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Abstract. Oil spills pose a significant threat to marine biodiversity, coastal ecosystems, and 

maritime industries, making rapid detection and monitoring essential for minimizing environ-

mental damage. This research introduces an intelligent oil spill detection framework that inte-

grates drone-based surveillance with Synthetic Aperture Radar (SAR) image analysis for con-

tinuous environmental monitoring. The proposed system processes live aerial video captured by 

drones together with uploaded SAR images using grayscale image conversion, threshold seg-

mentation, contour extraction, and image processing techniques implemented through OpenCV. 

A graphical user interface allows users to switch between original and processed views for easier 

validation of detected oil spill regions. The framework estimates spill location and affected area 

while providing real-time visualization to support rapid emergency response. Experimental 

evaluation demonstrates reliable detection performance under varying environmental conditions 

while maintaining low processing latency suitable for real-time applications. The combination 

of drone imaging and SAR-based analysis provides an efficient, scalable, and cost-effective 

solution for marine oil spill monitoring and environmental protection. 
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I. Introduction 

Marine environments play a vital role in maintaining ecological balance, supporting 

biodiversity, and sustaining economic activities such as fishing, shipping, and tourism. 

However, accidental oil spills caused by offshore drilling, tanker collisions, pipeline 

failures, and industrial operations continue to threaten these ecosystems. Oil released 

into water spreads rapidly across the surface, affecting marine organisms, contaminat-

ing coastal habitats, and causing long-term environmental and economic damage. 
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Therefore, early detection and continuous monitoring of oil spills are essential to reduce 

their impact and support timely cleanup operations. 

 

Conventional oil spill monitoring techniques mainly rely on satellite imagery, air-

craft surveillance, and manual inspections. Although these methods have been widely 

adopted, they often suffer from several limitations, including delayed image acquisi-

tion, high operational costs, dependence on weather conditions, and limited spatial res-

olution. In many emergency situations, these constraints reduce the effectiveness of 

response teams and increase the time required to identify the exact spill location. Con-

sequently, there is a growing demand for intelligent monitoring systems capable of 

providing rapid, reliable, and real-time detection of oil contamination. 

 

Recent developments in unmanned aerial vehicles (UAVs), computer vision, and 

image processing technologies have created new opportunities for environmental mon-

itoring. Drone-mounted cameras can capture high-resolution images and live video 

streams from inaccessible marine regions with greater flexibility and lower operational 

costs than conventional surveillance systems. Simultaneously, Synthetic Aperture Ra-

dar (SAR) imagery has become an effective remote sensing technology because it can 

capture surface information regardless of cloud cover, weather conditions, or daylight 

availability. The combination of drone surveillance and SAR imaging enables continu-

ous observation of large water bodies while improving the accuracy and reliability of 

oil spill identification. 

 

Advancements in computer vision techniques have further enhanced the capability 

of automated environmental monitoring systems. Image preprocessing methods such 

as grayscale transformation, threshold segmentation, contour extraction, and region 

analysis enable the identification of oil-contaminated areas based on differences in 

pixel intensity and surface texture. These techniques reduce manual intervention while 

allowing faster detection and visualization of spill regions. Moreover, integrating 

graphical interfaces with automated detection algorithms simplifies system operation 

and enables users to verify detection results through both original and processed image 

views. 

 

The proposed work introduces an intelligent real-time oil spill detection framework 

that integrates drone-based surveillance with SAR image analysis using computer vi-

sion techniques. The system processes live aerial video and uploaded SAR images 

through grayscale conversion, binary thresholding, contour detection, and spill area es-

timation using OpenCV-based algorithms. A user-friendly graphical interface devel-

oped with Python allows operators to monitor detection results, estimate spill size and 

location, and switch between different visualization modes for accurate validation. By 

combining real-time monitoring, automated image analysis, and efficient visualization, 

the proposed framework enhances environmental surveillance, reduces response time 

during oil spill incidents, and provides a practical, scalable, and cost-effective solution 

for protecting marine ecosystems. The methodology maintains the same algorithms and 
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experimental performance as the base work while presenting the research in a com-

pletely rewritten academic format.  

 

II. Literature Survey 
 

Oil spill detection has become an active area of research due to the increasing envi-

ronmental risks associated with marine pollution. Researchers have investigated vari-

ous remote sensing technologies, image processing methods, and artificial intelligence 

techniques to improve the speed and accuracy of identifying oil spills over large water 

bodies. Traditional monitoring systems primarily relied on satellite imagery and aerial 

surveillance, where Synthetic Aperture Radar (SAR) emerged as one of the most widely 

adopted technologies because of its ability to capture images under cloudy weather 

conditions and during both day and night. Although SAR-based systems provide con-

tinuous monitoring capabilities, they often generate false detections caused by natural 

ocean phenomena such as algae, low wind regions, waves, and biological films, making 

accurate classification a challenging task. 

 

To overcome these limitations, several studies introduced machine learning and deep 

learning algorithms for automated oil spill detection. Convolutional Neural Networks 

(CNNs) have demonstrated remarkable capability in extracting complex spatial features 

from SAR and optical images, significantly outperforming conventional classification 

techniques such as clustering and logistic regression. These deep learning models im-

prove detection accuracy by learning distinctive characteristics of oil-contaminated re-

gions while reducing manual feature engineering. Researchers have also enhanced 

model performance through customized data augmentation methods, allowing neural 

networks to achieve reliable predictions even when only limited training datasets are 

available. 

 

In addition to SAR imagery, optical satellite images and infrared sensing technolo-

gies have been widely explored for marine pollution monitoring. Infrared cameras are 

capable of highlighting temperature differences between oil films and surrounding wa-

ter, making them useful under challenging environmental conditions. Machine learning 

algorithms trained on optical and infrared datasets have been successfully employed to 

estimate oil spill concentration, classify pollution severity, and improve the precision 

of environmental assessment. Furthermore, combining multiple sensing technologies 

has increased detection reliability by utilizing complementary information obtained 

from different imaging sources. 

 

Recent advancements have focused on integrating attention mechanisms, residual 

convolutional neural networks, and multi-scale feature extraction methods to improve 

oil spill detection under highly complex marine environments. Attention-based U-Net 

architectures have shown improved segmentation performance by accurately identify-

ing spill boundaries in SAR imagery while minimizing background interference. Sim-

ilarly, multi-scale residual CNN models have enhanced feature representation by cap-
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turing oil spill characteristics at different spatial resolutions, leading to higher segmen-

tation accuracy in complex ocean surfaces. These intelligent algorithms have signifi-

cantly reduced false alarms while improving the robustness of automated monitoring 

systems. 

 

The rapid development of unmanned aerial vehicles (UAVs) has further transformed 

oil spill surveillance by enabling flexible, low-cost, and high-resolution data acquisi-

tion. Drone-based monitoring systems provide real-time aerial imaging of marine en-

vironments, allowing continuous observation of spill-prone regions that are difficult to 

access using conventional methods. When combined with computer vision algorithms, 

drones offer rapid detection, immediate visualization, and faster emergency response 

compared to traditional satellite-only monitoring approaches. Image processing tech-

niques such as grayscale conversion, threshold segmentation, contour extraction, and 

object localization have become effective tools for identifying oil spill regions from 

live video streams without requiring expensive computational resources. 

 

Although considerable progress has been achieved in automated oil spill monitoring, 

several existing approaches still experience limitations related to environmental varia-

bility, image quality, lighting conditions, computational complexity, and delayed pro-

cessing. Many systems focus exclusively on either satellite imagery or drone surveil-

lance rather than integrating multiple data sources for comprehensive analysis. The pro-

posed work addresses these challenges by combining live drone surveillance with SAR 

image analysis and OpenCV-based computer vision techniques. The framework em-

ploys grayscale transformation, binary thresholding, contour detection, spill area esti-

mation, and an interactive graphical user interface to provide accurate real-time oil spill 

detection while maintaining low computational cost and improved operational effi-

ciency. This integrated approach enhances environmental monitoring capabilities and 

supports rapid decision-making during marine oil spill emergencies.  

 

III. Research Methodology  

 
The proposed oil spill detection framework follows a systematic methodology that 

combines drone-based image acquisition, Synthetic Aperture Radar (SAR) image anal-

ysis, computer vision, and real-time image processing to accurately identify oil-con-

taminated regions on water surfaces. The system is designed to operate with both live 

drone video feeds and uploaded SAR images while maintaining high detection effi-

ciency and low processing latency. The complete workflow consists of image acquisi-

tion, preprocessing, segmentation, contour extraction, spill analysis, visualization, and 

real-time monitoring. 

 

1. Image Acquisition 

The first stage involves collecting input images from two different sources. The sys-

tem captures live aerial video through a drone-mounted camera, enabling continuous 

monitoring of marine environments. In addition, users can upload previously captured 
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SAR images for offline analysis. Supporting both live video and stored images in-

creases the flexibility of the monitoring system and allows environmental agencies to 

perform both real-time surveillance and historical data analysis. 

 

2. Image Preprocessing 

The acquired images are preprocessed before oil spill detection begins. Initially, each 

image is converted from RGB color space into grayscale using OpenCV functions. 

Grayscale transformation reduces image complexity while preserving intensity infor-

mation that is essential for identifying oil-covered water surfaces. Since oil spills gen-

erally appear as darker regions compared to surrounding water, grayscale images im-

prove the effectiveness of subsequent processing steps. 

 

After grayscale conversion, binary thresholding is applied to separate potential oil 

spill regions from the background. This segmentation process converts the grayscale 

image into a binary image where candidate spill regions become distinguishable from 

the surrounding water. Proper threshold selection helps improve segmentation quality 

and minimizes unnecessary background information. 

 

3. Oil Spill Detection Using Contour Analysis 

Following image segmentation, contour detection algorithms are employed to iden-

tify connected oil spill regions. OpenCV contour extraction techniques locate the 

boundaries of segmented objects representing possible oil spills. Small contours gener-

ated due to image noise or water reflections are eliminated using perimeter-based fil-

tering, ensuring that only meaningful regions are retained for further analysis. 

 

The remaining contours are simplified using polygon approximation techniques, re-

ducing computational complexity while preserving the actual spill boundaries. This 

process enables accurate identification of oil spill shapes regardless of their irregular 

geometry. 

 

4. Spill Area and Location Estimation 

After contour extraction, the system calculates the area enclosed by each detected 

contour to estimate the size of the oil spill. Image moments are then computed to deter-

mine the centroid of each spill region, providing its approximate location within the 

captured image. These measurements enable environmental monitoring authorities to 

estimate the extent of contamination and support rapid decision-making during emer-

gency response operations. 

 

5. Graphical User Interface (GUI) 

A user-friendly graphical interface is developed using the Python Tkinter library to 

simplify interaction with the detection system. The GUI provides options to analyze 

live drone video or upload SAR images for processing. Users can easily switch between 

the original image and processed detection output for result verification. The interface 

also displays detection status, estimated spill area, and spill location in real time, mak-

ing the system convenient for operational use by environmental monitoring personnel. 
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6. Real-Time Monitoring 

The proposed framework continuously processes incoming video frames from the 

drone camera with minimal processing delay. Each frame undergoes preprocessing, 

threshold segmentation, contour detection, and spill analysis before being displayed on 

the graphical interface. The system refreshes detection results continuously, enabling 

uninterrupted monitoring of marine environments and allowing rapid identification of 

newly formed oil spills. This real-time capability significantly improves emergency re-

sponse efficiency compared with conventional monitoring approaches. 

 

7. Performance Evaluation 

The developed system is evaluated using the same experimental setup and perfor-

mance measures presented in the original study. Detection accuracy, contour detection 

efficiency, processing latency, and error rates are used to assess system performance 

under different lighting conditions and image qualities. Experimental results demon-

strate that the proposed framework provides reliable oil spill detection with fast pro-

cessing speed, making it suitable for practical environmental monitoring applications. 

 

IV. Existing System 
 

Existing oil spill detection systems primarily rely on satellite remote sensing, aerial 

photography, and manual inspection techniques to monitor marine environments. 

Among these approaches, Synthetic Aperture Radar (SAR) imagery has become one of 

the most widely adopted technologies because it can capture images regardless of 

weather conditions and lighting variations. These systems generally analyze satellite 

images using conventional image processing methods to identify dark regions that may 

indicate the presence of oil on the water surface. In some cases, optical satellite imagery 

and infrared sensors are also utilized to improve monitoring capabilities. However, 

most traditional systems depend on offline image analysis, making them unsuitable for 

immediate detection and rapid emergency response. 

 

Although these conventional monitoring methods have contributed significantly to 

marine environmental protection, they suffer from several practical limitations. Satel-

lite images are not always available in real time, and repeated image acquisition may 

involve considerable operational costs. Image quality can also be affected by atmos-

pheric disturbances, sea surface conditions, and low spatial resolution, resulting in in-

accurate identification of oil-contaminated regions. Furthermore, natural ocean phe-

nomena such as algae, low-wind areas, sea shadows, and floating organic matter often 

produce image patterns similar to oil spills, leading to false alarms and reduced detec-

tion reliability. Most existing systems require extensive human intervention for image 

interpretation, delaying response activities during critical situations. 

 

Another drawback of traditional approaches is their limited capability to perform 

continuous real-time surveillance. Since many systems depend only on satellite im-

agery or aircraft observations, monitoring frequency is restricted by image acquisition 

schedules and environmental conditions. They also lack interactive visualization tools 
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that enable operators to validate detection results instantly. As a result, conventional oil 

spill detection systems face challenges in achieving rapid, accurate, and cost-effective 

environmental monitoring, creating the need for intelligent solutions that combine real-

time drone surveillance, advanced image processing, and automated detection tech-

niques. 

 

V. Proposed System 
 

The proposed system introduces an intelligent real-time oil spill detection frame-

work that integrates drone-based surveillance with Synthetic Aperture Radar (SAR) 

image analysis and computer vision techniques to improve the accuracy and efficiency 

of marine environmental monitoring. Unlike conventional approaches that mainly rely 

on satellite imagery and offline processing, the proposed framework performs continu-

ous monitoring using live drone video while also supporting the analysis of uploaded 

SAR images. This dual-input capability enables rapid identification of oil spills under 

different environmental conditions and enhances the reliability of detection results. 

 

The system is developed using Python and OpenCV, where every captured image 

undergoes a sequence of preprocessing operations before oil spill identification. Ini-

tially, the input image is converted into grayscale to reduce computational complexity 

and emphasize intensity variations between oil-covered and clean water surfaces. Bi-

nary thresholding is then applied to separate potential oil spill regions from the back-

ground. Contour detection algorithms identify connected spill boundaries, while small 

noisy regions are eliminated through perimeter-based filtering. Shape approximation 

techniques further simplify contour structures, allowing accurate estimation of spill 

boundaries regardless of their irregular geometry. 

 

After identifying the spill regions, the system calculates the affected area and deter-

mines the approximate location of the detected oil spill using contour-based measure-

ments. These results are displayed through an interactive Graphical User Interface 

(GUI) developed with the Tkinter library. The interface allows users to switch between 

original and processed views, upload SAR images, monitor live drone footage, and ob-

serve detection status in real time. The system also provides continuous visualization 

of detected spill regions, making it easier for operators to validate the results and initiate 

emergency response measures promptly. 

 

The proposed framework emphasizes real-time performance by continuously pro-

cessing incoming video frames with minimal computational delay. Each frame is auto-

matically analyzed through grayscale conversion, threshold segmentation, contour ex-

traction, spill area estimation, and result visualization. This continuous processing en-

ables uninterrupted monitoring of marine environments and supports the early detection 

of oil spill incidents. The integration of drone surveillance with SAR image analysis 

significantly enhances monitoring coverage while reducing operational costs compared 

to traditional aerial surveys. 
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Overall, the proposed system offers a practical, scalable, and cost-effective solution 

for intelligent oil spill monitoring. By combining drone technology, SAR imagery, 

computer vision, and automated image processing within a single platform, the frame-

work achieves accurate spill detection, improved visualization, rapid environmental as-

sessment, and faster emergency response. The implementation preserves the same al-

gorithms, methodology, and experimental performance presented in the base paper 

while providing a completely rewritten academic description suitable for research pub-

lication..  

 

VI. System Architecture 
  

The proposed system architecture is designed to provide an efficient and automated 

framework for real-time oil spill detection by integrating drone surveillance, Synthetic 

Aperture Radar (SAR) image analysis, and computer vision techniques. The architec-

ture begins with the input acquisition layer, where image data is collected either from 

a live drone camera or from uploaded SAR images. The drone continuously captures 

aerial video of marine environments, enabling real-time surveillance, while SAR im-

ages provide an additional source of information for offline analysis under different 

weather and lighting conditions. 

 

 
 

After image acquisition, the captured data enters the image preprocessing stage. Dur-

ing this phase, the RGB images are converted into grayscale to reduce computational 

complexity while preserving intensity information required for oil spill identification. 

The grayscale images are then processed using binary thresholding, which separates 

potential oil spill regions from the surrounding water surface by distinguishing darker 

pixel regions. This preprocessing step improves segmentation accuracy and prepares 

the images for feature extraction. 

 

The segmented images are forwarded to the oil spill detection module, where contour 

detection algorithms are applied to identify the boundaries of possible oil spill regions. 
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Small contours generated due to image noise or water reflections are removed using 

perimeter-based filtering, while polygon approximation techniques simplify the de-

tected boundaries without affecting their overall shape. The remaining contours are 

considered valid oil spill regions and are further analyzed to estimate their area and 

determine their centroid coordinates, which represent the approximate spill location 

within the image. 

 

Following the detection process, the results are transferred to the Graphical User 

Interface (GUI) developed using the Python Tkinter library. The interface provides a 

user-friendly environment where operators can upload SAR images, initiate live drone 

monitoring, and switch between the original image and the processed detection output 

for verification. The GUI also displays important information such as detection status, 

spill area, contour count, and spill location in real time, allowing users to monitor en-

vironmental conditions efficiently and validate detection results with ease. 

 

The final stage of the architecture is the output and monitoring module, where the 

processed information is presented for decision-making. The system provides real-time 

visualization of detected oil spills, estimates the affected area, identifies the spill loca-

tion, and supports environmental monitoring by generating accurate detection results. 

These outputs enable authorities and disaster management teams to respond quickly to 

oil spill incidents, reducing environmental damage and improving cleanup operations. 

  

VII. Conclusion 
 

The proposed real-time oil spill detection system demonstrates an effective approach 

for monitoring marine environments by combining drone-based surveillance, Synthetic 

Aperture Radar (SAR) image analysis, and computer vision techniques. By utilizing 

grayscale image conversion, binary thresholding, contour detection, and spill area esti-

mation, the framework accurately identifies oil-contaminated regions while maintain-

ing low processing time suitable for continuous monitoring. The integration of live 

drone video and uploaded SAR images provides greater flexibility for both real-time 

surveillance and offline environmental analysis. Furthermore, the interactive graphical 

user interface simplifies system operation by allowing users to visualize detection re-

sults, verify spill regions, and obtain essential information such as spill location and 

affected area. 

 

The experimental results indicate that the proposed framework delivers reliable de-

tection performance under different lighting conditions and image qualities while pre-

serving high operational efficiency. Automated image processing reduces the need for 

manual inspection, minimizes response time during emergency situations, and supports 

faster environmental decision-making. In addition, the scalable architecture allows the 

system to be deployed across large marine regions with relatively low operational cost 

compared to conventional monitoring methods. 
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Overall, the developed framework provides a practical, accurate, and cost-effective 

solution for intelligent oil spill monitoring. The integration of drone technology, SAR 

imaging, and OpenCV-based computer vision enhances the capability of environmental 

protection agencies to detect oil spills at an early stage and initiate timely cleanup op-

erations. The proposed system contributes to sustainable marine ecosystem manage-

ment by improving surveillance efficiency, reducing environmental risks, and support-

ing rapid disaster response while maintaining the same methodology, algorithms, and 

experimental performance as presented in the base research paper. 
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