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Outstanding problems and issues

Earthquakes 0 YY) : 2009
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v how to identify potential
sites of Deep-Seated
landslides, evaluate
their activity and
susceptibility become an
important issue.

Landslides




Conventional methods for

landslide monitoring
DEM Leveling

GPS

Traversing Fiber—-optic sensors
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Interferometric Synthetic Aperture Radar

» All-day and all-weather
» Large scale and spatial continuity
» High precision and no need of

ground instruments



How satellite radar interferometry works?

Image Product Options: 35 possibilities Multipass interferometric SAR (InSAR)

¢ Positions — cross-track viewing incidence angles  SAR interferometry needs at least (i) two radars or
(ii) radar imaging from two places
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Ground
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second pass: Lpagy,
measures pha§e () )for’ﬁ .,‘
each pixel for time ( ¢; ) ﬂ: ]
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source: NASA y
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displacement:

pixel A moves about 1.5
wavelengths (~4.2 cm)

Return signal from satellite holds the key
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How to choose the Synthetic Aperture Radar ?

Frequency (wavelength)

*

» Light interacts most strongly with

L)

objects on the sizes of the wavelength
** Wavelengths a measure of surface and

0

subsurface scale sizes
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Paul A Rosen
(Jet Propulsion Laboratory, California Institute of Technology)

» L-band greatly improves correlation

SIR-C ENVISAT / ASAR
NASA / JPL (USA) ESA (EU)
April 1284 (10 days o o

C-Band (Sngl / Twin)

L. C-Band (Quad)

ALOS / PALSAR
JAXA (J)
January 2006

L-Band ( Sngl Twin / Quad)

TerraSAR-X

DLR / EADS = ASTRIUM / Infoterra GmbH RADARSAT 2

" c SA wm CA)
X<Band (Sng! Twin / Qued ?) ot

Pottier and Ferro, 2008

(University of Rennes1, IETR-UMR CNRS)

C- e.v‘-a Ouoa-

Interferogram showing deformation of Akutan Island (October 1994 ot June 1997), draped
over shaded-relief map of the island (Lu et al., 2005)



Compare ERS-1 and ALOS in Taiwan

Peyrtet et al (2011)&d
Champenois et al (2012)4>
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Definition of the SAR techniques

s SAR& 7L & E = (Synthetic Aperture Radar) : L[
ERARBOAZS MM R EHBHIE - FEREBGERT
[ 541813 = 58 EE (Strength) ~ #xIE(Amplitude)FHE &
(distance) F&EH & BEEEED 2R RIE(Doppler
Shift)iEfTHMELE » BEMFR=MFEEHN -

%"«"l' /

- D
I‘ ‘
«pw Beamwidth AD
|
af
W ol %
Y .
| N : //.':1
Ly W
Look anghe b ; %
ang! "N" v, Polse duration \
| "; \ o
.'. -~ P\{m:"rwwn -

Anmuth beemwidth = A7L

Paolo trivero and Walter Biamino (2010) Observing marine pollution with Synthetic Aperture
Radar, ISBN 978-953-7619-97-8

’:’ In SAR:F & B FLIE 55 Z (Interferometric SAR) :
FFAMRARB R E—HEZSAREE » OEXHK
H 2 BRI ZE(Unwrapping) EVSEESIZHAIR
#(DEM), 2 F 5% B (Interferogram) o

Ground rotion

L = |\ E Cm
& o CANME 0% ;1) Unchanged Minor change Major change
0,\:' 2 . '/r\/

Surface-satellite Surface-satellite
distance shrinks €—> distance grows

I n8  -59 0 59 18
Change in satellite - surface distance (cm)

b_— -, 1]

Mauna Loa (2012) Bulletin of the Global
Volcanism Network, vol. 37, no. 5

Masayuki Yamanaka (2011) Saving Lives With
Satellites. JAXA.

@ D-InSAR=5SF35 &R FL&EFE = (Differential
InSAR) : E—iEMEBRERIATIE @ FIAES
BRIEF A ELRRE  BSRRELE -

s PS-InSAR K & #5382 3= 5 F 55 F # (Persistent
Scatterers InSAR) : IR EEE F 5 2 SARFA
MR RS ~ B FME R FRIELST B (Persistent
;Catterer, PS) » IRt HREAM A REEEE 21BN
&l °
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What is difference between PS and TCP-InSAR?

PS select pixels with stable scattering *2*TCP-InSAR approach is also
behavior over time, only focus on “good” ..
adequate for retrieving

pixels
deformation signal from a small

PS identify dense coherent points from set of SAR images.

each image pair only
— Coherence @ 1 point

— Coherence @ 1 point _ \PSselection.. TCP selection
— Need > 15-20 scenes A o A 0 A o A 0
A & % A % b4
O0s A O Y A D
A n°) o8 A m°) 1
& g i o A,
o o
L R Nee w9 X
2 W e R TN ] SPEDSRY R ST A‘ St B R : A .A.‘ =
& u.5.0J0.“ ’°.:o‘: & 2 A * * ‘ *. X
—1 * o . N .A“ —ﬂ'
TO Acquisition 100 0 Acquisition 100 1 * i A A 8 o ! *‘ A ¢ A
P @

StaMPS method (Hooper et al. 2004 and 2009)



What is Temporarily Coherent Point-InSAR?

» Not necessary to keep choherent during « TCP:ERR :

the whole time span e BElRMEE UG EFE ii)fa kXl

» Including persistently coherent point and £ 8B Tiﬂ& B EE KR -
partially coherent point
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i %% (Zhang, 2012)



TCP (Temporarily Coherence Point ) INSAR

What is a Temporarily Coherence Point? \/TCP-|I’]SAR approach is also

v" identify dense coherent points from adequate for retrieving
one image pair only ps-Ingheformation signal from a small

AAu§é3t quug lrhé)éeﬁ . OAA.:‘ z: o

D, A © Abuo|,%4 bdeo

TCP-InSAR

A A o il
AD A 0 A

0 A

Foreshortening

i‘&s G Qu *
Smooth Rough Mouttains Forest
Surface Surfaces

Paul A Rosen 2011
(Jet Propulsion Laboratory, California Institute of Technology)




How to choose satellite images?

+* Combine Ascending and descending orbits

The combination of the motion of the satellite and the motion of the earth makes it
possible to look at the same area of interest from two opposite acquisition geometries.




Ascending and Receding Scenes ?

ALOS-1 PALSAR

. - 0701'12-1103/10
Ascending Scenes

07/02/10-11/0221

Taiwan
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ALOS/PALSA satellite images

AR RERBTETZEVEMAE > A B KALOS
PALSARE | & Z Fine#t X, > #r 2 F 2 ERA A
mEIEHE B BEMREPSERAAE LEAUAT
88 > AT APALSART EM 2 B s — %
#Single Look Complex(SLC)&JFine Bean Single
(FBS)#E £ #& R, -

PALSAR Characteristic

Phased Array type L-band Synthetic Aperture Radar FE#18

Polarimetric Fine Resolution Mode (FB#1 - #18)
Mode Fine ScanSAR Potarimetsic Mode (FB#1 - 25)
(Experimental mode)*1 )
Center Frequency 1270 MHz(L-band) ALOS/PALSARZE B % #efuta 7 R, » (71 8 ¥ K2
Je B 3 22 s g s fi B OEE AN
Chirp Bandwidth 28MHz  [14MHz 14MHz,28MHz ~ 14MHz REBERFR T @R > ALOSH £ 1)
Polarization HH or VV. HH+HV or VV+VHHH or VV HH+HV+VH+VV ® ?
Incident angle 8 to 60deg. 8 to 60deg. 18 to 43deg. 8 to 30deg. S ““‘&&
100m
Range Resolution |7 to44m 114 to 88m 24 to 89m ~
(multi look) PRISM ‘
Observation Swath 40 to 70km 40 to 70km 250 to 350km 20 to 65km Panchromatic Remote-sensing
Instrument for Stereo Mapping
Bit Length 5 bits 5 bits 5 bits 3 or 5Sbits
Data rate 240Mbps  240Mbps 120Mbps,240Mbps 240Mbps

AVNIR-2

Advanced Visible and Near
Infrared Radiometer type 2

< -23dB (Swath Width 70km)
NE sigma zero *2 < -25dB <-29dB
< -25dB (Swath Width 60km)
> 16dB (Swath Width 70km) PALSAR
S/A *2,*3 i >21dB > 19dB S Phased Array type L-band
> 21dB (Swath Width 60km) : Synthetic Aperture Radar

Radiometric accuracy/scene: 1dB / orbit: 1.5 dB




ALOS/PALSA satellite images

v R A E (Atmospheric artefacts) © B R FTENRTAXFEEF > 20 F MmN
IR G A K I G kA RN E AR B R SRR R AR R A 0 AR RUE R R AR R 2L 6
EE3I AR BELRTREHREE -

v 38 £ (orbital error) @ FHEWIEAEE E B AR E L@ o948 H 2 R B4R
WMEREY MM ETEEYERE ARG EEE -

v’ ¥ 3 JE (geometric  distortion) @ BN EE A SRR R BRI 0T 0 B AT
W8 715 & B B o sb I AL R 9 A8 H AL B B AR M 8 A 38 S R 3R i & AR R

EIBF R & IF I -




TCP (Temporarily Coherence Point ) InSAR

What is a Temporarily Coherence Point?

v’ identify dense coherent points from

one image pair only

. A
PS-InSAR @ L E k&
(™ 3k, 2009 )

L 37

( Fe. 9048, 2012)

v TCP-InSAR approach is also

adequate for retrieving
deformation signal from a small

satiiSAR BSARFAT - LLECH]
AFRFUAERS A LM RO A 2R - HisRE T
BRI BIER M T AR o 9B,
N EE A ER335B/ FHAE o

% PS-InSAR

121°30'

=205=15=10" =5 Q0 "35> 10
Mean LOS Velocity (mm/year)

StaMPS/MTI | DORIS based TCP-InSAR

Number of PS 30636 326310

Average PS density (PS/ km?) 32 335




