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Multi-Object Tracking (MOT) is a task in computer vision. It aims to detect and track
objects across video frames while keeping their identities consistent. Traditional
surveillance systems mainly record video footage without automated object
identification or tracking. This requires monitoring and leads to inefficiency in
crowded environments. This project proposes a multi-object tracking system. It
integrates YOLOVS for real-time object detection, DeepSORT for tracking and face
recognition for identity verification. The system detects persons and vehicles from
real-time video streams or recorded footage. It assigns tracking IDs to maintain object
identity across frames. A global ID management module ensures that the same
individual receives the identity when reappearing in different frames or cameras.
Optimization techniques like frame skipping and GPU acceleration improve
processing speed and system efficiency. Experimental evaluation demonstrates object
detection, consistent tracking performance and reduced identity switching. The
proposed system is suitable for surveillance applications like public security
monitoring, traffic analysis and crowd management.
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1. INTRODUCTION

Modern surveillance systems generate a lot of video data through CCTV cameras and monitoring devices.
Monitoring large volumes of video manually is inefficient and prone to human error. Therefore intelligent video
analytics systems have become essential for automated monitoring and security applications.

Multi-object tracking is a computer vision technique. It detects objects in video frames and tracks their movement
across time while maintaining identity consistency. Traditional object detection techniques can detect objects in
frames. However they fail to maintain identity when the object moves across frames or temporarily disappears

due to occlusion.

Recent advancements in learning have significantly improved object detection and tracking performance. Models
like YOLOVS provide real-time object detection with accuracy. Tracking algorithms like DeepSORT use motion
and appearance features to maintain object identities across frames.
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However challenges still exist in maintaining identity consistency. There is a need to reduce identity switching
and handle scenarios like occlusion and crowded environments. To address these challenges this project integrates
detection, tracking and face recognition into a surveillance system. This system can assign global IDs to
individuals.The proposed system improves tracking reliability. It enables real-time monitoring for surveillance
applications.

2. LITERATURE REVIEW
A. Object Detection using YOLO

YOLO (You Only Look Once) is a learning-based object detection algorithm. It is widely used for real-time
detection tasks. YOLOvVS8 improves detection accuracy and speed. It uses anchor- detection heads and improved
feature extraction mechanisms.

B. Multi-Object Tracking Techniques

Tracking algorithms like SORT, DeepSORT and ByteTrack have been widely used for tracking objects in videos.
DeepSORT improves the SORT algorithm. It incorporates appearance features allowing more reliable tracking
during occlusion and motion variations.

C. Identity Re-Identification

Identity re-identification techniques help maintain identities. This happens when objects temporarily disappear
or reappear in the frame. Face recognition methods can generate encoding vectors for individuals. They match
these vectors with stored encodings to maintain identity consistency.

D. Challenges in Multi-Object Tracking

Existing systems face limitations. These include identity switching, tracking loss during occlusion and high
computational complexity. These issues reduce the reliability of real-time surveillance systems. There is a need
for tracking mechanisms.

The proposed system addresses these challenges. It combines YOLOVS detection, DeepSORT tracking and face
recognition-based identity verification.

3. METHODOLOGY

The methodology of the proposed Enhanced MultiObject Tracking System focuses on integrating modern deep
learning detection techniques. It combines these with tracking and identity verification mechanisms. The system
combines computer vision components. These include object detection, multi-object tracking and face
recognition. The goal is to maintain object identities across video frames.

The overall workflow begins with video acquisition. It ends with real-time visualization of tracked objects along
with global identities. The methodology consists of major stages. These include data acquisition, frame
preprocessing, object detection, tracking, identity verification and output visualization. Each stage plays a role in
ensuring accurate detection and tracking performance in real-time surveillance scenarios.

A. Video Data Acquisition
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The first step in the proposed methodology is acquiring video input. This can be from sources. The system is
designed to work with video sources. These include live webcam feeds, CCTV camera streams or pre-recorded
video files. The video stream acts as the data source for the object detection and tracking process.

In real-world surveillance systems cameras continuously capture video frames. These frames contain people,
vehicles and other objects. These video frames are processed sequentially to identify and track objects
simultaneously. The video input module captures frames at a frame rate. It sends them to the processing pipeline.

The system supports both real-time streaming and video processing. This allows flexibility for applications like
smart surveillance, traffic monitoring and security systems.

B. Frame Extraction and Preprocessing

After acquiring the video stream the next step is to divide the video into frames. Each frame represents an image.
It can be processed by deep learning models for object detection.

Frame extraction is performed using computer vision libraries like OpenCV. The extracted frames are then
preprocessed. This improves detection accuracy and computational efficiency.

The preprocessing stage includes operations:

e Frame resizing: Frames are resized to match the input size required by the YOLOv8 detection model.

e Normalization: Pixel values are normalized to a range suitable for neural network input.

e Color space conversion: Frames may be converted from BGR to RGB format for compatibility with learning
models.

e Noise reduction: Basic filtering may be applied to reduce noise in the image.

Preprocessing ensures that the frames are properly formatted and optimized. They are then passed to the detection

model.

C. Object Detection using YOLOvS

Object detection is a stage in the multi-object tracking system. The proposed system uses the YOLOv8 (You Only
Look Once version 8) model. It detects objects in each frame.

YOLOVS is a state-of-the-art deep learning model. It performs object detection in a pass through the neural
network. Unlike detection methods YOLO treats object detection as a regression problem. It predicts bounding
boxes and class probabilities

The YOLOvVS8 model processes each input frame. It outputs the following information for every detected object:

e Bounding box coordinates (X, y, height)

e Object class label (person, car, bus, truck, motorcycle)

e Confidence score indicating detection reliability
The system filters detection results based on a predefined confidence threshold. This removes predictions.
Additionally Non-Maximum Suppression (NMS) is applied. This eliminates overlapping bounding boxes.
Retains the most accurate detection. This stage produces a set of object detections. These are passed to the
tracking algorithm.

D. Multi-Object Tracking using DeepSORT
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Once objects are detected in each frame the system must track them across frames. It maintains identities. For
this purpose the proposed system integrates the DeepSORT tracking algorithm.

DeepSORT (Deep Simple Online Real-Time Tracking) is a version of the SORT algorithm. It incorporates
appearance features in addition to motion information. It uses a combination of motion prediction and feature
similarity to associate objects across frames.

The DeepSORT tracking process involves steps:

1. Feature Extraction:
DeepSORT extracts deep appearance features from each detected object using a convolutional neural network.

2. Motion Prediction:
A Kalman filter is used to predict the position of each tracked object based on its previous motion.

3. Data Association:
The algorithm matches detections with previously tracked objects using a similarity metric based on position
and appearance features.

4. Track ID Assignment:
Each object is assigned a tracking ID that remains consistent as long as the object is visible in the frame
sequence.

This tracking mechanism significantly reduces identity switching. It improves tracking stability in environments.

E. Face Recognition for Identity Verification

To further enhance identity tracking accuracy the system integrates a face recognition module for detected
persons.

Face recognition is used to generate feature embeddings for individuals. These embeddings represent
characteristics in numerical vector form.

The process includes:

o Extracting the face region from the detected person bounding box

e Resizing the face image for processing

e Generating face encoding vectors using a deep learning model

e Comparing the encoding with stored face encodings

If a match is found the system assigns the previously stored Global ID to that person. If no match is found a new
Global ID is created. This mechanism ensures that individuals maintain the identity. This happens even if they
temporarily disappear from the frame and reappear later.

FE Global Identity Management

The system maintains a mapping between tracking IDs generated by DeepSORT and permanent global IDs
assigned by the face recognition module.

A dictionary or database structure is used to store

e Track ID
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e Global ID

e Face encoding vector

Whenever a person is detected the system checks whether their face encoding matches an existing identity. If a
match is found the existing Global ID is reused. Otherwise a new Global ID is assigned. This global identity
management mechanism prevents identities. It improves long-term tracking reliability.

G. Visualization and Output Generation
In the stage of the methodology the system displays tracking results on the processed video frames.
The output visualization includes:

e Bounding boxes around detected objects

e Object class labels

e Tracking IDs

e Global IDs for recognized persons

The processed frames are displayed in time or saved as a video file for later analysis. This visual output provides
a representation of the tracking results and system performance.

4. System Architecture Explanation

The proposed Enhanced Multi-Object Tracking System follows an architecture. It integrates functional
components responsible, for video processing, detection, tracking and identity management.

The architecture is designed to support real-time performance. It maintains scalability and reliability.
A. Overview of System Architecture
The system architecture consists of the following modules:

Video Input Module

Frame Processing Module

Object Detection Module

Tracking Module

Face Recognition Module

Global Identity Management Module
. Visualization Module

N U R L

Each module talks to the one in order to process video data and produce the final tracking output.
B. Video Input Module

The video input module gets video data from sources like webcams CCTV cameras or stored video files. It keeps
sending frames to the processing pipeline. This part makes sure video frames are captured at the intervals for real-
time processing.

C. Frame Processing Module

The frame processing module turns video streams into frames and does things like resizing and normalization.
Fast frame processing is crucial for keeping processing speed in real-time systems.
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D. Object Detection Module

The detection module uses YOLOVS to find objects in each frame. This module looks at the image. Finds objects
like persons and vehicles. It gives bounding box coordinates and class labels for each object found.

E. Tracking Module

The tracking module uses DeepSORT to track objects across frames. It uses motion prediction and feature
similarity to match objects between frames and keep tracking IDs consistent. This module is important for
reducing identity switching and tracking errors.

F. Face Recognition Module

The face recognition module takes features from detected persons and makes face encoding vectors. These
encodings are compared with stored ones to verify identity and assign IDs.

G. Global ID Management Module

The global ID management module stores identity information and keeps track IDs and global IDs mapped. This
module ensures identity tracking across the whole video sequence

H. Output Visualization Module

The final module shows detection and tracking results on video frames. The visualization includes bounding
boxes, labels, tracking IDs and global identities.

5. PROPOSED ALGORITHM

The proposed algorithm combines object detection, tracking and identity verification into one workflow. The
algorithm processes each frame in order to detect and track objects while keeping identities consistent.

Input
Video. Video frames.
Output

Detected objects with tracking IDs and global IDs.

Algorithm Steps

1. Start the surveillance system.

Load the pretrained YOLOVS detection model.
Load the DeepSORT tracking model.

Set up the face recognition model.

Capture video stream from camera or video file.

Turn the video stream into frames.

A A o

For each frame do the following:
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a. Resize. Preprocess the frame.

b. Use YOLOVS to detect objects in the frame.

c. Get bounding boxes, class labels and confidence scores.
d. Remove detections.

e. Send detection results to DeepSORT tracker.

f. Predict object positions.

g. Match objects with frame detections.

h. Assign tracking IDs to objects.

1. Take face regions from detected persons.

Jj. Make face encoding vectors.

k. Compare encodings with stored identity database.

1. Assign existing global ID if match found.

m. Otherwise assign global ID.

n. Update object trajectories and identity records.

o. Display bounding boxes, labels and IDs on the frame.

8. Repeat for all frames.

9. Stop the system when the video ends.

6. EXPERIMENTAL RESULTS

To see how well the proposed system works several experiments were done using real-time video streams and
recorded surveillance footage. The experiments focused on detection accuracy tracking consistency and
processing speed.

A. Experimental Setup

The system was made using Python with these libraries:

*+  OpenCV

* PyTorch

* Ultralytics YOLOV8
*  DeepSORT

» Face Recognition Library
Hardware:

Processor: Intel i5 / Ryzen 5

RAM: 8 GB
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GPU: NVIDIA CUDA-enabled GPU (optional)
B. Dataset
The experiments used these datasets:

* COCO dataset for pretrained YOLO detection

* Custom vehicle dataset

* Real-time webcam recordings

The dataset had scenarios like crowded environments, different lighting conditions and object movements.

C. Performance Metrics
These metrics were used to evaluate system performance:

* Detection accuracy

» Tracking accuracy

* Identity switching rate

* Frames per second (FPS)
D. Detection Performance

The YOLOVS model got high object detection accuracy across test scenarios. It successfully detected persons and
vehicles in real-time video streams with false detections.

Average detection accuracy was 95%.

E. Tracking Performance

The DeepSORT algorithm tracked objects across frames. Kept identities consistent.

Adding appearance features greatly reduced identity switching compared to tracking methods.
Tracking accuracy was 92%.

E Processing Speed

The system worked in time with an average processing speed of:

CPU processing: 20-25 FPS

GPU processing: 30—40 FPS

Frame skipping techniques improved system speed without affecting detection accuracy.

G. Result Analysis

Experimental results show that the proposed system provides multi-object tracking performance.
Key achievements:

» Accurate object detection using YOLOvVS

» Stable object tracking using DeepSORT

+ Consistent identity verification using face recognition
* Reduced identity switching

* Real-time processing capability
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The results confirm that the system is suitable for intelligent surveillance applications like smart city monitoring,
security systems and crowd analysis.

7. CONCLUSION

This project presented a multi-object tracking system that combines YOLOVS detection, DeepSORT tracking and
face recognition for intelligent surveillance applications. The system. Tracks multiple persons and vehicles in real
time while keeping identities consistent across frames.

Using face recognition ensures global identity assignment reducing identity switching problems in traditional
tracking systems. Optimization techniques like frame skipping and GPU acceleration improve real-time
performance. Experimental results show that the proposed system provides detection, efficient tracking and
scalable performance for real-world surveillance applications.

Future improvements may include -camera tracking, improved re-identification techniques and deployment, on
edge devices for smart city surveillance systems.
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