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Abstract

The first year of two-year project focus on assessing the feasibility of radar images
applied in detection on landslide flood areas induced by typhoon and heavy rainfall by
using open-source software: SNAP, GRASS-GIS and R Language. Based on the
experience of several case studies in the first year, we attempt to study the ability of
multi-temporal radar images in detection of natural hazards after the typhoon and heavy
rainfall. We also attempt to establish an automated platform for processing of radar
images for quick response of governmental agency for detection of natural hazards.
The preliminary study of multi-temporal radar images suggests that the multi-temporal
filtering could keep the spatial resolution to remove the speckle signals. In addition,
the single polarized radar images could be used for the detection of the landslide area,
which is much more feasible than the method of radar vegetation index (RVI) using
two polarized radar images. Although the multi-temporal radar analysis could detect
the forest fire area, however the cultivation, irrigation, lower dense of bush and
difference of topography could change the backscatter of radar signals and reduce the
ability for accurate detection. The pixel offset tracking could detect the landslide area
with large displacement and low coherence area, which can approximately indicate the
landslide. However, the predicted landslide area is much larger than the actual landslide
area. To resolve the operational difficulty and complexity for hazard detection, we
already establish a standard flowchart by different scripts using in corresponding
software for quick response in flood detection and landslide detection. The pre-event
and post-event files are required to reproduce a specific color tuned hazard area image
from change detection. This image has coordinate system that display with other
geopraphic data in GIS software. It can be used for decision making of quick response
after a hazardous event.
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BEAR R ] M e :;,t’ S dp ik (4o ¥ 4094 fhdie® RVI) £ 8 > ¢
w8 T R ey 4 Matsuoka and Yamazaki (2000 ) 45 1 » f#§ ¥ 0% %

BRI s A B R LR RET RS AR U R
GldciE A LS B

R A O R e B LR R g
+

LB oAt F a0 AT i A B AP S ) 2 R R

Fl* LT w s § g R eenF 3 1 (Interferometric Coherence ) ¥ 53 &
4P B ++ (Intensity correlation ) » v H 3 LT w8 B L B L if &30 0 T engB
| (Plank, 2014 ) % pFEp R ifen it T W ipld b @ % 35k # &3 R LT E

PR @i - R )BTt BRZ 2 R PRSP FE(H
Brbth s E S UE S BE e B eE) (B 220 2 B 222)0

Disaster
| >
t1 t2 t3
1 repeat 1 repeat
cycle cycle

Bl 2-21 mF R Ea RiApM R E LT WRTE &S
( Plank, 2014)
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Coherence

"’ change detection 4“

Pre-disaster Co-disaster
coherence coherence
(t; & t;) (t2 & t3)

SAR image Slave ’
t, ‘ — image 1 ﬁ Coherence

SAR image Master Image Resampling of | Interferogram
t. image Co-registration slave images generation

SAR image Slave | SAR Intensity
ty image 2 correlation \

Pre-disaster Co-disaster
intensity intensity
correlation correlation ‘
(t & ta) (t2 & t3)

L Intensity J
 correlation

change detection

NS

F2-22 5P FERGLT GRIEAZR (Plank, 2014)

fe 34 1+ (Coherence, y) % & 3& 2 g AR R > B F P dL ¥ 4p 1=
A2 & (Loffler,2013) ¢ 33 My e B 0-1 2 35 0T 2503+ ¥ (Yonezawa &
Takeuchi, 1999; Takeuchi et al., 2000; Stramondo et al., 2006 ) :

y = E(C,1C3)
VE(C1C{)E(C,C3)

CeaGiE Bt C*R 2 Ceans il  EXRN LI H E -

5 & 4p B 1% (Intensity correlation, p) = Bl 0-1 » 134510 T 25830 8
( Yonezawa & Takeuchi, 1999; Takeuchi et al., 2000 ) :
_ E{hly)

E(I?)E(I3)

LELE WS QPP REKE E~ALHEE -
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R PEGHEBURFRE L RS - HFETEIERCLER
ip 1% (Normalized differences, ND ) (' Arciniegas et al., 2007; Takeuchi et al., 2000;
Yonezawa and Takeuchi, 2001; Suga et al., 2001 ) :

ND g% A+ kA Eeiniiphd 2 ND, & ND, :
— Ypre—Yco

YpretYco
_ Ppre”Pco ;¥ 2-13

ND,
ND,
PpretPco
Ypre ’ Yco ’ ppre'—;j?pcol"\ L EAMEGE - BUFRAET R LD
S5 AR BB P AR MR e B 0 ND 6 5 iR 16 &%
TREHRGOCPPEEN L - RRBURY FA X REAER L DL R R

( Tzeng et al., 2007 ) -
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112009 & 8% 8P E P RR Al ST s N L HPE 2T EG o PR
PrHp 838 AL B R e B o

GERTE G Lk ALOS eh3 tgd L e % ko 45 0 B I &
Ba i 1/5~7/8 40823 e 12 v ig * 1R f&it HV & RVI 4pikiF 5 A 471k 5 7
oo ARiE - T BRI BT T (TR B BIEE WRsE o ¢ ¥ L
B ALOS HH 1R $20iT 5 A 47 « BB 5 - T &5 B R 2 75
2o f3hE ND B im L RA 4 (Bl 2-23) 0 a2 e FdeT

1. g6 P R FTEBEP i T o dtd Gl o

2 SR RINCER O SETET T ¥ S R

NS

3. ¥AKI % SmDEM & {73 AR n » #F i 5 5 L4 (WGS

4. passjm 2 Refined Lee jpit B (7 5 P jmik o
5, PEREMMME  PREN28PETERAFHGRAEH B EBT
RS- %ﬂ’ﬂ%&&iifa BE 1 o SNAP $RY & ;2 iE (7 56 A AP M 115 58 P 1

FEE LL*\"FB?J R?F;—;@f" 8 2N AT

intenCorr<-function(x,y,W){
#X :raster 1
#y :raster 2
# W : Windows Size
library(rgdal)
library(raster)
x[is.nan(x)]<-NA
ylis.nan(y)]<-NA
ID<-is.na(x)|is.na(y)
x[ID]<-NA
y[ID]<-NA
XX<-XN
yy<-y*
Xy<-x*y
N<-x
N[!ID]<-

# total elements in windows
Nf<-focal(N,w=matrix(1,W,W),na.rm=TRUE)

# sum of x*y in windows
xyf<-focal(xy,w=matrix(1,W,W),na.rm=TRUE)

# sum of x*x in windows
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xxf<-focal (xx,w=matrix(1,W,W),na.rm=TRUE)

# sum of y*y in windows
yyf<-focal(yy,w=matrix(1,W,W),na.rm=TRUE)

# r : intensity correlation
r<-(xyf/Nf)/sqrt((xxf/Nf)*(yyf/Nf))

return(r)

}

PRI ARC LR R T R RAPM R T 2 S i RAPM 1L

2009/01/05 2009/07/08 2009/08/23

Intensity|CorreI ation |

R f‘%\

Histogram of ND image

Eal -005 ] .05
NI valne

F12-23 1AL R R AJE T A2 R
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GPERF R B 5 1 5/5~5/1755/296/10 fr 6/22 21 — Bk GAp ke » A0 — 4
B AT BT T (TR B PR Rk o X Ak HH f&1 8
ot CREDVV R B GITE A4 - BB H - T &h s PR EF
JodZ o g 3B ND EreiT L sl RIA 4T RIZAH BT S5 - BRG] o

47 % ND #icig ~ > 2 B % X (Sentinel-1: % 0.05; COSMO-SkyMed :
$0.07) hREF S S gL d#nERT R (F2-26) 2% L&D b # (F
2-2.5)% # 4 C £ Sentinel-1 & X ;& £ COSMO-SkyMed ¥ fgq;rs i 0 ND = **
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Bl 232 S FEFHFTERGHEHMEEIREBRETF T HEHREROUB %
( Deutscher et al., 2017 )
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Ed

Gt o
5. B A5R D 1% SmDEME 7 25R D o BB g LB I K .
6. R A SNAP 8 AdZ cHIE KB 1% 3% 5 ENVI(img & hdr)>

¥ ot @ 2_Float32 > F i {7 B & 1 55 4 > 3% i MicMac 7 14 2

st o MR E RS GREE o B s QGIS  SiER
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MM2DPosSism & 3-8 @ tg 3 ik 2 Ap R B eficie s T & 33 5 BAT #% >
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set iml1=beforeEvent.tif

set im2=afterEvent.tif
set W=9
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HEE A kB
library(rgdal)
library(raster)

#3E TIEEHEk
setwd(choose.dir())

HEEE AR LSRN 221G,
reffile <- choose.files()

HEBETE ST ES SR E R
CASE <- "MEC"

Ha EXTT 6],y T5 [ s BUHBR M e 44

xfile <- pasteO(CASE,"\\Px1_Num6_DeZoom1_LeChantier.tif")
yfile <- pasteO(CASE,"\\Px2_Num6_DeZoom1_LeChantier.tif")
corrfile <- pasteO(CASE,"\\Correl_LeChantier Num_5.tif")

Hig A5

refimg <- raster(reffile)
xdisp <- raster(xfile)
ydisp <- raster(yfile)
corr <- raster(corrfile)

# Epixel size
pixelsize <- 10

HEE AT RIS EEIE &
extent(xdisp) <- extent(refimg)
extent(ydisp) <- extent(refimg)
extent(corr) <- extent(refimg)
crs(xdisp) <- crs(refimg)
crs(ydisp) <- crs(refimg)
crs(corr) <- crs(refimg)

xdisp <- (xdisp)*pixelsize
ydisp <- ((ydisp)*-pixelsize)

Hg AR 2

writeRaster(xdisp, xdisp.tif',GTiff',overwrite=TRUE,NAflag=NaN)
writeRaster(ydisp,'ydisp.tif',GTiff',overwrite=TRUE,NAflag=NaN)
writeRaster(corr,'corr.tif','GTiff',overwrite=TRUE,NAflag=NaN)
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T2 AHE o BRREEE bin T AP AR IE C:\Windows\System32 2 -

Description Download

» Complete package, except sources Setup

*» Sources Setup

* Binaries Zip

* Documentation Zip

*» Sources Zip

* Orniginal source http://ftp.gni

Bl 4-1.8 GAWK ™ i §
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http://gnuwin32.sourceforge.net/packages/gawk.htm

N~

—

(=)

IF”

BT Rl md@arik 2
ﬁ*%%@ﬂ
» f#A- SAR Bl * ik R R IFLAT RN > P - B A AR
ip¥tp &0 mﬁé‘% (MR GRS T D ET e

PoRJEER RV AL - Rd LRV LRE T ORE R G

.
'?. T

o7

»I:

j*

&ty o
BB RIEAT ¢ FE T AR
runGPT General 1.BAT - i * Sentinel-1 12 *F SAR § e 8 B4R R 2. 1 4%
B
runGPT S1 1.BAT -i¢ * Sentinel-1 ¥ 3& SAR % fsh# Ff2 5 cha 4730
runGPT S1 2.BAT -i¢ * Sentinel-1 & 3 SAR ¥ % ¥ Fff2 5 ch1i 4230
orb.cal.xml - Sentinel-1 & * > ¥ s % fuig 22 45 S+ & xml 5 Fepy
Coregistration.xml -F 2 {4 8% ik 2 & xml % #ckh
runGRASSGIS.BAT - GRASS-GIS 1 % ez 48 3¢
GRASS JOB.BAT - GRASS-GIS i* & height above the nearest drainage
(HAND) hp 3
runGPT* BAT f 2 & 3% - & $#c ¢ 3585 thAh % % (master* and slave* )~
# Fl(subregion )~ # &JdZ xml %A &7 GRASS-GIS 42 5¢ #7 & P 4%( graph )
L & (project) £ R ik A% (sar type) cFuEH o T A& BRFREE S %

Sentinel-1 # % ﬁa‘] » o~ @AE g [F) (W/E/S/N) 5 138.576/140.994/35.62/37.368 £

g1
=

=

A & LG output fgE b
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set

masterl='..\IMAGE\S1A IW GRDH 1SDV 20191006T204300 20191006T204325 029343 035
SEA E1Fl.zip' - B B B B B
set

master2="'..\IMAGE\S1A IW GRDH 1SDV 20191006T204325 20191006T204350 029343 035
SEA 1B68.zip' - B B B B B
set

slavel="'..\IMAGE\SI1B IW GRDH 1SDV 20191012T204223 20191012T204248 018447 022C
0C CBFE.zip' o o o o o o

set
slave2='..\IMAGE\S1B IW GRDH 1SDV 20191012T204248 20191012T204313 018447 022C

0C 53C5.zip'

set subregion='POLYGON ((138.576 35.62,140.994 35.62,140.994 37.368,138.576
37.368,138.576 35.62))"

set graph=graph

set project=output

set sar type=1l

if == (

set sar type=sentinel-1

set pol=VV

)

set sar type=general Strip map SAR
set pol=HH

)

KEAHF2Z (6 F7F emd > {7

>runGPT _S1 2.BAT

runGPT* BAT #4347 10T H Bk = & K & % 38 chifor

1L FREFRESEE R EGORE > 2 LS R B s # o

gpt SliceAssembly -Ssource= -t
\master.dim
gpt SliceAssembly -Ssource= -t

\slave.dim

2. Ao I BART B R WA T AL TS > XN ASEER o

gpt subset -Ssource= \master.dim -PgeoRegion= -
PcopyMetadata=true -t \master.sub.dim
gpt subset -Ssource= \slave.dim -PgeoRegion= -
PcopyMetadata=true -t \slave.sub.dim

3. %A MR T MR

gpt \ -Ssource= \master.sub.dim -t
\master.sub.orb.cal.dim
gpt \ -Ssource= \slave.sub.dim -t

\slave.sub.orb.cal.dim

4. ﬂiﬁidadiK $E€%

gpt Speckle-Filter -Ssource= \master.sub.orb.cal.dim -t
\master.sub.orb.cal.spk.dim -Pfilter="Refined Lee"
gpt Speckle-Filter -Ssource= \slave.sub.orb.cal.dim -t

\slave.sub.orb.cal.spk.dim -Pfilter="Refined Lee"
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5. 3 E G HBE RS

gpt SAR-Simulation -Ssource= \master.sub.orb.cal.spk.dim
-t \master.sub.orb.cal.spk.0OSM.dim -
PsavelayoverShadowMask=true

gpt \ -e -
PinFilel= \master.sub.orb.cal.spk.0OSM.dim -
PinFile2= \slave.sub.orb.cal.spk.dim -t

\stack.dim

7. R-HcE k5 dB

gpt \ -Pfile= \stack.dim -t
\stack.db.dim

8. ¥ AHL o 3K & * SRTM3 SecDEM » & * 57 & * H @ #cid 3 #2 » 425"
PG =85 DEM @ * énge b > & 45 B #0973 i Sm DEM ~ P ogedn o F
#120m DEM ¥ ALOS # ) ¢ 30m DSM -

REM Using SRTM 3 sec
gpt Terrain-Correction -Ssource= \stack.db.dim -t
\stack.db.TC.dim -PnodataValueAtSea=true -PsaveDEM=true

REM Using externalDEM
REM gpt Terrain-Correction -Ssource=%project%$\stack.db.dim -t
$projects\stack.db.TC.dim -PexternalDEMFile=5Mdem wgs84.tif -

PexternalDEMNoDataValue=-3.40282e+38 -PnodataValueAtSea=true
PsaveDEM=true

REM gpt Terrain-Correction -Ssource=%$project$\stack.db.dim -t
$projects\stack.db.TC.dim -PexternalDEMFile=TW20mDEM wgs84.tif -

PexternalDEMNoDataValue=-32767 -PnodataValueAtSea=true -
PsaveDEM=true

REM gpt Terrain-Correction -Ssource=%$project$\stack.db.dim -t
$project%\stack.db.TC.dim -PexternalDEMFile=ALOS30mDSM.tif -

PexternalDEMNoDataValue=32767 -PnodataValueAtSea=true -
PsaveDEM=true

QD
-l

“3 HAND - § B+31 ¥ -  CMD it ¢ §% i GRASS-GIS * & HAND iz
Ao ERAIS 0 G > exit 0 ¥ 3T Enter » w I| A 425 runGPT* bat -

e@cho ***xkkkkkkkkhkkhkkkhkhkhkkhkhkhkhkhhkhkhkhkhkhkhkkhkhkhkhkhkhkkhkhkkhkhkhkkhkkkkkk
echo * Type "exit" after another cmd finish GRASS-GIS job *
@cho ***xkkkkkkkkhkkhkkkhkhkhkkhkhkhkhkhhkhkhkhhkhkhkhkhkkhkhkhkkhkhkkhkhkhkkhkkkkkk
copy \GRASS JOB.bat GRASS JOB.bat
copy \stack.db.TC.data\elevation.*
start /wait \runGRASSGIS.bat \elevation.img
copy HAND.* \ /Y
del GRASS JOB.bat HAND.* \elevation.*

10. 4t ~ HAND % % 2| #7ig ¥
gpt Merge -SmasterProduct= \stack.db.TC.dim -
SsourceProducts= \HAND.hdr -PgeographicError=NaN -t

\stack.db.TC.HAND.dim
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N HNEEwEz 33 LR BB 2B KRNLEI T

dir %project%\stack.db.TC.HAND.data\Sigma0 %pol%*mst*.hdr /b |
gawk -F. "{print \"blue=\"$1}" >temp.rgb

dir %project%\stack.db.TC.HAND.data\Sigma0 %pol%*slv*.hdr /b |
gawk -F. "{print \"green=\"$1}" >>temp.rgb

dir %project%\stack.db.TC.HAND.data\Sigma0 %pol%*slv*.hdr /b |
gawk -F. "{print \"red=\"$1}" >>temp.rgb

pconvert.exe -f tif -p temp.rgb -o $project$
$project®\stack.db.TC.dim

del temp.rgb

122019/10/12 &% p Aaws £ 0 oHh @ 2 dup K IT5 0] 0 BT 2 ag
SEG O FCORALGI Fd o B RO KRR R FEF A
ERE B A KRR TER RLR S e B

~
SN

RE DR B € G SF L Rk e GeoTiff B if > AP v 1w
QGISEH i @FAE Al MiE-H 7T ERENTHE (K)o

RAB2019FRIERER I PRREES T R > NI2B B RMRE > LAFRAZRPE > RHFH RARSEE HEAVGRED
8T i) 10T 128 AR - BB B & KRB BK - '

12 AAESA Sentinel-1 SAR# E 2019/10/12 $& 2019/10/6 ¥ 5#f
e bR

ERBTHLZNHBE - FROEHEKRFTLRE © RBIFFTHEER) TRA N ARIBENGFIL
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(=) #mp $T
ﬁﬁASMK’%@?%mwﬁmﬁf’w%ﬁ’Eﬁ@ﬁ—iuw%ﬁﬁ
% it %WT%%%@Wﬁﬁﬁﬁﬁngﬂﬁ%iﬁﬁ*i SR e &
BAR T A4 - Ed 2 BES KRET A LHPR R R0 RE o
&é%%@%¢@%°
AR SR NI ORI =
e TunGPT dulPol. BAT — & * F4& v 8% ihehg A B e 230
runGPT singlePol. BAT— ¢ * ¥ 4& {* 8 fch g A2 5 cha 42 3%

—~\

Eé.

e Olpre sub cal mul speckle batxml— # &J2 xml $-#cff (- 4k stripmap sar

i)
e 01S1 pre sub cal mul speckle bat.xml —% £ 32 xml %#4¥ (Sentinel-1 i#
*)

o 02stack batxml— ¥ i % {3

—-\\

s B E B xml R 8
e 03RVI bat.xml— 3+ 3 A% 4p T xml A
o 04lincar2dB_bat.xml —#-#c & # 4% = dB

runGPT* BAT p § & K T - £ S8 e B GAHFT Y - FERRF -7 L
xml 5#cfh =¥ - ﬁﬁﬂiﬁﬁii?sﬁgé’ﬁé FeiiE g o T A 5k ALOS2 it 5
e %J » ~ B48 g ] (W/E/S/N) & 141.86/142.12/42.62/42.89 PE’%?J NA &
# = ALOS2output 14 7|

set master='ALS02\0000236705 001001 ALOS2229840850-180825\VOL-AL0S2229840850-
180825-HBOR1.1 A"

set slave='ALS02\0000236706 001001 ALOS2231910850-180908\VOL-AL0OS2231910850-
180908-HBQR1.1 A’

set subregion='POLYGON ((141.86 42.65, 142.12 42.65, 142.12 42.89, 141.86
42.89, 141.86 42.65))"

set graph=graph

set project=pl

REM sar type = 1l: sentinel-1 SAR(VV/VH); sar type = 2: general stripmap SAR
Type (HH/HV) ;

set sar_ type=2

PK I‘ﬁ* 7 19 ’ #j-ﬁg cmd o #if*
>runGPT dulPol. BAT]

runGPT*.BAT #-34 {7 0 T ¥ 7 PN - I . A

62



4 ¥R

¢S L SHEE -
Sentinel-1 ¢

PARRIE ~ B gk ) F R o
5 - BEA M % FE (Apply-Orbit-File) sz 2. o

ASE -

gpt %graph%\%pre process% -Pfile=%master% -Psubregion=%subregion$%
-t %project%\master
gpt %graph%\%pre_ process% -Pfile=%slave% -Psubregion=%subregion$% -
t %$project%\slave

TEFCH G

gpt %graph%\02stack bat.xml -Pmaster=%project?\master.dim -
Pslave=%project?\slave.dim -t %project%\stack
P r itk
dir %project%\stack.data\Sigmal0 %poll% mst*.hdr /b | gawk -F.
"{print \"set HH MASTER=\"S$1}" > tmp.cmd
call tmp.cmd
dir %project%\stack.data\Sigmal %pol2% mst*.hdr /b | gawk -F.
"{print \"set HV MASTER=\"S$1}" > tmp.cmd
call tmp.cmd
dir %project%\stack.data\Sigmal0 %poll% slv*.hdr /b | gawk -F.
"{print \"set HH SLAVE=\"$1}" > tmp.cmd
call tmp.cmd
dir %project%\stack.data\Sigmal0 %pol2% slv*.hdr /b | gawk -F.

"{print \"set HV_SLAVE=\"$1}" > tmp.cmd

call tmp.cmd

set expl=20*1logl0 (%HV_MASTER%/%HH_MASTER%)

set exp2=20*1logl0 (%HV_SLAVE%/%HH_SLAVE%)

gpt %graph%\03RVI bat.xml -Pfile=%project%\stack.dim -PEXPl=

sexpl%
-PEXP2=%exp2% -t %$project%\stack RVI

o

H

7~

FEK & * SRTM 3 Sec DEM - & #* % i o
P ) M’FDEM B n’v#m )

e1120m DEM £ ALOS # 1 e5330m DSM -

s BiE R AR A2
& 35 B 4T i Sm DEM ~ popedn o B

REM Using SRTM 3 sec

gpt Terrain-Correction -Ssource=%project%\stack db.dim -t
$project¥\stack db TC

REM Using externalDEM

REM gpt Terrain-Correction -Ssource=%project%\stack db.dim -t
$project%\stack db.TC.dim -PexternalDEMFile=5Mdem wgs84.tif -
PexternalDEMNoDataValue=-3.40282e+38 -PnodataValueAtSea=true

REM gpt Terrain-Correction -Ssource=%project¥\stack db.dim -t
$projects\stack db TC.dim -PexternalDEMFile=TW20mDEM wgs84.tif -

PexternalDEMNoDataValue=-32767

-PnodataValueAtSea=true

REM gpt Terrain-Correction -Ssource=

$project$\stack db.dim -t

$project$\stack db TC.dim -PexternalDEMFile=ALOS30mDSM.tif -
PexternalDEMNoDataValue=32767 -PnodataValueAtSea=true
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WE RS2 T };,E;}Flﬂ;gr_g BB LR e d BT

dir %output®.data\RVI_SLAVE*.hdr /b | gawk -F. "{print
\"blue=\"$1}" >temp.rgb

dir %output%.data\RVI_SLAVE*.hdr /b | gawk -F. "{print
\"green=\"$1}" >>temp.rgb

dir %output?.data\RVI MASTER*.hdr /b | gawk -F. "{print
\"red=\"$1}" >>temp.rgb

pconvert.exe —-f tif -p temp.rgb %outputs.dim

del temp.rgb

B ORVI Sl c's (0 FF 23 d BeEds  Fpt g IR - 5k ied R
£ e Geotiff» AP e v T~ QGISEH B P EFAE > Mit- #H1 FFR
N 3 o

SAR fgzmgmg,a ( ) Plantsyt E& & LR HITE

Bl 4-22 2018 9% 6 p p A EEE BT SR B 1 F F
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TER %o 16 P T%T G R T EE S 8/9 Bié’é%%@f’la\ﬁ(ﬁﬁﬂ 5-
1.2) -

B 5-1.2 8/15 f= I i & 47 * 2 Sentinel-1 #2 > F] o ‘=42 : 8/15» v {2 :
8/9
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Ko bt LPHE

Radar Vegetation Index, RVI : § & {i4tdg ko f1* 2 fRit &2 T FiRit L B
Mo RERES AT ER R NE Y i

Backscatter coefficient : % v $75+ hfic o .7 E B kS ik SR E SR SR
G2 g REAPRPDTELR R ENTLET @?ﬁf#f‘i%fﬁ‘]ﬁjf
Mo REBAFRTEAFRFERF - 2FTE2FREP S8 7 B R
PRI LAR T 1 B T e o

Coregistration : 4 o F R B ApHEF P EE R G~ 15 A8 > DRI
FRER R RDMEE BN R R S T e R
SRR ERIEY - ARG VIR G RERER S ) - ROP RS

Gamma naugh @ # & $08¢ Gliceh- f6 0 {iB- BRI P VA RFYT IR R A

\\\

Interferometric Coherence : =+ 37 33 1 o & 3R 45 B’ ha& (7 F W RJZpF » H4p
> Ap B AR R o

Intensity correlation : 53 B AP |4 - & R F 0w R Ap M AR R o

Multi-looking processing : % A2 o 11 % BLELET 32 R 5E e eh & o

Multi-temporal filtering - % p= 8 jgid i o frd 7 8 0% S g BT ik 3
B R RAT 4 KGR 7 S e e et E o

Normalized differences, ND @ it i X £ joik o % kP E T 2w S B GFF L B 12
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