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1. Instrument overview

2. Radiomeftric equation

3. Radiometric calibration method
4. Radiometric calibration results
5. Instrument degradation

6. Diffuser aging

7. Spectral calibration methods
8. Spectral calibration results

9. Spectral stability

10. Instrument Spectral Model
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Radiometric Calibration based on
in-flight measurements

Relies on Spectralon diffuser
charaterisation (pre-launch)

Thuillier Solar Spectrum

Uses the same radiometric model
as in the L1 data processing

‘ Grating

o

MERIS US Workshop, Silver Springs, 14t July 2008

Calibration frequency
Diffuser-1: 15 days
Diffuser-2: 3 months
Diffuser-Er: 3 months peak 3
Diffuser-Er: 6 months peak 1
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Xukme g the MERIS raw sample

NonLimtm ¢ a non-linear funetien.,

T s the amphfication unst semperature,

Tree 18 the sensor temperatuse,

g(T) and ge(T) ase temperature dependent gain terms

Ankmthe "abeclute 1adiometne gain®,

Luxm( the spectral radiance distmbunon o fromt of MERIS;

Smukmt the smear signal, due © conunucus sensing of light by MERIS,

Gukm 2 lineas process representing the stray hight contnbution to the signal For a given sample.
pome suay light 18 expected from all the other simultaneous samples in the module, spread mnto

the sample by speculay (ghoat image) or scattening processes
Conxm the dask ssgnal (corrected on boasd for temperature effects by the Offser Conmol Loop).
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Principle

Calibration provides instrument numerical counts X_, (k)
* Instrumental corrections (non-linearity, dark offset, smear) yields X' (I k)
» Instrument Gain such as X', (1,k) = G(1,k).L (k)

L., computed from Ey(I), geometry and diffuser BRDF
- Diffuser BRDF characterised on-ground
- Ey(l), from a model + seasonal variation
- Geometry from orbitography and instrument pointing characterisation

. Space environment implies ageing of Diffuser and Optics
2nd diffuser to monitor diffuser-1 BRDF ageing
=> Diffuser Aging model
- frequent calibration to monitor Instrument degradation
=> instrument degradation model
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Instrument

Gain computations] [Level 1b processing

Method

bservation
counts
(corrected)

geometry model

radiance

Evropean Space Agency
Agence spatiale européenne

calibration refarence
In band counts gains
irradiances, (corrected)
Waveengins 1 [degradation
diffuser Gain
Sun-View BRDF computation

Calibration Eb

Gain modelling

reference

. instrument gains
diffuser | [ gegradation
ageing computation degradation]

model model

)
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Key Inputs

2200 1

\f Neckel & Labs N.MK:IHIII
iy ," A MERIS bands froem Thuilhier o o
5 MEFIS

- ’ . barvis riom N & L
wol 4 | YA}\M’\\

1000 J | | "

0.36+

0.34

wratance (mWaenm)
Y

0.32

BRDF (sr-1)

1 4 i
400 500 600 T
wavelength {rem)

Comparison of in-band Extra terrestrial
solar irradiance between Neckel & Labs

Azimuthangle  qnd Thuillier et al.
(degrees)

oof"g?mggrf? (gaﬂg;::\ahon Details of the spectral model

available in later slides
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Results
Calibration Signal Inverse Gain
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1.80€-01
50000
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40000
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Field of view [pix nb] Field of view [pix nb]
Radiometric Calibration raw digital counts Corresponding Radiometric Gain Coefficients
CD
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Model vs Characterisation - - Model vs Characterisation
% : Yo 0579
=i e T AN
T At amron | W
i::: //\:N-g{/\\ B~ angﬂn?:l%r'inlg ‘calibration 1. J ) \\\/
viRa\Y/= s &
-0.5% [ 1 05%
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Model error at 21.1 deg azimuth Model error at 35.1 deg azimuth

Model vs Characterisation

~— 410-421-27.5009 ~#-430-821-27.508  540-a27.500g = 681-81127,50eg —w— 775-01i27,50eg ~e— 900-82i27.50e5

Model error %T %eference azimuth

7.5 deg)
Rahman H., Pinty B., Verstraete M.Couple surface-atmosphere model (CSAR) 2.
Journal of Geophysical Research, D18, 20: pp455-468 %
~
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Gain ratios SAA dependency: 22859 & 25059 over 2405
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Sun azimuth in SaC$

4059 8 » N ® 20455 ”
. s34 .

Azimuth differences :_ il W Y >,
22859 to0 24059 = +4.2deg | #—5— (

25259 t0 24059 = -5.3 deg | *~—trtt—r——

v ypom Yo Y
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T qardss
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cal
ageng

The ratio of gains computed at extreme
azimuth illumination direction to that
computed at the nominal azimuth illumination
direction, show the limitation of the diffuser
model to resolve the exact diffuser's BRDF
azimuth dependence.

A very similar signature is seen when
comparing model error relative differences
using the most similar azimuth angular
spreads available from the diffuser
characterisation data set. This indicates
that the BRDF measured on-ground, better
capture the actual BRDF of the diffuser
than the model used.
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Sun azimuth in DiCS
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32459 vs 1859

MERIS Diffuser exposure to UV
18 ? 1 1 1 = =l [0 - - 90

—— Diffuser 1 (limit: 18 hours)
~ Diffuser 2 (limit: 90 min) 75
—— Doped Diffuser (no limit)

f__//&‘; 6
0.1% 5
03% // — 4 60
-05% / ___cam2 5 A
2

cam 3 L7 45

0% _::; — é_r/—v"_ﬂ — 5%
___al B o = "
09% / ' 1 {_,’/’_ ——— 15
-1.1% 4 / 0 'ﬁf T T T T o
O 0 10000 20000 30000 40000 50000
R A Orbits since launch(1.3.02), horiz. grid spacing=1 yr
Degradation of Diffuser-1vs Diffuser-2 Diffuser's UV exposure

(Dif-1 [hrs], Dif-2 & doped[min])

Diffuser aging is <1.2 % after 6 years in space

Diffuser ageing wrt launch (all cameras) BRDF loss in % per hour of exposure to UV
0.2% e, 0.15%
0.0% A +:§
02% ats 0.10%
0.4% -'—:
0.6% b8
08% o — — 0.05%
1.0% e n
A1.2% \ :13
’ ~< i 0.00% } } 3
1.4% 3 . B . T > b15
. 2 : I 4 z 2 G | 400 500 600 700 800 900
years since launch —t"“"’ ‘:’ Wavelength [nm]
Diffuser Degradation process is linear Spectral behaviour of diffuser aging
(65 deg illumination) @
Evropean Space Agency MERIS US Workshop., Si i th . o the
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Overview

1. Diffuser based Spectral Calibration
a) Spectral Features of Erbium doped diffuser
b) Fraunhofer Lines on white diffuser

2. O2-A Spectral Campaigns

3. Spectral Stability

4. Instrument spectral model

European Space Agency MERIS US Workshop, Silver Springs, 14t July 2008
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Acquisitions scenario:

Orbit n = Diffuser-1 Cal (Band setting j)

Orbit n+1 = Diffuser-Er (Band setting

)

()
=
Erbwm Doped Spectralon Diffuser relative spectrum E:
1 T Y T T _b v’
m™~ N § ", 'e — A
y % t’ ’3‘ $ % 5 T
b & A 4 % y —
¢ 4 $ R ke o % = 0
09 - w3 2% Py % 0 —» |
)4 be ¢ M SOLAR -
i : : a ¥ % BADATION CALIBRATION
' N ¥ | "Pink" Diffuser Measurements
08 - ;’ ) \f 4
Peak 1 : R 'Y ~ ~
b f centre width (nm) cenlre width (nm)
g . b N 400.62% 1.25 §14.37% 1.25
T o1t 9 401.878 1.25 $15.628 1.25
3 ¢ 403.12% 1.25 5§16.87% 1.25
404.37% 1.25 $18.125 1.25
o6 ] 105.625 1.25 $§19.37% 1.25
106.87% 1.25 $20.62% 1.25
B 408.12% 1.2% $21.87% 1.25
' 109.375 1.25 §23.12% 1.25
Y L A = 1 110.625 1.25 $24.375 1.25
¢ 111.87% 1.25 525,625 1.25
Posk3 ¢ 413.12% 1.25 §26.875 1.25
04 . e - l) . 414.375 1.25 §28.125 1.25
(0 1] 00 )
gl G G S ” 4 415.625 1.25 529375 1.25
116.875 1.25 §30.625 1.25
Erbium absorption spectrum LTS L2 SELE 25 L2
Band settings j ( D
European Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 4
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Spectral calibration using Erbium doped diffuser, Spectral calibration using Erbium doped diffuser,
. row #100 ca. 514 nm, all orbits
402 row #9 ca. 400 nm, all orbits 5155
— 652
—2353
4015 e 515
: A 7262 \‘
401 H——— — 9662 514.5
v 2, — 12062 \ ;
» ‘ —— 14462 \

400.5 1—i- - ; ’ = 514
' S| 19262 \ e
400 ‘ - = 21662 513.5 % 2404}
S 2524
24062 2764
2844
3995 . : : : e 513 - - - - — oo
0 740 1480 2220 2960 3700 31262 0 740 1480 2220 2960 3700 =3

spatial pixel spatial pixel
Erbium absorption peak 1 Erbium absorption peak 3

Method: Correlate measurements with reference spectrum,
corrected for Air-Vacuum changes (Edlen law)

Eur opean Space Aqe"‘y MERIS US Workshop, Silver Springs, 14t July 2008
Agence spatiale evropéenne
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Fraunhofer Lines
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390 392 394 396 398 400

584 586 588 590 592 504 596
105
06

0.4

0.2

00! ]
850 852 854 856 858 860
A(nm)

Examples of Fraunhofer absorption spectrum
With MERIS spectral response overlay

European Space Agency
Agence spatiale européenne
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RADIATION

CALIBRATION

White diffuser-1 measurement

line 1 line 2 line 3 line 4 line 5 line 6
(293nm) (485nm) (588nm) (655nm) (855nm) (867nm)
393125 480625 584 375 653.125 850.625 863.125
394.375 481.875 585.625 654.375 B51.875 864.375
365 625 483125 586 875 655 625 853125 B65 625
396.875 484.375 588125 656875 854 375 B866.875
308.126 485625 589.375 658.125 855.626 868.126
399.375 486.875 590.625 659.375 856 875 869.375
400.625 488.125 591.875 660.625 B858.125 870.625
480 375 593 125
Band settings (3 configurations)
(\D
MERIS US Workshop, Silver Springs, 14" July 2008 L,‘w'"g Pla'ngt
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Line 2 Raw data: 5-cameras, 3 Fov Results all Fraunhofer lines
All Fraunhofer results, shifted

(nm]

864

853

— 654

587

484

— 394

-8 T T T T 1
0 740 1480 2220 2960 3700
detector

Method: spectrum-matching, with correction for Air-Vacuum (Edlen)

oA

European Space Agency MERIS US Workshop, Silver Springs, 14th July 2008 .
Agence spatiale européenne P pring d Li ving Planet



Q\‘gesa Oxygen O2A ENVISAT .

For three orbits every six months, P
MERTIS is configured to observe in detail -
the O2A absorption features
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Measurements over Natural target
name centre width (nm)
blue-2 442.5 10
red-1 665 10
ref-1 753.125 6.25
02-0 758.125 1.25
02-1 759.375 1.25
02-2 760.625 1.25
02-3 761.875 1.25
1 02-4 763.125 1.25
g 02-5 764.375 1.25
758 760 762 764 766 768 026 765.625 1.25
)\.(nm) 02-7 766.875 1.25
02-8 768.125 1.25
. 02-9 769.375 1.25
Oxygen O2A absorption spectrum rof-2 778.75 75

MERIS spectral response overlay

O2A Campaign Band setting

oA
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All O2-A campaigns, FUB
2 Methods % .
- A pressure minimization (LISE) e NN o
Find the wavelength shift that X % N
minimises the dispersion in surface pressure " 2
retrieved from 7 O2A-campaign channels [ st T
» Spectrum-matching (FUB) P FE skt
N el il | B
Uses a neural net trained on a large number | = -
of radiative tfransfer computations [~ " %" T T | ANOZAcampsigns, LISE
* Methods agree to better than 0.05nm) m \
% &% K B
\ N \ \ —— 10797,
7575 e = - ==
RV . i i _Fus ‘,71.;0'."—(,'.”:' along orbi_evolution, [l,-ulu;ll pixels ) ) . \
09— | E “37-” < ! - 3 i -/i;-:/ /’?\/ T,I';:,I‘ﬂ a '
;\f YN A \/Y .« | When using O2A results for absolute spectral
8 oooft | ~ %% - calibration, great care should be taken in the
“ =y - E— = Selection of the scene to be analyzed as the
L &R Y £ B i¢. - absorption spectrum is very sensitive to the
-- X 8 '/ underlying surface and "air-mass” seen. Desert
5 _CNPRAR R AL GRS | targets have been selected for MERIS. X
; e . oo’ N7
European Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 living plang,
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Spectral evolution with Erbium doped diffuser @400 nm Spectral evolution with Erbium doped diffuser @515 nm
0.25 4 0.25 4 |
0.2 02 : o |
0.15 0.15 - .T,Avmrat,,_uve__
Py —e— median m1 P —e—median m1
- ./“\‘V_J - ———a 2 3
04 _a —=— median m2 01 ¥ = median m2
‘ median m3 v/ median m3,
0.05 v/ < median m4 005 l,: - median m4
/ —»— median m5 | —x— median m5!
0 - ‘ 0 -+
-0.05 - . . : : T 1 -0.05 ' r ' : : : \
0 5000 10000 15000 20000 25000 30000 35000 0 5000 10000 15000 20000 25000 30000 35000
orbit orbit

Camera 4 has stabilised with a spectral shift of 0.2 nm
Camera 2 has stabilised with a spectral shift of 0.14 nm
Similar results available using the O2A and Fraunhofer lines data
The shift is mainly wavelength independent
No spectral shift measured for Cameras 1,3,5 (all methods)

(\%
Evropean Space Agency the
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Spectral shift from all data
12 M [nm]
MMMWMW%MM
o [y B W
,'Ei ~— 853
5, 762
> -
S T R T et W -
P i - 7| s87
o
g A 521
>
§ — 484
g 5 O ==
NMM s
-12 ‘ ‘ ‘ ‘
0 740 1480 2220 2960 3700
detector
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Spectral Calibration Campaigns 2002/2003, linear trends

389.75

1.251

1.2505

3895 / \\ 125
38925 / 1.2495
389 L 1.249
38875 \ - / 1.2485
\y
3885 ; - 1.248
1 2 3 4 5
camera

|+intercep1 2003 - - - A - - intercept 2002 —&— slope 2003 - - & - - slope 2002|

MrD)=Z(D)+AMK)

Simple instrument model where kand /stand for the
spatial and spectral co-ordinates of a given detector
respectively , the mean dispersion law -mainly linear- is
a polynomial of order 3 (best fit), and, the across-track
variation term, is a linear fit of the data at d
395, 656 and 671nm expressed relative to its mean value E

Evropean Space Agency
Agence spatiale européenne
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Geolocation Accuracy
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* On-Ground Charaterisation (Theodolite)
Camera pointing - Instrument cube - s/c Cube

* On-Orbit Characterisation (GCP)

Update of the rotation matrix (Ins-s/c)
=> Accuracies of + 132m (Lat) and + 165 m (lon).
=> RMS 212 + 22 meters (incl. nearest neighbourg)

80 Targets over UK & Netherlands
* Roll mispointing = 0.0251 deg

* Pitch mispointing = -0.0022 deg
* Yaw mispointing = 0.0247 deg

* GCP on orthogeolocated data:
Update of camera pointing
=> Orthogeolocated absolute geolocation accuracy 77.1 m

=> Scene to scene co-registration 51.6 m
(Globecover paper IGARSS 2007)

longtude

0 50 100 150 200
RMSE in latitude

Relative RMS errors [m]

Evropean Space Agency
Agence spatiale evropéenne

MERIS US Workshop, Silver Springs, 14t July 2008

in longitude

RMSE

0 50 100 150
RMSE in latitude

Absolute RMS errors [m]

200

N2
N4
(¥)
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Orthogeolocated products

New Product to be available ...
See H. Laur presentation

Eur opean Space Age"‘y MERIS US Workshop, Silver Springs, 14t July 2008
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