
1ESA UNCLASSIFIED – For ESA Official Use Only

Exploring SSU & ML on fused multi- and hyper-spectral data for 
plastic marine litter detection – the REACT project

Antonello Aiello (Planetek Italia), Vassilia Karathanassi (NTUA), Enrico 
Barbone (ARPA Puglia), Paolo Corradi (ESA)

25/05/2022



2

Outline

 Team and expertise
 Project’s aims and objectives
 Controlled experiments
 Image Fusion
 Spectral Signature Unmixing
 Machine Learning 
 Output
 Findings



3

Team and expertise

REACT in numbers

3 Partners: 
1 SME
1 University
1 Public Institution

2 Countries
Italy (2)
Greece (1)

Duration
12 months

Start Date
June 2020

End Date
September 2021

Client
ESA

- Antonello Aiello
- Giulio Ceriola
- Nicolò Taggio

- Enrico Barbone- Vassilia Karathanassi
- Pol Kolokoussis
- Viktoria Kristollari
- Maria Kremezi
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Aims and objectives

Poof of concept on remote sensing of marine plastic litter



5

Controlled experiments 1/2
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Controlled experiments 2/2
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Data procurement

Targets Offshore:  6 images
Targets Onshore:  3 images
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Image fusion

PRISMA (HS + PAN)  COMPONENT SUBSTITUTION  PCA

S2/WV  CNMF

Kremezi, M., Kristollari, V., Karathanassi, V., 
Topouzelis, K., Kolokoussi, P., Taggio, N., 
Aiello, A., Ceriola, G., Barbone, E., Corradi, P., 
2021. Pansharpening PRISMA Data for 
Marine Plastic Litter Detection Using Plastic 
Indexes. IEEE Access, 9, pp. 61955-61971
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Spectral Signature Unmixing
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Machine Learning
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Output

Abundance Map Probability Map
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Findings #1

Spectral Signature Unmixing
 Targets offshore were detected

 up to 2.4m dimension with pan-sharpened HS
 up to 0,6m with fused MS

 No significant results were highlighted with the target onshore with both HS and MS
 Land and shallow waters had to be masked with pan-sharpened HS
 Land had to be masked with fused MS
 CNMF + SSU performed well with MS
 Tuning in labelling was required
 PS and LDPE were detectable, while PET was not on pan-sharpened HS
 All materials were detectable on fused MS
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Findings #2

Machine Learning
 Linear combination of K-means + LGBM performed well with pan-sharpened HS
 K-means performed well with fused MS
 Land and shallow waters had to be masked, in both cases
 No significant results were highlighted with target onshore

End-User’s assessment
 Abundance maps and probability maps represent valuable products:

 For defining monitoring plans
 For evaluating the best position for a monitoring station
 For modelling dispersion
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