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SLSTR instrument

Nadir swath

Dual view swath

Two telescopes

Spectral bands

Spatial Resolution

Radiometric quality

Radiometric accuracy

>74°  (1400km swath)

49° (750 km)

®110 mm / 800mm focal length
TIR : 3.74um, 10.85um, 12um
SWIR : 1.38um, 1.61um, 2.25 pm

VIS: 555nm, 659nm, 859nm

1km at nadir for TIR,
0.5km for VIS/SWIR

NEAT 30 mK (LWIR) — 50mK (MWIR)
SNR 20 for VIS - SWIR

0.2K for IR channels
2% for Solar channels relative to Sun




On-Board Calibration Systems

Effective e >0.998 zenith diffuser +
. . relay mirrors

T non-uniformity < 0.02 K Uncertainty <2%

T Abs. Accuracy 0.07 K

T stability < 0.3 mK/s

8 PRT sensors + 32 Thermistors
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Law of Propagation of Uncertainties
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Calibration of IR instruments

To ensure the interoperability of satellite datasets it is a requirement for their measurements to be calibrated
against standards that are traceable to Sl units

For temperature this is defined by the Boltzmann constant realised through the International Temperature
Scale of 1990

For IR instruments such as SLSTR the traceability is achieved via internal BB sources.

<— kg =1.38064852 x 10-2% JK-

—

“Instrument Blackbody Source S-PRT (ITS-90)
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SLSTR TIR Calibration

RAL Space

Starting point is the measurement equation

We include +0 term to account for additional effects
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SLSTR TIR Calibration

We work outwards to determine all measurement effects

OLg 0Ly
L = eL(T +(1—¢)L I, = eL(T + (1 —¢)L
BB1 (Tgp1) + ( DLy ack ‘ L ooy 3L 5oy | BB2 (Tgp2) + ( )Lpack

Uniformity around scan

Lg=XLggy+ (1—X)Lpgg, + 0
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SLSTR TIR Calibration

RAL Space
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Reflectance of black coating

Cavity modelling

Uniformity around scan
0Lpp1 | LE=XLBBI+(1_X)LBBZ+O<|_‘ OLpp,
OLpack 4 } Stray Light OLpack
OLg
Effective temperature of instrument :'_ @ ) ﬁ
u
Temperature stability during calibration Back X ]
E I (Ce —Cgpa)
(Csp1 — Cpp2)
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Non-Linearity Measurement (NL) ﬁ Cg = (NZE-:EI) +0 ox T
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Thermometer Calibration

Noise
Thermometer drift u(T;)
Drift of readout electronics
0Tgp1
aT;

Spectral response measurement } (RO
ul
Temperature dependence

Spectral response measurement
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Temperature dependence

{ Temperature Gradients

Temperature Stability
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Thermometer Calibration
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{ Temperature Gradients
Temperature Stability
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Temperature stability during calibration
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Non-Linearity Measurement

Non uniformity of source

Is correlated with BB
temperature gradient

Caet,bp
Com1 = NL9t+ 11 +0
w(NL) 9Chpy |
ONL 9Chp1
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Noise i (Cdet,BBI)
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Noise

t——__ Non uniformity of source
Is correlated with BB temperature

Non-Linearity Measurement



Deriving L1 Uncertainties from L0

From LO data and L1 Aux files

BB Temps,

Instrument Temps
Counts, Noise
Calibration Coefficients

~ Sensitivity of effect on measurand
Compute Partial
CDerivatives Type-A from analysis of LO data
/\// Type-B a-priori from pre-launch calibration,
Estimate standard predictions....

Uncertainties
- e.g. Emissivity, Instrument

Determine Temperature drifts
Correlations
R
2 . aL 6L Combingd
vk = Z( ) ! ir »| Uncertainty
i=1 Xj i=1 j= 1+1 UZ(LE) — cURUCT
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SLSTR Uncertainty Budget

Black-Body Temperatures

» PRT calibration at subsystem level — traced to
SPRT (ITS-90) — NPL/NIST

» Blackbody gradients, thermal analysis - RAL

Black-Body Cavity Emissivity

» Spectral Reflectance of Black Coating —
NIST/NPL

» Cavity Model — STEEP323 or SMART3D (ABSL
model)

Spectral Response

» FPA measurements — RAL reports [S3-RP-RAL-
SL-102 (S3A), S3-RP-RAL-SL-114 (S3B)]

Non-Linearity
» Instrument level calibration tests — RAL reports

Detector Noise

* [nstrument level calibration tests, on-board BB
sources.

Uncertainty (K)

Uncertainty (K)

Uncertainty (K)

S3B S7 Nadir Uncertainties
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Scene Temperature (K)

S3B S9 Nadir Uncertainties

Earth Scene Noise

BB1 Noise

BB2 Noise

BB1 Temperature Measurement
BB1 Temperature Gradients
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BB1 Background
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NEDT (K)

Uncertainty Time Series - Random Effects (NEDT)
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Uncertainty Time Series - Systematic Effects
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Uncertainties in SLSTR L1 Products

= Random effects - detector noise 12um BT 12um NEDT 12um uBT
expressed as NEDT (TIR (Random) (Systematic)
channels) and NEDL (VIS/SWIR . . e N
channels) for each scan line

= Systematic effects — radiometric
calibration - tables of uncertainty
vs. temperature type-B (a-priori)
estimates based on the pre-launch
calibration and calibration model

= MapnoiS3 tool developed by RAL
allows mapping of uncertainty
information to L1 images

Images from Smith D. et al, Traceability of the Sentinel-3 SLSTR

Science and Level-1 Infrared Radiometric Processing , Remote Sens. 2021,
Technology 13(3), 374; https://doi.org/10.3390/rs13030374
Facilities Council

RAL Space



Propagation to L2...

= We Iapply the same method except that inputs are the output of the L1 uncertainty
analysis.

Start with measurement function — e.g.
N
SST, = ag + z a;T;
=1

So from L1 key inputs are the BTs, T; from all channels.

= Build up effects tree to and trace back to root effects
Document effects — distribution, correlation scales...
Propagate Uncertainties to L2

Can be extended to L3 and beyond
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Propagating Uncertainties — E.g. SLSTR LST

L1 Uncertainty Effects propagate to L2 products again adapting the law of propagation of uncertainties

Total uncertaint

<% b o &

18

A :

RN AL - ¢
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SLSTR VIS/SWIR Radiometric Calibration — Current Status

« Users have been advised to adopt the following correction factors for the radiometric calibration
based on the combined averages of the vicarious calibration results

Nadir View
12 - =
= | | I E
Nadir View 1 E =
S1 S2 S3 S5 S6 = =
Correction 0.97 0.98 0.98 1.11 1.13 E“@ 1O0E—c o md oo YW ________ =
Uncertainty 0.03 0.02 0.02 0.02 0.02 : o Desert it =
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Nadir View

RAL Space
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SLSTR VIS/SWIR Uncertainty Estimates

* L1 Uncertainties are based on the pre-launch calibration test analysis.

 Post launch effects not accounted for
 Vicarious Calibration Adjustment Factor

Destriping correction

Orbital Stability of radiometric gain — in particular S1-S3 which are affected by ice
contamination + motional chopping.

Long-Term Degradation

Noise corresponding to VISCAL is affected by non-uniformity of signal — hence noise is
overestimated.

« Update to L1 IPF should address this.

* VIS/SWIR L1 uncertainties are being reviewed to account for all effects
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VIS-SWIR Uncertainty Analysis

SLSTR - VIS-SWIR Radiometric Calibration Model

Instrument Spectral
Response Function

Sun-Earth u(F()\)) Pre-Launch
Distance Solspec Solar Calibration

o(2) oy r— We can propagate further to
7 H examine effects due to changes

VISCAL Reflectance Factor Degradation of optical components

between ground-to-orbit of optical

d 2
IO,/\ = (F()) ZF()‘)IO ()‘)d)‘ +0 Rcal,/\ = Rcal,/\,pre—launcthround~orb'itKdrift +0 —— U(Kdrift) h .

Orbital Ground to Orbit
w(Korbital) Variations Changes

u (Kground-orbfit )

Radiometric Calibration 1 l Rcal,A

* Diffuser BRDF (Rg;5r)
Equation Lp = %cal_lePE(CE — Clark) Korvital + 0 cal_slope = —(@ o) +0 ® Optical Com ponents (uv Wi ndOW
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_ Cdet,dark o Cdet,cal _ Cdet,dark,cal
Cdark* (NL+1) +0 Ccal— (NL+1) +0 Cdark,cal*m"'o
VL) [w(Cuerp) | [w(NL)| [ u(Cap) | w(NL)| | u(Cuar) | wNI)| | w(Caap) |
Noise Noise Noise det.E

Non-Linearity : Non-Linearity : Non-Linearity : . . Noise
Measurement Drift Measurement Drift Measurement Drift ll\\lllon-Llneant); Drift
easuremen
_4‘ lechnology .
Facilities Council

RAL Space



SLSTR VIS/SWIR Radiometric Calibration Model

. I
The measurement equatlon - LE — ;ORcal (CE T Coff,E)/(Ccal o Coff,cal) -Kdrift- Korbital_stability +0

Affected Term Description Characterisation

Real Reflectance Factor For VISCAL Pre-Launch Calibration — VISCAL and Instrument level
Post-Launch Vicarious Calibration

Korbital_stability Orbital Gain Stability By design & Pre-Launch Testing

Kgrift Degradation of VISCAL Reflectance Factor Post-Launch Vicarious Calibration

C: Earth Scene Counts Earth Scene counts

Cofic BB Counts during observation of earth scene Observation of BB signals - noise

Ceal Signal Counts at full solar illumination Observation of VISCAL Signal at full solar illumination

Ce BB Counts during observation of VISCAL Observation of BB signals - noise

NL Non-Linearity Correction Pre-Launch Testing

F(A) Instrument spectral response Pre-Launch Testing

lo Solar Irradiance Solspec Reference Spectrum




SLSTR-B VIS-SWIR Uncertainty Estimates

SLSTR S1 Uncertainty Budget
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SLSTR VIS-SWIR Next Steps

» Add orbital effects (gain variations, noise...)
» Produce time-series of uncertainties from LO data

» Update uncertainty estimates in L1 products
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Land Surface Temperature Mission

= Copernicus Expansion Mission to measure Land Surface Temperatures at
spatial resolution of 50m (30m Goal) .

= Support to agriculture (crop stress, water use, land use, climate variability...)
= Complements Sentinel-2

= Currently in Phase B2

= Launch 2028

= Multi-Channel Scanning Radiometer

* TIR channels at 8.6, 8.9, 9.2, 10.9 and 12.0 ym.
= VIS-SWIR Channels — 0.490, 0.665, 0.865, 0.945, 1.375 and 1.610 um

= On-Board Calibration

= BB for TIR
= Solar Diffuser for VIS-SWIR Channels
= Space view

Science and
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LSTM Uncertainty Effects Tree

OLg

9Cpp

Calibration target counts

OLg

AR, (6) |

OLg
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Surrounding BT

Ly = ARy, (0)L(T gB)

CVE - Cspace

OBB - Cspace

+ (1 — ARn(0))Lsm,

(Tsm) + ALstray + O

OLg

7 8C'spa,ce

Earth Scene radiance

Space counts
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Scan mirror reflectivity

OLg
OL(T B)
BB calibration radiance

OLg
0Cg

Earth scene cou...
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LSTM Uncertainty Eff

Gain change between earth and space view
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Scan mirror reflectivity
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LSTM Uncertainty Effects

RAL Space

Science and
Technology
Facilities Council

Variable Variable name Effect Correlation Scale Characterisation/(SI traceability chain)
CE Linearised earth scene | Noise Fully random Design analysis, Pre-launch testing, on
detector counts orbit monitoring, BB views, space views
Tsm Scan mirror temperature Changes in optics emission
g Gain Gain variation Random Design analysis, Pre-launch testing, on
orbit monitoring,
NL Non linearity model Non-Linearity Systematic — Correlated Design analysis, Pre-launch testing
C_BB Linearised blackbody | Noise Fully random Des'ign ar?aly.sis, Pre-'launch testing, on
detector counts orbit monitoring, BB views
Cspace Linearised blackbody | Noise Ra.mc_lom _but _ Cgrrelated Des_ign ar?aly_sis, Pre-Iau_nch testing, on
detector counts within calibration interval. | orbit monitoring, space views
L(TBB) Calibration blackbody | Temperature read out | Full random Design analysis, Pre-launch testing, on
radiance noise orbit monitoring, BB views, space views
Temperature measurement | Systematic — Correlated Design analysis, Thermometer calibration,
uncertainty Pre-launch testing, on orbit monitoring
Temperature gradients Systematic — Correlated Design analysis, Pre-launch testing, on
orbit monitoring
Emissivity Systematic — Correlated Design analysis, Pre-launch testing
Reflection, radiances | Systematic — Correlated Design analysis, Pre-launch testing
reflected from
surroundings.
Scan angle effects (space | Systematic — Correlated Design analysis, Pre-launch testing, on
view and BB not at same orbit monitoring (by pitch up and
angle) extrapolation)?
Lsm (Tsm) Scan mirror emission Temperature read out | Full random Design analysis, Pre-launch testing, on
noise orbit monitoring.
Temperature measurement | Systematic — Correlated Design analysis, Thermometer calibration,
uncertainty Pre-launch testing, on orbit monitoring
Mirror emissivity Systematic — Correlated Design analysis, Pre-launch testing, on
orbit monitoring.
Ar,, (Qsm) Relative variation of scan Systematic — Correlated | Design analysis, Pre-launch testing, on
mirror reflectivity# within earth view orbit monitoring.
ALstmv Stray light correction Uncertainty in correction Systematic — Correlated | Design analysis, Pre-launch testing, on

with surrounding pixels

orbit monitoring




LSTM L1 Uncertainties

BT Uncert (K)

RAL Space

LSTM TIR4 Uncertainty Budget
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Scene BT (K)

Example — TIR Band 4 — 10.9um

Deep Space Noise

BB Noise

BB Radiance

Optics Temperature Variation
Scan Mirror Reflectance Variation
Gain Stability

Non-Linearity

ISRF - Band Centre

ISRF - Band Shape

ISRF - Out of Band

Total



LSTM Next Steps
» STM is at phase B2 (up to PDR)

* Hence uncertainties in L1 are based on specifications.
= Model is aligned to L1 ATBD

* Model outputs to be compared with the performance budgets produced
by instrument prime.

= Will be used to define requirements for pre-launch calibration

* During phase C/D

= Model and outputs to be updated as more information provided from
subsystems + calibration

* Implementation in L1 processoris TBD
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