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Satellite propagatioanirecﬁon

Tllumination angle on
diffuser maintained at 65.35 deg.

Folding mirrors
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Azimuth angle varies
along the year (21-35 deg)

Optical axis of
Cameras cross
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Diffuser Characterisation
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« Monochmator overfills the detector's
pupil - irradiance measurement

- Monochmator overfills measured area on
the diffuser - radiance measurement.

- Reference detector monitors
monochomator output during

measurements

Error budget

Y | |
1Mod

xenon
lamphouse

Double Prism Monochomator
Beam divergence = 32arcmin
Beam diameter = 50mm
Source = Xenon arc
Polarisation < 0.5%

Adjustable spectral bandwidth
(Blue=3nm NIR=20nm)

Detector
FoV =12 deg
Pupil = 14mm x 18mm
Distance to diffuser = 350mm
Polarisation < 1-4% (1)

Error sources  Error Typ BRDF Inter-Pixel Inter-Band e
Field of View E b <0.2 % - - Sreylight
Angular precision 0.10% 0.10% - trap
Detector lineariy 0.30% - 0.30% THsma mede
: : -0.15% - -
Beam Uniformity 0.35% 0.20% 0.20% {FoV opering:
Noise 0.20% 0.20% 0.20% Detector 1 ding ens™~
Polarisation <0.05% <0.01% <0.01%
) 0.10% - - -
Straylight 0.10% 0.10% 0.10% Entrance e
Total : | 0.49% 0.26% 0.38% P
Total error (10) = |3Sb;| + sqr[¥B*"* + ¥0,7] @
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Results
BRDF Characterisation
Azimuth dependence
- (410nm)
BRDF Characterisation 037 ¢
Spectral dependence .
~ (27.5 Deg Azi) 7" T
0.37 \ \\\ é‘ o..33
0.36 8 o
= 035 e o
L 0.34 : N2 o
$ 033 Fie,;,o,'wo "8 g2 . nji;;eg]
@ 0.32 “Wldeg) © % 2 R B
0.31 "
0.3
BRDF Characterisation
Azimuth dependence
' - 681
F'e’dofv S R 5 410[nm]
Wldeg, " & & R
Spectral dependence
BRDF Increases more toward forward
scattering for longer wavelengths
)
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&\%esa Comparison with Nasa ENVISAT

andtong term monitoring

BRDF diffuser ESA # 21

0329

S —
g 0323 \“k-g
0321 4 :
TNO TPD - ARCF
March 2002
ESA g 21 dffuser
o9 ¢ y=6535" p=29"a=0"
Error bars are £ o
A
0317 %
300 400 500 600 700 BO0 00 1000

Wavelength (nm)
—4—BRDF TPD 2002 —=- BRDF TPD 2000 —&— BRDF NASA 2000 —e— BRDF TPD 1956

Inter-comparison with NASA (2000), agreement within measurement accuracy (1%)
MERIS diffuser characterisation data = TPD 1996

Monochromator and Detector head upgraded in 2000 at TPD. %
~
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=@Sa Comparison Diffuser 1&2 ‘@
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Ratio Diffusers-1&2 BRDF on-orbit
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Erbwm Doped Spectralon Difuser relatve spectrum
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Absorption Spectrum of Erbium doped Spectralon™ diffuser
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5 Positions Mechanism:
Shutter
Aperture

Diff-1
Diff-2
Diff-Er
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OSA POLARIZATION PERFORMANCE

The Scrambing Window Element (SWE) depolarization effect measurement done by CERCO is fully

in accordance with the Phase A SIRA theoretical model.

- ] - —————————— ] - - ——————— - — b ——

110% ~——
1000/0 . P 0 ,M.:/».u.-.w.'-"._.‘,.’”'.,' 'f .!. 1(.:,:1 i

111111 AV A/ n v

WSA ALIGNMENT AND VERIFICATION BENCH (SWAV

Field of view center pointing alignment wrt AER optical bench VF.
Inter-modules alignment wrt Field of view center.

Quartz / Sitica Scrambling Windows have been manufactured by FICHOU company (F)

Scrambler residual monochromatic
polarisation sensitivity [s/p]

- SCRAMBLING WINDOW CALCULATED EFFICIENCY

2
o
Scrambling Window Sub-Assembly (SWSA) : 1~ _ _ | |
(In front: UV-filter & Scrambler assembly) | e ]
°%%0  s00 s 700 800 900 1000 1100

WAVELENGTH (nm)

—&— WITHOUT SW —a— COMPLETE OSA —=— SPECIFICATION

Global OSA polarization sensitivity specification has been verified by AER at Camera level.

Instrument Polarisation sensitivity < 0.3%

P L . 4
-@Sa  Polarisation sensitivity ENVISAT,.
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OSA RADIOMETRIC CHARACTERISTICS

Critical point : -1st order full aperture transmission and spatial uniformity due to inverse fiiter non
uniformity on Ground Imager L1 concave lens.

The strong attenuation in the

e A EEEEEEP == U region 480nm to 620nm is
v T T T A PN = b pesa due to the “inverse filter"”
v N T AN == T whose purpose is to

O R, i —— "flattens” spectrally the
s B I L S — ‘ MERIS system response

The -2nd order suppression is performed both with the ISA /JOBIN-YVON (F) pseudo laminar grating
and the RG610 wedge blocking filter.

OSA Modulation Transfer Function is fully compliant with the required 20 microns focus depth.

Optics transmission

-1st ORDER CAMERA OPTICS TRANSMISSION ‘ ; i~ -2nd ORDER CAMERA OPTICS EFFICIENCY
- \.CE'OUE
h E ',’.'.‘OE-OA;:\\ ‘

g z i

| e e Orders +1, +2 and O are
E L caught by light traps in the

I e | oot = _ corrector block

Order-1 grating efficiency Order-2 grating efficiency %
Furopean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008 the

Living Planet

Agence spatiale européenne



/—"

//// 4

?-

//

=
=
f_—
@

/—

esa

Optical Performances
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OSA GEOMETRICAL AND SPECTROMETRIC PERFORMANCE

On ground slit distortion (BAfocal plane mapping Focal plane lines distortion
” el . ‘z—— e ;-;-_-.-;—T'T—] T | ]
- : - - | H | =
< e | |
. . LIS e TN | ‘ |
o AT g I.—'.' — - ._.;-h.:\. - 4 - 4 4
o 121 = {171 i .
L i ; _51_._1 ..........
: i e i o = [ e Y
- G4 = L ) B U e e v RN B L B
A spectral registration Spectral distribution Columns distortion
r-ﬂ.’:-,._‘:’: s Sty s " - - !
y IO se =
". | ﬁ gy
X axis = field of view {-8, 8} mm Y-axis = range {-8, 8}um
(pixel=22 um / 1.25nm, FoV = 740 pix)
Furopean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008
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Spectral profile
585 nm
) 1
s\
ﬂ._.&i
g : M
T w1 w1 a1 s
Field of view [pixel nb]
Centred Profiles
Spatial profile
585 nm
0
-1 |
i
ASAP model result on axis for 585nm 2 7 N
24
Total Integrated Scatter (TIS) measurements g s -—m'-""’f e,
performed on all optical surfaces (and coatings) 6
using “as built" witnesses. o Fie,ji‘fview‘:;ixe, :‘;] o

/—
¥)
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©=€@8Ad  CCD Characteristics ENVISAT,

MERIS CCD25-20
Spectral Response (Wedge Coated FM)

600

1 Spec. Max

H O

o O

o o

|

\
.
-4

- N W

©c © ©

o O O
u

Responsivity (mA/W)

0

300 400 500 600 700 800 900 1000 1100
Wavelength (nm)

MERIS CCD25-20

PRNU (Wedge Coated FM)

10 Fleld Architecture : Frame transfer
|Spec. Max. | »
8 ' 390 nm 5 Size : 780 (H) X [576 X 2] (V)
~ -
; 6 . ‘ ‘ 1 ; Pixel size 1225 um x 22.5 ym
= 4 it [ om 1040 v EEEEEEE Technology : - Thinned CCD
o el ety e et o (thickness = 17 um)
2 = M Storage Zone - Back side illuminated
-—F-gaa—a
0 260 m
400 500 600 700 800 900 1000 1100 Duare v . .25 nm
Wavelength (nm) :
Pixel Response Non-Uniformity (PRNU)
N
N
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Non-linearity
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AIC counts minus linear trend

| N\
/ \

\

deviation (counts)
S

; J
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&
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) VeV E
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}

0 500 1000 1500 2000 2500
data (counts)

3000

3500

4000

4500

Non-linearity measured performed at:
*CCD level by varying integration time
*Analogue Imaging Chain level (above)
by varying distance to the light source

Evropean Space Agency MERIS US Workshop, Silver Springs, 14t July 2008
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* Rms non-linearity < 0.1% of full range,
increases to > 1% at low signal levels.

* Non-linearity primarily due to CCD
output trans-impedance amplifier.

* Very low integral and differential
non-linearity of the ADC

* Plot represents NL at CCD output
(4096 counts = 1.5V full range.)
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OUverview

CAMERA OPTICS ALIGNMENT AND VERIFICATION BENCH (COAV)

Registrations and MTF measurements
Spectrometer slit alignment o
CCD interface adjustment ! = )
@
\
l

OTima = =

-

Lv "l
. < N = 5 ..’:- g

i [MEll_fa"g&rnEna

-
g

Camera Level Characterisation

(Thermal Vacuum)

- MTF

- Spectral Smile
- Spectral Frown

Camera performance test bench %
N
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Instrument Modulation Transfer Function
0.65
0.6 2 3 e — "

0.55

b e Pk (00

. K & RR-AX-{-7deg)

0.45 ‘_2‘55{* « FR-AL-(0deg)

E - FR-AX-(0deg)

0.4 —+— RR-AX-{0deg)

b FR-AL-(7deq)

0.35 r‘\_i— - S — =3 - “"“'(7":>

N = — —e— RR-AX-(7deg)
0.25
0.2

400 450 S00 550 600 650 700 750 800 850 500
Wavelength [nm)
MTF (22lp/mm) as a function of wavelength for:
Full resolution (FR=300m) Along track (AL) FoV [deg] [Fnyquist=1542]
Full resolution (FR) Across track (AC) FoV [deg] [Fnyquist=1.496]
Reduced resolution (RR=1200m) Across track (AC) FoV [deg] [Fnyquist=0.374] %
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Localisation of spectral line #274 (B11)

761.2 .
- c ¢ o+ e e N S

| i
e ////g/./ﬁ/f :

760 - %% ]

Max wav 7605 nm

N % Min wav 7595 nm|| |
750 6 2? Max-Min 1.0 nm

N O |

100 200 300 400 500 600 700

Pixel é%
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Figare 5 a : Canvers 1. The mean diffczence between the central wavelength and
tha Ynear law i fitted a5 o function of line number,

Deviation from linear dispersion

Modelled Band 13 Line shape

Figure 1a : Comparison between raw data and (it of instrument

An example of measurements without signifl
Tine 409, column 1),

spoctral
cant noise (camare 5,

Spectral pixel Line shape example

and associated Gaussian model

MERIS Band 13 Response MERIS Band 11 Response
1.20E+00 1.20E+00
00E+00 1.00E+00
8.00E-01 ( ‘\ \ 8 00E-01 / \\
-1 | ‘ @
2 | —m1 2 —m1
2 | | m2 2 —m2
& so0e0 ' : m3 8 s00e-01 m3
m4 m4
2 [ I ——m5 E —m$
3 | [ a3
00E-0 f | 4.00E-0
| | I/ I\
2.00€E-01 j/}‘ ‘\ 2.00E-01
0.00E+00 \ 0.00£+00 A/J &
855 860 885 875 880 756 758 760 762 784 766 68
Wavelentgh [nm] Wavelength [nm]

Modelled Band 11 Line shape

(16 spectral pixels) (2 spectral pixels)
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Spectral pixel band to band registration

(in terms of 300m resolution piXCIS) HENIE Eganim| Bug/simiinn
. o

FM1 mean afler

ww
Field A FM4 mean after
M _ i
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7[3 1 A 4 Across track ._'E (K]
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Y v A\
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Precision Manipulator Solar Simulator
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=@Sa Pointing Characterisation /7.,

|

* Pointing Characterisation with Laser Theodolite

— H[] FOV = 68.¢
Along track offset (FR pixels)
.04 _____|_______SeecifiedSwath___
INEEEEEEEEEEEEN 'I 'I .I.O
1.6 " 1.3 ENEEEEEEEEEEEEE
e ey SRR
| ]
30 32 27 29
Overlap (FR pixels)
v
West Flying direction East
¥)
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Dark Current characterisation,
complete orbits with the shutter
closed in Observation mode.

Orbit 292 Dark Current OCL ON Orbit 293 Dark Current OCL OFF

N
<}
N
<
0
w

Offset dnift
(45 mén. dur ation orb 308,

« CCD Temperature very stable 0 B y ' ’ 1
- VEU temperature drift 6 degrees o 2 3 \ o |

T 04 — (m0fset]
* Offset Control Loop converges well -,_, .
- 0.6mV / 1.5 V Dynamic range

Cameras

N
\/
CD

European Space Agency MERIS US Workshop, Silver Springs, 14™ July 2008 . 2
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Orbit 292 Dar‘k Current OCL ON

Evropean Space Agency
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Band 1

Band 5

&&iesa Dark Current characteristics
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ENVISAT

CARING

FOR THE EARTH

South-AHantic-Anomaly

Spikes in the dark
current when flying
through the SAA,
more important for
the smear band.

Probably due to the
secondary emission
from the Alumium
mask on the CCD,
and the Gold

window.

Orbit zysuoark current OCL OFF
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Diffuser "Speckle”
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Across#mck

Yearly cycle of séfgF"

ShnaleM? At .

e mc;}?l_?snegr!e X Aj\\ Speckle
o] Lo increases with
2" ( mx)&) \ increasing
. X - wavelength

SR

Solat Humination
16 ; .

e nef DA I o Speckle

- SN e Reterence geomerry:| - . .

b : 2; increases with

g': @ TN zzng- mcrjeasmg

| e~ aazimuth

N s differences
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Speckie efiect Band 15 @00nm)
A L
i 1 A \ NEL — 008 v3 2475
| ){ hy: m ﬂem%,.% R =
| 2068 vs 2067
Speckle offect Band § (709nm)
Spockle effect Band 4 (5%0nm)
AW A A i AN S A e — 008 v
MR IUION I PTIC H02 e ==
Raw counts [DN] relative differences L
"ws »» ") m Ul %
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ENVISAT
Along=Track

Pix93 B9 Cam2 Diffuser-1 Observation

Raw counts corrected for linear trend

Tane Pramen)
Diffuser “speckle” confirmed by TNO study Tllumination duration = 200 sec
=> Present on all diffusers
)
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SNR Computation
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Difference from linear fit Cubic fit of difference from linear
60 (in region 625-725)
30
40 25 ‘
20
- 20 15 I’ /
g 1 [ AN
Al m—ry | WY 2
3 g oy D-A'LU——MA Bl e
= 3 AN \NW'
5 M\l Ui VIV
-40 i /] V
-15 v
-60 20 y = 0.000191837956x - 0.028261555202x + 1.217694518608x -
1 101 201 301 401 501 601 701 801 901 1001 .25 14 577087643050
RR Observation [index] 1 21 41 61 81 101
——Band 15 RR observations [index]
v
Me*h°d°|ogy USing diffuser Observation . Band 15 Residual noise [counts]
1. Difference from linear fit of Raw counts (in region 625-725)
2. Difference from cubic fit of selected region from 1. 25
3. Compute the standard deviation (10) of noise 20
4. Adjust the noise (20) to the specified signal level 18 !
(Assuming shot noise limited) z b T 11N lﬁ Y '[
2 5 s
5. Compute SNR g L 1 hN\I"VH LA A IUVW N
_ 8 'V”\IH\Y V\N\MU il |
Assumptions: ol VT !
The large modulations are “speckle” based only ! 45 L STD=6.068 [DN]
> [ Signal=17573 TDN]
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99
RR Observations [index]
——Band 15
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. =CSa Signhal to Noise Ratio
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= g ENVISAT
,,,,,,,,,,,,,,,,,,,,,
MERIS SNR Signal Levels used for SNR computation
0.4
0.35 ]
1
0.3 H
- > - |
E 0.25 frpex R - ! %
£ - [
S 02 — —
E o
~ | —
2015 - | {
e
0.1 - l] !
0.05 ‘\‘\4\.\‘R / |\
o - ,— J ,*,\‘:7, ,:é‘
400 450 500 550 600 650 700 750 800 850 900 400 450 500 550 600 650 700 750 850 900
Wavelentghs [nm] Wavelentghs [nm]
—o—Goal —@— Spec. —e—Meas 25 —a—Cal 25 —+—Cal signal —e— Spec sign.

Spec.
1011
945

SNR Specifications (Goal, Spec), Estimated SNR at three signal levels (Cal, Ocean, Meas)
[W/m2/sr/nm]. Note that the specifications include two “Land” bands and one “cloud” bands
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