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HYPERNETS in a single slide

INSTRUMENTS NETWORK DATA PROCESSING
RBINS (BE, coordinator) and ANALYS'S

+ VLIZ (BE), CNR (IT), LOV (FR),
NPL (UK), GFZ (D), TARTU (ES),

Automated hyperspectral measurements

A =" e.g. one
matchup
one band 2 a|
(S2/704nm), many <"
t s matchups
_—— s
[Val:::\g: HYS, 2'2}62?19] HYPS,TAR:K} Sysom 11 water and 7 land sites currently operating t \.\rﬂ I spectral stats,
- : [https://hypstar.eul] Many international requests to join in 2024 ... - ey S many matchups
(00'900“"" 10nm FWHM 380-1700nm, 3-10nm —
FWHM ——E e }

|

Prototype network has provided validation data and information to:
Sentinel-2A&B, Sentinel-3A&B/OLCI, Landsat-8&9, Planetscope Doves and Superdoves, PRISMA, Pléiades,

ENMAP, MODIS-A&T, VIIRS-182,.." 5 jE GTIVE: To validate all VIS/NIR spectral bands (400-1700nm, @3-10nm

; _ FWHM) for all satellite missions measuring water or land surface reflectance
and preparing for:

ACIX, DESIS, MTG and SEVIRI, EMIT, CHIME, LSTM, PACE, GLIMR, SBG, PROBAV-CC, GOClI,
SABIAMAR, various Newspace, ... (national hyperspectral imagers from Canada, Norway, Australia, ...)

(c) HYPERNETS Consortium, 2023 (RBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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Validation of satellite water
products based on HYPERNETS
in situ data using a Match-up
Database (MDB) file structure
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Original Research
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Validation of satellite-derived
water-leaving reflectance in
contrasted French coastal waters
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Frontiers in Remote Sensing

Original Research
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Using the automated HYPERNETS
hyperspectral system for
multi-mission satellite ocean
colour validation in the Rio de la
Plata, accounting for different
spatial resolutions
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PANTHYRPanandTilt Hperspectral Radiometer System
Vansteenwegeret al., 2019)

A 2 TRIOS/RAMSES COTS hyperspectral radiometers
A Installed on 2709-2019

Data for Oct. 2018 Mar. 2022 is publicly available ¢o-.
https://zenodo.org/records/10024445 EI

Nz " AHYPERNETS &k



https://zenodo.org/records/10024445

spectral resolution FWHM 3 nm

spectral sampling interval 0.5 nm

L2B wavelength range 380-1,020 nm
number of L2B channels 1,300

field of view radiance sensor 2°

field of view irradiance sensor 180°

| .t { ¢(HMaetrspectralPointable System forTerrestrial
and Aguatic Radiometry,https://hypstar.eu

A V1 sensofFirst deployment 184-2020 : 0805-2022
A Calibration at Tartu

A Second deployment 137-2022 : 1303-2023 [=]x
Data availablat: ﬁf-

hitps:/zenodo.org/records/805753 ¥4y PERNETS Ok

370



https://hypstar.eu/
https://zenodo.org/records/8057531

AERONEDC jﬁ’ —

| .t { ¢(HMpetspectralPointable System forTerrestrial

and Aguatic Radiometry,https://hypstar.eu

A V1 sensofFirst deployment 1$4-2020 : 0805-2022

A Calibration at Tartu

A Second deployment 137-2022 : 1303-2023

A V3 sensoinstalled in AERONEJCT corner on 103-2023

~ AHYPERNETS



https://hypstar.eu/

HH
A
‘‘‘‘

ét azuéSSYR T2l NI
G§SNJ 602RASa



HydraSpectra 3
a lowcost optical system for field s o
monitoring of water bodies base@ ¢
developed by the CSIRO | .-
A installed in PANTHYR corner - e aim?

A First deployment 6/10/2023, replaced on 10/7/20

~ AHYPERNETS




| .t { ¢(HMaetrspectralPointable System forTerrestrial

and Aguatic Radiometry,https://hypstar.eu
A V1 sensofFirst deployment 184-2020 : 0805-2022

A Calibration at Tartu
A Second deployment 137-2022 : 1303-2023
A V3 sensoinstalled in AERONEIC corner on 103-2023

~ AHYPERNETS



https://hypstar.eu/

~ AHYPERNETS
| .t { ¢(HMaetrspectralPointable System forTerrestrial

5

and Aguatic Radiometry,https://hypstar.eu

Parameter VNIR water

spectral resolution FWHM 3 nm

spectral sampling interval 0.5 nm
Zenith North
L2B wavelength range 380-1,020 nm
sun
number of L2B channels 1,300
LS
‘(\Q"'«Y @,
o field of view radiance sensor 2°
L iy \
0, v
be o o field of view irradiance sensor 180°
Tag
eV
P
surface G
Side view top view
FIGURE 2 vpe Original Research
Left: Side-view diagram defining viewing zenith angles 6, and solar zenith angles 6. Right: Top-view diagram defining the viewing azimuth angles ¢,, ? frontiers ‘ Frontiers in Remote Sensing PUBLISHED 13 May 2024

‘pointing-to’ azimuth angle ¢, and solar azimuth angles ¢s, measured clockwise from North. The relative azimuth angle Ag is defined as the difference 0ol 10.3389/frsen.2024.1347230

https://www.frontiersin.org/journals/remote-sensin
between ¢, and ¢. All angles are defined in the reference frame centred on the measurement location on the surface. ps:// /i / 9

Shenyang Agricultural University, China

1: L2, 0,Ap,0) Series of

RRESPONDENCE

so:r?es LEG—A0) zeries:azfs> o
DA NGEGA i \ v Generating hyperspectral
e BL0-0.80.0)  Serigs of > mocwinty budge reference measurements for
\ N L0, Ap,0) "o 502 o surface reflectance from the
) E ) B TPt ANDHYPERNET and
N, L0.0,.Ap.0) > W WATERHYPERNET networks

Oné N,, scans _ Sroter Do Via Pieter De Vis'*!, Clemence Goyens?', Samuel Hunt?,
2o 0 > g . . . . .
scan | N ;LA 0,A¢,0) E. #” Ap,6) and pleterdeisonplcouk Quinten Vanhellemont?, Kevin Ruddick? and Agnieszka Bialek*
uncertainty budget "These authors have contributed equally to this
1 E,(h—h0) ; work and share first authorship National Physical Laboratory, Teddington, United Kingdom, ?Royal Belgian Institute of Natural Sciences
A} s Sel’les of (RBINS), Operational Directorate Natural Environment, Brussels, Belgium
weceveD 30 November 2023
N_, scans
Nrd: Ed(}‘l—'}‘ves) =

CNR FIGURE 3 -
IS MAR Diagram illustrating the measurement protocol for the WATERHYPERNET network with a sequence being a series of scans of upwelling radiance L, ‘
preceded and followed by a series of scans of downwelling irradiance, E4, and a series of scans of downwelling radiance Lg. In the figure Ny, A, 6,, 05, and, A¢
photwiyty ISTITUTO stand for number of scans, wavelength, viewing zenith angle, solar zenith angle and relative azimuth angle, respectively. P

DISCIENZE
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Parameter VNIR water

spectral resolution FWHM 3 nm

spectral sampling interval 0.5 nm
Q I - t TABLE 4 HyPerneTs_processoRr flags applied during L1C processing.
u a I y C I I e C I (S Level  Description Flag Anomaly Processing
© triggered  raised halted L2B wavelength range 380-1,020 nm

check_valid_irradiance L, W L1 Halt processing if ‘variable_irradiance’ flag was ‘nu’ v

triggered at previous level

number of L2B channels 1,300

check_valid_sequence Lw L1 Halt processing if there are no valid series (flagged by “in” v

‘not_enough_dark_scans’, ‘not_enough_irr_scans’,

‘not_enough_rad_scans’ or ‘vza_irradiance’) ﬁ . s o

eld of view radiance sensor 2

single_irradiance_used LW L1 If only one series of irradiance is used for the v

computation of the reflectance

. P s o

no_clear_sky_sequence L, W L1 If all irradiance series are flagged with the v o ﬁeld Df view lrl'ad.lance SENsor 1 80

‘no_clear_sky_irradiance’ flag
variable_radiance w L1 More than 10% difference between start and end L, at ‘nd’ v

550 nm
single_skyradiance_used =W L1 If only one series of downwelling radiance is used for v

the computation of the reflectance
lu_eq_missing w L1 If there is no upwelling and downwelling radiance pair v T v

with similar pointing azimuth angles (within 1°

tolerance) . Tvpe Original Research

? frontiers ‘ Frontiers in Remote Sensing PUBLISHED 13 May 2024

rhof_angle_missing w L1 If there are no downwelling radiance scans at the v T v B0 103389/frsen.20241347250

https://www.frontiersin.org/journals/remote-sensing
appropriate viewing zenith angle (ie., 180"-0,) (within

1" tolerance)

rhof_default w L1 If the viewing geometry of the upwelling and v
downwelling radiance measurements are outside the
viewing geometry range of the selected LUT for the

by (995 et p i s o e it Y Generating hyperspectral
interface correction factor (default: pp = 0.0256) R refe re n Ce m ea S u re m e nts for

temp_variability_irr w L1 If the difference in E4(1) scans exceeds a given v B
threshold between two eihbonring scans (deal surface reflectance from the
threshold = 25% and A = 550, see also Ruddick et al. University of the Punjab, Pakistan
(2006 LANDHYPERNET and

Sy;d uhammad Irteza,
temp_variability_rad w L1 If the difference in L (A) or L,(1) scans exceeds a given = Urban Unit, Pakistan
threibold betwecn two ncghboing s (bl arendmin WATERHYPERNET networks

threshold = 25% and A = 550, see also Ruddick et al. Shenyang Agricutiral University, Chin

(2006)) e Pieter De Vis'*!, Clemence Goyens?', Samuel Hunt?,
min_nbred/lu/lsky w L1 If the total number of scans not flagged by either v ‘ned ‘nly’ nld | v pleterdeysanaleonk Quinten Vanhellemont?, Kevin Ruddick® and Agnieszka Bialek*
¢ P, | Th hors h: tributed equally to thi
Lo_threshold’, ‘bad_pointing’ or ‘outliers’, is less than wo?ksea::‘s:a,rse e g:&g,;:; e National Physical Laboratory, Teddington, United Kingdom, “Royal Belgian Institute of Natural Sciences
a given threshold (default: 3) (RBINS), Operational Directorate Natural Environment, Brussels, Belgium
Receven 30 November 2023
def_wind_flag w L1 If a default wind speed is used (by default: wind v
speed =2m™')
C N R simil_fail w L1 If the quality check applied on the NIR similarity v *
spectrum is not verified as suggested by Ruddick et al. A
IS MAR (2005) (see Section 3.2 and Figure 4 in Ruddick et al.
(2005)) with default values for the computation of the
ISTITUTO NIR Similarity being 780 and 870 nm, the reference
SPNPNP® DI SCIENZE 4
-— MARINE wavelength 670 nm and the threshold 5%
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Quality checks

time= 2023-04-07 09:33:03, sza= 52.72, rescaled to sza= 60
time= 2023-04-07 09:34:34, sza= 52.55, rescaled to sza= 60
clear sky RT model sza=60

]

L, target 6,=40

Ly target 6,=140

g

S
k3
k-3

200
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B 2 s

100

o

400 500 600 700 800
Wavelength (nm)
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Rt %0 “ -
—”-" 70 —1 Ko
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~ 60 =3 ~ 200
3 = &
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Wavelength (nm) Wavelength (nm)

FIGURE 11

Example of the quality checks on the illumination applied in the L1B and L1C data processing for the downwelling irradiance and radiance,
respectively. The top row shows the irradiance measurements not passing the ‘'no_clear_sky_irradiance’ check taken at Zeebrugge MOW-1 Belgium
(M1BE) site on the 2023-04-07 at 09:32 together with the simulated clear sky (for the same illumination geometries). Images of the sky (6, = 140°) and the
water (6, = 40°) for this sequence are also shown. Bottom row shows (1) an example of downwelling radiance scans passing the quality criteria for
constant downwelling radiance taken at WRUK on 2023-07-07 and the images taken with the camera during the measurements (bottom left panels),
and, (2) an example of downwelling radiance scans not passing this quality check (variable_radiance flag is raised), and, the images taken with the camera
during the measurements taken on 2023-08-10 at WRUK (bottom right panels).

Parameter

spectral resolution FWHM
spectral sampling interval
L2B wavelength range
number of L2B channels
field of view radiance sensor

field of view irradiance sensor

? frontiers ‘ Frontiers in Remote Sensing

VNIR water

3 nm

0.5 nm
380-1,020 nm
1,300

9°

180°

Tvee Original Research
PUBLISHED 13 May 2024
0ol 10.3389/frsen.2024.1347230
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Yu Fenghua,

Shenyang Agricultural University, China
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Pieter De Vis,
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Generating hyperspectral
reference measurements for
surface reflectance from the
LANDHYPERNET and
WATERHYPERNET networks

Pieter De Vis'*!, Clemence Goyens?, Samuel Hunt?,
Quinten Vanhellemont?, Kevin Ruddick? and Agnieszka Bialek*

*National Physical Laboratory, Teddington, United Kingdom, ?Royal Belgian Institute of Natural Sciences
(RBINS), Operational Directorate Natural Environment, Brussels, Belgium
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Qual Ity CheCkS ’ Lk // L2B wavelength range 380-1,020 nm
at AAOT f number of L2B channels 1,300
field of view radiance sensor 2°
field of view irradiance sensor 180°
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