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~ AHYPERNETS @ OpAaTis WaterHypernets : Sites

Autonomous in-situ hyperspectral reflectance measurement station (Aqua and Land)

ESA HYPERNETS / HYPERNET-POP Project K(:% ,4 g i E o ol
https://hypstar.eu %\}/ sites In France < R
. . . )z <= MAFR (Gironde mouth) >
consortium: BE, FR, AR, UK, IT, EE (PI: Kevin Ruddick) \\
1 to 3 operational sites / partner THFR (Thau Lagoon) o

Objective :

» Development of new, less expensive radiometers

» Validation of Satellite Products

» Measuring light reflectance (water and land) in a /
fixed area, often turbid waters 4‘"«\‘

Implementation: ;

» Central unit, rain and light sensor

> Pan-tilt eat
» Radiometer Hypstar 8 g , Lu
» Autonomous powered ! ‘
» Mechanical fastening

Ld

built-inca nera ™




™ AHYPERNETS @ ooris

French fixed Hypernets Station

WMAFR

'@ Gironde Estuary
Turbid water

Site active
Datas since 2

MEFR

= Rhone mouth

: Pomerols > !

Marsedian

Measurement
Sequence
Cycle




@ Oparis French Hypernets data results

- MAFR MEFR BEFR THER

2023 3400 Mo 512 Mo 2506 Mo 62 Mo
2024 2200 Mo 779 Mo 4 Mo 18 Mo 275 Mo 100 Mo X X
2025 2142 Mo 1201 Mo 542 Mo 302 Mo X X 2301 Mo 1281 Mo

Summary of L2A (Mo) Results
MAFR : 512 / 1200 : Station without any problems since 2023

MEFR : Max 302 . A lot of problems with birds and accessibility
BEFR : 62 77 100 :Station relocated to THFR

THFR : 1281 : Very good performance since installation

Hypernets 2026 LSV



@ Oparis The Hypernets suite of tools

Hypernets tools: The control logic of complete system which generates the raw data and
communicates with Rbins (a server in Belgium) in asynchronous mode.

Hypernets_processor : A calculator that generates netcdf files with quality control from raw data.

Hypernets dashboard : Tools to transferring and showing raw and processed data and to creating
plots and daily monitoring of data and system status.

Hypernets matchups: Tools for comparing satellite data and other in-situ measurements measured
NEW FOR 2025 simultaneously (Delta minutes option) and with the same location as Hypernets

Hypernets nav: Integration of a magnetometer/inclinometer for system control in offshore mode
NEW FOR 2026 (similar to So-Rad for the Trios radiometer). Hypernets nav enables calibration
and azimuth control during the measurement sequence.

In blue : Tools developped at LOV Hypernets 2026 LSV



@oonris Why the adaptation of Hypernets to navigation ?

2024 : Firsts tests of de measurement sequences on TARA (Return Leg)
» 14 days of measurements from Greece to Villefranche/mer
» Measurement conditions: blue skies and oligotrophic waters i = -\"5\% HyperPro
| < TARA
» 107 Hypernets Quality check passed T = o B
» 8 Hyperpro measurements kept with dates Hypernets matchups o [ \
» 111 Trios measures kept with dates Hypernets matchups HYPSTAR TRIOS

2025 : Data exploitation ~ |& Tables (11)
» New version of Hypernets_matchups with sql database | :;?_:ups
» All matchups stored into database including : >
* |nsitu data (Rhow, Ed, Ld, Lu, Lw) > | measure_data_ld
* Radiometers information +  measure_data_lu
« Rsrand NxN Pixels from Satellite data matchups B 2::::::_:2:':”
* Images of measurement condition > @ measure_info
# . radiometer
» Tools for exporting spectral, scatter plot, and table results sorsr
»  sqglite_sequence

2026 : Adaptation of Hypernets to the navigation

Hypernets 2026 LSV



@OoAris How to adapt Hypernets to navigation ?

Experimentation at the LOV workshop

» Mast: 2-axis articulated flange
» Sensor integrated into the junction box
» North controlled by sensor magnitude data
» Module developed to:
e Calibrate the sensor
e Control pan orientation when boat move

 Dashboard for launching data sequences

>_] Terminal - r2d2014@r2d2014: ~/Documents ~

File Edit View Terminal Tabs Help

r2d2014@r2d2014: $ cat geometry.txt

# timestamp magX magy magZ angX angyY angZ PT(Pan)
2026-03-10 08:50:17 1587 0 58247 0.736 1.40 0.07 0.00
r2d2014@r2d2014.: $ cat geometry.txt

# timestamp magX magyY magZ angX angyY angZ PT(Pan)
2026-03-10 08:52:02 261 1965 58327 -1.461 1.81 -90.74 82.43

Hypernets 2026
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Hypernets on TARA (Hyperboost)

—
[—1)

\ \ ; 5 : >
‘ ’ | HYPSTAR sur systeme Hypernets TRIOS sur systeme So-Rad
| | | Qc : LOV (Paco Still)

B\ \ i | v

QC : PML (Vittorio Brando)
- _

HyperPRO Satlantic in surface mode
QC : Univ Maine (Emmanuel Boss)

Figure D-6: Float installation for Profiler Il Surface Mode
Hypernets 2026 LSV



Structure de la base de données Editer les pragmas

—

matchups

Exécuter le SQL

Parcourir les données

matchups

Table :| | matchups

v e BH | E | E.H A #% Filtrer dans nimporte quelle colonne

id type HYPERNETS TRIOS HYPERPRO image_id S3A 538 PACEV2 PACE V30 PACE V31 AQUA  VIIRSL  VIRSJZ  VIRS_N
|Filtre|Filtre  |Filtre [Fire  [Filtre [Fitre [Fire  [Fitre  |Filtre Filtre Filtre [Fire  [Fitre Filtre Filtre
26 26 EHOW a0 41 NULL 93,94,85,96 UL NULD 278 334 388 138 191 597 679
27 27 ERHOW 4z a3 NULL 97,98,88,100 UL NULD 278 335 389 439 192 598 680
28 28 RHOW 44 a5 NULL|  101,102,103,104| NULL ~ NULL NULL NULL NULL 140 193 599 81
29 29 RHOW a8 47 NULL|  105,106,107,108 NULL & ~ NULL NULL NULL NULL 141 NULL 600 682
30 30 RHOW 48 4% NULL|  109,110,111,112 NULL =~ NULL NULL NULL NULL 242 NULL NULL 663
31 31 EHOW so 51 NULL|  113,114,115,116| NULL =~ NULL NULL NULL NULL| NULL NULL NULL 654
32 32 RHOW sz 53 NULL  117,118,118,120| NULL ~ NULD NULL NULL NULL| NULL NULL NULL NULL
33 33 EHOW s4 53 NULL|  121,122,123,124| NULL  NULL NULL NULL NULL| NULL NULL NULL NULL
34 34 RHOW S5 53 NULL 125,126,127,128 NULL NULD NULL NULL NULL| NULL NULL NULL NULL
35 35 RHOW s& 53 NULL  129,130,131,132 NULL  NULD NULL NULL NULL| NULL NULL NULL NULL
3 36 RHOW 57| NULL 58 133,134,135,136 00 00 NULL NULL NULL 146 198 NULL 690
37 37 ERHOW s9 oo 58 137,138,138,140 250 000 NULL NULL NULL| NULL NULL NULL NULL
38 38 RHOW 60| NULL 58 141,142,143,144 251 000 NULL NULL NULL| NULL NULL NULL NULL
39 39 RHOW 61 &2 58 145,146,147,148 ULL  NULD NULL NULL NULL| NULL NULL 603 685
40 40 EHOW 63 &2 58 149,150,151,152 ULL NULD NULL NULL NULL| NULL 195 603 686
41 41 RHOW 64 &5 58 153,154,155,156 000 000 280 338 380 145 199 605 691
Hypernets 2026 LSV



@Oonris Hypernets_Matchups : Some graphical results

Matchup RHOW onboard Tara
HYPERNETS on 2024-08-13 10:21:00 at lat=36.85755 lon=15.64745
TRIOS on 2024-08-13 10:18:05 at 1at=36.85672 lon=15.64674
HYPERPRO on 2024-08-13 09:49:00 at lat=36.85380 lon=15.64450
S3B on 2024-08-13 09:22:25 at lat=36.86527 lon=15.64294 centered on 3X3 pixels
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@oouis Hypernets MOB : New 2026 project

1 : Objectives of Hypernets MOB
» Add new atmospheric and aquatic parameters to the HYPERNETS datasets

» Facilitate the international expansion of the HYPERNETS network
» Improve the exploitation and use of HYPERNETS data
» Enhance HYPERNETS hardware and software

2 : Impact of Hypernets_ MOB at LOV (2026-2027)

» Assistance for partners in Romania with the training and installation of a HYPERNETS
station in the Danube Delta.
» Exchange and visit with our partners and colleagues in Tartu (Estonia) to discuss and

improve the system.

Hypernets 2026 LSV



@.ODATIS Conclusions and Perspectives

1. Hypernets-POP has achieved its objectives regarding the proper functioning of
autonomous systems.

2. Hypernets data have begun to be distributed (2026 for the French sites).

3. Tools and extensions for the use of the Hypstar radiometer continue to improve and
diversify.

4. Hypernets-MOB will make it possible to expand and enhance the Hypernets network.

5. The hyperspectral data measured by Hypernets contribute to strong preparation for the
upcoming satellites TRISHNA / PRISMA / ENMAP / DESIS* / CHIME

* hyperspectrals missions

Hypernets 2026 LSV
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EXtra . HYPSTAR technical specifications : (https://hypstar.eu)

Model HYPSTAR-SR HYPSTAR-XR Reference unit
Weight of top-of-the-mast assembly 6.3 kg 78kg Light source @42 mm diffuse, white LED spectrum
Power supply (entire system) 12VDC, 40 W 12 VDC, 50 W Communication interface RS-485, half duplex, 115.2 kbit s~
Operating temperature -25°C to 45°C Housing material anodised marine grade aluminium

Storage temperature

-35°Cto 70°C

Spectroradiometer

Measured quantity

radiance and irradiance (multiplexed)

Field of view

2° (radiance),
180° (irradiance)

5% (radiance),
180° (irradiance)

2048 px Si,
Detector arra 2048 px Si
4 P 256 px InGaAs
Spectral range 380-1020 nm 380-1680 nm
0.5 nm (VNIR),
Spectral sampling interval 0.5 nm
P ) 3 nm (SWIR)
p— - " 3 nm (VNIR),
pectral resolution nm 10 nm (SWIR)

ADC resolution

16 bit

Integration time

1-65000 ms, independent for VNIR and SWIR

Shutter

internal

Target camera

5 MP, RGB, 57° vertical and 44° horizontal FOV

Communication interface

RS-485, half duplex, 115.2-8000 kbit s~

Housing material

anodised marine grade aluminium

Environmental protection

IP 67

Dimensions (DxL)

@10 mm x 267 mm

@110 mm = 434 mm

Weight

15kg

3kg

Power supply

8-30VDC,6W

8-30 VDC, 25 W

Environmental protection

IP 67

Dimensions (DxL)

@110 mm x 108 mm

Weight

0.8 kg

Power supply

8-30VDC, 10 W

Pointing unit

Communication interface

RS-485, half duplex, 2.4 kbit s,
PELCO D protocol

Range 360° pan and tilt
Speed 24° 5”1 pan, 6° s it
Repeatability <1
Backlash < 015°

Housing material

painted die cast aluminium

Environmental protection IP 68
Weight 1.9 kg
Host unit

Operating system Linux

Communication interface

Ethernet, WiFi, mobile

Data storage

64 GB solid state drive

Enclosure material

polycarbonate

Environmental protection

IP 66

Dimensions (HxWxD)

500 mm » 400 mm x 210 mm

Weight

10 kg + cables 4 kg




