DETECTING BILGE DUMPING THROUGH SATELLITE AND AIS DATA:
A SPATIO-TEMPORAL FRAMEWORK FOR MONITORING MARITIME
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INTRODUCTION

The rapid growth of maritime trade has
heightened environmental risks, particularly
illegal bilge dumping—the discharge of oily
wastewater into the ocean. Despite regulations
under UNCLOS and MARPOL 73/78, this practice
persists, harming marine ecosystems and often
evading detection due to limited monitoring
capabilities.

This study introduces a multi-source, Earth
Observation (EO)-based framework to detect

potential illegal discharges, focusing on two
high-traffic regions: the Gulf of Mexico and the
U.S. East Coast.

ANALYSIS

The analysis follows a dual approach:

1. Ship Detection via SAR Imagery

A Fully Convolutional One-Stage (FCOS) object
detection model is trained and fine-tuned to identify
ships in synthetic aperture radar (SAR) imagery. The
input consists of pre-processed Sentinel-1images in VV
polarization.

Detected ships are filtered based on model confidence

scores and subsequently cross-referenced with
Automatic Identification System (AIS) data from the
Marine Cadastre (USCG), constrained spatially and
temporally to the satellite acquisition.

2. AIS Anomaly Detection

* Preprocessing: AIS data filtered for vessel type and
operating region

e Statistical analysis: Behavioral irregularities detected
across spatial, temporal, and environmental
dimensions

* High-risk profiles: Vessels with multiple concurrent
anomalies were flagged for further investigation
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"This SAR image, acquired by Sentinel-1A on January 15, 2024, at 00:10 UTC, shows clear
evidence of a bilge dumping event south of the Port of New Orleans.”

With the help of AIS positioning data, it was possible
to identify the vessel responsible for the discharge.
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In the image, the blue points represent ships extracted
from the AIS database, filtered to include only the
vessels of interest. The red points indicate the ships
identified by the neural network, filtered by a
confidence level greater than 0.5.
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METHODOLOGY

A multi-source data integration approach
was used to detect illegal bilge dumping by
analyzing vessel behavior and combining
satellite imagery with AIS data. Sentinel-1
SAR imagery (10m, VV polarization) was
processed using the SNAPpy toolkit, and
vessels were detected using a Fully
Convolutional One-Stage (FCOS) deep
learning model. Historical AIS data from
Marine Cadastre (USCG) was filtered for
active cargo and tanker vessels in the study
area. Meteorological data—wind, visibility,
and sea state—was incorporated to assess
environmental conditions that may
encourage illicit discharges. SAR detections
were correlated with AIS tracks in space
and time; unmatched detections were
flagged as potential dark vessels. AIS
records were further analyzed statistically
to identify anomalous vessel behavior.

RESULTS

The combination of neural-network-based ship
detection and AIS statistical analysis produced
actionable insights:

* Dark Vessel Detection: Ships not transmitting AIS
but visible in SAR imagery were successfully
identified.

* Behavioral Risk Scoring: Anomalous patterns in AlIS
data helped flag vessels likely involved in bilge
dumping, especially when anomalies co-occurred
with poor weather conditions.

* Operational Value: The framework provides a viable
decision-support tool for maritime enforcement,
improving detection capabilities under limited
surveillance infrastructure.

CONCLUSION AND
FUTURE PROSPECTIVE

This study introduces a flexible and interoperable
framework for detecting illegal bilge dumping by
integrating EO-based vessel detection, AIS behavioral
analysis, and weather-aware contextual filtering. The
method enables the identification of dark vessels and
anomadlous movement patterns indicative of high-risk
maritime activity.

Key Features:

* Scalable — Works across regions and data sources

® Robust - Performs well in varied weather and
visibility

* Actionable — Built to assist real-world surveillance
and enforcement

Next Steps:

* Build real-time alert systems with enforcement
agencies

* Partner with regulators to create verified training
datasets

* Develop legal frameworks for cross-border
cooperation and enforcement
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