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Chapter 1
Introduction

Phased Array type L-band Synthetic Aperture Radar (PALSAR) was developed by Japanese
Ministry of Economy, Trade and Industry (METI) as a joint project with Japan Aerospace
Exploration Agency (JAXA). PALSAR was launched from Tanegashima Space Center at
10:33am on January 24, 2006 (Japanese Standard Time) onboard Advanced Land Observing
Satellite (ALOS) via H-11A launch vehicle Flight No. 8.

In addition to its al-weather observation regardless of day and night, PALSAR has incorporated
many highly advanced observation technologies, and is expected to contribute greatly in areas such

as resource exploration, environmental monitoring on earth and monitoring of natural disasters.

This “PALSAR Reference Guide” incorporates the features of PALSAR data, how to order
PALSAR data and other information beneficial to the datause. It is greatly hoped that this guide
contributes to the extended acknowledgement of the product and its meaningful application in

various fields.
For any requests and/or remarks relevant to the reference guide, please contact below:
Earth Remote Sensing Data Analysis Center (ERSDAC)
Technical Department |1

PALSAR Data Service Section

Tel.: +81-3-3533-9380 Fax.: +81-3-3533-9383
e-mail: palsar@ersdac.or.jp
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Chapter 2
PALSAR Project

2.1 PALSAR project overview

B Background of PALSAR project

As a country with poor resources, Japan heavily depends the supply of oil, natural gas, uranium,
metal and other natural resources on import from overseas. Securing continuous and stable
supply of these natural resources is imperative for maintaining the energy-consuming lifestyle of
Japan. Satellite remote sensing and development of the application technologies are considered
effective factors in pursuing the goal. With the recent surge in the public awareness,
environmental sustainability is being prioritized in developmental activities. In that sense,
environmental analysis is considered one of the crucial aspects of developing satellite remote
sensing application technologies.

As the forerunner of PALSAR, L-band synthetic aperture radar (SAR) was developed by the
Ministry of International Trade and Industry (MITI, present METI) and National Space
Development Agency of Japan (NASDA, present JAXA). The SAR was launched in February
1992 onboard JERS-1, the first earth observation satellite of NASDA, and it had been in operation
until October 1998. The SAR data greatly contributed to the geological structural analysis since it
was efficient especially in the observation of tropical rain forests and others, where optical sensors
often failed due to bad weather conditions. As originally planned, JERS-1 SAR successfully
observed all the land areas on earth at least for once, except for Antarctic. The accumulated
scenes of about 320,000 are the precious assets for satellite remote sensing research and activities
in Japan.

ERSDAC has been engaged in resource and environmental analysis of crucia areas, based on
the JERS-1 SAR scenes of over 30,000. Technological development for oil and natural gas
exploration was promoted specifically under the program titled “Research and Development of
Remote Sensing Technology for Non-renewable Resources”.

Based on the achievements of R&D for JERS-1 SAR, METI and JAXA jointly developed
L-band aperture synthetic radar, PALSAR with improved performance and flexible observation

mode as the successor.
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Chapter 2 PALSAR Project

B PALSAR Observation Objectives

Main purpose of PALSAR is the acquisition of data beneficia to resource exploration,
environmental protection and other purposes as mentioned above. ERSDAC plans to apply
PALSAR datain specific fields as follows:

Land Area Basin Mapping

[1Geological structural analysis of target areas_ [ICollect database of potential natural resource
deposit areas

Coastal Area Basin Mapping

[JExtraction of oil exudating areas  IMonitoring of contamination accompanied by developmental
activities

Monitoring of environment and natural disasters

[IMonitoring of disasters such as landslide, volcanic activities, floods and others
[JEnvironmental monitoring such as forests  [lInternational cooperation

Research and development for the processing and application of multi polarimetric SAR data

[JGeological structure analysis on the first stage of resource exploration
[JResearch and development of mapping and/or classification method of forests and biomass

B System for development and operation of PALSAR project

ALOS development and operation project (which carries PALSAR) was redized as a joint
project of METI and JAXA. JAXA was solely responsible for the launch and development of
ALOS satellite and onboard sensors except for PALSAR, whereas METI and JAROS joined JAXA
for the development of PALSAR. JAXA is responsible for operation and receipt of data from
PALSAR.

On the other hand, ERSDAC is responsible for the development and operation of ground
facilities, where PALSAR data are processed. Processed data will be provided to users in Japan
and overseas. Also, ERSDAC coordinates observation requests of PALSAR issued from
qualified users, before submitting them to JAXA.

PALSAR GDS operation committee, organized by knowledgeable people, is established inside
ERSDAC to improve research and development of PALSAR data applications as well as to advice

on how to encourage the data use.
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MEXT METI | MEXT
AlsT |
JAXA JAROS ERSDAC JAXA
ALOS project R&D of PALSAR
FRLAELAE] BAEE data use
ALOS satellite dvlp. 5
PALSAR Dvlp. and operation of Dvlp and operation of
PALSAR sensor dvip Sensor dvlp. |*4°°**{ PALSAR Ground Data ALOS ground station
System
PRISM sensor dvip. +
AVNIR2 sensor dvip. PALSAR GDS
Operation Committee
AIST : National Institute of Advanced Industrial Science and Technology
ERSDAC : Earth Remote Sensing Data Analysis Center
JAXA : Japan Aerospace Exploration Agency
METI : Ministry of Economy, Trade and Industry
MEXT : Ministry of Education, Culture, Sports, Science and Technology

Development and Operation Structure of PALSAR Project
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B ALOS orbit

A number of earth observation satellites including ALOS revolve around the earth in
sun-synchronous orbit, in which orbital plane and the Sun's direction are always the same.
Observation from the orbit enables to achieve accurate measurement of reflection and radiation on
the earth by way of solar light. Also, a satellite revolving the orbit returnsto the original path at a
fixed cycle, which enables to monitor any certain place on the earth at regular intervals.

ALOS orbit is the sun-synchronous orbit of 691.65km altitude and 98.16 degree inclination, on
which it revolves around the earth in every 100 minutes, or 14 timesaday. ALOS returns to the
origina path (repeat cycle) in every 46 days, and the inter-orbit distance is approximately 59.7km
on the equator.

SN /NN /N /N N /N N NN NS NN

§
6%\//

ALOS'’s orbit for 1 day (about 14 revolution)

B Main characteristics of sensors onboard ALOS

» Phased Array type L-Band Synthetic Aperture Radar(PALSAR)

PALSAR is an active microwave sensor, which is not affected by weather conditions and
operable both daytime and nighttime. It is improved based on Synthetic Aperture Radar (SAR)
onboard the first earth observation satellite (JERS-1).

Full polarimetry (multi-polarization), off nadir pointing function and other functions of
PALSAR improved the accuracy of analyzing geological structure, distribution of rocks and so on,

and expected to contribute resource exploration and other purposes more effectively.
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At the same time, multi-polarization is effective in acquiring vegetation information, which will
encourage the data use in fields such as globa and regiona observation of vegetation,
distinguishing features on the ground, classification of land use and other purposes.

Additionally, PALSAR flexibly corresponds to urgent observation in emergency such as
wide-ranging natural disasters.

Main Characteristics of PALSAR

Mode High resolution | ScanSAR |  Polarimetry

Center Frequency 1270 MH  (L-band)

Bandwidth 28 MHz 14 MHz 14, 28 MHz 14 MHz

L HH+HV or

Polarization HH or VV VV+VH HH or VV HH+HV+VH+VV

Incidence angle 8 ~ 60 deg. 8 ~ 60 deg. 18 ~ 43 deg. 8 ~ 30 deg.

Range Resolution | 7~44m 14~88m 100 m 24~89m
(multi 100Kk)

Swath 40 ~70km 40~70km | 250~ 350 km 20 ~ 65 km

Quantization 5 bits 5 bits 5 bits 3 or 5 hits
120 Mbps,

Data rate 240 Mbps 240 Mbps 240 Mbps 240 Mbps

» Advanced Visible and Near-Infrared Radiometer-2(AVNIR-2)

AVNIR-2 has higher resolution than AVNIR, which is onboard Advanced Earth Observing
Satellite (ADEOS). With the wavelength in visible near infrared zone, observation over land and
coastal areas are especialy beneficial to produce land cover map and classification of land use
necessary for environmental monitoring and other purposes.

AVNIR-2's pointing function (+ 44 deg.) in cross track direction enables to cover target areas
flexibly to correspond to emergent observations such as natural disasters. The pointing is limited

to 85 deg. or less of either north and south latitude.

Main characteristics of AVNIR-2

Number of bands 4
Band 1 0.42~0.50 um
Band 2 .052 ~ 0.60 um
Wavelength Band 3 0.61 ~ 0.69 um
Band 4 0.76 ~ 0.89 um
Ground resolution 10 m (nadir)
Swath 70 km (nadir)
Pointing angle + deg.
Quantization 8 hits

» PRISM
PRISM is an optical sensor exclusively used to observe visible areas at 2.5m of resolution.
PRISM data is used to produce highly accurate Digital Elevation Model (DEM). It has 3 optical

systems of looking forward, nadir and backward, and their simultaneous observation alows
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acquisition of geological information including elevation.

Each optical system consists of three mirrors and several CCD detectors for push-broom
scanning, with the swath width of 70km for nadir and 35km for forward and backward view
respectively. Radiometer of forward and backward is slanted +/-24degree from nadir, which
makes it possible to acquire highly accurate geological datain ashort cycle.

Main characteristics of PRISM

Number of band 1 (panchromatic)
Wavelength 0.52 ~0.77 um
Optical system 3 (Nadir, forward, and backward views)
Stereo B/N ratio | 1.0 (between forward and backward view)
Ground resolution 25m
70 km (nadir)
ST 35 (triplet mode)
o +1.5 deg.
el el (Triplet mode crosstrack direction)
Quantization 8 hits

B Outline of ALOS mission operation

» Sensor operation

Optical sensors, AVNIR-2 and PRISM operate on descending orbit (day side of the earth), while
PALSAR, operable both day and night, basically operates on ascending orbit (night side of the
earth).

» Transmission of observed data

Since the sensors onboard ALOS are of high resolution, observed data would be enormous in
size. For the purpose to efficiently transmit the data to ground stations on the earth, ALOS is
equipped with data compression function (this function applies to AVNIR-2 and PRISM data, not
PALSAR data).

Observed data will be transmitted to the earth by either Direct Transmission (DT) from satellite
to aground station, or via Data Relay Test Satellite (DRTS) located in geostationary orbit. DRTS
allows longer contact time with a ground station than DT. DT is only possible when ALOS is
visible from the ground station.

Additionally, ALOS carries a recorder to store data observed while ALOS is invisible from any

ground stations or DRTS, making it possible to observe anywhere on the earth without restrictions.

P Orbit control and attitude control
Since sensors on ALOS observe ground surface at a high resolution, even a slight error in its
position or attitude can cause a serious discrepancy in targeting an area.  Thus, accurate control of

satellite to retain the right orbit and attitude is by all means necessary.




Capter 3 What is PALSAR Data

3.4 PASLAR product levels and the outline

PALSAR product is classified into level 1.0, 1.1, 4.1 and 4.2 according to processing grade and

observation mode. Please refer to the following outline of each product.

PALSAR Products Definitions

Product | Observation Polarization Format Data type Data size of one pixel (sample)
level mode
1 polarization
High resolution HH/VV,
4 u ( - ) - | and Q channel
mode 2 polarization 8 bit unsigned integer
Level 1.0 - (HH+H\.//V.V+VH) CEOS 8 bit unsigned 2 bytes in total for single polarization
Polarimetry 4 polarization integer . .
4 bytes in total for 2 polarizations
mode (HH+HV+VH+VV) . -
— 8 bytes in total for 4 polarizations
ScanSAR mode 1 polarization
(HH/VV)
1 polarization Real and imaginary parts of complex
High resolution | (HH/VV) Vexcel Standard number
Level 1.1 mode 2 polarization SLC IEEE 32 bit
' (HH+HV/VV+VH) | (Single Look floating point | 8 bytes in total for single polarization
Polarimetr 4 polarization Complex) 16 bytes in total for 2 polarizations
mode (HH+HV+VH+VV) 32 bytes in total for 4 polarizations
. . o 16 bit
High resolution | 1 polarization .
Level 1.5 mode (HH/VV) CEOS yn5|gned 2 bytes
integer
High resolution | 2 polarization CEOS HH*HH” HV*HV® VV*VV’
mode (HH+HV/VV+VH) | (Cross product) - Real number Unsigned integer (2 byte)
16 bit HH*HV? HH*VV? VV*HV’
Level 4.1 integer(signed | - imagi
4 oty 4przmion (cros TS0 Coro puter e o imgeary
mode (HHHV+VH+VV) | (Cross product) 8 bytes in total for 2 polarizations
18 bytes in total for 4 polarizations
ScanSAR mode |1 polarization
3 scans (HH/VV) 16 bit
ScanSAR mode |1 polarization .
Level 4.2 E 2
eve 4 scans (HH/WV) CEOS iL:]rLseg;ed bytes
ScanSAR mode |1 polarization
5 scans (HH/VV)

B Products Definitions

» Level 1.0 Product
After extracting PALSAR data out of raw observation data (PRISM and AVNIR-II data are also

included), bit realignment and other editing are rendered to the product.

The product is not yet

subjected to the recovery process of SAR.  Multi-polarization data (2 or 4 polarization) is aligned

in time series for respective polarization.

ScanSAR mode data (single polarization) is aligned in

time series for respective scanning. The product is offered to users in CEOS format.

» Level 1.1 Product

Thisis SAR recovery processing rendered level 1.0 product.

In other words, it is Single-Look
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Complex (SLC), equally spaced on dant range (equal to the spacing of sampling measurement).
The product will be generated for al the data other than those observed in ScanSAR mode. SLC
will be generated and edited for each polarization in case of multi-polarization (2 or 4
polarizations) mode. The product will be provided to users in Vexcel SLC format, specific to
PALSAR GDS.

Sample image of level 1.0 product Sample image of level 1.1 product

» Level 1.5 Product

This is Multi-look amplitude generated after SAR recovery processing to level 1.0 product,
acquired in single polarization high-resolution mode. The datais equally spaced on ground range.
Output of scene is selectable either just along with locus orbit (Geo-reference: direction of a scene
is not fixed), or four sides of a scene is cut parallel to either latitude or longitude (Geo-coded: top
of a scene faces true north). For Geo-coded product, users can select UTM or polar stereo for
map projection. Pixel spacing is selectable from 5, 6.25, 10, 12.5 or 25m depending on the
observation mode. The datawill be provided to usersin CEOS format.
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Sample image of level 1.5 product

» Level 4.1 Product

SAR recovery processing rendered level 1.0 product observed in polarimetry mode (2 or 4
polarizations). This is cross product (such as HH*HH' and HH*HV') value of observed
multi-polarizations (HH, HV, VV, and VH). These values are equally spaced on slant range and
ground range. Output of ground range data scene is selectable either just along with locus orbit
(Geo-reference: direction of a scene is not fixed), or four sides of a scene is cut parallel to either
latitude or longitude (Geo-Code: top of a scene faces true north). For Geo-coded product, users
can select UTM or polar stereo for map projection. Pixel spacing is selectable from 12.5, 25 or
50m. Thedatawill be provided to usersin CEOS format.

Color composite picture is
generated by allocating each
polarization data provided as
level 4.1 product (acquired as

X . . _ multi polarization mode) to
S T _ N | ‘ i B:G:R.

Aaseem T WO

Sample of color composite image produced out of level 4.1 product
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» Level 4.2 Product

SAR recovery processing rendered level 1.0 product observed in ScanSAR mode (2 or 4
polarizations). ScanSAR mode is single polarization. The product is a row of amplitude data
equally spaced on ground range. Output of scene is selectable either just along with locus orbit
(Geo-reference: direction of a scene is not fixed), or four sides of a scene is cut parallel to either
latitude or longitude (Geo-coded: top of a scene faces true north). For Geo-coded product, users
can select UTM or polar stereo for map projection.  Pixel spacing is selectable from 12.5, 25 or
50m. Thedatawill be provided to usersin CEOS format.

Sample image of level 4.2 product

B With or without Calibration

Except for level 1.0, products of al the levels are subject to calibration specified for each level
(Geometric, Radiometric and Polarimetric Calibration).

B Scene Size

Scene size is describable in either scene width (along range) or scene length (azimuth
direction/along track length. As shown in the table below, width and length of a scene varies
according to observation mode. There is certain flexibility for some PALSAR product types to

reflect users' needsin terms of scene length and adjusting cutoff line of a scene.

_ Scene Size
Level 1.0 Depend on observation mode | 70 km'
Level 1.1 Depend on observation mode | 70 km
Level 1.5 40~ 98 km 70 km'
2 polarizations 40 ~ 98 km 70 km
Level 4.1 4 polarizations | 20 ~ 65 km 70 km
3-Scan Approx. 250km 300 km
Level 42 | 4-Scan Approx. 300km 300 km
5-Scan Approx. 50km 300 km

* or GDS's original size (one of the 60s to 180s) is also available
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