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SAC-C Mission and the International AM Constellation

for Earth Observation

RAUL CoLowmB, CARLOS ALONSO & IDA NOLLMANN, Argentina

Abstract: Mission Outline: SAC-C is an interna-
tional Earth observing satellite mission conceived
as a partnership of CONAE and NASA but with
considerable additional support in instrumenta-
tion and satellite development from the Danish
DSRI, the Italian ASI, the Brazilian INPE, and
the French CNES. It was successfully launched
by a Delta II rocket on November 21, 2000, from
Vandenberg AFB, California.

The primary mission of SAC-C is to provide
multispectral imaging of terrestrial and coastal
environments, measurement of the Earth’s
geomagnetic field, and studies of the structure and
dynamics of the Earth’s atmosphere and iono-
sphere. The primary scientific objectives are to
monitor the condition and dynamics of the ter-
restrial and marine biosphere and environment,
better understand the Earth’s geomagnetic field
and related Sun-Earth interactions, and to devel-
op and utilize new GPS based techniques to glo-
bally measure atmospheric phenomena for the
study of weather, seasonal, interannual and long
term climate change.

The payload of SAC-C consists of: the Multi-
spectral Medium Resolution Scanner (MMRS),
the GPS Occultation and Passive Reflection Ex-
periment (GOLPE), the Magnetic Mapping Pay-
load (MMP ), the Argentine experiment to track
the migratory routes of the Eubalanea Australis
whale (Whale Tracker), the French experiment to
study the Influence of Space Radiation on Ad-
vanced Components (ICARE), two Italian ex-
periments to develop fully autonomous onboard
navigation for orbiting satellites (IST and INES).
In addition, Argentina added a High Resolution
Technological Camera (HRTC) to the MMRS
system to improve imaging resolution and a High
Sensitivity Camera (HSC) to study light intensity
in urban areas, as well as a Data Collection Sys-
tem (DCS), that will collect environmental data
coming from ground stations.

In June 1999, NASA and CONAE created the
first International Constellation for Earth Obser-
vation (the AM Constellation), in which the
NASA satellites Landsat-7, EO-1 and Terra and

Zusammenfassung: Die Mission: SAC-C ist eine
internationale Erderkundungs-Satellitenmission,
die als Partnerschaftsprojekt von CONAE und
NASA angelegt ist, jedoch auch betrichtliche Un-
terstlitzung seitens DSRI (Ddnemark), ASI (Ita-
lien), INPE (Brasilien) und CNES (Frankreich)
bei Instrumentierung und Satellitenentwicklung
erfahrt. Die Mission wude am 21. November 2000
erfolgreich mit einer Delta-I1I-Rakete von Van-
denberg AFB, Kalifornien, gestartet.

Das Hauptziel der SAC-C-Mission ist es, mul-
tispektrale Abbilder von Festland- und Kiistenzo-
nen zur Verfiigung zu stellen, Messungen des geo-
magnetischen Felds der Erde vorzunehmen und
Studien zu Struktur und Dynamik der Erdatmo-
sphére und lonosphare zu ermoglichen. Die wich-
tigsten wissenschaftlichen Ziele sind: Beobach-
tung des Zustands und der Dynamik von Bio-
sphire und Umwelt des Festlandes und des Oze-
ans, besseres Verstindnis des geomagnetischen
Feldes und der damit verbundenen Sonne-Erde-
Interaktionen, Entwicklung und Nutzung neuer
GPS-basierter Techniken, um im globalen MaB-
stab die atmosphérischen Phinomene im Zusam-
menhang mit Wetterstudien, saisonalen, kurz-
und langfristigen Klimadnderungen zu messen.

Die Nutzlast von SAC-C besteht aus dem Mul-
tispectral Medium Resolution Scanner (MMRS),
dem GPS Occultation and Passive Reflection Ex-
periment (GOLPE), der Magnetic Mapping Pay-
load (MMP), dem argentinischen Experiment zur
Verfolgung der Migrationsrouten der Eubalanea-
Australis-Wale (Whale Tracker), dem franzosi-
schen Experiment zur Untersuchung des Einflus-
ses von Weltraumstrahlung auf hochentwickelte
Komponenten (ICARE), zwei italienische Expe-
rimente zur Entwicklung einer vollstindig auto-
nomen An-Bord-Navigation fiir Satelliten in
einer Erdumlaufbahn (IST und INES). Dariiber
hinaus wurden von Argentinien eine Hochauflo-
sende Technologische Kamera (HRTC) zur Ver-
besserung der Bildauflosung (Ergidnzung des
MMRS), eine hochsensible Kamera (HSC) zur
Untersuchung der Lichtintensitdt in urbanen Ge-
bieten und ein Datensammelsystem (Data Collec-
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the Argentine satellite SAC-C will share data in
order to enhance the scientific objectives of their
individual missions. The four satellites will pass
over the same point with a difference of half an
hour.

ting System DCS), das Umweltdaten von Boden-
stationen erhélt, hinzugefiigt.

Im Juni 1999 kreierten NASA und CONAE
die erste internationale Konstellation zur Erder-
kundung (AM-Konstellation), in der sich die
NASA-Satelliten Landsat-7, EO-1 und Terra so-
wie der argentinische Satellit SAC-C in der Da-
tenerfassung ergianzen, um die wissenschaftlichen
Zielstellungen ihrer individuellen Missionen
wirksam zu erweitern. Die vier Satelliten iiberflie-
gen denselben Punkt in einem zeitlichen Abstand
von 30 Minuten.

Mission Profile

The SAC-C satellite is an Earth observation
mission designed for a 4 year’s lifetime. It
was successfully launched by a DELTA
7320-10 rocket on November 21, 2000.

SAC-C is a three axis stabilized, Earth
pointing spacecraft. The pointing accuracy
required is 1.5deg, the pointing stability is
0.1deg/sec and the required pointing know-
ledge is 0.2 deg 3 on the three axes.

Orbit characteristics:

e Nominal altitude 705 km

e Inclination 98.2 deg

e Type circular Sun-Synchronous — 10:21
AM

e Track error +/—10 km EOL.

Spacecraft characteristics:

e Spacecraft dimensions: 1.85 m x 1.68 m
x 2.4 mts.

e Spacecraft weight: The maximum SAC-C
injected mass was 485kg, including 12.5kg
of hydrazine.

e Payload weight: 104 kg.

Instrument Description and
Objectives

1. MMRS (Multispectral Medium Resol-
ution Scanner): This instrument was pro-
vided by CONAE to study the terrestrial
and coastal marine environment. The
MMRS images will be used to study and
evaluate desertification processes and their
evolution in time. They will also be used to
monitor and predict agriculture production,
to monitor flooded areas and to study pol-

lution and productivity in coastal and fluvial
areas.

The MMRS is a multispectral camera
with 5 spectral bands:

B 1: 480—500 nm Blue-green
B 2: 540-560 nm Green

B 3: 630-690 nm Red

B 4: 795-835 nm NIR

B 5: 1550-1700 nm SWIR

The MMRS has two operational modes, a
normal mode of 175 meters and a low-res-
olution mode of 350 meters ground pixel size.

Normal mode: allows to transmit data in
real time at a bit rate of 3.774 Mbit/sec and/
or store for a later transmission of an image
of up to 360 km x 12000 km depending
upon the chosen data compression ratio.
Given this swath, every point on the planet
can be observed every 7 and 9 days with dif-
ferent viewing angles.

Low-resolution mode: allows for trans-
mission in real time at a bit rate of
0.943 Mbit/sec. This lower-bit rate trans-
mission rate will be useful to field programs,
research institutes, universities and schools
because the requirements of ground recep-
tion equipment will be minimized.

2. HRTC (High Resolution Technological
Camera): It is provided by CONAE to ac-
quire high resolution panchromatic images
over portions of MMRS scenes to aid in
data analysis. It has a ground resolution of
35 meters and a spectral response within the
range of 400 to 900 nm. The HRTC will re-
cord images of size 90 km x 1150 km in
its own mass memory of 96 Mbytes. A
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couple of mirrors allow the camera to be
commanded to select a defined fringe of
90 km along the MMRS swath.

3. HSC (High Sensitivity Camera): This
camera has been designed with the objective
of performing studies of light intensity in
urban areas, the presence of electric storms,
fires over forest areas, as well as the dynam-
ics and evolution of polar auroras.

The camera swath is 700 km and it will
make observations during the night pass of
the satellite (approximately 22 h 30 min).
Spatial resolution for this camera is 300 m
and the sensitivity is 0.1 saturation with
a point source of 2 kW, equivalent to
78 W/DN. The HSC can work in real time
and has capacity for storing data. It operates
between 450—850 nm.

4. DCS (Data Collection System): It will
utilize ground based Data Collection Plat-
forms provided by CONAE. These plat-
forms will be operated by the users and will
permit insertion of ground data upon the
collected images. The type of data definition
depends on the users needs and the specific
applications.

5. MMP (Magnetic Mapping Payload): De-
veloped by the Danish Space Research In-
stitute and NASA/JPL, to perform observ-
atory quality measurements of the magnetic
field. It consists of a vector (CSC) and scalar
(SHM) magnetometers. The vector mag-
netometer is mounted on an optical bench
with a non-magnetic star imager camera
head to determine vector field directions.

Primary objectives:
1-To perform highly accurate and sensi-
tive measurements of the Earth’s magnetic
field in order to:
e Determine models of the main magnetic
fields and its secular variation
e Study physical properties of the fluid core
e Study electrical conductivity of the mantle
e Investigate correlation between the
geomagnetic fields and variations in the
length of the day
e Study lithospheric structure and evolution
2-To study the interaction between the

Earth’s magnetic field and the solar wind in

order to:

e Study the structure and variability of
high-altitude fields and currents

e Investigate relationships between field-
aligned and ionospheric currents in the
cleft and cusp

e Determine the external magnetic fields as
functions of local time, season, and solar
wind conditions

e Determine ionospheric signatures of lo-
calized processes in the outer magneto-
sphere

e Study substorm processes

6. Gps Occul tation and Passive reflection Ex-
periment (GOLPE): It consists of one Turbo-
Rogue IIT GPS receiver, provided by NASA
JPL, attached to four independent high gain
antennae respectively pointed in the zenith,
nadir, fore and aft velocity directions. The
objective of the instrumentation is to record
all of the direct, refracted and Earth reflected
GPS signals as received by the low earth or-
biting SAC-C satellite. The TurboRogue
GPS is capable of providing satellite posi-
tioning to better than a decimeter and timing
to better than 1 nanosecond when post pro-
cessed using the IGS global reference net-
work. The precise positioning capability can
be used to measure the long wavelength com-
ponent of the Earth’s gravity field augment-
ing other sources of these data.

The high gain fore and aft antennae will
receive setting and rising satellites occulted
by the Earth’s limb permitting the use of
GPS occultation techniques to determine at-
mospheric temperature and water vapor at
a rate of nearly 500 per day uniformly dis-
tributed over the globe. The nadir pointing
antenna will be used to determine the utility
of GPS signals reflected from the Earth’s
surface to characterize the elevation and
roughness of the Earth’s surface for appli-
cations such as the determination of oceanic
circulation and surface winds.

7. Whale Tracker: It is a joint project be-
tween CONAE and the Secretary for the En-
vironment of Argentina to study the migra-
tion pattern and behavior of the Eubalanea
Australis. The goal of the project is to learn
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enough of the migration routes to protect
this specie from depredation.

8. ICARE (Influence of Space Radiation on

Advanced Components): Was developed by

the French Space Agency,CNES. The objec-

tives of the instrument are to contribute in:

e The improvement of risk estimation
models for radiation effects on latest gen-
erations of integrated circuit technologies.

e The improvement of environment models
for radiation responsible for degradations
and breakdowns in electronic compo-
nents.

e Real time monitoring of environmental
conditions in order to be prepared for
possible incidents and to dispose of analy-
sis elements if a breakdown occurs.

9.IST (Italian Star Tracker): Was developed
by Alenia Aerospazio under funding of the
Ttalian Space Agency, as a technological
payload to test a fully autonomous system
for attitude and orbit determination.

10. INES: The INES experiment is com-
posed of two separate systems: the GPS Ten-
sor receiver and the Lagrange GNSS re-
ceiver. These two receivers have completely
different objectives. The INES instruments
are developed by LABEN under funding by
the Italian Space Agency (ASI).

10.1. GPS TENSOR: The GPS Tensor is
used by the SAC-C satellite as a primary
AOCS sensor providing navigation and at-
titude solutions. Although this receiver is
part of the satellite bus, ASI and LABEN
are interested primarily in validating the at-
titude determination capabilities and accu-
racy of the receiver.

10.2. LAGRANGE: a dual frequency (L1,
L2) GPS/GLONASS receiver. The main
scope of Lagrange is for applications in the
fields of Atmospheric Sounding, Geodesy,
Tonospheric profiling and Precise Orbit De-
termination and Real-Time Navigation us-
ing combined GPS/GLONASS constella-
tions. The Lagrange receiver that will be
provided for the SAC-C mission will have
a reduced configuration with only one an-
tenna mounted with a pointing direction be-
tween horizon and zenith. Therefore, the

main scope of Lagrange on SAC-C will be
on one side a technological validation of the
instrument and on the other side the execu-
tion of a Precise Orbit Determination ex-
periment.

The AM Constellation

The Constellation will increase the synergy
between observing instruments of the satel-
lites that compose it, provide new Earth Ob-
servation capabilities, explore the utility of
coordinated synoptic observational capabil-
ities proposed for future satellite systems
and compare new observational technolo-
gies, such as formation flying.

The four satellites (Landsat 7, EO-1,
Terra and SAC-C) will follow the same path
over the Earth surface, and they will orbit
at an altitude of 705 km, with an inclination
of 98.21 degrees, the Equator crossing time
being 10:00, 10:01, 10:15 and 10:30 hs. re-
spectively (UTM, Universal Time).

The satellites will follow the World Wide
Reference System, with a repeat cycle of 16
days, which total 233 revolutions.

More than 200 projects using data from
SAC-C and the Constellation have been
presented for the Announcement of Oppor-
tunity.

The cooperative effort in the Constella-
tion included as well:

e A Flight Campaign of the NASA AVIRIS
instrument over the Argentine territory dur-
ing January and February of 2001, for vali-
dation and calibration of the different in-
struments of the satellites that integrate it.

e The installation of three Aeronet stations
in the Argentine territory for the measure-
ment of aerosols components in the at-
mosphere.

e The installation of jointly operated
ground GPS reference site at Cordoba to
support GPS atmospheric sounding.

e Jointly sponsored technical workshops.
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