ESA OpenSR Project -
D e
Rohust, accountable super-resolution for Sentinel-2 and heyond

Super-Resolution of Multispectral Sentinel-2 Imagery with Latent
Diffusion Models

Simon Donike(UV)

Cesar Aybar (UV) VNIVERSITAT

Luis Gomez-Chova (UV) BOVALENCIN  BrockMANN
Freddie Kalaitzis (UOX) ConsuLT

S. Donike - ESA OpenSR - SURED0S24 - March 29, 2024



Intro

Problem Description VT

S2 RGB-NIR

S. Donike - ESA OpenSR - SURED0S24 - March 29, 2024 ?



Diffusion Models

L atent Diffusion Models for SR Vi
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Diffusion Models

LDM -Training Step
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Diffusion Models

LDM - Adapted Training Step
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Diffusion Models

LDM - Inference Step
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Diffusion Models
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Diffusion Models

LDM - Autoencoder

- L1 Reconstruction Loss

- GAN loss

- Perceptual Loss (LPIPS)

- Histogram Divergence Loss
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Results

Results - AE - Synthetic Data

HR HR (enc->dec)

Histogram of HR
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Results

Results - AE - S2 Data
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Results

Results - SR - Synthetic Data

HR (RGB) SR - RGB SR - F. Cl. LR (RGB)
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Results

Results - SR - Synthetic Data
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Results - SR - S2 Data
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Uncertainty
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Uncertainty

Uncertainty - Synthetic Data

LR Input SR Example Ground Truth
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Uncertainty

Uncertainty - S2 Data VT

Uncertainty
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Outcomes

e LDM for 4x SR of multispectral S2
e Model + Weights Package Publication
e Utilities Package Publication

Outlook

R
VNIVERSITAT
DGVALENCIA

pypi.org/project/opensr-model

github.com/ESAOpenSR/opensr-utils
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Outlook

e Better Generalization
e SR of 20m bands
e MISR Implementation

Encoder

i

Encoded
HR HR

' ' Inlerpﬂlile
Encoder,

Den g '

Refined
encoding

ncoded
Interpolated
LR Time
Ser
LR
Time
Series
Interpolated
LR Time
Series

S. Donike - ESA OpenSR - SURED0S24 - March 29, 2024

Outlook

25, 1 Norcia

2 P
s &9
Ve S I

e Amatrice ¢
( RLY B enccio
sivomano

e
V7 { Parco Nazionale:

del Gran.
Sasso e
Monti della

Lanciano

“Guardiagrele.

@\
2 Pt

"\wm»m X
$abaria,

I\

Casoll

¢ v
X W agroné |
i Sont .
ki S s ko
udBolosia 1 [ N Molise,

Pomenia

Mardea

: =
o Pontinia SpnNino. ¥
W
Nsebauda | sorsrriams LS P
anmla\Lﬂln\lunm')

i

- san Felice -

Sessa Aurunca
“cireo Gaeta. N (

Bene

N Y pal™
\ L& / A\ -
\\ca""?/ Montesarchlo. |
cassioorn Nerbha someern it ! |

23



Intro - Diffusion Models - Data - Results - Uncertainty - Outlook

VNIVERSITAT
DBGEVALENCIA

L d

 NANKS




