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The quest for resolution
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The quest for resolution

https://science.nasa.gov/asset/webb/horsehead-nebula-euclid-hubble-and-webb-images/
Image processing by J.-C. Cuillandre (CEA Paris-Saclay) and G. Anselmi
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Learning based Super-Resolution

4



Non “trainable” regimes

ESA OPS-SAT
2022-2024
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Classical minimization approach
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Motivation
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Convex Variational Restoration with 
Global Feature Statistics via 
Probability Kernel (Measure) Lifting

Nikos Arvanitakis

Jean-Luc Starck

Jalal Fadili
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Concept
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Measure Lifting and Mean-Relaxation
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Encoding Global Statistics
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The Wasserstein-TV (WTV) Regularizer
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The Mean-Relaxed Restoration Problem
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Indicative results
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Multi-source data fusion: Astronomy

SDSS
• Optical (u, g, r, i, z bands)
• Moderate spatial resolution

• Massive catalog with 
spectroscopy

ZTF
• High-cadence optical
• Light curves
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Exemplary fusion pipeline
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Multi-source data fusion: Earth Observation

In-situ

+ High quality

+ High temporal 
resolution

- Localized

Remote Sensing

+ Global coverage 

+ Moderate temporal 
resolution

- Coarse-resolution

Numerical models

+ Capture physical laws

+ Flexible 
spatial/temporal 
resolution

- Expensive
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ML-based retrieval

• XGBoost: regularized (L1 & L2) Gradient Boosting
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Question ML answer

What is the Soil Moisture 0.02 cm3/cm3

How certain are you ??

XGBoost

DDM

SNR

SLOPE

CLAY

… .

ELEVATION

Soil Moisture



Probabilistic regression

• NGBoost: Natural gradient boosting for probabilistic prediction
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XGBoost NGBoost



Data Assimilation (DA)

20



Multi-Source Uncertainty Aware
Fusion for Soil Moisture 
Estimation

L. Polychronakis

M. Moghaddam (USC)
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Data 
Assimilation

Estimation

Proposed approach
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Observations



Light curves

Estimation

Applications in astrophysics
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Images



Gaussian fusion
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Case study: soil moisture
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JR-1, JR-2, JR-3 (NM),
Kendall & Lucky Hills (AZ) 
Z1 and Z4 in CO.
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Performance metrics
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ubRMSE Expected Calibration Error



Limitations
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Fusing predictive distributions
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Distances between distributions
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Wasserstein path
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Wasserstein Barycenter fusion (1D)
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Indicative behavior
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State-space models
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Results
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https://spl.ics.forth.gr
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https://spl.ics.forth.gr/

