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1. Les mesures HYPERNETS
(3 stations en France : Berre, Gironde et Rhone)
distribuées sur zenodo et leur exploitation scientifique

2. Les mesures HyperBOOST
(eaux cotieres européennes)

D.Doxaran et al. LOV

é)DATis

Réunion du GT hyperspectral/ODATIS




H2020-HYPERNETS (R&D), 2018-2023

» Un nouveau radiometre hyperspectral ‘low-cost’
» Un systéme opératoire autonome

» Un réseau international mis en place (surfaces aquatiques et
terrestres) pour la validation de la réflectance de surface
(toutes missions satellitaires)

ESA-HYPERNET-POP (operation), 2023-2027

» Maintenance de 1 a 3 sites par partenaire
> Validation des réflectances de surface
> Distribution des données

Consortium:

RBINS, TARTU, LOV, NPL, CONICET, CNR, GFZ
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Commercialisation en 2025 par la société
RSware : https://hypstar.eu

|Parameter

Measured quantity

Field of view

Detector array

Spectral range

Spectral sampling interval
Spectral resolution

ADC resolution
Integration time

Shutter

Target camera
Communication interface
Housing material
Dimensions (DxL)

Weight

Power supply
Environmental protection

Operating temperature

Storage temperature

G‘ HYPSTAR® System Uif-[

New Lowercost

Regarder sur ({8 YouTube

HYPSTAR-SR radiometer

Radiance and irradiance (multiplexed)
2° (radiance), 180° (irradiance)

2048 px Si

380...1020 nm

0.5nm

3nm

16 bit

1...65535 ms

Internal

5 Mpx, RGB

RS485, half duplex, 115.2 ... 8000 kbps
Anodised marine grade aluminium
2110.3 x 267 mm

1.5kg

8..18VDC, 0.5A

IP67
-25 ... +45 °C
-35...+70 °C



https://hypstar.eu/

HYPERNETS data:

» Center of the optically complex
Berre coastal lagoon (SE France)
(phyto. Blooms, river discharge):

HYPERNETS system v1>v3 in
operation (every 30 mn)
since February 2021

» Mouth of the highly turbid
Gironde Estuary (SW France):
HYPERNETS system v2 in
operation (every 15 mn)
since November 2021
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En France, 3 sites aquatiques : lagune cotiere, estuaire et embouchure de fleuve

New HYPERNETS data:

» Mouth of Rhone River (SE France)
(river discharge):
HYPERNETS system v3
in operation (every 30 mn)
since December 2023

T
%

Multi-sensor cientific platform
(IFREMER, LSCE):
Wind, rain,
T, S, Turb, Fluo,
ADCP,
sediment traps

Séquence de mesures standard : 3E;, 3L, 6L, 3 E; (Mobley 1999) puis transfert et QC = Rw



Distribution de jeux de données initiaux (15 sites) : zenodo

CT emalls #
15 result(s) found Sortby  Best match v
Yersions [ une 10,2023 (.2 J Datssst J & open |
View all versions Initial Sample of HYPERNETS Hyperspectral Water Reflectance Measurements for Satellite Validation from the LPAR site (Argentina)

Dogliotti, Ana |. §®; Piegari, Estefania 9; Rubinstein, Lucas ®; and 1 other

The HYPERNETS project (www.hypernets.eu) has the overall aim to ensure that high quality in situ measurements are available to support the (VNIR/SWIR) optical Copernicus products. Therefore, it

Access siatus established a new autonomous hyperspectral spectroradiometer (HYPSTAR® - www.hypstar.eu) dedicated to land and water surface reflectance validation with ...

Open 15 Uploaded on June 19, 2023 @ 46 X5
S [sune 18,2023 1) | Datasst J & Open |
Dataset 1 Initial Sample of HYPERNETS Hyperspectral Water Reflectance Measurements for Satellite Validation at the mouth of the Gironde Estuary, MAFR site
(France)
Lesson 1 Doxaran, David @®; Corizzi, Alexandre

The HYPERNETS project (www.hypernets.eu) has the overall aim to ensure that high quality in situ measurements are available to support the (VNIR/SWIR) optical Copernicus products. Therefore, it

Subjects established a new autonomous hyperspectral spectroradiometer (HYPSTAR® - www.hypstar.eu) dedicated to land and water surface reflectance validation with ...
Uploaded on June 19, 2023 ® 42 X7
HYPSTAR 9
hyperspectral 9

Satelils vRRdaon . Initial Sample of HYPERNETS Hyperspectral Water Reflectance Measurements for Satellite Validation at Lake Garda, GAIT site (ltaly)
: Brando, Vittorio (®; Gonzalez Vilas, Luis §9; Bresciani, Mariano €2; and 3 others
multi-angular 6
The HYPERNETS project (www.hypernets.eu) has the overall aim to ensure that high quality in situ measurements are available to support the (VNIR/SWIR) optical Copernicus products. Therefore, it
optical properties 8 established a new autonomous hyperspectral spectroradiometer (HYPSTAR® - www.hypstar.eu) dedicated to land and water surface reflectance validation with ...

Uploaded on Juna 19, 2023 @56 X6
environment 5
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Mesures HYPERNETS : sites aquatiques
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Results:
Seawater reflectance
retrieval
S2-MSl,

Berre

Doxaran et al. (2023)
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Results:
validation of
atmospheric corrections
S2-MSi
Gironde

Doxaran et al. (2023)
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Results:

S3-OLCI
Berre

Doxaran et al. (2023)

Seawater reflectance retrieval
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Results:

Seawater reflectance

retrieval

$3-OLCI

Gironde

Doxaran et al. (2023)
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Research Article Vol. 26, No. 8 | 16 Apr 2018 | OPTICS EXPRESS 10435

Optics EXPRESS

Saturation of water reflectance in extremely
turbid media based on field measurements,
satellite data and bio-optical modelling

YAFEI Luo,"23 DAvID DOXARAN,*’ KEVIN RuDDICK,* FANG SHEN,>
BERNARD GENTILL® LIWEN YAN,! AND HAIJUN HUANG'28

Seul le rapport by, *(4)/a,*(4)
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Water reflectance model (IOPs) SO l \/ O

0, (1) = by (1)

b — al)+b,(1) a(d) = a,)+a,(d) +agd)
. bbw(l) b(/l) — bbw(/l)‘l'bbp(/l)‘l'bbqb(/’l)

np(4) = by ()

=» SPM-dominated waters (NAP and phytoplankton)

4
{ap D) = ay(A)+TSM bip () = bigo (5. )
ap(d) = afp (A) * Chl
bpp() = bpy(A) * Chl with Chla-specific coefficients fixed from litetrature

& Pure water coefficients from litterature



Water reflectance model SO l \/ O

4
RT‘S (/1' Hs» er A(p) = z i (95' Hv, A(:br nb)(wb (A))l
i=1

R,s(1) = 0.529 % 0.197 * (1 — 0.636e 255296V x ¢y, (1)  Lee etal. (2004)
or considering BRDF LUTs (Park and Ruddick 2005)



Saturation regime SO l VO

( . A\7Y
sy = Lt bipn * (7,
P ay M) +b, M), s \ , A\
p bp (apo — Qo) xe S 4 gy + bypo * (E)
Lﬁb(l) = 0

a; ar a
po poo) « e—S(A-21g) 4 TP

1-— 61, (/1) _ (prO B b;;pO ZPO

As R is almost a linear function of the wavelength (1),

a
only this ratio can be retrieved at saturated wavebands: E (1) = @p(1) — (A -y
i)




Modelling the full HYPERNETS spectra (in and out the saturation regime)

* *
= 6 unk tside saturation: X = (2,22 b, .S, y, Chl
unknowns outside saturation: X = | 5=, =, Dppo, S, ¥,
bpo “bpo
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Modelling the full HYPERNETS spectra (in and out the saturation regime)

* *
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=» 6 unknowns outside saturation: X = | ——, N bppo, S, v, Chl
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— 12:01:00 | . s ot
_— 0L =4, = 0. =1.427 =0.
sl 12:31:00 005 H 12:01:00 aprDpO 13 5=0.016 y=1.42 a,,/b,,,,m! 0.32
= 12:46:00 _ 12:31:003,;/bb;,0=3.75 5$=0.015 y=1.211 a};lbgplnf=0.29
— 13:01:00 o8 gt
—— 12:46:00 a,/b.,0=3.97 S=0.015 y=1201 a,/b, inf=0.31
0.04 - — 13:16:00 . 0.04 1+ o /Pop L4 o /0o
—— 13:31:00 —— 13:01:00 a,/by,0=3.56 S=0.015 y=1.095 a,/byinf=0.28
— 13:46:00 e ~ B R
s 0.03 - —— 14:01:00 5 0.034 — 13:16:00 aplprO—3.76 5$=0.015 y=1.144 aplbbplnf—O.BZ
— 14:31:00 _— 13:31:003‘;/b,;,,0=3.84 $=0.015 y=1.072 a‘;/bgpinf=0.35
~—— 14:46:00 <o s
—— 13:46:00 a,/b,,0=3.44 S=0.015 =0.991 a,/b,,inf=0.26
0.02 —— 15:01:00 0.02 piotp ¥ p oo
46:00 —— 14:01:00 a,/b,0=3.57 $=0.016 y=1.075 a,/by,inf=0.31
0.01 4 —— 14:31:00a,/b;,0=3.81 5=0.016 y=1.089 a,/b,inf=033
—— 14:46:00 a,/b;,0=3.86 $=0.016 y=1.103 a,/b,inf=0.35
0.00 -+ T ' — 15:01:00 ap'lbgp0=3.87 5=0.018 y=1.352 ap'/b,,'plnf= 0.28
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0.0a4 = gf;‘:fgg Gi6ad —— 12:31:00a,/b;,0=3.79 5=0.014 y=1.062 a,/byinf=0.34
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Modelling the full HYPERNETS spectra (in and out the saturation regime)

11:46:00 a, /by,0 = 3.0
12:01:00 @, /b, 0= 4.1
12:31:00 &, /b,,0=3.7
12:46:00 aj /by, 0=3.9
13:01:00 a, /by, 0 = 3.5
13:16:00 & /b,,0 =3.7
13:31:00 a, /b,,0=3.8
13:46:00 a, /by, 0=3.4
14:01:00 ap /by, 0= 3.5
14:31:00 a;/b;,0=3.8
14:46:00 a, /by,0=3.8
15:01:00 &, /b,,0 =3.8

15:46:00 a” /b .0 =4.0

11:01:00 a; /b, 0 =3.

11:46:00 a, /b, 0=4.

12:31:00 8, /by, 0=3.99

12:46:00 3, /b, 0=3.
13:01:00 &, /b, 0= 3.
13:16:00 a, /b, 0 =3.
13:46:00 a, /by, 0=4.4
14:01:00 3, /b, 0= 4.
14:16:00 a, /b, 0 =4.
14:31:00 &, /b,,,0 = 3.

15:01:00 ap'lb,:po =33

( 5=0.014

b 5=0.016

=0.544
=1.427
5$=0.015 ¢@=1.211

§=0.015 J=1.201
[ 5=0.015 J=1.095

5=0.015 y@=1.144

$=0.015 y@=1.072

=0.991
]: 1.075

5=0.016

5=0.015
5=0.016
=1.089
5=0.016 @=1.103
5=0.018 @=1.352
S=0018 {=1164
7 $=0.013 y=0.945
7 $=0.013 y=1.101
5=0.014 f=1.062
5=0.013 y=0.958
5=0.013 y=0.899
$=0.013 }=0.920
=1.006
5=0.014 ¥=1.103

5=0.014

9

5

7

2 5=0.013
5

5 =1.177
6

5=0.014 py=1131

1 $=0.012 §=0.911
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a, lbpoinf=0.44
a, /by inf=0.32
a8, Ibyyinf=0.29
a, [bpyinf=0.31
a, Ibyinf=0.28
a, [bpyinf=0.32
a, /byinf=0.35
a, (bpinf=0.26
a, [byyinf=0.31
a, [byinf=0.33
a3, /by inf=0.35
a, [byyinf=0.28

allblinf=035

a, [byinf=0.36
a, /by,inf=0.37
a, [by,inf=0.34
a, (bgoinf=0.34
ap Ibpoinf=0.35
a,/by,inf=0.42
a, Ibyinf=0.47
3, [bypinf=0.41
a /byoinf=0.39
a, (byginf=0.37

8, /by inf=10.43

bepy = 1.484
bpgo = 1.857
by =1.594
by =2.061
Do =2.579
bypo =2.127
bypo =2.475
bugo =2.517
bigo = 2.212
bygp=1.971
bygo=1.801
by =1.430

bon=1382

bipo = 2.686
bpoo = 1.837
Dppo =1.882
bpgo = 2.442
bipo = 4.061
bppo = 0.965
bppo =1.837
bppo = 1.698
bpgo =1.272
bpgo = 1.120

by =0.766

chl=0.00
chl=9.70
chl=2.89
chl=4.97
chl=3.29
chl=2.97
chi=2.30
chi=0.17
chl=2.11
chl=0.00
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chl=581
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chl =6.56
chl=5.13
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Modelling the full HYPERNETS spectra (in and out the saturation regime)

=» 6 unknowns outside saturation: X =

20220324
0.06 - - j , -
— 11:46:00
— 12:01:00
0.054- — 12:31:00 _
= 12:46:00
= 13:01:00
0.04 4 — 13:16:00 .
—— 13:31:00
— 13:46:00
£ 0.03 - —— 14:01:00
— 14:31:00
~—— 14:46:00
0.02 - 15:01:00
— 15:46:00
0.01 |
0.00 -+ T T T T T T T T T
300 400 S00 600 700 800 900 1000 1100 1200
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0.05 1 ‘ — 11:01:00 -
— 11:46:00
e 12:31:00
0.0a4 = 12:46:00
- 13:01:00
— 13:16:00
~—— 13:46:00
0.03 1~ T = 14:01:00
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0.01 4
0.00 -+ T T T T T T T T T
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11:46:00 a, /by, 0 = 3.05
12:01:00 @, /by, 0= 4.13
12:31:00 &, /b,,0=3.75
12:46:00 aj /by, 0 =3.97
13:01:00 a, /by, 0 = 3.56
13:16:00 ap /by,0=3.76
13:31:00 a, /by, 0=3.84
13:46:00 a, /by, 0=3.44
14:01:00 &y /by, 0 = 3.57
14:31:00 a, /by, 0 =3.81
14:46:00 a, /by,0 = 3.86
15:01:00 a /b,,,0 = 3.87

15:46:00 a°/b’.0 =4.06

11:01:00 a, /b, 0 =3.97
11:46:00 a, /b,,0=4.07
12:31:00 8, /by, 0=3.79
12:46:00 3, /b,,0=3.69
13:01:00 a‘;/bl;,o =3.65
13:16:00 a, /by, 0 =3.97
13:46:00 a, /b,,0=4.22
14:01:00 3, /b,,0=4.35
14:16:00 3, /b, 0=4.15
14:31:00 &, /b,,0 = 3.96

15:01:00 ap'lb,:po =371

5=0.014 y=0544

5=0.014 y=1.427
5$=0.013 y=1.211
s=0014 y=1.201
5=0.014 y=1.095
s=0.019 y=1.144
s=0.014 y=1.072

5=0.013 y=0.991

5=0.014q y=1.075

5=0.01¢ y=1.089 4
5=0.01¢ y=1.103 4
s=0.014 y=1.352 {
S=001 v=1164 4
s=0.01p y=0.945
$=001p y=1.101
5=0.01} y=1.062
5=0.01p y=0.958
5=0.01p y=0.899
$=0.01p y=0.920
5=001} y=1.006
5=0.01p y=1.103
S=0.01f y=1.177
5=0.01p y=1131

5$=0.01}) y=0.911

s Ibpoinf=0.44
) Ibgginf=0.32
) Ibgyinf=0.29
s by inf=0.31
> Ibpsinf=0.28
; [bppinf=0.32
Ibyinf=0.35
s 1bpginf=0.26
s Ibpginf=0.31
> /bpinf=0.33
> /bpeinf=0.35
[ /byyinf=0.28

b inf=0135

P, [boinf=0.36
B, (b inf=0.37
o [Bppinf =0.34
B, (b oinf=0.34
B, /bpginf=0.35
¢, /b yinf=0.42
b, [Dpoinf=0.47
b 1Dpinf=0.41
o /b poinf=0.39
B, [bppinf=0.37

o /bpinf=0.43

—/

bepy = 1.484
bpgo = 1.857
by =1.594
by =2.061
Do =2.579
bypo =2.127
bypo =2.475
bugo =2.517
bigo = 2.212
bygp=1.971
bygo=1.801
by =1.430

bon=1382

bipo = 2.686
bpoo = 1.837
Dppo =1.882
bpgo = 2.442
bipo = 4.061
bppo = 0.965
bppo =1.837
bppo = 1.698
bpgo =1.272
bpgo = 1.120

by =0.766

chl=0.00
chl=9.70
chl=2.89
chl=4.97
chl=3.29
chl=2.97
chi=2.30
chi=0.17
chl=2.11
chl=0.00
chl=0.43
chl=581

chi=129

chl=9.06
chi=773
chl=5.65
chl=7.87
chl=13.77
chl=3.85
chl=6.80
chi=5.78
chl =6.56
chl=5.13

chl=4.24



Modelling the full HYPERNETS spectra (in and out the saturation regime)

* *
= 6 unk tside saturation: X = (2,22 b, .S, y, Chl
unknowns outside saturation: X = | 5=, =, Dppo, S, ¥,
bpo “bpo
20220324 20220324
0.06 - - - : 0.06 {7 - : - : . - T - : / S—
— 11:46:00 —— 11:46:00 8, /b;,0=3.05 5=0.014 y=0.544 a/byinf=0.44 bypo=1.484 |chi=0.00
— 12:01:00 | shim v 8
—— 12:01:00 8, /b,0=4.13 $=0.016 y=1.427 a,/byinf=0.3 by =1.857 fchi=970
0.05 1 —— 12:31:00 . 0.05 1 o Pop ¥ o oo i
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— 13:01:00 P i
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~— 14:46:00 < pt P
4 —— 13:46:00 a,/by,0=3.44 S=0.015 y=0.991 a,/by,inf=0.26] by =2.517 |chi=0.17
0.02 —— 15:01:00 0.02 i ¥ A o
—— 15:46:00 —— 14:01:00 a,/by,0=3.57 $=0.016 y=1.075 a,/bp,inf=0.3Y byo=2212 fhi=2.11
ot ) | NN | | 0.01 4! —— 14:31:00a,/b;,0=3.81 $=0.016 y=1.089 a,/binf=033] by =1.971 |chi=0.00
—— 14:46:00 a,/b},0=3.86 5=0.016 y=1.103 a,/binf=0.35| by =1.801 |chi=0.43
06 0.00 1 : } : } : ; y : J —— 15:01:00 a;/b;,0=3.87 5=0.018 y=1.352 a,/by,inf=028] byyg=1430 fchi=581
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—— 11:46:00
— 12:31:00 —— 11:46:00 2 /b;,0=4.07 S=0.013 y=1.101 a,/byinf=0.3] by =1.837 |chi=7.73
0.0a4 — 12:46:00 Gi6ad —— 12:31:00a,/b;,0=3.79 5=0.014 y=1.062 aj/byinf=0.3d byyo=1.882 |chi=5.65
— 13:01:00 :
— 13:16:00 — 12:46:00 3,/b,,0=3.69 S=0.013 y=0.958 a,/byinf=0.39 by =2.442 | chi=7.87
— 13:46:00 —— 13:01:00 a,/b,0=3.65 S=0.013 y=0.899 a,/byinf=0.3] by, =4.061|chi=13.77
0.03 - T — 14:01:00 0.03 1 /0% Y b 7%
2 — 14:16:00 B — 13:16:00 a,/b;,0=3.97 $=0013 y=0.920 a,/by,inf=0.4F by,=0.965 | chi=3.85
— 14:31:00 —— 13:46:00 a,/b,,0=4.22 $=0.013 y=1.006 a,/b,inf=04] bpy=1.837|chi=6.80
02 1 —— 15:01:00 0.02 - cixia bt
T —— 14:01:00 3,/b;,0=4.35 5=0.014 y=1.103 a,/b,inf=0.4] byo=1698|chi=578
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0.00 4+ . 0.00 -+

300 400 S00 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200



Modelling the full HYPERNETS spectra (in and out the saturation regime)

* *
= 6 unk tside saturation: X = (2,22 b, .S, y, Chl
unknowns outside saturation: X = | 5=, =, Dppo, S, ¥,
bpo “bpo
20220324 20220324
0.06 - - - : 0.06 {7 7 : - : - : T z :
— 11:46:00 —— 11:46:00 a,/b;,0=3.05 $=0.014 y=0544 a, /b, inf=0.44
— 12:01:00 | shim v 8
— 12:0L =4, =0. =1.427 =0.
oo 1331601 | 12:01:00 @, /b,,0=4.13 5=0.016 y=1427 a,(by,inf=0.32
- 12:46:00 —— 12:31:00a;/bb‘p0=3.75 §=0.015 y=1.211 a,,‘/b,;plnf=0.29
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— 13:31:00 —— 13:01:00 a,/by,0=3.56 S=0.015 y=1.095 a,/byinf=0.28
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~—— 14:46:00 AT T = s S
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Conclusions / Perspectives

» Nouveau réseau autonomes de mesures hyperspectrales de la réflectance des eaux
cotieres a continentales

» Qualité et disponibilité des mesures pour la validation des multiples corrections
(atmosphériques, glint et environnement) appliguées aux mesuers satellitaires

» Fort potentiel pour estimer la concentration et les IOPS des MES (proxys de la
composition et dela taille) : a valider

» Application aux mesures satellitaires PRISMA, ENMAP en préparation de la future
mission de I'ESA: CHIME
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v' SoRad, Tom (PML)

* Continuous hyperspectral above-water radiometry: water reflectance
v' acs,bb3,Hyper-bb, Emmanuel (Umaine)

* Continuous a, ¢, b, b, hyperspectral data
v’ SPM, POM, POC, CHL, David (LOV)

v/ CDOM, FDOM, TOC, DOC, Chiara (CNR-P)
* Hyperspectral CDOM absorption
e DOC
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So-Rad
Lsky and
Lt sensors

So-Rad Ed
and HSP-1
sensors

So-Rad (Solar-tracking radiometry platform)

Level 0/1: Downwelling irradiance (Ed), Sky radiance (Lsky), Total upwelling
radiance (Lt). Hyperspectral on interval ~ [350, 900] nm
Level 2: Remote-sensing reflectance (Rrs)

HSP-1 (Hyperspectral pyranometer)

Level 0/1: Downwelling irradiance (Ed), Direct downwelling irradiance (Edd),
Diffuse downwelling irradiance (Eds). Hyperspectral on [300, 1000] nm.

‘ "Home orientation’ of So-Rad rodiance sensors

Met Lob
®

sow Plan view of Tara
showing sensor
location.

Stern
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Quality control

gl: First step MONDA (filters based on measured
Ed, Ls, Lt).

g2: Second step MONDA (filters based on 3C
optimization output parameters).

g3: Third step MONDA (filters on Rrs spectra).

g4: QC based on available metadata from So-Rad
and Tara underway, (includes relative azimuth, tilt,
tilt standard deviation, windspeed). ~ 14K
measurements at g4 (~15 % of total).

g5: As g4 but with non-clear-sky conditions
removed, based on HSP-1 IDR measurements. ~ 9K
measurements at g5 (~9% of total).

400 500 600 700 800 900
Wavelength [nm]

Rad. + 3C QC (n = 411)
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400 500 600 700 800 900
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Rad. + 3C + Rrs QC (n = 251)
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A °
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Example of impact of QC steps 1-3 on Rrs. Figures
for steps 4-5 are incuded in FTP data set
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