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LoABSTRAUT

This paper introduces MAPSAR (Multi-Application Purpose SAR): A new SAR (Syn-
thenie Aperture Radar) mission for Earth Observation. MAPSAR is the result of a joint
pre-phase v siudy conducted by INPE and DLR targeting a mission for assessment,
managenicns nd monitoring of natural resources. The applicability of the sensor system
Wi mivesuowicd for cartography, forestry, geology, geomorphology, hydrology, agricul-
ture, disaster management, oceanography, urban studies and security. To accomplish the
overall requirements, an L-band SAR has been chosen as the only payload of a small
satellite. The satellite, based on INPE’s Multi-Mission Platform, (MMP) is presented as
well. The SAR sensor will be innovative with respect to overall mass, size and per-
formance. The key component of the SAR instrument is the SAR antenna, which is
designed as an elliptical parabolic reflector antenna with dimension of approximately
7.5 m (as ) x5 m (range). L-band (high spatial resolution, quad-pol) has been se-
lected fus *hio SAR sensor as optimum frequency accounting for the majority of
Brazilian aid Cerman user requirements. At the moment, the pre-phase A has been con-
cluded wint v phase A is planned to start in early 2003.

D

NTRO CTTHON

The nitiattve of the joint study of a small spaceborne SAR is a consequence of a long
term Brazilian-Gennan scientific and technical cooperation that was initiated between
INPE and i#LR iu the seventies. The decision to perform a pre-phase A study for
MAPSAR v, established in 2001 following several meetings in both agencies. Based
oi the specie and complementary experience of both partners, the sharing of the the-
matic responsibilities within the study was agreed. Brazil was responsible for the
platform anu inegrated satellite analysis and Germany for the payload and orbit analy-
Sts.



3. USER RiGUIREMENTS

The MAPS A1 mission is tatlored to optimally support the potential user groups in both
countries tik g uito account distinet aspects of specific applications.

The con cisus of the Brazilian working group was that a spaceborne SAR mission
will proviae « powerful new tool to acquire data and to derive important unique infor- .
mation ot veuctated terrain of the Amazon Region. Due to the enormous scarcity of up-
to-date hiioonntion. which is fundamental for planning and strategic decision-making
about cuvivoinnental assessment, management and monitoring of natural resources in
the Brazili amazon, the proposed small spaceborne SAR initiative should be strongly
oricnted to wn quasi-operational (“application-oriented”) system. This is dedicated to
thematic mapping purposes for topography, vegetation and deforestation, geology, hy-
drology, «ie. The MAPSAR concept should also address aspects of integration with the
Bruzilian “Surveillance the Amazon System" (SIVAM/SIPAM), due to the complemen-
tary nature of both sources (spaceborne/airborne) of multi-polarized and fully
poiarime: ¢ ¢ band data. Finally, although recognised in inost application ficlds, the
eficcts ol e polarization, polarimetry and interferometry on the iimage information con-
tert are o i understood in some of those fields.

fhie o an applications are of high mterest for the German potential user com-
muaity ~daonal applications, which are of specitic importance for the German user
side, s buninlss estimation, disaster monitoring and security complement the Brazilian
discipline:. e common aim is a global biomass mapping mission covering major for-
esis biomes of the globe (tropical and boreal). This requires the capability of
polarimetiie 3AR interferometry for canopy height estimation which is directly related
to lorest biomass using allometry. The Brazilian and the German requirements have
been meryed vesulting in the final user requirements for MAPSAR presented in Table 1.

Table 1 NI AR User Requirements (Fpriority, NLA.: not available, normal=Brazil, italic=Germany).

Apphcation | Agiciure | Cartogra- Disaster Forestry Geology/ Hydrology | Oceanography | Urban Security
IMATSAR } phy Monitering Geomorphal- Mapping
paranieters | | ogy
Frequency | L C L*C L L.C C L
| G L L L L L c L(x)
Potanization/ ‘ v pol THE. WV, HH quad-pol. | HH, HV quad. pol. | quad-pol quad-pot
Polarmetry |+ i pud ‘ M E quad. pol quad. pol | quad. pol quad. pol quad. pol quad. pol | quad.pol
Incidence - caneti variable(45 | 20°-30°/ 20°-45° large interval | 20"-45° High (45-60°) 40°-45°
Intervai L ah “ 45°-60° 20°-45° large interval | 20°-45° {45-60°) variable Variable

| (45°% variable
Spatal ralntars | 5 meters 30-50/15m | 10 meters | 5-10meters | 10 meters | (HighModerate) | 5 meters
Resolution | %etirs | -G meters | 3-9 mefers | 10 mefers | 3-5 mefers 3-5 meters | (High/Moderate) | 3-5 meters | 3 inelers
Swath HOA 150-350 km | 100 km 40-100 Km 100 km 350km 40-100 km

wriable varfable variable 40-100 Km vanable (ScanSAR & | 40-100km | 30 kun
| Fine Modes )
. variable

Orbit . ' sun-syn sun-syn sun-syn sun-syn SUn-syn Sun-syn sun-syn
Inchinauwors | Lun-syn Sun-syn Sun-gyn sun-syn sun-syn Suin-syn sun-syn NA
Look - I aec/desc asc/desc M. A ascidesc ascldesc M. A asc/desc
Dreclion o . asc/desc | asc/desc asc/desc | asc/desc asc/desc asc/desc asc/desc ) asc/desc
Rewvisit RN oA <1day monthly seasonal 10 -1Edays | daily NA

| cihovs | seasonal < 1day monthly seasonal < ISdays | daily yearly daily
Access ‘ T T N A real-time N A N A N.A. real-time N. A
to data jeuiinne requiarly real-time requiarly requiarty reqularly real-time reqularly real-time
Additional stereoscopy | - - stereoscopy | - raw data - Stereos.
Requirement | InSA? inSAR(opt) | InSAR InSAR InSAR InSAR(opt) | InSAR InSAR (opt | InSAR




4. MAPS O ATELLITE

The MAUS X satellite utilizes a modular concept (Figure 1), consisting of a payload
module vin o Brazilian Multi-Mission Platform (MMP).

Figure 1: MAPSAR satellite constellation.

The Wit 6 s1on Platform concept provides for a capability to suppert a varicty of low
Earth orbyt nssions using the same basic three-axis stabilized platform with different
pavivad 1o es. The MMP block diagram is shown in Figure 2. The MMP is already
being dever - d by INPE and its first flight model shall be ready by the end of 2005.

Figure 2: MMP Block Diagram.



The MAD b pavioad module includes the SAR sensor, data storage and transmitter,
mechanica, wructure and thermal control. The estimated payload mass is 270 kg. The
payioad power consumption is 750 W during operation and 120 W in stand-by. To com-
ply with e user requirements and to provide for suflicient power gencration, a
dawn/dush - on-svnchronous orbit with a repeat cycle ot 37 days at 620 km was chosen
for this s 3used on mission simulatious, this orbit shall be further optimized in the
next projcc: phases, taking into account the requirements of stereoscopic and interfer-
ometric ¢ niliues.

A Cassoo o type antenna with a parabolic reflector was chosen for the SAR. The
size of the reitector is 7.5 meters in azimuth and 5 meters in elevation. Compared to
aclive phaseu-array antennas, the reflector type has lower mass and allows the use of
high bandw withs and multi-polarization with less additional complexity. As a disadvan-
tage, the relicctor antenna doesn’t allow electronic beam steering and ScanSAR mode.
The requirce ringe of incidence angles and the left/right tooking capability are achieved
by tilting the whole satellite.

MAPSAL aperates in three resolution modes (3m, 10m, 20m) and tiree polarization
modes (sinele  dual- and quad polarization mode). A summary of important modes 1s
shown in T: e 2. The maximum instantancous swath width in low and medium resolu-
tion niede v i 55 km and can be achieved in the middle of the access region.

Table 2: MAPSAR Operation Modes.

parametur E unit HR Mode MR Mode LR Mode

‘ High Resolution Medium Resolution Low Resoiution
access region near far near far near far
geometric res !
range § m 47 3 10 10 20 20
azimuth I m 3.1 3.4 10 10 20 20
incidence angi- T ° 20,3 47,6 20,0 48.1 20 36,7
ground swath wuih | km 38,3 20,5 451 35 43,4 28
polarization ‘ - SPM SPM DPM DPM QPM QPM
pulse bandwid MMz 85 85 42,5 21,25 21,25 21,25
data rate I Mbps 262 300 267 300 247 249

6. CONCLU L ONS

An innovatn ¢ small satellite mission with an L-band SAR was described. The study
was preparcd by INPE and DLR, taking into account Brazilian and German user re-
quircments. Preliminary feasibility was demonstrated for a reflector antenna concept. A
high degrec ++ Limovation is presented in the design: small SAR sateilite, reticctor an-

tenui and v vikabie sensor performance. The applications will take advaniage of high
spatial resc:uon L-band SAR with enhanced capabilitics (polarimetry, stereoscopy.
interieromic . partienlarly suitable for the Amazon region and Boreal forest opera-
toas As ¢ alaems, the following are identified: antenna deployment mechanism

and ~olid st mieh power amplifier. MAPSAR launch is envisaged for 2008,



