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ABSTRACT

The Unmanned Aerial Vehicles (UAVs) have emerged as a powerful tool in modern surveillance and monitoring
applications due to their flexibility, mobility, and real-time data acquisition capabilities. This paper presents a
comprehensive system for vehicle tracking using UAVs, integrating aerial imaging, GPS technology, and computer
vision algorithms to detect and follow moving vehicles. The proposed method utilizes live video feed captured by the
UAYV, which is processed using object detection techniques such as YOLO (You Only Look Once) to accurately identify
vehicles. A Kalman filter-based tracking algorithm is employed to maintain consistent tracking even under temporary
occlusions or abrupt motion changes. The system is designed to operate efficiently in both urban and rural environments,
demonstrating high accuracy in target identification and tracking. Experimental results validate the effectiveness of the
proposed model in real-time scenarios, highlighting its potential for applications in traffic management, law
enforcement, and border surveillance.

Keywords: UAV, Vehicle Tracking, Real-Time Monitoring, Aerial Surveillance, Traffic Management, Target Detection,
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1. INTRODUCTION

In recent years, the advancement of Unmanned Aerial Vehicles (UAVs) has opened new possibilities for remote sensing
and real-time monitoring across various sectors. Among these, the use of UAVs for vehicle tracking has gained significant
attention due to their flexibility, mobility, and ability to cover large areas with minimal human intervention. Traditional
vehicle tracking systems often rely on fixed surveillance infrastructure, which can be limited in coverage and
responsiveness. In contrast, UAVs offer a dynamic platform capable of accessing remote, congested, or high-risk areas,
making them ideal for applications such as traffic management, law enforcement, and emergency response.

The primary objective of this project is to develop a system that enables UAVs to detect and track vehicles in real time. By
capturing live aerial footage and processing it to identify and follow vehicles, the system aims to enhance situational
awareness and improve decision-making in various operational scenarios. The proposed solution focuses on achieving
accuracy, efficiency, and reliability in both urban and rural environments, while minimizing the need for complex
infrastructure.

2. LITERATURE REVIEW

The use of Unmanned Aerial Vehicles (UAVs) for vehicle tracking has gained significant attention in recent years due to
their ability to provide real-time, high-resolution aerial imagery. UAVs offer several advantages over traditional vehicle
tracking systems, including mobility, flexibility, and the capability to monitor large areas from above. Integrating deep
learning models for object detection and tracking in UAVs has further enhanced the effectiveness of these systems.

2.1. UAV-based Vehicle Tracking
The application of UAVs for vehicle tracking has been explored in numerous studies. Early works focused on utilizing UAVs
for vehicle detection through image processing techniques such as background subtraction and optical flow analysis.
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However, these methods struggled in real-world environments with dynamic traffic, occlusions, and varying weather
conditions. To overcome these challenges, recent research has adopted deep learning-based models for object detection,
providing a significant boost in accuracy and robustness.

2.2. Deep Learning for Vehicle Detection

Deep learning techniques, particularly Convolutional Neural Networks, have shown great promise in object detection tasks.
Redmon et al. introduced the YOLO algorithm, a real-time object detection method that uses CNNs for detecting and
localizing objects in images. Building on such advancements, researchers have employed more complex networks such as
GoogLeNet to further improve detection accuracy and efficiency. GoogleNet’s use of Inception modules allows it to capture
features at multiple scales, making it ideal for handling the varying sizes of vehicles in aerial images.

T UAV Controller
— —_— -— s : — ——

Initial CNN architectures such as AlexNet demonstrated the feasibility of using deep learning for object recognition. Over
time, more advanced architectures like VGGNet, ResNet, and GoogLeNet were developed to improve accuracy and
efficiency. GoogLeNet, in particular, introduced a novel concept called Inception modules, which allowed the network to
perform convolution operations at multiple scales simultaneously. This architecture reduces computational complexity while
preserving high performance, making it suitable for resource-constrained environments such as UAVs.

GoogLeNet’s depth and design help it extract both low-level and high-level features, which are essential for detecting vehicles
of different shapes, sizes, and orientations in aerial imagery. Unlike traditional methods that rely heavily on handcrafted
features, GoogLeNet can learn and generalize features from diverse training datasets, enabling it to perform well even in
cluttered scenes or complex urban environments

3. PROPOSED SYSTEM

The proposed system aims to develop a vehicle tracking solution using Unmanned Aerial Vehicles integrated with deep
learning techniques for accurate detection and continuous tracking of moving vehicles in real-time. The system is designed
to operate efficiently in dynamic outdoor environments such as roads, highways, and urban areas.

The UAV captures real-time aerial video footage, which is processed frame-by-frame. A deep learning model is trained to
identify and localize vehicles in each frame. For this purpose, a pre-trained convolutional neural network architecture is fine-
tuned using the VisDrone dataset, which contains a wide variety of annotated aerial images. This enhances the model’s ability
to detect vehicles of different sizes and orientations under various lighting and environmental conditions.

Once the vehicles are detected in each frame, a tracking mechanism is implemented to maintain the identity of each vehicle
across subsequent frames. This ensures consistent tracking even when vehicles change direction, experience temporary
occlusion, or move at different speeds. The tracking system is capable of distinguishing between multiple vehicles, reducing
false positives and improving overall tracking accuracy.

The entire pipeline is developed and executed in MATLAB, which provides the tools necessary for video processing, model

training, and visualization. The proposed system ensures minimal latency and supports near real-time performance by
optimizing both the detection and tracking components.

A convolutional neural network model is trained using the visdrone dataset, which consists of annotated aerial images
representing real-world scenarios. The use of this dataset allows the model to learn diverse features related to vehicle size,
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orientation, shape, and color. The network is fine-tuned to detect vehicles specifically, reducing false detections of other

objects like pedestrians or bicycles.

Once vehicles are detected in a frame, tracking is performed to maintain the identities of each vehicle across successive
frames. This tracking component uses algorithms that analyze motion, position, and appearance to predict the location of
each vehicle in the next frame. It helps in dealing with challenges like occlusion, abrupt motion, or overlapping vehicles.

The entire system is implemented in a matlab environment, where the deep learning model is trained and tested, and video
processing is handled efficiently. Matlab provides a comprehensive platform for integrating detection, tracking, and
visualization tasks. The output includes bounding boxes around detected vehicles and unique identifiers for each tracked

vehicle, updated in real-time.

4. RESULTS
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The results of the proposed vehicle tracking system using unmanned aerial vehicles are presented in this section. The system
was trained and evaluated using a publicly available aerial dataset containing a wide variety of urban and suburban traffic
scenes. The dataset includes multiple classes of vehicles and features such as varying illumination, occlusions, and changes
in scale and viewpoint.

The training process was conducted using a convolutional neural network architecture. The model was fine-tuned through
transfer learning, and the training showed consistent convergence over time. Both the training and validation losses decreased
steadily, indicating that the network was learning discriminative features for vehicle detection and tracking.

The performance of the model was evaluated using standard metrics for object detection and tracking. The model showed a
good balance between detection accuracy and generalization capability. It was able to detect and localize different types of
vehicles with satisfactory precision. The system also demonstrated acceptable recall, indicating its ability to correctly identify
most vehicle instances in challenging scenarios.

Visual results support the effectiveness of the proposed method. Sample output frames show accurate detection of vehicles,
even in cases of partial occlusion or cluttered backgrounds. The bounding boxes generated by the network closely match the
actual positions of the vehicles, and the system remains stable across varying altitudes and camera angles.

Non-vehicle

True Class

Vehicle

Non-vehicle Vehicle
Predicted Class
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Further analysis of the model's behavior revealed that it performs particularly well in open road scenarios where vehicles are
clearly separated and the background is less cluttered. In these conditions, the detection accuracy remains consistently high,
and the tracking system is able to maintain identity information across multiple frames without interruption. This stability is
essential for applications such as traffic monitoring and incident detection.

In more congested environments, especially during heavy traffic or when vehicles are partially occluded, the model continues
to perform adequately, although occasional false positives or missed detections may occur. These errors are typically
observed when vehicles are very close together or when small vehicles are partially hidden behind larger ones. Despite these
challenges, the model demonstrates resilience and is able to recover in subsequent frames.

The model’s performance was also tested across different times of day, including early morning and late evening scenes.
Variations in lighting affected the detection confidence slightly but did not significantly degrade overall performance. The
use of a pretrained model and fine-tuning helped the system generalize better to changes in illumination and appearance.

To evaluate real-time feasibility, the model was tested on systems with limited processing power similar to those used on
UAYV platforms. The results indicated that the tracking pipeline can run efficiently with acceptable response times, enabling
onboard processing without the need for cloud-based computation. This is particularly important in scenarios where
connectivity is limited or latency must be minimized.

Conclusion:

The project presents an effective and practical approach to vehicle tracking using unmanned aerial vehicles supported by
deep learning techniques. By utilizing aerial footage captured by UAVs and processing it through a trained convolutional
neural network, the system is capable of accurately detecting and tracking multiple vehicles in real-time. The use of the
visdrone dataset has enhanced the detection accuracy by providing diverse and realistic training data.

The implementation of this system in matlab has enabled efficient video processing, model training, and visualization, making
it a reliable tool for applications such as traffic monitoring, law enforcement, and urban planning. The tracking mechanism
maintains the continuity of vehicle movement across frames, addressing common challenges like occlusion, varying vehicle
speeds, and changes in direction.

In addition to real-time monitoring, this system can contribute to a variety of applications such as accident detection, route
optimization, and smart city planning. It lays a foundation for future development in autonomous traffic management systems
and aerial surveillance.

In conclusion, the system not only meets the technical objectives of vehicle detection and tracking but also opens possibilities
for scalable deployment in real-world environments. With further optimization and integration of real-time edge computing,
the system can become an essential tool in modern intelligent transportation infrastructure..

Future Scope:

The proposed system demonstrates promising results in vehicle tracking using unmanned aerial vehicles and deep learning
techniques. However, there are multiple areas where the system can be expanded and improved in the future. One significant
direction is the enhancement of real-time capabilities by integrating edge computing devices directly on the UAV. This would
allow the system to perform detection and tracking onboard, reducing dependency on ground-based processing and ensuring
faster response times. The system can also be integrated with intelligent traffic management platforms to provide live traffic
updates, congestion detection, and automated violation monitoring, which are essential for smart city development.

Improving the tracking mechanism to handle challenges such as overlapping vehicles, sudden movements, and temporary
occlusions will enhance its performance in complex urban environments. Additionally, the system’s robustness can be
improved by training it on more diverse datasets that include various weather conditions, lighting changes, and different
times of day. Future developments may also include autonomous UAV navigation, enabling the drones to patrol specific
routes or respond dynamically to incidents without human control.
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