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Abstract

The SPECTRE project (ShiP dEteCTion based on aRtificial intElligence), funded by the Italian Space
Agency (ASI) within the Research Day ASI 2020 program, aimed to develop a prototype system for ship
detection, segmentation, and tracking through a multi-mission, multi-frequency approach. By integrating
SAR and optical data from constellations such as Sentinel-1/2 and COSMO-SkyMed (first and second
generation, respectively CSK and CSG), the project addressed the limitations of single-mission systems,
enhancing both spatial and temporal coverage over strategic Mediterranean maritime areas, with particu-
lar focus on the identification of non-cooperative (“dark”) vessels. The SPECTRE prototype implements
a complete workflow. A harmonized multi-mission dataset was built to train detection and segmentation
deep learning models (YOLOv11 for SAR data and Mask R-CNN for optical data); the segmentation



masks also allows for hull size and heading, used for vessel recognition in following steps. A structured
AIS interpolation process has been developed, based on cubic Hermite splines and alternative linear
strategies, to reconstruct vessel positions at satellite acquisition time, enabling robust discrimination of
non-cooperative vessels. Dark ship pseudo-tracking is thus possible through multi-acquisition spatial-
temporal matching. The overall processing chain has been designed to support both operational analysis
and scientific validation of system performance. The prototype validation was conducted using standard
object detection metrics (Precision, Recall, F1-score, mAP05). A super-resolution scheme was also trained
for the optical imagery, and was validated using MSE, PSNR, and SSIM. Results demonstrate solid and
consistent performance across all considered platforms. In the SAR domain, models trained on Sentinel-1
achieved mAPO5 values above 0.80, while COSMO-SkyMed datasets yielded results ranging between 0.63
and 0.84 depending on the sensor and training regime (transfer learning or from scratch). For optical
imagery, the two-phase fine-tuning strategy enabled mAPO05 values above 0.93 on the dataset representa-
tive of the final operational scenario. Multi-mission matching activities further demonstrated the system’s
capability to coherently estimate vessel routes and average speeds across heterogeneous acquisitions. Dark
vessel pseudo-tracking was tested using appositely setup examples of matching acquisitions. The achieved
results confirm the technological maturity of the prototype and the validity of the multi-sensor approach.
Future developments include the expansion of the COSMO-SkyMed dataset, integration with upcoming
missions such as IRIDE, and optimization of large-scale automated matching. These advancements pave
the way toward an operational system for continuous and reliable maritime traffic monitoring, with direct
applications in security, environmental surveillance, and the mitigation of illicit activities.



