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ABSTRACT - The Medium Resolution Imaging Spectrometer (AIERIS). developed by i
Leropean Spuce Agency (ESA) for the Envisai-} polar orbir Eayth mussion. helongs o a nen
vencration of ocean colowr sensors which will viekd a major improvement in the kinowledue of
such a crucial processes as the ocean contribution 1o the carbon ovele.

MERIS measures the radiance reflected trom the Earth's surface in the visible and near infro-
red part of the spectrum. Data are transminted in fifteen spectral bands of programmable swidih
and locarion. The instrument features nye spatial resolution und several vbservation wid
calibration maodes sefectuble by grownd command.

The instrument development is curventiv carried owr by an pmernational  team  fed by
AEROSPATIALE wnder Envisar prime contracior ship of DORNIER. The development of the
mstriment as now reached a status where the insirument has been proven 1o be complian
with the scientific requirements.

This paper gives an overview of the instruwment. s design with emphasis given 1o ihe
acquasition  and  on-board  processing  chains, A sunpnary of the  recemiv measured
pertormances and interface budgers is also provided

Kevwords: Imaging Spectrometer. Remote Sensing. Ocean Colour. Calibration. MERIS.
ENVISAT

I - INTRODUCTION

ESA 18 developing the Envisat-1 satellite as o major contribution o the Earth globul
environmental montoring svstem in space. towards the end of this decade.

An element of the Envisat-1 pavioad. MERIS wiil provide the user communny with an
advanced sensor for the remote assessment of marine phenomena and processes which
dominate about three quarter of the Earth surface and plav a crucial role in <huping s climute
and ecology

The primary misston objective of MERIS mclude tio-geochermical ocvanography such as

phvioplankton biomass and productivity by measuring chiorophyll, vellow substance and
other pigments concentrations,

Secondary objectives are related to atmospheric parameters such as water vapour column
content. aerosols and cloud properties and to land parameters such as surface reflectance and
vegetation dices.

2 - MISSION REQUIRENMENTS

The multidisciphnary aspect of the MERIS mission has smposed guite o challenging set of
performances requirements,
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2.1 - Geometrical requirements

The MERIS output shall represent both. a significant global product and data tor detailed
exanunation of regional applications. Following this requirement an operation in two spatial
modes has been established. Data acquired ar 300 m resolutton at sub-satellite pownt are
mainiv required in coastal zones and over land. In the second mode. MERIS produces data at
1 2000 m resolution continuously over the dayvume part of the orbit.

A large field of view 18 required in order to tulfill the need for global coverage in less than
three davs i order to meet the oceanographic and atmospheric Investigation needs.

e Spectrometric requirements

MERIS s requured to acquire 135 spectral bands over the specified spectral range. This 1s the
hest compromise between the scientific needs and the platform recording storage and
ransssion capability

The spectral range covers the 390 to 1040 nm wavelength region. The availability of bands in
the near-infrared will considerably improve the atmospheric correction over oceans.

The spectral bands of MERIS have to be progrummable trom ground to enable selection of
different sets ot bands according to the nussion plan. The location of the bands. the width
and saturaten levels may be changed throughout the lifetime.

The spectral wadth 1s required to be variable from 1.25 und 30 nm depending on the spectral
feature 1o be observed. Over open ocean an average bundwidth of 10 nm s required for the
hands focated in the visible part of the spectrum.

2.3 - Radiometric requirements

Of particulur importance are the radiometric pcrtormanus of MERIS. At first the radiometric
sensivity s derived from the requirement of 3.107 for NEDR (notse equivalent spectral
reflectance at the sea level)

An outstunding radiometnc accuracy is imperative for the atmospheric correction over ocean.
which ts of critical importance since typically 90% of the signal reaching the sen<or originates
from the atmosphere.

MERIS is reguired to feature low sensitivity 1o the polarisation ot the incoming hight o cope
with the hizhiv polarised atmospheric signal.

The lurge dynanmue range of the instrument has to cover low level signals emanatng from
open ocean up to high fevel signals such as from bright clouds.

INSTRUMENT CONCEPT

MERIS s programmuble imaging spectrometer which micasures the radiance backscattered
hy the Barth in the 390 nm - 1040 nm part of the spectrum

The mmaging techmigue s based on the pushbroom observation principle. The scene s
recorded simaltaneously in the w holc spectral range through wdispersive svatem. Onlv a pan
of the spectrad range. wranged in 15 spectral bands. i~ transmitted 1o the eround. Each band
i selectable m position. width and gain by ground command.

Farth seenes are imaged with a spatiat resolution of 300 m at nacir and with a regular angular
sampling ucross track. The instrument design allows 0 reduce the data resolution to 1200 m
by conthining together. on board. tour adjacent pixels across track and tour consecutive lines
along teack
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The mstrument has a field of view of 68.5" shared by five 1denucal cameras. each having o
field of view of 14" The cameras are arranged 1n a fan shape configuration in which the ticld
of view overlap slightlv tsee Figure |). The modular design has been specifically selected tor
MERIS to ensure high optical image guabity over a large tield of view.

Cameras

Folding
Nirror

Window

Deployable Calibration Source

Fig. 1: Arrungement of optical modules. folding mirror and Earth viewing windows

The instrument acquisition and processing chains can be separated mto four sub svstems:
* The Optics
* The Detection Focal Plane
» The Video Electronic Unit
* The Digital Processing Unit

3.1 - Instrument optics

The MERIS optics consists of an external window. a folding mirror. an oft axis catadioptric
ground imager and a spectrometer of concentric design.

The windows are used to scramble the incident polarised light coming tfrom the Earth. making
the mstrument less sensitive 1o light polarisation changes. The windows are made of two
quartz ervstal wedges with their optic axis separated by a angle of 45 0 A thid wedee. mude
ot tused Silica. compensates for the deviauon of the transmuitted beam. A UV blocking filer
is mxerted in front of the window.

The ground mmager is made of halt-components. namely a three lenses uperture group. &
concave primary mirror. a convex secondary mirror cemented on the third aperture lens and 4
ficld fens cemented on the spectrometer. The dispersive element of the spectrometer is a Jow
orooves density concave retlecting holographic grating. A blocking tilter i msened in the
corrector hlock to suppress the secand order of the grating. The optomechanical design s
hased on the use of Silica and Invar where the barrels of the fenses and nurross are in Silica
and the spacers in Invar.

Table I summarises the instrument optical parameters. A picture of one of the flight modeis
of the camera opties is shown in Figure 2.
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‘ Table I: lostrument- optical-

Focal length 67.3 mm

Pupil arca 300 mm-

IOV P49 aremin
Spectral samphng interyal .23 nm
Grating grooves densin 132 grooves/mm

~ .. Ty 3] —
Graung etficiency 1% orden 0.36 45 nm

VPMGte Sonness ol Aerocpiiake

Fie.2: Camera Optics Sub-System - Manutacturer - CERCO (F)

154

3.2 - Detection Focal plane

The canwera detectors we COD arravs specttically devetoped for MERIS «Fraure 3y Thinned
hach wde dluminated CCDs have been selected which provide the required miproved
responss iy the blue part of the spectral range. The miaging zone comprises 376 lines of

S0 piels. onds 320 hines of 730 pixels of which are used tor mugmg purpose. The canweera

~swath i nraged wiong the CCD line while the fight dispersion take place along the CCD

column. kach pixel s 22058 um square. The CCD covers the spectral range with o nominal
P28 i spectral samphne imerval . The CCD Lavout s thstrated in Fagure 4

The COD wmiperature o lowered i order 1o reduce the dink current and o nummise dark
stnal varation between two calibrations, Inoperation the CCD temperature s cooled down
g0 2208 O by nane of Pedtier deviees with a regufanon o1 2035 €

The CODs operate moa frame transter mode, The frame pertod o 4 s, Atter itegration. the

Charges e rapidhy trunsderred from the mmaging zone 1o the stornge zone. A frame transfer 1s
talowed bygnew wegration period i the maging zone. while the swre zone s read out
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During the frame transfer. the CCD integrates over the entire spectral range u additional signai
which v supertmposed onto the useti] signal. In the case of MERIS. this smear wgnad
creates an offset which needs o be corrected. Because this smear signal s scene dependent. v
fas to be recorded and corrected for each frame. This has been made possibie thunks to the
opumisation of the CCD design. The shield covening the storage zone has been shohtis
extended over several lines of the imaging zone. The so-culled smear ines record the wnew
stenal. After summation ot the smear lines in the shift register. the resulting smear bund 1~
read out and transmitted to the ground at every frame 1 addinion o the 13 spectral bands,

L ang

NIy Register —|A o

Fig.4: Bavie fuvout ol the CCD

Fig.3: CCD - Manutacturer : EEV(GB1

Inctuded on either side ot the 740 pixels hine are dark reference pixels which are wlso covered
by the shield. These pixels are used in the Video Electromie Unit tor ofiset compensation,
Thix compensation 1s required to ensure the stringent required signal stabiliny adong the orbu
and m between two calibrations,

Aospecitic coating has been developed and deposited on the CCD wurtuce The coating
teatures o wedge along the CCD column o ensure an optical thickness ot 274 Tor ull
wavelengths n the spectral mmee. This contributes o lower struvhight ghost mages 1o
acceptuble fevels,

The CCD plavs an miportant role in the programming of the MERIS spectral bands. Due to
the furge storage capactty of the readout register 4 nmes the pixed capucty i several lines can
be accumuiated m the shift register betore to read owt the intormation. This process i tenmed
spectral relaxation. The programmed spectral width i obtamed by summing the necessary
number of CCD tmes m the shitt regaster. For the spectral bands tocated m the bluc-vreen pan
of the spectrum. the total integrated ~signal o ligh and would exceed the st veginer
capacity In this case the speetrad relaxatton s completed m the Digital Processing Unite The
CCD hmes which tall outside the 15 selected spectral bunds wre dumped at shitt register leved
The width iand position ot the MERIS spectral bunds cun be modified m-thieht  through a
dedicated management ot the CCD programming Apart front allowing the wiection of
Jitterent sets ot spectral bunds dunny the mission, the CCD progranmung serves also iy
purpose e compensate tor any spectral drtt which may occur dunine nnch or in thghe

Quanmittatne destgn and performance parameters of tie COD are Disted in Table T
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. Table 1I: CCD pama
Archuecture Frame transter
“Technology - Thinned CCD tthickness 20
wms
- Back side illuminated
Stze umaging & storage zone) 780 (Hyx 376V
Pixel wize 225umx 22.5um
Full well capacity s;;?* > 6 x 109 electrons
Stuft register
Hires 2.4 x 100 clectrons
~ Frame rute 228 Hz
Operating temperature ALY
Responsivin see Figure 3
Duark current at operating temperature <14 E.-\/cmz
SM) -
00 +
N+
i 200 -+
1K 4
04— ; et :

WH o S0 600 700 300 Y HON0

Wavelength (nm)

Fig.5: CCD responsivity - Averaged value over the five CCD flight models

3.3 - Processing chain

Each camera has ity own dedicated imuge processing chuin, The analogue processmg i
undenaken by the Video Electronic Unito whose functions wie 1o

+ exiruct the useiul signal by correlated double sumpling

= compensate the offset varition by using the dark reterence pixel.
= amphiy the signal

« digize the video signal on 12 b

The overall instrumient acquisiton and on board processing s Mustraed in Freure 6.

The signaf amplification s done by selectng one of the 12 fixed gans detined in the vange {1
o 375) The selection of the wmplificaton gan 1s done separately tor cach spectral bands n
order o nunmize the nowse contrtbution of the processing cham,

The digitad output of the Video Electromie Usnt s subsequently processed by the Digral
Processimyg Unitin three muagor steps

» Complete the spectral relaxanon up to the requested band width.

« Subtract the offset. smear compaonents and compensate 1or gan non umitormmty and ageme.
» Reduce the dutu spatiad resotution when regured.
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Optical Sub Assembly Focal Plane

Depolarizing 4y Ground  Spectrometer (CCD)
- 1 . = . Mirror - R . .
EARTH Window hirror Imager Lgrating} - Spectral relaxation th
Flat Diffuser Video Electronic Unit
SUN-—g»  Spectralon Calibration Hardware 12 sams {1 1o 3.75)
(deplovables ADC (12 by
. On Ground Calibration Mode
IFR - ; .
o Spattal & temporal Gain Offset 1 Spectral
RR < relaxation correction ~ correction - relaxation (11

Bigital Processing Unit

FR = Full Resplunon data 1260 m « 300 m at nadir]
RR = Reduced Resolution data [ 1040 m < 1200 m it nadie]

Fig. 6: Acquisiuen and on board processing chain

The strument design offers the flexibility to have these corrections applied either on board
oron eround. In the latter case offset. smear and gain correction are bypassed 1n the on-board
processing flow.

4 - OPERATION CONCEPT

Since MERIS is bused on sofar reflected radiation. appropriate Humination conditions of the
scenes tor the image acquisiton process has to be ensured. The nsuument Observation mode
is thus defined tor the dav zone of the orbit equivalent to & sun incidence angle of 80° at the
sub satellhite point. corresponding o measurement tme of approximately 435 min per orbit
Calibration 1s carried out when the spacecraft flies over the south orbital pole and the sun
illuminates the instrument 1 a direction orthogonal w nadir. For the rest of the orbit. NERIS
i~ non-observaton modes. Figure 7 illustrates the basic operaton timeline.

Orhit North
Pole

|
lo He = 80 ”“‘-"-“"J

Fig. 7: MERIS Operution Profile
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Four operation modes are defined:

» Observation modes - Averaging
Direct and Averaging

in bath modes data can be corrected from offset. smear and gain non
unttorrity either on board or on ground. In the later case. raw data are
transtmitted and radiometrically corrected on ground.

» Cabibration modes - On-board Calibration. where calibration coefticients
are computed on board. stored and as well transmitted to
the ground
- On-ground Calibration. where only raw calibration
data are transmitted to the ground. Calibration coefficients
are computed on ground.

In Averaging Mode MERIS continuousty delivers Reduced Spatial Resolution (RSR) data.
When MERIS 18 switched to the Direct and Averaging Mode. the instrument delivers in
addition to the RSR data. Full Spatial Resolution {FSR) data in the same 15 spectral bands.
These Full Resolution data will be available for up to 20 minutes per orbit. limited by the
platform capability.

3 - CALIBRATION CONCEPT

To meet the stringent requirements on accuracy the measurement data need to be corrected tor
non-unitormities and distortions introduced in the overall measurement system. as well as to
convert the MERIS data into radiance values. In-fhght. four calibration sequences are
defined:

+ Dark calibration

» Radiometric gain calibration

» Diffuser ageing characterisation
« Wavelength referencing

During the dark calibration. signal is recorded with the Earth and Sun aperture closed.
\Multiple Trames are acquired and averaged in real ume yielding the Dark Current Offset
coefficients which account for pixel dark current and electronic oftset.

in the gain calibration mode. & white diffuser plate. sun illuminated. 15 inserted into the tield
of view of MERIS at the ¢cross over pont ol the five cameras fields ot view. The ditfuser
provides a reflectance standard across the entire spectral range and freld of view. In this way
€ tull aperture nstrument calibration which tollows the same optical path as in the observation
modes v performed. During the cahibraton the signal 18 recorded during 512 frames. Each
frume s corrected from offset and smear components. The averaged signal v then divided by
the dittuseys BRDF obtained trom on ground charactensation and stored on board. vielding
the Absolute Radiomerric Gains, Duning the on-ground calibration mode the  on-hoard
provessing s hmited 1o the averaging over the 512 frames. The gwn coetficients are
caleulated on-ground.

The calibranon diftuser 1s exposed to the sun tor o cumulated period of about T hour durniy
the MERIS hiteume Some hnuted degradation caused by radianions (UV and particles)
exposure may be expected. A second white diftuser 1s theretore provided to evaluate changes
i the BRDE of the comimonly used diftuser. This ditfuser will be ased infrequently and will
thus not degrade at the same rare as the st diffuser. The agemg of the diffuser s monitored
by comparmyg the data acquired with both dittusers.
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Spectral calibration 15 achieved by using another diffuser featuring well Known absorpuon
peaks. MERIS will be reprogrammed to sampie adeguately the absorption features. From this
calibration the spectral position of any spectral band can be derived. It is also envisaged 1o
use as an altemative  the solar Fraunhoter absorption hines when observing the sun
illumimated white diftuser.

6 - ON BOARD CALIBRATION HARDWARE

The required calibration pertormances tor MERIS are guite severe. A very accurate band 1o
bund calibration relattve to the solar spectral irradiance 15 required for ocean colour
applications The imaging principle of MERIS imposes. 1 addinon. 4 need for detector
clements to be accurately normalised.

The basic hardware requirements fer an on-board calibration system offering both a uniform
reterence signal over a large field of view and u stable absolute spectral reference stgnal has
fed to the preterred solution which utilises tlat diffuser plates illuminated by the sun.

The calibration hardware 1s implemented on a selection disk {Figure 8). A stepper motor
allows to select alternatively any of the five positions of the disk as required by the instrument
MISS1I0N requirements:

« Guin calibration: 4 well characterised flat plate white diffuser 1s inserted into the field of
view of MERIS.

* Dark cahibration: the Earth and Sun opuical paths are blocked.

+ Diffuser degradation monitortng: the nominal and redundant diffusers are alternatively
inserted into the field of view of MERIS.

« Spectral calibration: the wavelength diffuser is inserted into the field of view of MERIS.

The selection disk also includes a diaphragm which 18 introduced in the field of view for the
Eurth Observation modes.

EARTH
f
Eurth shutter $

Wiavelenyth diftuser - Earth diaphragm

trare carth doped)
Sun shutter

Redundant white diffuser Nominal white diffuser

L]

3
v

i ' 1 \
i
4 R |
Y y ¥
Tow ;
OWards 5 camer 2%

Fig.8: Implementauon of the calibration hardware onto the selection disk
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Following extensive environmental tests. Spectralon™™ has been selected as diffuser
matenial. Diffusers manutactured with this material otfer the requured umitormmty over the tield
of view and a remarkable stabiluy once they huve been cleaned according to o procedure
specifically established tor the MERIS progrumime.

White SpectralonT™ diffusers (Figure 9 and Spectralon T diffuser doped with rare earth
ovade are used respectively for the guin and spectral calibration

Phosto cotirtesy ol Avrospatiale

Fig.9: Dittuser plate in Spectralon T - Munutacturer : LABSPHERE (U'SA)

Both ditfusers have been characternsed on ground:
+ The BRDF characterisation of the white diffusers s reported i[Ol 97]
» The henuretlectance characterisation of the rare carth doped diftusers is shown in
Frewre 10
LRI v N

X

s
s \

h - i

fetaee Hectanoe

|
.
f
—

Fig. 1 Earth Joped diffuser hemiretlectance as a tunction of wavelengsh.
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7 - PERFORMANCES AND INTERFACES TEST RESULTS

Testing of MERIS 15 done at unit. camera and instrument level. A simplified performance
verification matrix 15 provided below

Performance FPA | AIC  OSA | Cumers | Instrument
Freld of View X X X
Inter Band Registration X N X
Spectral Range X X X

Spectral sampling 1nterval X X

Spectral Resolution X X

Spatal Registration X X X
Polarisation X X X

Linearnty X X

MTF X X X X X
Signal Dynamics X

S/N or NEDL X X
Accuracy

Orbital signal stability X

Stravheht X X

OSA: Optical Sub Assembly

AlC: Analogue Imaging Chain = FPA + VEU

7.1 - Performances budgets

All the performances parameters have been measured on fhight models. except for these
verified at instrument level which have been so tar measured on the Engineering Model.
as the Flight Model s presently in mtegration phase.

t

Field o1 view

Swath width
Loculisation accuracy
Pixel stze

Inter band reaustration o

o8.8 centered about nadir

htae £ Sl 22 A

1150 km. from the Envisat- 1 orbat

<2km
See Fregre

< (.15 En\ci 1

raveraged vidue over all hands combmatons
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Fig.11: Pixel size (Full Resoluuon data) along track and across track as a function  of
angle in the field of view

SPECTROMETRIC.IMAGE QUALITY =

Spectral range 390 - 1040 nm

Spectral sumpling mterval [.25 nm

Spectral resolution [.7 nm (see Figure 1 24

Band transnussion capubihity. IS bands programmable 1n location
Spectral bandwidth programmuble trom [.25 nm 10 30 nn
Band center knowledee (3.6 nm
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Fig.12: Instrument hine shape tunction
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RADIOMETRIC IMAGE QUALITY

Polarisauon sensivity < 0.3 % over the tull spectral range
Srenal dvnamics From nose level to bright clouds signal (refiectance 1.0y
. nl
(max. radiance = 620 W m-== sr-lum-1)
Rudiometric resoluton - NEDL See Figure 13
Radiometric aceuracy 2 % to 4 % relanve 1o the sun irradiance
Orbitad signal stabifny 0.2 %
o — 1 2E-03
- F N sy
‘ 'Y LUE.N3
2 N UE
f:_ N e ------__‘___-._--‘,_-1.------;.__-_‘---- B
7 Al 4 A a = N1
il [ NEDL A 4
f « NEDR S ik
5 I}l e eee s e e s et crcrec st emacc e e e L XU ORI N} =
= z
._ . e T
Z J0E-04
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Central wavelength of spectral bands (nmg

Fig.13:  Radiance L and radiometnic resolution | Noise Equivalent Spectral
Radiance top of the atmosphere NEDL. Noise Equivalent Reflectance at sea level
NEDR J as a funcuon of wavelength,
- QOceun scene (case T waters)
- Pixel posiuon: center of field of view with sun zenith ungle = 50
~ Reduced Resolution data

7.2 - System and interface budgets

Litetme i 4 vears )
Data Rate Re deed resolinon data .6 Mbits/s

Full resolution data 230 .”\1?_\1‘{_5;\
Nass o ~ 20kg T
N R T oW T T
Dimensions (L I x D) i LEmax 0t)nw l_(:)__{;@__
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The overuil mechanical lavout is illustrated in Figure 14.

Fig.14: Mechanical layout of MERIS

3 - OUTLOOK

The instmiment Engineering Mode! (Figure 153 programme has been successtully
accomplished. The model has been integrated on the polar platform Engineering Model and is
currently under testing at satellite level. Fhght model manufacturing at umit and subsvstem
fevel is completed and the instrument integration is under way. The Flight Model mnstrument
will becorne available 1 1998 for integration on the ESA Envisat-1 satellite,

MERIS will provide the user community with a highly flexible ocean colour instrument

featuring  both programmable spectral and  spatial characteristics as well as excellent
radiometric performances,
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Fig.153: MERIS Engineering Model
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