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INTRODUCTION
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* As part of an ESA project, development of a super-resolution algorithm applied to Sentinel-2 imagery — Validation through statistical metrics and real-

world application

* Super-resolved imagery offers substantial benefits for the extraction of water bodies
 Deployment of an operational service for water bodies detection - Receiving requests, Sentinel imagery retrieval, processing on a service platform, and

making results available through a user portal.
e Service initiated on French territory, but designed to be usable worldwide
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Validation on actual EO applications

* Training on SEN2VENuS Dataset (132 955 Sentinel-2 / Venpus patches, 29 locations)
e Use of the ESRGAN architecture for the Generator and Real-ESRGAN Discriminator
 To compensate for the radiometric and geometric distortions inherent in training on real images from different sensors:
* Separation of High and Low frequencies in the training loss (GAN loss only on HF)
e Carefully chosen network depth SR Sentinel2iow rreq

Sentinel2 oy rreq

L1 GAN
[Lhigh freq TP Lhigh freq ]

T

J

B ¢ L1 GAN
[ Ltotal - Llow freq L3 Lhigh freq + Lhigh freq ]

RESULTS Super resolved images

B2 B3 B4
10m = 5m
- - e y "i

&
)
&

B5 B6 B7 - e o ; r " 4
20m = 5m | . A
'F'-I. ; ! *‘
Sentinel-2 bicubic entinel-2 SR Venus 5m
upsample with our method
B11 B12
20m = 5m

\

Sentinel-2 SR with Wald protocol

\

Sentinel-2 bicubic upsample

Water bodies detection
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Outputs:

* Intra-annual monitoring
indicators for water surfaces
and volumes (from monthly to
weekly)

* Inter-annual monitoring
indicators for changes in
surface area and filling rate of
water bodies (> 1 ha)

e Composite indicators and
additional functionalities
(Decision Support Tools )

Deployment — Routine production and archive processing

Preprocessing Water Surface Water Volume Processing
 Extraction of Processing  Extraction of key
spectral indices e S2SR: Classification elements: DEM, water
e Computation of using thresholding occurrence, dam base
backscatter methods points, etc.
coefficients e S1/S2: Classification ¢ Model computation
using machine based on the previously
learning derived results

Water bodies detection
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Water bodies detected from S2 data at 10m/20m
- Water bodies detected from S2-SR data at 5m

Ground truth from local reference data

Category Sentinel-2 L2A (10m) Super-Resolution (5m) Gain/loss
VNIR Bands + SWIR (20m) | VNIR Bands + SWIR

Total number of objects 1035 3099 About 200 %

detected

Total areas detected 2880 ha 3933,04 ha + 23 % of areas detected
in addition

Cumulative areas of water 16 ha 260 ha 16 times more surface

bodies smaller than 0.5 ha areas

> +23% areas detected

» 3 times more objects detected

» 16 times more surface areas for water bodies smaller than 0,5 ha
» No augmentation of false positive
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Geometric distortion analysis

Count

Radiometry: surface reflectance error well
below the atmospheric correction error in L2A
Geometry: CE90 at 0.115 pixels
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Absolute NDVI error

Biophysical indices analysis

Platform overview
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CONCLUSION

Super-resolution service for Sentinel-2, enhancing all spectral bands to 5 m resolution, suitable for diverse use cases (including water bodies detection)
Integration of super-resolved images into an operational water reserve monitoring chain, enabling finer and more accurate detection
Deployment of the operational service to monitor water surfaces and volumes stored in reservoirs on a platform that provides up to date information on:

- Water surface area for all water bodies larger than 1ha
- Volumes of water stored and filling rates for dam reservoirs and hillside reservoirs over 1ha
- Variations in the volumes of water bodies larger than 3ha
Tested in various regions of France, the service is designed to be extendable to other geographic areas, including Europe and beyond
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