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Specification

ALOS-2 satellite 

L-band SAR 
(PALSAR-2) 

Stripmap:  
  3 to 10m res., 50 to 70 km swath 
ScanSAR: 
  100m res., 350km/490km swath 
Spotlight: 
  1×3m res., 25km swath 

Orbit 

Sun-synchronous orbit
Altitude: 628km
Local sun time : 12:00 +/- 15min
Revisit: 14days
Orbit control: +/-500m 

Life time 5 years (target: 7 years) 

Launch May 24, 2014, H-IIA launch vehicle

Downlink
X-band: 800Mbps(16QAM)
400/200Mbps(QPSK)
Ka-band: 278Mbps (Data Relay)

ALOS-2 in-orbit configuration

Experimental    Compact InfraRed Camera (CIRC) 
        SPace based Automatic Identification 
                    System Experiment(SPAISE2)
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HH(R),HV(G),HH/HV(B)

3m Strip 
mode (84 
MHz) dual 
Pol.



Spotlight (S):   Detail observation of damaged area  
Ultra Fine(U):   High Resolution (Japan area baseline) 
High sensitive(H):   Flood / Coast monitoring 
Fine(F):    Global observation (deformation/forest) 
ScanSAR nominal(W):  ScanSAR InSAR (28MHz) 
ScanSAR wide(V):   Ice monitoring, Ship detection 

 PALSAR-2 mode and specifications

Mode
Spotlight 

(S) 
Ultra Fine 

(U)

High 
Sensitive 

(H)

Fine 
(F)

ScanSAR 
Nominal 

(W)

ScanSAR 
Wide 
(V)

Bandwidth 84MHz 84MHz 42MHz 28MHz 14MHz 28MHz 14MHz 

Resolution Rg×Az  
3×1m 3m 6m 10m 100m(3 looks) 60m(1.5 looks)

Swath Rg×Az  
25×25km 50km 50km 70km 350km 

5scan
490km 
7scan

Polarization SP SP/DP SP/DP/FP/CP SP/DP
NESZ -24dB -24dB -28dB -26dB -26dB -23dB -23dB

S/A Rg 25dB 25dB 23dB 25dB 25dB 20dB
Az 20dB 25dB 20dB 23dB 20dB 20dB

REC D D D S D D
DC B4 DB4||DB2 B4||DB4 B4||DB4 B4 B4

SP : HH or VV or HV , DP : HH+HV or VV+VH , FP : HH+HV+VH+VV , CP : Compact pol (Experimental mode) 
REC: Number of receivers D:Dual, S: Single), DC:Data Compression, DB4:DS-BAQ4,B4:BAQ4
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70° 

8° 350 km 25 km x 25km

70° 

50 km 

observation area  
approx.1160km 
(right or left)

ScanSAR 
swath:5scans 350km 

7scans 490km  

Spotlight 
swath:25km x 25km

Stripmap 
swath:50 or 70km

Az
Rg

8° 

Observable area :  
Right or left-looking by spacecraft maneuvering at 30 degrees off-nadir 
with electric beam steering using active phased array antenna  
(incidence angle from 8 to 70 degrees). 

PALSAR-2 imaging mode 

The Engineering Models
•  The antenna Engineering Model (EM) 

–  the size for antenna EM is half of one electric panel.

 

The structure is one electric panel size,  
however the only half quantity of antenna radiation elements  are mounted.
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The Engineering Models

EL 30deg stterubg Az 3.5 deg stterubg

Full Aperture

60 % aperture

Transmitting Aperture 
Spotlight/Ultra-Fine 60 % aperture 

Others        : Full Aperture 

2. Technical overview of PALSAR-2

EX

DP

TX

RX

ELU

ANT

IF 
UNIT

TRM

TRM

SCCommand and Telemetry 
from / to satellite

Mission data 
to satellite

EX: Exciter

SC: Signal Processor

DP: Data Processor

RX: Receiver

TX: Transmitter



Transmitting and Receiving Modules (TRMs) 
•  Control the polarization independent 
•  High power, high efficiency and downsizing

GaN

H pol

V pol

PALSAR-2 PALSAR

HPA GaN HEMT Si BJT 

Tx power 34W 25W

Units 180 80

Efficiency 35 25

Noise Figure 2.9dB 2.9dB 

TRM size[mm] 200×110×14.6 203×117×23.5 

TRM weight 400g 675g 

Downsizing and high efficiency

2. Technical overview of PALSAR-2

Dual receiving antenna system

R
x antenna #

2

R
x antenna #

1

Tx antenna

Tx signal

Radar Echo #2
Transmitter

Rx #2

Rx #1

Radar Echo #1

  Single beam technique overview 

Time

Tx 1 Tx 2 Tx 3 

Rx 1 Rx 2 Rx 3 

Rx time is equal to swath

Tx 4 

Rx 4 

1 2 1

Time

Tx 1 Tx 2 

Rx 1-1 
Rx 2-1 Rx 2-2 

Rx 1-2 

Single beam : Fine mode 
Dual beam for other modes

2. Technical overview of PALSAR-2

  Dual beam technique overview 

receiver



Data compressoin 

• selectable DS-BAQ (Down-Sampling BAQ) or BAQ 
  

PALSAR   3bit cut off (8bit 5bit) 
Other SAR satellite  BAQ B A Q  
 
“ Down sampling” is to cut off the out of band of radar bandwidth at A/D conversion 

  
 
 

the compressed data quality is higher than BAQ

2. Technical overview of PALSAR-2
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The simulation of DS-BAQ compression 
 

Original data DS-BAQ 40%(4bit)

BAQ 50 (4bit)

DS-BAQ 20%(2bit)

BAQ 25 (2bit)

There is no difference between 
DS-BAQ and BAQ. 

The data rate compressed by 
DS-BAQ is lower than BAQ. 

2. Technical overview of PALSAR-2
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Red circle and square indicates CR sites (including JAXA Cal sites)

CVST All Sites



3.3.1 7/12

2-CR

2-CR

Beam3 le6 
Beam4 le7 
Beam5 le8 
Beam6 le9 
Beam7 le10

3

4

5

6

7

-8.0°-68.65° 
-12.0°-65.75°



PALSAR-2 Images (UB, HB, FB)

Strip mode UB, HB, FB

UB Quebec(2014/06/20)

HBQ-RioBranco

FB

FBD 2014/07/08

 

PALSAR-2 Images (Spotlight and Ultra Fine)

SB SB UB@JAXA Produced by @RESTEC

A



PALSAR-2 Images (Spotlight and Ultra Fine)

SB UB(3m)

A

PALSAR-2 Images (ScanSAR)

350km

Area: Amazon Rondonia 
Date: July 20, 2014 
Bandwidth: 28 MHz 
Mode W2 

 

Dual Pol Data HH

HV





Fuji Speedway car circuit PALSAR PALSAR-2

PALSAR PALSAR-2



Kyoto imperial place

JERS-1(1992) ALOS/PALSAR(2006) ALOS-2/PALSAR-2/(2014)

JERS-1(1992) ALOS/PALSAR(2006) ALOS-2/PALSAR-2/(2014)

Biwa Lake Ohmi Bridge



Ocean Image

Ocean wave ~~~



Ship Detection and wake
Range direction

Wake

Shift due to negative Doppler

Azimuth 

FBD282/RSP076/2014.10.19/Alaska01(CR3.0m)

HH HV

HH

RF of CR

 



Example of raw data characteristic HBQ(High Beam Quad pol)  6m 42MHz 

Saturation ratio (%)
HH HV VH VV

I-cha 0.296 0.055 0.149 0.241

Q-cha 0.293 0.060 0.149 0.252

Azimuth profiles Histograms

4.2.4

Trend monitoring of the observation data

Total characteristics

PALSAR

PALSAR

• 
• 
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Antenna Pattern Estimation

•   
•   
•  dB

Before After 

G(θ) = a + b θ −θ0( )2 + c θ −θ0( )4

0( 0/cos( ))= 

4.2.6

 



3m 
7/16 

6m 
8/8 

10m 
8/19 

490km 
7/19 

350km 
10/14 

 
6/19  

4.2.8 CR

4.2.8  (Strip(U-H-
F)):Geo location evaluation)

-0.015 

-0.01 

-0.005 

3E-17 

0.005 

0.01 

0.015 

-0.025  -0.015  -0.005  0.005  0.015  0.025  dy
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m
]

dx1 [km]

Geo location 10/24

A/L 

A/R 

D/L 

D/R 

-0.020  

-0.015  

-0.010  

-0.005  

0.000  

0.005  

0.010  

0.015  

0.020  

-0.025  -0.015  -0.005  0.005  0.015  0.025  

dy
 [k

m
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Geo location(11/7 )

AL 

AR 

DL 

DR 

:1st evaluation) (Recent evaluation)

11/7Improvement of the geometric accuracy 5.34m (RMSE)

CR



4.2.8

Peak to side lobe 
ratio 
Integrated 
Sidelobe ratio 

 
 

HH       HV     VH     VV Response from the R in Amazon shows very small cross talks 
in HV and VH.

Polarimetric Calibration(1/2)

Zhh Zhv

Zvh Zvv

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

= Ae
−4πr
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+
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⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

Polarimetric calibration equations

Determination of the unknowns(Amazon+CR)

Trans Distorsion 
= 
( 1.0000e+00  0.0000e+00) ( 2.9780e-03  2.6764e-03) 
( 2.7118e-03  1.6514e-03) ( 9.1212e-01 -4.8408e-01) 
Receiver Distorsion 
= 
( 1.0000e+00  0.0000e+00) (-3.2790e-03  2.6533e-03) 
( 4.7041e-03  7.2861e-03) ( 1.0681e+00 -1.9712e-02) 

°

TDRD

− dB :Cross talk is 
less than -40 dB) 

Before After



4.2.7  (2/2)



• 
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Noise Equivalent Sigma-Zero(NESZ)

FBD HBQ UBD

-41.1 
 
 
-36.0 
 
 
-36.6

Minimum Values
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σ 0
sigma−sar, Q16 = 10 ⋅ log10 DN 2 +CF1

σ 0
sigma−sar, slc = 10 ⋅ log10 I 2 +Q 2 +CF1− A

4.2.9 Conversion to the NRCS

CF mean(dB) std (dB)

CF1 -83.0 0.406

A 32.0 -

Coefficient Values

Range time 
corrections

-22.7nsec.(-68.10m shift

Azimuth 
time offset

0

PolCal 
coefficient
i.e., 23 
degrees

A

U is high resolution[3m], H for [6m], F for [10m]. 



Application Examples

25m PALSAR-2 mosaic and the forest/non-forest 
data FNF map generation

25m PALSAR-2 Forest/Non-forest map FNF

9 path images including the south America’s forest/non-forest regions 



25m PALSAR-2 FNF: 
change detection of the forest area

Change detection of the FNF2010 and FNF2014

PALSAR FBD HV



Annual Deforestation diversity map using the PALSAR (2007-2010)

• 

• 

• 



Mt. Ontake 
Eruption

orthern Nagano Earthquake (DinSAR), Nov. 22 
SAR
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JERS-1/ALOS/ALOS-2 SNR
 

From JERS-1/ALOS/ALOS-2, 1) Transmission power, SNR increases, and bandwidth increase, and autonomous orbit 
maintenance , improves the interferometric coherence.

JERS-1(44) PALSAR(46) PALSAR-2(14)

Interferometric SAR



3D image expression of the ortho-rectified 
PALSAR-2 image suing the generated DEM (nea 
Mt. Fuji) 

 

DEM generated by the 
Unwrapped DinSAR+ DSM

PALSAR-2 DEM

A. Sea Ice
B. Ships

2014/9/12014/9/112014/9/12



 

Ascending

2014/8/31 2014/8/30 2014/8/15 2014/8/28

Sample image of the ship detection using 
the FB over the Malaysia off ocean. 
Lower NESZ allows the detection of the 
ship easier than PALSAR. 
 

2014/7/14, VV pol.  

1

2

3

4

5
4.99m/s



Ships with 80m

500m 500m

170m

1km

2014/06/20 12:03:39 
(JST) 

29.1
HH

 
 
 
 
 

Ocean and ship detection 



ALOS-2 / PALSAR-2 
Obs. Date :23/08/2014-20/09/2014 
Path  :073 
Frame  :5020 
Bp  :-100.0m

Detection of the ice sheet movement in the antarctica 
using the InSAR Higher coherence(PALSAR-2) detects the details 

of the ice movement. 

ALOS / PALSAR 
Obs. Date :  15/11/2007-30/09/2007 
Path  :  665 
Bp  :  466.7mCourtesy to Dr. Yamanokuchi

PALSAR-2

2014/11/28  
PALSAR-2 VBD ScanSAR(490km)

Syowa base

Coast Lines

Antarctica 

Off shore seaice

Antarctica Observation



•  Mt. Ontake erupted on 11:50 am, Sept. 
27, 2014. 

•  Quick observations were activated within 
12 hours  for finding the change 
detections. 

•  New volcanic mouth and possible ash 
layers were detected.

New volcanic mouth

After Before

Purple: Possible ash layers



Global distribution of the RFI in L-band

  0            10.0
JERS-1 RFI PALSAR RFI

RFI increased significantly from JERS-1 and ALOS 
1) Bandwidth 
2) RFI bandwidth increases 100K->3M->5M) 
3) RFI power increases several dB-> 10dB->20dB  

RFI notch filter

•  Degrades the SAR image quality when the RFI occurs in the SAR image. 
•  Compared withJERS-1/ALOS, ALOS-2 experiences bandwidth of 3-5MHz 

and 25 dB higher level of power than SAR signal. 
•  Spatio distribution of the RFI from JERS-1-SAR/ALOS-PALSAR is shown 

below.

Degradation of the SAR images due to RFI and correction (i.e., Noto Peninsula, 
Wajima city)

SAR



Max bandwidth is 3MHz band and power density difference is less than 12 dB

Hawaii Alaska Korea

RFI(PALSAR)

Kyushu - HH

I-Q Raw data power

Correlation Power

AGC-time

Spectrum

Raw data power
Specan SAR

A
zim

uth direction

Range direction



Raw data characteristics 
Phase difference between I and Q channels

Sado Amazon

Kyushu Tokyo

I/Q=, arg(I, Q) (deg) I/Q, arg(I, Q)

0.9993  90+1.5470 
 
 
1.0159  90+1.5479

1.0014   90+1.5427 
 
 
0.9988   90+1.5520 

• 

• 

• 

• 

• 

• 

• 

• 
• 



Basic Observation Scenario (Global)

 

•  Descending acquisitions (noon, ~12:00) 
- Global observations in Stripmap (3m SP) mode once per three years 
- Observations of Wetlands, Rapid Deforestation and Crustal Deformation 

in ScanSAR (350km DP) mode  
-  Observations of Crustal Deformation and Forests in Stripmap (10m DP) 

mode during two successive cycles for InSAR applications 
(Super Sites) 
-  Observations of Boreal and sub-Arctic in ScanSAR (490km DP) mode 
-  InSAR observations of Antarctica Glaciers in Stripmap (10m DP) mode 

   

•  Ascending acquisitions (midnight, ~24:00) 
- Global observations in Stripmap (10m DP) mode twice per year 
-  Observations of polar regions in ScanSAR (350km DP) mode three times 

per year to cover summer/winter seasons. Antarctica will be observed in 
left-looking mode to cover higher latitudes. 

-  Global observations in Stripmap (6m QP) mode once per five years 
- Observations of special focus areas with Stripmap (6m QP) mode annually 

(Super Sites) 
- InSAR observations of Greenland Glaciers with Stripmap (10m DP) mode 



Global land areas – VHR baseline mapping 
Temporal repeat: 1 cov/ 3 years 

GSD:  3 m (off-nadir 29.1°-38.2°) 

Mode: Stripmap Single-pol HH/84MHz  

Prio 1 
Prio 2 

* 3 years required for global coverage in 3m mode  

1st year 2nd year 3rd year 

Basic Observation Scenario (Global)

Global land areas – Quad-polarimetric baseline 
Temporal repeat: 1 cov/ 5 years 

GSD:  6 m  (off-nadir 25.0°-34.9°) 

Mode: Stripmap Quad-pol (HH+HV+VV+VH/42MHz)  

* 5 years required for global coverage in 6m QP mode  

     Areas observed every year 

1st year 2nd year 3rd year 

 4th year  5th year 

Basic Observation Scenario (Global)



Forest monitoring 
Temporal repeat: 2-6 cov/year (tropics 6 cov) 

GSD:  10 m  (off-nadir 28.2°-36.2°) 

Mode: Stripmap Dual-pol (HH+HV/28MHz) 

Basic Observation Scenario (Global)

Wetlands &  Rapid deforestation monitoring 
Temporal repeat: 9 cov/year 

GSD:  100 m  (off-nadir 26.2°-41.8°) 

Mode: ScanSAR 350km Dual-pol (HH+HV/14MHz) 

Basic Observation Scenario (Global)

Wetlands Rapid deforestation   
     monitoring 



Crustal Deformation 
Temporal repeat: 2-6 cov/year & 9 cov/year 

GSD:  10 m  (off-nadir 28.2°– 36.2°)                                           
 & 100 m  (off-nadir 26.2°– 41.8°) 

Mode: Stripmap Dual-pol (HH+HV/28MHz)                                 
 & ScanSAR 350km (HH+HV/14MHz) 

Basic Observation Scenario (Global)

Polar Ice 
Temporal repeat: 3 cov/year 

GSD:  100 m (off-nadir 26.2°– 41.8°) 

Mode: ScanSAR 350km (HH+HV/14MHz)  

Left looking 

Right looking 

Basic Observation Scenario (Global)



• 

 
 

3m/HH/84MHz



 
 

350km/28MHz

2014/8/4~2014/12/21

10m/28Mhz

F2-5~F2-7/ / /HH+HV F2-6/ / /HH 
/

4



350km/14Mhz/HH+HV

W2/ /  W2/ /  

3m/6m

U2-6~9/ / /HH/84MHz 
/

FP6-3~7/ / /HH+HV
+VH+VV/42MHz 

/



Product 

http://www.eorc.jaxa.jp/ALOS/en/index.htm

Use Data

http://www.eorc.jaxa.jp/ALOS-2/en/doc/pal2_tool.htm

ALOS-2 observation strategy

http://www.eorc.jaxa.jp/ALOS/en/top/obs_top.htm
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