Outline of the Advanced
Land Observing Satellite

'a“d bserv’b

b@
9
>
T

&
a“\\z\

‘Gazing into
Earth’s Expression

Japan Aerospace
Exploration Agency

Japan Aerospace Exploration Agency
Public Affairs Department

Marunouchi Kitaguchi Bldg. 2F, 1-6-5 Marunouchi, Chiyoda-ku, Tokyo 100-8260

@JAXA Web site
TEL : 03-6266-6400

http://www.jaxa.jp




3111|9185 BUIAIBSqO pue] padueApy

Configuration and Missions
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(Panchromatic Remote-sensing Velocit
Instrument for Stereo Mapping) y

PALSAR Nadir
(Phased Array Type L-band Synthetic Aperture Rader)

The Advanced Land Observing Satellite

The Advanced Land Observing Satellite (ALOS) aims at collecting global topographic data with a high
resolution by upgrading the land observation technology of the Japan Earth Resources Satellite-1 (JERS-1, or
Fuyo) and the Advanced Earth Observing Satellite (ADEOS, or Midori).

The ALOS is equipped with three earth observation sensors, namely the Panchromatic Remote-sensing
Instrument of Stereo Mapping (PRISM) for obtaining terrain data including elevations; the Advanced Visible and
Near Infrared Radiometer type-2 (AVNIR-2) for providing land coverage maps and land-use classification maps;
and the Phased Array type L-band Synthetic Aperture Radar (PALSAR) for day-and-night observations of land and
ice sheets regardless of the weather. With these three sensors, the ALOS has detailed land observation functions.

Major Characteristics

Item Characteristics

Launch Vehicle H-IIA Launch Vehicle

Launch Site Tanegashima Space Center

Satellite Mass Approx. 4 tons

Power Generation Approx. 7kW (End of Life)

Designed Life 3 years (minimum), 5 years (target)

Dimension Main body: about 6.5 m x3.5m x 4.5 m
Solar array paddle about 3 m x 22 m

Orbit Sun Synchronous Sub-recurrent Orbit
Altitude: approx. 691.65 km
Inclination: approx. 98.16 degrees
Period: about 100 minutes
Recurrent period: 46 days (Sub cycle: 2 days)

Four Missions of the ALOS

The ALOS has the following four missions.
@ Cartography: mapping or updating existing maps in Japan as well as other countries in the Asia-Pacific region.

@ Regional observations: carrying out regional observations for sustainable development in each region of the world (that
harmonizes with the regional environment and development.)

@ Disaster monitoring: monitoring and understanding a large-scale disaster in Japan and overseas.
@ Resource surveying: surveying resources in Japan and overseas.

Cartography Regional Observations

Carrying out regional obser-
vations for sustainable
development that harmonizes
with the environment in
each region in the world.
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Mapping on a scale of 25,000

.to 1 using ALOS data. OMETI/JAXA

Disaster Monitoring

Quickly  monitoring and
understanding areas hit by a can be detected by analyzing
large-scale disaster, including terrain characteristics.
earthquakes, fires, volcanic
eruptions, or heavy oil spills,
which cannot be predicted,

in Japan and overseas.

©ERSDAC

One of the important missions for the ALOS is to perform emergency observations
in the case of a disaster. However, in the ALOS orbit, it can return to the same
designated point on the earth only once in 46 days.

The AVENIR-2 and PALSAR are equipped with a function to freely change their
observation areas (through a pointing function or by cocking their neck), by which
either of these sensors can observe a specific point on the earth within two days.

JAXA joined the Charter on Cooperation to Achieve the Coordinated Use of Space
Facilities in the Event of Natural or Technological Disasters in February 2005. When a
large scale disaster occurs, data acquired by the ALOS will be available for disaster
preparation organizations around the world.

e il
Example of disaster monitoring: image of mountain
fire in Mongolia taken by the Fuyo-1
OMETI/JAXA
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Sensors

Panchrom-atic Rem ote-sensing Instrum entof Stereo M apping PRISM )

The PRISM isan opticalsensor for observing visib le terrain areasw ith a 2.5-
m eter spatialreso lution. fthasthree independentopticalsystem sto acqu ire
terrain data including altitude data so that m ages for nadir, forw ard and
backw ard view s can be acquired at the same time. Thisenablesusto get

three-dim ensionalterrain data w ith a high accuracy and frequency.

PRISM M ajor Characteristics

0 bservation Band (um)

0.52 t0 0.77

Num berof0 pticalSystem s

Three sets Nadir, Forw ard, Backw ard)

Base and H igh Ratio

1.0 Forw ard to Backw ard)

Signalto Noise Ratio > 170
M odu lation Transfer Function >0.2
SpatialReso lution 25m

Swath W idth 35km (ripletmode) 70 km (Nadiaonly)

Pointing angle +/~-1.5degrees (Tripletm ode)

Backw ard

Example ofdigitalelevation
model QEM )*

PRISM sim ulated m age ©n nadir)

e iR

Swath W idth
70 km /35 km
—

Forw ard

" hwire frame

Pointing range

70 km Sate llite footprint n sin ulated cobrs

*By using the DEM , accurate geom etric corrections and com pilationsofa b ird’seye view picture can be
possble. W ith the PRISM ,m ore accurate DEM can be created as itacquires im ages from three directions
w ith visib le terrain areasw ith 2.5-m eter spatialreso lution.

Advanced Visible and Near Infrared Rad iom eter type2 AVN R-2)

The AVNR-2 is an upgraded AVNR on the Advanced Earth Observing
Satellite ADEOS) w ith higher resolution. It w ill contribute to create m aps
for categorizing land usage or vegetations by observing mainly land and
coastal areas using visb le and near infrared radiom eters. The AVNR-2 is
equipped w ith a pointing function by w hich it can shift itsobservation area
to the ALOS’sm oving direction. This function is expected to also be useful
formonitoring and understand ing the situation of a disaster stricken area.

AVNIR2 M ajor Characteristics

Band1:0.42 to 0.50, Band2:0.52 to 0.60

Wseasaiton Bant (1) Band3:0.61 to 0 0.69, Band4:0.76 to 0.89

Signalto Noise Ratio >200

Pointing range
"0 +A44 degrees
vy N

N

Band1 to 3:>0.25

M odulation Transfer Function Band4:>02

\

SpatialReso lution 10m @tNadir)

Swath W idth 70 km @tNadir)

Pointing Angle +/-44 degrees

Phased Array type L-band Synthetic Aperture Radar PALSAR)

The PALSAR is an upgraded Synthetic Aperture Radar SAR) onboard the
Japan Earth Resources Satellite-] (JERS-1) w ith improved function and
perform ance. It is an active type m icrow ave sensor which can carry out
observationsday and nightregardlessofw eather conditions. The PALSAR is
equipped w ith a function to change its observation direction and observa-
tion mode to cover w ider range ©Scan SAR.) The radar is developed in
cooperation with the Japan Resources 0bservation System O0rganization
UAROS) of the M inistry of Econom y, Trade, and Industry M ETI).

PALSAR M ajor Characteristics

M ajor0bservation M ode High Reso lution ScanSAR
Frequency L-band (1.27 GHz)

Po larization SRR A HH, VY
SpatialReso lution 10m 100 m
Num berofLooks 2 8
Swath W idth 70 km 250 to 350 km
0 ffnadirAngle 10 to 51 degrees

Noise EquivalentSigm a 0 Approx. 23 dB

* The tw o rightpanelks of the padd e n the
in age ilustrate the nside of the paddle.

W ide observation

Specialtechnological featuresofthe ALO S

0 ffnadirangle
changeab le)

) ~
range Satellite footprint

High speed/ large volum e data handling technology

The sensors onboard the ALOS generate more high-speed data than
conventionalsensors. Forexam ple, three radiom etersof the PRISM produce
960 M bpsin total AVN R-2’soutput from the fourbands is 160M bps in total
and the PALSAR transm its 240 M bps of observation data in high reso lution
mode. The totaloutputof the three sensors is 1.36 Gbps, and this cannot
be transm itted to a ground station w ithout com pressing it. Therefore, the
PRISM and AVN R-2 com press data in real tin e from 960 to 240 M bps and
160 to 120 M bps, respectively. Error correcting codes are added to the
com pressed data as it tends to be largely affected by errors when being
transn itted, and the data is then sent either via a data relay satellite or
directly to a ground station. The ALOS isalso equipped w ith a large volum e
sem iconductor data recorder to store data w hen realtim e transm issions to
a ground station are notpossible.

High precision position and attitude determ ination technology
For one of the ALOS'sm ajor m issions, cartography, it is essential to know
the accurate position of each pixelofan observation im age on the ground.
Therefore, the ALOS is designed to m inim ize structural distortion by heat
and to determ ine its position and attitude w ith high precision. For
precision satellite position determ ination in particular, a dual frequency GPS
receiver is mounted. Processing GPS data on the ground, the satellite
positioning is determ ined w ithin an accuracy of 1 meter. In addition, the
ALO Shashigh precision star-trackers for precision attitude determ ination so
that attitude can be determ ined w ithin an accuracy of 3.0 x 10+ degrees
onboard or 1.4 x 104w hen processed on the ground.

MajrCharacteristicsof
the M ission Data Handling System

Data com pression

PRISH data
Com pression m ethod:
D iscrete Cosine Transfer O CT)+ Huffm an encoding
Com pression ratio: 1/4.5, 18 (irreversh le com pression)
AVEN R-2 data
Gom pression m ethod :
D ifferentialPulse Code M odulation OPCM )+ Huffm an encod ing
Com pression ratio:3/4

Data recoder

W ethod : Sem icondactor data recoder

Volum :966B

Record P layback speed: 360 M bps (recording) 240 M bps ( layback)
Data recoding and p layback can be done sim u ftaneously.

Error Correction

W ethod:Reed-Solom on Code
Totalbiterror ratio: 1107

via adata Transm ission speed: 278 sps
Data relay satellite | Bandwidth :26 GHz range
transm isson | gyect » Transn ission speed: 1390 sps

franan sson | Bandwidth :8 GHz range

Com pressed im age

45 a
-

Original m age

exam ple

Com pressed im age Com pression ratio:1/4)
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Mission Operation System

System Overview

Inter-orbit Mission data
communication
link Telemetry and
Kodama command
S-band
ALOS S === Provided data
@\' ( via media )
Ka-band I or online
X-band
DRTS/feeder link DRTS tracking
and control
X-band
S-band
ALOS
tracking
ALOS data node X-band and
Ka-band control
ESA
(European Space Agency)
GA
(Geoscience Australia)
NOAA/ASF
( National Oceanic & Atmospheric )
Administration /Alaska SAR Facility Tracking and Control Ground
GISTDA Network System (GN)
(Geo-lnformatics and Space Technology )
Development Agency, Thailand Providing
Providing data JAXA domestic mobile stations
A data e . Katsuura, Masuda, Okinawa
X Tsukuba Tracking ! ’
“ and Control Center ) )
. JAXA overseas mobile stations
L Earth Observation Center e, P,
Santiago, Maspalomas

Supportive X-band
receiving stations
(including overseas stations)

EORC

Earth Observation Research
and Application Center

Providing data

Providing
data
Providing da
v i
Ministry of o
Organizations i::gnR;g:tt: Geographical|| Agriculture, || Ministry of
within the || Analysis Center Survey FOF_ESVY._ ) the
node area (ERSDACQ) Institute || and Fisheries || Environment

of Japan

Japan Coast
Guard

Primary
distributor
Cabinet Office,
Government of Japan
Other related General users

organizations
(in Asian countries)

Expected Use of ALOS Data

Cartography

Detailed map with immediate data transmission

Simulated image IRS SPOT
(Resolution: 2.5 m) (Resolution: 5.8 m) (Resolution: 10 m)
ALOS/PRISM

PRISM images are useful for large scale mapping because even roads and rivers that are shown in a 1/25,000
map are visible in its image data. They are also very helpful for efficiently updating maps due to their

immediate transmission and vast area coverage.

Regional Observation

For future agriculture

One of the conditions to produce “tasty rice” is said to be less protein in a grain of rice. By using the satellite to
cover the vast observation area, we can find out the content rate of the protein in rice for efficient quality control.

Red and yellow areas indicate more protein in rice.

Rice protein content map
(SPOT/HRYV data, Sep. 5, 1999)

Image provided by the Hokkaido Central Agricultural Experiment Station
©CNES, 1999 / SPOT®




Expected Use of ALOS Data

Regardless of'weather or day or night (All weather)

Earth observations are possible day and night regardless of weather through the use of a microwave sensor like the PALSAR. In general,
bodies of water such as oceans and rivers are indicated in black, and ridges in mountains can be visible. Urban areas look white.

Saroma Lake

Saroma Lake pn . .
Drift ice can be captured by a microwave sensor. The image

INERII shows drift ice rushing in to the shore of Saroma Lake in
Hokkaido. Such images are useful for maritime traffic safety.

Monitoring a disaster

To minimize the damage of a natural disaster

When we consider measures to deal with a disaster, it is important to understand the exact range and
status of a disaster-stricken area by comparing its images taken before and after the disaster.

The photo is an observed image of the Chuetsu region in Nigata that was badly damaged by
flooding on July 13, 2004. (Red spots indicate destroyed areas.)

A map of destroyed areas by landslide and photos of those areas
(A map was made by combining the SPOT-5 images taken on August 15, 2001 and July 24, 2004.)

Provided by the Satellite Data Promotion Committee

P. Breuel

The photo shows damage in Banda
Aceh, Indonesia, by the tsunami tidal
wave caused by a huge earthquake off
Sumatra on December 26, 2004.
Flooded areas are in vermilion.

Tsunami damage following

earthquake off Sumatra

10Km (combination of images taken
— by SPOT and JERS-1)

Resource surveying

To find natural resources such as oil and minerals

Analysis of image data can be helpful for surveying resources such as extracting rocks and
geological features which are indexes of resource distribution.

Karst, which is unique in limestone areas, can be seen in
this image taken by a microwave sensor (Synthetic
Aperture Rader, SAR.) Although this area is vastly covered
by a tropical rain forest and unevenness of the land
surface can be observed. (Sulawesi Island, Indonesia)
©ERSDAC

Geological map analysis based on SAR images




JAXA Earth.Observation Missions

Land and oceanic ice distribution in the northern
hemisphere (Aug. 13 to Sep. 21, 2003)

The Aqua and Terra are NASA earth observation satellites for studying the environmental
relationship between the atmosphere, ocean, and the earth.

Both of them are equipped with the MODIS sensor, thus daily changes in the earth can be
captured as the same spot can be observed once or twice a day, during daytime and night.

The Aqua is equipped with the AMSR-E sensor that is an updated version of the AMSR T o
. . Ocean surface temperature data (June, 2002)
from the Midori-Il.

TRMM

Tropical Rainfall

Measuring Mission
(Launched on November 28, 1997)

The TRMM is a NASA satellite of which JAXA was in charge of the precipitation radar and
launch. Tropical zones account for approximately two thirds of the total global rainfall.
Therefore, acquiring and analyzing precipitation data in the tropics can contribute to
understanding global climate changes and environmental protection.

Precipitation data from Typhoon No. 8 over the
West Pacific Ocean in a horizontal cross section
(top) and three-dimensional rain structure
(bottom) (Aug. 2, 2000)

ADEOS-II

Environment Observation
Engineering Satellite, Midori-II

(Launched on December 14, 2002 /
Operation completed on October 25, 2003)

et S ——

The Midori-II was launched as a successor of the observation mission of the Midori, the
earth observation platform engineering satellite. The Midorill's achievements contributed
to understanding global environment changes such as abnormal climate patterns around

the world and the expanding ozone hole. Six pieces of domestic and overseas observation
equipment were onboard.

First image of ocean wind taken Seawind
(Provided by JPL)

ADEOS

Earth Observation Platform

Engineering Satellite, Midori

(Launched on August 17, 1996 /
Operation completed on June 30, 1997)

The Midori is an earth observation satellite that is intended to deal with global
environmental changes such as global warming, ozone layer depletion, decreasing tropical
rain forests, and abnormal climates. It is equipped with eight sets of domestic and foreign
observation sensors.

JERS-1

Earth Resources Satellite, Fuyo-1

(Launched on February 11, 1992/
Operation completed on October 12, 1998)

The main purpose of the Fuyo-1 was to explore resources all over the land area of the
earth contributing to land surveys, agriculture, forestry, fishery, and environmental
preservation, as well as monitoring the costal environment. A synthetic aperture radar and
optical sensor have been installed.

MOS-1/1b

Marine Observation Satellite,

Momo-1, Momo-1b

Momo-1

(Launched on February 19, 1987 /

Operation completed on November 29, 1995)
Momo-1b

(launched on February 7, 1990/

Operation completed on April 25, 1996)

The Momo-1 was the first Japanese earth observation satellite designed and developed
by Japanese technology. It was part of the earth observation system development by
satellite for efficient use of global resources and environment preservation. Two optical
sensors (MESSR and VTIR) were onboard.

Ocean temperature distribution
(March 30 to April 5, 1997)

The Imperial mausoleum of Emperor Nintoku in
Sakai City, Osaka (Jan. 26, 1997)

Kasumigaura area (April 29, 1992)

Diastrophism before and after the Great Hanshin
Earthquake (Sep. 9, 1992 and Feb. 6, 1995)

A cold whirl offshore at the Maritime Territory,
Russia (June 1987)






