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hL.ItEC_h From light to Earth information
imaging

Develop the uses Created in Ateam of Brest

of spectral imagery 2016 15 people Technopole,

for mapping France

Operational services

Multi-sensor spectral image
acquisition services
(aircraft, UAV, solar UAV)

tech

imaging £

Mapping and environmental
monitoring services
(habitats, bathymetry, turbidity, etc.)

Data access and computing

infrastructure services
(OGC services, web viewer, APIs)




I"\thEC_h From light to Earth information
IMaging

Develop the uses

: 1 Created in A team of ﬁI’ESt |
OT spectral Imagery 2016 Tecnhnopole,
for mapping 15 people France
, - Simon Guéguen - Marc Lennon

Jqsselm el - Sébastien Peillet - Nicolas Thomas
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Ronan Piedevache ) aUe ] grlgjagal S

Alexandre Guyot - Morgane Canevet - Cédric Jorand

- Nicolas Pécheux - Sébastien Tauvry

- Antoine Male




hl—|tec.h Presentation of the project ""‘a

IMmaging
France 2030:

. d | ith @RNOTC @, cocmvonemninn
suppqrt government agencies and coastal managers wit % Cerema brgm
satellite data
- Duration of 3 years P

- Support from CNES and Bpifrance (for French government)

- Highlighting the value of satellite data

- Serving communities and public institutions IEN
- Around 4 lots entrusted to 4 consortiums

MORPHOLOGY
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tech . Requirements gathering

IMmaging

Suspended matter

SeEUEINEe]UifelslM 10 M

SV laY High (daily for tidal zones)

Accuracy

Bays, estuaries, mainland France, and
NeEUEINCOIE overseas territories

Ll I 1IN Y/[@ Historical and ongoing
Uncertainty

WMS feed, consultation and download
INeled=  service, and via API

Holgna-1d Netcdf

Uses

* Hydrographic, morphological, and sedimentary monitoring of coastal and estuarine areas

* Monitoring of plumes based on tides and climatic events with high temporal resolution

* Detection of changes in water color

* Filling gaps between buoy measurements (monthly) for better numerical modeling of coastal
areas

* Monitoring past developments, history, and climatology to determine trends and extrapolate into
the future

* Monitoring work on the coastline/ports before, during, and after construction

* Impact on the environment, particularly turbidity

# OF

‘ OFFICE FRANGAIS
" DE LA BIODIVERSITE

Phytoplankton Biomass

10 m
High (daily for tidal zones)

Spatial resolution

Frequency
Accuracy

179 coastal water bodies in mainland France

SeELEINGYSI@ and overseas territories

eI IR YST@  Historical and ongoing

Uncertainty
WMS feed, consultation and download
oIS service, and via API
Holgaat-i NetCDF
Uses

* Primary production proxy
* Bloom alert, eutrophication
* Climate change indicator (historical)

® 00 5 ‘ § Regions
2R Mfremer Y SeDF &

Cities



hl.l?[%&l’g\ Targeted products |

Monitor coastal areas at high frequency and high resolution

Daily event monitoring at 10m @o net.
=> Follow a particular event with high resolution

Based on medium (<1km) to very high resolution (<10m) data

Daily event detection at 300m (100m targeted) & sentinel-2
=> Highlight particular events relative to climatology
Based on medium (<1km) to high resolution (<50m) data

Monthly climatology of NAP/CHL at 300m (100m targeted)
=> Have a baseline in space and time
Based on medium (<1km) to high resolution (<50m) data

—

"SENTINEL 3



hl.lFmEagrl‘g . Methodology

IN PUT - Medium resolution/high revisit: VIIRS + S3
- High resolution/Medium revisit: S2
DATA - High resolution/High revisit: Planet
DATA SELECTED
SELECTION DATA
a priori selection based L2 o g
on flags and masks processor: i supporte
a posteri selectionbased  5¢mospheric correction gy - S3VIRS under progress
on uncertainty p ging using - S3 L2 eumetsat ; VIIRS L2 earthdata
Water leaving
R Remote sensing
Reflectance
: Iy
sawi from Hytech- ©7 .
,.,,,;g,.{,g veingLees | L3 processor: NAP and - calibration based on in situ data ; )
i i - Use of reference bathymetry for shallow waters =
RT model CHL estimation @ Ifremer
BiOceanOr
Biology For Ocean
PARAMETERS  xap ACTIVITY e Mo
CHL .
ESTI MATED IN DEX ”“‘ - Matchups within
situ data
. - Inter-validati
L4 processor: Uncertainty Validation @ b CMEMS. amd
interpolation and fusion assessment =i ODATIS products
. ) - ualitative
Use of climatology - /lAnaIytlcal propagation I ) \(/Qalidation on
Sharpening - Inter-sensor consistency along time particular events
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hl.ltECh Some questions currently under consideration FRAQ

IMmaging

Input data
« What is the contribution of Prisma/EnMAP hyperspectral satellites for phytoplankton characterization?

 Is there any contribution of PACE polarization for NAP and CHL estimations?

L2 processor: atmospheric correction
« Either characterize atmosphere using image data or based on external sources?
- What is the impact of adjacency effects on NAP and CHL estimations over coastal areas?

L3 processor: NAP and CHL estimation
How are empirical algorithms could be calibrated to handle the wide variability of optical configurations in
coastal waters?

L4 processor: interpolation and fusion
Is a posteriori fusion at NAP/CHL level is preferable to a priori fusion at BOA reflectance level?

Validation

« Are there any thoughts about a standard to assess the BOA reflectance?

« Are there any thoughts about a standard to assess NAP/CHL products?
(such as the IHO/S-44 standard for bathymetry for exemple)



hL.|tech

IMmaging
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ht_|tech Main customers & collaborations

IMmaging

Regular customers:

=
SH M DG/A

EX
MINISTERE

_ . FRANCE B
o NERGIES &
. AR'NES Direction générale de I'énergie et

du climat ?DGEC)

DE LA BIODIVERSITE

R&D partners:
AN U2

ENST2  ~erdronce HAos 3 vl cinco Ui30

/ BRETAGNE

.2 IP PARIS Photonics Innovation Hub UAR 3¢62 - LRUniv - CNRS

Industrial partners: |
— J(EX . z_. = =
Bi nOr i - (@ i-Sea PROMETHEE
Bioloogggo?[]cgan e (a I I QLS Q.gmomm AS -

Affiliates:

@MEF} MO®RESPACE S _ CAMPUS g\ afhy ‘ ]%MMH
= roosTER IRISPAC= VOMNMER @\ =m TECHNOPOLE L =

BREST - IRDISE

BRETaGNE ATLaNTIQue



hl.ltECh Methodology components

IMmaging

Input data
« Medium resolution/high revisit: VIIRS + S3

« High resolution/Medium revisit: S2
« High resolution/High revisit: Planet

Data selection
« a priori selection based on flags and masks
@ posteri selection based on uncertainty

L2 processor: atmospheric correction
a2cor from Hytech-imaging using 6SV

L3 processor: NAP and CHL estimation

 Lee's RT model

« Calibration based on in situ data

« Use of reference bathymetry for shallow waters

L4 processor: interpolation and fusion

« Use of climatology
« Turbidity and phytoplankton activity index

Uncertainty assessment
« Analytical propagation
 Inter-sensor consistency along time

Validation

« Matchups with in situ data

 Inter-validation with CMEMS and ODATIS products
« Qualitative validation on particular events



Méthode

QUALITE DE L'EAU

Légende

i . [ Données brutes ] [ Produits/RésuItats] [A définir / En cours ]
Données In-situ

Bouées "Temps réel"

8

t y CHL, Turbidité, MES | 510comn0r |Frocessuscetratenrent|  { Décision | ——» Flux de donnees
Biology For Ocean
Inversion modéle Regrillage et Fusion multi-
Données L1 atgg;rglfgﬁgue semi-analytique clln%atolggles constellation
Reflectance Top Of B e e e £ Lee et al. (1998) Regnllage VIIRS/S2 Journaliére/hebdomadaire Lissage Couverture Interpolation
At”\‘zlslggere (Hytech-Imaging) | Estimation CHLetNAP | 5 i rl\"»;IS,OhUt:;)” S3 > 7Risglut|%? sp?gale Méthode a définir sufflsante’? Données manquantes
Serinel213 Vrfetement (2010 iy P i e & At & A et
PlanetScope (a tester) L S . * Intégration Résolution temporelle:
Propagation incertitudes mcg%rggggastlggesc?rlglré < Moyenne journaliére selon couverture nuageuse

Y + l Ooul _

\/
Compromis | / |/
Tri Données Satellitaires ~ QUalité Produits L3
Fréquence "S% Nullfls?s Vue d'ensemble par masse d'eau
Couverture Hors jours S2 o . .
— S3/VIIRS/S2 sinon Statistiques Indicateur activité
Abréviations: - « Valeurs moyennes + Anomalie
CHL = Chlorophylle-a | NAP = Matiére non-algale en suspension + Incertitudes « Ecart-type phytoplanctonique
S2 = Sentinel-2 | S3 = Sentinel-3 | VIIRS = Visible Infrared Imaging Radiometer Suite * % pixels valides dans A A définir
SRR | + emprise masse d'eau | | . payiation vs normales
s * Niveau de confiance ournalleres
: = Litosat definir iveau de confiance
LT LT LR S || pac
Pas de MODIS ; : — . Bgmwgnltndlcateur - Indicateur pertinent:
*  Sentinel-2 pour résolution fine estuaire ST EERREEREL SR e e I— > couverture valide
oAt ILHECEIEL 0 TTEE 1] e ——
: 2/jour - 300m pour Sentinel-3 (A + B) ) T R o o ’ s A
. 1/5 /jour - 10m pour Sentinel-2 (B +C) =
. 1/jour - 4.2m pour PlanetScope (Dove / - - PRODUITS FINAUX
SuperDove) . |H| ‘H ‘" I I HN I” H“” |H II e ~«——| Cartes de concentration CHL (chlorophylle-a) et NAP (matiere non-algale)
T S B e e - + Indicateurs d'activité phytoplanctonique
e s e e Multi-résolutions spatiales et temporelles selon constellation
EX
REPUBLIQUE PPN
FRA‘,{,CA%% é France 2030 - Bande Cotiere LOT 3 - COPIL#1 29/01/2026 12

Liberté
Egalité
Fraternité

cnes



QUALITE DE L'EAU

Validation

1. Validation Chlorophylle-a (CHL)

Approche 1: \Validation in situ

3. Validation Indicateur Activité Phytoplanctonique

(Concentration ~ — Donnees « Erreurs (RMSE, MAE, etc.) dactivité —| _Site pilote: Baie de la Vilaine
chlorophylle-a) REPHY, Coriolis, Somlit) - Corrélation (R?) Anomghe_ (fortes variations d'efflorescence)
Mesures in situ - Biais (bias) phytoplanctonique Période(s) dbiée(s) 1. Mesures in situ
i g * Proportionnalité (fit ax+b onitoring multi-sources * Concentration CHL-a
concentration CHL-a VAl n(t'tat' ) Partenariat clients d'ancrage * Concentration MES
Matchups +12h q ot O] ave
Appar(i%mtent temporel d[proe ]
proaur-mesure - T 2. Indicateur proposé
Approches ., Besultat }/all_datlon Anomalie calculée
complémentaires Evaluation qualitative: Niveau de confiance
Approche 2: Cohérence produits Matchups produits Garantissent la ggnﬁ]rgnngg ;‘)%ngu?\yie
- . Comparaison pixel & pixel liciité des résultat  Eabilits : 3. Produits communauté
Produits communauté entz'gaproduit CF))IHL ot groduits Fabilite niveau confl_ance CMEMS GlobColour
+ CMEMS GlobColour de reférence En partenariat avec dlients ODATIS-MR
* ODATIS-MR
égantage: plus de points qu'
Regrillage aucoup plus de points qu'avec
Ramener prodi livré a donnees in situ ——
résolution produit référence — Cohérence spatiale Objectifs validation
Vérifier:
* Cohérence des variations
Léoond de l'indicateur
2. Validation Matiere Non-Algale (NAP) gende | clj\gvl%Ji&etggpﬁ anee
:] Produits Confirmer:
i Validation multi-sources A0 . ur clients
ity . Validation NAP [ ] Valication - PORehcs oS atonnele
d in si By Approche similaire a CHL.: .
suspension) Mesures in situ MES + CHL-a e e s :] Données réf.
* Cohérence avec produits Mt
Inter-validation communate |:] H(Leo?ques
CMEMS + ODATIS
$ ]
FRANGARSE. é France 2030 - Bande Cétiére LOT 3 - COPIL#1 29/01/2026 13
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Bathysat®

IMAGES Sentinel 2A &28

Pléiades 1A & 1B

BRUTES :poTe

Worldview 2 & 3
Pléiades Neo

{

CALIBRATION

LTOA Luminance

Top of
geotiff Atmosphere

{

CORRECTION DE
LATMOSPHERE
a2cor

R B OA Réflectance

Bottom of
geotiff Atmosphere

{

MASQUES
MASQUES INVERSION DE LA Spatiaie
shape COLONNE D'EAU ;Szr;:?:tr:r!rl\;orelle
Nuages et ombres SWIM

Eaux profondes
Zones turbides

eume
POST PRODUITS
s TRAITEMENTS SDB Fimes et
PARAM ETRES Z Filtrage geotiff Incertitudes 1C95

Rfon Réduction de la marée

ESTl M ES Paragwétres dela

geotiff colonne deau
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