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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 1s 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 1s much larger than the actual landslide area. To resolve the
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operational difficulty and complexity for hazard detection, we already
establish a standard flowchart by different scripts using 1n
corresponding software for quick response 1n 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 1mage 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.

[0l

STEHER

(1) ZIHE B H 2GR M S F E R 5T -
(2) Pt S 5 7 B B B G T FIRE AR IR, -

(3) XL ABRIRR ARG fy 1 2 T 2 s vt SE B (AR AR
(4) s R A E ISR -

=

ERTIFRE KBRS -
(—) ZIEEEEL GO B A S E b5

DL 2 & i B A AT RO e TR ~ SEZEI I AR 3 S 5 R it
SEEEM > e CHFTMR R B N ~ ARV KB ZE 2 AT - () MRS
FZEEHEG TR

FRIBWIFESE R > SUHKEE ~ SE3R0 ~ FRImi NS G R T A A -
(=)L LARRRERBG Fy 1 2 B i s G S RN

DI BBt K EENZ 2GR ERME TE - ZERERE R EE
B~ RS LEM%@@?EEZW%NE’Iﬁm%ﬁﬁ?ﬁz&wﬁﬁ
(D9 8% R 0 51 4R

AR FE AR S8 2R R B S G ST - 0B B 2 B s G B st S B (RO 2
ZER (BEEWRERE) -

T - GRIGTH ¢
AR A SRR AT 7717 R
S (52 ~ DUl - FERTEED ERED MR R4 LRSS - B S

1081802


http://www.coa.gov.tw

G A bR PRI ] e B A B B i B AT B W TR 2% [ R BE s ] B b 2 22
T e YRR R G e SLCRZ R EUGRDEZ G # AT LA - Y SR 4R FR B iR R 8 i It
REIERYEESR > DU {35 A o = AT FE AVDEMABE T THEFS AR IE. © S HERERBFZE (5 A i R e
BTV ES s RETT T REY) R IR ERVREE 289t » BR T v DUEER
Gfg A JETT R AV ERR TR S S TR 2= 2 - HEE AN T
IR E &I, (IR FRAAR ) AVEE 2R EETE R EER e - o] {58 R
RIGHEENERET o - (B R IUSE (LB - HAES LA - AN RZ{LIHE
(R ERLELHHE ) HVIES - A RIFRIVERL - WEEPIIA T 2 BF RN E
ZNEB(LN T - BB LR TEE E G a2 2T fe g KN AR oe A
MIEVEM: > BEoT T EAVIREE o 208 o] DUEERRYEE - R A E 55 8 i SR B2
AT (EY—E H A B B d A T ) BV s 1T o A » PR DA RSB R P e A Bl
(temporal decorrelation)HyT#& -

H AT A PTHIM SR 45 SR80 » LUBR IR SRS BEZRFR 3R &
B A TR — A B i B 0] DUB SRV i b2 G (HHEQWVY) BIRHETT /04 - A
DU 22 DA R EERE - iHRiV4E R BUR S AT X0 B &R 22 s (G i
PR E ZR S (LHE RS - IR A EMS LG ERETERR
RGBEE M - FLREA R LARESE R H AR « R i mE I AT S 2B
HA JFE FH 28 BRI A% 5 R BB AR R M Y R S8 m] DAL 2L L FR RV RIS T B R BRI R
R AR BN E] o3#r » (BRI RAVEE: - B nHEEN A EE A » FEE
AT A RE T RS E GRS EADETE AR IR AE

AR KRG A AR FH25R 3 2 52 5 DIRGBRF /K S B i il Y 74 7K & DA
BEEEH - BIMTPRERAKIEE » ARSNGB T T

A HDeutscher et al. (2017) J5iEM K SRV SERE » 320775 E
FUEF IR T o8 R AR M S GBS B A E AV &I, - P DR e st 2
EilllE Rl E - MR RSB - (HHEGERT AR » 282 KHEN
K S AT 88 B AR B L5 R BT A BB S B R RV 2 2 SAHR K SE A& 55
s ERIIMNK SRR > 2R ] DUFFG K SV > (H A FFZ IR K St Al
FEAEHEAF - [HAAgeBHE -
(1) EIBIZER @ i J77E 2 SCR P AV RIS & BV - TR AR R - K TRk
HIER IS A= A E A > (R G EE SN RS LR Ty > RN T2 Ay i
FHER  KEERIEIRIE( RN B ST E E AR P PR -
(2) MPHUZESE © SCRR AV IECE M SRR 2t - B4R - MG e g LEt e

PRABEBIZL > BEEAOBMY I LAVEST R E » 8kt 2 MR (R S AR
AR B R -

(3) AR EEhHUSZEE © AR SN ~ MHELE SRR - SRR EA A

LB 3T 2SR A R s 15 5 S S - T SE H R A H B &R LU T HE
PR -
PUEJR IRER & 48 ik 7 A AE MR B BRI RE RE TIRY 22 3 - DK SE oAl SR ] LA



http://www.coa.gov.tw

RIHE RS 7R A] DUE FE e R AR K S SEBIMEHT > BEZR2016574 H AR BOK SEZE B2
A RFHIEESR - [HH BRMEZESITHIZEGIEIR - ST A REMAE - A RHPEA
[FEIS MR AR RN - EERGEE IR > REDNFEESE
R A LU T e e B e AT

N~ &

TG IHAN T DS R LA T R ERER © (1) ZERER B ] AR (R
R ZERITENE R T > AR FER - IR m R E - (2) ZHHFEE T
TELIARE BF0VEHICEE - #EATRZE R 3RS - (H TR S S TR bR
% (HHEGVV) BITT#EFT S04 o (3) ZHHEEASTAT o] DARE I K SE b Ay 3 - DASEE
PR SE Byl - 25 ZE s (bRt BB AT K Kt VB A — e VR » (BIEEE
T 2 B R BIRY AT DA T AR LR B T T« MR K@ R - EH i
FI AR A HT 5B AV RUR CE 20 HA Sy T R SR 24T -

TR GRS EANENER L > BT o] DUEHIEE R [y RK SR >
REfERAHRA M LR E KRB BNV &I RS AL E > BURAREJIE AR H)
BATH -

A2 A BT P 50 R Y 5 22 1 2 R (A RS LR BYALOSHYSLCEAR ~ O
E&Sent inel - 1FGRDEAGELXRE X COSMO - SkyMedfISLCRZ & - 5 {8 FH 25 L s (5 (MU Ry 2551
SIFTENIRIE TR © (1) B EERAG AT R BT AR B 22 FL ik 8 DAE Ryodt A Ay e
512 5 (2) B A LT - I RV 2 B alfE B Pl LA HIREIEIE  (3) &
M REXCR? ER Y SRR A5 A RE 1T EL 5 0 5 I B R By s S 2= BRI R 5 (4) %
s S22 (R R AL (SR J7 VA B A RE JT R LU AR FIRERY o3 i T HL - 3 HARR B A AL
S8 R I 7 45 SR AE T H BN LR DR RV R » 5O /K SE SRS AR I
SEEEH] - TR LR K E BT K FE R L IR EHIREE -

R TEEIATEIINER T - $EREREBREIREIEIE B rERK
TEEEN A - BRIAF B G RFLEE ZH 2 BE IS KARADARSAT
Constellation Mission(CH7ER)ELZFRAMY ICEYE (X B ) A BE I1E 24/ N A HUASHAH [E]
EEIRATE M - W H ICEYBAR AR THET B2 2] 3/ NI I s 83 - & R AER S e e
R Y AT EEE -

SN HE A 7 Bt SRR R v 15T 2 B Esh BRI M ke e TR &S - B
FRESIT— 2V THRED B - SREA TR A EIENA A - WIRFEZE
B HEEIEEE (Data Cube, DC)HYMERS: > M O] I3 EFRERI AT K S A& S a2
BB RREAERE - RIREFR (K 72 te RBUE P ERS [REAYRERE - W DL shas T =R
RIEUHFZE BHEVERT o RARUEEEE T &8/ ERSent inel -1 SAREZSentinel-2%
B2 G EEIEE o FRILSORIESHR E B AR IERY MRt 8 B - BB A
AR BB 2 48 2 MR B B HIER S (IR B 22 ) ) By SE B ME SR N ) S A B f3E -



http://www.coa.gov.tw

+ -

SR -

Arciniegas, G. A., Bijker, W., Kerle, N., &Tolpekin, V. A. (2007).
Coherence-and amplitude-based analysis of seismogenic damage 1n Bam,
Iran, using ENVISAT ASAR data. IEEE Trans. Geosci. Remote, 45(6), 1571-
1581, doi: 10.1109/TGRS.2006.883149.

Bruniquel, J., &Lopes, A. (1997). Multi-variate optimal speckle reduction
in SAR 1imagery. Int. J. Remote Sens., 18(3), 603-627, do1i:
10.1080/014311697218962.

Deutscher, J., Gutjahr, K., Perko, R., Raggam, H., Hirschmugl, M.,
&Schardt, M. (2017). Humid tropical forest monitoring with multi-temporal
L-, C-and X-band SAR data. In: Analysis of Multitemporal Remote Sensing
Images (MultiTemp), 2017 9th International Workshop, 1-4, doi:
10.1109/Multi-Temp.2017.8035264.

Foumelis, M. (2015). ESA Sentinel-1 Toolbox Generation of SAR
Backscattering Mosaics, Course Materials. In: Proceedings of the 6th ESA
Adv., Bucharest, Romania.

Konishi, T., Suga, Y. (2018). Landslide detection using COSMO-SkyMed
images: A case study of a landslide event on Kii Peninsula, Japan. Euro.
J. Remote Sens., 51(1), 205-221, doi: 10.1080/22797254.2017.1418185.
Lee, J. S. (1981). Speckle analysis and smoothing of synthetic aperture
radar 1mages. Comput. Graphics Image Processing, 17(1), 24-32, doi:
10.1016/S0146-664X(81)80005-6.

Lopes, A., Nezry, E., Touzi, R., &Laur, H. (1993). Structure detection
and statistical adaptive speckle filtering in SAR images. Int. J. Remote
Sens., 14(9), 1735-1758, doi: 10.1080/01431169308953999.

Loffler, E. (2013). Geographie und Fernerkundung: eine Einfihrung in die
geographische Interpretation von Luftbildern und modernen Fernerkundung-
sdaten. Springer-Verlag.

Matsuoka, M., &Yamazaki, F. (2000). Characteristics of satellite SAR
1mages 1n the areas damaged by earthquakes. In: Geoscience and Remote
Sensing Symposium, 2000. Proceedings. IGARSS 2000. IEEE 2000
International, 6, 2693-2696, doi: 10.1109/IGARSS.2000.859684.
Mirelva, P. R., &Nagasawa, R. (2017). Single and Multi-temporal Filtering
Comparison on Synthetic Aperture Radar Data for Agriculture Area
Classification. In: Proceedings of the International Conference on
Imaging, Signal Processing and Communication, 72-75, doi: 10.1145 /
3132300.3132316.

Plank, S. (2014). Rapid damage assessment by means of multi-temporal



http://www.coa.gov.tw

SAR—A comprehensive review and outlook to Sentinel-1. Remote
Sens., 6(6), 4870-4906, doi: 10.3390/rs6064870.

Quegan, S., Le Toan, T., Yu, J. J., Ribbes, F., &Floury, N. (2000).
Multitemporal ERS SAR analysis applied to forest mapping. I[EEE Trans.
Geosci. Remote Sens., 38(2), 741-753, doi: 10.1109/36.842003.

Rosu, A. M., Pierrot-Deseilligny, M., Delorme, A., Binet, R., &Klinger,
Y. (2015). Measurement of ground displacement from optical satellite
image correlation using the free open-source software MicMac. ISPRE J.
PHOTOGRAMM, 100, 48-59.

Stewart, C. (2016) Exercise Sentinel-1 Processing, Course Materials. In:
Proceedings of the 8th ESA Trng. Crse. Radar Optical Remote Sens., (Cesis,
Latvia.

Stramondo, S., Bignami, C., Chini, M., Pierdicca, N., &Tertulliani, A.
(2006). Satellite radar and optical remote sensing for earthquake damage
detection: results from different case studies. Int. J. Remote Sens.,
27(20), 4433-4447, doi: 10.1080/01431160600675895.

Suga, Y., Takeuchi, S., Oguro, Y., Chen, A. J., Ogawa, M., Konishi, T.,
&Yonezawa, C. (2001). Application of ERS-2/SAR data for the 1999 Taiwan
earthquake. Adv. Space Res., 28(1), 155-163, doi: 10.1016/S0273-
1177(01)00334-9.

Takeuchi, S., Suga, Y., Yonezawa, C., &Chen, A. J. (2000). Detection of
urban disaster using InSAR. A case study for the 1999 Great Taiwan
Earthquake. In: Geoscience and Remote Sensing Symposium, 2000.
Proceedings. IGARSS 2000. IEEE 2000 International, 1, 339-341, doi:
10.1109/I1GARSS.2000.860512.

Tzeng, Y. C., Chiu, S. H., Chen, D., &Chen, K. S. (2007). Change
detections from SAR images for damage estimation based on a spatial
chaotic model. In: Geoscience and Remote Sensing Symposium, 2007. IGARSS
2007. IEEE International , 1926-1930, doi: 10.1109/IGARSS.2007.4423203.
Valkaniotis, S., Ganas, A., Tsironi, V. &Barberopoulou, A. (2018). A
preliminary report on the M7.5 Palu earthquake co-seismic ruptures and
landslides using image correlation techniques on optical satellite data,
doi: 10.5281/zenodo.1467128.

Wang, C., Mao, X., &Wang, Q. (2016). Landslide Displacement Monitoring by
a Fully Polarimetric SAR Offset Tracking Method. Remote Sens., 8(8),
624, doi: 10.3390/1rs8080624.

Yaseen, M., &Anwar, S. (2013). Sensitivity analysis of sub-pixel
correlation technique for measuring coseismic displacements using a pair
of ASTER 1images. J. Asian Earth Sci., 62, 349-362, doi:



http://www.coa.gov.tw

10.1016/j .jseaes.2012.10.015.

Yonezawa, C., &Takeuchi, S. (1999). Detection of urban damage using
interferometric SAR decorrelation. In: Geoscience and Remote Sensing
Symposium, 1999. IGARSS'99 Proceedings. IEEE 1999 International, 2, 925-
927, doi: 10.1109/I1GARSS.1999.774487.

Yonezawa, C., &Takeuchi, S. (2001). Decorrelation of SAR data by urban
damages caused by the 1995 Hyogoken-nanbu earthquake. Int. J. Remote
Sens., 22(8), 1585-1600, doi: 10.1080/01431160118187.

BN 0 BRSRLL (2003) - RESLG NS - TR ZHEET] 8 » 45-56 ¢
OifEs - SHERE ISR (2019) @ AL E ZH 2GRN R SR KiEE
S IEZE N 2 DRI SE - 201 928 BRFHE I & 22 it & -
tHIE RS - @5 o DBRFHEIERTETS (2018) - G 2 E MM S EEH 2 i
E(112) » (TP EZ B G AT A 8 P et W oA & I R & 3
163K -

RERIF R AR AT (2012) - BTEEEARTI M S EHIRE 2 W58 - BrkATZE
R Zet e E RIS -



http://www.coa.gov.tw

) N R T G EREIR S

FRELELER §H
B k&g B i"'"“'r

108 & £ 3+ % ¥ PRIFFAER
31424

TEEFEE R R X T HRIZET(22),

> A2 F P p107&3% T 108# 127 4t

AERIEH D p108ETY T 108F 127 4

HiFE- N2 L8+ 8

Poo®x X K 108 & 12 ' 10 P

1081800


http://www.coa.gov.tw



http://www.coa.gov.tw

B ettt ettt et e e bt e bt e h e e s h e e e et e bt e bt e bt e bt e eheeeae e et e e beeeheeeheesatesabeebeebeebeenaeas [
B B B ettt sttt eea et h bRt h e A e A et et e Rt e Rt e Rt e bt eheeheebenbenbe b et et eneereas iii
Bt B A ettt b et At A bRt h A A et R ARt b ARt A ARt etk b ettt e s ettt ese e s tene v
BB B e vii
AADSTIACT ...t b et b ettt h bt bbb ettt a bt bbb b b et et et eneere s viii
ST OO 1
I b 0 & % LTSRS 1

T n L0 BB R G B Tk bbbttt ettt 2
Sn RE B I TER FAERE oo e 3
By SRy TREE B ITEMR I RS LT BRI L e, 4
— oy BB RS PP IR EIE ettt 8
(5 ) T R T ceeeeieieieieieee ettt £ttt s st ettt bRt et et ener e e e e 10

(2) T oot 12

I S A 2 T R - FOO OO 14
(=) L0 B T TRL et ee s 17

[ T 2 1 - OO 23

T B IR BB T IBl oo enee 25
(=) 2016 & 4% QP2 342 T ET E T tFIX % oo 29

() 2018 & 11 % 8 P HF A3 E B4 HEIU & s 31
R R P R R AL ) T 33
(=) 2018 & 97 B R FEP S F HATT5 3 B oo 38

(Z) 20184 98 P AMBERBETO.6 I B oo 41

v HE T2 FTEFEERELITHIHBERIEZEZ e 43
B TR ER TE TR b 47

B 2Bk

.10 -

=] .
1081802


http://www.coa.gov.tw

(5 ) SNAP .ottt 53

(Z) QGIS 22 GRASS-GIS..ooooreeeeeeeeeeeeeeseeseeesseeseseessseseseesssesesseeseeseseesseeseseseseessssessess s seseseseseees 55

(2) R EER-STUGIO ..ttt st b ettt te e e s e e esenes 56

() GAWK ..ottt sttt 57

ST ERRE T IR BIEIFR K Tttt 58

(7 ) 3 7K B Z TE IR ottt 58

() BEBB B ST IR oot 62

A T b ———— 65
I T Ml liC sl il i s 65

(2) BT 3 H ettt ettt s e ee e 69

e v B e 30 st 74
S - 2 OO 76
() BB oottt e et e s s e e ee e 76

g T S T SRS 77

R B G AIHER o 78
%3 ¢$J¢ ......................................................................................................................................................... 79
T T 0 RSOOSR 82
R SO 3 A OO 82
FPP E B B AR D ottt b ettt tne 88
FPEE B B B R B ottt 98

-ill -


http://www.coa.gov.tw

W P &

Bl 2-0.1 5 2Z B0 T R 10 Bttt b et eaeaan 5
B 2-0.2 2015 & 5" f#Fd w g 2K EF Sentinel-1VW it § 2 P ifdcE a3 2 R~ 7 K6
Bl 2-0.3 T 2E B2 Tl B T8 Bttt bt neeae e 6
Bl 2-0.4 2009 & ¥ f s 8h >t 4 L = ;ﬁ\::r,*\ﬁ(%,p FEPGIFEES F 7
Bl 2-11 HpFph@ s mlhipk iR P ™ 7 8GR o i g iy

4 (Mirelva and NagasaWa, 2017 ) © ..ccecceeeeeereeeecreeieeceeeteesteeeeeteesaeeaeesteeseeseesteeaseeseeseensessseseensenns 9
F2-12 Bty tde oot MERT S o ANHES &0 § Gz W7

TR A B EFIEL B © oottt e ettt ettt ettt e ettt e ettt e e s et ee e neneerenes 11
Bl 2-1.3 T B T 5 FFEEPJRIL ST oottt ettt ane 12
B 2-1.4 2 MR EFAA S Rl T F SR TPTE o 13
Bl 2-21 MFHEAEEERPMMEEFT LT ERTE B 2% T EH % (Plank, 2014 ) 14
B 2-2.2 SpEH T ER G T BRITARE (Plank, 2014 ) e 15
B 2-23 TR0 E B I AIE AL B 18
B 2-2.4 2% pEE B A 7 1R 2009 £ R B R ATiE _'rﬁi;%%er B IR H 19
B 2-2.5 2017 # 6 ? H & F i % 1 2 Sentinel-2 £ ¥ f#h s FERT B AR

KT L 8 (f’-ﬁ{up;@‘sﬂ&&*) ........................................................................................................ 20
B 2-26 5P REAITER2017 £ 67 RAEF AT PEEE K E L H . 21
B 2-27 ™5 RRBLTHERI2017 £ 6" R EFREFRINEE LT ) BB DL H 22
Bl 2-2.8 12 5 FEHR 1B A 5 1 B 7K T 12 oot e e enee 24
B 2-3.1 S 3R R R E foRURE Y B R BB Rl 42K (Deutscher et al.,
2007 ) © ettt ettt ettt ettt et e eb ettt e ebe e teeaaeabe e bt eteate et e et e abe e teeabeeteenteeaeeareenrean 26
B 2-3.2 FEHTERGHI S CRBRT B % 5B R 2 % (Deutscheretal.,

D10 i 2 TSRO 27
Bl 2-33 2016 & 4% 9P x " EE EFeX LA (TR F o, 29
Bl 2-3.4 2016 F 4 % % 7 A E T L B F e 30
B 2-35 %7 ZE EF T E G ROIFIFE R B 7o 30
B 2-3.6 2018 & # ®4c M g E L L F ARG F R i (Sentinel-2 & Landsat-8) ........... 31
Bl 2-3.7 2018 & 11 % 4 M U MBI T ettt et 32
Bl 2-4.1 %A EREAIT 2018 £ 9 % BPR B B vk T B e, 34
B 2-4.2 B R Palu & 2 0 3 b £ #2353 (Valkaniotis et al.,, 2018 ) .ooeveveeeeeeveeeeeeeeeieens 34
Bl 2-43 FRFLREF Ve S 12 FE kT =43 (Wangetal, 2016) ..., 35
Bl 2-44 FTERF GRS IPESE 12018 & 97 PR B RT M e 38
B 2-45 B R Palu &= L gend e g R I%\lﬁ;ﬁ; TR S e 40
B 2-46 P A5 B Fams 2% Planet Labs fFh: (485 8k ) B4 (2018/09/11) ....41
B 247 pPAAFREFR RS LHFTRHEFTER lz\lﬁbﬁ; R T e 41
B3-01 2018 # 6" 13 p A A LB KT ERHERIEE B RREZES ARE 43
B3-02 2009 & X i ¥eh £4F 2L H RS LHPRBFRZ 0 FHFR .44

B13-03 2017 # 6 7 $a {6% & F QAEL R ® L H# R0 B B 2 T SR

-iill 2 -

p = ;
1081802


http://www.coa.gov.tw

BEE 4 2 T 2B ittt ettt b e e a e ae e be e be et e heete et e bt ebeeaeeereebeeateaaeebeeareeteereeare e 45
B3-11 FER A REPEE L PR (RS L0 2019) s 47
Bl 4-0.1 523 G KR AT AR B ottt n s 51
Bl 4-0.2 T E Bl PR A BT AR Bl 51
Bl 4-03 FEFAHSE EF KT M RITE AR 52
Bl 4-1.1 SNAP T JUSE T0 3 B oo 53
Bl 4-1.2  SNAP FIlECACNE 2K B uurrveiiiiiiiiiiiiieeeee ettt e st e e e s s e esabbb e e e e e e e s s e aastaereeeeeeesnnns 54
Bl 4-1.3 SNAP F # T E AL T 2K Foriiiieeeeseeecrereeeseseseese et sssssssetssssssassssesssss s s sessssssssssssessssanseses 54
Bl 4-14 QGIS T F BT FH B oo 55
Bl 4-1.5  GRASS-GIS Eh 2K B oot sseeecee et esee et s ettt s et ae s st s et et es s s seseteses s aneeeas 55
B 4-1.6  ATH{ GRASS-GIS HCE r.stream.diStance ..o, 56
B 4-1.7 R3F7 2 RSUAIO T §U5 T oo 56
Bl 4-1.8 GAWK T FU5 T oo 57
B 4-21 v F Bk AP ALY BT EB G K I Bl 61
Bl4-22 2018 £9 " 6 F P A B RiSenT R M E 2 Bl e, 64
BIS-1.1 % 5 % B B E A B A Bl 65
B 5-1.2 8/15 %% % i+ 2471t * 2 Sentinel-1 F: fff= [l o ‘=12 : 8/15 v = : 8/9 .............. 65
Bl513 2P GBELPHETERF FVAFRORE Fd RBALAT AR BE

............................................................................................................................................................ 66
Bl 514 FTHEFGRELITETE 2 LARPLORE T REAATRBALREZ

B ettt ettt e et ettt et e ettt et ettt ettt ettt a et ettt e ettt esn e ettt enanes 66
Bl 5-1.5 & LB K 1 AR F 2B ettt 67
B 516 FTERGRELIHE TV LHEDFE > BFd 234 A8 5 8/9 il 8/15

R ] A= S L - AR 68
Bl 5-2.1 3T DVRFEDE T30 DI A5 oottt 70
Bl 5-2.2 BT DVRFEDF 03T N E 5 T oottt 70
Bl 5-2.3 3T VVRIEDE -2 F FATET P 5 71
Bl 5-2.4 T VVRFELF TR R R ILE BT IR e 71
Bl 5-2.5 T VVRFEZF T-HIBE BRI RILE BEUITINAD o 72
Bl 5-2.6 0T DVRFETD G I8 BB 28 oottt 72
B 5-2.7 RTVRFELGIN-FER GO T BT e 73

-3 -



http://www.coa.gov.tw

7 P&

F2-3.1 N IR 2 SAR B2 IR 2 i 28
3.1 P LT 2T EFEE B RS FT L B D] 46
#3-1.1 §E¥ ok é";w%gwucg?ﬁ Bok® sy z mAamd > it 2 it A PR
Rl R T A << OO UPROURRRRSRIN 48
%312 TEBGIRED ;:J%;a&.@ I AT Y P R P R TR
B B S E MR B it A B ettt bt 48
F03-2.1 L A FEEA A cgha ZoRFEE S Y 2 BB R A PRENFEA RN
1T - << TSRS 49
% 5-2.1 :?'I??",f‘:ﬁ%; B ettt e e te e e te e e taeebeeeree e baeeraeebeeeaeeeraens 69

14 -

p = ;
1081802


http://www.coa.gov.tw

'vils -



http://www.coa.gov.tw

Z

i &

AFFEALGAEY > F-FRILIITAT LT EFEIIRE 2R
(S kg M entiplA 4 2 B R 404 SNAP » GRASS-GIS £ R 33 fot i
AT o B - EE S R RHL A E R R TR
e P LS - B S R g - BRI auRII A ID U
BAE o SN T EFGA RS B RAAET L ART R
G fd T 4 PERT R T Rs e Rty S P RSB RIT R E - 4R
e 7L M R 4T > ApRT R F AR RV § & A AT Bl 1)
BBt S PR B A TR G LA R L R R RS R R

NN

s MpE AR A R B R LRI RGN NT IR R € S FREOT
%)

B R MR AR A RIE R R AT AR N

fm
3 I3
™
t»_
i}
%
a‘\
Y
\
\YE“\
e
c’J
&N
)
fa
a\'
17T,
_"

A% R F dpor Lo sl 4 e B
SRR TR R R P kB B R G U R 7
@?])xiii*éﬁ;i’i’;%;%fg;mﬁ L B E T A

4%

BROBGRP G BAAF LB AR v GIS i HE RFRE

'vii16 -



http://www.coa.gov.tw

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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No filterin i Single filtering
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ip ik ( Normalized differences, ND ) ( Arciniegas et al., 2007; Takeuchi et al., 2000;
Yonezawa and Takeuchi, 2001; Suga et al., 2001 ) :
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FEE LL*\"FB?J R?F;—;-‘E‘f" o ARG 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)

}
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HEEE A R B
library(rgdal)
library(raster)

#3%E T/E H %
setwd(choose.dir())

HEE R AR AR S E G
reffile <- choose.files()

HIRTE SIS AR
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 <-

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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Toolboxes
Download Download Download Download
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Toolbox
Download Download Download Download
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(=) QGIS & GRASS-GIS
QGIS m # Quantum GIS ¥ - B # R GIS k8 - P w4 5 3.8 % %4,
%t B [https://qgis.org/en/site/forusers/ download.html] » £ # ¥ 8 K ik X & {7

‘L‘;\‘.o

BROGIS BN SENP X

F 3 ¥ QGIS Jir =M 3.8 (84 firir)

7.

sha256

& 0\ QGIS FHIrF P 3.8 (32 firyr)

sha256

Fl4-14 QGIST H4#T % d

TRUETEEFTREETVRELE QGIS38 X KpES ¢ M X &
GRASS-GIS7.6.1° 7 % & ¥ ¢b & % GRASS-GIS- % %% & 15+ % L% % GRASS-
GIS :

e ¥z GRASSGIS 7.6.1

e iE# GRASS F# B g/ [C:\GRASSDB]

e ¥ GRASS ¥ g [TW]

e %3 GRASS Bl # [PERMANENT]

e NPT RAIPE - §FH K T GRASS GIS BB $#ehh L AL T
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- o x

o .. GRASSGIS

Bringing advanced geospatial rechnologies to the world

% Grassais761

1. SR GRASSIHIER BF
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0SGeodW Shell =L T
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#73 GRASS-GIS # e r.stream.distance
(=) R 2 R-Studio

P

R %3 &2 Python F 5 B % B R#Eicds » 17423 % ° 40§ X BB R A3

o R-Studio #_% R #F 7 X F EHFFHEB o £ 245> Bhttps ¢ /cranr-

project.org/bin/wind ows/base/, https : //www.rstudio.com/products/rstudio/download/] » £ % % R
‘;:p ‘:—:v ’ # i ;}L"t R-StlldiO °

y 2 £ A1 Emm L3 A e N IEA s RStudio RStudio RStudio RStudio
R-3.6.1 for Winc 3£/b64 D1t Desktop Desktop Server Server Pro
. - 1 Te - 7, 29 .-
Download R 3.6.1 for Windows (81 megabytes, 32/64 bit) Free $995,,... Free $4.975
Installation and other instructions i ‘H"L
S Named Users|
New features in this version
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(z) GAWK

GNUAWK (GAWK) % ¢ & X eh AWK %4235 % chl 3k S 89 IR -
* a4 I UNIX k%t o AWK 3% 5 #- A UNIX # % 1 & » v - 6 i %
Sy AF PR TRF T o FREr ML ARE o eRFTETEE
W L il R SR R AR o F1L U B A UNIX RE o 9710 & 103
e el e R RN TR L 2 TRE PSS o KR

g B g ¢ [http://gnuwin32.sourceforge.net/packages/gawk.htm] - £ # Complete

package, except sources GK & 0 F (TE ETE ;) & ﬁ i# # Binaries % & » j2 R %5

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
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= B T Rl R AR T
(=) #-k<F Bl

& 2 SAR st K R T AF e > poREHE - B Ak
2 jp¥tp & i m%% T WRIREAR R F 2R ET PR ek,
Lo EIR R T A - Ed 4 ARET A KSR RRAS R BT o R
» T\Mfﬁ&% ik g o
BB RIIAT & BT R
runGPT General 1.BAT - i * Sentinel-1 12 *F SAR § e 8 B4R R 2. 1 4%

7N

o runGPT S1 1.BAT -## * Sentinel-1 ¥ 58 SAR g fc® BiA7 5 e 4750

o runGPT S1 2.BAT - * Sentinel-1 & 35 SAR # % ch# Fife /i chi 425

o orb.cal.xml - Sentinel-1 & * > - # B fuip 2 d5 SR T o0 xml S8k

o Coregistration.xml -¥ ¢ % 13 32 {2 & xml %8t

o runGRASSGIS.BAT - GRASS-GIS 1 i% ez 48 3¢

e GRASS JOB.BAT - GRASS-GIS :* ¥ height above the nearest drainage

(HAND) &ip %
runGPT* BAT f 2 & 3% - & $#c ¢ 3585 thAh % % (master* and slave* )~

4+ # [F] (subregion )~ 7 fJ® xml % #ch &2 GRASS-GIS 425 #7 & P 4( graph )~
7 F 4 % (project) & B i fasE (sar type) g o T I & B ES %
Sentinel-1 22 % & ﬁg:] r o BAB g ] (W/E/S/N) % 138.576/140.994/35.62/37.368 £2

f

=

N A 5 EAL G output fgs 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\S1B 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. FETEREER

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

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
$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

“§ HAND - £ g+ ¥ — f CMD it § # {* GRASS-GIS 3> & HAND ¢hiiz
Tk o ER A H¥ ~ exito ¥4&T Enter > w ¥l 4238 runGPT* bat °
echo AEAKAAARA A AR A A AR AR A Ak Ak kA hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkikx

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. 4r » HAND ¥ % 2|47 §

gpt Merge -SmasterProduct= \stack.db.TC.dim -

SsourceProducts= \HAND.hdr -PgeographicError=NaN -t
\stack.db.TC.HAND.dim
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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\SigmaOl
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

_%pol%*slv*.hdr /b |

ETTRN

¢
-E‘.%
f&
’g:‘i
“@
Qe
%
£
Qe
.
A
44).
o
"=
s
=
7=
piil
o
Y5

SRR S
RIE R E EE
RED R B €T FF &4 % 5 GeoTiff #if AP w v
QGISH w ¥ mFN L » wit- %1 R E %S (F)-
AE2019F R IBREN 1R RAE B > N2 Z AEMRAME > SHFROFZRBE >

BT e N F 10T e 12 R > BEEEH A AR EK -

12 AAESA Sentinel-1 SAR# E 2019/10/12 $& 2019/10/6 ¥ 5#f
LAVR N2

ERBTHLZNHBE - FROEHEKRFTLRE © RBIFFTHEER) TRA N ARIBENGFIL
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(=) #3832
SR SAR Bl ™ 20 LM P B (T2 AFped > oo B gk R T

KA p B R A R R R TP R T R et
BAR T A4 - Ed 2 BES KRET A LHPR R R0 RE o
&é%%@%ﬁ@%°

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 3 & 3% 7 — & %#c> @ Lk e B BB Y o EJE
mﬂx&%w’~ﬁ&%ﬂ%ﬁ%%ﬁﬁﬁ§ﬁouT{a%Aungﬁ@g
RS B~ B R (W/E/S/N) 5 141.86/142.12/42.62/42.89 2 iy 1 A& = ¢

R
a“f‘i
ﬂ*
1

# = 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
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SRS AR igk’f*zﬁ N ﬁﬁ»@.‘ ~ TSy /ﬁ&/ﬁs ﬁtﬁ m,ﬁ’/ﬁ/ ET /%@I.B:l v ¥ AT

Sentinel-1 € % — P& #F % #Lif (Apply-Orbit-File) cre? o

gpt \ -Pfile= -Psubregion=
-t \master
gpt \ -Pfile= -Psubregion= -
t \slave

TR ERGEY
gpt \02stack bat.xml -Pmaster= \master.dim -
Pslave= \slave.dim -t \stack

R

dir \stack.data\Sigma0 _mst*.hdr /b | gawk -F.
"{print \"set HH MASTER=\"S1}" > tmp. cmd
call tmp.cmd

dir \stack.data\SigmaO _mst*.hdr /b | gawk -F.
"{print \"set HV_MASTER=\"S$1}" > tmp. cmd
call tmp.cmd

dir \stack.data\Sigma0 _slv*.hdr /b | gawk -F.
"{print \"set HH SLAVE=\"$1}" > tmp.cmd

call tmp.cmd

dir \stack.data\SigmaO _slv*.hdr /b | gawk -F.
"{print \"set HV_SLAVE=\"$1}" > tmp.cmd

call tmp.cmd

set expl=20*1oglO ( / )

set exp2=20*1oglO ( / )

gpt \O3RVI bat.xml -Pfile= \stack.dim -PEXPl=
-PEXP2= -t \stack RVI

- A5 o FpK i@ * SRTM 3 Sec DEM > i
Py = fafE ¢t DEM i@ * mgﬁv B 0 & 35 B TR B S5Sm DEM -
e1120m DEM £ ALOS # 1 e5330m DSM -

REM Using SRTM 3 sec

gpt Terrain-Correction -Ssource= \stack db.dim -t
\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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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 RVI @ e 4 > 9 2% d Belmdil, Fpt ¢ (95— & d R
£ e Geotiffr A7 v B QGISHH B BB FAE > M- H7 fEHR
ﬁji§i§ °

1%IJ_IHH1§/E ( ) Plants)t BB & LB FI%E

Bl 4-22 2018 9% 6 p p A EEE BT SR B 1 F F
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BI5-11 o f dhprial

# * Sentinel-12019/8/9 #* 8/15 (18:00) # SAR ¥ i§:t 7 18 4 47

PRI

X BT ehpF R 8/15 (Local Tiime: 18:00) k4% 3 C ;4 £< Sentinel-1 ==

TER %o 16 P T%T G R T EE S 8/9 Bi%’é%%@f’la\ﬁ(l‘ﬁl 5-
1.2) -

B 5-1.2 8/15 %= I 2~ 47 * 2 Sentinel-1 > i 4= Fl - ‘=1=
8/9
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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 @?ﬁ%%f&f%f?‘]ﬁj?
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 : ¥ & $78 Gcen- f& 0 (- HRE B VALRYFTERFRR

\\\

Interferometric Coherence : =+ W 24 |4 o 3 k47 #c Bl thae (7 F /a2 pF » 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
FF 7 FEi7 4 R Faas feindrd| s 2 o

Normalized differences, ND : It Li* Z B ik o * k3 E X Em S B GHL R 12
BiLang s o

Speckle noise : 5a%5 feit o § E G FH & ffAFtE o B oG oo pRA F < R ag
WA > F BATSH O LT P S R TR 7
FRE BRI ZFERNFELIFEFZE R AT AR B4
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CHREFRART
(- )SNAP
SNAP £.d w2 8 F B g ah- 3% 03 SR TR AL
Bhg® > paskis 70 %
main/download/snap-download/]i& {7 F §% » T {5 7 & BREFT UL K

TNES B

b % ¥ i3 % [http:/step.esa.int/

Windows 64-Bit || Windows 32-Bit Mac 0S X Unix 64-bit

These installers|contain the Sentinel-1, Sentinel-2, Sentinel-3
Sentinel Toolboxes

Toolboxes

Download Download Download Download

These instzller contains only the SMOS Toolbox.

SMOS Download also the Format Convarsion Tool (Earth Explorer to NetCDF) and

the user manual.

Toolbox

Download Download Download Download

These installers contain the Sentinel-1, Sentinel-2, Sentinel-3

All Toolboxes Toolboxes, SMOS and PROBA-V Toolbox

Download Download Download Download

Fl1 SNAP T #3744

TEZAE FEK L,gw;g;ﬁ_q_ﬁhfﬁﬁq&,; s P FE k2R B pE e
A8 7 Rty 4 pein B E2 SNAP—Tools—Option—S1TBX— §

i¥ Use FileCache in readers to conserve memory °

1
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File Edit View Analysis Layer Vecto Optical Radar Tools ndow Melp Q~ Search i)
GBDC A PR P UOR LT GBEATE NE™ -
¥ =
Product Explorer X |Pixelinfo | N :‘ Do B % ?
1“ - p : Q | Filder (CteF) K
(. 2) AR x
&+ O 0 5 Hie e i
Cemeral Loyer Perdormasce WWW Keymap Appeassnce [SITBX! S2TBX S3TBX 4
Sentinal-1 Toolbox &9,
=
7] Uz FilCche ia readers 1 conerve memon i’

Navigation :Colo—- x thdulpt\lncer!

This ool window is used o mandpulate the
colowring of images shown ta an msgs view
Right now, there 33 10 sslecied image virw

Export.. Import. Apply Cancel Hely

X -Y - Lot -Lom - Zoom - Level -

® 2 SNAP FileCache % z_

SNAP #it 5 — L * 1 ZART X X 15 R
TR EIPBEE ¢ T BB o Navigation ~ 7 SAR 821
e 3+ Bl ¥ 0 World Map £ &g 7 40 1%t B2 il i@ ¢ Pixel Info -

i gn 2 View->Tool Windows & ¥ -

View | Analysis Layer Vector Raster Optical Radar Tools Window Help

Tool Windows. ¥ Developer >
Z Statusbar Optical >
i Synchronise Image Cursors Radar &
¥ | Synchronise Image Views | SMOS 2
Toolbare > r\‘} In-Situ Data Access
‘"9 Product Library
7 . 2 Colour Manipulation
Full Screen Alt+Shift+Enter

D Uncertainty Visualisation
= Layer Editor

£ Layer Manager

£ Mask Manager

Ct.. GCP Manager

T 4 PinManager
n | Colo—= X World Map ] Uncertai-= 1 —

) 4#» Quicklooks
% ;

%a  Pixel Info
& Product Explorer

weindow is used o manipulate the s . .
wof i i o, ol View Projects
v, there is no selected image view, @ World Map
orl i a8l 15 View
‘WorldWind Analysis Vi
World View

B3 SNAP % * 1 EALT & T
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(=) QGIS 2 GRASS-GIS

QGIS & # Quantum GIS & - &R kR GIS 88 > P 5~ 5
3.8 » & 4 %30 :d & [https://qgis.org/en/site/forusers/ download.html] >
ERHE PR auR AR EF T o

F |

3.8.3
Wi Ewess sme s e QEENEEEND
3412LTR

i Le QGIS M1 TSI 3.8 (64 i)

sha256

& k\‘ QGIS FJIrFHE KA 3.8 (32 firy)

sha256

B4 QGIST 47 4 5

TREELRFT IRV EELX K QGCIS3.8 & AL £0F
{ % % GRASS-GIS7.6.1° % § & ¥ *h % % GRASS-GISe % %% % 15
% 4% % GRASS-GIS :

o R Fx GRASSGIS7.6.1

e ¥ GRASS F#L & [C:\GRASSDB]

e EH# GRASS # 2 [TW]

e £ GRASS Bl # [PERMANENT]

o M IFALTRAPF 17 HK T4 GRASSGIS 5 % Heehep

£ A% (cmd)- 34 1745 4 [g.extension r.stream.distance] 773

GRASS #icie
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¥ GRASS GIS 7.6.1 Startup

1. EHCRASSIIER B R
C:\Users\choin0207\Documents\grassDB i EAG)]

Q

GRASSGIS

Bringing advanced geospatial technologies to the world

B caisss

&% GRASSGIST761

ASSHtE MEIGRA 15

0OSGeodW Shell ' B ERssRame
2. ISR GRASSRY &

QGIS Desktop 3.6.3 with GRASS... i S

3. RIEGRASSIER

choin0207 ERER(N)
PERMANENT

EB&fE) WaEER)
iR (1) k(D)
Qt Designer with QGIS 3.6.3 cust... Downkad
SAGAGIS (2.3.2)
Setup - ) : Ji i RE « R - F
AAQ) RE8(H)
& % GRASS GIS 7.6.1 - o x

Bl 6 #7H# GRASS-GIS #- e r.stream.distance
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() R £ R-Studio
R 3% & Python k2 B # BRScdp A 4743 § ¢ 49 4 £ foemen
BRI o R-Studio £ 5 R3F3 R & BH MM - % ki3

* i@ % [https :  //cran.r-projectorg/bin/wind  ows/base/,  https

//www.rstudio.com/products/rstudio/download/] » % % R #F 3 » £ % % R-

Studio °
. . RStudio RStudio RStudio RStudio
R-3.6.1 for Windows (32/64 bit ) Desktop Desktop Server Server Pro
Open Source Commercial Open Source Commercial
Licens License cense License
Download R 3.6.1 for Windows (81 megabytes, 32/64 bit) Free $995 .. Free $4,975

fyear

Installation and other instructions
New features in this version

(5 Named Users)

“ n
Evaluatiol arn
earn more earn more mo

Learn more

F7 R # R-Studio T i T

5
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(z) GAWK

GNUAWK (GAWK ) ¢ & A 7 AWK %A% 7 chf 2ch &
FEF I ¥R 20404 o UNIX kst o AWK #3 #- 48 UNIX # *
IE T E - RS e AT oY TR S o B At
f%i%%’ﬁf@va#ﬁ@?*ﬁ%ﬁﬁkﬁaﬁﬁﬁ@%ﬁﬁo
Fla v B AN UNIX BB A7 e 33 f#z Folig b 7 = Fen
1EfR > X2 2T FIHER X EMFERSRET

[http://gnuwin3?2.sourceforge.net/packages/gawk.htm] - £ # Complete

package, except sources Ik A 0 H FE KT ;& ﬁ i #% Binaries %

o RRET R R HEEES bin FHRANFHUD
C:\Windows\System32 2_ A

Description Download

» Complete package, except sources Setup

*» Sources Setup

* Binaries Zip

* Documentation Zip

*» Sources Zip

* Oniginal source http://ftp.gni

B8 GAWK T ' T
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2 FER N
AR AL SNAP et (75 E@hE B ol Aed®o ¥ b ap g
B4 g 48 QGIS ~ GRASS-GIS ~ R ~ R-Studio ¥ GAWK 4 i i T o

(- ) SNAP
% H PR AT B SNAP AL SAR i chsh &4k iF o %5
¥ ORI kA S~ 2 AL~ SR (Calibrate) ~ § AR A2
( Multilooking ) ~ zx B 322t ] ( Speckle Reduction ) ¥ ¥ 24 ¢

( Terrain Correction ) ©

Open a Product

Step 1 — Open a product: i * = Open Product 4%4= > 35 3| & & zip
F & SNAP © g2 endim # % - & 8 * 1 £ 7+ File-=>Import-
>Sar Sensors->:E #H @k fAsg LB > A ST & TEFEHELZE S

S5 B Ecth S -

8 SNAP - Open Product *
Lookin: | 2010074EiTiEte v e B~
=B { S1A_W_GRDH_15DV_20190618T103503_20190618T103528_027733_03215E_A3BY.zip
BAMARE |} s1AW_GRDH_15DV_20190712T103440_20190712T103505_028083_032BE5_FAEQ zip

S1A_M_GRDH_150%_20190712T103505_20190712T103530_028083_032BES_DO9%6.zip

La File name: 214 TW GRDH_ 13DV _20100618T103438 20100618T103503 027733 03215E_CIF3.zip
Fi# Filesof type: | a1l Files

Bl 9 4 & Sentinel-1zip % %

5 '._mu e

7
- 133 -
1081802


http://www.coa.gov.tw

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

&  Open Product | 1..-' ' = 4\‘ 17 oA m w;

Reopen Product »

S Product Library

Session

Projects

Import DEM ¥

v v v

Export Generic Formats »
Exit Optical Sensors >
SAR Formats >
SAR Sensors * ALOS PALSAR CEOS
Vector Data > ALOS-2 CEOS
ALOS2 GeaTIFF
Cosmo-Skymed
EMNVISAT ASAR
ERS 1/2 CEOS
ERS1/2 SAR (.E1, .E2)
JERS CEOS
KOMPSAT-5
PAZ
RADARSAT-1
RADARSAT-2
RCM
SeaSat
SENTINEL-1

Navig-— X | Colour--- | World Map L.Inoertai---|

' d PP

TerraSAR-X
TanDEM-X
ICEYE

& Products View i 7 11§ % = i » SNAP 1A &0 % - B 4

;%J,srs ¢ 354p B 73 % metadata £ §2 1% F 2 & bands ©

Product Explorer X | Pixel Info
EIE O151a_IW GEDH_ 13DV _20150818T1C
|:I Metadata
|:I Wector Data
(3 Tie-Point Grids
i (2 Quicklooks
=4 Bands
- WL mplitode T

----- E] Intensitr VH

LR Tedenmdne T

B 11 Products View

8
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g4 Amplitude VH ¥ 1 & 71 8 o

Product Explorer X \ Pixel Info ‘ — || [1] Amplitode_¥H X vE
=& [{]STA_IW_GRDH_ISDV_20150818TIC A
-3 Metadata
([ Vector Data
@@ Tie-Point Grids
(32 Quicklooks
=& Bands
- Amplitnde_VH
E] Intensity VH
o[ Amplitde_VY
B Intensity VY v
< >

Naviga--- | Colour--- [ x| Uncert-- -—

il 12 Amplitude_VH Band

' A % % Sentinel-1 Ground Range Detected (GRD ) #& & & &
BOLERE S SARB R ERE > AL EF AT BRY B
B HEFF e X 3% s Range > w0 4 ¥ OUIRfE L T A

E.

Calibrating the Data

20 EFEAJE SAR #cdy o FAZEHTHREAEMHRKDT o £ 8
UL R DT A o B i i&ﬁ%ﬁfzﬂ W3 AT S VR
PROT 2 AEL ) MR E R Y SARFTHAY LR
Step 2 — Calibrate the product: % 1 E 7| ¢ Radar->Radiometric-

>Calibrate

9
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Radar Tools Window Hel
Apply Orbit File

Radiometric » Calibrate

Speckle Filtering > Radiometric Terrain Flattening
Coregistration # Removwve Antenna Pattern
Interferometric » S-1 Thermal Moise Removal
Folarimetric »

Geometric »

Sentinel-1 TOPS >

EMVISAT ASAR ¥
SAR Applications
SAR Utilities ¥

e

B 13 Radiometric Menu

BT Xﬂéa‘%ﬁ@]/\ & (Source) 7 i
i 3| %% (Processing Parameters ) % 4% & ﬁ%] Venfg ST fARE 0 FEK

A & (Target Product )

‘_.

v .
= Sigma0 o
& Calibration x @ Calibration bt
File Help File Help
110 Parameters | Processing Paraimet 140 Parameters  Processing Parameters
Sonrce Product Polarizations: VH
FOUICE: WY
[1181A_TW_GRDH_ISDYV_20150818T100055_20150818T100120_...
Target Froduct
Name:
DH_1:DY_20150818T100055_20150818T100120_007316_00A0AE_68F0_Cal

Save as: | BEAM-DIMAP v Save s complex output
Directory: Output sgmall band
Clsersiehoi207 Deskiop'test e [ Output gamuma0 band
Open in SNAP [] Cutput betal band
Eun Close Close

&l 14 Calibration Dialog

10
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6

Multilooking

i% 18 ¥ Range & w22 Azimuth = » 0T 35, ¥ 0% M3 > & 8
R sLnfiii 4 o Rz BT R € F W o
Multilooked

Single Look Complex

Range Looks: 1
Azimuth Looks: 1

Range Looks: 4

Azimuth Looks: 20 I ‘
) Range Spacing: 31.2m ¢
4 Azimuth Spacing: 80.0 m ¥

Range Spacing: 7.8 m
Azimuth Spacing: 4.0 m

gl 15 Multilooking an SLC Product

Step 3 — Multilook the Product: _1 E 7|7 Radar->SAR Utilities-

>Multilooking

Radar Tools Window Hel

Apply Orbit File
Radiometric ¥

Speckle Filtering  »

Coregistration >

Interferometric >

Polarimetric ¥

Geometrnc »

Sentinel-1 TOPS > Resampling >
EMVISAT ASAR > Auxiliary Files >
SAR Applications  » Complex to Detected GR

SAR Utilities »| | Multilocking |

B 16 Select Multilooking

11
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AL E o

% ¥_Range ¥ Azimuth = =

& Multilooking X

File Help

TX0 Parsmeters  Processing Parameters

Source Bands: Amplitode_¥H
Intensity_VH
Amplitode ¥V
Intensity_VV

[] GR Bquare Pixel [ Independent Laoks

Number of Range Looks: |2

Nurmber of Azimuth Looks: |2

Mean GR Square Pixel: 2002691

[ Output Intensity

Hote: Detection for complex data
is dome without resampling.

Bl 17 Set Number of Looks

5 AL T ¥ * range ¥7 azimuth & w 3x3 Tk A 4 - B ik
% » % 0T = ground range * - 5 30.02m -

% # 7 Run :T*ug ETARIE > R+ 180 ¥ 12 & Products View 5 I
=& o

hpiu)

1081802
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6‘«7

Speckle Reduction

BB DT Rk 0 T MR G R AR & % R R
" o
Step 4 — Speckle Filtering: €1 £ 7|7 Radar->Speckle Filtering-

>Single Product Speckle Filter

Radar Tools Window Hel

Apply Orbit File

Radiometric >
Speckle Filtering > Single Product Speckle Filter
Coregistration >

Multi-temporal Speckle Filter

LB CEeE e e A Vs I e s —

gl 19 Select Single Product Speckle Filtering

7€_Speckle Filtering 4 % * - i£ # Refined Lee speckle filter °

& Single Product Speckle Filter ot

File Help

140 Parameters Frocessing Parameters

Amplitode VH
Intensity VH
Amplitode VY

Source Bands: ntensity T

Filter: Eefined Les [
Boxcar A
Median

Frost

Craunma Map

Lee

Lee Sizma
DA W

B 20 Select Refined Lee

13
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T Run B (7 aJ% o = N {5 » F 1L 1 ProductsVlew—ﬁ Eil] oM S

Terrain Correction

A4 B E R Bcim B 42607 (DEM) & SAR B 4
RGBT TG > A4 b BB T4 5 -

Step 5 — Terrain Correction: £ 1 £ 7|7 Radar->Geometric->Terrain

Correction->Range-Doppler Terrain Correction
Apply Orbit File

Radiometric »

Speckle Filtering =

Coregistration >

Interferametric »

Palarimetric »

EErEl ’ || M= e B E AT - | | Range-Doppler Terrain Correction
Sentinel-1 TOPS  » Ellipsoid Correction » SAR Simulation

£t ’ SAR-Mosaic SAR-Simulation Terrain Correction
SAR Aoplications  » CAR Mncaic Wizard

&l 22 Select Range-Doppler Terrain Correction

7% ¢ * SRTM3sec DEM » ¥ 55 p 37endicid 3 42 0 L5 & %
45 WGS84 0 #% X 4 GeoTiff -

14
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& Range Doppler Terrain Correction Ed

File Help

140 Pararmeters

Source Bands: Amplitede_VH
Intensity_VH
Amplitode_¥V
Intensity_¥V
Digital Elevation Model: SRETM 3Sec (Auto Download) w
DEM Ressmnpling Methad: EILINEAR_INTERPOLATION w
Image Resampling Method: BILINEAR_INTERPOLLTION w
Source G Piel Spacings oz xrg): 10002 {m) = 10.0¢m)
Pixel Spacing (m): 1002
Pixel Spacing (deg): 0.001119146877606E-5
Map Projection: WS4 D)
Mazk out areaz without elevation COnrtput complex data
Output bands for:
Selected source band [ DEM [] Latitude & Longitude

[ Incidence angle from ellipsaid [ ] Local incidence angle [ ] Projected local incidence angle

[ Apply radinmetric normalization
Barve Sgmal) band 1z projected local ineidence angle from DER
Save Crammall band 1Tze projected local incidence angle from DER
Save Betall band

Ansilory Fil (ASAR. only): Latst Awdliary Fil

Close
] 23  Terrain Correction Dialog

# 7 Run it {7 &2 o = & {4 > ¥ 11 & Products View 5§ | & % o

N2

B 24 Terrain Correction = {é e Z B
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SAR F/fffest 5 Int32  HcE A T ARER » 2 F40% S m&h B ¢
W REBEZLF 23 ERELE > FHEELZ B RER B
Amplitude_VH /§ & 1 4£->Linear to/from dB

S -

...... B implitn Add Elevation Band
- Bl Amplit Band Maths...

igatio=-- | Colou=- Filtered Band...

or: () Basic (@) 8 Linear to,/from dB

Open Image Window
Add Land Cover Band

Cut Ctrl+3
Copy Ctrl+C

Ctrl+W
Delete Delete
Properties

B] 25 Select Linear to/from dB

Freng ifok- € 8_10*logl0 (Amplitude VH) » =15 » ¥ A 4
7R i Amplitude VH_db ¥ 12 % Products View 7 ] & % o

16
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0oat

Maomne: Amphtode WH
TTyit: sonplitode

Fiiva: 1.0

Flazc: 1115.0

Fougzh statistic=l

0'ce!

17
143 -

MWaome: Amaplitnde_ WH_db
Tnit: amplitude_db
in: 12,183
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(=) QGIS & GRASS-GIS
AT T i % o f_QGIS % % 15 0 # ¢ GRASS-GIS-GRASS GIS

g;}%?i&ﬁ%ﬁ;‘ » % GRASS = F 7 j&k Bipg 4 e i ke E

B g1 L o GRASS 1 & K@ 3 o~ R4, A B TR IR AR
REFh, @ xfunction 2 4p 4 3SR B R %, He x 41
Z,\ A -f(\—j—f

£ g% function # 7t # av & f o GRASS a‘ﬂ

i FE 15 BE

g SL R ¢ I 0% (General Data Management)
r L g2 43 %2 (Raster Data Manipulation)
\ il 2 d2 - % (Vector Data Manipulation)
S [y RN S e T‘E’_ﬁf @ (Site Data Manipulation)
1. BB e d2 i % (Imagery Data Manipulation)
m. ok 38 2k 2 Hi % (External Data Manipulation)
d

p

¥ B2 3.# 2 (Display Graphics)
b ﬂ £r 4] i 22 (Paint Paper Graphics)

A0 B cnBpe e 2 ¥ 04 8 GRASS exbk b BB F

https://grass.osgeo. org/ grass7 6/manuals/index.html
# windows it % 5 15 DR + (£ 9F (5 7 1 B R
remd BB o T BHRET 0V '/%] *dp %4 K347 GRASS-GIS 1

i® E\‘—‘ﬁﬁé—:@,&?l T A AT RIRE Y R F o

S GRASS GIS7.68.1

B 27 GRASS-GIS cmd & 3%

18 e _ v
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Z

:: i A DEM

r.external input= output=dem0 -o --overwrite

1 ERE TR B

g.proj epsg=4326 -p g.region raster=dem0 -p

s BER/INIR O

r.mapcalc "dem = if (dem0<0, null (), demO)" --overwrite

:: B HAND raster

r.watershed elevation=dem drainage=drainage stream=streams
threshold= --overwrite

r.thin input=streams output=streams thin

r.to.vect input=streams thin output=streams line type=line --
overwrite

r.stream.distance stream rast=streams direction=drainage

elevation=dem method=downstream difference=above stream --

overwrite

r.mapcalc "HAND = if (above stream<0,0,above stream)" --overwrite
Rl e

r.out.gdal input=HAND out= --overwrite format=ENVI -f

A EZENER g.remove type=raster
name=dem0, dem, HAND, above stream,drainage, streams, streams_thin, str

eams_line -f g.remove type=vector name=streams -f

GRASS-GIS 35 £ & e 4 b

O T R B AR G A (BAT) 0 1548 grass®.bat k3

A -

set GRASS76="C:\Program Files\QGIS 3.6\bin\grass76.bat"
set GISDBASE=C:\Users\choin0207\Documents\grassDB set tempLC=tw
set demfile=
create tmp location for run
/ /PERMANENT --exec GRASS JOB.bat

GRASS-GIS #+% AJLiE i€ 4 6|

19
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(2) R & R-Studio

R 7 2 R-Studio % %52+ 15> 4 R-Studio > L 8 2 Sz
4 % o % Console % @’J i EREF T4 7 4 Workspace B far
ko #HI1ITN FENEE A4 G - Environment ¥2 History ¥ 17 & 4R
S RMFEEFL A4
FORRARL TR & SRS AT R S

> Files ~ Plots ~ Packages ~ Help ~ Viewer B

Environment ~ History
Workspace
D Astude - o =
File Edi Code V¥ P
< o >
- Environment  Mistory  Connections -
- - 5 2 wort Datase '3
T Gesa
Data
i1 Formal class Rasteriayer
i2 Formal class RasterLayer
13 Formal class Rasterilayer
5 clo-fntencorr(11,12,w) Funetions —— -
10 c2<-intencorr(12,13.w)
1 Files Flots  Packapes Help  Viewer P =
13 wD<-(€1-c2)/ {c1ec2 B 2oom | Begen- |9 | o Fop
® u,
k4
- 0
2017 LK ru =
k]
", *select mgl*)) b<]
(iing L selac ing2®)) o
img',"select img3‘)) |8
H
o
120.6 1207 1208 1209 1210 |
e |
T
Console Files ~ Plots ~ Packages ~ Help ~
Viewer

B 28 R-Studio 1 T B &

20
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i# DB PR SR

library(raster)

library(rgdal)

#E AHET function

source ('X:\\R-code\\IntCorr.r")
R ET/EH SR

setwd(choose.dir ('choose dir'"))
#im A B
il<-raster(choose.files('*.img"'
i2<-raster(choose.files('*.img"'
i3<-raster(choose.files('*.img"'
#TE

w<-—

cl<-intenCorr(il,i2,w)
c2<-intenCorr(i2, i3, w)
ND<-(cl-c2)/ (cl+c2)

#ifH CTiff
writeRaster(cl,paste0('cl W', w,
NaN)
writeRaster(c2,paste0('c2 W', w,
NaN)

writeRaster (ND,paste0('ND W', w,
NaN)

4

4

4

'select imgl'))
'select img2'))
'select img3'))

.tif'),'GTiff"',overwrite=T,NAflag=
.tif'),'GTiff"',overwrite=T,NAflag=

.tif'),'GTiff"',overwrite=T,NAflag=

R 3% 7 #2553k 154 5

21
147 -



http://www.coa.gov.tw

(z) GAWK
gawk 547 £ 4R TR > T U RASER R OFR > T F
b e dR e (%

1. 7] #é,i:%meVQv—' N N o

Jui

* 3 i

gawk "{ print $1, $2, $5 }" file.txt

2. XA REL , BN R - A% F
gawk -F, "{ print $1,$2 }" file.txt

3. B S5 FARER > PTG T

gawk "NR>5 {print $0}" file.txt

A E 1T gawk R ASEAEE P 0Y Fod 30K SAJL I SAR B
FASHE LT AL RE- HEFP BRI R FRE
dir £ gawk 4p £ # 11 & 2t SAR A &0 Bl T -

# DR dir 5 0 HREIVERBE RS - b EHTEZE]
dir \stack RVI TC.data\RVI SLAVE*.hdr /b | gawk -F.

"{print \"blue=\"$1}" >temp.rgb

dir \stack RVI TC.data\RVI SLAVE*.hdr /b | gawk -F.
"{print \"green=\"$1}" >>temp.rgb

dir \stack RVI TC.data\RVI MASTER*.hdr /b | gawk -F.

"{print \"red=\"$1}" >>temp.rgb

temp.rgb A%
blue=RVI_SLAVE_HH
green=RVI_SLAVE_HH
red=RVI_MASTER_HH

# [JEESL stack RVI_TC.dim fi¥% temp. rgb Z3%E - #il! RGB 245 GeoTi £ £ #43]
pconvert.exe —-f tif -p temp.rgb -o

\stack RVI TC.dim

gawk #2;% 3 1% §& ]

22
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ERR R 4 A RE R P EN-FLL S S §F-F 212
(=) #-kxF R
» 34 SAR i ® » i kR F Rk T2 4 selt o p R fE- £
d ok Tk B B mﬁi‘% K E R AR %’JW%]% F e
MEE B ER e Lo BIL N R T AL - Rd I KRBT
2

BB RdZAest e 20Tk
e runGPT General 1.BAT - i * Sentinel-1 12 ¢t SAR B’ ifern@ 55
2R 200 A7 5
e runGPT S1_I.BAT-# * Sentinel-1 ¥ 3 SAR ¥ fje Az 5
SEERp iy
e runGPT S1 2.BAT-# * Sentinel-1 & 36 SAR ¥ #% cr# iz A
RN 1
e orb.cal.xml - Sentinel-1 & * > ¥ #F B fLig & 45 SR & 0 xml
S 3
e Coregistration.xml - % % % {4 8% %2 & xml %84y
o runGRASSGIS.bat - GRASS-GIS 1 i% erfcd £7 31
e GRASS JOB - GRASS-GIS * & height above the nearest
drainage (HAND) &p %
runGPT* BAT p £ &% 7. & 48 ¢ 28 f A48 % = % (master*
and slave* )~ #*7 § [f] (subregion )~ e ml % # 4 ¥ GRASS-GIS
#2587 P &k (graph )~ % B E AL % (prOJect) B R85 (sar_type)
FREE o T F & BPRFERE S %R Sentinel-1 § i ﬁ;] » o~ BB ]
(W/E/S/N) % 138.576/140.994/35.62/37.368 £2 %] A &% ¢ HL 5 output

ET7§77111 .

23
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018447 022C0C 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=1

set sar type=sentinel-1

set pol=VVv

)

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

)

set

masterl='..\IMAGE\SIA IW GRDH 1SDV 20191006T204300 20191006T204325
029343 0355EA E1Fl.zip'

set

master2="'..\IMAGE\S1A IW GRDH_1sSDV_20191006T204325 20191006T204350
029343 0355EA 1B68.zip'

set

slavel="'..\IMAGE\S1B IW GRDH_1SDV_20191012T204223 20191012T204248
018447 022C0C_CBFE.zip'

set

slave2="'..\IMAGE\S1B IW GRDH 1SDV 20191012T204248 20191012T204313

RKEHF2 18 7F emd o 67

>runGPT_S1 2.BAT

runGPT* BAT #-44 {700 F % Bk % 3 -k 8 B % 8 enfhr

1L FRBREEE - > AENT HRE > LR P B

W

£

gpt SliceAssembly -Ssource= -t
\master.dim

gpt SliceAssembly -Ssource= -t
\slave.dim

2. 7 3 BARTE R E KA F z@,__mgljl' » TR R 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. W% P TS g i en

24
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gpt \ -Ssource= \master.sub.dim -t
\master.sub.orb.cal.dim
gpt \ -Ssource=
4

\slave.sub.orb.cal.dim
BL5S A "E MR

\slave.sub.dim -t

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"
PR TEERER
gpt SAR-Simulation -
Ssource=

\master.sub.orb.cal.spk.dim -t
\master.sub.orb.cal.spk.0OSM.dim -
6. T 5B E
gpt \ -e -
PinFilel= \master.sub.orb.cal.spk.0OSM.dim -
PinFile2= \slave.sub.orb.cal.spk.dim -t
\stack.dim
7. BEciEEdk 5 dB
gpt \ -Pfile= \stack.dim -t
\stack.db.dim

8. ¥ A4 o 3k & * SRTM 3 Sec DEM » i
R4 AZNABPNF Z 4B DEM & * 0

|

g ke

i
e ] > & FE B ST
5m DEM ~ P 538 2 B 9 20m DEM £ ALOS #

79 30m DSM -

25
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REM Using SRTM 3 sec

PsaveDEM=true

gpt Terrain-Correction -Ssource=
\stack.db.TC.dim

\stack.db.dim -t
-PnodataValueAtSea=true -
REM Using externalDEM

REM gpt Terrain-Correction -Ssource=%project%$\stack.db.dim -t
PexternalDEMNoDataValue=-3.40282e+38
PsaveDEM=true

$project%\stack.db.TC.dim -PexternalDEMFile=5Mdem wgs84.tif -

-PnodataValueAtSea=true -

REM gpt Terrain-Correction -Ssource=%project%$\stack.db.dim -t
-PexternalDEMNoDataValue=-32767

PsaveDEM=true

HAND &1z 52 o &

=

4%

$project%\stack.db.TC.dim -PexternalDEMFile=TW20mDEM wgs84.tif

9. 3% HAND - ¢ g+ ¥ — i CMD 4R % 31 17 GRASS-GIS 3
R
3¢ runGPT* bat -

-PnodataValueAtSea=true -

L
eChO khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkk
copy

-t

?%‘ﬁ;a)] » eXit ’ _‘]i#:é’."l? Enter > ‘——?—'EIJ;L%__‘?_
copy

echo * Type "exit" after another cmd finish GRASS-GIS job *
\GRASS JOB.bat GRASS JOB.bat

\stack.db.TC.data\elevation.*
10. 4r » HAND i¥ % 2|47 ¥

echo ***kkkkkkkkkhkkhkhkkhhhkhhkhhhkhhhkhhhkhhhkhkhhkhhhkhhkkhkkhkkkkk

gpt Merge -SmasterProduct=
SsourceProducts=

\stack.db.TC.dim -

\HAND.hdr -PgeographicError=NaN -t

THLE  HREL A KBEUES o o

26
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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 %$projects
$project%\stack.db.TC.dim

del temp.rgb

2 2019/10/12 = P kerwh = B OB R & & cud ok (7L g )
g

EE S S oE I SER P ST R

-~

Pk FEF MRS T2 %éié‘7}<?\=ii’ﬁ TR B2 W R

4

P 55‘3%3 B e K F g'ljgz-5 J\JHQ?
sven GeoTiff #2ife > 24P k-7 %~ QGI
- fERE OwE (F29)-

BAR2019F R B 1IRAASE R > N12A FREEMRGE » LRBPRORAYE > KM RALELE HELUARD
6 @l F 0BT 128 AR » B30/ (2 B A AMBLKA - £
2 AESA Sentinel-1 SR 2 2019/10/12 2 2019/10/6 #5041t

EebhtkEE
ERBRW SN RE - FRGCEHEAT AR E - KARIFOT 1B T A T AR E 3610

mr%
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(=) #3853 LT HR
AR SAR Hl R L MG FAEIFLAFRN > P RS- 3
d rgr Ak Tk Bt p B0 m?f &R E W RREREGE T & ﬁ?‘l 3
TR SR, L AR R T A2 - 5Rd i d B K RHE
T SRR TR AR G W R & BRI -
AR S LR ISR AR =
o tunGPT dulPol. BAT — & #* g4 (- §% heg B4R B o 250
e TunGPT singlePol. BAT— i * ¥ {& it 82 if g Eife 5 i 42 3%
e Olpre sub cal mul speckle bat.xml— # f&d2 xml %84 (-
4 stripmap sar & * )
e 01S1 pre sub cal mul speckle batxml —w ed® xml $-Hch
( Sentinel-1 # * )
o 02stack batxml— ¥ % {2 2 & xml &A%
e 03RVI bat.xml — 3+ 5 {8 4% 45 % xml $#cif,
o 04lincar2dB_bat.xml —#-#c & #& 4% = dB

runGPT* BAT b § &K - & o ¢ BRI F =8 - FAEF
B~ 3 AT xml Sl =B~ dy AL A E B AR R o T L
d 55 ALOS2 Fiei & E R 5 4y ~ AR (WESN) 2
141.86/142.12/42.62/42.89 £ gy ! & & & 4 & ALOS2output e | -

=
\\\Xy

d

=

NS

set master='ALS02\0000236705 001001 AL0S2229840850-180825\VOL-
AL0S2229840850-180825-HBQR1.1 A"

set slave='ALS02\0000236706 001001 ALOS2231910850-180908\VOL-
AL0S2231910850-180908-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

K EH2 o F B omd o

28
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Z

>runGPT dulPol.BAT]

runGPT* BAT #-34 (7 1 T H Bk 2 & L B 2

qﬁ
=y

1 &34 ot r ~ ARAJD - 35 il,éiﬁhi%ﬁﬁﬁ?m%f w f
1@ > ¥+ Sentinel-1 ¢ % — 1 Apply-Orbit-File & (&
gpt \ -Pfile= -
Psubregion= -t \master
gpt \ -Pfile= -Psubregion=
-t \slave
2. TEBEBEE N
gpt \02stack bat.xml -Pmaster= \master.dim -
Pslave= \slave.dim -t \stack
3. P ETEERLE
dir \stack.data\Sigma0 _mst*.hdr /b | gawk -F.
"{print \"set HH MASTER=\"S$1}" > tmp.cmd
call tmp.cmd
dir \stack.data\Sigma0 _mst*.hdr /b | gawk -F.
"{print \"set HV_MASTER=\"S$1}" > tmp.cmd
call tmp.cmd
dir \stack.data\Sigma0 _slv*.hdr /b | gawk -F.
"{print \"set HH SLAVE=\"$1}" > tmp.cmd
call tmp.cmd
dir \stack.data\Sigma0 _slv*.hdr /b | gawk -F.
"{print \"set HV_SLAVE=\"$1}" > tmp.cmd
call tmp.cmd
set expl=20%*1oglO ( / )
set exp2=20%*10gl0 ( / )
gpt \O3RVI bat.xml -Pfile= \stack.dim -
PEXP1= -PEXP2= -t \Stack_RVI

BAJRD o Ak % SRIM3SecDEM » i8¢ * 47 i¢ * 3 & #cig
B AR AR $ Z B4 DEM @ * ehjp b » & 45 L uirdy &
5m DEM ~ b 3c3% 2 B ¢5120m DEM £ ALOS 8 1 £230m DSM -

29
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REM Using SRTM 3 sec
gpt Terrain-Correction -Ssource= \stack db.dim -t

\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

222

R IR ETT S TR Y TN

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

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

dir .data\RVI_MASTER*.hdr /b | gawk -F. "{print
\"red=\"$1}" >>temp.rgb

pconvert.exe -f tif -p temp.rgb .dim

del temp.rgb

N L E SR EE S S S S K SR G
Sl il F R RVI BB en®s M Fd 215 d firlim it 5t ¢ 73]
Wiz d MAE L R g Geotiffs AP E L #-U o~ QGIS 2 H i e
Tzl vie-H1 @gEans (F30)-

30
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Z

[
B

FRBRBEELE €A
%’H‘j .:[./E ‘E.""Li'

108 B £ 3= % ¥ IRIHPES
BRI

EFE Ry LT HRZFAY

(2/2) .

> A2 F P p107&37 T 108& 127 4t

AERIE CA108E1Y T 108E127

HEE-  Ja 488

Poo®x X R 108 & 12 ' 10 P
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- RHMEFEARL
(-) SNAP......

() QGIS 2 GRASS-GIS ...
(2) RE R-SHUAIO oo

(=) GAWK......

|
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CHREFRART
(- )SNAP
SNAP £.d w2 8 F B g ah- 3% 03 SR TR AL
Bhg® > paskis 70 %
main/download/snap-download/]i& {7 F §% » T {5 7 & BREFT UL K

TNES B

b % ¥ i3 % [http:/step.esa.int/

Windows 64-Bit || Windows 32-Bit Mac 0S X Unix 64-bit

These installers|contain the Sentinel-1, Sentinel-2, Sentinel-3
Sentinel Toolboxes

Toolboxes

Download Download Download Download

These instzller contains only the SMOS Toolbox.

SMOS Download also the Format Convarsion Tool (Earth Explorer to NetCDF) and

the user manual.

Toolbox

Download Download Download Download

These installers contain the Sentinel-1, Sentinel-2, Sentinel-3

All Toolboxes Toolboxes, SMOS and PROBA-V Toolbox

Download Download Download Download

Fl1 SNAP T #3744

TEZAE FEK L,gw;g;ﬁ_q_ﬁhfﬁﬁq&,; s P FE k2R B pE e
A8 7 Rty 4 pein B E2 SNAP—Tools—Option—S1TBX— §

i¥ Use FileCache in readers to conserve memory °

1
- 162 -
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File Edit View Analysis Layer Vecto Optical Radar Tools ndow Melp Q~ Search i)
AR DC bl PR P UONELL ARBATE XB™ r: v
¥ =
Product Explorer X |Pixelinfo | N :‘ Do B % ?
1“ - p : Q | Filder (CteF) K
(. 2) AR x
&+ O 0 5 Hie e i
Cemeral Loyer Perdormasce WWW Keymap Appeassnce [SITBX! S2TBX S3TBX 4
Sentinal-1 Toolbox &9,
=
7] Uz FilCche ia readers 1 conerve memon i’

Navigation :Colo—- x thdulpt\lncer!

This ool window is used o mandpulate the
colowring of images shown ta an msgs view
Right now, there 33 10 sslecied image virw

Export.. Import. Apply Cancel Hely

X -Y - Lot -Lom - Zoom - Level -

® 2 SNAP FileCache % z_

SNAP #it 5 — L * 1 ZART X X 15 R
TR EIPBEE ¢ T BB o Navigation ~ 7 SAR 821
e 3+ Bl ¥ 0 World Map £ &g 7 40 1%t B2 il i@ ¢ Pixel Info -

i gn 2 View->Tool Windows & ¥ o

View | Analysis Layer Vector Raster Optical Radar Tools Window Help

Tool Windows. ¥ Developer >
Z Statusbar Optical >
i Synchronise Image Cursors Radar &
¥ | Synchronise Image Views | SMOS 2
Toolbare > r\‘} In-Situ Data Access
‘"9 Product Library
7 . 2 Colour Manipulation
Full Screen Alt+Shift+Enter

D Uncertainty Visualisation
= Layer Editor

£ Layer Manager

£ Mask Manager

Ct.. GCP Manager

T 4 PinManager
n | Colo—= X World Map ] Uncertai-= 1 —

) 4#» Quicklooks
% ;

%a  Pixel Info
& Product Explorer

weindow is used o manipulate the s . .
wof i i o, ol View Projects
v, there is no selected image view, @ World Map
orl i a8l 15 View
‘WorldWind Analysis Vi
World View

B3 SNAP % * 1 EALT & T

2
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(=) QGIS 2 GRASS-GIS

QGIS & # Quantum GIS & - &R kR GIS 88 > P 5~ 5
3.8 » & 4 %30 :d & [https://qgis.org/en/site/forusers/ download.html] >
ERHE PR auR AR EF T o

F |

3.8.3
Wi Ewess sme s e QEENEEEND
3412LTR

i Le QGIS M1 TSI 3.8 (64 i)

sha256

& k\‘ QGIS FJIrFHE KA 3.8 (32 firy)

sha256

B4 QGIST 47 4 5

TREELRFT IRV EELX K QGCIS3.8 & AL £0F
{ % % GRASS-GIS7.6.1° % § & ¥ *h % % GRASS-GISe % %% % 15
% 4% % GRASS-GIS :

o R Fx GRASSGIS7.6.1

e ¥ GRASS F#L & [C:\GRASSDB]

e EH# GRASS # 2 [TW]

e £ GRASS Bl # [PERMANENT]

o M IFALTRAPF 17 HK T4 GRASSGIS 5 % Heehep

£ A% (cmd)- 34 1745 4 [g.extension r.stream.distance] 773

GRASS #icie

164 -
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¥ GRASS GIS 7.6.1 Startup

1. EHCRASSIIER B R
C:\Users\choin0207\Documents\grassDB i EAG)]

Q

GRASSGIS

Bringing advanced geospatial technologies to the world

B caisss

&% GRASSGIST761

ASSHtE MEIGRA 15

0OSGeodW Shell ' B ERssRame
2. ISR GRASSRY &

QGIS Desktop 3.6.3 with GRASS... i S

3. RIEGRASSIER

choin0207 ERER(N)
PERMANENT

EB&fE) WaEER)
iR (1) k(D)
Qt Designer with QGIS 3.6.3 cust... Downkad
SAGAGIS (2.3.2)
Setup - ) : Ji i RE « R - F
AAQ) RE8(H)
& % GRASS GIS 7.6.1 - o x

Bl 6 #7H# GRASS-GIS #- e r.stream.distance
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Z

() R £ R-Studio
R 3% & Python k2 B # BRScdp A 4743 § ¢ 49 4 £ foemen
BRI o R-Studio £ 5 R3F3 R & BH MM - % ki3

* i@ % [https :  //cran.r-projectorg/bin/wind  ows/base/,  https

//www.rstudio.com/products/rstudio/download/] » % % R #F 3 » £ % % R-

Studio °
. . RStudio RStudio RStudio RStudio
R-3.6.1 for Windows (32/64 bit ) Desktop Desktop Server Server Pro
Open Source Commercial Open Source Commercial
Licens License cense License
Download R 3.6.1 for Windows (81 megabytes, 32/64 bit) Free $995 .. Free $4,975

fyear

Installation and other instructions
New features in this version

(5 Named Users)

“ n
Evaluatiol arn
earn more earn more mo

Learn more

F7 R # R-Studio T i T

5
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(z) GAWK

GNUAWK (GAWK ) ¢ & A 7 AWK %A% 7 chf 2ch &
FEF I ¥R 20404 o UNIX kst o AWK #3 #- 48 UNIX # *
IE T E - RS e AT oY TR S o B At
f%i%%’ﬁf@va#ﬁ@?*ﬁ%ﬁﬁkﬁaﬁﬁﬁ@%ﬁﬁo
Fla v B AN UNIX BB A7 e 33 f#z Folig b 7 = Fen
1EfR > X2 2T FIHER X EMFERSRET

[http://gnuwin3?2.sourceforge.net/packages/gawk.htm] - £ # Complete

package, except sources Ik A 0 H FE KT ;& ﬁ i #% Binaries %

o RRET R R HEEES bin FHRANFHUD
C:\Windows\System32 2_ A

Description Download

» Complete package, except sources Setup

*» Sources Setup

* Binaries Zip

* Documentation Zip

*» Sources Zip

* Oniginal source http://ftp.gni

B8 GAWK T ' T

6
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,;E . fip 2 2 [ 111 2 > e
S EWE R B o RIRIZF T (2/2)-
h f;'u— ?5 2 . AT
S EE R F -
L Jpikp #y
7 pe —g; 21 A > . & < $‘ f}
(UTC+0) LES L SR o > |
5]
2018.08.02|S1A IW_GRDH_1SDV_20180802T100104 20180802T100129 023066_028115_C667.zip
Sentinel-1 {2018.08.14|S1A_IW_GRDH_1SDV_20180814T100105 20180814T100130 023241 0286B5 ED27.zip P itk -T R R
2018.08.26|S1A_IW_GRDH_1SDV_20180826T100106_20180826T100131_023416_028C52_BAEE.zip
2009.01.05|ALPSRP157180450_090105.zip
ALOS 2009.07.08|ALPSRP157180450_090708.zip SR R - R
2009.08.23|ALPSRP157180450_090823.zip
2009.01.05|ALPSRP157180450_090105.zip ., .
. 5 PP 9 :8-2009 1B e
ALOS 2009.07.08|ALPSRP157180450_090708.zip b e B
2009.08.23| ALPSRP157180450_090823.ip PEATE R
COSMO-S|2017.05.08|CSKS2_20170508.zip 5 pFdy %:8-2017 £ 6 0 3
kyMed  [2017.05.24|CSKS2_20170524.zip REFREF PIER KR
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2017.06.01
2017.06.25
2017.06.29

CSKS2_20170601.zip
CSKS2_20170625.zip
CSKS2_20170629.zip

L

2017.05.05

S1A_IW_GRDH_1SDV_20170505T215226_20170505T215300_016452_01B40F_EFAS5.zip

2017.05.17|S1A_IW_GRDH_1SDV_20170517T215227_20170517T215301_016627_01B967_D25F zip 5 prip i8-2017 £ 6 0 R
Sentinel-1 |2017.05.29|S1A_IW_GRDH_1SDV_20170529T215227_20170529T215301_016802_01BECA_4232.zip Ffs TR FPNENERE KT
2017.06.10|S1A_IW_GRDH_1SDV_20170610T215228_20170610T215302_016977_01C438_AEFC.zip NI
2017.06.22|S1A_IW_GRDH_1SDV_20170622T215229_20170622T215303_017152_01C993_C9C4.zip
Py %iB-2017 £ 6 7 R
i 2017.04.16|S2A_MSIL1C_20170416T022551_N0204_R046_T51QTF_20170416T023523.zip » o _
Sentinel-2 _ AT R MIER KR
2017.07.05|S2A_MSIL1C_20170705T022551_N0205_R046_T51QTF_20170705T023522.zip L
S1A_IW_GRDH_1SDV_20180802T100104_20180802T100129_023066_028115_C667.zip
2018.08.02 _ ., " ) N
Sentinel-1 |2018.08.14 S1A_IW_GRDH_1SDV_20180814T100105_20180814T100130_023241 0286B5_ED27.zip S prdpgi8-2018 & 8 ' R
entinel- .08. o
S1A_IW_GRDH_1SDV_20180826T100106_20180826T100131_023416_028C52_BAEE.zip 5T a IR K
2018.08.26
2009.01.05|ALPSRP157180440_090105.zip o
- . 5 Py :8-2009 ¥4 R
ALOS 0229.07.08|ALPSRP157180440_090708.zip . )

_ IR i =2
2009.08.23|ALPSRP157180440_090823.zip
2016.01.09|S1A_IW_GRDH_1SDV_20160109T100049_20160109T100114_009416_00DA43_56EA.zip , .

_ i $:18-2016 # 4% 9 p
i 2016.02.02|S1A_IW_GRDH_1SDV_20160202T100048_20160202T100113_009766_00E469_1242 zip 3 e
Sentinel-1 ) FANK T EZFTEF N
2016.02.26|S1A_IW_GRDH_1SDV_20160226T100048_20160226T100113_010116_00EE9E_A271.zip
K
2016.03.09|S1A_IW_GRDH_1SDV_20160309T100048_20160309T100116_010291_00F392_7811.zip

- 170 -



http://www.coa.gov.tw

2016.03.21
2016.05.08
2016.06.01
2016.06.13

S1A_IW_GRDH_1SDV_20160321T100048_20160321T100113_010466_00F887_6AT72.zip
S1A_IW_GRDH_1SDV_20160508T100050_20160508T100115 011166_010DB9_DB8E.zip
S1A_IW_GRDH_1SDV_20160601T100052_20160601T100117_011516_011918_CD48.zip
S1A_IW_GRDH_1SDV_20160613T100052_20160613T100110_011691_011E8E_52CE.zip

Sentinel-1

2018.09.24
2018.10.06
2018.10.18
2018.10.30
2018.11.11
2018.11.23
2018.12.05
2018.12.17

S1A_IW_GRDH_1SDV_20180924T020006_20180924T020031_023834_0299CA_6C8C.zip
S1A_IW_GRDH_1SDV_20181006T020006_20181006T020031_024009_029F85_191D.zip
S1A_IW_GRDH_1SDV_20181018T020006_20181018T020031_024184_02A53B_BBF3.zip
S1A_IW_GRDH_1SDV_20181030T020006_20181030T020031_024359_02AAD8_3F8A.zip
S1A_IW_GRDH_1SDV_20181111T020006_20181111T020031_024534_02B129_98D3.zip
S1A_IW_GRDH_1SDV_20181123T020006_20181123T020031_024709_02B79A_6158.zip
S1A_IW_GRDH_1SDV_20181205T020005_20181205T020030_024884_02BD8C_534D.zip
S1A_IW_GRDH_1SDV_20181217T020005_20181217T020030_025059_02C3D5_CE04.zip

tha %318-2018 & 11 7 8

Sentinel-2

2018.11.06
2018.12.06

S2B_MSIL1C_20181106T185559 N0207 R113 T10SFJ_20181106T204800.zip
S2B_MSIL1C_20181106T185559 N0207 R113 T10TFK_20181106T204800.zip
S2B_MSIL1C_20181206T185749 _N0207_R113 T10SFJ_20181206T203841.zip
S2B_MSIL1C_20181206T185749 _N0207_R113 T10TFK_20181206T203841.zip

iR %:1%-2018 & 11 * 8

B );? i %/\ i: I};] 4‘: BN EL,’-—’,}\, :;i

Sentinel-2

2018.09.17
2018.10.02

S2A_MSIL1C_20181002T022321_N0206_R103_T50MQD_20181002T054141.zip
S2A_MSIL1C_20181002T022321_N0206_R103_T50MQE_20181002T054141.zip
S2A_MSIL1C_20181002T022321_N0206_R103_T50MRD_20181002T054141.zip
S2A_MSIL1C_20181002T022321_N0206_R103_T50MRE_20181002T054141.zip
S2B_MSIL1C_20180917T022319_N0206_R103_T50MQD_20180917T054239.zip

B #% 18 52 -2018 &£ 9 # Fr

R R
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S2B_MSIL1C_20180917T022319_N0206_R103_T50MQE_20180917T054239.zip
S2B_MSIL1C_20180917T022319_N0206_R103_T50MRD_20180917T054239.zip
S2B_MSIL1C_20180917T022319_N0206_R103_T50MRE_20180917T054239.zip
ALOS? 2018.09.17|AL0S2228667170-180817.zip B # R)£-2018 £ 9 ¢ FF
2018.10.12|AL0S2236947170-181012.zip R R
Sentinel-1 2018.08.24|S1A_IW_GRDH_1SDV_20180824T204112_20180824T204137_023393_028B99_1784.zip A% 4 p)2-2018 F 9 2 p
entinel- Lo
2018.09.05|S1A IW_GRDH_1SDV_20180824T204112_20180824T204137_023393_028B99_1784.zip A AE R R
S1A_IW_GRDH_1SDV_20191006T204300_20191006T204325_029343_0355EA_E1F1.zip Sk T R b
3 2% N l"v/‘l T'TI}|
) 2019.10.06|{S1A_IW_GRDH_1SDV_20191006T204325_20191006T204350_029343_0355EA_1B68.zip ’ i
Sentinel-1 _ -2019.10 %5 £ B ®h AP
2019.10.12|S1B_IW_GRDH_1SDV_20191012T204223_20191012T204248_018447_022COC_CBFE.zip I,
7 -‘LB s 7 R
S1B_IW_GRDH_1SDV_20191012T204248_20191012T204313_018447_022C0C_53C5.zip /
2018.08.25|AL0S2229840850-180825.zip NI Bt Sk 7
ALOS2 .
2018.09.08|AL0S2231910850-180908.zip -2018.09 p A At & 3 L s
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B R E EREN R EENRERAKZEA

ORfeRR | EEERE ® oS BERAR Y BarE AR

HE

BRI E EZ AR (SAR) AT DIEAEERE - HIRE ilE(E - At @iz
GAEAR RREEARA E - BB S R8T SR EHE A ERVES - A5k
LA SAR g2 o SOKERY /KBS HETHES - E— P lic &S Zia m B
FEfEARI HAND (Height Above the Nearest Drainage)” &afl » 1] KiEFE{KERF] o 45
SREUTOKAGHY BB M (F1-measure){iE 66.6 F2T14 92.0% - /7K kAT 77 8
WG SAR 2 FAHE IEG R I ERAF B AIE - E(EZAERAT 6.2 dB A R EAH
FRIERRE LY 82.6% o AWTFTHEH —(# SAR S5 /KEDHNRFE » A6 DLEPR/K
{RE R 2B » AT/ KEERE N ARV R E S K &R A
BB o

BT - B - SRILRERE - K

1. &ERAETE)

FE A B ] DUt (K. - RS = ) B E RS EE - AR 2 E A
EHAME R AETTEON - @A R F R AR PRI KIF AL T ES
P E KA B (Arciniegas et al., 2007; Bignami et al., 2004; Chini et al., 2008;
Dong and Shan, 2013; Plank, 2014; Uprety and Yamazaki, 2012) - FEiE L% SEER[{Z
&M B o Sl iE BT N R BE 3 AR RV SR - B 2 Ky 85 38 {H I (change
detection)(Bovolo and Bruzzone, 2005; Lu et al., 2004; Singh, 1989) - &% & #% FH 2R (E

PR F A B E K ER B2 S T R BB MDD 8 52 5
TG FEFEIHTE - THEHAREE - SUEES KRR B2 EFF 2 IREm A
T2 AR F (Arciniegas et al., 2007; Christophe et al., 2009) e

HEZ N B FLIEE 2 54 (Synthetic Aperture Radar, SAR)/E E B3 5 aH 5%
HR & EE - HENEE RGO 1 272 100 A0 E - SR 2KRTE
AIDVERE KRR 5P A DUIERTA RIEGRE N EME o SR MIE N K IERY SAR
sAG IS EP LI G R S HUE - RIEER] SAR 1R K EFHE ]
LIS E SR SEIH S E - SAR HYRZ RAT Al ROCEALTAME 2 4 S IEHT Y
Z< fH 3% & (surface roughness) ~ /& 5 M (dielectric properties) Kz + 15 & /K &
(moisture content) L& o & KFHAE - KFPEAVEEEE LR RAVEL
G ELE SAR g2 b o R UNR T FE T SAR 5245 » RI DA M ek K 5
BERVIEIE o TCHEIT AR R 2R Eh0E] > FA S g e 7K S AR RS » &
ARG EERIVIER SRR R N AR ande 4 - Rl » /K SEAE SE BRI

SR RVAS Y I VTR N R i T e

2 FILS RS PR TR % BlE%

3 TEIRREZ RGBSR IR Rt

4 TSR R B RN SR - 173 -
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E—EHEEZAHEE -

BN K ZE 44 (ESA)EF H JEETE (Copernicus Programme) @ S 4 BRER SR 127
2 ESHIEFE (Global Monitoring for Environment and Security, GMES) » * 2014 4 2
HEL4 HEght T 2 78 C F2E% SAR f 2 (Sentinel-1A B 1B) » £z 6 K A ¥ [E—&
A EAEAVEUR - 1 B A AR HA SAR 8 B 2R (LE R > Sentinel-1 5245 A LA
REHS © ESA 5% A2 AL Sentinel-1 s2G R HEAY R EHAG SNAP (Sentinel
Application Platform) - {HF SNAP it & FHEXAG L Sentinel-1 g2 #ETT /K SEAY S
FEOM - RRIER K K FFHERYECA - 72 KB BV E iR (A HE RAVE
Bl o AWHSE(E R SNAP EiBfIJEHES GRASS-GIS SR /K K EWRSAZ P - W2
Sentinel-1 SAR s TR /K K F 2 B @ BT 7 T

2. G AREERST/KEMTRIE

T & B LI B ZE (SAR) B R IR Y B 2087 S N B RA U 2458 - B BERSRAE
KBS A E TSR AR ST & - BeS (Bl EH B U ERSRRE 23R F AR - AL
SAR g F/KEGIN R ZE G A M E KAV E R EUER 4 E(Sigma nought) » B EAt $14)
HUERGR A BHEEZE SR - R FTE By RAFAY/KER BT F/KRRHY 7 B FE R (Foumelis, 2015;
Stewart, 2016; Thenkabail, 2015) - L SAR s2{GHFE & /K /K [EE 7K Ba Byl » 4 7K /KJEE
HY/KEEHYERSR 4Rt E B A st YRR A Pl Bl (E—) - (B LerVEHERYIE S AT
REtE 1 B ZE 2RV @I (Giustarini et al., 2016) - #EZR SAR 25 tf/KEGELIR/K
AEHVERSE R R E R - BIvA —EREGZEWH] - G5 - (DHPERE AT S
RV EE ZEf2 s @IS 5 Q)/KESRIHAYELR » (E/KESE I B B HE N - B /K&
AR N QAR EEZE| I 22 B RS E g IR e K& E
R R A S B A K AR R R . (WIEE Y EE 2 ithlE -
ae A /KRS AL - BV A IV AE RS - A B & 7 /KEg B R /K AR HYEH SR
(Sanyal and Lu, 2004; Martinis, 2010) °
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2.1 FREKRNZRYE

EES KA TEES SAR L EET/KEREE - FEEESHAKREK
RAVESE ~ FERREL/K KPS RS2 - BEA D RIS A AR S0
ZEfEIfAT R » (HFDR RAVE Z R 2 FVK R BV RS » (A KE/KRNE
@& E AR E R RS - Rt g R E N AT A E gk 2
(Yesou, 2017)  1ff H/KFREZ RN ~ 7KL RS2 2T ARATEELR > MHIEIHRIAE
RIRE A RN R B i A S & KN RO R AV E 2R IR & s pl— i K
ANET (A G s = S 2 A fE 7K B (Lillesand et al., 2004; Ulaby et al., 1982; Yesou,
2017) » R GEFUKIEHEE FAVERE » (HINSR & 7y /K& KRS B e &
HIZ R JON RIVE N g AR S iR - .Jﬂ: 1EES R RNRIFZFH SAR
AR T/ KBTI KNG Y » RIERIVE ZEAG G HEF R -

2.2 AEfEZERY

SAR s BRI /K Ba B A 22 BMERYAFAE > Henry et al. (2006)24
Envisat ¥ 7KAGAYAFEFE Y - AT L(HH, VV)AHEZT 22 XA B(HV, VH) ¥ 727K
Fa P A B - HE BV S KEARERAVERES EEf A s R EE
PEFER] E > XEE VV EESTEMR/KEEIHES - M HER—RES# &+ - HH
T CHVEUE 3 A L H A BB - B HH LA [FE R S 3 B A EE -
ZRIT Twele et al. (2016) X iE— 474 Sentinel-1 VH B VV fifif b3 7K B HIHY 22
T GERBUR I & B KB R IEVEMEFE IS kappa #A 85%LA L > 1 VV fi{b
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AL VH 47—+ kappa [E75 91% ¢

3. WrFEERIBREEFE T

T A T RIE SAR SAGAEAKHERAVZE R - S3Ar 2B 1 K 2018 FEHARIHY
ESOKERALEL » EEEHRAUKE G SOUKELE 2018 4 6 2541 > A&
IKE—FERH 2% » lFREEZ& - —EHE 9 A EIF 2P E KERVEEE - K
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time JE[m] time FE[m]
. 2018/06/23 2018/06/25
MUK 21351 02:25
1 [23.366N,23. 198N/ [SENTINEL-1 | o | 20X 22 SENTINEL-2 | 0 | 10X 10
[120.501E,120.659E] - 0225
N 2018/0814
ERTETIR o
2 [22839N, 23.867N/SENTINEL-1 | | 20X 22
[120.074E,120.519E] 1000

EMEZEGIF - T T Sentinel-1 IW GRDH (Ground Range Detected in
High resolution)fy SAR s2{5E Sentinel-2 Level-1C Y22 &G > HFEZEFI1 : 2 58
SAR 2R HL 2 5RVEERAG 201 214 5 SAR 245 ;5L E R H i ESA Sentinels
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4. G REERSEAKBEBENTA

Pre-processing of

Pre-processi.ng of During event or post-event ~ Mask for Limitation of surface water areas
pre-event SAR image SAR image
[/ Ve L/
H i
- - : ,_.._, ,
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v ¥ ! :
— ; ¥ ¥ :
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¥ ¥ ! i
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¥ ¥ : :
Speckle filter Speckle filter ! HAND = 30 and :
¥ - #| Not Lavover and i
L 2 1 - .
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Terrain correction Terrain correction i :
' ‘ it —————
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subset subset — !
1
: (Method A) !
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1 1
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E image > threshold :
Stack image II
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TR HERTR TG BT R R B BE A HER (R R AT R M - SRt E 28
Hifl AAINTEEE IR 2 SRV IERES Q) pE R ASE S R ot H it
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T2 5 e 2 B R Y B H [ d5k(Bioresita. et al.,2018) « HAND A5HY A 375 48 B JH G
GRASS-GIS ##fT:1H -

SN )T A E VUE RV TA B 0 B AK SEE AT AR AV &I F/K S5
A ST B > A EEIE G R B E G L K EFRIFRER S - K EEE AT G
BRI B G 1% » BUER S R P IR (E A e o F Rt S8 A i B s (52
s DR ERT > AEAERRIVEESIL - R EEKHRE E o B ARR D
S R s s 3 -

SAR SR FIRERV4E SR B2 R AL E R TIL Y mHE s 2= A0
G T IR - BIECEER - R - GFEeHEESE - BIETEINE - 2k
FEOAME ~ JRA] ~ 3R] ~ PRSI L Kappa 4iatESE - ARSI &R & FHEEEH M
FIH PHrf7E i (Balanced Accuracy) ~ 47 e HETEIE(F1-Measure) ¥ Kappa &istE
(McHugh, 2012; Sasaki, 2007) °

SR SR

5.1 S3HTER] 1 -% T /KEE

W SOKEALIR B2 AT - T E LG R R AR K ~ A FEHUKEL T
SFEAK KL EEEZE 17.14 A HE > B2 E R AN/KE - 2018 4£ 6 HiY
Rz 9 HEEmi/K AL By /KBS En B S bAH & IAEH > I 57 Sentinel-2 S¥E2 525 1]
PR AT HIRE LS S AV EL T -

FRIE SAR FYET EIBUEHAEEUE S - /KSR I (E A LI4E-17 dB $1-16
dB R ([E—) - PIE(ELEE 2 M PRRaE R A E S IEEN: - f51F FI1-
Measure i kappa #31E 91.7 %LA_E > BURFIH A& BRFLSE Z2 6 F KR Y2
HEAHARER - PIEET-16.4 dB &R EI/KEEHEREREX: > F1-Measure
Bl kappa 57 B[22 % 92.91 %Ed 92.49 % (F= ) »

T JKEGHERAY IEMENE(LL-16.4 dB R 9HE)

Using Layover
Balanced F1-
Case and Shdow & Kappa(%)
Accuracy(%) | Measure(%)
HAND mask
2018/06/23 False 97.18 66.66 65.28
2018/09/03 False 96.75 76.33 74.64
2018/06/23 Ture 99.51 92.01 91.76
2018/09/03 Ture 99.22 92.91 92.49
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F=HLEL SAR sAAG VB RS i KIS A A R o 4t BRI R KA,
Hrak Ry /KAZAVEIE, - 18 B IR 27 2 I s B RIE DR ERGR I « B T 5]
DUETE M B EI(E IS S R B A FIRREE S - sr ISk &g KRR ) » S/ KES Y
A (EREMERIE P © 2018/06/23 HYSZG At LB~ SE F A B PR B 1% - TR
F1-Measure £ Kappa &5 °] DAEEFF4Y 26 %(F5 ) °
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2018/09/03 WHARYZE(E 25 H > DL 6.2 dB {E Ry FINGE A S H 7K s S22 78 1 8 1 e
2 (ET) - S EEE YR58 (2003)IH 5T F AT AV G 6 dB fHEYTLL -
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Fe— ~ JKHG SRR IEAE M
Balanced F1-

Method| Expression Threshold(z) Kappa(%)
Accuracy(%)| Measure(%)
Iml>z &
A -16.4 98.97 79.55 79.03
Im2<z
B |(Iml-Im2)>z 6.2 99.11 82.77 82.32

Im1:2018/06/23 SAR image; Im2:2018/09/03 SAR image
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A study for inundation mapping after typhoon
and heavy rainfall by using SAR Imagery

Chun-Ying Chiu !, Chia-Shen Hsieh %, Tsung-Jen Huang ®, Kuen-Sheng
Yeh*, Li-Hao Kuan®, Jyr-Ching Hu®

ABSTRACT

Comparing to optical remote sensor, Synthetic Aperture Radar (SAR) is an active
sensor and radar signal can penetrate clouds for working in near all-weather/day-night.
Therefore, SAR damage assessment methods enable useful disaster response in
typhoon and heavy rainfall. This study first uses SAR images to detect change of
surface water area in Zengwen Reservoir and limits surface water areas by HAND
(Height Above the Nearest Drainage) mask and radar layover & shadow mask. The
result’s F1-measure increase from 66.6 % to 92.0 % after using mask data. Backscatter
decreases due to totally flooding, therefore threshold values can be used for separating
flooded area. The best detected result: F1-measure 82.6% occurs when the threshold is
6.2 dB. This study proposes a flood detection process by SAR image, and uses actual
flood events as a case to estimate the impact of flooding range. The results of the
analysis are quite helpful for providing the assessment and quick response after a

hazardous event.
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