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Abstract 

 

Effective and timely detection of oil spills in marine environments is essential to mitigate environmental damage. This research investigates the 

detection and segmentation of oil spills in georeferenced synthetic aperture radar (SAR) satellite imagery across different spatial resolutions 

and imaging modes. SAR imagery proves particularly effective for this application due to its ability to capture high-contrast differences 

between water and oil, despite cloud cover or adverse weather conditions. The georeferenced nature of the imagery enables spill location and 

assessment of its magnitude. The dataset comprises three formats with varying resolution and bit-depth: QLK (8 bits, 50m resolution), MBI (16 

bits, 20m resolution), and IMG (32 bits, 10m resolution) from COSMO- SkyMed constellations. Data scarcity and imbalance are addressed 

through targeted sampling of 512x512 patches based on true positive ratios and data augmentation techniques, including rotation, flipping, 

zooming, and contrast adjustments. Preprocessing involves percentile-based filtering to enhance the image histogram, saturating pixel 

intensities above the 98th percentile, followed by normalization between -1 and 1. The study evaluates multiple deep learning architectures for 

semantic segmentation, including UNet, ResUNet, HighResNet, and various configurations of Deeplab_v1 and Object-Contextual 

Representations (OCR) with backbones such as ResNet, MobileNet, and Xception. The experiments also explore innovative combinations of 

backbones and post-processing modules across architectures. Post-processing thresholds are optimized using ROC curve analysis for each 

model. HighResNet emerged as the top-performing architecture, achieving a mean Intersection over Union (IoU) score of 0.32, with stable 

performance across learning steps. This work highlights the challenges of SAR imagery segmentation, including domain shifts from natural 

image datasets, memory-intensive data, and unbalanced confidence distributions, with over 50% of samples corresponding to low-confidence 

annotations. Despite these challenges, the results demonstrate the significant potential of deep learning for oil spill detection, offering faster 

and more accurate predictions than traditional human expert workflows in most scenarios. By enabling earlier detection of oil spills, this 

research contributes to timely environmental monitoring and mitigation. The methodologies developed have the potential for scalability to 

other geographical regions, contingent on the availability of regional SAR datasets, and represent a significant advancement in the intersection 

of geodata science and artificial intelligence. 


