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1. INTRODUCTION

Remote sensing technology plays a significant role in monitoring and analyzing large-scale environments.
Remote sensing videos captured by satellites, drones, or unmanned aerial vehicles provide valuable information
for surveillance, traffic monitoring, and environmental analysis.

However, analyzing remote sensing videos presents several challenges. Objects in aerial videos often appear
small and may move rapidly across frames. In addition, environmental factors such as lighting variations,
background clutter, and camera motion make object detection and tracking difficult.

Object tracking is an important task in computer vision that involves identifying and following objects across
multiple video frames. Traditional tracking techniques rely on handcrafted features and motion estimation
algorithms. These methods often fail in complex scenarios involving multiple objects or occlusions.
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Deep learning has significantly improved object detection and tracking capabilities. Convolutional neural
networks have demonstrated excellent performance in detecting objects within images and videos. Among these
models, YOLO has gained popularity for its ability to perform real-time object detection with high accuracy.

Multi-object tracking algorithms such as Deep SORT have further enhanced tracking performance by combining
motion prediction and appearance feature extraction. By integrating YOLO and Deep SORT, it is possible to build
an efficient system for detecting and tracking multiple objects in remote sensing videos.

The objective of this research is to develop a deep learning-based framework capable of detecting and tracking
multiple objects in aerial video sequences

2. LITERATURE REVIEW

Several research studies have been conducted in the field of object detection and tracking using deep learning
techniques.

Early object detection methods relied on traditional machine learning techniques such as Support Vector
Machines and handcrafted feature extraction. These methods required significant manual feature engineering and
often struggled with large-scale datasets.

With the advancement of deep learning, convolutional neural networks have become the dominant approach for
object detection tasks. One of the most influential object detection frameworks is YOLO (You Only Look Once).
YOLO treats object detection as a regression problem and processes the entire image in a single forward pass
through a neural network. This allows the model to achieve high detection speed and real-time performance.

Researchers have proposed several improved versions of YOLO, including YOLOv3, YOLOVS, and YOLOVS,
which provide better detection accuracy and faster processing speed.

In addition to object detection, multi-object tracking has received significant attention in computer vision
research. Multi-object tracking aims to track multiple targets across video frames while maintaining consistent
identities.

The SORT (Simple Online and Realtime Tracking) algorithm was one of the early approaches used for multi-
object tracking. However, SORT relies only on motion information and cannot handle occlusion effectively.

To address this limitation, the Deep SORT algorithm was introduced. Deep SORT extends the SORT algorithm
by incorporating appearance feature extraction using deep neural networks. This enables the system to distinguish
between objects with similar motion patterns and reduces identity switching.

Recent studies have demonstrated that combining YOLO object detection with Deep SORT tracking provides
accurate and efficient multi-object tracking in video sequences.

Despite these advances, several challenges remain in remote sensing video tracking, including small object
detection, occlusion handling, and real-time performance constraints.

3. PROBLEM STATEMENT

Remote sensing videos contain complex visual environments that make object detection and tracking difficult.
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Some of the major challenges include:

Objects appearing at different scales
Small object sizes in aerial images
Background clutter and noise

Camera motion from drones or satellites
Occlusion between objects

Maintaining consistent object identities

Traditional tracking algorithms often fail to handle these challenges effectively. Therefore, an efficient system
that combines deep learning-based object detection with robust tracking algorithms is required.

The main goal of this research is to develop a framework capable of accurately detecting and tracking multiple
objects in remote sensing videos.

4. Objectives

The primary objectives of this research are:

To detect objects in remote sensing video frames using deep learning techniques.
To track multiple objects across consecutive frames.

To maintain consistent object identities during tracking.

To reduce identity switching between tracked objects.

To analyze object trajectories in aerial video sequences.

By achieving these objectives, the proposed system can improve the accuracy and efficiency of remote sensing
video analysis.

5. PROPOSED METHODOLOGY

The proposed system integrates deep learning-based object detection with multi-object tracking algorithms.

The system processes remote sensing videos in several stages:

1.
2.

6.
7

8.

Video preprocessing

Frame extraction

Object detection using YOLO

Feature extraction

Motion prediction

Data association

Multi-object tracking using Deep SORT

Trajectory generation

Each stage plays an important role in ensuring accurate detection and tracking of objects across frames.
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6. YOLO OBJECT DETECTION MODEL
YOLO is a deep learning-based object detection algorithm designed for real-time detection tasks.

Unlike traditional detection models that process images in multiple stages, YOLO processes the entire image in
a single neural network pass. This significantly improves detection speed.

The YOLO algorithm divides the input image into a grid of cells. Each grid cell predicts bounding boxes and
confidence scores indicating the presence of objects.

If an object is detected within a grid cell, the model predicts:

e Bounding box coordinates

e Object class

e Confidence score
After detection, a technique called Non-Maximum Suppression is applied to remove duplicate bounding boxes
and retain the most accurate detection.

YOLO has become one of the most widely used object detection algorithms due to its speed and accuracy.
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In the YOLO detection process, the input image is divided into multiple grid cells. Each grid cell predicts
bounding boxes and object class probabilities. If the confidence score exceeds a predefined threshold, the object
is detected. Non-Maximum Suppression removes overlapping bounding boxes to ensure accurate detection.

7. DEEP SORT TRACKING ALGORITHM
Deep SORT is a multi-object tracking algorithm that builds upon the SORT framework.

The algorithm combines motion prediction with appearance feature extraction to maintain consistent object
identities across frames.

The tracking process consists of several steps:
1. Predict object positions using a Kalman Filter.
2. Extract appearance features using a deep neural network.

3. Match detected objects with existing tracks using the Hungarian Algorithm.
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4. Assign unique IDs to tracked objects.

By combining motion and appearance information, Deep SORT improves tracking performance and reduces
identity switching.

Deep SORT
Difference
Detector
Mahalanobis
| distance
: Kalman Hungarian
» YOLOv4 * Detection’ Predict Deep Assignment
Appearance
Descriptor

Input Video Sequence Object Detectior

8. PROPOSED SYSTEM ARCHITECTURE

The proposed system integrates object detection and tracking modules to analyze remote sensing videos
efficiently.

The system begins by receiving remote sensing video input captured by drones or satellites. The video is divided
into frames and processed individually. Each frame is analyzed using the YOLO detection model to identify
objects.

Detected objects are passed to the Deep SORT tracking module, which associates them across frames and assigns
unique IDs. The system then generates trajectories representing the movement paths of tracked objects.
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The proposed architecture integrates YOLO object detection with Deep SORT multi-object tracking. YOLO
detects objects in each video frame, while Deep SORT maintains object identities across frames using motion
prediction and appearance feature matching.
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9.APPLICATIONS
The proposed remote sensing video tracking system can be applied in several real-world scenarios.
Some important applications include:

e Traffic monitoring and vehicle tracking

e UAV surveillance systems

e Border security monitoring

e Disaster management and rescue operations

e Environmental monitoring

e Smart city surveillance systems
These applications demonstrate the importance of accurate object detection and tracking in remote sensing video
analysis.

10.CONCLUSION

This research presented a deep learning-based framework for remote sensing video tracking using YOLO and
Deep SORT algorithms.

The proposed system combines fast object detection with robust multi-object tracking to analyze aerial video
sequences. YOLO provides efficient detection of objects in each video frame, while Deep SORT maintains
consistent object identities across frames.

The integration of these techniques enables accurate tracking of multiple objects in complex environments.

Future research can focus on improving detection accuracy for small objects and optimizing the system for real-
time deployment in large-scale surveillance applications.
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