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CONTEXT - PIXEL CLOUD OBSERVATIONS

---- EvidenceEvidenceEvidenceEvidence
---- SWOT PIXC  shows over estimation of SWOT PIXC  shows over estimation of SWOT PIXC  shows over estimation of SWOT PIXC  shows over estimation of WATER class WATER class WATER class WATER class in in in in SandbanksSandbanksSandbanksSandbanks

---- Water AREA/WIDTH estimation Water AREA/WIDTH estimation Water AREA/WIDTH estimation Water AREA/WIDTH estimation mightmightmightmight bebebebe WrongWrongWrongWrong
---- OpportinityOpportinityOpportinityOpportinity

---- ActuallyActuallyActuallyActually, flat and , flat and , flat and , flat and smoothsmoothsmoothsmooth sandbankssandbankssandbankssandbanks maymaymaymay offerofferofferoffer good good good good geolocationgeolocationgeolocationgeolocation////wsewsewsewse
(high (high (high (high coherencecoherencecoherencecoherence and SNR) and SNR) and SNR) and SNR) ––––( ( ( ( E.SalamehE.SalamehE.SalamehE.Salameh et al, 2024 )et al, 2024 )et al, 2024 )et al, 2024 )

- WrongWrongWrongWrong Classification but Classification but Classification but Classification but usefulusefulusefuluseful WSE for WSE for WSE for WSE for bathymetrybathymetrybathymetrybathymetry estimationestimationestimationestimation

Rio Rio Rio Rio BrancoBrancoBrancoBranco
Sentinel2Sentinel2Sentinel2Sentinel2

SWOT PIXCSWOT PIXCSWOT PIXCSWOT PIXC
WSE WSE WSE WSE fromfromfromfrom
Water Classes Water Classes Water Classes Water Classes 
(3,4)(3,4)(3,4)(3,4)

---- Questions  Questions  Questions  Questions  
---- How How How How couldcouldcouldcould wewewewe use WSE use WSE use WSE use WSE fromfromfromfrom

sandbankssandbankssandbankssandbanks????
---- How to How to How to How to reclassifyreclassifyreclassifyreclassify water areas ?water areas ?water areas ?water areas ?
---- Do Do Do Do wewewewe taketaketaketake Land pixels as Land pixels as Land pixels as Land pixels as wellwellwellwell????
---- How to automate How to automate How to automate How to automate itititit????



2 branches model:

- Static : 

Ground/Bathy (x,y)

- Dynamic : Water 

level (t)
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IMPLICIT NEURAL REPRESENTATION -
LAKES

INPUT 
4D SWOT Point Cloud

�� , �� , �� , �� , � ∈ 	1 … �


ExampleExampleExampleExample of 3D volumesof 3D volumesof 3D volumesof 3D volumes
((((inspiredinspiredinspiredinspired by NERF)by NERF)by NERF)by NERF)

ImplicitImplicitImplicitImplicit neural neural neural neural representationrepresentationrepresentationrepresentation

ImplicitImplicitImplicitImplicit representationrepresentationrepresentationrepresentation of of of of 
Ground DSM/Ground DSM/Ground DSM/Ground DSM/BathymetryBathymetryBathymetryBathymetry

Water Water Water Water levellevellevellevel timeseriestimeseriestimeseriestimeseries

��

��

Max or

softmax
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IMPLICIT-LAKE : INVERSE PROBLEM

SWOT PIXC Data
�� , �� , �� , �� , � ∈ 	1 … �


2-branch MLP
parameters « � »

����, ��

�����

Output variables

Water presence
Surface
Volume

Forward rendering / simulation
�̂��, �, �� � ������, ���

Cost function
« Data fidelity »

�� �̂ �� , �� , �� � ��
�

Iterative process to fit the 
implicit model to the data

Physical priors :

• The DEM/Bathymetry does not change through time

• The water has the same elevation everywhere on the ROI : lake area

• The observed elevation is the max of ground and water elevations

Probabilistic

distributions

Uncertainty

assesment

�ℎ���_ !���_��"
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RESULTING DISTRIBUTIONS

Water
Distribution
F(t)

Ground 
distribution
F(x,y)
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RESULTS – EBRO RESERVOIR (SPAIN)

ImplicitImplicitImplicitImplicit Lake : Lake : Lake : Lake : ReservoirReservoirReservoirReservoir Stock Monitoring Stock Monitoring Stock Monitoring Stock Monitoring fromfromfromfrom MultitemporalMultitemporalMultitemporalMultitemporal SWOT Pixel Cloud SWOT Pixel Cloud SWOT Pixel Cloud SWOT Pixel Cloud 
((((D.DerksenD.DerksenD.DerksenD.Derksen, , , , N.GasnierN.GasnierN.GasnierN.Gasnier, , , , S.PenaS.PenaS.PenaS.Pena, , , , L.LallaL.LallaL.LallaL.Lalla ) ) ) ) [on [on [on [on goinggoinggoinggoing]]]]

PIXC with Sandbanks issues

PLS2



Diapositive 6

PLS2 Pena Luque Santiago; 14/10/2025
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RESULTS – EBRO RESERVOIR (SPAIN)

---- Ground DSM: Ground DSM: Ground DSM: Ground DSM: Most Most Most Most 
probable solutionprobable solutionprobable solutionprobable solution

---- EvaluationEvaluationEvaluationEvaluation ---- Pléiades Pléiades Pléiades Pléiades 
DSM on DSM on DSM on DSM on wetwetwetwet
bathymetrybathymetrybathymetrybathymetry

---- 0.7m RMSE0.7m RMSE0.7m RMSE0.7m RMSE

SpatializedSpatializedSpatializedSpatialized & & & & ProbabilisticProbabilisticProbabilisticProbabilistic ResultsResultsResultsResults

---- Pink =  Pink =  Pink =  Pink =  High High High High uncertaintyuncertaintyuncertaintyuncertainty
(high (high (high (high predictedpredictedpredictedpredicted STD)STD)STD)STD)
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RESULTS – EBRO RESERVOIR (SPAIN)

---- PredictedPredictedPredictedPredicted Water Water Water Water ExtentExtentExtentExtent (SWOT) (SWOT) (SWOT) (SWOT) comparedcomparedcomparedcompared to to to to simultaneoussimultaneoussimultaneoussimultaneous SentinelSentinelSentinelSentinel 2222

SpatializedSpatializedSpatializedSpatialized & & & & ProbabilisticProbabilisticProbabilisticProbabilistic ResultsResultsResultsResults

---- SmoothnessSmoothnessSmoothnessSmoothness of of of of resultsresultsresultsresults

---- ProneProneProneProne to area to area to area to area smoothingsmoothingsmoothingsmoothing



FLOOD PLAIN DEM / RIVERS 

Amazon Amazon Amazon Amazon –––– ManaosManaosManaosManaos

ManaosManaosManaosManaos ––––SolimoesSolimoesSolimoesSolimoes RiverRiverRiverRiver SWOT PIXC «SWOT PIXC «SWOT PIXC «SWOT PIXC « WaterWaterWaterWater » pixels » pixels » pixels » pixels ---- WSEWSEWSEWSE

HypothesisHypothesisHypothesisHypothesis: : : : 
SimilarSimilarSimilarSimilar WSE in ROI WSE in ROI WSE in ROI WSE in ROI 
< < < < 
SWOT RMSE (10, SWOT RMSE (10, SWOT RMSE (10, SWOT RMSE (10, 
15cm)15cm)15cm)15cm)

RiverSPRiverSPRiverSPRiverSP –––– DroughtDroughtDroughtDrought periodsperiodsperiodsperiods 2023 & 242023 & 242023 & 242023 & 24



IMPLICIT RIVER

PreliminaryPreliminaryPreliminaryPreliminary ResultsResultsResultsResults fromfromfromfrom ImplicitImplicitImplicitImplicit river : river : river : river : 
Water Water Water Water levelslevelslevelslevels and and and and wetwetwetwet bathymetrybathymetrybathymetrybathymetry

Copernicus 30mCopernicus 30mCopernicus 30mCopernicus 30m

Estimation ofEstimation ofEstimation ofEstimation of
DEM+ DEM+ DEM+ DEM+ WetWetWetWet bathymetrybathymetrybathymetrybathymetry

Estimation DEM Estimation DEM Estimation DEM Estimation DEM –––– 149L149L149L149L

Estimation DEM Estimation DEM Estimation DEM Estimation DEM –––– ALLALLALLALLEstimation DEM Estimation DEM Estimation DEM Estimation DEM –––– 160L160L160L160L
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- Automatic approach with just SWOT PIXC (independent from PIXC Classification) 

- Management of Probability Distribution functions to handle Uncertainty

- Limitations:

- Only one Water body (WSE) to be processed in ROI

- Hyperparameters sensitivity

- Static DSM/Bathymetry hypothesis >> Pay attention to Bathymetry changes/ Seasons

Perspective: 

- Ready to be applied on Rivers and therefore, capabilities on Flood Plain DEM generation

- Better HyperparametersHyperparametersHyperparametersHyperparameters management

- Analysis on Observation angles and complementarity of different orbits.

- Multiple water bodies to be segmented in ROI areas (nearby lakes, multiple water bodies reservoirs, etc)

CONCLUSION

Candidate for « FloodPlainDEM »

Estimation on SWOT Expertise Center 

(HAWK) – Coordination with

D.Desroches/R.Fjortoft
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FOR YOUR ATTENTION
THANKS

santiago.penaluque@cnes.fr
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IMPLICIT NEURAL REPRESENTATION
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IMPLICIT LAKE – PROBABILITY FUNCTIONS

• Digital Elevation Model
( ∶  ��, ��  →  ��

• Water elevation
( ∶ �  → ��

• Observed elevation
(: �, �, � → � � max ���, ���

Implicit model

Probabilistic

distributions Uncertainty

assesment

Results : 
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COMPARISON OF VOLUME ESTIMATIONS

WSE (t)WSE (t)WSE (t)WSE (t)

Area(t)Area(t)Area(t)Area(t)

Volume change (t) Volume change (t) Volume change (t) Volume change (t) –––– TrapezoidalTrapezoidalTrapezoidalTrapezoidal approachapproachapproachapproach

ImprovementImprovementImprovementImprovement on Volume estimations on Volume estimations on Volume estimations on Volume estimations 
comparedcomparedcomparedcompared to Lake SP estimations to Lake SP estimations to Lake SP estimations to Lake SP estimations 

* * * * WarningWarningWarningWarning: Lake SP : Lake SP : Lake SP : Lake SP includesincludesincludesincludes partial partial partial partial viewsviewsviewsviews

Ground Ground Ground Ground truthtruthtruthtruth
ImplicitImplicitImplicitImplicit LakeLakeLakeLake
LakeSPLakeSPLakeSPLakeSP


