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Abstract. This paper introduces MAPSAR (Multi-Application Purpose SAR): anew SAR (Synthetic Aperture
Radar) mission for Earth Observation. MAPSAR is the result of a joint pre-phase A study made by INPE and
DLR targeting a mission with a small spaceborne SAR for day and night Earth surface observation independent
of weather conditions for assessment, management and monitoring natural (renewable and non-renewable)
resources. In the study, the applicability of the sensor system to the following themes was investigated:
Cartography, Forestry, Geology, Geomorphology, Hydrology, Agriculture, Disaster Management, Oceanography
and Urban Studies. To accomplish the overall requirements, an L-band SAR has been chosen as the only payload
of a small satellite. The satellite, based on the INPE"s Multi Mission Platform, (MMP) is presented as well. The
modular system consists of the satellite bus (platform) and a payload module for the SAR sensor
accommodation. A dawn/dusk sun-synchronous orbit with a repeating cycle of 37 days at 620 km has been
chosen for this study, but further orbit optimization based on mission simulations shall be performed in the phase
A. The SAR sensor will be innovative with respect to overall mass, size and performance. The key component
of the SAR instrument is the SAR antenna, which is designed as an elliptical parabolic reflector antenna with
dimension of circa 7,5 m (azimuth) x 5 m (range). L-band (high spatial resolution, quad-pol) has been selected
for the SAR sensor as optimum frequency accounting for the majority of Brazilian and German users
requirements. The MAPSAR mission is tailored to optimally support the potential user groups in both countries
taking into account the present status of current and planned SAR spaceborne programs, which should be
complemented by the special mission characteristics of MAPSAR. At the moment, the pre-phase A has been
concluded and the phase A is planned to start on 2003. The satellite launch is proposed for the year 2008.

Keywords: MAPSAR, Spaceborne L-band SAR, INPE/DLR joint mission, pre-phase-A study.

1. Introduction

Imaging radars are one the most recent dternatives to a variety of remote sensang devices
avalable for assessment the Earth resources and for monitoring the environment. Distinct
from the optica sensors that use the reflected sunlight to provide information about the
chemicd compogtion and physcd dructure of a target, imaging radar provides information
about target geometrical and electrica properties by detecting the lkackscattered field of active
miccowave energy. Thus, the informaion content of radar imegery differs from the
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information content of opticd imagery. The ability of a SAR to provide high-resolution
imagery independent of weether or sun light is particularly important for regions of the planet
that present redrictions to the use of opticadl sensors due to the presence of rain, perennia
clouds, haze and smoke (eg., the Amazon region) or where solar illuminaion is insufficient
(polar regions). Imaging radars aso have the ability to penetrate a vegetation canopy.

In generd, the acquigtion of information on the moist tropics, particularly on rain forests
is complicated by the continental extenson, poor accesshility, and complex nature of the
environment. Brazil has a vast territory with a tremendous need for resource management
information such as can be provided by orbitd imaging radars. Many obstacles have been
faced for the integration of the Amazon region to the rest of the country. This integration is
necessary nowadays more than ever in view of the Brazilian population's increasng and of the
immense naturd (renewable and nonrrenewable) resources avalable in the region. SAR
sysems have the cgpability to image this kind of “difficult environment” in a systematic and
repetitive manner in support of natura resource assessment and the monitoring processes that
are essentid parts of procedures for sustainable environmenta management.

In the range of wavelengths used by imaging radar, backscatter intendty from terrain
surfaces is strongly controlled by decameter-scale changes in surface dopes, or by centimeter-
scade roughness of the surface. Thus, the sengtivity of SAR to the macro-topography (dopes,
tilts, broad undulations in the terrain), the surface roughness (roughness on the scde of the
SAR wavdength) and to the presence of moisture or liquid water content of a medium
affecting the complex didectric congant, makes it an ided insrument for thematic mapping
and resources management purposes in the moist tropics, and when stereoscopic capabilities
are avalable, for topographic mapping. In addition, the large raio of SAR return from land
versus water is primary a function of contrast of didectric properties and surface roughness,
providing a dgriking inteface which dso facilitates coastd ddinegtion and related mapping
gpplication (flooding, wetland and hydrologicd sudiesin the Brazilian Amazon).

On the other hand, forest biomass is today one of the most unknown parameters in
dynamic ecosysem change especidly with respect to a reiable globad Carbon-flux moddling.
In many regions of our planet even a mere foret classfication is missed. Padld to the
ecological dimenson, and under the light of the Kyoto protocol, this problem has aso a
political dimenson that increases the responsibility of the scientific community to provide
exact answers. The fact that biomass information is especialy missed in remote aress (i.e.
tropical and bored forest ecosystems) combined with the fact that these ecosystems contain
the biggest amount of forest biomass make remote sensng techniques a chalenge. However,
opticd remote sensing sensors ae in generd not cgpable of measuring forest biomass or
monitoring the dynamics of deforesation and biomass regeneration. An  dAternative
methodology is the estimation of forest biomass based on the edtimation of forest height from
radar remote sendng data. One of the key chalenges facing imaging radars is to force
evolution from high-resolution quditaive imaging to accurae high-resolution quantitative
measurement. One very promising way to extend the observation space is the combination of
interferometric and polarimetric observeations. SAR interferometry is today an established
technique for edimation of the height location of scatterers through the phase difference in
images acquired from spatially separated locations &t ether end of abasdine.

2. Context and User Requirements

The initigtive of the joint sudy of a smdl spaceborne SAR is a consequence of a long
term BrazilianGarman scientific-technologica cooperation that was initiated between INPE-
DLR in the seventies. The decison to peform a pre-phase A sudy for MAPSAR was
established in 2001 following severd meetings in both agencies.
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The MAPSAR misson is talored to optimaly support the potentia user groups in both
countries teking into account digtinct aspects of gpecific agpplications and scientific SAR
issues to be addressed. Thus, in April 2002, a working group of Brazilian SAR scientists and
technica experts (potentid SAR end-users) met on the campus of INPE (S&o Jose dos
Campos) to peform a review of the use of imaging radar to derive surface characteristics
important for tropical applications. The Firs MAPSAR Potential End-Users Workshop was
structured for the purpose of (1) performing an assessment of the current understanding of the
goplications of SAR in Brazl and (2) devdoping end-user requirements and
recommendations aming a a joint INPEEDLR smal spaceborne SAR  program. The
Workshop involved 83 paticipants from 28 Brazilian governmentd and private inditutions
The ligt of the participants can be found at the web address www.obt.inpebr/satelite/mapsar.
Activities for the firs pat of the meeting condsted of sequentid plenary sessons, organised
by genera application topics, with invited presentation by selected participants and a short
discusson after each tak. The lagt pat of the Workshop was concentrated on defining an
optima SAR sysem configuration and specific requirements to provide information
necessry for diginct application aress in Brazil, paticulaly for the Amazon region. The
following fidds were conddered rdevant themes for SAR applications in Brazil: (1)
Agriculture (crop type, crop condition, crop yield), (2) Cartography (stereoscopy for DEM
generation, plannimetric feature extraction, map updating), (3) Disaster Management/Security
(floods, naturd hazards, tropicd sorms, oil spills), (4) Forestry (forest type, clearcuts,
deforetation, fireescars, biomass), (5) Geology (teran mapping, dSructura  anayss,
lithologicd discrimination, minera  exploration), (6) Hydrology (floodplan hydroperiod
assessment, wetlands and reservoirs monitoring), (7) Oceans (waves, currents, ships, winds,
coasta zones), (8) Urban Anayss and Settlement Detection (land use and land cover
mapping, infradructure planning) and (9) Antactic region. The user requirements were
consgdered taking into account the (A) SAR parameters (frequency, polarization, polarimetry,
look azimuth, incident angle, spatid resolution, radiometric resolution, swath width,
gereoscopic  cgpability), (B) orbit configuration (polar, sun-synchronous, inclination, Ste-
revist capability, control), (C) Misson Characterigtics (lifespan, series of SAR satdlite, data
format, SAR-derived information products, —acquigtion plaoning and  time-sengtive
gpplications, €tc.).

The consensus of the working group was that a spaceborne SAR misson will provide a
powerful new tool to acquire data and to derive important unique information of vegetated
terrain of the Amazon Region. Due to the enormous scarcity of up-to-date information, with is
fundamenta for planing and drategic decison-meking about environmental  assessment,
management and monitoring of natura resources in the Brazilian Amazon, the proposed smdl
gpaceborne SAR initiative should be srongly oriented to an quasi-operationd (“application
oriented”) system dedicated to thematic mapping purposes (topographic mapping, vegetaion
type and deforestation mapping, geologicd mapping, hydrologicd mapping, €tc.).
Furthermore, it was drongly recommended to have a series of sadlites aming a the
operational aspects and the program continuity. In addition, the MAPSAR concept should
dso address aspects of integration with the Brazilian Survellance the Amazon System
(SVAM/SIPAM), due to the complementary nature of both source (Spaceborne/airborne) of
multi-polarized and fully polaimetric L-band data Findly, dthough recognised in most
goplication fields, the effects of the polarizaion, polaimetry and interferometry on the image
information content are not wel understood in many of those fidds. Thus, the primay R&D
chdlenge lies in the devdopment of draegies focussng on minimizing the lack of
understanding concerning the extraction and application of the information as contained in the
daa acquired in polarized, polaimetric and interferometric image modes for gpplication
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fiedds in the tropicd environment. One effective way shdl be through the use of application
projects to demongtrate to operational “find-end” users the many benefits of SAR data to
better inform assessment, management and monitoring activities, As the fully utility of SAR
for tropicad environment application is now emerging, it is aso reasonable to expect that these
new technologica enhancements will result in improved applications potentid. However, this
potential will not be fully redlized without a well-focused nationd SAR R&D program under
the MAPSAR initiative.

The Brazilian user requirements were further integrated with the German users
requirements following discussons carried out a DLR with SAR experts from both countries.
The merge of the two requirements resulted in an additiond cgpability based on polarimetric-
interferometry for a Globd Biomass Misson aming a the mapping of mgor forests biomes
of the globe (Tropicd and Boredl) followed by canopy height estimation as a proxy for forest
biomass The find BrazlianGermany Users requirements for MAPSAR are presented in
Table 1.

Table 1. User Requirements for MAPSAR (norma = Brazil, itaic = Germany)

Application Dyisasier

MAPSAR | Agriculture | Cartography (hl slick/ | Forestry Gronbogy/ Hydrology | Oeenmography Urban
parmmeiers Ship Geomorphokogy Mapping
Muonitaring)
Frequency L L C L= C L L,C C L
L C L L L L L C
Folarization/| quad. pal M. E. ¥Y,HH | quad-pol HH, HY quad. pol quad-pal quad-pol
Pobarimel ry guad. pl N. E, quad. pod | guad pol quad pol auad. pol guad, pod guad pol
Incidence variable | variable{45°®*) | 20°30°/ 20°-45" | large interval HWrA High (45-60°) 4P-45"
[nferval 2550 455" 45500 20°45° | large imterval P45 {45-80°) variable
varigble
Spatial 30 meters 5 meters 30-50/15 m | 10 meters | 5- 10 meters 10 meters | varks ble(High/ 5 melers

Resalution 3-5 metery 3-5 metery I-Smetery | 10meters 3-5 metery J-Smeiters Moderule) 3-5 meterry

Swath 30 km M A, 150-3580 kkm | 100 ko 4100 Km 100 km | 350 km{ScanSAR | 40-100 km

30 ke variable weriable warable F0-T100 Kne weriable and Finchoden) | #0-T08 ke
yariadle
Orrbit N. A ] BEO-EY T BED-AYE L T-FYR HLE-AYD BRN-8¥T BEN-EYD
Inclination FUR-YPN FEN-YPN NEN-TPN B N-TFA SUR-YFN SUR-YP FRN-TPN -
Look N. A mac/desc secidesc N.A mcidess mcidesc N A anc/desc
Hrection agc'deye aw/idese auc/dese avoidese Asc/dese asc/dese anc/dese Ayl
Hevisit 15 days M. AL =1 duy monthly seson ul 10 —15days dally N.A.
< I days seavonal = I day monhiy seanonal < IS days daily Jeariy
Acoess reaktime M. A, ria -time N. A. N. A. N. A e thme N. E.
toduta | resteime | roguierly | resitime | regularly | regulerly | regulerly | reslfime | regwlerly
Additional - sleremscopy = = sizresacopy - raw data -
Requirement InSAR IRSAR (opt ) InSAR InSAR InSAR InSAR(opt ] InS4AR IS AR

A - Wi =]

Due to severd redtrictions reated to the INPE's Multi-Misson Plaform (Mass, Power
generation, Geometric Envedlop and Data Rate) the following main limitations were imposed
upon the sadlite configuration: sngle band, light weight antenna and maximum swah width
of 55 km according to Table 2.
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Table 2. MAPSAR find specification taking into account user requirements and MMP

condraints
Frequency L
Polarization single,dual and quad. pol.
Incidence Interval 20°- 45°
Spatial Resolution 3-20 meters
Swath 20 km - 55 km
Orbit Inclination sun-synchronous
Coverage global
Look Direction ascending/descending and left/right looking
Revisit weekly
Access to data near real time
Additional Requirement Stereoscopy and InSAR

3. MAPSAR satellite

The MAPSAR sadlite utilizes a modular concept (figure 1), conssing of a payload
module and the Brazilian MultiMisson Plaform (MMP).

Figure 1. MAPSAR sadlite configuration
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The multi-misson platform concept provides for a capability to support a variety of low
Eath orbit missons usng the same basc three-axis dabilized plaform with different
payload modules. The MMP block diagram and pictorid view are shown in Figure 2 and
Figure 3. The MMP is dready being developed by INPE and its firg flight model shdl be
ready by the end of 2005.

Figure 3. MMP Pictorid View (blow-up)
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The MAPSAR payload module includes the SAR sensor, data storage and transmitter,
mechanical sructure and therma control. The estimated payload module mass is 270 kg. The
payload power consumption is 750 W during operation and 120 W in stand-by. To comply
with the user requirements and to provide for sufficient power generation, a dawn/dusk sun-
synchronous orbit with repesting cycle of 37 days at 620 km was chosen for this study. Based
on misson smulations, this orbit shal be further optimized in the next project phases, taking
into the requirements of stereoscopic and interferometric capabilities.

A Cassegrain type antenna with a parabolic reflector was chosen for the SAR, mainly due
to limitations imposed by the MMP (Table 3). The size of the reflector is of 7.5 meters in
length and 5 meters in eevation. With respect to active phased-array antennas, the reflector
type is lighter and dlows use of higher bandwidths and multi-polarization with less additiona
complexity. As a disadvantage, the reflector antenna doesn't dlow dectronic beam seering
and ScanSAR mode. In MAPSAR, the required range of incidence angles and the left/right
looking are achieved by rolling the satellite (Figure 4).

Table 3. MMP Capabilities

| Payload mass 280 kg

Satdllite mass (dry) 520 kg

Voume Compatible with launchers for medium-szed satdlites
| Payload Power 175 W (average), 900 W (pesk)

Pointing accuracy 0.05 degrees (35)

Adility in roll axis 40 degreesin 2 minutes

Off-nadir angle

Incidence angle

204 km 395 km

Figure 4. MAPSAR incidence angles and access regions
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MAPSAR operates in three resolution modes (3m, 10m, 20m) and three polarization
modes (SPM, DPM, QPM). A summary of important modes is shown in Table 4. A RF output
power of 1000 W was selected, to be supplied by a Solid State Power Amplifier (SSPA). The
swath width for each mode was limited ether by the range ambiguity ratio, by the antenna
beamwidth or by the maximum data rate of 300 Mbps. The SAR performance varies over the
access region. The table summarizes the vaues a the near and far edge of this region. The
maximum of ingantaneous swath width in low resolution mode is 55 km and can be achieved
in the middle of the access region. The output data is transmitted to the ground in X-band and
an onboard solid state data recorder of 200 Ghits is provided to store data which is acquired
out of vighility of the ground Sations.

Table 4. MAPSAR Operation Modes

High Resolution Medium Low Resolution
Parameter unit Mode Resolution Mode Mode
SPM QPM QPM

ACCess region

Resolution

Range m 4.8 3.1 10 10 20 20
Azimuth m 3.1 31 10 10 20 20
Off-nadir angle 0 20.0 41.8 20.0 32.1 20.0 321
[ncidence angle ° 20.3 46.5 21.0 34.9 20.0 34.8
Swath width km 38.3 20.5 23.2 22.0 43.4 28.0
Polarization SPM SPM QPM QPM QPM QPM
Pulse Bandwidth MHz 85.0 85.0| 2x425| 2x425| 2x21.3| 2x21.3
Bit rate Mbps 262 300 300 300 247 300

The deployment of the reflector antenna and the SSPA are main technological  chalenges
for this project, but neverthdess, after careful anadyds, the SAR sensor was considered
feesble and its devdopment is edimated in 5 years The edimated time for the sadlite
launch is6 years.

4. Conclusons

A gmdl sadlite misson with an L-band SAR was described. The study was prepared by
INPE and DLR, taking into account Brazilian and German user requirements. Preiminary
feashility was demondrated for a reflector antenna concept. High degree of innovation is
presented in the desgn: smdl SAR sadlite, reflector antenna and remarkable sensor
performance. The applications will take advantage of high spatid resolution L-band SAR with
enhanced capabilities (polarimetry, stereoscopy, interferometry), particularly suitable for the
Amazon region and Bored forest operations. As criticd items, the following are identified:
antenna  deployment mechanism and solid dae high power amplifier. MAPSAR launch is
envisaged for 2008.
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