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Conclusions

Input data consists of open-access
dual-polarization SAR images from
Sentinel-1, a Copernicus mission
characterized by an overpass of 6-12
days able to acquire images at
anytime of the day globally. 

For the purpose of this study, images
are pre-processed in their VV
polarization using the Sentinel
Application Platform Python API
(SNAPpy).

The near real-time automatic oil spill detection system is divided in 3 main stages:
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Introduction
The Oil Spill Response Digital Twin pilot aims at
providing automatic near real-time early detection of
marine oil spills from remote sensing data and
operational forecasting of spill trajectories to support
immediate response to pollution events. 

The pipeline has been containerized for reusability using
Docker and Common Workflow Language (CWL)
technology, and in addition GeoMachine [3] provides an
intuitive WebGIS platform for visualizing and analyzing
results.

Methods

Results
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Remote Sensing Data
Deep learning and statistical tecniques

1.  Object detection
A trained Fully
Convolutional OneStage
(FCOS) model is
employed and fine-tuned
with a dataset of over
1000 SAR images with
four distinct classes: oil
spill, look-alike, ship, and
land [1]

FCOS 
Fully Convolutional One-
Stage ObjectDetection

Adopts a fully
convolutional approach
Simple architectureNo
need for anchor boxes
Operates in a single-
stage manner

2. Semantic segmentation and SNAPpy extraction
A U-net model was selected, trained on the same
dataset as the FCOS. 
Alternatively, the statistical signal extraction
methodology SNAPpy was employed.

3. Forecasting
The oil spill forecast model is able to adapt depending on the
location of the detected spill, and either use forcing from the
1~3 km high resolution Cretan Digital Twin of the Ocean [2]
or from publicly available met-ocean datasets. 
A visual frontend is built using Geomachine [3].

U-NET
Convolutional Neural
Network designedfor
semantic segmentation tasks

High accuracy
Efficient training 
Reduced risk of overfitting
Generalizes well
Versatile applicability
across different domains

MEDSLIK - II
Lagrangian-based particle tracking
model 

High-resolution environmental
models from the Coastal Crete
Digital Twin of the Ocean
Real-time oceanographic data

This work demonstrates an effective and scalable solution for real-time
marine oil spill detection and forecasting within a Digital Twin of  the
Ocean. The integration of  deep learning, EO data, and dynamic
modeling enables rapid and reliable environmental monitoring. The
system is containerized, workflow-driven, and ready for deployment in
diverse operational contexts. 

The deep learning-based system achieved accurate and consistent oil
spill detection and segmentation. 
The FCOS model showed high detection performance, while the 
U-Net model delivered clean and fast segmentations. 
Evaluation on the 2018 Corsica spill demonstrated strong agreement
with traditional methods, particularly in clear spill scenarios. 
A separate case in the Cretan Sea confirmed robustness across
regions. 
Forecasts triggered by the detected spills closely matched observed
drift patterns, validating the system’s reliability for real-time
operational use.


