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Japanese Earth Resources Satellite -1 (JERS-1)

1992~1998

*Instruments

1)OPS(8 bands)

2)SAR(L HH) :

3)MDR (Mission Data recorder)
4)MDT (Mission Data transmitter)

‘Total data (at EOC)
SAR : 707,393 scenes(97%)
OPS : 335,619 scenes(63%)



Launch Date 2006/1/24
A L 0 S Launcher H-11A-8

Mass 4,000kg
Solar Power TkW
Orbit Sun synchronous
Height 691.65km
Revolution 46 days
(Sub-Cycle) (2 days)
Objectives
Map generation
Regional observation
Disaster mitigation

Resource finding

Technology development




Appllcatlons(r_ﬁﬁ%ﬁ'l)

* Oil Spill Gig_LiH;53E)
* Fire scare (FR#M N %)

e Flooding (33t7K)
* Land Slide (Flash water and Slow

moving) (};5Y)

* Subsidence (&L T)

« Volcano (2 1L)
 Earthquake (1 EE)

* Forest, REDD+, Wetland (ZF#RES

1R)

* Polar Ice/Glaciers (f&ig K ;A])
* Coastal Erosions (B2 E)
* Drift Ice monitoring (7K )
 Change Detections (Z1L:

i)

Rice Paddy Monitoring (YE{ (7
k=Y

* lllegal Logging Monitoring (;&i%

AW EERER)

 Ocean Wind Speed distribution

(B LBZES )

 DSM generation (PRISM, PALSAR

by InSAR) (#&2& T —421ERL)

* lonospheric Disturbances (&5 B

J&57h)

* Radio Frequency Interference

(Aﬁ ,&&:F;ﬁ)

« Ortho-rectification (A JLYHE[{&)
 Soil Moisture (K5



ALOS-2 satellite

ALOS-2 in-orbit configuration

Y

Y

yA

/

Solar Arrays

L-band SAR antenna

X

/ Data relay antenna

X-band downlink antenna

Specification

L-band SAR
(PALSAR-2)
Observation mode

Stripmap:

3 to 10m res., 50 to 70 km swath
ScanSAR:

100m res., 350km/490km swath
Spotlight:

1X3m res., 25km swath
Peak Transmission power: 5100W
Band width: 14, 28, 42, and 84
MHz
Antenna size: 3x10m

Sun-synchronous orbit
Altitude: 628km

Orbit Local sun time : 12:00 +/- 15min
Revisit: 14days
Orbit control: =+/-500m

Life time 5 years (target: 7 years)

Launch JFY2013, H-11A launch vehicle
X-band: 800Mbps(16QAM)

Downlink 400/200Mbps(QPSK)

Ka-band: 278Mbps (Data Relay)

Experimental

Compact InfraRed Camera (CIRC)




PALSAR-2 Specifications

Spotlight |Ultra Fine| 19N Fine ScanSAR | ScanSAR
sensitive nominal wide
Bandwidth 84MHz | 84MHz | 42MHz | 28MHz | 14MHz |28MHz| 14MHz
Resolution | "9*Az: 3m 6m 10m 100m 60m
3X1m
Rg X Az 350km 490km
Swath X 59X oo | 5OKm 50km 70km (5-s0an) (7-s0an)
Polarization SP SP/DP SP/DP/QP/CP SP/DP
NESZ 24dB 24dB 28dB 26dB | -26dB | 23dB | -23dB
oa | _Ro 25dB 25dB 23dB 25dB 25dB 20dB
Az 20dB 25dB 20dB 23dB 20dB 20dB

SP:HHorVVorHV, DP:HH+HV or VV+VH , FP : HH+HV+VH+VV | CP : Compact pol (Experimental mode)

Main applications:

Fine beam (DP): Forest and land cover monitoring / DInSAR
ScanSAR (DP): Rapid deforestation / wetlands / INSAR (ScanSAR-
ScanSAR)

Spotlight (SP): Emergency observations

Ultra Fine (SP) : Global map, INSAR base mapping

High sensitive (QP): Global map

ScanSAR wide (SP) : Polar ice




ALOS-2 status

ALOS-2 is planned for launch in 2013, with a design
lifetime of 7 years.

A global systematic acquisition strategy (“Basic
Observation Scenario” — BOS) is under development.

The ALOS-2 BOS builds on the ALOS acquisition

strategy (2006-2011). It will provide continuity of key
acquisitions but with enhanced image characteristics
(spatial resolution, polarisations, radiometric sensitivity).

The ALOS-2 Data Policy is yet to be determined.



The ALOS-2

Basic Observation Scenario (BOS)
(as of September 2012)



Global land areas — baseline mapping
Temporal repeat: 2 cov/year

GSD: 10 m

Mode: Dual-pol (HH+HV)

i Prio 1
W Prio 2



Global land areas — VHR baseline
mapping

Temporal repeat: 1 cov/ 3 years
GSD: 3m

Mode: Single-pol (HH or HV) (tBDp)

B Prio1
W Prio2



Global land areas — Polarimetric
baseline

Temporal repeat: 1 cov/ 3 years
GSD: 6 m

Mode: Quad-pol (HH+HV+VV+VH)



Forest monitoring

Temporal repeat: 2-6 cov/year (tropics 6 cov)
GSD: 10 m

Mode: Dual-pol (HH+HV)



Wetlands & Rapid deforestation
monitoring

Temporal repeat: 9 cov/year
GSD: 100 m

Mode: WB-350km (HH+HV)



Crustal Deformation
Temporal repeat: 2-6 cov/year & 9 cov/year
GSD: 10m & 100 m

Mode: Dual-pol (HH+HV) & WB-350km
(HH+HV)



Polar Ice

Temporal repeat: 3 cov/year
GSD: 100 m

Mode: WB (HH or HH+HV) (1BD)

B Right look
Left look



Glacier movement (Super Sites)
Temporal repeat: 2-3 cov/year
GSD: 10 m

Mode: SP (HH)




Observation pattern for annual acquisitions *

Year Annual

"';:“'“ 2 4 8 8 w | o2 | e | e | e | e | 22 | 24 | 2 | 2 | s | a2 | 34 | 3 | s | 40 | s | s | & | @& | s | m

Crela L8 59 60 (1] bz i3 fi4 65 HE 7 il (] [] i iz 73 ] 5 [ 7 ] 9 a0 a1 3 43
O O | 1d-day InSAR |DHWHE | 1d-day InSAR |D#WAF | 14-day InSAR |DAWeE DHE An':"“"i“.' D | GlEC. DHWE | Global (n/3) |DWW4 | Global [n/3)

tarctica Antarc.

Desc
WB We OP DP W8 DP DP W8 DP DP | W8 [ BN SF 10m|SP 10m R S 10m SP SP W8 SP 5P
100m 100m 10m 10m [100m 10m 10m  100m | 10m 10m | 100m 100m 100m 100m  3m Im  100m  3m am
Narth Glacier e South | N+ 5 +
Pok World 1 Pmirnell Global (n/3) World 2 ol | Pok World 1

Asc
WB(R) Dp op op SP 10m|SP 10m QP QP QP QP |GF Bn DP - WB(R) DP DP Dp oP WB(R)
- 10m 10m 10m B B Bm B lﬂm Iﬂm 10m -- 10m Iﬂm lﬂm 10m 10m 10m

10m DP (HH+HV) 10m SP (HH)

3m SP (HH or HV) 6m QP (HH+HV+VV+VH)
100m WB (HH+HV) 100m WB (HH+HV)
(Right) (Left)

* 3m SP and 6m QP modes require 3 years for global coverage



Pattern repeated on a 3-year basis

Year 20144
foaef] 2 4 [ g |10 |z | o | e | e | m | 22 | 24 | s | 2 [ a0 | a2 | 34 | % | m | s | & | @ | 4 | @ | 0 | %
Cyche ] i i L] 10 1 12 13 14 15 16 17 18 19 20 Fi | 22 23 &4 % 26 27 28 2 30 1
DWE DW+F | 14-day InSAR | D4WAE | 14-day InSAR |DWWHE | 14-day InSAR |DowaE DV M“:L“{ﬂ;'ca D pﬂ"afc DW+E | Global (1/3) |DeWeF | Global (1/3)
W DP DP DF DP W8 ODP OP 5P 10m SP SP W SP SP
100m | 10m 10m [100m 10m 10m | 100m 10m 10m | 100m Im  3m  100m  3m | 3m
Glaciar £ A N+§
e Global (1/3) World 2
WE DP DP DP i or | ap o op RLOJWER® pp pp op | WB(R)
100m 10m 10m 10m Bm | Gm Illm 10m  10m -- 10m 10m Illm Illm Illm 10m -
Year 20154
fomeet | 2 4 [ g | 1o |z | | e | e | m | 22 | 24 | 2 | 2 [ a0 | 32 | 34 | % | w | @ | 2 | @ | 4« | @ | 0 | m
Cyele 32 a3 34 25 36 n 38 a8 A0 41 4% 43 44 45 A6 47 48 45 5 51 b 53 b4 55 4B 57
DHE DHWAE | 14-day InSAR |DAWHE | 14-day InSAR | DVWF | 14-day InSAR |DHWoF DHWHE Mﬁzﬁ{ca DHWF pﬂ:f’c DHWAE | Global (2/3) |D+WeF | Global (2/3)
WwB DP DP bP DP WB DP DP WwB
100m | 10m 10m 10m 10m [ 100m 10m 10m | 100m
Glaciar P
Greenland Global (2/3)
(I I SF 10m|SF 10m QP | QP DP DP -WBtRJ DP DP P
10m  10m Bm | Gm Illm 10m  10m -- 10m 10m Illm Illm Illm 10m
Year 20164F
"";':“"" 2 4 [ g | 1o |z | | e | e | m | 22 | 24 | 2 | 2 [ a0 | 32 | 34 | % | mw | @ | 2 | @ | 4« | @ | 0 | %
Cyel b8 58 6O &1 fid (] fid 65 BE [ HE (] i M 12 13 4 15 1B i g il HO al 3 a3
DWE DW+F | 14-day InSAR | D4WAE | 14-day InSAR |DWWHE | 14-day InSAR |DowaE DV M“:L“{ﬂ;'ca D pﬂ"afc DW+E | Global (3/3) |D4WeF | Global (3/9)

DP
10m

WB
100m

v Il =P 10m

10m

DP

DP
10m

10m

Glacier
Groenland

100m

bP
10m

DP
10m

WB
100m

Glaobal (3/3)

DP
10m

DP
10m

100m

SP 10m (R SR 10m

5P 10m

GP
Bim

GP
Gm

QP
Bim

DP DP -"BCR’ DP DP
Illm 10m  10m -- 10m 10m Illm

SP SP wB SP 5P

dm  3m

100m  3m  3m

N+ 3

oP
Illm Illm 10m -



Emergency observations

Emergency observations — such requested through
the International Disaster Charter, by Japanese
institutions or by JAXA itself — have highest priority
and superseed the Basic Observation Scenario
programming.

Cal/Val

Requests related to Cal/Val also have higher priority
than the BOS, but are as far as possible already
integrated into the BOS planning.

Top priority
Satellite house-keeping has top priority and
superseed all the above.



2011-2012:

2013:
L+2.5m:
L+ 7 m:
2013+

Schedule

Observation plan development with associated
software simulations to optimise data collection
verses recording and downlink capacity and use
of other system resources (power, etc.)

BOS implementation and satellite launch
BOS operations starting
Start of distribution of standard products

The BOS plan will be reviewed on a regular
basis (ALOS: 2 times/year) by JAXA and related
Japanese institutions, and refined/modified as
required.



1. Pi-SAR-L and Pi-SAR-L2

JAXA Airborne SAR System Developed for R&D and

Utilization of Future SARs, i.e., PALSAR, PALSAR-2, and
Follow-on SAR.

Pi-SAR-L: 1994-1996: developed
Pi-SAR-L: Operation 1996-2011
— GPS guided flights (2007)

— Yaw steering (Mechanical):2005

— Digital Recording System:2006
— INS replaced 2009

— Degraded so much after 2007 although needed for the ALOS-2
and disaster mitigation

Pi-SAR-L2 development was approved on 2011.
— Transmitter, Receiver, Signal processing unit:2012
— Antenna will be rebuilt this year :2012-2013



Pi-SAR-L2

Carrier Freq. 1.275GHz

Band width 85MHz(50MHz)
Sampling freq. 100MHz (1+Q)
Height 6~12Km

Image swath <=20Km

AD bits (1/Q) 8 bits

p (R) slant 1.7m
p (A)  4look 3.2m
Z1yno—0 accuracy <1.1dB

NEXZ -35dB

Inci. Angle 10~60 deg.

Polarimetry HH-HV-VH-VV

I[ToAoe w1OTN 10-30uy pos

Chirp UP/DN/UP-DN Tottori Dune
Pt 3.5KW

Gain AGC/MGC

Beam width(A) 8.4 degrees

JAXA's L-band Airborne Polarimetric SAR
1st version: 1996~2012, 3
2nd version : April 2012

All weather and High resolution sensor
adequate for disaster and environmental

monitoring. R:HH,

,B:VV

Pi-SAR-L2






Mt. Fuji first observed by Pi-SAR-L2 on April 13 2012

Pi-SAR-L2



JAXA Calibration Site in Tomakomai, Hokkaido, Japan



Flight Courses and flight types

April 17, 2012

June 19, 2012



Tomakomai Calibration site
April 17 2012



Polarimetric signatures

Cross-pol. signature Co-pol. signature

before

After

Pi-SAR-L2



NESZ (Sea Ice, Okhotsk, Japan, April, 17, 2012)

HH(R)-HV(G)-VV(B)



NESZ (Totsukawamura, Nara, Japan)



NESZ (Sanriku, Japan)

NRCS(dB)

sanriku_ April, 2012

| |
—_— N MRCS( HH)
mean MRCS[ HH)

20

10

10 20 30 40 50 60 70

incidence angle (degrees)



Calibration Results (as of Aug. 17, 2012)

Items Measured data No. of data Specification
Geometric | ~10m(RMS): (Under evaluation) 22 10m
accuracy
Radiometri | 0.575 dB (1 sigma) from CRs 1.0dB
c Accuracy | -18~-33 dB (NESZ for HH, V) 22 <-30dB
-25~-38 dB (NESZ for HV, VH) 16
Polarimetri | VVV/HH ratio  1.0213 (0.0228) 22 <0.2dB
c Accuracy | \/\//HH Phase 1.638deg(2.142) <5 degrees
Crosstalk -32.463(Chv/hh) <-30dB
-36.767(Cvh/vv)
-38.616(Natural target)
Resolution | azimuth 1.01 m (0.25) * 22 0.8m
range (85MHz) 1.80m(0.06m) * <1.76m
Sidelobe PSLR in azimuth -9.05dB(3.42) 22
PSLR in range -12.5dB(1.13)
ISLR -7.04dB(1.26)
Ambiguity | Azimuth Not confirmed
Range Not confirmed

Geometry: Some more work is necessary by increasing the
(standard Deviation) CRs with exact locations and using the calibrated flight info.



Comparison between the Normal SAR and UD SAR



Disaster of March 11, 2011

* Image Comparison among PALSAR, Pi-SAR-L,
Pi-SAR-L2
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Volcanic Application

Shinnmoe-Dake
Sakurajima-Island

Oil-Reservor









Sea-ice Monitoring









Forest Monitoring

e -Riau Province









Conclusions

* Pi-SAR-L2 development has been completed.

e Calibration flights were conducted and the Pi-
SAR-L2 SAR system and the data have been
calibrated.

* Data are under routine processing.
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NE DI

HZK: ALOS-2(L):2013, Nov.

ESA: Sentinel(C) 2013, Dec.

CSA: RSC

7L F> . Conae. Saocom1-(L)2, 2014-2015
Tandem-L/Dentnyl(L): 2017- disbundle
ALOS-4/Tandem-L(L): 2019720207

Theos-2 (SAR-X?, C?, L?) 201?

InSAT-1: Indonesia, Opt or SAR(X,C,L???), 2017

Current SARs

— RS-2 (C)

— TSX-Tandem-L(X)
— CSK-4 satellites(X)



ALOS-2/FF-SAR: Expected outcome

Outputs ___| conditions ___|Remarks _____| Advantage

Global-DEM Single Pol. lonospheric/Tropospheric World First Global
Full Pol. error can be corrected. DEM
INSAR 10m(H)-10m(S)
Global Tree Full Pol. lonospheric/Tropospheric World First Global
Height PolInSAR Correction Tree Height
Distribution Distribution >

Forest Carbon
Estimation (Key

Info.)
Quick FBD/Full Pol. Flooded area
Flooding Area InSAR+Classifica identification in

Detection tion the urban area (?)



Ultimate SAR-Mission Objectives

i sl iy

Disaster Area Detection

Solid Earth Monitoring

Biospheric Monitoring

Cryospheric Monitoring

Ocean Monitoring

Traffic Control

Agriculture Monitoring

Thermosphere research

Map Generation

Flooded area
Land Slide (Massive)

Damaged area detection(Earthquake, Volcano)

Subsidence(Urban-land)
Deformation (Earthquake)
Deformation (Volcano)

DEM generation(10m-space )

Deforestation Watch
Degradation Watch
Forest Classification
Tree Height Estimation
Carbon Estimation

Glacier distribution Tracking
Arctic and Antarctica’s movements

Wind speed measurements
Maritime surveillance

TBD

Global Rice paddy monitoring
Crop estimation

lonospheric research

Map production

Quick observation + time
series comparison

Very high resolution
Polarimetry, DinSAR

Time series data
Medium resolution
1~2 polarizations
DinSAR, TinSAR

2~4 polarizations
Time series

Medium resolution
Global-time consistent
InSAR, PolInSAR

DinSAR, DinSAR, ST
2 pol

2 pol, wide swath

High resolution

Polarimetry

Pol, DinSAR

Very high resolution



Satellite : Specification

L-band FF INSAR based high resolution Polarimetric full
resolution strip map satellite system

Frequency L-band (85 MHZz)

Bandwidth 85MHz or selective

Polarization Full-Pol, Dual-Pol

Technology DBF, TR modules

Swath 350km-500km

Mode Strip (mainly), ScanSAR (Spotlight)

Revisit Time <10 days

Distance <1km in cross-track direction
< TBD km in azimuth direction

Data rate TBD

No. of satellites 2 or more



. ALOS-2 Research announcement

Release: July 20, 2012

Window for proposal: ~ Oct. 31, 2012
Peer review: Nov. 1~Dec. E, 2012

Pl selection: Jan/E:

Agreements: Feb. 2013~March 2013
Pl activities: April 2013-3 years:

(1) Calibration and Validation, (2) land use and land cover research, (3)
topography and geology, (4) terrestrial (vegetation) ecosystem,
agriculture and forestry research, (5) climate system, hydrological
processes and water resources related research, (6) oceanography and
coastal zone related research, (7) disaster and earthquakes, (8)
resource exploration, (9) development of spatial data infrastructure, (10)
basic studies on scattering and interferometric characteristics,, (11)
Polar research, and (12) lonospheric Researches.
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