ensures that the system can be
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deployed on standard laptops and desktop systems without requiring specialized

configurations or hardware acceleration.
4.2 Python Programming Language

Python is used as the core programming language for implementing the entire object
detection and tracking system. Its high-level syntax, extensive standard library, and strong
community support make it ideal for developing complex computer vision applications.
Python allows seamless integration of deep learning models, efficient handling of numerical
computations, and easy manipulation of video frames. The availability of powerful libraries

significantly reduces development complexity and enables rapid experimentation and testing.

4.3 Open CV

Open CV (Open Source Computer Vision Library) is utilized for handling video-related
operations within the system. It is responsible for reading video files, extracting frames,
performing image preprocessing operations such as resizing and format conversion, and
displaying or saving processed frames. Open CV provides optimized and efficient image
processing functions, making it suitable for real-time and offline video analysis applications

on CPU-based systems.
4.4 YOLO (You Only Look Once)

YOLO is a state-of-the-art deep learning—based object detection framework that detects
multiple objects in an image or video frame in a single forward pass of a neural network.
Unlike traditional multi-stage detection methods, YOLO treats object detection as a
regression problem, enabling faster processing with reduced computational overhead. In this
project, a lightweight variant of YOLO is employed to achieve an optimal balance between
detection accuracy and processing speed, making it suitable for CPU-only and low-resource

environments.
4.5 Pytorch

PyTorch is an open-source deep learning framework used to implement and execute the
YOLO based object detection model. It provides flexible model definition, efficient tensor
computation, and strong support for CPU execution. PyTorch’s dynamic computation graph

allows easier debugging and customization of deep learning models. Its compatibility with
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various optimization techniques makes it suitable for deploying deep learning solutions in

resource-constrained systems.

5. RESULT AND DISCUSSION

The proposed YOLOvS8-based real-time multi-class object detection and tracking system
demonstrated effective performance in detecting and tracking multiple objects across video
frames with high accuracy and consistency. The integration of YOLOV8 enabled fast and
reliable object detection, achieving real-time processing speeds suitable for practical
applications even on CPU-based systems. The system successfully identified multiple object
classes simultaneously while maintaining stable performance under varying lighting
conditions and dynamic backgrounds. The incorporation of tracking algorithms inspired by
approaches such as ByteTrack improved object association across frames, reducing identity
switches and enhancing tracking continuity.

A key focus of this work was handling occlusion, and the results indicate that the proposed
approach effectively maintained object identities even when partial or temporary occlusions
occurred. Compared to traditional methods like SORT, the system showed improved
robustness in crowded scenes and complex environments where object overlap is common.
The use of efficient libraries such as OpenCV and PyTorch contributed to optimized
processing and smooth frame handling without significant latency.

However, certain limitations were observed, particularly in cases of prolonged or complete
occlusion, where temporary loss of object identity could still occur. Additionally,
performance may vary depending on video resolution and hardware constraints, with slight
reductions in speed on lower-end systems. Despite these challenges, the overall system
achieved a strong balance between detection accuracy, tracking reliability, and computational
efficiency. These results validate the effectiveness of the proposed approach and highlight its
suitability for real-world applications such as surveillance, traffic monitoring, and smart

video analysis systems.
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6. EXPERIMENTAL RESULTS

Method Accuracy (%)| FPS ID
Switches
YOLOVS +
ByteTrack 02 28 >
YOLOvS + SORT |85 30 12
YOLOv4 + SORT |80 22 18
7. APPLICATIONS

The proposed YOLOVS8-based real-time multi-class object detection and tracking system with
occlusion handling has a wide range of practical applications across various domains. It can
be effectively used in intelligent video surveillance systems for monitoring public spaces,
detecting suspicious activities, and enhancing security. In traffic management, the system
helps in vehicle detection, traffic flow analysis, and violation monitoring such as signal
jumping and lane discipline. The approach is also useful in autonomous driving systems,
where accurate detection and continuous tracking of pedestrians, vehicles, and obstacles are
critical for safe navigation. In smart cities, it supports crowd monitoring, people counting,
and event management by handling dense and occluded scenarios efficiently. Additionally,
the system can be applied in retail analytics for customer behavior tracking, as well as in
industrial automation for object monitoring and quality inspection, demonstrating its
versatility and real-world significance.

Additionally, the system can be applied in healthcare monitoring for tracking patient
movement and ensuring safety in hospitals. It is useful in sports analytics for player
tracking, performance analysis, and strategy development. In agriculture, it can assist in
monitoring livestock and detecting intrusions in farm areas. The approach can also be used in
human-computer interaction systems for gesture recognition and activity tracking.
Furthermore, it supports disaster management by enabling search, rescue, and crowd

monitoring operations in critical situations.

8. CONCLUSION

This paper presented a YOLOvS8-based real-time multi-class object detection and tracking

system with effective occlusion handling, designed for accurate and efficient performance in
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real-world scenarios. The use of advanced detection capabilities combined with robust
tracking techniques enabled the system to maintain object identities across frames while
handling challenges such as partial occlusions and dynamic environments. Experimental
results demonstrated that the proposed approach achieves a strong balance between accuracy,
speed, and computational efficiency, making it suitable for deployment on resource-
constrained systems. Compared to traditional methods, the system showed improved
robustness in crowded and complex scenes. Overall, the proposed model provides a reliable
and scalable solution for applications such as surveillance, traffic monitoring, and smart
systems, while also offering scope for future improvements in handling prolonged occlusions

and further optimizing performance.

9.FUTURE SCOPE

The future scope of the proposed system includes enhancing its ability to handle long-term
occlusions using advanced tracking and re-identification techniques. Further improvements
can be achieved by integrating transformer-based models and attention mechanisms to
increase detection accuracy in complex environments. The system can be optimized for edge

and embedded devices through model compression techniques such as pruning and

quantization for faster and energy-efficient performance. Additionally, incorporating multi-
camera data fusion and IoT integration can enable large-scale, real-time intelligent
monitoring systems. Future developments may also focus on domain-specific adaptations,
low-light detection, anomaly detection, and privacy-preserving techniques to expand its
applicability and reliability.

Furthermore, future research can explore the integration of cloud and edge computing to
enable scalable and distributed processing of large-scale video data in real time. The
incorporation of advanced data analytics and visualization techniques can provide deeper

insights for decision-making in various applications.
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