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FRM4S0C Community Processor i (opemicss @ eumersar -~ {oesa

Objectives: m HyperlhSPACE
- To provide a user friendly community processor that will generate above water Fiducial e ==
Rrs, namely qualified radiometry with Sl-traceable uncertainty budget. M 0 g
_ _ . . . . . ‘\‘;\\\\\\‘ Ke
To ensure a long-lasting community requirement for a common processing baseline. -~ WW
E . FiEures g
Raw
Processor inputs: Y L18QC
Sl-traceable and fully characterised radiometer measurements. q % m m
L1AQC Spectral m o
Ingest A Outlier
Acknowledgment: University e. % —
PySciDON: M. Costa, N. Vanderberg (U. Victoria) J of Victoria S |
https://ieeexplore.ieee.org/abstract/document/8121926 RS:::’ i Lo T
. . Filter Filter : Glint
HyperInSPACE: D. Aurin (NASA) CED - m
https://github.com/nasa/HyperinSPACE L — -
0O o i
oy . . . : Update Negative
CP additional features (with regards to nominal HyperinSpace): > | Uncertainty [{1fis Filtr
. H H ocC
- General feature: New instrument supported (TriOS RAMSES) W o
- FRM feature: DeffauI:caIs ortfull
- Sl-traceable uncertainty computation (supervised by NPL) . characterizations - M W
- Additional correction for Straylight, Temperature response, non linearity, i
polarisation and cosine effect. -
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Measurement configuration wesE (opemios @ eumersar -~ {oesa

The CP is designed to process radiometric data
in the following configuration:
* Three radiometers measuring
* Ed (downward irradiance)
* Li (inward radiance)
e Lt (total radiance)
* Deployment configuration
* Fixed platform
e Research vessel

North

Heading

e
s
#
s
s
s
-
-
-
p

» Sensor to heading
\ relative azimuth

Sun to sensor
Relative azimuth

.
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
\‘

Ship/Platform

— 0 e c= 0 - I W = 1] D — IS . BB NI " i2 E1 B o= i 1%l 3



Main Processing steps smezsmsior®  (opermicus @ EUMETSAT

Raw radiometer data formatting in HDF file

Raw Ancillary %
Data Data
e ‘ Ke:
L1A P osia g process |
ﬂ m
Raw

Ingests and formats ancillary data g o5 L1BC
Ingest Outlier

L1AQC

oo E

% ‘

Performs 15t QC step

Ancillary i % Filter

Rel

Radiometric calibration Sl N my

Dark correction S o P

. . . . Filter Filter § Glint

Conversion to physical unit (radiance) o =
, >< Spectral Extration Correction

PerfOI’mS 2nd QC Step Q Update Negative
L1B i Uncertainty [ Rrs Filter

Dark Correct

ocC
« Product
Plots

Satellite
Convolution Products
NIR correction ol o (I - A o 4
Reflectance computation Match

Timestamps [l Wavebands

Writing output file n .. 2.

Default cals or full
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What's new from current HyperInSPACE
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EUROPEAN UNION Op@rf'mc&& G EU METS AT co-funded with @ e S a

TriOS RAMSES devices are now fully supported.

. . . . N“iSE_| U(DNyignta) | | U(DNparicn) |‘NﬂiSE OLC! spectral response function Noim‘l U(DNyighta) | | U(DNparia) |—N0'\se
Uncertainty computation following the GUM s EnlE- E e () .
H H ° . . l'g" 9DNoaricu haracterisation en au.w!]gm..: BDNI!)E,M Ehar::t:'ﬂ';:a;nf\; o error
implemented, uncertainty analysis is provided by the - S0 = DMuga —DNowca | Ej
NPL. The following uncertainty contributors are | = ol =)

foreseen:
- Absolute radiometric calibration
- Spectral straylight

| Scurr,u u Clin.ucstray.u

Scm‘hd = Sn‘ Ctin.d Cs tray,d

] T
Lcul,d = Scnrjdccal,d Cstab,dCT,deol,d +0 | Polarisation dependence
1 characterisation error

- Temperature sensitivity

- Polarisation sensitivity (radiance)

Calibration
random error

| |
Lozcra = Xn Lcal,ld (n)-K(n)+0

- Cosine response (irradiance)

nnnnnn

- Calibration stability. 7 =
- Detector non-linearity

Ly
Blovcra

| pexy = f(2.0,w;, AOD, L)) +0 |

=>» Next step is to correct data from those effects

AOD error

and to update the uncertainty computation.

Model error,
LW(H, Aqb, BS) = LOLCI,‘LL (6, A(p, BS) —p (B, A(i), BD' W)LOLCI,d(B'l Aqb, GS) +0 u(0) E;Cvir:)nmental
elrects
W
(i 8ps
) N =] [ eun — £ (4,6, 5, AOD, Lyug L) + 0 |
Sensor Ps = Psky (‘1) + Psun(l) +0 Windspeed e Sen:
rrrrr error —.JW Bpsiy o
Model error, Lack of e Sen
polarisation effects AOD error or

Uncertainty tree diagram for water leaving radiance

Bialek et al. 2020
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Inputs files aesseste  (opemicus @ eumersar v @O @sa

Radiometers measurements
- Seabird HyperOCR: both “.raw” and ascii export are supported.
- TriOS RAMSES: both multi-frame and single-frame acquisition are supported.

Ancillary data
GPS information, Solar angle, pointing, Station information, Meteo, ...

Calibration files
Absolute calibration factor files.
Full instrument characterization is performed at TARTU laboratory

FRM standards require uncertainty
parameters for all the contributors.
Uncertainty coefficients They are obtained thanks to the

- Absolute calibration factor uncertainty ——— " | TARTU full characterization.

- Additional uncertainty parameters : Generic Class-based coefficients available for

all instruments. Or fully characterized coefficients coming from the instrument
characterization.

»
»
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HyperInSPACE processor s (opemicss @ eumersar - {0 €82

# Main v1.1.1 - O X

Developed in Python3, for Linux computer.
Open-Source project.

Processor can be launched with command line or with GUI
Selection of input files.
Selection of output directory. ,

Trios_example.cfg -
Configuration of the processing. b Edt Delete
step-by-step or multi-level processing. e T

Select/Create Configuration File

/mount/internal/work-st/projects/tartu-1281/FRM4S0Cv2/workspace/aderu/eumetsat/frm4soc-cp/Data/Sample_Data/Trios
Output Data/Plots Parent Directory A~ Mimic Input Dir. vwv

/mount/internal/work-st/projects/tartu-1281/FRM4S0OCv2/workspace/aderu/eumetsat/frmdsoc-cp/Data/Sample_Data/Trios

Configuration file

Ancillary Data File (SeaBASS format)

- JSON f”e editable With the GUI or by hand- /projects/tartu-1281/FRM4S0OCv2/workspace/aderu/eumetsat/frm4soc-cp/Data/Sample_Data/FICE2_Ancillary_TrueRelAz.sb
- Per level configuration options. pd Bamave
Single-Level Processing
Level 0 (Raw) —> Level 1A (HDF5)
L1A --> L1AQC
L1AQC --> L1B
The processor as been successfully tested on real data thanks to e

the FICE-2 participants. L180C > L2

Multi-Level Processing
Raw (BIN) --—-- >> L2 (HDF5)
Suppress pop-up window on processing fail?

(Automatic on Window Close -->) Save Settings

ape
5
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HyperInSPACE processor

#® Configuration: Trios_example.cfg

Sensor Type:
Trios
Add Cals

SAM 8166.ini ~ | v Enabled
Frame Type:
LI
Level 1A Processing

Raw binary to HDF5
Solar Zenith Angle Filter

SZA Max
Level 1AQC Processing

Filter on pitch, roll, yaw, and azimuth
SolarTracker or pySAS

Rotator Home Angle Offset 0.0

Relative Solar Azimuth Filter v
Rel Angle Min |90.0
Rel Angle Max |135.0
Deglitch Data

Launch Anomaly Analysis

-

Remowve Cals

Level 1B Processing

to common timestamps and wavebands.
Select calibration/correction regime:

. Default/Factory

Interpolation Interval (nm) 3.3

Generate Plots ({OUTPATH}/Flots/L1B_Interp/)

Plot Interval (nm) |20.0

Level 1BQC Processing

Data quality control filters.

GMACQ MERRAZ ancillary data are required for Zhang
glint correction and can fill in wind for M99 and QC.
WILL PROMFT FOR EARTHDATA CREDENTIALS

Register here
Fallback values when no model available:

Download Ancillary Models v

Default wind Speed (m/s) |5.0
Default AOD(550) |0.5
Default Salinity (psu) 35.0

Default SST (C) |26.0
Eliminate where Lt(NIR)=Lt{UV)
Max. Wind Speed (m/s) |10.0

SZA Minimum (deg) 20.0

SZA Maximum (deg) 60.0

Dark offsets, calibrations and corrections. Interpolate

Full Characterization

PROGRAMME OF THE . :
EUROPEAN UNION OPEIrmICUS

Europo's eyes on Earth

Enable Spectral Outlier Filter & Plots |v
Filter Sigma Es (5.0

Filter Sigma Li |8.0

Filter Sigma Lt |3.0
Enable Meteorological Filters v

Cloud Li(750)/Es(750)= [1.0
Significant Es(480) (uW cm™-2 nm*™-1) |2.0
Dawn/Dusk Es(470/680)< 1.0

Rain/Humid. Es(720/370)< |1.095

Level 2 Processing

Temporal binning, glitter reduction, glint
correction, residual correction, QC,
satellite convolution, OC product generation,
SeaBASS file output.

L2 Ensembles
Extract Cruise Stations

Ensemble Interval (secs; 0=None) 300

Enable Percent Lt Calculation

L2 Sky/Sunglint Correction (p)

e Mobley (1999) p Zhang et al. (2017) p

@ EUMETSAT ot @esa

MIR Residual Correction v
Mueller and Austin {1995) (blue water)

& Sim5Spec. Ruddick et al. (2006) (turbid)
Your MIR Residual (2021} (universal)

Remove Negative Spectra v
L2 Products
Convolve to Satellite Bands:
AQUA = Sen-3A V-NPP
TERRA Sen-3B V-JPSS
* Automatic for Derived Products

Generate Spectral Plots
Rrs V| nlw || Es | Li |v| Lt v

Derived L2 Ocean Color Products

Save SeaBASS Files

Write PDF Report

Save/Close Save As Cancel
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Output products s Copemics @ eumersar - {oesa

HF HDFView 3.1.3 - O X
File Window Tools Help
All products are in HDF5 format = € MdE
At |_2’ groups organized as follow Recent Files ‘|:\work—sﬁprojects\‘raﬁuJ 28NFRMASOCyworkspaceiaderueumetsatifrmdsoc-cpiDatalF v| Clear Text
-  ANCILLARY ~ (B Trios_20220716T1124592_20220715T = Object Attribute Info  General Object Info -
CA ANCILLARY
- IRRADIANCE @ IRRADIANCE Aftribute Creation Order: | Creation Order NOT Tracked |
- RADIANCE < RADIANCE Number of attributes = 20 i '
€4 REFLECTANCE Add Attribute || Delete Attribute
- REFLECTANCE @ UNCERTAINTY_BUDGET Name Type A
-  UNCERTAINTY_BUDGET CAL_TYPE String. length = 15, padding = HE
DATETAG_UMNITS String. length = 7. padding = HBT.
ENSEMELE_DURATION String. length = 7. padding = HBT.
Both Seabird and TriOS data follow the same FILE_CREATION_TIME  String, length = 20, padding = HE
organization HOME_AMNGLE String, length = 3, padding = H5T.
HYPERINSPACE String. length = 5. padding = HET.
In_Filepath String. length = 168, padding = H!
L1AQC_DEGLITCH String. length = 3. padding = HBT.
PROCESSING_LEVEL String. length = 1. padding = HBT.
Rawy_FILE_NAME String, length = 537, padding = H!
RELATWVE_AZIMUTH_MaX String, length = B, padding = HET.
RELATIVE_AZIMUTH_MIN  String, length = 4, padding = HET +
£ 3 < > "
HOME_ANGLE at / [Trios_20220715T1124692_20220716T1118592_L2 hdf in I'work-stiprojectsitartu-1281\FRM. ~
W
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Preliminary results s Copemics @ eumersar - {oesa

Very preliminary results from TARTU laboratory: TriOS acquisitions from the FICE-2 field experiment
Remote sensing reflectance processed by HyperInSPACE (in orange) and compare to TARTU reference (in black)

TARTU Rrs_HYPER 20220715-124244 TARTU Rrs_HYPER 20220719-112241
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Data presented with the courtesy of Riho Vendt (TARTU)
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CONCLUSION st opermicus @ EUMETSAT

Community processor developed in collaboration with NASA’s HyperInSPACE processor
- It now supports TriOS RAMSES instrument, in addition to the Seabird HyperOCR device.
- It now includes an uncertainty propagation following the GUM.

Uncertainty computation requires additional inputs for each identified contributors.
The TARTU full instrument characterization is able to provide those additional inputs.

First tests on real field data show a good consistency with the institute processing.

Next step: Additional instrument based corrections and propagation of residual uncertainties

Thank you for listening.
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