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Abstract

Due to its special geographical and topographic environment, the disasters in
Taiwan are mainly typhoon, earthquake, flood and landslide. In recent years, with the
development of economy and the progress of science and technology, more and more
radar satellites are launched into space. Radar satellite images have strong penetrability
and are much less affected by weather cloud and fog than optical satellite images, which
provides another idea for disaster prevention and mitigation research. The requirements
of this plan for disaster prevention and reduction, in view of the landslide and the lake
disaster, with 110 annual soil and water conservation bureau innovation research plan
calls for "software disaster prevention countermeasures” and "new technology" two
fields, the goal for the application of radar image development large-scale collapse
detection analysis model, is applied to the detection of heavy rainfall caused by large
collapse and the formation of the lake, To enhance the emergency response capacity of
immediate large scale landslide disaster and barrier lake. Based on the principle that the
backscattering coefficient of radar image will change before and after the event, the
study adopts threshold method and adopts Google Earth Engine (GEE) , an open

source cloud platform, to carry out rapid process automatic processing.
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6196 2 - XM AR AL ATV # [F] 25°7] 50°% & "1 4= [§] 20°F] 59.5° - & &
L3104 BHTEMEITRAL ST 100 2% 0 B E R A 10 2 2 ] 200
o2 (P> 4@ B ) (eoPortalDirectory Satellite Missions
COSMO- SkyMed )

COSMO-SkyMed % = # (COSMO-SkyMed Seconda Generazione » f§ - CS
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7 TR A A Rt A M AR
G) #¢ Lk x> P ik 3R JET R EEPIOFEN > % - 4 CSG-1

&y

¥ & g2t 2018 & g B 3g CSG-2 Fp 40— & &> Fp2ha 11
TE I XPPERETR > CRRTFEITRME L FEF 2 035 2% 7
40 = = > g H AR A3 o2 7] 200 = 2 (eoPortalDirectory_Satellite_Missions_C

=
31?&4
Y

OSMO-SkyMed2 )

A~ TerraSAR-X
TerraSAR-X &% § i 4_d LR KW 7= 3 7 < (German Aerospace Center ) &2

A 2 @ EADS Astrium 7% B B# o &7 & % 52 i TerraSAR-X & 8 >
EADS Astrium »+ 2001 # = = Infoterra = & » & % f 7 TerraSAR i 7|k i iF
% 41 8 - TerraSAR-X 5 TerraSAR i 7% — 3g7 * k> © 32 2007 # 6 * 15
prEflg stz o a2 3 RARE 025 o o S PR R IEATE
PR BB RTR LR R R Y ZHELE5E P T AL A
P JRAx 3 2020 # - TerraSAR-X ik g § & 5 Sl4 2 ehx Bk # Fk >
FLEEE R A 11 = > 4R G 15°F]55° B X A& 5
3124 s BT RE S 0252024028 > g AL 4202 3 270 o
2 (&pp > ;m B ) (eoPortalDirectory Satellite Missions_ TSX, Buckreuss et al,
2009)

A 7 Y TerraSAR-X ix7% > % = % X A B¢ SAR # 4% TerraSAR-X2 »*
2016 = B 4ppRisr > Fp R v A4 i 9F c ZRMBITRE- A A Ea025 o

© o FATH TOPS Sl H5 » 7 % %4 & 4% <PpLip] o P % 982 TerraSAR-X
chiif 3 R 5051 533 222 > HME FE B E 11 % > T x4 B 5
20°% 50° HL & - R » BRI R 025 2% 1 30 % o HtFR A

§.10 22 31400 =2 (&pp™> ;a8 ) (Janothetal, 2012) -
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i g * 3 ERRRIR o EBAcd 2-1 9757 o
4 21 &fEi SAR BRI AL
niE 3F | ftE
, RE | wspEm | agra | TEE D RER
Eolem | @ o | A E o
(=) | (km)
Che
ERS-1/2 56 | 1992-2001 | 30 35 100 23
Envisat 56 | 2003-2010 | 10-100 35 100 19-44
Radarsat-1 55 | 1995-2013 | 10-100 24 45-200 | 20-50
Radarsat-2 55 2007- 3-100 24 10-200 | 20-50
Sentinel-1
56 | 2014-2024 | 5-20 6.12 250 30-46
(2Sat)
Radarsat
. 5-20
Comgisllaon 55 | 2018-2026 312 | 30-350 | 20-55
Mission
(3Sat)
LA
JERS 235 | 1992-1998 | 18 44 75 35
ALOS-PALSAR | 236 | 2006-2011 | 7-89 46 40-70 | 8-60
ALOS-
oALSAR? 22.9 | 2013-2017 | 3-100 14 25-350 | 20-60
X i £
COSMO-
skyMed 31 | 2007-2014 | 1-100 | 2,4,8.16 | 10-200 | 20-60
(4Sat)
TerraSAR-X 31 | 2007-2018 | 1-16 11 10-100 | 20-55
COSMO-
skyMed 3.1 | 2015-2023 | 1-3 10-40
-2 (2Sat)
TerraSAR-X-2 31 | 2015-2018 | 0.5-4 10-40
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FlaE g MR PFL S
b~ H R hE KR 7 2 RGFH
SN S R N i o

SEEIRSETER G AL MR T S8 MBI G

T R o Sl 2R TR AR A > P e E PP BT
EEFEFIHE R c KD RGO LB R AR 2-3 977 o FE
AFFEARTERL RAFETEHLE R REREPREFHE SHP TG AE
Fehfrk T ARV i FHRET SV Gy (3F) @ Py 5
5 3

% 6-2-

AEHRF SAR B F

W 23 A5 MIEP B ) 98 E iR R
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% 22 LAWY SARPGMAT 7 pMRP

2% LHTEFAEPHAETAZLE A M NER

2q

NN
=\
E‘

f

] Al 291 = >
i (%) ¥ | B
2.
(bl
N <4
Cui
Sentinel-1 ESA SciHUB % 7
RADARSAT-2 Digital Product : $Cad (Per Scene)
Path Image
Beam Mod Single Look (SGF, SCN, Path Image Map Image
€am lviode Complex (SLC) SCW, SCS, | Plus (SGX) (SSG)
SCF)
Spotlight (1m) $6000 $6000 $6000 $6000
Ultra-Fine (3m) $5400 $5400 $5400 $5400
Wide Ultra-Fine (3m) $7800 $7800 $7800 $7800
Extra-Fine (5m) $7500 $7500 $7500 $7500
Multi-Look Fine (8m) $4200 $4200 $4200 $4200
L cml 45 Al Wide Multi-Look Fine
A sk P A (8m) $7500 $7500 $7500 $7500
;}i —+ Kﬁl N E’l Fine (8m) $3600-sigle pol $3600-sigle pol $3600-sigle pol $3600-sigle pol
—P— $3800-dual pol $3800-dual pol $3800-dual pol $3800-dual pol
@=L (02) 2553- . . $7500-sigle pol $7500-sigle pol $7500-sigle pol $7500-sigle pol
RADARSAT b 5 ( ) Wide Fine  (8m) $7800-dual pol $7800-dual pol $7800-dual pol $7800-dual pol
-2 2509 Fine Quad-pol (8m) $5400 N/A $5400 $5400
BB AL E 4 Wide Fine Quad-pol (8m) $7800 N/A $7800 $7800
o\ O A L $3600-sigle pol $3600-sigle pol $3600-sigle pol $3600-sigle pol
P Fi‘ P B *é' 'R Standard  (25m) $3800-dual pol $3800-dual pol $3800-dual pol $3800-dual pol
ﬁ; 4 25% Extended High (25m) $3600 $3600 $3600 $3600
Extended Low (25m) $3600 $3600 $3600 $3600
Standard Quad-pol (25m) $5400 N/A $5400 $5400
Wide Standard Quad-pol
(25m) $7800 N/A $7800 $7800
P $3600-sigle pol $3600-sigle pol $3600-sigle pol $3600-sigle pol
SHE () $3800-dual pol $3800-dual pol $3800-dual pol $3800-dual pol
$3600-sigle pol
Scansar Narrow (50m) N/A $3800-dual pol N/A N/A
: $3600-sigle pol
Scansar Wide (100m) N/A $3800-cual pol N/A N/A
Ship Detection N/A $5400 N/A N/A
$3600-sigle pol
Ocean Survenllance N/A $3800-dual pol N/A N/A
~ .
) § 24
i3
JAXA e e - - :
(# 5 & %32 B JAXARAG Principal Investigater )
ALOS-2 Standard Products
Acquisition Mode Standard Scene Resolution New Al
(Polarimetry ) Size (km) (m) Acquisitions v
7}L ﬁg& ;Elj ig %i Spot.light (.single) 25 x 25 3x1 ¥550,000 ¥400,000
:}i 2 Kﬂ\ N ‘f’ Ultra—l:r_wh S(sm_gi!e/dual) 55 x 70 3x3 ¥390,000 ¥240,000
- —P—_ ’ (Is%n_ I:/r:jsdallv)e 55 x 70 6x43 ¥390,000 ¥240,000
ALOS-2 T % : (02) 2553- _ (sing|
250 Fine (single/dual ) 70 x 70 9.1x53 ¥390,000 ¥240,000
High-Sensitive
0928113144 (Full Polarimetry ) 40-50 x 70 5.1x43 ¥390,000 ¥240,000
B?s;{s, A ;g /]~ 4 Fine (Full Polarimetry ) 30 x 70 8.7x5.3 ¥390,000 ¥240,000
Y # oy 2+ ap o ScanSAR nominal
NP [ R = ’}‘(_E. 1} (28Mhz)  (singlefdual) 350.5 x 355 475x77.7 ¥230,000 ¥80,000
4 25% ScanSAR nominal
v Ina!
(14Mhz)  (single/dual) 350.5 x 355 95.1x 77.7 ¥230,000 ¥80,000
ScanSAR wide
(490 km)  (single/dual) 489.5 x 355 44.2 x 56.7 ¥230,000 ¥80,000

Xk

COSMO-skyMed Standard Products
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2 as ) Acquisition Mode Standard Scene Size . New .
M (Polarimetry ) (km) resaliiEn (i) Acquisitions IS
(03) 668-7775 Spotlight-2 10 % 10 1x1 €6,000 €3,000
Stripmap HIMAGE 40 x 40 5x5 (multilook) €3,000 €1,500
COSMO- Stripmap PingPong 30 x 30 20x20 (multilook) €1,900 €950
skyM ed ScanSAR Wide 100 x 100 30x30 (multilook)
(4Sat) . 2
_j‘ 2 Gl pci] 7EIJ F 100 x 100 €1,650 €825
N ScanSAR Huge 200 x 200 (multilook)
L - :1(03) .
422-9332 TerraSAR-X Basic Image Products
Image Product Sst?;ed ar?l?n(;e)ne Resolution (m) New Acquisitions Archive
5 . Sta”n?SSTp;J tight 4%37 Upto 0.25 €6,950 €3,475
SRR
igh Resolution
(03) 422- spotlight (HS) 10x5 Uptol €5,950 €2,975
7151#57601 Spotlight (SL) 10 x 10 Upto2 €4,250 €2,125
TerraSAR- StripMap (SM) 30 x 50 Upto3 €2,950 €1,450
X 2 %1 FURSE! 'J‘ 20 ScanSAR (SC) 100 x 150 Up to 18.5 €1,750 €875
(03) 422-
7151#57602 )
W'de( \S/\(/:gr;SAR Up to 270 x 200 Up to 40 €1,750 €875
Rl Sl N Y
& 4e 25%

Fo8 IHWILRRASAN - ASNREESARP ERL &Ky
B 4%
- ~ERS-1/2
% HERS SAR A S8 F AR hiids iAo 2-3 FREE ik L
e 623 > e 10BF 54 5%% (Product ID) > % 15 B 3 B4n 5 ¥
AP HED B EPER > 5
ERS 4§ 5 & fisnp o

YYYYMMDD_HHMMSS » #is T ¥ %5 & 2-4

ETTRS

% 2-3ERS 2 %2 &2 & %% (ESA, 2006)

Product Name Description Product ID
IM Level O Image mode level 0 SAR_IM__ 0P

Image mode sigle-look
SLC/IMS _ SAR_IMS_1P
complex image

Image mode precision
PRI/IMP _ SAR_IMP_1P
image

GEC/IMG Image mode geocoded SAR_IMG_1P

2-12
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image

MR /IMM

Image mode medium
resolution image

(stripline)

SAR_IMM_1P

BRW/IMB

Image mode browse

image (stripline)

SAR_IM__ BP

APS

Simulated alternating
polarisation single-look

complex image

SAR_APS 1P

APP

Simulated alternating
polarisation precision

image

SAR_APP 1P

APG

Simulated alternating
polarisation geocoded

image

SAR_APG_1P

APM

Simulated alternating
polarisation medium
resolution image

(stripline)

SAR_APM_1P

APB

Simulated alternating
polarisation browse image

(stripline )

SAR_APB_BP

WYV Level 0

Wave mode level 0

SAR_WV_ 0P

WVI

Wave mode SLC
Imagette and imagette

Cross spectra

SAR_WVI_1P

WVS

Wave mode imagette

Cross spectra

SAR_WVS_1P

WVW

Wave mode imagette

SAR_WVW 2P

2-13
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ocean wave spectra

% 2-4ERS #%k &3P (ESA, 2006)

A&
AAA AAA AABCCCYYYYMMDD HHMMSS @@@OBBBBD*** @
DDDD ***** BODD.E*
%@ &d :
SAR_IMP_1PTPDE19951221 103430 _00000015A000 00000 00001 0005.
El
Fh T . #ic i 28] ,%9 b P R
A S 10 AAA AAA AA SAR IMP 1P
fal BB P B 1 B T
A2 4o B B 3 CCC PDE
Ex* p iy 8 YYYYMMDD 19951221
A P B S 1 _ _
o * PR 6 HHMMSS 103430
A B R SR 1 B B
FEER 8 DODDDDDD 00000015
Ap =TT 1 D A
Ap i ik HpEe | 3 Fkx 000
L TR RAR 1 _ —
TP ap g | 5 DODDD 00000
A P B S 1 _ _
& Wiy 5 falakaiaie 00001
A B R SR 1 B B
A &R A e EHc| 4 DDDD 0005
v 5L 1 . .
#Fh g 2 E* El

%ﬁ“ d EOLIi ( Earth observation Link : http : //earth.esa.int/EOLI/EOL.i.htm
1) » ESA ¥ Ik ELip| Ei2 PR+ » T ;“ P rE P iR e EOLI-SA fic kg z 18 o
VRRFRFRERBAFGE LR —ﬁ‘b’“r% T ERS Fh: B2k (B 2-4) o
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W 2-4 EOLI-SA # %8 /i &

= ~ ENVISAT

= B ENVISAT SAR i S8 fi g S 5ide it 4o 2-5- Fijerih % L fn & 10
BF 5 A &5 (ProductlD) » % 15 BF B4s5 B dpdEpP DEFFR > 12555
YYYYMMDD_HHMMSS » # & Fa ¥ %4 & 2-6 fh%x LHRP o %gr.! EOLI
( Earth observation Link : http : //earth.esa.int/EOLI/EOLi.html ) ESA - zf gip] ix

ARPRAY > 3T sk b oordk o EOLI-SA ffi2 18 > ¥ A i dﬂz AT E &P R
2 % 32 ENVISAT frk # (B 2-4) -

% 2-5ENVISAT 2 #5222 5 %% (ESA, 2012)

) Pixel | Coverag
Nominal _
_ Spacin e (km -
Resolution Equivalent
Product ID | Product Name g Range x
(m - Range _ No. Looks
_ (m | Azimuth
X Azimuth)
) )
ASA IMP_1 Image Mode 56-100 x
P Precision 30> 30 125 100 >3
Image Mode
ASA_IMS 1 Single-Look 9x6 natura | 56-100 x 1
P I* 100
Complex
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Image Mode
ASALIMM_LT " Vedium 150x 150 | 75 |20°100% | 44
P : 100
resolution
Alternating
ASAAPP_L T bolarisation 30 x 30 125 | 4106~ >1.8
P e 100
Precision Image
Alternating
ASA_APS 1 Polarisation 9x 12 natura | 41-106 x 1
P Single-Look I* 100
Complex
Alternating
ASA_APM 1 Polarisation 41-106
P Medium 150 x 150 [N 100 50
resolution
Wide Swath
ASA—l\éVSM— Mode Medium 150 x 150 75 |[400%x400 | 115
resolution
Wide Swath
ASAWSS_1 Mode Single- 11520 > 7.8x8 400%x400 | 1
P 117 0
Look Complex
Global
ASAGMLLT \onitoring 000> 1 500 | 400 x 400 | 7-9
P 1000
Mode Image
Wave Mode
ASA—¥VVI—1 Imagette and 9%x6 mltfra 5x5 1
power spectrum
ASA_WVS_ Wave Mode ] ) 5 x5 )
1P Image Spectra
Wave Mode
ASA_WVW_ Ocean Wave - - 5x5 -
2P
Spectra
*patural : natural pixel spacing in range and azimuth

# 2-6 ENVISAT % #4L#P (ESA, 2015)

filename =

<product_ID> <processing_stage_flag><originator_ID><start_day> <*_">

<start_time> <*_"> <duration> <phase><cycle> <*_"> <relative_orbit> <*_">

<absolute_orbit> <* ”><counter><“.”> <satellite_ID> <.extension>

Field

Sizein

Characters

Description
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10 character string idenGeoTiffies sensor, mode and

Product_ID 10 processing level. See Volume 4 for details. Characters
not used are replaced with an underscore character.
Set to “N” for Near Real Time product Set to “V”
for fully validated ( consolidated ) product Set to
Processing “T” for Test product Set to “S” for a special product.
Stage flag ' Letters between N and V are assigned in order of level
of consolidation (ii.e., closer to V = better
consolidated )
Originator 1D 3 | IdenGeoTiffication of the center which generated the
file.
In the case of instrument products it corresponds to
Start_day o the start day of the product from the UTC time of the
first DSR. The format is YYYYMMDD. For
Auxiliary files it may correspond to file creation date.
Time coverage of the product expressed in seconds.
Start_time 6 If the duration of a product is not relevant information
it will be set to “00000000”.
Time coverage of the product expressed in seconds.
Duration 8 If the duration of a product is not relevant information
it will be set to “00000000”.
Phase 1 Mission phase idenGeoTiffier
Cycle 3 Cycle number within the mission phase
Relative orbit . Relative orbit number within the cycle at the
beginning of the product
Absolute_orb . Absolute orbit at the beginning of the product
it
Counter A Numerical wrap-around counter for quick file

idenGeoTiffication. For a given product type the

2-17




N FEP AR BRERIRDL A ML IIRED

counter is incremented by 1 for each new product

generated by the product originator (see note 1)

Satelite ID 2 El = ERS-1, E2 = ERS-2, N1 = ENVISAT-1

Optional field. Used only for distribution to users to
Extension Variable | indicate common archiving and compression standards

ifused (e.g.,.gz,.Z, tar, .tarZ, .gif, .jpeg, etc.)

= ~ RADARSAT
RADARSAT-1 5k § 747 b B A i (B 2-5) » & S5y ik
4o 2-7 #7157 » §2 k2 CEOS (Committee on Earth Observations Satellites) 1%
BH N o m RADARSAT-2 fisk B 5 2 20 487 F B tjdp #4055 (B 2-6) >
SRR TREAS S OBAN (£28) &2 - BA&KD - BALT I KB
PR F A e b LR e B9 AR F AR xml 55 N
# = £ 4 & beamModeMnemonic » % fadp st (h R 4 & 2-9 “r7 - RADAR
SAT-1 &2 RADARSAT-2 #if.s ¥ ;ﬁr} NRA ( Natural Resources Canada) 4=k

( https : //neodf.nrcan.gc.ca/neodf cat3/index.php?lang=en) - & = i * ﬁ e
IR s Rl ~ B2 AT 2 KixH o

B 2-5 RADARSAT-1 ik dp e fiom B (F4L kR : CSA %k http -

/Iwww.asc-csa.gc.ca/eng/search/images/watch.asp?id=460 )
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W 2-6 RADARSAT-2 ik fafe it A B (F# %k : RADARSAT-2 MDA

https : //mdacorporation.com/docs/default-source/technical-

documents/geospatial-services/52-

1238 rs2 product description.pdf?sfvrsn=10 ) -

# 2-TRADARSAT-1 2 5-f83g & % (RSI, 2004 )

Product Level in

Processing Product type in Product Type in _
) Network Station
Level RADARSAT RSI Terminology -
CerGeoTiffication
RAW (signal
RAW RAW signal data | Level 0
data )
Single Look
SLC Coml
omplex
Georeferenced P
SGF Path Image
data
( Satellite path SGX Path Image Plus Level 1
_ ScanSAR
oriented ) SCN
Narrow
SCW ScanSAR Wide
Geocoded data SSG Map Image Level 2
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(Map

oriented )

SPG

Precision Map

Image

# 2-8 RADARSAT-2 # &## & 7% (RSI, 2016a)

_ Product
Product Types Abbreviation Processing Descriptive
Level
Name
Slant Range Single Look SLC Georeferenced | Single Look
Complex Complex
Ground SAR SGX Georeferenced | Path Image
Range Georeferenced Plus
Extra
SAR SGF Georeferenced | Path Image
Georeferenced
Fine
ScanSAR SCN Georeferenced | Path Image
Narrow Beam
ScanSAR SCW Georeferenced | Path Image
Wide Beam
ScanSAR SCF Georeferenced | Path Image
Fine
ScanSAR SCS Georeferenced | Path Image
Sampled
Geocorrected SAR SSG Systematic Map Image
systematic Georeferenced
Geocorrected
SAR SPG Precision Precision
Precision Georeferenced | Map Image
Geocorrected
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% 2-9 RADARSAT-2 3p##ic:" /% (RSI, 2016b)

Type Code Type Code
Standard Sn Wide Multi-Look Fine MFnW
Wide Wn Ultra-Fine Un
Extended High EHn Wide Ultra-Fine UnWn
Extended Low Eln ScanSAR Narrow SCNA, SCNB
Fine Fn ScanSAR Wide SCWA, SCWB
Wide Fine FOWn Spotlight SLAN,SLBn
Std Quad-Pol SQn Ocean SURVEILLANCE | OS
Wide Std Quad-Pol SQnwW Detection of Vessels DV
Fine Quad-Pol FQn Extra Fine XFO
Wide Fine Quad-Pol | FQnW MODEX MX
Multi-Look Fine MFn TOPS PS

B 2-7 RADARSAT-2 # &4 % &= (RSI, 2016b)
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® 2-8 RADARSAT ¥k # i§ & 3 F https :

/Ineodf.nrcan.gc.ca/neodf cat3/index.php?lang=en -

2~ Sentinel-1

Sentinel-1 #» & = f&4p #&H-3% Stripmap ~ Interferometric Wide Swath Mode ~
Extra Wide Swath Mode 22 Wave » ¥ x5 ad2 £ % B2 247 R L &4 5 7 F hA &
(B 292 R 2-10) > #% FH%Ed @ FhE @4 - pJBS - £ 55 - 2
R S RIEE B R - P PEPET P TR E e (R 2-11) -
Sentinel eHF A2 # 1 & % & ESA SciHUB =k (https : //scihub.copernicus.eu/)
P HRE ST
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B 2-9 Sentinel-1 & &3p#&#-58 (4 Xk © ESA Sentinel-1 SAR User Guides

https - //Sentinel.esa.int/web/Sentinel/user-quides/Sentinel-1-sar/acquisition-

modes) -

B 2-10 Sentinel-1 & &#% 2 & &% & (FAL Xk : ESA Missions Sentinel-1

https - //Sentinel.esa.int/web/Sentinel/missions/Sentinel-1/data-products) -
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Bl 2-11 Sentinel & &4 % %A (74 %k : ESA Sentinel-1 SAR

Technical Guides https : //earth.esa.int/web/Sentinel/technical-quides/Sentinel-1-

sar/products-algorithms/level-1-product-formatting ) -

W 2-12 Sentinel &% B2 §3&F % F https : //scihub.copernicus.eu/ e
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7 ~JERS-1
JERS-1 &2 &4 % w 48> ¢ 7 RAW ~ Precision Image - Single Look Complex ~
Medium Resolution Image > # % #% » % 5 @ JSA_RAW OP - JSA PRI_1P -
JSA_SLC_1P 22 JSA IMM_1P: 2 S-#h%k ¢ 4id ik =T33~ & &8 - p &
B ganssres (£ 2-10) -
2018 # 1 * ESA # # JERS SAR Levell ¥ %7 4 "”F;‘j ™ g\l e 7R Sy &

2 (https - //earth.esa.int/web/quest/jers-1-news/-/article/jers-1-sar-and-optical-dat

a-available) - p #» ¥ d NASA EARTHDATA % # (https : //vertex.daac.asf.alas

ka.edu/) #0&F B i 7 4L o

% 2-10JERS-1 & &4 % ¢ 4% % (ESA, 2015)

filename =

<Platform>_<OPER>_<product_ID>_<Start_time>_<End_time>_<abs_orbit> <
track_number>_<frame_node_number>_<crc_code>

Field Size Description

Platform 3 JE1 (JERS-1) orSEl1 (SEASAT)

Product_ID 10 product code JSSA_ RAW _0P

Start_time 15 YYYYMMDDTHHMMSS

End_time 15 YYYYMMDDTHHMMSS

Abs_orbit 6 Absolute orbit number

Track_number 4 Track number

Frame_node_number 4 Node number at centre of image frame

Crc_code 4 4-digit random hex string as unique

idenGeoTiffier
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B 2-13 JERS-1 ¥k F% ¢3EF % F https : //vertex.daac.asf.alaska.edu/ -

= ~ ALOS/ALQOS-2

ALOS # = fdp#&EH-5" - Fine #5538 ~ ScanSAR #:-5% &2 Polarimetric #-5¢ >
Fine 3" 2 ¥ 2 B B 317 H BB Fhie > Fwo i SRk 5-11 977 - & &
S R - A %S & ALPSR<swath mode><orbit number><frame number>- <obs
mode><level>< processing option code ><projection><asc/desc>.tar » % 78 2 #
e 2-12 #95% o

ALOS-2 # &= fa4p #EH-5¢ © Spotlight ~ Stripmap ¥ ScanSAR » & #2541
BiETE - FRETREER RS AF FaE S (Bl 2-140 & 2-13) - & &4
% LRSS & IMG-XX-ScenID-ProductID (32 % 2-14) - 2 IMG-HH-
ALOS2132560470-161105-HBQR1 & 4 &) » i* & F2 A& i : HH~ %4 * ALOS-2
#Lig % 13256 ~ Scene frame @ 0470 ~ ¥ P& A 1 20161105 ~ 8 i A & : High-
sensitive mode Full (Quad. ) polarimetry ~ gLip| > = @ L4~ &2 5% % : Level1.1-

ALOS &7 ALOS-2 =% .’g,;fgrz? Vi ;“ﬁ“ d JAXA 7 https : //auig2.jaxa.]p/ips/h

ome kAoF FR (R 2-15) -
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% 2-11 ALOS/PALSAR 2 &3 % #.p (ESA, 2013)

Order PALSAR Corresponding -
Description
Type mode ESA Product Type
RAW All RAW_OP Unfocussed raw SAR data
FBS FBS SLC 1P Single look complex
FBD FBD SLC 1P (SLC) slant range,
SLC PLR PLR_SLC 1P products.
Side-lobe reduction is not
DN DN_SLC 1P _
applied.
FBS FBS _GDH_1P Multi-looked, detected
FBD FBD_GDH_1P ground range, products.
PLR PLR_GDH_1P Side-lobe reduction is
DN DN_GDH_1P applied.
SCANSAR products
GDH :
processed to 3 bursts per pixel
(3 independent azimuth
WB1 WB1_GDH_1P
looks) .
Side-lobe reduction is
applied.
FBS FBS GDL_1P Multi-looked, detected
FBD FBD _GDL_1P ground range, low resolution
PLR PLR_GDL_1P products.
Side-lobe reduction is
applied.
GDL :
Generated by processing to
DN DN_GDL_1P GDH parameters and then
spatially averaging by a factor
of 12 (24 for FBS GDH)
to provide a ground range
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spatial resolution ~ 150m and
an ENL>100.

FBS FBS_GEC_1P

FBD FBD_GEC_1P

PLR PLR_GEC_1P

DN DN_GEC_1P

Side-lobe reduction is

applied.

GEC

WB1 WB1_GEC_1P

SCANSAR products
processed to 3 bursts per pixel

(3 independent azimuth
looks) .

Side-lobe reduction is

applied.

PLP_GDH_1P
GDH
GDL PLR PLP_GDL_1P
GEC
PLP_GEC 1P

Multi-looked, detected
ground range, low resolution
products.

Side-lobe reduction is
applied.

Generated by processing to
GDH parameters and then
spatially averaging by a factor

of 12 (24 for FBS_GDH)

to provide a ground range
spatial resolution ~ 150m and
an ENL>100.

*FBS : single polarization;
FBD : dual polarization;
PLR : quad polarization;
WB1,WB2 : SacanSAR wide bearm;

DN : digital number
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% 2-12 ALOS/PALSAR % &#h% % #-4%# (ESA, 2013)

filename =

ALPSR<swath mode><orbit number><frame number>- <obs mode><level><

processing option code ><projection><asc/desc>.tar

Field Size Description
< swath mode > 1 S~ wideswath
P - otherwise
< orbit number > 5 Absolute orbit number
<frame number> 4 Frame number
H — High resolution mode
W — Wide observation mode
<obs mode> 1 D — Direct downlink
P — Polarimetry mode
C - Calibration mode
1.0 (RAW) ,1.1 (SLC), 15
<level> 3
( Detected )
<processing option . 1-character idenGeoTiffier -see table below
code>
U — Universal Transverse Mercator
<projection> 1 P — Universal Polar Stereographic
“-* — Not geocoded
<asc/desc> 1 A - Ascending

D - Descending
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W 2-14 ALOS-2 # ifdp #&H-3¢ (JAXA ALOS-2 Overview http :
/lwww.eorc.jaxa.jp/ALOS-2/en/about/palsar2.htm) -

% 2-13 ALOS-2 # i} A &g e 23 (JAXA_ALOS2)

ob ii Stripmap ScanSAR
s;ig\(/jae on Spotlight | Ultrafine | High sensitive Fine Normal Wid
(3m) (6m) (10m) orma €
Bandwidth
(MHz) 84 84 42 28 14 | 28 14
] 100
Res‘(orlrl]’;'on 3x1 3 6 10 (3 60
looks )
Incidence
angle 8-70 8-70 8-70 20-40 8-70 | 23.7 8-70 8-70
(deg.)
350 490
Swath 2525 50 50 40 70 | 30 (5 (7
(km)
scans) scans)
.. SP/DP SP/DP
Polarization* SP SP/DP Icp FP Icp FP SP/DP SP/DP
NESZ
( dB) -24 -24 -28 -25 -26 -23 | -26 | -23 -26
S/IA Rg 25 25 23 23 25 20 25 | 25 20
(dB
) Az 20 25 20 20 23 20 20

*SP: HHorHVorW;DP: HH+VHorW+VH; FP : HH+HV+VH+VV; CP : compact pol. (experimental )
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B 2-15 ALOS 22 ALOS-2 4 B2 1§38 F % F https : //auig2.jaxa.jp/ips/home

% 2-14 ALOS-2 & %hh% L4 %85 (JAXA, 2014)

filename =
IMG-XX-ScenID-ProductiD

Field Description

Polarization ( Transmission and Receiving )
HH : Horizontally polarized wave transmission /
Horizontally polarized wave receiving
HV : Horizontally polarized wave transmission /
XX Vertically polarized wave receiving
VH : Vertically polarized wave transmission /
Horizontally polarized wave receiving
VV  \Vertically polarized wave transmission /
Vertically polarized wave receiving

AAAAABBBBBCCCC-YYMMDD

AAAAA Satellite ID = 'ALOS2'
BBBBB Orbit accumulation number of a scene center
Scene ID Ccccc Scene frame number of a scene center
Separator  (hyphen)
YYMMDD Observation date of a scene center

Product ID | DDDEFFFGHI

Observation Mode

SBS Spotlight mode

UBS Ultra-fine mode Single polarization
UBD Ultra-fine mode Dual polarization

HBS High-sensitive mode Single polarization
HBD High-sensitive mode Dual polarization

DDD
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HBQ High-sensitive mode Full (Quad.) polarimetry
FBS Fine mode Single polarization

FBD Fine mode Dual polarization

FBQ Fine mode Full (Quad.) polarimetry

WBS ScanSAR nominal [14MHz] mode Single polarization
wBD | ScanSAR nominal [28MHz] mode Single polarization
wws | ScanSAR nominal [28MHz] mode Single polarization
WWD | ScanSAR nominal [28MHz] mode Dual polarization
VBS ScanSAR wide mode Single polarization

VBD ScanSAR wide mode Dual polarization

E Observation Direction (L : Leftlooking, R : Right looking)
FEF Processing Level

(1.1: Levell.1,15: Levell5,3.1: Level3.1)
G Processing Option

(G: Geo-Coded,R: Geo-Reference, : Notspecified (underscore) )
H Map Projection
(U: UTM,P: PS,M: MER,L: LCC,_ : Notspecified)
Orbit Direction
(A Ascending, D : Descending)

= ~ COSMO-SkyMed
COSMO-SkyMed #: if4p #&H-5% 4 & Stripmap ~ Scansar ¥ Spotlight = & >

A AREASEBI IR A S B RHA L NIRRT RA &
T SfEA S

Level O : RAW, Received SAR signal;

Level 1A @ SCS, Single look, Complex, Slant Range;

Level 1B : DGM, Detected, Ground project, Multilooked;

Level 1C : GEC, Geocoded Ellipsoid Corrected,;

Level 1D : GTC, Geocoded Terrain Corrected.

B RILAE SRS G

Quicklook : reduced spatial resolution image for browsing purposes

Co-registered products : a set of image layers coregistered together (i.e. merged
in vertical direction ) , for interferometry, change detection and so on

Mosaiked products : a set of image joined together (i.e. merged in horizontal

direction ) , for large spatial coverage representation
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Speckle filtered image : an image with an increased equivalent number of looks
(ENL)
Interferometric products (interferometric coherence and phase) : in support of

the interferometric applications

DEM : Digital elevation data and related height error map obtained with
interferometric techniques
A &R R R 5 CSKS<i>_<YYY_Z > <MM>_<SS>_<PP>_<s
><0> <D><G> <YYYYMMDDhhmmss> <YYYYMMDDhhmmss>.h5 (352 %
2-15) -
COSMO-SkyMed =37 if 7 12 ;“ﬁf 4 e-geos 4% F (http : //catalog.e-geos.it/#qu
ery : undefined) % %_if i k#Fx 2 1f (@ 2-16) -

# 2-15 COSMO-SkyMed 2 &% & #-%# (ASI, 2009)

filename =
CSKS<i> <YYY_Z> <MM> <SS> <PP> <s><0> <D><G> <YYYYMMDDhhmmss> <YYYY
MMDDhhmmss>.h5

Code Meaning Allowed values
IdenGeoTiffier of the 1
satellite within the SAR )

<> constellation that acquired
the scene 3
4
Product Type Standard Products :
<YYY Z> RAW B SCS BSCS_ U

DGM B GEC BGTC B

Instrument Mode used HI (Himage) PP

during the acquisition (PingPong) WR

<MM> (WideRegion) HR

(HugeRegion) S2

( Spotlight 2)

IdenGeoTiffier of the swath |[[0A-0B-01-...-24] for Himage

(or subswath combination [Mode [0A-0B-01-...-23] for

in the case of ScanSAR  [PingPong Mode [00-...-07] for|

<SS> mode) used for the data |WideRegion Mode [00-...-05]

acquisition for HugeRegion Mode

[0A-...-0D-01-...-33] for

Enhanced Spotlight Mode

Polarizations used during  [HH = Horizontal

<PP> the acquisition Tx/Horizontal Rx for Himage,
ScanSAR and Spotlight

modes VV = Vertical Tx/
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Vertical Rx for Himage,
ScanSAR and Spotlight
modes HV = Horizontal Tx/
Vertical Rx for Himage,
ScanSAR VH = Vertical Tx/
Horizontal Rx for Himage,
ScanSAR CO = Co-polar
acquisition (HH/VV) for
PingPong mode CH = Cross
polar acquisition

(HH/HV ) with Horizontal
Tx polarization for PingPong
mode CV = Cross polar
acquisition (VV/VH)
with Vertical Tx polarization
for PingPong mode

IdenGeoTiffier of the Look

L=LEFT R=RIGHT

to the closest integer second

<S> .
Side
<0> Id_enG_eoTiffier of the Orbit |A = Ascgnding D=
Direction Descending
<D> Delivery Mode F = Fast Delivery mode S =
Standard Delivery mode
State of the Selective N =ON F = OFF
Availability during the
<G> acquisition, affecting
Orbital Data derived by
GPS Instrument
Sensing Start Time rounded [YYYY = year MM = month
to the closest integer second DD = day of the month hh =
<YYYYMMDDhhmmss> hour mm = minute ss =
second
<YYYYMMDDhhmmss> Sensing Stop Time rounded |As for sensing start time
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B 2-16 COSMO-SeyMed ¥k 22 3% % B http : //catalog.e-geos.it/#query :

A~ TerraSAR-X

undefined

TerraSAR-X 3 = fa4p#& 5% : Spotlight ~ Stripmap ¥2 Scansar » £ 345 7 &
RITREFH LA TEA G L8 THP N (£ 2-16) - TerraSAR-X 12

e Ao ) 2-17 A 0 B b K

_D_EEE_XXXXXXXXTXXXXXX_VYYYYYYY YTYyyyyyy » @ 2246 % & %ﬁ%

N

» & IMAG

X

FH % LfLH 0 5 TSX1_SAR__AAA_BBBB_CC

E FF_GGG_[beam ID] (382 % 2-17) - TerraSAR-X #1§’ R 1 ;“ﬁ“g} AIRB

US % J (https : //terrasar-x-archive.terrasar.com/) 3% Z_if ¢ k3x #2 ik (B 2-1

8) o
% 2-16 TerraSAR-X #: i§f848 22 %8 (Buckreuss et al, 2009)
Maximum Slant . Full
Imaging Ssgsggg?ge Acquisition Range R’tﬁ:}ﬂ:itgn Polarisation Performance
Mode Ckm) Length Resolution (m) Range
(km) (m) )
Staring Single
SpotLight | 4x37 3.7 0.6 0.24 (VWVor 20° - 45°
(ST) HH)
HighRes
SpotLight Single
300 MHz 10x5 5 0.6 1.1 (VV or 20° - 55°
(HS300 HH)
)
Single
HighRes 1.2 1.1 i'\;\g or
SpotLight 10 x5 5 20° - 55°
(HS) Dual
1.2 2.2 (HH &
VV)
Single
1.2 1.7 (VVor
sp(o;LLu)_:;ht 10 % 10 10 'E)FL:;I 20° - 55°
1.2 3.4 (HH &
VvV )
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30 x 50 Single
Single pol 1.2 3.3 (VVor
glep HH)

StripMap Dual o o
(SM) x5 1650 (HH & WV, 20° - 45
Dual pol 1.2 6.6 HH & HV, or

P VV and
VH )
12 Single
SC(""Q(S:?R 100 x 150 1650 (at 150 18.5 (VV or 20° - 45°
MHz ) HH)
Wide Depending Single
ScanSAR | 270 x 200 1550 bgrr‘]mgfh 40 (VV,HH, | 15.6°-49°
(WS) 17-33 HV or VH)

B 2-17 TerraSAR-X 2 & F#.5%# (DLR, 2007)
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W 2-18 TerraSAR-X f#Fk B2 i§f%& e P https : //terrasar-x-archive.terrasar.com/

% 2-17 TerraSAR-X & %#h%k - f%A#® P (DLR, 2007)

Bt TR L=
TSX1_SAR__AAA_BBBB_CC_D_EEE xxxxxxxxTXxXXXX_yyyyyyyyTyyyyyy

’

Constitue | Constituent
1D Name Value Range Remark

- Mission TSX1 Fixed

- Sensor SAR_ Fixed

AAA Product SSC, MGDMGEC, Product class
variant EEC

BBBB Resolution SE__RE Product sub-class :
variant

spatially or radiometrically
enhanced. No entry

( ) for sscs.
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channel image

CcC Imaging SM, SC, SL, HS Example : HS for High-
mode Resolution spotlight
D Polarisation SO, T,Q Example : T for TWIN
mode polarization mode
EEE Antenna SRA, DRA SRA for single-receive
reveive antenna DRA for dual-
configuration receive antenna
XXXXXXX UTC start - Format : yyyymmddthhm
XTXXXXXX | time mss
YYYYYYY UTC stop -
yTyyyyyy |time
TR
IMAGE_FF_GGG_[beam ID]
FF Polarization HH, HV, VH, VV TxRx polarization

( configuratio

n) ID

layer
GGG Geometric SRA, FWD, AFT Geometric layers for
(antenna DRA/ATI mode (forward
receive and after) . Quadpol data is
channel ) processed with the “SRA”
image layer geometric phase center offset
(thus 0)

[beam ID] Elevation e.g. strip_007, As taken from the order file

beam scan_009, ... for detected products (e.g.

Scan_0009, strip_009,
stripfar 009) . ldenGeoTi

ffying the different image
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layers for each subswath of
(experimental ) complex
scansar products (e.g.

Strip_009, strip_010,
strip_011 and strip_012) .
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$28  AWTRARALSHEH LR

FRBMEFAE R EALF LRI TR ARE FADTEF FHRET D
NARET? 7 2 XDk 4R (W 2-19 &[] 2-20) - ¥ ¢
BokER G R IR DT L oRIRENTEY > T2t 2T SR AR ER &
FEAERERRS  §F RS DT R A T o € ERORRE R aREL
gﬁ%ﬂTﬁ«a%*é%ﬁéﬁﬁﬁﬁﬁﬁﬁﬁﬁéééﬂw’ﬁ@ﬁ%ﬁ
S PR R RS 2R R AAREE (B 2-21) o Birk & F A
VEE RS Y KB ERALE > R R OTER 6L G RE SRR (B 2-
22) cF B A LR L RMPF BLE 0 BAREPEERER PHB L DT L
PERE LAEBRWCHE A CRLEBR X
TEPG ARSI RLE R A5 4 A3 F kBN

(Polarization Mode ) » HH: -k T3 5 -k Tz ~VV D -8 3 50287 -7 daiz >

Sk

V'_L

HV @k T sdgr B ol ~VH D 28 3 582 R T3 jT o 7 o el (b 300 &
ek s 3 974 R > Henryetal. (2006) %% 3 TAp & TR (HH,VV) #p
BT R 4Rt (HVVH) 0k arpa { F B% > wd 50 HV $#30k 6 ade
R kER v A AR o FI AR
(% 2-18) > m 2 alp- %EFFF LY HHE licie 2 > BlAF 2@ 4mit
(A > & HHiE® 7 Faslen® s L2 5 B4 (H2-23)

FREMP T AIRFEPEERFROPERY TR ER DT ERL G UL
ERA > CBiz s X dkis > @ cnfgit B2l 2 HH &L > VH »

HV =2 > WV B o d 30 iF foRysen TR A § 28 Hen® w4t - 27

MRF oo Xt VWV R SR YK R s
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FoF PHAIEWERGAETALALE A PTEHN TR
B Rdedp 0 FY AR U dR R e o T E R BRELR TR Tk
KB SHEIER R o e f i S R Tl 97 R BB R

rr{"’-}a‘-%*%‘ﬂ FREIE > B 7 B3 B e E R KRR 2 & 47 o

Bl 2-19ESAZHT 2 WAt g ? A f1

W 2-20 7 R A EFTERGLZERF FHEDEFT (T KK https :
/learth.esa.int/c/document library/qget file?folderld=226458&name=DLFE-
2124.pdf)

Bl 221 FoagALRERHYIRFFTEALDFIBIRF -hEF o deik3
BRorigdad (FH KA T4 &k : ESA Advanced training course
https : //earth.esa.int/documents/10174/643004/D4T1a_yesou LTC2013.pdf)
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Bl 2-22 3 P& 2 F 2 RGEIRWE R R DL FEF (TR &K D ESA
Advanced training course https :
//earth.esa.int/documents/10174/643004/D4T1a yesou LTC2013.pdf)

% 2-18 T HE B G HEE N ey P rEang * ¢ (Henryetal., 2006)

HH HV VvV
Forest + +++ ++
Fields ++ +++ ++
Urban areas +++ - ++
Water bodies +++ ++ +

B 2-23HH, HVE VWL EEIN I R8P k@ s F « AL T AL
I #EE (Henryetal., 2006) -
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Beh R M m e FERES P 2B AV NEFAT 0 B - AL
T AW AT R (R ) TR 2B FER R T ER
ip #ic (Radar Vegetation Index, RVI) # Hlalpha f& i* 4 f# s 47 » 7§ R 2 4y
£ (H) » 4@ ats (Féed > 2010; fB4 £ 5% 4 22 2 » 2012; Plank
etal,2016) - $ - fE > N Z R AJ| B T ER G B (3 R o

%éﬁﬁwﬁﬂﬁﬁﬁ$&¢wwﬁﬁ’i@ﬁiﬁ$Wﬁwﬁm%%ﬁW(w

dolfEAR s ARE ~E PR ) DR Erd] o £k m%%ﬁmmﬁw% SINQLE:
£ > 2010; Novresiandi and Nagasawa, 2017 ) © % = @2 J1* s (5 8 5§ Z B §F »

$c i B £ 8 (backscattering coefficient difference ) 2 33 & 4p B ( Intensity

correlation) » R:i& {7 438 F 3 eng B 1B (Sugaand Konishi, 2012; Plank, 2014;

Konishi and Suga, 2018) » i&fd = A F A& w2 #p4p e iR it e ik i2 (7 4 47 >
FAFZEBCRE G TR DT ER GRS o

FEN2FR o > ma AT RATERLREREA BT ER G H
RAFER G (SLC) > @ $Z 87 MR FR 2B G Rl W LHT R
ASF AL F P AR AL R 1 (RATET ) 0 ERR R Y HHATH AR
HV %1% 3 ok & 7 4 5 (Novresiandi and Nagasawa, 2017 )

TEPGIRAT UL ERPB I AL LA FELEIRENNE P RRTHR
AT RPROCRF RO T ER TS X 2 AR F A APy L
B EERERERP AR EFERF  H T Y RN AR Y RN L
EF XA s R % (Layover) 5 FE R AT RUAREPI A RPF > € R T8
B AR E R F (Shadow) > Bt G W A ABLER B o B T G R
fRIEIP G LB G ~PRBRZEFS T (B 2-24)

E
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W 224 3 &7 5l B ABEA K (BAFHLHF 2P 2012)

A £% 4L

£ | &

Gt THBGFIET U 24 A 1 AR AFAEZR
ﬁﬂ?éféﬁ’fﬁ—iﬁv?ésw ’m%zr?ﬁﬁxpf o AR - # BT RE

Gw RN AR RS > - B g P iRy BT R F T R R
SRR T EEPT R L ST G RERD T SR e 6T R
BEENS AR NTERARTIERE L 3 ERAE ZEBHAR T ERET
r1 PR TerraSAR-X s Staring SpotLight( ST ) 4 A & & 3 42 % «nf247 & 0.25m>
e HPER BREA T o ARIFEET BRI - 2 g B 7 ¥ o Setinel-1 §
FRGAP R AP EREAIFTLRY > P H TR L 5x20m - fRiT R AR K
WL ERE TR AL EHRAIREPE NS E SR ¥V - 2 o5
1 & #1171 & Google Earth Engine iz BB AL F hZ 5T 4 F 3 4%
AP RIL T UEGLEEFEN FEIE R RG] TR R ER

2-44



FoF PRTEWERGBE TN AL - A TSN
A

g E WA TS 2% 0 Setinel-1 § W oo A AHIAT R D U E
ﬁﬁ%'%@ﬁﬁﬁ&ﬁ&%%?ﬁ%%“ﬁ%éZﬁmﬁﬁg’ﬂ%%LH
& * o d_Setinel-1 § E 8 oz B 247 & 5 5x20m> £ 4r + § E F ffhna®s Je it
23 RARRTUERER *Pﬁmﬁ;‘*‘ﬁ@—i KA e BN R K50 F e il
Uk P S AN iR R € S - Bk 5x20m 2 < ) o H T H g F

W 2x2 BHADHREFARMB A LG AE M e Lot a 1R B ehd | HR
EPL s BRI A2 100 M fed g ER A DR T A% s il o 5
LIRS o B4 E G A AM S AT P RS R & <2 100 m?
1A AL W RIT] o ¥ - i A eTi * (h DEM #idp2 5 Google Earth
Engine Z #4-T % ¥ & & * {1 NASA SRTM Digital Elevation 30 m #¥5 » # 7 &
f3t7 & 5 30me
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FRPRR A SR EP2 R IF

1
Hele

- & FEBGA RGBT L 2
AL ERRFAEIEFTE (SAR) P N T P AE
(Amitrano etal., 2018; Khanetal.,2010) - fe 5 k3% kR P BRZ FT5 2 A
Fox d > A g WREERD BrE R HRaE R > @ SARBE BRI BT U RFlie- 2
(Joyceetal.,2009) - #7uFr g %/ B a0 SAR F AL ARt L B R {3 *
= plE -k (Greifeneder et al., 2014; Y. Li et al., 2019; OHKI et al., 2016; Rahman &
Thakur, 2018; Uddin et al., 2019; Voormansik et al., 2013) - 384 » W pli5 -k ehgt
FART A fA- L BROA S EE Y e gg 2 E (Bayik et al., 2018;
Shahabi et al., 2020; Shen et al., 2019) ; = #_ A& &> ;£ (Manjusree et al.,
2012; Psomiadis, 2016) - @ALA W RE Y o0 2 7 & k f ML EIRF
L et TR AR FEE T o @ AR Beahde (£ 8 fop B0 ) 000
TRFE R E R 4> o
Ban AW END 2T UL EARHEfop fan A R EeiplH
AR RFIEL Y B PR FIAARHEREZ REFC 2RI A
( Malinowski et al., 2015; Manjusree etal., 2012) - izt ¢ F R4 & 72 « gy
fo? - e Rge o o Ad A G HFOREY LBkt kR R EG T
%1%+ (Manjusreeetal,, 2012) - e &d >*§ 4 A X B E > vang* g
o ARFTRT UAERE > Honk (o
mANEERREENTZETRY TR PR A (Caoetal, 2019; Haq et al.,
2012) - HF E R ity MR E IRk G ok E R E -
AP B F B 2 e BRI 4 fos BEH 2 2 - Kittler e Hlingworth = 2
2ERRESZ - SRR E -~ ~ 3 fe Otsu #2145 &2 (Martinis et
al., 2009; Miasnikov et al., 2004; Papamarkos & Gatos, 1994; Xue & Zhang, 2012 ) -
<2 (Otsu) ;2 A5 KFIW P B ifen™ % o U A3 - A FRFE %> 3%
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1 FEP G RIRER IR SIS E P

ZREEFGHEERCPGHE SR ORERF BT R R L o v T2
$ ARk R R B & R X ISAR B
% (Caoetal.,2019; Kordelas etal., 2018; J. Li & Wang, 2015 ) - Fr pF < ;£ (Otsu)

AR R RIS OTHAS AT B AS

\\‘é

Zs B3 - TNk ‘i"ri’?fii&{% 2 (Otsu) 2 £ BF 2 3 BEMLsF gy
EERAF T RRT A BURLTFPHERLS A F AP REY o p 2
BEFF R R EERRE ARDEEM g 52 (Otsu) 2 ep
e f]-*f»% p & (Tiwari et al., 2020)
Otsu (+it) i ff 8 ke AR H BRI L~ o S F £ F 200 i
Hed BB G 255 BAREER  AREFPOTAEL N BHF AL W AR
ER oty AR ENGART PR RRE S 255 PR E L 0 &)

WREPG AL TR N ANENFENGAEFTE N B

No+Ni==h*w

TR Gdkd E R

‘7_&;
Jt
é‘ﬁ
;m
E)
®
iy
§
=
b=l
“f“*
¢!
i
\m
g%_a;
dt
2
Il
‘i\

Wo=no/ (h*w)
wi=ny/ (h*w)
Wo+w;==1

TETRTENE L U FRIHALREE U S P

Up=No % & & 4cfr /ng

Up=ny % & & 4efe /g
TELIEBAR S U B

u= (oA & F4cfe +ni A & R 4cqfe) [ (h*w)

U=Wp*Up+Wp*u

TEREFREL L g P
g=wWo* (Up-u) 2+wi* (ui-u) 2

d P Wi g R R E L g
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Hele

g=Wo*wWi* (Up-Uz) 2

WS - BAREL TR g HROITREINTETREE-

Foo At aEpr dRE KL ETRELIFEAFFILLE G R
ZI R Bf2 i G Bk R RI Y B g A gl d KM g & S5 3
AR e ATET Y R M T AR R Rl F o T J‘z%gﬁ B w g chgF ok
AR o TR E PRSI ot I BB EE AT ER
o IR AR AR F v A L B AR e AT R R
e dikgzk s {-HJ1* 34 (DEM) M2 BB EHBHP-Jscsk { 4
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J,Eﬂ;ﬁ-é&ﬁhrgﬁ7 .&,Fj,xl/ﬁ]wp.ﬂ TREIRE A R 2 0 R
ERE-BAIHFFFABANERIE G W E G REIREAR
AR g R o iE R B Tk B R e # IR AL SRR e A
T3 WF R B2 I JI1 - bl4ef >t Google Earth Engine (GEE) Z
B RT 4 AI* Landsat-8 sk & fFh F AR (7 M B o @
* #F = £ % (Support Vector Machine : SVM) ~ i+ ¥ 4t (Classification
and Regression Trees : CART) ~ & -] gE# (Minimum Distance ) -

# Z+k (Random forest : RF) v 2 b # #7334+ ( Naive Bayes
techniques )i& (7 2 ¢ SVM Jr RFeh A FEE B S (TPR)
#F 1 875% - g erd H @ o (Singh et al, 2021) o B4
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=\

GRER IE RN E AN SN SR LT Y

|~

Eﬁé%ﬁ_—i‘ngv ; Ej 2 mﬁ,;hjjl_}g\gixjig\ V\E’fri ng"’Iﬁ;
ML T ER G BB B R BLET AR AR

B TACHEHBFEF L N F e ARE (doF HF kR AT

W

R A g %Ed’ﬁfffﬁlﬁ*)]*g’}‘* gitowpwmpEyg stk
%

A INSARCE R EF 2w i X EFDPRTENERCUEFE
iv 3 £ %25 (Handwergeretal.,2020) - “,f 7 B 3% g 3w (DeVries et
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FF R e AR A 0 AOMRFPRVRR S A R P2 S
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3

L i @ PRgT LY (Handwerger et al., 2020; Jung &
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