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Abstract— Advanced Land Observing Satellite-2 (ALOS-2) is the post-ALOS mission. The
L-band SAR onboard ALOS-2 has higher resolution, lower noise equivalent sigma zero (NESZ),
and higher signal to ambiguity ratio (S/A) than PALSAR in order to meet the requirements
for land and disaster monitoring. To realize these requirements. the new technologies have been
adopted: the maximum bandwidth allocation for L-band SAR and the spotlight mode with active
phased array antenna (APAA) for high resolution, the development of high power and efficient
device for high NESZ, and chirp modulation technique for high S/A. In addition, very accurate
orbit control (orbital tube < 500 m) and short repeat-pass orbit (14 days) achieve the higher
coherence of INSAR both between stripmap modes and between ScanSAR modes.
This paper introduces the overview of the L-band SAR onboard ALOS-2 as the post-ALOS
mission.
1. INTRODUCTION

Advanced Land Observing Satellite-2 (ALOS-2) is a post-ALOS mission. JAXA has been operating the Advanced Land Observing Satellite (ALOS) “Daichi” since January 2006. The PALSAR
onboard ALOS is the L-band Synthetic Aperture Radar (SAR) to observe large area by electronic
beam steering with active phased array antenna (APAA) technology, and has the full-polarimetric
measurement capability first in the world. The L-band microwave can penetrate leaves and grasses
to measure the ground directly. By this unique characteristic, PALSAR has been used for monitoring the world forest, the polar ice and the crustal movements and so on. Especially PALSAR
has contributed to domestic and international disaster management activities by its interferometry
capability (INSAR) with high coherence. ALOS has completed nominal three years mission life
and continues to work. “ALOS-2” is the satellite carrying an L-band SAR succeeding to PALSAR.
2. LOS-2 DESCRIPTION

ALOS-2 is a satellite with L-band SAR based on APAA technology. The APAA of ALOS-2 allows
not only conventional stripmap and ScanSAR but also Spotlight mode with electric beam steering
to direction of azimuth. To cover wide areas, ALOS-2 has the capability to wide incidence angle 8
to 70 deg with electric beam steering and the left or right looking by satellite maneuver in about
2 minitues from nominal look direction of nadir looking to Right- or Left-looking. And ALOS-2
shall be continuously controlled to an orbit tube of ±500 m to a reference orbit for high coherence
repeat pass SAR interferometory both between stripmap modes and between ScanSAR modes.
Table 1 summarizes the characteristics values of the orbit parameters, while Table 2 shows the
system parameters. Figure 1 shows the ALOS-2 overview on orbit.
Table 1: ALOS-2 orbit parameters.
Nominal orbit height at
the equator
Orbit type
Orbits/day
Revisit time
LST
Inclination
Orbit control for
reference orbit
Mission life
Duty per orbit

628 km
Sub-synchronous
15–3/14
14 days
12 : 00 ± 15 min
Approx. 98 deg
±500 m
5 years
(goal to 7 years)
50%

Table 2: ALOS-2 system parameters.
Radar carrier frequency
1257.5 MHz and more
Band
L
Wave length
0.229 m
PRF
1500 to 3000 Hz
Range bandwidth
14/28/42/84 MHz
polarization
SP/DP/FP/CP
Look direction
Right and Left
Antenna width
2.9 m
Antenna length
9.9 m
Incidence angle
8 to 70 deg
Range resolution
3 m/6 m/10 m/100 m
Azimuth resolution
1 m/3 m/6 m/10 m/100 m
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Figure 1: ALOS-2 overview on orbit.
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Figure 2: ALOS-2 TRM architecture.
3. L-BAND SAR PAYLOAD
3.1. SAR Antenna

The L-band SAR of ALOS-2 instrument comprises an active phased array antenna which allows
electronic beam steering direction to range and azimuth. The antenna has a horizontal dimension
of 9.9 m and vertical dimension of 2.9 m, and is composed of 5 identical electrical panels. The
antenna consists 1080 radiation elements as a whole which are driven by 180 Transmit-ReceiveModules (TRMs). It enables to steer and form the beam in elevation and azimuth direction for
several imaging modes Stripmap, Spotlight and ScanSAR. The antenna nominal pointing is nadir
direction and it is pointing 30 deg away from nadir when it observes.
The antenna is dual receive antenna system that the full aperture or 3/5 aperture antenna is
used for transmission but in receive the antenna is divided into two separate partitions in along
track. The signals of both receiving antenna are detected and recorded separately which allows the
acquisition wide swath.
3.2. Transmit-Receive-Modules(TRM)

TRMs enable to select polarization of Single (HH/VV/HV), Dual (HH + HV/VV + VH), Quad
(HH + HV + VV + VH), and Compact polarimetry (Tx: Oriented 45 deg or Circular, Rx: H or
V) by transmitting H and V polarization simultaneously. In L-band propagation disturbances and
especially ionospheric effects like Faraday rotation and phase delay have to be considered ad if
possible corrected. And quad polarietory mode uses alternative pulse of H and V which increase
PRF and makes narrow swath. So, ALOS-2 has compact polarimetry mode as an experimental
mode with transmission of a linear polarization oriented at 45 deg or Circular (LHCP or RHCP)
selectable by command. An output power of 34 W is provided at the TRM output port with low
loss and high power SSPA using gallium nitride (GaN) HEMT, and the overall output power of
5100W at the antenna output port with full aperture. Figure 2 shows the TRM architecture.
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Table 3: L-band SAR onboard ALOS-2 target characteristics.
Spotlight

Ground Res.

84 MHz
Rg Az:
3m 1m
Rg Az:
25 25 km
SP

+

Swath
Selctable Pol
NESZ

S/A

Stripmap
Ultra-Fine

1257.5 MHz

+ +

Frequency
Incidence angle range
Band width

Spotlight

+

mode

−24 dB

84 MHz
3m
50 km
SP/DP
−24 dB

Rg

25 dB

25 dB

Az

20 dB

25 dB

High-sensitive

ScanSAR
Fine

ScanSAR

1257.5 MHz or 1236.5/1278.5 MHz (T.B.D.) selectable
8~70 deg
42 MHz
28 MHz
14 MHz
6m
50 km
(FP:30 km)
SP/DP/FP/CP

10 m
70 km
(FP:30 km)
SP/DP/FP/CP

−28 dB

−26 dB

23 dB
FP:Co-pol: 23 dB
FP:X-pok: 15 dB
20 dB

25 dB
FP:Co-pol: 20 dB
FP:X-pok: 10 dB
23dB

100 m
350 km
5scans
SP/DP
−26 dB
25 dB
20 dB

4. L-BAND SAR CHARACTERISTICS

L-band SAR onboard ALOS-2 is enhanced performance from ALOS (PALSAR). L-band SRA has
3 imaging modes, Spotlight as new mode, Stripmap, and ScanSAR mode which are coneventional
modes, and 5 observation modes. Table 3 summarizes L-band SAR target characteristics.
The center frequency of Spotlight and Ultra-Fine mode is 1257.5 MHz to achive the range resolution 3 m using 84 MHz bandwidth within the 85 MHz allocation to Space-to-Eatrh Earth Exploration Satellite Service (EESS) (active) in L-band from 1215 MHz to 1300 MHz. However, the
frequency of L-band from 1215 MHz to 1300 MHz is allocated Radio Navigation Satellite Service
(RNSS), too. So, to make the influence on RNSS a minimum, other modes operate at selectable
center frequencies 1236.5 MHz/1257.5 MHz/1278.5 MHz (T.B.D.).
The feature of each observation mode is as follows, all modes use dual receive antenna system
without Fine mode.
I Spotlight mode
The azimuth resolution is 1 m for a detailed observation of the disaster area with APAA
technique which is electronic beam steering +/ − 3.5 deg in the direction of the azimuth away
from nadir to increase the illumination time, i.e., the size of the synthetic aperture.
I Ultara-Fine mode
In nominal, Ultra-Fine mode collects base-map for interferometry (InSAR) in Japan with
high resolution and wide swath. Within all the range of incidence angle, the swath is satisfied
50 km. Ultra-Fine mode is the basically mode to observe the disaster in Japan.
I High-sensitive mode
High-sensitive mode is designed for only flood disaster. This mode has better NESZ for
observation water area where the back scattering coefficient is small, so the resolution is lower
than Ultra-Fine mode though higher than PALSAR.
I Fine mode
Fine mode is conventional mode that succeed to PALSAR. The resolution and swath are
almost equal to PALSAR.
I ScanSAR mode
ScanSAR mode is conventional mode, too. The resolution and swath are almost equal to
PALSAR with 5 scans.
The one of the new technique of ALOS-2 is the chirp modulation in order to decreased the
influenced of range ambiguity than PALSAR at high incidence angle. ALOS-2 uses Up/Down
chirp alternately transmitted with phase modulation (zero or pi using maximal length sequences),
while PALSAR uses only down linear chirp. As a result, it is confirmed that the range ambiguity
improved about 10 dB than without chirp modulation. Figure 3 shows the simulation result. The
simulation area is TOMAKOMAI where is selected as distribution target, and the data is Pi-SAR
data whici is the airborne L-band SAR. The (c) is figure where (a) and (b) were matched, when
the main signal level is equal to the ambiguity. Using chirp modulation, the ambiguity that exists
in Figure 3(c) has disappeared in Figure 3(d).
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Figure 3: The simulation result of chirp modulation.
5. PROJECT STATUS

Launch of the ALOS-2 is planned for 2013. After commissioning phase of 6 months duration
the operational phase will start. The mission life is designed at least 5 years and goal to 7 years
operation. The Preliminary Design Review (PDR) for L-band SAR subsystem and satellite segment
will be held in 2009 Summer to Autumn.
6. CONCLUSION

ALOS-2 mission will provide a new class of high quality L-band SAR products by using new
techniques. High resolution is due to Spotlight mode and wide bandwidth, the wide swath is
due to dual recieving antenna system and compact polarimetry, lower NESZ is due to high power
and low loss SSPA (GaN), better S/A is due to chirp moduration. ALOS-2 will contribute to
the domestic and international Land managemant, Eatrh resource mangement, Earth resource
exploration, disaster management activities and any mission using these techniques.
However, in order to achive the mission, ALOS-2 needs cooeperation from each space agency
especially RNSS in L-band. ALOS-2 ask for RNSS in each community support and cooperation.

