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The Advanced Land Observing Satellite (ALOS) is a Japanese solution to high-resolution Earth
observation. It is equipped with three mission instruments: Panchromatic Remote-Sensing Instrument for
Stereo Mapping (PRISM), Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2), and
Phased Array type L-band Synthetic Aperture Radar (PALSAR). In order to fully utilize the data obtained
by these sensors, ALOS was designed with a mass data handling capability and precision position and
attitude determination capabilities that will be essential to high-resolution remote-sensing satellites in the

next decade.

Table 1 ALOS Characteristics.

Iltem Characteristics Remarks

Launch Date August 2002

Lauch Vehicle H-11A

Launch Site Tanegashima Space Center, Japan

Spacecraft Mass Approx. 4 tons

Generated Power Approx. 7 kW End of Life

Altitude 691.65 km At Equator

Inclination 98.16 degree

Repeat Cycle 46 days Sun-Synchronous
Semi-Recurrent

Sub-cycle 2 days

Design Life 3-5 years

Attitude determination accuracy 2.0 x 10" deg (off-line)

Position determination accuracy 1 m (off-line)

Data Rate (Down link) 240Mbps via DRTS, 120Mbps (direct transmission)

Onboard Data recorder Solid-state data recorder (90Gbytes)

Data Relay Satellite
Communication Antenna

Star Trackers i

PALSAR

&
/

‘ i
o
e

e

"'-'T

AVNIR-2
PRISM

Vel ociAty/l

Nadir

Fig.1 ALOS in-orbit configuration
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1.

Panchromatic Remote-Sensing Instrument for Stereo Mapping

The Panchromatic Remote-Sensing Instrument for Stereo Mapping (PRISM) is a major instrument of
ALOS. It has three independent catoptric systems for nadir, forward and backward looking to achieve
along-track stereoscopy. Each telescope consists of three mirrors and several CCD detectors for
push-broom scanning. The nadir-looking telescope provides 70 km width coverage; forward and
backward telescopes provide 35 km width coverage each.

As shown in Fig.2, the telescopes are installed on both side of its optical bench with precise
temprature controll. Forward and backward telescopes are inclined £24 degrees from nadir to realize a
base-to-height ratio of 1. PRISM’s wide field of view (FOV) provides fully overlapped three-stereo
(triplet) images (35 km width) without mechanical scanning or yaw steering of the satellite. Without this
wide FOV, forward, nadir, and aft-looking images would not overlap each other due to the Earth’'s
rotation.

PRISM's 2.5-meter resolution data will be used for extracting highly accurate digital elevation model
(DEM). PRISM Characteristics are shown in Table 2.

WERETHE
Direction of flight

Backword Look

/

Forward Look

W

AVMIR-2

¥

WA 2T 1 IR 7

Jo— . @ P Forward Velocity F
b el Nadir
Swath width <= 57 \ { j \
AVNIR-2:TOkm—_, Backward~._PRISM Nadir Look
PRISM:35km " AFLAR Nadir

Fig.2 PRISM Overview

Table 2 PRISM Characteristics .

Item Characteristics Remarks
Number of Telescopes 3
Wavelength 0.52-0.77 um
Base to Height Ratio 1.0 between fore and aft looking
IFOV 25m
Swath Width 70 km / 35 km Nadir / fore and aft
SIN =70
MTF >0.2

Number of Detectors 28000 / band (Swath Width 70km)
14000 / band (Swath Width 35km)

Number of Bands 1 Panchromatic
ADC 7hits
Pointing -1.5deg. to 1.5deg.

NOTE: PRISM can't observe areas beyond 82 degrees south and north latitude.
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2. Advanced Visible and Near Infrared Radiometer type 2

The Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) is a successor to AVNIR
onboard the Advanced Earth Observing Satellite (ADEOS) launched in August 1996. AVNIR-2's main
improvement over AVNIR's is its instantaneous field-of-view (IFOV). AVNIR-2 provides 10-meter
resolution images compared with the 16 m resolution of AVNIR in the multispectral region. The higher
resolution was realized by improving the CCD detectors (AVNIR: 5,000 pixels per CCD, AVNIR-2:
7,000 pixels per CCD) and their electronics. Another improvement is the pointing angle. The pointing
angle of AVNIR-2 is +-44 degrees for prompt observation of disaster areas.

WBRETHE
Direction of flight

AVMIR-2

#

ReA 74 S IBIE 7

—mm=  Nadir
HAE

Velocity
._ aF HiIF3 Forward T/
Swath width <= Nade

#H 0\
Auwln-z.-mkm—'?._, " Backward ~ PRISM
PRISM:35km AFLAR

Fig.3 AVNIR-2 Overview

Table 3 AVNIR-2 Characteristics

Iltem Characteristics Remarks
Number of Bands 4
Wavelength Band 1 0.42-0.50 pm

Band 2 0.52-0.60 um
Band 3 0.61-0.69 um
Band 4 0.76-0.89 um

IFOV 10 m

Swath Width 70 km

S/N > 200

MTF Band 1-3:>0.25
Band 4: >0.20

Number of Detectors 7000 / band

ADC 8bits

Pointing -44deg. to 44deg.

NOTE: AVNIR-2 can't observe the areas beyond 85 degrees south and north latitude.
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3. Phased Array type L-band Synthetic Aperture Radar

The Phased Array type L-band Synthetic Aperture Radar (PALSAR) is Japan’s second spaceborne
SAR using L-band frequency. The high-resolution mode is a conventional one. PALSAR will have
another attractive observation mode, the ScanSAR mode. This mode will allow us to acquire a 250 to
350 km width (depends on number of scans) of SAR images at the expense of spatial resolution. This
is three to five times wider than conventional SAR images and is considered to be useful for sea ice
extent and rain-forest monitoring. PALSAR was jointly developed by NASDA and the Japan Resources
Observation System Organization (JAROS).

PALSARMM £ — - /PALSAR Observation Mode L

Velocity 2.8m

Nadir

Fig. 4 PALSAR Overview

Table 4 PALSAR Characteristics

Item Characteristic
Mode High resolution ScanSAR Polarimetric (Experimental)*
Center Frequency 1270 MHz 1270 MHz 1270 MHz
Bandwidth 28 /14 MHz 28 /14 MHz 28 /14 MHz
Polarization HH or VV / HH+HV or VV+VH HH or VV HH+HV+VH+VV
Resolution** 10 m (2 look) / 20 m (4 look) 100 m (multi look) 30m
Swath Width** 70 km 250 - 350 km 30 km
Incidence Angle 8 - 60 deg. 18 - 43 deg. 8 - 30 deg.
NE** < -23 dB (Swath Width 70km) <-25dB <-29dB

< -25 dB (Swath Width 60km)
SIA¥* **x > 16 dB (Swath Width 70km) >21dB >19dB

> 21 dB (Swath Width 60km)
AD bit 3/5 5 3/5
Data Rate 240M 240M 240M

Antenna Size

AZ:8.9m x EL: 2.9m

NOTE: PALSAR can't observe the areas beyond 81 degrees south and north latitude.

* Due to power consumption, the operation time will be limited.

b High resolution mode Off-nadir is 34.3 deg.
ScanSAR mode 4th scan (Off-nadir is 34.1 deg.)
Polarimetric mode Off-nadir is 21.5 deg.

i S/A level may deteriorate due to engineering changes in PALSAR.

14



4. Mass Data Handling
In order to handle the enormous volume of data generated by PRISM and AVNIR-2, ALOS has data a
compression (DC) capability. Each telescope of PRISM generates 320 Mbps raw data, so 960 Mbps
data is transferred to DC (Fig. 5). The data is compressed to 240 Mbps using a JPEG-like technique
consisting of the discrete cosine transform (DCT) and Huffman encoding. Although the technique is
lossy compression, the accuracy of extracting DEM from the lossy compressed data is almost the
same as extracting it from uncompressed data.
AVNIR-2 generates 160 Mbps of raw data that is compressed using Differential Pulse Code
Modulation (DPCM), a lossless data compression technique based on that of AVNIR.
Compressed data of PRISM and AVNIR-2, and uncompressed PALSAR data are then transferred to
the Mission Data Coding (MDC) system where an error correction code (Reed-Solomon (255,223)
interleave depth 5) is added. The Bit Error Rate requirement of ALOS mission data is 1 x 10™.
The Mission Data Recorder (MDR) is a mass data storage device. It will hold 720 Gbits, enough for
50-minute data recording at 240 Mbps. The recorder will be a Solid State Data Recorder (SSR) using
64 Mbit DRAM with Flip-Chip bonding.
Real-time or recorded data will then be transferred to the Data Relay Technology Satellite, which is a
Japanese geostationary data relay satellite, via the DRC subsystem. DRTS-East will be located at 90E,
and DRTS-West will be located at 170W above the equator. These two data relay satellites have 240
Mbps handling capability and will be used by ALOS, ADEOS-II, which is another NASDA earth
observation satellite, and by the Japanese Experimental Module (JEM), attached to the Space Station.

Ka-band
# S-band

e
<
% :>
E 240Mbps 8 TT&C
(@]
278
% Mbps  \J7 x-band
4
a EPS
32 240 | O :> DT
Mbps Mbps % 139
o~ X 3 Mbps RCS
o 278
> |:l‘> DC II(> Mbp,
2 |160 120 VDR
Mbps AOCS
Mbps 90GB
417 STT |GPSR
Mbps

Fig.5 ALOS Block Diagram with Data Flow.

5. Position and Attitude Determination
For geometric correction, we need precise position and attitude knowledge of satellites. ALOS has
high precision star-trackers and an inertial reference unit for precision attitude determination, and a
dual-frequency GPS receiver for precision position determination. In addition to on-board attitude and
position determinations, off-line precision attitude and position determinations are provided to improve
precision. The goal is to determine the position of each PRISM pixel on the ground to within 2.5 m.
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1. Definition of ALOS Data Products
Three categories of data products are defined - Raw or Level 0 data, level 1 products and higher level
products.

1.1 Raw data or Level O data
Raw data is the demodulated bit stream and is temporarily archived in NASDA. Level 0 data is
frame-synchronized, de-packetized decoding data. This level 0 data is permanently archived in
NASDA and is for distribution to ALOS data node organizations.

1.2 Level 1
Level 1 is radiometrically and geometrically corrected data and is a standard NASDA product for
ALOS users, though only a relatively small percentage of Level O data is processed to Level 1
product.

1.3 Higher-level data product
Products above level 2 are higher-level data products. Higher-level data products are made more

sophisticated by processing with digital elevation models. This will be provided by NASDA's EORC
one year after ALOS launch.

2. Standard Data Products

Table 5 Standard data products of each sensor

Common
Level Definition Note
Raw Demodulated bit stream Packetized

Temporarily archived

0 Frame synchronization and PN decoding of CADUs |Compressed (except for PALSAR)
and R-S Error Detection and Correction of VCDUs  |Permanently archived

Extracted mission telemetry, orbit and attitude data |Level for distribution to Data Node
are stored on separate files.

PRISM
Level Definition Note

1A |[Uncompressed, reconstructed digital counts

appended with radiometric calibration coefficients and

geometric correction coefficients (appended but not

applied).

Individual files for forward, nadir, and backward

looking data.

1B1 |Radiometrically calibrated data at Sensor input

1B2 |Geometrically corrected data Map projection

Resampling

Options Pixel spacing
G: Systematically Geo-coded (No option: Geo-

referenced)
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AVNIR-2

Level Definition Note
1A |[Uncompressed, reconstructed digital counts
appended with radiometric calibration coefficients and
geometric correction coefficients (appended but not
applied).
1B1 |Radiometrically calibrated data at Sensor input
1B2 |Geometrically corrected data Map projection
Resampling
Options Pixel spacing
G: Systematically Geo-coded (No option: Geo-
referenced)
D: Correction with coarse DEM
PALSAR
Level Definition Note
1.0 |Reconstructed, unprocessed signal data appended
with radiometric and geometric correction coefficients
(appended but not applied).
In Polarimetric mode, polarimetric data is separated.
1.1 |Range and azimuth compressed Beam modes: Full resolution mode,
complex data on slant range. Low data rate mode, Polarimetric
Full resolution mode
SLC: Single Look Complex
Used for interferometry
1.5 |Multi-look processed image projected to map Map projection
coordinates. Resampling
Pixel spacing
Option
G: Systematically Geo-coded (No option: Geo-
referenced)
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1. Priority of Sensor Observation Mode

1.1 PRISM Observation Mode
The priorities of observation over land areas (including coastal zones) and polar regions in the
day light zone are as follows.

1.1.1 Observation in three-line mode with 35 km swath width
(1) All Japanese land areas
(2) Parts of the Asia-Pacific region
(3) Other areas
1.1.2 Nadir viewing mode with 70 km swath width
(1) Global land area

1.2 AVNIR-2 Observation Mode
The priorities of observation over land areas (including coastal zones) and polar regions in the
day light zone are as follows.

1.2.1 Nadir viewing mode with 70 km swath width
(1) All Japanese land areas
(2) Parts of the Asia-Pacific region
(3) Other areas
1.2.2 Pointing mode along cross-track direction
(1) Compensation of 1.2.1(1)
(2) Simultaneous regional observation with PALSAR is required
(3) Other areas

1.3 PALSAR Observation Mode
The priorities of observation over land areas (including coastal zones) and polar regions are as
the follows.

1.3.1 High resolution mode with off-nadir angle 35 degree, HH polarization, in
night zone
(1) Global land area
1.3.2 Other modes
(1) Specified area
(2) Simultaneous regional observation with AVNIR-2 is required
(3) Other areas

Specified areas will be determined based on requirements presented by the appropriate
organizations.
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1. Simulation Datasets for the Optical Sensor

Area Geographic Data Description Resolution . Size .
Features (pixel) x (line)
Numazu Including DEM 2.5m/pxl | 2048 x 2048
(The image ocean, planes, | Orthophoto image a 2.5m/pxl | 2048 x 2048
center is located | cities, and panchromatic image and
at 35°9N and steep a color image
138°46'E.) mountains Simulated PRISM data 2.5m/pxl | 2100 x 2200
with and without
atmospheric effect
(forward view and
backward view)
Akanesaki Including DEM 1m/pxl 1021 x 981
(The image coasts, bluffs, | Simulated PRISM data | 2.5m/pxl | 300 x 300
center is located | and steep (nadir, forward and
at 35°4N and mountains backward view)
139°5'E.)
Aso (now Including areas | DEM 2.5m/pxl | 1024 x 1024
plannning) with and Orthophoto image 2.5m/pxl | 1024 x 1024
(The image without
center is located | vegetation Simulated PRISM data | 2.5m/pxl | 1024 x 1024
at 32°53N and
131°5'E.)

2. Simulation Datasets for the SAR

Area Tsukuba(The image center is located at 36°03'N and 140°06'E.)

Geographic Features Including urban areas, forests, and paddy fields

Airborne SAR (PI-SAR L-band) data
Data Description Polarimetric scattering matrix data (HH,HV,VH,VV)
(Calibrated and Uncalibrated)

Azimuth: 0.6m
Resolution Range: 2.4m
slant range complex data

9084 x 2059 samples corresponding to 5km x 5km.

4ch BSQ format (HH,HV,VH,VV).

Size Each sample is composed of Real (4 Bytes) and Imaginary (4
(Azimuth x Range) Bytes) parts.

Data format is based on IEEE 32-bit Floating point expression
with big-endian.

NOTE: The form in which the data is supplied, either on-line transmission or media transfer, will depend on
the data volume.
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