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HYPERNETS in a single slide

INSTRUMENTS NETWORK DATAPROCESSING
RBINS (BE, coordinator) and ANALYSIS
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Automated hyperspectral measurements
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PANTHYR system HYPSTAR® system
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11 water and 7 land sites currently operating ™ . spectral stats,
[Vansteenwegen et al, 2019] httos://hvpstar.eu . . L e -
rﬂﬂ-gﬂﬂnm. 10nm FWHM S[BD—F:TUD:E'], 3.1 Ur{]m Many international requests to join in 2024 ... -~ many matchups
FWHM TR 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,..[og JECTIVE: 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, GOCI,
SABIAMAR, various Newspace, ... (national hyperspectral imagers from Canada, Norway, Australia, ...)

(c) HYPERNETS Consortium, 2023 (REBINS, TARTU, SU, CNR, NPL, GFZ, CONICET, VLIZ)
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Aqua Alta Oceanographic Tower

Irradiance | v Radiance
Sensor Sensor
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acroner-oc 18
4 Py PANTHYR (Pan-and-Tilt HYperspectral Radiometer System,
Vansteenwegen et al., 2019) :
* 2 TRIOS/RAMSES COTS hyperspectral radiometers
* Installed on 27-09-2019
Data for Oct. 2019—Mar. 2022 is publicly available on:

https://zenodo.org/records/10024445 EI 1



https://zenodo.org/records/10024445

Aqua Alta Oceanographic Tower
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AERONE-OC jﬁ

Parameter VNIR water

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 .38

field of view irradiance sensor 180°

HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Aquatic Radiometry, https://hypstar.eu)

* V1 sensor First deployment 15-04-2020 : 08-05-2022

e Calibration at Tartu

¢ Second deployment 13-07-2022 : 13-03-2023 OF;
Data available at: oL

B

https://zenodo.org/records/805753‘.'L4HYPERNETS Ok

30
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https://zenodo.org/records/8057531

AERONE-OC jﬁ
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HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Aquatic Radiometry, https://hypstar.eu)

* V1 sensor First deployment 15-04-2020 : 08-05-2022

e Calibration at Tartu

e Second deployment 13-07-2022 : 13-03-2023

* V3 sensor installed in AERONET-OC corner on 17-03-2023

~ AHYPERNETS
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HydraSpectra b1 Ui
a low-cost optical system for field- deployed water quallty
monitoring of water bodies based on spectral reflectance
developed by the CSIRO.

* First deployment 6-10-2023

e installed in PANTHYR corner
~ AHYPERNETS %
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HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Aquatic Radiometry, https://hypstar.eu)

* V1 sensor First deployment 15-04-2020 : 08-05-2022

e Calibration at Tartu

e Second deployment 13-07-2022 : 13-03-2023

* V3 sensor installed in AERONET-OC corner on 17-03-2023
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HYPSTAR® (HYperspectral Pointable System for Terrestrial

VNIR water

Parameter

. . spectral resolution FWHM 3 nm
and Aquatic Radiometry, https://hypstar.eu) -

spectral sampling interval 0.5 nm

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

g““& o,
=8 T A — field of view radiance sensor 2°
6,
b @, field of view irradiance sensor 180°
9,
o,
surface
Side view top view

PUBLISHED 13 May 2024

a frontiers ‘ Frontiers in Remote Sensing
0O1 10.3389/frsen 2024.1347230

https://www.frontiersin.org/journals/remote-sensing

Left: Side-view diagram defining viewing zenith angles 6, and solar zenith angles 6.. Right: Top-view diagram defining the viewing azimuth angles ¢,
‘pointing-to’ azimuth angle g, and solar azimuth angles ¢., measured clockwise from North. The relative azimuth angle Ag is defined as the difference
between ¢, and g¢,. All angles are defined in the reference frame centred on the measurement location on the surface.
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FIGURE 3

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, E,, and a series of scans of downwelling radiance Lg. In the figure N, 4, 8, 65, and, A¢

stand for number of scans, wavelength, viewing zenith angle, solar zenith angle and relative azimuth angle, respectively.

REVIEWED BY
Syed Muhammad Irteza,

Urban Unit, Pakistan

Yu Fenghua,

Shenyang Agricultural University, China

*CORRESPONDENCE
Pieter De Vis,
pieter.de.vis@npl.co.uk

These authors have contributed equally to this
work and share first authorship

RECEIVED 30 November 2023

LANDHYPERNET and
WATERHYPERNET networks

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

INational Physical Laboratory, Teddington, United Kingdom, ?Royal Belgian Institute of Natural Sciences
(RBINS), Operational Directorate Natural Environment, Brussels, Belgium
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Parameter VNIR water

HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Aquatic Radiometry, https://hypstar.eu)

spectral resolution FWHM 3 nm

spectral sampling interval 0.5 nm
Q I . h k TABLE 4 HyperneTs_PRocessoR flags applied during L1C processing.
u a I t y C e C S Network 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

s ppreno e 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 o - 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

. s s o

no_clear_sky_sequence L, W L1 If all irradiance series are flagged with the v ‘o ﬁeld Of view ].r].'ad.lal'lce S€nsor ].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) Type Original Research
a 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 S ST a T e R S Dol 10.5389/frsen.2024.1347230

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

‘rhof_option’ (e.g., A¢ > 180" when using the LUT from Gl 1
Mobley (1999)), a default p;: is used for the air-water @ e Generatlng hyperspeCtral
interface correction factor (default: pp = 0.0256)
OPEN ACCESS reference measurements for
temp_variability_irr w L1 If the difference in E4(1) scans exceeds a given v [
threshold between two neighbouring scans (default: o hobas, surface reflectance from the
threshold = 25% and A = 550, see also Ruddick et al. University of the Punjab, Pakistan

(2006)) REVIEWED BY LANDHYPERNET and

Syed Muhammad Irteza,
temp_variability_rad w L1 If the difference in Ly(A) or L,(1) scans exceeds a given = Urban Unit, Pakistan
threbold betwecn v ncghbousing seans (bl Vo erain WATERHYPERNET networks

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

(2006)) piotor Do 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 ‘nlu’ ‘nld’ | v pieter.devis@nplL.co.uk Quinten Vanhellemont?, Kevin Ruddick® and Agnieszka Bialek*
¢ P, | inting’ or ‘outliers’, i Th thors h ibuted equally to thi
Lo_threshold’, ‘bad_pointing’ or ‘outliers’,is less than o e :S::g,s':ﬂz caualytothis *National Physical Laboratory, Teddington, United Kingdom, “Royal Belgian Institute of Natural Sciences
a given threshold (default: 3) (RBINS), Operational Directorate Natural Environment, Brussels, Belgium
RECEIVED 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
MPNPNS® DI SCIENZE 4
— MARINE wavelength 670 nm and the threshold 5%
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Parameter VNIR water

HYPSTAR® (HYperspectral Pointable System for Terrestrial

. . spectral resolution FWHM 3 nm
and Aquatic Radiometry, https://hypstar.eu) -
spectral sampling interval 0.5 nm
Qu d I Ity c h ec ks L2B wavelength range 380-1,020 nm
number of L2B channels 1,300
e 20330407 09.345. S0 5255 rscale o sz 60 L, target 6,=40 Lq target 8,=140
0 — field of view radiance sensor 2°
field of view irradiance sensor 180°

Irradiance (mW nm~! m~2)
8 & 8

200

100

o

00 500 600 700 800 900 1000 1100
Wavelength (nm)
. Tvee Original Research
a frontiers ‘ Frontiers in Remote Sensing PUBLISHED 13 May 2024
e - - DOl 10.3389/frsen.2024.1347230
https://www.frontiersin.org/journals/remote-sensing
L1A_RAD_20230707T1216

Scans 0, 1 and 2 at @,-140 L1A RAD 2023081071416

Scans 0, 1 and 2 at 8,=140

& Scan # 4
S %50 | -
—"-" 70 —1 -
G 60 T=— : % 200
) i ~
E = E .
e Te Ly Generating hyperspectral
< 40 = c =
E Scans 3, 4 and 5 at 8,=140 % Scans 3.4 and 5 at 6,140 opEN ACCESS reference measurements for
L0 £ o
EDITED BY
™ surface reflectance from the
il o &% University of the Punjab, Pakistan
o o
En 3 LANDHYPERNET and
Syed Muhammad Irteza,
0 Urban Unit, Pakistan
: . Yo Fenghn WATERHYPERNET networks
00 500 600 00 800 900 1000 1100 400 500 00 700 800 %00 1000 1100 Shenyang Agricultural University, China
Wavelength (nm) Wavelength (nm) :
pieter Do Vs, Pieter De Vis*!, Clemence Goyens?', Samuel Hunt®,
FIGURE 11 A pieter.de.visanpl.co.uk Quinten Vanhellemont?, Kevin Ruddick? and Agnieszka Bialek*
Example of the quality checks on the illumination applied in the L1B and L1C data processing for the downwelling irradiance and radiance, "These authors have contributed equally to this . ' ) )
= i = = ; - _ = work and share first authorship National Physical Laboratory, Teddington, United Kingdom, Royal Belgian Institute of Natural Sciences
respectively. The top row shows the irradiance measurements not passing the ‘no_clear_sky_irradiance’ check taken at Zeebrugge MOW-1 Belgium (RBINS), Operational Directorate Natural Environment, Brussels, Belgium

ReCEIVED 30 November 2023

(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 (A, = 40°) for this sequence are also shown. Bottom row shows (1) an example of downwelling radiance scans passing the quality criteria for
d 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 ""';’
r during the measurements taken on 2023-08-10 at WRUK (bottom right panels). HYP E R N ETS
e
S 4
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HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Agquatic Radlometry, https //hypstar.eu)

Parameter

spectral resolution FWHM 3 nm

spectral sampling interval 0.5 nm
Qu d I Ity c h ec kS L2B wavelength range 380-1,020 nm
at AAOT number of L2B channels 1,300

field of view radiance sensor 2°

field of view irradiance sensor 180°
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HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Agquatic Radlometry, https //hvpstar eu)
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HYPSTAR® (HYperspectral Pointable System for Terrestrial
and Agquatic Radlometry, https //hypstar.eu)
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Parameter VNIR water
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°
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Agqua Alta Oceanographic Tower
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Aqua Alta Oceanographic Tower
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Sentinel 2 A&B MSI
vs HYPSTAR® V1 sensor

15 April 2021 to 28 February 2023

S2A + S2B match-ups: 77

Hyperspectral data resampled to
match broad S2/MSI spectral

bands
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First match-up for PACE 16 April 2024

RRS@AAOT
PACE_OCI.20240416T113018.L2.0C_AOP vs HYPSTAR 2024041671120
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HYPSTAR spectra acquired 10 minute before the PACE OCIl image
the similarity corrected reflectance was used for the comparison
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PRISMA vs HYPSTAR® : 2 match-ups in 2023

Spectral Comparison AAOT (January 28, 2023)
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effect of HYPSTAR® relocation . : : -
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V3 sensor in AERONET-OC corner: 17-03-2023 -> Similar dynamic range for V1 and V3 even for

@@ ISMAR 4HYPERNETS measurements in different periods
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Comparison HYPSTAR ® vs Aeronet-OC: radiometry from the same location and

with the same geometry IR ; ; ;
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Summary

Automated radiometry leads to high number of matchups
(~70-80 per year at AAOT)

Automated hyperspectral radiometry enabled qualification
for all 15 OLCI bands with HYPSTAR and PANTHYR

PANTHYR at VEIT used for PRISMA and EnMAP
Hyperspectral L2 qualification

PANTHYR and HYPSTAR at VEIT used for Sentinel 2 MSI
multispectral

Intercomparisons between time series from radiometers is
on-going

CNR
ISMAR
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DATA NEEDS FOR

HYPERSPECTRAL DETECTION

OF ALGAL DIVERSITY
ACROSS THE GLOBE

By Heidi Dierssen, Astrid Bracher, Vittorio Brando, Hubert Loisel, and Kevin Ruddick

CNR
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74 Oceanography | Vol.33, No.
qrapny
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Aqua Alta Oceanographic Tower

Hyperspectral Water-leaving Reflectance (Rrs)
— Field data from ships, moorings, etc...
— Algal culture data

— Satellite or airborne data (e.g., HICO, CHRIS-
PROBA, AVIRIS, PRISM) after atmospheric
correction

— Simulated data

Hyperspectral optical properties (IOPs) when
available, absorption by phytoplankton (aphyt)
most useful

Phytoplankton Dominant Taxa (WORMS
classification)

Phytoplankton Dominant Taxa Method
Concentration metric (carbon/L, cells/L, etc..)

Fractional composition of major Phytoplankton
Groups (PGs)

PG method
Relevant metadata (location, date, time)

Relevant ancillary data (temperature, salinity,
nutrients, etc...)
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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

Ana |. Dogliotti*?*, Estefania Piegari*?, Lucas Rubinstein®*,
Pablo Perna! and Kevin G. Ruddick®

~ AHYPERNETS



(@

Publicly available datasets on zenodo
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VEIT PANTHYR L2
data for Oct. 2019—
Mar. 2022

VEIT HYPSTAR® L2
data for Apr. 2021 —
Apr. 2023

GAIT HYPSTAR® L2
data for June 2022 —
Nov. 2022

ISMAR
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Automated above water hyperspectral Copernicus FICE 2024

In situ Ocean Colour Above-Water Radiometry towards Satellite Validation

radiometry at Acqua Alta:
review of recent results and perspectives

d\’ . * Theshroreaunon (opernicus V ’ 7 7 - 7
AHYPERNETS Nz O AN/ % - oz Rtk
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Dr Vittorio E. Brando CNR ISMAR Rome vittorio.brando@cnr.it
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