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Goal: Super resolve all Sentinel-2 bands to 2.5m
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Why super-resolve S2?

» Help the human expert in decision making
» Explainability aspect

* Downstream tasks Sentinel-2
* Flood mapping
» Crop boundary
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Pieces of the S2 SR puzzle
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Proposed pipeline

Lack of Sentinel-2 and HR paired data for training or evaluation
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Satellite data (super-resolution)
Sentinel-2

WorldStrat dataset (Cornebise et al. 2025)

* high-resolution data (SPOT 6/7 1.5m/ pixel)
data.




Aerial imagery data (super-resolution)

SEN2NAIP Dataset (Aybar et al. 2025)
« Approx. 18000 NAIP

« Simulate S2

« USA data only.
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Sentinel-2 Data (Fusion Model)

» Collected in-house at Norwegian Computing Center.




Model

Reference images

Harmonize

2.5m

Super Resolution pipeline
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Simulated Sentinel-2 Image
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Diffusion Based Super Resolution Pipeline

\ Spatial Encoder - Degradation ' /
Noisy Image P Encoder Clean SR Image

: - XLR |u XLR v | o
—5 >

3 vy E

m pﬂ(xt—l | Xg ulv) >

o c

o =
<—>@—> —--@ p{ Xt-1 - - ““

- -~ S E P T e ]
q(X¢ | X¢—1)

Loss Function Details in Paper



Fusion Module
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Fusion Pipeline (Wald Protocol)
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ENR
Evaluation of SR

* OpenSR test : A comprehensive benchmark for real-world Sentinel-2 imagery
super-resolution (https://github.com/ESAOpenSR/opensr-test)

* Metrics
» reflectance

spectral
Spatial
synthesis
ha_metric
om_metric
im_metric

A Comprehensive Benchmark for Optical Remote
Sensing Image Super-Resolution

Cesar Aybar~, David Montero™, Student Member, IEEE, Simon Donike ™,
Freddie Kalaitzis™, and Luis Gomez-Chova™, Senior Member, IEEE
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https://github.com/ESAOpenSR/opensr-test

Experiments

» Super-Resolution
« NAIP Harmonized
* NAIP Unharmonized
« World Strat

* Fusion Module
« NAIP Harmonized
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Quantitative Results

NORMALIZED DIFFERENCE—BASED DISTANCE

SUMMARIZES EACH MODEL'S MEAN RANK ACROSS ALL SEVEN METRICS.

TABLE 1
CALCULATION (BoLD = BEST, UNDERLINED = SECOND BEST; | LOWER IS BETTER, T HIGHER IS BETTER). “AvG. RANK”
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Model

Reflectance |

Spectral |

Spatial |

Synthesis T

Hallucination |

Omission |

Improvement T

Avg. Rank

ldm__baseline
opensrmodel
satlas

srdrs
superimage

DiffFuSR (NAIP Harm)
DiffFuSR (NAIP Unharm)
DiffFuSR (Worldstrat)

0.0505 £ 0.0161
0.0031 £0.0018
0.0489 £ 0.0086
0.0396 £ 0.0198
0.0029 £ 0.0009
0.0024 £ 0.0009
0.0038 £ 0.0008

0.0026 + 0.0009

9.6923 +£2.1742
1.2632 + 0.5878
12.1231 + 3.1529
3.4044 + 1.6882
1.5672 + 1.0692
1.1103 = 0.6197
1.2320 + 0.7256
1.3277 + 0.7205

0.0715 £ 0.0679
0.0114 £0.0111
0.2742 £ 0.0748
1.0037 £ 0.1520
0.0132 £0.1131
0.0052 + 0.0092
0.0053 £ 0.0093
0.0032 = 0.0074

0.0285 £ 0.0307
0.0068 + 0.0044
0.0227 + 0.0107
0.0177 £ 0.0083
0.0046 + 0.0027
0.0083 £ 0.0043
0.0086 + 0.0042
0.0072 £ 0.0037

0.6067 £ 0.2172

0.3431 + 0.0738

0.8004 £ 0.0641
0.7274 £ 0.0840
0.2026 % 0.0692
0.4580 £ 0.1020
0.4927 £ 0.1095
0.3915 £ 0.1209

0.3088 £ 0.1786
0.4593 £+ 0.0781
0.1073 = 0.0393
0.1637 + 0.0572
0.6288 + 0.0754
0.3543 £ 0.0836
0.3373 £ 0.0870
0.4248 + 0.1058

0.0845 £ 0.0428
0.1976 = 0.0328
0.0923 £ 0.0266
0.1089 £ 0.0292
0.1686 + 0.0302
0.1876 + 0.0344
0.1701 £ 0.0351
0.1837 £ 0.0409

5.57
4.00
5.71

5.42
5.00
2.85
3.857
3.57

More result in paper
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Concurrent Work (Donike et al. 2025)

DiffFUSR 0.0024 1.11 0.005 0.0083 0.4580 0.3543 0.187
(NAIP Harm)

LDSR-S2 0.003 1.26 0.010 0.007 0.34 0.46 0.21
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SR Baselines

DiffFUSR (Ours) LDM Baseline
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SR Baselines

Super Image




SR Baselines




Fusion Model

» Super-Resolution
« NAIP Harmonized

Quantitative results in paper

Low Resolution Gram Schmidt Fusion Network
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» Thanks for listening!

« Scan for Paper and Code.

DiftFuSR: Super-Resolution of all Sentinel-2 Multispectral Bands

using Diffusion Models

Thanks to the European Space Agency, PRODEX program, for funding. 21
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