International Conference on Space Optics—ICSO 2010
Rhodes Island, Greece
4-8 October 2010

Edited by Errico Armandillo, Bruno Cugny,
and Nikos Karafolas

The Advanced Wide Field Imaging camera(AWFI) for the Amazonia
1 Brazilian satellite

L. C. N. Scaduto, E. G. Carvalho, A. R. Santos, A. L. Soares, et al.

e,
&\é esa icso proceedings é cnes

International Conference on Space Optics — ICSO 2010, edited by Errico Armandillo, Bruno Cugny,
Nikos Karafolas, Proc. of SPIE Vol. 10565, 105655P - © 2010 ESA and CNES
CCC code: 0277-786X/17/$18 - doi: 10.1117/12.2552753

Proc. of SPIE Vol. 10565 105655P-1



|CSO 2010 Rhodes, Greece
International Conference on Space Optics 4 - 8 October 2010

THE ADVANCED WIDE FIELD IMAGING CAMERA (AWFI) FOR THE
AMAZONIA 1 BRAZILIAN SATELLITE

L. C. N. Scaduto, E. G. Carvalho, A. R. Santosl_ASoares, A. Castellar, L. A. Azeka, W. M. Sou2a,
Evangelista, A. G. Santos, A. T. Malavolta, L. Rl&s, D. Segoria, F. S. Santos, L. Candeloro, MiReida,
F. M. M. Yasuoka, R. G. Modugno, R. Cartolano, &rtialho, P. A. Santos, D. Rebolho, J. A. Otoboni, Y
Correa, M. A. Stefani, J. C. Castro Neto.
Opto Eletrénica S.A - Rua Joaquim A. R. de SouZ4,CEP: 13563-330, S&o Carlos - Sdo Paulo - Brazil,
lucimara@opto.com.br

The AWFI camera (Advanced Wide Field Imaging Camésapart of the payload for the AMAZONIA 1
satellite. This camera and its GSE - Ground Suppgouipments, are under development by the Brazilian
company Opto Eletrénica S.A. AWFI camera will beedigor remote sensing of the Earth and will image a
ground swath of 754 km, with a ground resolutiod@m at nadir, in four spectral bands that covertinge of
wavelength from 450nm to 890nm. This camera is amag of the optoelectronic block and the signal
processing electronics. The opto-electronic bloskcomposed of three identical optical channels and
mechanical frame. This work aims at presentingdpgcal system developed for the optical channeth
camera and its theoretical performance.

INTRODUCTION

The AWFI camera (Advanced Wide Field Imaging Cameedongs to AMAZONIA 1 Brazilian satellite and is
being developed in Brazil by the company OPTO ELENRCA S.A. [1]. This company is also responsible fo
the development of the Multispectral Camera — MdXd participates in a consortium for the developnaén
the WFI Camera (Wide Field Imaging Camera) thal wilegrate the CBERS 3 and 4 (China-Brazil Earth
Resources Satellite).

The main goal of AMAZONIA 1 mission is to providemote sensing image data and contributing, together
with other satellites, for the DETER (Real Time Brefstation Detection) system continuity in Amazegion
deforestation monitoring capability. The DETER syst aims to deforestation monitoring and control,
especially inside the Brazilian region [2].

This satellite will operate in a Low Earth OrbitHD) and has a 5 days revisit time [2]. It is beaileyeloped by
Brazil and will utilize the Brazilian Multi-MissiorPlatform (MMP) that is being developed in this oty
under INPE (National Institute for Space Reseascipervision [2,3].

The AWFI camera final image is a composition of ilmages of three identical optical channels andecoan
extension of 754km with a ground resolution of 48tmadir. AWFI camera images in four distinct spact
bands (from 450nm to 520nm, 520nm to 590nm, 63@&YONmM and 770nm to 890nm).

The mean temperature of operation of the optick7i§°C and the camera has a thermal control sydiam
maintains the collecting lens and the focal planghé temperature range from 15°C to 20°C.

THE ADVANCED WIDE FIELD IMAGING CAMERA - AWFI

The AWFI subsystem is composed by three equipnteatsperform different functions: OEB (Opto-Electio
Block) (Fig. 1,a), SPE1 (Signal Processing Eledt®nand SPE2 (Thermal Control and Power Supplig. (F
1,b). The functions of each device are describegkireral terms as:

» OEB - consists of three identical optical channels amtiechanical frame. Each optical channel (Figs2)
composed of the collecting lens, optical housing dre focal plane assembly, where is located thedlien
Unit, the Proximity Electronic and the Calibratiomit;

» SPE1 - is responsible for radiometric auto-calibrat@mtrol and processing and formatting of video aign

* SPE2 - is responsible for temperature control, powespdy remote control reception and transmission of
telemetry.

Connector Panel

a)

|oueq J0}08UUOD

Fig. 1. a) OEB; b) SPE1 and SPE2 (Courtesy\Opto Eletr&Bida).
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Fig. 2. Optical Channel (OC).
OPTICAL DESIGN

A. Optical Requirements

Table 1 shows some requirements for the opticdksyslesign of the AWFI camera [4]. Besides thesealp
requirements, the back focal length of the optigatem must be able to support an internal caldiragystem
between the latest lens and the focal plane farrbit calibration.

Table 1. Optical System Requirements [4].

Characteristics Requirements
Effective Focal Length — EFL 251.0 mm
Relative aperture 5.2
Field of view — FOV 25.5°

BO5: 450 — 520nm;
B06: 520 — 590nm;
B0O7: 630 — 690nm;
B08: 770 — 890nm;

> 0.60 at 38.5lp/mm

Spectral bands

Modulation Transfer Function —

MTF
Distortion < 3.0%
Polarization Sensitivity <7.0%
Field lllumination Constant within +3.0%
Band-to-band registration <5.2um
Mean Temperature of Operation 17.5°C
Temperature Range | 15°C — 20°C

B. Optical System Characteristics

Fig. 3 shows the optical system developed for egatfcal channel. It consists of a refractive ogtispgstem
with 10 elements. The first element is a windowt thiarks as a shield for radiation and thermal wide of
the optical channel. Each optical channel has iBld of view.

Fig. 3. Collecting lens system.

C. Theoretical Performance

Fig. 4 shows graphics of grid distortion (<1.2%y ajvaphics of lateral color. Fig. 5 shows the gieplof the
Modulation Transfer Function (MTF) for the four sp@l bands at the mean temperature of operatior CC).
It shows that the MTF for the four bands is > @ 3&5Ip/mm. Fig. 6 shows MTF versus spatial fremuyeand
Through Focus MTF for the wavelength range fromrBQ@o 890nm in the overall temperature range (16°C
20°C). Polarization sensitivity is < 1.3%.

Proc. of SPIE Vol. 10565 105655P-3



ICSO 2010

International Conference on Space Optics

Rhodes, Greece
4 - 8 October 2010

0. 4850

a) b) MAXIMUM FIELD: 9.00@0 DEG
0.6500
T L
] 3 2 o oz 3 ‘
s
GRID DISTORTION LATERAL COLOR
AWFI_CAMERA AWFI_CAMERA
THU TUN 1728 THU TUN 17 2@
FIELD: 12, 79w Ld 12,7804 _H DEGREES DATH ppwr;n TO WAVELENGTH 485000 4m
IHAGE: 56 21 2i 8 L TnETeRS
FARENUN® OT4TORTION AWEI_CAMERA . ZMX AWFET_CAMERA . ZMx
SR Oa0R" GRUELENETR: b 5508 s CONFIGURATION | OF 1 CONFIGURATION 1 OF 4
Fig. 4. a) Grid Distortion, b) Lateral Color.
TE_OIFF, LINIT TE £ 6008 DEE TS OOFF, LINIT TE &, C008 ER
”TT&% TSTg'WEEB HSHMEB: |T5 9.833d [EG
L il |.| - :
- - = Wi :
s s
w m
B owp B 5wl
F
womf g Lol
& 5
@ o g g wml
é‘ (S g 2
g
T aafl 4 = o
(s g (B8
o 1 1 1 . 1 . 1 . 1 N 1 1 1 . 1 1 . 1
b am ot um W@ @i am  Aan me mao u T um _ na nam  ar am  mn ms  ma
SPATIAL FREOUEMCY IM CTCLES PER MM SPATIAL FREQUERCY IN CYCLES PER MM
PFOLTCHRONATIC OLFFRACTION HTF PFOLVCHEOMATIC DIFFEACTIDN ATF
RWFI_CRHERR AWFL_CANERR
THU TW LT ZElm THU LN [% Zoim
OATA FOR B, MQM TO B.E20@ ko, ORTA_FOR B.5200 TO B.5500 KO,
SURFACE! IH SURRACE! INAGE
AWEI_CAMERRA . ZHMX ALEI_CAMERA ., ZMx
CONFIGURATION L OF 4§ CONFIEURATION = OF 4
Ts'rs B m%"lgz I 1‘;"%%& T5_t. GEBE CEG
0 TS 8, f
||| TS 1. 5008 DEG T‘ -5, %00 DE: ”Tg mﬂﬁEE TsTg WEEFHEE
L T . '
ul h’% aaf i
E L . ar E
w
2 owl i -k i
[ g na J
RS g a J
=}
Tl 1 wf g
2 at 1 us .
(s . a J
m a1 1 . L L . 1 . .
h S I mw  ma  maE &mE 5 5in T SR iR
EPATIAL FREGUENTY TH CYGLEE PER MM "irATIAL FREDUENDT TM CVDLES PER MM
FOLCHRONATIC DIFFRACTION HTF FOLTCHROHAT IC_COFFRACTION HTF
AWFT_CAHEER RNFI_CAAERR
THI_ T T2 2010 THU_TUM [T ZA18
a. em TO O .&%00 . DATA_FOR B, 77@d TO B, BRE@ ax,
ttiatacay-b SURFACE: THRAGE
FALWFI_CAMERA M AWFI_CAMERA . ZMx
CONFIGURATION 3 OF 4 COMFIGURATION 4 OF Y

Fig. 5. Modulation Transfer Function at 17.5°C in the fepectral bands.

The sensor used in this camera has four lines, eaehwith 1 x 6000 pixels of 13x13um in size. Therg
spectral bands are defined by spectral thin filegodited in a windows that covers the photosemsélements

of the CCD.

THE INTERNAL CALIBRATION SYSTEM

The Detection and Calibration Assembly (DCA) isp@ssible for the on orbit calibration of the CCDgF7).

It is a luminous (LED-emitted light) reference izild to monitor parametric changes occurred insystem
related to the CCD and the analog video channellifieng through the life time due to radiation aathers
orbital environment reasons. It is located betwtencollecting lens and the focal plane and is aused by
LEDs (Light Emitting Diode) that covers the wavalémrange in the four spectral bands. It will po®/almost
uniform irradiance for each CCD line during theffif. It is intended to provide six irradiance lesséb fulfill

the CCD dynamic range.
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Fig. 6. MTF x Spatial Frequency and Through Focus MTF lier dverall wavelength range in the temperatures:
17.5°C, 15.0°C and 20.0°C.

CCD Assembly

Fig. 7. Detection and Calibration Assembly.
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CONCLUSIONS

The development of the AWFI camera, aimed to bed use remote sensing of the Earth on board of
AMAZONIA 1 satellite, is nowadays in the prelimiyadesign phase and the Engineering Model is under
construction.

During this phase the design is evaluated by arsiityeof theoretical analyses, such as performawveduation,
radiation resistance, thermal and structural aeslystc. For the sake of robustness of the defigmrototype
equipment (Engineering Model) shall be evaluated series of on ground optical tests, which arelipted to

be performed previously and subsequently to theatitn and thermal tests campaign.
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