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Applied research on improving land cover classification accuracy
by combining texture information and machine learning.
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MREL D Z k75>mb\ﬁﬁﬁf%z%héo ZD XD BGE, AT MVIFRN A
KGR TEL S TR, D7D KD RFHRCHED A~ hLERD
SMUENRE ENT K, RE—REEDFEE LTV, 72720, EOFRERIE CTR.O
NTEL D e—oOEZENICEBO T TV REEND I 7 B/WREITERB SN D,
mgzlwi%%% PERERAE R TH, KxDREIZ/R>TWDHERy CldEM & LT

THEINTWDHZ ERbnd,

WEOHIEEZ ST 5 &, Bom B OZEM SRRV T, EoFRER B Th
HIE EPEREE N BT A @M A S 5 B2, UAV BUSFEIG O L 9 725k om FRE D 7=/
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IREE COLER Z AT o T2WHGEIZ R O R o 7203, Z OEHAENIZE D 6 720 EHEHI X v
%o LML, BIRLIZX DT, EofeEEig L x5 s Lo B A_"— 20 iy
DHIZEBNTE, AY—REFRICEVBESEDIBE LT W AREELN D D, BRRY72R
Bl LT, KROELEOML, EXNEMOEDORELZITHAREMENRS D,

M forest M grassland M baresoil Mroad

ﬂ

10m

Spatial resolution: 6.60 cm/pixel Image size: 270 X270 pixel

Fig. 2-1 An example of pixel-based image classification using SVM with high-resolution

multi-spectral data.

2.2 SAR 5 — & DR

SAR 1F~A 7 o #HH LI-fedil v oy Thoy, BEDOL—% (EFEpL—4%)
& RIERIZ RGN 2 U L CE O RN 28T 5, EZHOLv—X 2 TG ESns T
— X DZEMDIREEILT T T ORESWCELAEIN, RERT VT FHEERET LT —
X DZERRREIT/NE S TE D, UL, ANLERICHEET L7 > 7 T OmEi 72 K
X XIRANR D D12, MERZEMFEEE EBRT 57207 T A4 X K& <
THZENRARRRGAND D, EHAOL—X L SAR EDORE/E WL, ARBID
HEiliEx W52 LTS RT 7 ThmufiEeT — % Z TS TR 72 82 & 5, SAR
R ABUAITIE, T T TOMITHN AT O~ A0, v A 7 a0 FinE L
P EMEY, T ATEE L USE TRERENR R D FETRET —2 0
B REEAL D TRR STV A,

TV AFMTIE, Ry 7 I7—RE2HWiz Ry 7T —EH%2RH L= & Eeelt
MITHILTV D, SAR B IE(E Sz~ A 7 vl hs, BHIxI S TR E 72 138GEL L,
L—ZHMICR>TL o~ A 7 vl (BGHELD X, SART U7 FTxEIND, =
DL, NIFEEITIE LZEETBEIL WD), ZERITI Ny 77 —%RICX
0 RN EALDNE LD, OB EZFIH LB (A EBH O ALER) &
Wb TTERM RN EAEBL T D, L U HRIZOW T, B (FM)
L2t G (T —77VLR) ZHWTHBLE (VUL RAEMLE) Ziid 2 & T
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72 fRE b 2 KB L T 5 30

SARBIHITEHERA L TWb~A 7 L, BEl, BE, BLOEORELZIFIT W
JEREEAE 2 LT 5729, BIHHBE N ERESCEROLAE THEIRINAHRETH 5,
£72, BHo~A 7 nkz R ET 2B Y THY, BEOTEIRIATEE & V) )
MbHY, ZEHONXT o TIHB T X AW OBRNZ HiE LT 5,
SAR 7 —ZIZBITHH I —DDORERFHEE LT, ARy IV ) A XEMTND T
FHAIRD ) A ZXNRH D, ZD A X%, SAR OZEESyfRRerE T, % EELEiE =
FTHEEBELAN T o LI BICTFET D LIS T, RET D7 =2—T 4 7
LB ETHD, ab—Lr hevA 7 mEtE o CEIMIL 7T — 4 EICREIC
HKETDHHLOTHY, EBMNMREEZEETZEREVERS ZEEFARAETHL, Z
DA RX, THIBESFICB W TR EOER E 2 V155, SART —F EO Ay
7 v ) A XD % Fig. 2-2 1257, Fig. 2-2 1 XM FHHERS (ESA) 2&EA LTV D
Sentinel-1B 73 Interferometric Wide Swath (IWS) &— FT2019 4 10 A 13 HIZESG S
iz, JRPFTARAZMIE L7e % A ELRE (y° ) B OBRILT N O HEHIC I %
AU E LT AR IV ) A ADOHFIToH D, ~/VFILy 784 TE T L AN—
Yo7 10m TUY 7 o SN VV REEG CH D, Wi kTR TE S
TEERDOIBED ANy 7V ) A X TH D,

Platform: Sentinel-1B
Pixel spacing:10m

Polarization: VV

-28.6dB 7.1dB

100m

Fig. 2-2 An example of speckle noise on the VV-polarization image acquired by Sentinel-
1B.
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(ZEHE %, ARETIIRD 4HBIZHOWTEHMBEEZIT2 9,

(1) HHWESHEICB T DT 7 AF ¥ [EHROA 2T
(2) BHZh7e GLCM Hi# & o & B IR

(3) REFE L BAEFIE & O+ HWTE SRS FE D Hoig
(4) S0 THgE D FERE 5 2 25 BB
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PR LRWES, 77 AF ¥ E#E LT GLCM BEEA2HHT 28546, BLOER
REFED 3 DONRE— 250 T, SVM (2L 25 EigE s E a2 1Ty, s e
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3.1 TARMYA FBEOMERT —#

FA N A NOFCEE Fig. 3-1 1R, AT 2 A ML, AARKFELFEE & HRat
SAE ST OIFBIIEIC LY, 2017 FED DHkE L TF— 4 2 BH L TV S5 R
PEERRE MRT O A N TH Y, IR VT AT "MV AT ORGERT — 4
(UAV 45 J O LB — %) %4 2 BB LTV 2, ABFZEICHE R L7
I 300mX270m ThH Y, FEBENITIFEEREABLE L CEBICHEMK (), B, #
Hi, W (TRATZ 7 b)) Bbd B> TN D,

= T

O Test site

= Tomioka town

Fig. 3-1 Test site located at eastern part of Tomioka town in Fukushima prefecture.

AWFGEIHER L7 — 1%, 2018 4F 12 H 21 HIZ, Matrice 200 (Da-Jiang Innovations
Science and Technology Co.,Ltd: DJI 1) |Z AIfRIT RSN~ /L F A2 R LA A 5 RedEdge-
M (MicaSense f1) Z## L CTTF —ZBfGE1To72H DT 5, Table 3-1 |Z RedEdge-
M D7 A F 55tz md Y, UAV FATEE 2 #1725 100m, BIREGROA—/F v
TEIOYA FT v 7RE GBI BOWPICHKREL TT —F G EToTe, ANV EVA
IR U7-Eg X 178 TH Y, T A A FICITEE S (M EREHES) %
RIE LT, AT A 7 AR ORI DU C Ll R L 2 B L 7=, Metashape

(Agisoft £1:) Ver. 1.6.2 2 L CANL Y BV A 7 B & LT-fER, 1Bk S =41y
TV A 7 YA KT 4,504X4,126 &7 L, HiEICBT D REFEIE 6.6cm, Hi I
S RIS DM ERE I 1.2om LIFFICRIF ThoTo, 228, EEOA D
> MEIX UAV FRATHIIZ RedEdge-M DA F v U 7 L—a UiIREREB LI-T — 4 %
EH L TR RERmEZIT T D TH D,

Fig.3-2 (AW WA 7B OEfE (RGB Hifg) %#/~9, 7 A A FNOFE
B HEIHE O N TN TS, EHBIE S OBRIZ IR N BB 272901
~ A7 WG A U CEGEIEIC T A A T o 7o, 2O AT O AL, FER
HEIHEZEDO N TYIFIN LHIZE BRI TW DAL, [[A—H T b 50 O Frik
INBLIR D WREMEN N B D 72D Td Do 0 ISR DBV K0 Tl 2 H51 3 2 +
MBS EEClE, AN LWk LoEE L 22 5 Al RetER & 5, Fig. 3-3 1< A
7R ZFEH LR a2, DB~ A 7 @ A% OEBREZHEH L T\ 5,
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25 50 75 100m

Fig. 3-2 RGB Ortho-mosaic image covering our

test site.

Table 3-1 Characteristics of RedEdge-M multi-spectral camera.

Camera RedEdge-M
Output image size 1280 X960 pixel
Observation Bands Central wavelength [nm] Bandwidth [nm]
1 (Blue) 475 20
2 (Green) 560 20
3 (Red) 668 10
4 (Rededge) 717 10
5 (NIR) 840 40

12
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Fig. 3-3 Mask image to exclude artificial materials, such as houses and cars.
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3.2 MFoE Tk

3.2.1  THIERE S EREEE O LB FE

AWFFETIE, RSB 5T 7 A F v EROAIMRHMG O 7=, iyhE
G3FR% 3 OD/NE— 53T T Fig. 3-4 1R § I T vl 8 o3 JERS BE 2 3T L 7=,
Fig. 3-4 FO/NE—2 AL, 77 AF ¥ HEREMH LW AT FIUFROZO 14
P TH D, N F— 2 BIFANT MVIEERICINA T, GLCM R 2 M L72BE
EFIEO THIPEE S TH Y, ARIFETIE 8 O GLCM &+ B8 T 5, /34
—r CIFAY MUVERICIN A T, GLCM ERAEHEFUA~Y b ELTANT D
THIE A TH Y, R THTICRET D FETH D,

/N4 — 2 A1 Table 3-1 |27~ L7z RedEdge-M @ 5 /3 KD AT N UERO B % A
NT—2 & LT EMPE SRR 2 i+ 5, X2 —2 B TlX, 53 FOAXRY |
I HRIZANZ, GLCM ###& & L T Entropy, Angular Second Moment (Energy) , Contrast,
Mean, Variance, Correlation, Homogeneity, Dissimilarity ZZ 1 ZNINZ 7255 &, 8
20 GLCM $H &2~ T A 7256 O &t 9 MO T8 BRI 25l 5.
LIRS TlE,/ "% — B (28T 5 g /%%, (B)entropy, (B)energy, (B)contrast,
(B)mean, (B)variance, (B)correlation, (B)homogeneity, (B)dissimilarity, (B)all & L TFL
T D, NE—2 CIHEANT—HELELTENY RORAALY MUERICMNZ T GLCM
B A BRI NV AT T D56 O LR R E 25l 5, & ToHF
—UT, B MV OBRERITRME L RRET, —1206 LITIESUEEZITR 9,

NH—2 BELO COLHENEICH W TE, GLCM ORH Y 4 > R X
&7 U= LUV A AL S TR AT, B S BRSO 2 b & g AT
T %, GLCM ORI Y ¢ KUY A XL 3X3 75 21X21 DEFEY 4 Ry A G
7t 10 fi¥H, GLCM DATHIH A RS 5 7 L — L~V EICHONTIE 2 205 16 D 2
DREFORFHAFHFZLSE D, ok, RWFTICHE T 5 HHgE O/ a2
SVM # i\, SVM D7 A4 7 F U & LT LIBSVM % fii i L, - il 78 53 ks B B 1
(I ASERRGRE &2 VT2,
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5 bands multisector images

\4

Principal Component Analysis

v

Image of PCA 1st component

'

GLCM calculation
v
GLCM features calculation
\ 4 * ‘ \ 4
[ S ] [ (B) with GLCM features ] [ (C) GLCM elements ]
8 types—+ all of them (all) (proposed method)
¥ v v

| Land Cover Classification using SVM |

A 4

Comparing classification results

Fig. 3-4 Procedure of land cover classification analysis in Chapter 3.

322 GLCM EHHEH/ER

TIAF v E#RE L TCGLCM 2535720, 7 L— R 7 — V@GN E L 72 5,
RedEdge-M @ 5 /30 RHEDOWFNND AL RE2MHT 25 2 & b ARETH DM, AHFSE
TIES Ny ROVAF AT I VEGZHEH L CTERD o (PCA) 21TV, 5§51
FERRDER DT 7 AT v fEREFEH Uz, 1 ElRoEEE#H U2 BIE, £
¥ ROFFOAXRT MVIERE G L TOBDBRKERD T L— R — )V EGRDERL
AIRER T ThH D, ZD L EDFH 1 ET DA 5HIL 78.67% Th - 7o, R AT D
FERBEH INIH N ROBAERT MV, B FEZES X O 1 20 DR Adff
% Table3-2 |Z/” 9, 22T, INTAMEEITEMRD ESEE (K30 FOEFEHE)
& OB E R T, RFAmMEORE ALK 3-1) 1Z77,

ik

O,

Vi G-1
ZIT, oy IR ORTFARNE, | IXERSOEAME, h 1IN F 0 O
AT DIVISY, oy, 3N R 0 ORERETH S, 0B, H 1 ERSOEAE |
1% 5068.24 T -o7=, GLCM 2B T 2720 D 7 L— A /r— )VIEEIT5H 1 50wk
IZOWTIRKREE B/MEZBEH L TR — 1 > 7 %2470, 256 L)L TH 7Y 7
BiTolz, L7 L—R 7 — Vil % Fig 3-5 1237, £72, GLCM HHFED
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L= LUV T IME & B RAE D FEH TRUE A AT > 72,
Table 3-2 Summary of PCA analysis

. Standard Loading
Eigen vector o

deviation factor
Red 0.383 32.665 0.835
Green 0.428 32.387 0.940
Blue 0.300 28.377 0.753
Rededge 0.540 39.594 0.972
NIR 0.537 44.199 0.865

Fig. 3-5 Grayscale image used for GLCM calculation.
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323 GLCM BXV'GLCM & EEH Fik

GLCM [XHE5 N O B3 DAL E 1T 361 2 RO A E O OFEH 0 H 5 E
BEhsd 9P, ZL—27—)VEBRIZEBWT, BV (Ax,Ay) B 250
WEE (71— VoUl) OfMAGDOEOHBSEE ZR91T5Th Y, i 17 j FIED
ITPIEZOMEIL—F OWMBMER @ 222b 5 —HOWMBHEL j ThoHEL L TRE
SNnb, AWFETHA L7z GLCM OFE XA LI NIRRT, B2 BV lEZ (Ax, Ay)
& LA D GLCM OFTFIEE%ZP(i,j : Ax,Ay), BT 4 FUH A X% NXM &
75 & GLCM OAEHITHX (3-2) BLUR (3-3) TR SIS,

P 83,8y) = g s G A 0y) +QULE Ax ) ) (B=2)
N—-Ax M—-Ay
Q(i,j: Ax,Ay) = Z Z A
n=1 m=1

A= {1:(1(n,m)=i IAN(I(n+Ax,m+Ay)=j )

3—3
0: elsewhere ( )

ZZT, Inm) IFEH Y 4 RUICBTAEE (nm) O L—L~UEEZFRT,
AWFFETIL, UAV THUG L@ e B 2% 5> 2 & 2Rt L LTWD DT, H/ho
G 2 KM CT& 5 (Ax,Ay) = (1,00 & L7z, LI, P(i,j:1,0) & P(i,j) &FiLd
HZELTH, B, NBIOMIZHOWTIE, EHEFHEAZTLE T 5 < a5 A
XD 4 RUEERHT 5,

AWFFED /52— B THHT 5 GLCM i & £ oR XA (3-4) 226 (3-
11) 12, 2% —2 B Tli, O GLCM HHEEN MBI A 72 DD~
5728, BEAFEAFZE & [REEIC 8 FE¥HED GLCM i WY A H L, 530 RO ALY
R B HRIZ GLCM #8212 CTH T DORM~ 7 ML E1ERT D,

Entropy

ENT = — Z P(i, ) log P(i, /) B-4
ij
Angular Second Moment (Energy)
ASM = Z P(i, j)? 3-5)
ij
Contrast

CON =) (i = j)*P(i.)) (3-6)
i,j

17



Mean

Variance

Correlation

Homogeneity

Dissimilarity

MEAN = u = Z iP(i, )
i,j
VAR = 0% = Z(i —w?P(,j)
i,j

ijP(i,
COR — ZJ(J) u?

P, j)

HOM = _—
0 41+ (i —j)?
L]

DIS = ZP(i,j)Ii—jl
i,j
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324 BHEAZ bV

REFEDO/RZ—2 C T, 3.23 HilZs L7z GLCM R &3 A3, GLCM
REBEBREANY MVICATTT 2 HEEZ#RET 5, GLCM EHFE DO FFEA~ 7 MV EAE
%35 S5k (GLCM 728 4X4 Ofl) % Fig. 3-6 1Z/5%, GLCM EHEN L7 L
~DOZEHIE, GLCM XA THITH 5 72O THIN O EE T 2 BEHRITHHET, GLCM
BWROE=ABEROHEITT LMY H LT, 58 RO AT " UAFERITIN Z Tkt
REHEOREA7 b e Uiz, B bt LA L GLCM EFRofEIE, X
(3-2) BLOK (3-3) TEHLELOZMBEHL, R~ M OEFEEITR/IME &L
RKREOFPAZ-1 25 1| TIESILEIT- 7=,

OO |®
®|®|@
R|G|[B|Re| N @
GLCM elements
k[c|B]r v |O]@|0]0]0|0]0]0]0]®

Fig. 3-6 Proposed method for vectorizing GLCM elements.

ZOMEFIETIEL, GLCM ER OB AT H7 FLEN GLCM A X2 X - T
Y, FTIAF Y EERT AT L —Rr— VEBRO 7 L — LV R T A, 7L
— L~ ULHAE G &5 L GLCM EHE % 530 RIOMA 2858 O~ 27 F L ORTT
% D 13X (3-12) THAZHND,

G+ 1)G
PG L

2 (3-12)
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3.2.5  Support Vector Machine (SVM)

SVM (F# i 0 FET LTV A LD—>2>ThHD, 7T/ U X0 E LT, #
FF— 2 LHBIBER & OWEENRKIC D X 5 il E kDD LT, FEHET
NOPAENEREZ ] LS 28RkIK A & 5, FET —F LR R L OREREOZ & %
~—U VLIS, SVM 1L, EVT— bRy T — 2 B U S s ke
THEHEND Z ENREL RO T2 EH FIEO—D>ThH Y, MO FiE L ik LT,
IR T = A THROWEERESOND Z RTINS D7),

AW CHEH T 2 IEIE SVM 1, SVM ZIERIBICIE LIz o ThH Y, v &L
NR— 2D+ B IEDRIC TR ATRE TH D Z L ZRHEE LTV D72, BB HE
RAHEZR T — 2% L CH R R 2RO b5 39, REFFETIE, V7 b~—
¥ SVM T % C-Support Vector Classifier (C-SVC) % A L7= 193 DIFIEH )
rEED5H,

FERIE SVM IZH1T DFBIBIED () ITR D L D IR b I D,

D(x)=wlep(x)+b (3—-13)

ZZC, w, xIlInkRiOXT ML ThD, W ITEHAMT T A—2, @) X
n WICFFERZEM~DER, b 1331 7 AEZRT, #ABEED)IZLLTDO L Sz 2
7T A (C,C ) ZEWRBIT D,

{ xec, ifDx =1 (3 - 14)

xec, ifDx)= -1

D(x) =0 & 725 Z kB & S, BT ML L ERBIEE R & OFEEE M
(v—TV) ITRD X HIZFRED,

Vi D(Xy)
[lwl|

> M (3-15)

ZIT, X W TFFEART RV, oy 13T A€, G ICHINTHTLTHY, k
X126 N ECOAHRKTHD, X, vy @A EL, N HOFEET—4t% v
e A1+ %, A (3-16) IZEEEZRT,

yk=1 lekEC1

VYV = -1 if Xk (S Cz (3 - 16)

(X1, ¥1), (X2,¥2), X3,¥3), 0., Xy, yy) 22T {
X (B-15) O M ZERKELELODE MY LEFET D, M OITRAIBER & B
7 MVEDRERHHICELLRY, ZOFRGERTTET X7 MUIYR—FXT fL e
XD,

M*= max M (3—-17)

w,[lw||=1
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mkin yiD(x) = M* (3—-18)

£ (3-17) BEORK (3-18) 2T 7T 0¥ 2 ORERFIEZ TR RIS #
T 5, LAk, ZHLUEREZEHT D&, REAEAIZH (3-19) DRI & DB RTE DO
s, X (B-19) ERAMEEEDLT 7TV a BT ap RO D Z L TRRRIBEIC
BT H@nBIEEERDBND,

N 1 N N
mofle(a) = Z ay — EZ z a;a;y;yiK (%, %;)

s.t. ozzku% 0<a<C (k=1,23,..,N) (3-19)
k

VT b= EEALEZEICEY, K (3-19) ORHIKIEMIC/ ST A—% Cost
(C) WBIMINTND, C IFFANIRETLHILENHDHNNTA—=FTHY, C %
RELTHEERVIZKHLEELL Y, C Z/hELTdL~v—T U EpRIETH L
BT DH, E-T, CITHBRREER/NCT 5, ~— V&KL TRIkME
REZ BT 200 L — FA7OBFRERL TS, KX (3-19) HD K(x;,x;) (47—
FVERER EEE N, K (3-20) THxBHNLD,

K(x,%7) = p(x)" 0(x;) (3-20)

F—VBEIEEC (3-20) D, @) DINFE TR 4L, Mercer DA% i 7= 3 Bk %
HWAZETZONBOHEEZEEZ N ONBEEEMARHENTESH, 22T,
Mercer O G2 72 IR — RNV B A W5 Z & T, @R O A % IEHRIE
IZIEIETE B 39,

X (3-19) < L, ap BDKED, KE-72 ap ZHAVTRAIBEIE D(x) Z5tid
T5EX (321) OXHITkD,

N

D(x) = E}mmwag+b 3 - 21)
k

X (3-21) O T RIH b 1T (3-14) ZiT-T72012, K (3-22) DLHITKDH
b,

N

1
b= =5/, Yk [K (X4, X) + K(Xp, X;)] (3—-22)
X

KW TIX, —xVEIE L LU CT—&HJ72 Radial Basis Function (RBF) 51— %/l %
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AL 0 RBE A — /IR TERSND,
K(xx') = eI’

s.t. y=27i2>0 (3-123)
ZIZTC, vy IEFERNCRE LR T NIEIR O R2W0WANTA—=FThb, vy BDREIWVIE LG
BIBER OBHMESDNEEIN L, /NS WIF EHBRIBERNEMIZ /22720, v Ofiz/~hE< L
TG B TIE T — X VI LTZfRER & 70D, X (3-19) BLUORK (3-23) Ho
KT A—=H (C BLD y) IFFANCRET HHLERHY, ZD220D/8T A—F T
BETNVOMRENKELLERFEIND 2D, KE/R/NNTA—XERRTIHLERD D,

22



3.2.6 RERIEEHWEEFMPELE

+ MR PR RS A Rl A 72 1T, 3.2.1 HilR LTI ANNT — DA T—H %
BT —2 & LT LT RERGREZAT 9, B HICk 2V E— by 77—
& i U e O Sy RS FE RS0 B 7 VRIS IR, A RRRE A T D A
Wdp % 394D KWL T, BT — & % SVM 0 BEERIC AT L, %G R 2 22 2 MEE
K> TRl 2, ZEMFED HIEITW L OB STV D28, SVM IZ K 51
FNZHOWTHEEET O T2DIZ, Stratified K-Folds Cross Validation (VL[ [ Stratified CV )
4D L Nested Cross Validation (LA [Nested CV]) DD 2 S FiEIZ L 5 g %
KRR 21T > 72,

3.2.6.1 Stratified CV 38 X SVM /15 X — X 5354k

SVM D/3F A —4 (€ BL y) OIREIZIT Stratified CV 12 K D Grid Search? %
WTAT o7, Fig. 3-7 |Z Stratified CV OEE 4 7~ 77, Stratified CV IZFEH T — 2716 E
FOVERETM 21T 9 FIEO—>ThH b, UTICFIHEZHRAT 5,

(1) T — 2% KEOT7 +— )V REMIEIND T —XIZnETH, ZDOLXx, 74
— )V REOT =2 DI T TV DHENRFRCICRDLEIICT X LY T
TEATD, ZHUICLY, ANTLHFET—ZIRmO BbH-oTHETH, &7 4
—/LV R TIHRY 2<FET =2 nn%lEns,

(2) KEOZ = RHDO 1 D& fGEHT—4% & L, VDO K- 1O 7 +— /L N %&
FEHMRT—42 & LTEEHETNVEERT D, FHET WERZ ICHRGEH T — %
ZRWTIER SN =85 VOREMN 21T 9 .

(3) MEEHT —42 L3257+ — NV FE AN X, £2TOT 4+ —/L NiTxt L THER
ERHAZITY, BHINT08EEE O EME%E Stratified CV KEE L 95, ARE
it LIBSVM T A 77 Uil > T\ AR ERIEABEEREZFEH L-7w,
Overall Accuracy (OVA) & L TW5,
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training dataset [ dataset for validation

¢ = gataset for training
Training by SVM
K
Trained model — q, _1 Z
Classification K
n=1
T —»
I

a is Stratified K-Folds Cross Validation accuracy. a, is accuracy in each fold.

Fig. 3-7 Schematic procedure of Stratified CV (K=5).

Fig. 3-8 {Z SVM D/ N7 X — X fii{b % HiY & L7z Grid Search OEE % 7~7, Grid
Search TIFERFHFHANITK FHERTEL, B R EOKRT A —=XIZBITH5ETE
IWHEEZEHT S, 2o A ETROUBEDOREVT A — &@ﬁﬁAbﬁ% 54
WS LTHAT S, A THE, KA lbo®Eder voBER NI Edko
Stratified CV 2L, 74—/ K& K % 10 &L, /RTA—X @%Eﬂefﬁﬁl J27° <
C<2Y¥ BIW 220 <y <25 L L7, BT OLBEIZON T Zav MEEdfigk Ik
BERFT DD, 20 L L, B on 220 TOBSETRRE L,
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Fig. 3-8 Schematic diagram for searching parameters by Grid Search. Each grid point
indicates an output of Stratified CV.

3.2.6.2 Nested CV B X OET /LM BESEAT

3.3.6.1 IZ/k L7z, Stratified CV & V7= TS SERE ST C I, T L0
RT A= HPREIZEMOFE T — X EEH L T2, REOT —ZIZx4 2505
FEEEREAN (GUALPEREREAM) 23 T3, LHgE > EREEM B FEICL D b 00l
I DO W CE72WAIEEEDR H D, ZNE ST, RAEMRGETFIED—D>T
& % Nested CV 12 & 5 LB FRE LM 21T 5. Fig. 3-9 (Z Nested CV O %
759, Nested CV OFNEIZLL T DY TH D,
(1) FEHT—Z 2 KBEOT7 +—/V RIZHEIL, TO—2EMRFEHT — 4% & L TREF
T 5,
(2) %0 O 74—/ )5 Stratified CV % V7= Grid Search (2 X 5 %28 €7 L OfE
AT 9 o
(w(l)f%ﬁbfﬁwtﬁﬁﬁ?~&%%w1,Q)TW&Lt%”%Tw@
PEREREM 217 9,
(4)@&%&?57 B ANNEEZ, 2TDT 4+—/)b RICk U TR ERE N A21T
, B SN0 MERE O EE F DRBIE L5,
BU:@$JIIE £V, NestedCVEZHWSHZ LT, EFTNMERICHWAT —X LT
IVOMWRERHMIZITH 7T — 2 £ &8I0 315 Z ENTE D720, PALMERERHL S T HE
25, ARWFFETIX Nested CV D7 —/v K& 5, T NMAERDT=8 D Stratified CV
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D7 4—/v % 2 & LT B E O 21T 72, 7238, LIBSVM [ZiX
Nested CV DIERENN 72 <, MBIZT 0 7T ABER L2728, FEEFHEIX X v @Mt
DE Kappa 2302 & 23N AT BE & 72 > 72,

training dataset [ dataset for validation
l [ dataset for Grid Search
Grid Search

with Stratified K-Folds CV

v

.| Trained model with maximum 1
accuracy

Classification

b is Nested Cross Validation accuracy, b,, is accuracy of model in each fold (Kappa

Fig. 3-9 Schematic procedure of Nested Cross Validation (K=5).
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3.3 AER

331 +THEBHSEIT IV E NL—=v S F— 2R

THI R S FED T T Y & LT, A (forest), HH (grassland), #R#1 (bare soil),
BXOEKE (toad) D4 HT7 AV EREL, ML —=V T =20 1EHHY O
BASMEEIE 11x11 B2 'L e L, BUSMEE OV A X%, ERICB W T T U 0
T E B D 7oA R HHEL L CWD, {7V D L —=0 7T —X D
BRI, BRI 7 ) LS WK D ICER LY, NF— ADY T
IVEEENINCAE D LB R E OB(LEN 0/ N S 72 B TN S E 72, £ 0k
R, BUSEATIL34 @& 720, B7 FVEICEBOEF 41145 & p o7z, T
B~ L—=2 7 ) THIHE T & Fig. 3-10 (2, 728, FL—=r7F—ZHiH
ST LB HE AR o & B CTURE LTz,

(a) ' (b)

(c) (d)

Fig. 3-10 Locations of extracting training samples for each category.

(a)forest, (b)grassland, (c)baresoil, and (d)road.
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h—= 77 nbiiH LT —42 %y MCIXRMEOEHE T 5T — 2 0N G %
NHZENHD, SVM IZBWTHEET — X IXFERRICEEL RIT S na), K
s CIEi L8 7 — 2ty NNOEET — X 1THIR L, EET — X ZHIR L
Tl e THEITIVOT —FY I NVENI A L 72D, AT — 23T — Sk
v N ORI REC LR RS O B KT T, R T — X OXxPLEE LT,
T AVEOFERGEONRT A —% C ([ZEAMITEITY, KT — 22 X5 EEEK
Wz, BRI, X 324) KXo hTraVEOERLEFEL, X7 A—% C 1T
%t L CERTT 2T 72,

i

ZZT, w3 ATEY 0 OFEAR, N I TAV 0 OV TN, Ny 13E
BT 2 ROV TN R T,

3.3.2  Stratified CV |T X % T H# B /51000 B SLAfAs 5=

Table 3-3 T Stratified CV TG LN T K /3 — 2 O IR /338K FE D i KA % 7~
T HXE— OSSR 2 T 5 &, NF— 2 A O T HIPEE SRR L
RHELS, RNTARE =2 B L0, REZ—2 C O ERE R i b i OME
Lol NE— BEBIRCIZEWW T B S EN R KIEEZ R LT DI,
U4 R A X 21X21 T L—L UL 16 DL TH -7,

TIAF Y EREMEHT = BBILORY =2 ClE, EHi¥—r AL
D LB SRR E N B LTS, XX — 2 BIZIEAT D &, GLCM f{EE AT
IX(B)entropy 73 & T HIGE SRR 3 | <, (B)variance 73 & 1B S0 JE RS FE 3
RWFER E 720, 8 fHD GLCM FFiiE 3T Z B0 L7=(B)all D473, L il />4
FEEN RS @MW & o Tz,

U4 v RO A XOEINIEE D 7 L— L)L O L g8 Sy Fa ks FE 0 224k % Fig.
311 T, Va4 RUS A X NXIT LU FTIERIL, Va4 RUdh A X 11X11 BLE
TITRERN B R E N E L TWA 00 bnd, ZOHE LT, g
R4 X2 11X11 L0 KREWEE, blL—=0 27 7oBREHERLY &7 0 v
RO AZANRKEL LD ENERELTEZOND, 331 HTHRRZLIIZ, bL
—=2 7T OESFIRY A XL, BERICBWTI T TV bbb ) FLiE
TRELLEYVA XA ThoTe, LTENH-T, Fo—=27x U 7ORSEEKRLD LY 1
VROV AAXNRKEL o2 T, AT TV DT I AFvIEREGIrT —X &7
STFER, SYERER EXML Lo TRy hEEZ NS, ZHIINZ— BB
KOC & HICRBEROMEM DS R ST, N2 —2 COFEFRMBall &L Th &t
Mg RS AL R L 72 o 7=, (B)correlation {[ZB L TIT W 4 > R ¥ A X 3X3 i
TXT OFPHTIZZ L— LUV 16 LD 7L — LUk 8 D J7 03\ g8 o0 Bk
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EE7roT, Ball BEO CIZEALTIEZY 4 RUuH A X 3X3 TIEZ L— LUl
DEWVIC LD bITIFE A E R BN -T2, Fig 3-1212, /"¥—2 A, /"¥Z—2 B
D (B)entropy 3 L R(B)all, /3% — > C D+ Mg ¥EHE 50— 279, Fig.3-12 H»
BN — D FEREROENZHW T 5 DIIREETH D Z LD,

Table 3-3 Comparison of maximum accuracies for land cover classification by Stratified
K-Folds Cross Validation.

Pattern OVA [%]
A 88.72
entropy 98.37
energy 98.00
contrast 97.32
mean 96.21
B variance 95.88
correlation 95.92
homogeneity 98.32
dissimilarity 98.03
all 99.72
C 99.76
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Fig. 3-11 Change of land cover classification accuracies with window size and gray level.
(a)(B)entropy, (b)(B)energy, (¢)(B)contrast, (d)(B)mean, (e)(B)variance,
(f)(B)correlation, (g)(B)homogeneity, (h)(B)dissimilarity, (i)(B)all, and (j)C.
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B Nodata Bforest Egrassland Ebaresoil Broad

(a) (b)
(c) (d)
Fig. 3-12 Example of classification results in Grid Search with Stratified CV.
(a)A, (b)(B)entropy, (c)(B)all, and (d)C.
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3.3.3  Nested CV T X 2 T Hugk B4y 30K B ATl 1

Table 3-4 |2 Nested CV THG HAVIZ4 /N F — 2 D+ B /3 BRSO e KA 2 7~ 37,
Table 3-3 [FIfRIZ, N2 —2 A O THIPESERIE N R HIKRS, RNVTRZ— B &
0, NE—2 C OTHEBEBSERE N KbEmWMES eoTc, RXZ— BEBIUC
2B W T R E N R RMEZ R L2 DIX, 7 > U A X 21X21 T/ L
— LU 16 DGETHHoT-, /¥ —>2 B HOMM G RIEET, (B)entropy 235 H
Mg rE BRI 3 & <, (B)variance 23 & T HIGEE /0 JERE EE MRS R & 72 o 72,

U4 Y RUY A XOBEINEED 7 L — LU o - Mg 5y SRS D 2L % Fig.
3-13 12739, #2 U C, Fig. 3-11 {27k L 7= Stratified CV & [RIAEOFER DG HNT-, 77,
Fig. 3-14 |Z/3% — 450 LB SRR R 0 — B &2 7~ 9,

Table 3-4 Comparison of maximum accuracies for land cover classification by Nested

Cross Validation.

Pattern Kappa coef.
A 0.836
entropy 0.973
energy 0.970
contrast 0.955
mean 0.938
B variance 0.936
correlation 0.939
homogeneity 0.972
dissimilarity 0.969
all 0.995
C 0.996
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Fig. 3-13 Change of land cover classification accuracies with window size and gray level.

(a)(B)entropy, (b)(B)energy, (c¢)(B)contrast, (d)(B)mean, (e)(B)variance,
(f)(B)correlation, (g)(B)homogeneity, (h)(B)dissimilarity, (i)(B)all, and (j)C.
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B Nodata Bforest Egrassland Ebaresoil Broad

(a) (b)
(c) (d)
Fig. 3-14 Example of classification results in Nested Cross Validation.
(a)A, (b)(B)entropy, (c)(B)all, and (d)C.
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3.4 B

341 TH#EBESEIIBIT AT 7 AF ¥ FHROBLME

Stratified CV 3 X T8 Nested CV D 2 DDAZZEMGE L 12, AT NUVIFHRO I 2 AH
A L7zR"E—2 A, A7 b UAEHRIZ GLCM FiE A BN L7232 — 2 B, A7 |k
JVIEHRIZ GLCM B3R & HEAFE 7 FVITEIN L7382 — > C ONEE I E i sy
YEREFE S b LTz, L EORERIZ, A7 MUERICINZ TT 7 A F X EHR A
5 Z LI X o TRy SRS B2 KL LR DL REROERTH Y, T
7 AF ¥ G AZBINT 5 Z LT B S BRI BICAE TH D Ll T& 5,

NE—2 B HD GLCM FiE % i3 % &, Entropy ¥\ T Homogeneity 730>
FEE 28 L CWT, BB R LIca2h T©h 5 LI T& 5, GLCM HFiE:
DOHT Entropy DA TH D & HK5HRIE, Laliberte b DD ZEM 3 fEHE Sem @D UAV
BS B2 Ui R e —8H L TWnb, ¥ —2 B OFT_TO GLCM Fri &
ZBEBMLEZLOX DR = COFTNREVKEEEZRL TSI END, "X —2C%
AT 22 LI2&oT, A7 GLCM FEE 2T 52 &<, 77 AF vk
AN A RS ) B TE B Z b o T,

GLCM 41T GLCM EHE 2 LEH SN2 2 kKFHETH Y, GLCM FHE T iEk
ND 22D 7 L—L~ULOMXHRHBBEEZR L TWD, 77 ZANSHD T T AfH
I D B/NEWEEITHRIC RO b TH D EERESN, 7T ANDEN T T A
Mo e FEU EThLHEAICHWEERIND, ZORBIZEBR DL O b2 72k

(B 2 KRR ) & (B 2 XER - oRE AR IR) A X3 2 oIzt B,
HARH & LT, Entropy IXEFREOEMEZ AR L, Entropy D RKEWNWZ &ILT 7 AF ¥
DLW Z & Z777, Entropy & Homogeneity [ OFHEENR & 0 1D, AT Entropy
DI Homogeneity 23 m WA HIEEZ R L2 L &b —H L TW5D,

GLCM Fif &% A=/ 3% — 2 B XY GLCM BER A EHEH W2 —2 CDIFH
PSR U B RS FE & s LT BRI I DWW TR D L 9 125439 5, GLCM R &
Z (3-4) B (3-11) THRIND L DI GLCM EHR OIS TitR I b7z
¥, GLCM EHEMNR/RDEE & > T GLCM FHEENFMEIZ/R D Z EnH D, Bk
$i & LT Fig. 3-15 12" ¢ 7 L—L~UL2, GLCM 2B T 57 1> KU A X 3X
3O a B IO B 2D, Hia L bIIKIEL TWVDDTY L—L-ULOFHX
BB A KT GLCM BEHEITER > TWE R, FHHEN 2D GLCM & TH 5
Entropy [X[FMfEIZ2 5, LLED L 912, GLCM EREH D J L — L~ULOFEx ) 72 H L
BEFEE A GLCM R Cliikbin T L E 9728, GLCM EFEDIF 9 5 GLCM H¥
BLIVEZ DU FURDT 7 AF Y iFHREZTATNDL EEZOND, €T, A
NT—42 L LTT L—L~ULOMXIR 72 HEBUBEE B @ %2 FF> GLCM ZHZE D73,
SVM #ZffiH L7z gt Ic A hcire L, s gl E L R L &%
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A5,

0_><1/3 1/3) 1 g 1_,(0 1/3)

1 0 1 1
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gL el
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Fig. 3-15 Example of the GLCM entropy calculations in different gray level windows.

Fig.3-11 3 L O'Fig. 3-13 O HIlr95 &, GLCM #H T 257 ¢ » KU H A X|Zo
WTHE, 3X3 B 11 X1 £TEZNLBETHER ERNE(T 5, ik,ﬁv~
~SVEIZHOWTHE, 2 TEATHSTHY, REWIZEREN M LEL, X% —2(B)all B
FORFE = CTIEHSUELETHZLIZED, L0/hEWT 0 RUY A X TORSE
] ESHERR T & -, 2RI EEE Tem @ UAV 58 RGB W XA 75 — X & L7-#h
W 2 X 52 L7z Feng & DML TIE, 74 > KUY A X 31X31 TE—27 Z/R LT
WTZR 21 X21 EDEIT/NS o2, DLEEY, 4 R A XL T L —1L L
BIIRELTHZ LTIV EWVKEENRIGTE 20, £ 0 batEAMNICEEREET
HINTGA—=HTHDH I EEBETLHINERND D, BARKIZIE, 7 L— L8
GLCM 1754 I & 72 0 GLCM ¥ +“EﬁMme®A£%ﬁﬁMkﬁé
it,74/bvﬁ4X%mi S RREICEBE BT 5700, T — & D2/ fifke

ﬁﬁ%%@k%ék@%%%%ﬁ#ék,%i@k%@%%x_bﬁwﬁﬂﬁw
k%i%ﬂéo

Stratified CV & Nested CV (2 & % T HIg B/ BURG AE A4 bl L7258, W07 & b [AlkE
DM Z R L TWe Z Enh, KRED LHgFE S BRE EFHRIZ 3BV T SVM O
BORBII Dol LW TE D, AETIIRBERHFIEE U TREMREEZHH L
oo Fle bbb —=0 77 —%13 11 X1lpixel DFFTFEEN TG LWL, T 7
x%v%ﬁ%x&ybw%%ﬁﬁubkbv~*yﬁ$~&%&<ﬁhfm5k%
z%mé Lo T, Bt 7T —% L5528 LT — X OFeBEn V7 <, FRMIZ

FERERLZ L2 LTHONERBE ORI Do T /MR H 5,

IRTGA—=% C Ly iF, ANT—ZIZXo THRBEMEMNE2 Y, Grid Search (Z X 5%
T A —=HEBEDEREL TWD Z ERNbhotz, SO ETIE, KEElE, ¢ 1X8
26 512, y 1% 4006 32 OFPHTH Y, Grid Search DIERFPHIL, SHMHFTOLH
Wb, £z, BET —ZIZL 7T VHEOF U TVEORYIX, 173V HEOE
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HNOIFERERDO Y TNV Th o712, THPRE TR E L 2ol &
FEABND,

342 RML—=U0F—FZdOEOEE

Fig.3-10 £V, £HT TV D b L—=2 75— X (IXEG T O 28 A 72 fE b i
LT\, 332 88 X 003.3.3 §ilas Uiz g s o 50rs BE S TA RS SR 1%, M
HFIZHDEDOEBIL BN EE AR > T0D, AFiTIE, FL—=27
T — 2 OO Z BRA U C - g8 RS B R A A S U 7o RS R A o~ T, Fig. 3-
10 IZRT F—=2 27U THIHET N GEOEBIZH D FL—= 7 U T 2R
ST, & 073V 18EHTD ML —=27 =T % Fig. 3-16 IZ/~" 7,

(c) (d)

Fig. 3-16 Locations of extracting training samples after excluding shadow area.
(a)forest, (b)grassland, (c)baresoil, and (d)road.
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Fig. 3-16 (2R TK 7 IV 18 EETD b L—=0 75— % 2 Ui L ghE
FE R RS L & L C, Table 3-5 (Z Stratified CV T H 724537 — o O - W85y 8
FEE D fc KAE %, Table 3-6 |2 Nested CV T3 H T2 /3% — o O Mgt 3 JERE E D
I KRAE % 7~k3, Table3-5 8 LK N Table 3-6 £ ¥, Stratified CV & Nested CV D& H 1% [F]
FEOMEA 275 LT 523, Table 3-3 35 KU Table 3-4 & b9 % & BRI E
NoTNDZ ENRbND, £7-, 7% —2Ball &/3%—> CIZ, Stratified CV 5 L
Nested CV & & (2 HHIHRTE /RS FEDS 100%ICEIZE L7z, 723, 342 8B L N3.4.3 i
[FRRIZ, WTHONRZ =28 NTH T 4 RUH A X 21X21 T L— L~ 16
DG B P BNGEE D |e K & o T,

3A2HiIB L343 HI TR LR EHKTHZ LIZL->T, hb—=TF—X
DB E GO DL Z LI LD HORELFHMITE 5, FOHEKOAEIZLS -
W 3 FERE FE 1, Stratified CV TlX, /37— A 73 93.26%7> 5 88.72%~KJ 4.5 R A
¥ METL, NZ—2(B)all TIE 100%70>5 99.72%~%7 0.3 R"A > METF, /X% —2 C
TIE 100%72>5 99.76%~F) 0.2 RA > MEF L7z, LEXDY, FL—=v7F =&
D DOEEBETH L DAY MUVEROZIZ L DGO EN, 77 AF v iFHRE
BT % Z LTSN R TE 5,

Table 3-5 Comparison of maximum accuracies for land cover classification by Stratified
CV for the sampled data in Fig. 3-16.

Pattern OVA[%]
A 93.264
entropy 99.105
energy 98.967
contrast 98.140
mean 98.290
B variance 98.163
correlation 94.984
homogeneity 98.519
dissimilarity 98.772
all 100.000

C 100.000
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Table 3-6 Comparison of maximum accuracies for land cover classification by Nested
CYV for the sampled data in Fig. 3-16.

Pattern Kappa coef.
A 0.908
entropy 0.986
energy 0.984
contrast 0.971
mean 0.977
B variance 0.973
correlation 0.928
homogeneity 0.980
dissimilarity 0.981
all 1.000
C 1.000

NE—2 BNIZHEHEB T 5 &, (B)eorrelation 38 L OV (B)variance O Mgl /) FEks &
Mo, BEEEROVIGEITR O DHERENMET L7zOlX Variance TH Y, EE G
AlE bR E MK T L7Z0OIX Correlation THho7-, ZDZ b, OFMEZ K
D AEX2 GLCM REENEILT D LB bND, 77 AF ¥ IE#E LT GLCM ¥
BAHHTIEAE, HHTLZT XLV ER e GLCM R E 2 FRilcHa4 2
WL 5,
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343 Kappa fZREOEEBEERE

Nested CV TG 65 T Fa R (Kappa #2280 122\ T, £OHAEALZRF
lid2% 72812, Congalton H3$2Z L7 Kappa RO FEZELZFHNT 2 FIE D2 H L
Too 2 DO THPTE B E OFE R L L CHEH &7z Kappa 23 ( Ky BXO K, )
IZOWNWTC, AREND D NEHEHET 5% (325277,

K1 — Ky

Z = 3—-25
\/V:ar(Kl) + var(K,) ( )

ZIT, K BEDY K, 1ZFNEIOD Kappa 258 % 7~ L, var(K;) XL var(K,)
I% Kappa #2243 #C Confusion matrix DEZR) LR H SN D, Z OfEN 1.96 LV
KEL ROTHE, 5S%DAEBEKUET 2 DD Kappa BREICENH D LW TE 5 &
272 %,

Table3-7 IZ¥ &= &te b L—=27F — % @ Kappa A E =M ER F %, Table3-8 |(Z5
HEERWNL—=2 77— X O Kappa A B AREM R A~ , Kappa A B ZHRER
R XF —2 A, (B)entropy, (B)all, C D 4 37— TR L, HHIZIE Nested CV T
5172 5 5@ Confusion matrix O EWEEZMEH Lz, 7ok, HHICHEH Lz —
> (B)entropy, (B)all, C {Z2W\WTIE, &b LHHEBESFRENEm o/ L— 1L
B, VAV RUTAXEEAL, Wb b= 16, Vg R A X 21
X21 THEH L7=, Table3-7 B LN Table3-8 DfERA2A D L, WMfE L b/ 3¥ — 2 (Ball
& C LEDOMABEDLEUANTIH1.96 LLEEHERENA NN, /XZ—2B)all & C
ETIL, SR HEBEKETHERENRL OGN o7, £7-, B2 EDRNo25580
HAGOIEEEOREN, RTITBWT Z OENEMLTWa, 20 Ehb, R4
— AR/ Z = (Blentropy DY LD b, NF—U(Ball K — 2 C DIGEDIE
I, EHWRE R E XA BRI TH L0, XX —r@all & Ci, 5%HEK
YT TH BB ICEZNR A ONRNES 2D, 72750, 341 HEBIO342HiT
RLIEE DI, REZ—2 COFMNRREZ—(Ball & il U g B S8R E N mn
Z &R, 341 BB I 342 Hi TR L 91T, A2h7e GLCM FF#E 2 FaT M7
HMENIRPNT LB EZD L, RIFRTITo = FIEOF T, BEFEO Y —
C b LHIW B SR EICATh D LT tcE 5, 51T, Table3-5 BI W
Table 3-6 % 7.5 &£ /3% —>(Ball & /3% — > CIINERENEILTCEY, LN
X7RVVRAETH Y, Table 3-3 B L Table 3- 4 DFERZ R TH, 99%LL EE+4510E
WSEREIE L 70> TN D, LTaio T, iRy — 2 & QITBEN R 127291
HERENBNG DS TERREENRE Z OND, 207D, K0 pMEEE R B2 E LW
T—FEAWTEGAICIIEERENRONDAREENRDH VY, ZTORGERLETHD L
EZ D,
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Table 3-7 List of derived Z in Nested CV for the samples in Fig. 3-10.

Pattern
B
A C
entropy all
23.77 28.89 29.22
entropy 23.77 13.24 14.39
Pattern
all 28.89 13.24 1.860
29.22 14.39 1.860

Table 3-8 List of derived Z in Nested CV for the samples in Fig. 3-16.

Pattern
B
A C
entropy all
15.04 18.56 18.64
entropy 15.04 8.875 9.158
Pattern
all 18.56 8.875 1.413
18.64 9.158 1.413
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3.5 FIEFLD

UAV THUS SN 7225 fREER) Tem D 5 Ny ROBEBAZHERA LT, 3 3% —r 0
ANT =% (AT MERO IR, AT FIVIEH+GLCM R, A7 htE#
+GLCM EFH) 122\ T, SVM DHEERIC & D H gy BRS FE & A2 25 MRS L » Tl
L7, ZORER, 77 AF X EHRD EHGEE P BEREE R EICETH D Z L B3R
T&7-, UTICAZEOFERRELYE LD D,
(1) 77 AF v & LT GLCM 8 E £ 7213 GLCM EFE % EHERE~ 2 b
Mz %2 &T, LHgE R MR TE T,

(2) A7 FMUEHRIZINZ 5 GLCM F§f#ifE & LT, Entropy & Homogeneity 73 %)
ThobZ Enbhol,

(3) MEFEORITAEL7: GLCM FEEL FINIIRGT 62 &, 77 XF
X [HH A T R N B TE D 2 Enboo Tz,

AREOREZFIEL NZ— 2 Ball & OB CHERBEICHEERENR N7,
LL, WMFEICEDRERE BICHERED 9% %2 TW\WA Z Lk, L0 EER
EREELWT — 2 O THPE ST, AERENRAONDAREENR S D &m0
Do 70F, B4 FETIE, THIBESERER LB L WS S D SAR T —F ZfEH
T5HZ LIk o T, BERTFENTLHINC T H 8 5 R B ) LA B A D a
oy
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# 4 Sentinel-1 SAR 7 —# % FV 7218 /Kgkh H

553 B CIX, GLCM EHE A2 H T 2IREFIED, GLCM FFEEEAMFH L7255 LV
by, THIRE RN BT D 2 L AR LA, GLCM FHE S A L7-54
CHRBEFIELORICABERENR LN o7, 3 E T, W37 — 2 ONERE
DR FEZ A LR CRIFI L W2 DI =N E Ul o 72 2 s alREME &
LThdEREmITTe, LIehR>T, SFRERM EXEELWT — & TS 2 MBI
H 5D,

W4T, 2 RO FET AR A ZMIE L7- SAR # 5 EELRE (y° ) Wi E HW
M AR LT 5, 22 i TR L 91T, SAR T—X & i i
IV RENC YRS E M EREE LW E RSN TWS, FDd, v g E A
W R HIgE R TIE, BEF IR RETFE L OMICHEEN A O, BEFIEOE
PEMHECYLAMEZ FHI T X B AlREER & 5,

AREFETIL, 2019 FRJE 19 51 K D685 RENLTTNOR KIS 252 1T 7 it s
L OUK Iz OWT, 2 IO Sentinel-1 @ SAR 5 — % Z{#H L 7= SVM |2 & BiE 7Kk
WE O 24T 5, 2019 4F 10 A 12 B 19 BREIC B ARSI ke L7z FH R R A
AREHE LI JRWEPICER 2 EE -0 Lz, [FA 10 B2 5 13 H £ TORK
KEIE 1000mm (2L, HHARTIE 500mm OFRENI2KE E2o72, ZOERIZ K
S TIRAKHEE, TRPKEENIAL, B 91 4, (F5559 30000 HHANRAKT D HEIC
REEDIT, FRICAE B R CIRRTEC R 23 SRk 3 KL OB EE 2 = L, IR BiRK
1161 B, R FIR7K 443 BRORKBEENTRAE L2I1Eh, ®EKSZ L7725 30 4L LD
FREERT OKF L 2ol FTIEERTOKBEORAIZ LD KROAEPERIZH KX
TR E DT LTz 9P,

SAR % JHUNTZ iR K HI S D TR BB & i ek 12 07 HGELARr P E O 28 (s 1
72 %, K UK S CIESsm SO S ZACRIIZ 72 D 2 &1 K 0 B 5 EGEL O T 2 8Ll
i, ZO®BRITEELOZEEFH L CRAKBIREZ BT 2 5EIEE < O SAR T—
A THATE DI ENWBEOMIETHRIINTND O 12K L7 iifirHig i,
K C O SO & R RS O 2 [AIEGELIC K0, %L 2E8mic s %
SOZ, MR EERS SAR D AN, ASHE D AL & B RER OFR R A EEIZ X o THY
MOKE ENERRD, OO HEMBRIC KT 2EKEHE Tliae —1L o A& H
R FES LI LIZHVGNS S99 LasL, RBE 19 52X 28R ILTH OR AR
FIZBA LT, Sentinel-1 SAR 7 — % RIZHIN D IRAKMHEOREL N L, %5 8ELR
BLabe—L U R EORKEDRELZ RO TFER, T O% FEGESREE(LIT
FrZ k> CTHRRY, ab— L A IHEOR KR TIIAZh 22, KEDRK
W HIIREECH D = LR ENTZY

F7o, BAKBOBHREEZ R LS5 FEE LT, 77 AF v ElE HO 2 iRAKIEK
O FELBRF SN TS, GLCM o HEI IS T 7 AF v fFHIL, SAR 7 —#
IZ R DRAIBORIC b TE, BABEUREE 7 7 AT ¥ [HFROW 2 A5 D

43



ETHAT 2 &, RAKROFMEREE R LA TH - 72 30,

ARFE T, R ISR T 2IRBFEBL LUHED7e GLCM FHEE O & BRI 725
24T 2 728, BGBESRBENIZT 7 AF ¥ M2 MA D T L&D, RAKHEFIK
OIEFEEIC G 2 208y, £, BHARN DS EHRE I ED L 5 ICFHF G
D0l 57, 2 W7 — 2 AT & R — # AN O R K RS FE A b
D Z LT LT, i &K I IR /K SR F 1 D BRI O A 2 R AT L
IZAERIZOWTHE T 5, AT TIERRS] SAR HEifg 25 L TiRAKE & HFR/KIkZ
BT 2720 O EH-PTE I Z2AT 5 28, AT TIE NR/AKEHIH ] LS L1275,
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4.1 ERT—#

RETIL 2019 4F B 19 512 KV FAE LR Ek o 438 U CIREFIEOR
Bt Bl %,

ARFETHENT D SAR 77— 10 H 7 HAT 5 KF 43 43 (JST) 8L 010 A 13 AP
AT 5§42 43 (JST) IZHUS & 4172 Sentinel-1 C-band SAR 7 —# Th D, ZhbH DT —
S IXERINFHEREBS (ESA) 23#E 95 Copernicus Open Access Hub 7> & HitfS L 72 Level-
1 7’1 %7 K ® Ground Range Detected (GRD) 7 —4% CTé 5, Tabled-1 ([ZHUSGFL7=T
— 2 OPEZIRT,

RIS LOFERAKIROEMET — 4 & LT, RETIEETHMERE (GSD Nk L
TV DIRAHEER D (GSI PN LTEE R EEET —F 2T, IRKHPHIZE T S
KEZRH L RS Z LN RBL LX) 2H T %, Fig 4-1 I[CARWFSE T
HF 21RKHEEXR Z~d, RAKMEER Z IR K L R EZRE L, £
O il L OUKBEE BRI XV 07 TV 5135217725, RE LT AV TR
KK HiEk (flooded paddy), 27K it (flooded built-up), FEIR KK HIK (non-flood
paddy), 3 L OIER/KMHEHIK (non-flood built-up) D 4 7 IV L9 5, ARIFFEICE
T 57 A A MBI ONRAKEFhHICI T 207 Y % Fig. 4-2 127,

Table 4-1 Characteristics of Sentinel-1 SAR data.

Acquisition Time 5:43 AM 7 Oct. (JST) 5:42 AM 13 Oct. (JST)
Platform Sentinel-1A Sentinel-1B
Orbit Direction Descending Descending
Observation Mode IWS IWS
Polarization VV +VH VV +VH
Resolution

. Smx20m Smx20m

(RangexAzimuth)
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Depth (cm) /o B
[Jiwo-20
[J20-40
[J40-60
[ 60 -80
[ s0 - 100 i
[ 100 - 120 / o
I 120 - 121 )
0 2 4 6 8 10km =
I N . = \

wf

Fig. 4-1 Inundation estimation map created by GSI.
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B flooded paddy

B flooded built—up

E non—flooded paddy
1 non—flooded built—up
0 2 4 6 8 10km

I T .

Fig. 4-2 Test site and categories determined based on Fig. 4-1.
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4.2 Sentinel-1 5 — # RijZLE

RKEDT A NA N ThHEERENLTIIHE#Z2 S D B> 2R RITEN 20,
BHBEURBR O RITARAIZ L BTN SN EZ X L0, EIROKZ WO HigA~
DYLRMEZBET 5 L RPTARAIC L 2B LMET LI ENEELNT, Leho
T, RETIIEITAFAIC L D RELZMIE L- % EEUREmEE (y° ) 2 ANT—
H L UTe, RAKWERTROYELE2HH L CRAKEEZHBRET 27291210 A 7 BB X
W10 A 13 HO VV B L VH ROy HEBE ZHEHT 5, yOlitgz2/ElT 57291,
ESA 23EiA L Cu % Sentinel toolbox*® % ] L 7z, Sentinel toolbox ZfH L 7= y° [
B OVER%IE, Sentinel toolbox DT 7 4V hREZEMH L=, £7=, 77 AF ¥ IiFH L
LCJEHUEEZEDOEREE LWL 72y bOOEGT D720, BIFEDT AT NEAS 1
IR H LI 7B AR—2 07 10m CHIKEE R 217> TV 5, Sentinel toolbox |2
£ y° HBOERFIELZU TIZRT, £7, mEETUET —% 2 B5%, BHEER
EBLOX Y VT L—va VB E T2, D%, TVAA NI I TIAL T T
v b= ZAELAZITV, UTM JBEEFE % (zone 54N) (B B/ AN— 27 10m TV
PV T EToT, B, TUVAA NI I T IA T Ty b= 7B IO
JERE AL SRTM-1 7 P Z MR E €7 /L (DEM) ZfffH L7-, o X, B
DD R E] 5 7=, T A M A N&% T /3—F 25 972pixelx3739line & fhHi L7,

TERR L7= vO B4l 1 27 2L ORBNZE/ L (32 bit float) TH A F I v 7
LV ONIRNTZ8, a4 57 — X %272 5 XL 72 < 3572912, median interval 98%
ZEMA L, -28.6dB~7.1dB O#HiPH% 256 FEFH (8bit) (IZA S — VU 7 L7z, Table4-2
WZAERE LTz y° WK K/E/IME, +30 O#iPH, 35 X U median interval 98%I(Z 3517
L KNI/ MEZ RS, Fig 4-3 127 A MY A N & \—F L O, Fig 4-4 12
T U7zy0 Wi o 8bit A7 — VU » % OB & /R,
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Table 4-2 Statistics of y° Images.

median interval
Date | VV/VH | Max Min +30 —30 98%

Max Min
7 Oct. \'A% 35.2 -40.5 4.3 -19.4 5.3 -15.8
VH 20.7 -59.2 -4.0 -25.3 -5.2 -24.1
13 \'A% 35.6 -50.6 6.0 -21.0 71 -17.1
Oct. VH 19.8 -55.6 -1.9 -27.8 -4.7 -28.6
Max Min Max Min
6.0 -27.8 71 -28.6

Fig. 4-3 Cut out area (972pixelx3739line) covering our test site.
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-28.6dp T (7adB

(a) (b) (c) (d)

Fig. 4-4 8-bit scaled and cutout y° images.
(a) VV image acquired on October 7 2019,
(b) VH image acquired on October 7 2019,
(¢) VV image acquired on October 13 2019, and
(d) VH image acquired on October 13 2019.
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4.3 MFoE Tk

AREDOMIE 7 v —% Fig. 4-51~7, FHIFELOLBOT-®, &3 EEEOWIET
BLpoTnd, %3$ﬂﬁl(N'?ﬁxfkﬁﬁfﬁﬁ@%é,Qy?ﬁxf

¥IE#E LT GLCM FHEEZ M L7254, (C) : GLCM EE 2 AWt s (IRETF
%) O3 NE—2DOF =2y NEEL, ETHENIZ SVM %)ﬂu\mﬂktﬂmm?&
1T9, B)THEHT S GLCM FEEIZE 3 LR L b DA M HT 5, GLCM ORI
DT 4 R A ZXABLRT L—LNFIZONTIE, Vg RO A X% 3X3, 7
X7, 11X11, 15X15, BLO19X191Z, ZFL—L L% 2, 4, 8, BLU16 TE
fb=H, 520 @Y OMAEDLEEZRITL, TOFRNOROKEER _EXR SN T-MHA
BOYETENY = OFREEDIEZIT 5,

RELTE 4 7 TVICENWTENEN R L—=2 72T ET AN U T 2RE
L, hb—=27xz 7oLz —%ty b2 b —=0FF—%, 7A I
V7o LT =%y heT A NT—XET5, Fo—=vTF—4% SVM
THEELTCETAEERL, B LSBT VLo TR L= 72U 7B IO
T AR Y TITHT ARSI E 2 E 9 25, R R E ORIz T A b
T U 7 DR KRS A BB U7 Kappa (232 L, &7 2V Ok E O
ST A b= Y 7 R KRS R BRI U7z Fr Score (F ) 2R3 5,

2 scenes y° images (VV) 2 scenes y° images (VH)

L 4
GLCM calculation

2
GLCM features calculation

v v vy v
(Nwithout text (B) with GLCM features (C) GLCM elements
Without texture 8 types + all of them (all) (proposed method)

¥ v v

Flood area extraction using SVM
Result comparing

Fig. 4-5 Procedure of inundation area detection.
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431 FEREASEFEET v

3 mEFIRROFEEZ I T 5720, RETHIEHRE SVM & LT C-Support Vector
Classifier (C-SVC) ZfHiH L 193 h—x )L Ei%E LT RBF I —R/L&fEH L7z 737,
ZDLEENMER2ODONRTA—4 (€ &y ) OiBEfERERIC Stratified 5-fold
Cross Validation*"% FiV 7= Grid SearchV#£% i L 7=, Grid Search T EEZREIFHIZL,
2710 <y <210 [ 275 <0 <215 L L, y OBKRFHED, omEmWMEE Lz, £
7¢BRH & LT Grid Search (2> A FE O FEAE L2 B D, y° BHBEOFE X, < /LF X
A7 MVEGROFE X0 BB & KD D DI o7z, SVM OFEET
JVAERRIZ D3> B ERE O K413 Grid Search 23 59O TWA 7=, EREHAERD H Z &
THEEZh DR 2 RAICHI TX 5, 72 (3-23) kv, BET S y Offix
0 TS NEERIE I — X NMZIBT 5720, v OERHIHIT 2720 £ TR T4
I EfIEr L7,

SVM ~ AT 2 R 7 b AT, R ER AR O VVEB L O VHREK v° ,
RARPEIRAEHDO VV BLO VH R v° ORIz, 77 2AF v Wiy 5
LA IXRAKBEERAERO VV BLO VH REOT 7 AF v 1§#H, RAKPEEREZD
VV B X O VH RO T 7 2AF v {ERONAIZEN L=, Fig 4-6 (2 L7 AR~
7 MR ERT, 2B, AT —F ORFHEART ST OW TR, BREITR/MED
SERKEZAr—1 7 LT-1 26 1 £ TIEHIEZIT-> T\ 5,

FNo—=2 72 TOREIE, £AT7IVO N —=2 720 7 OREEFERIC
FIRBZRIR D 2N E U W E DI L, RAKHEIEDD 5 # T, RAKTEHE) S 2
T, FERAKEIED D 1 4 T, 38X OFRRKTEHIE. O 1| # FTSeE L7z, Fig. 4-
TIWIChb—=2 72V T7RBIOT A MY T E2RT, bb—=2 7 7 ORSHEE
BUTIRAKBIRA S 9158 HisE, {2/ 5 9221 W3, FER/KKHIE S 8403
Wi, FERAKTHTHIE S 8327 MFHRG LZ, BUGLZ hL—=2 7 F — X IR
W77 — 28572 DT, EET — X EZHIR LGS T Y OEAHT &2 SVM 751
IZAT9 Z Lk v, KRBT — X OFBRFER~DEBEH LT,

Fig. 4-6 Configuration of input feature vectors.
(a)Pattern A: y%only, (b)Pattern B: y° +GLCM texture feature , and
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(c)Pattern C: y°+GLCM elements.

7 Oct, 7 Oct. 13 Oct. 13 Oct,
Vv VH Vv VH
(a)
7 Oct. 7 Oct. 13 Oct. 13 Oct. 7 Oct. VV 7 Oct. VH 13 Oct. VV 10 Oct. VH
Vv VH Vv VH GLCM features GLCM features GLCM features GLCM features
(b)
7 Oct. 7 Oct. 13 Oct. 13 Oct. 7 Oct. VV 7 Oct. VH 13 Oct. VV 10 Oct. VH
vV VH \'A" VH GLCM elements GLCM elements GLCM elements GLCM elements
(c)




Il flooded paddy

I flooded built—up

I non—flooded paddy
non—flooded built—up

[l training area
[ ]test area

Fig. 4-7 Training and test areas selected.
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432 T AFxIFH

ATTVFFEANR T SV DT 7 AF 2 iF# E LT GLCM OER ) HHEH S5 s %
T %5, GLCM 227 L — LSRNy, Th D 7 L— A7 — VB O FARHL E
(Ax,Ay) DALEBMRIZSH 5 €7 v VREOEFEOHBMHEEE2RZTIT5TH O,
Ny, X Ny OIEHATHIE 2%, GLCM 17410 i 4T j F1 B O 238 13 A0 6 i &
(Ax,Ay) THHE 7 BARLEOBRBEN i & j THLHERERY, @ L jIEEN
%%w L — R — VG OB FEEICKHET 2D 99, 74 RO A X903 M X N ©
A0 GLCM OFTHIEEFE P(i,j : Ax, Ay) ORHEXEX (4-1) 1TRT,

P(i,j: Ax,Ay) = WQ(i,j : Ax,Ay) 4-1

22T, X @) HHO W & Q) Ax,Ay) 1T (4-2) BLOA (4-3) THZ2H
no.

1
W= =D = 18yD “=2
M—|Ax| N-|Ay|
0G,j : Ax, Ay) = z Z Agj(m + 8(=0x),n + 8(=8y) : Ax,4y)  (4—3)

m=1 n=1

F72, X 4-3) HLO A;j(mn: Ax,Ay) & §(x) 1FX (4-4) BLOA 4-5) TH%
f‘onéo

1: (Imn)=i)A(Im+Ax,n+Ay)=j)

Aj(m,n : Ax, Ay) = {O : elsewhere

4-4

5(x) = {x x>0

0 :elsewhere (4—=5)

X (4-4) H00 Imn) FEHY 4> Fook FEEEZ (1,1) & Lz EOHBO
T L— A — Ul %Y, SAR T— X TlX, 7V~ A KM E Lo P m T2 it
MBI DH Z &0 6, GLCM B RO FAARIEESN N & IXFWEINRY, D720,
(Ax,Ay) (ZOWTIE (1,0), (1,1, (0,1), (=1,1) ® 4 FHHIZ>W\T GLCM
BHZITW, B THEONERENELZ AEZIZK (4-6) 1ITRT L 2 ITHPTINEL
EHR LT,

1
P(i.)) =5We(Q:G N+ (D) (4-6)

2T, W BEW Q FUTOR (4-7) BLUHK (4-8) THx BN D,
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1

W= DN 20— DN =1 + M(N = 1)

4-7

QL) =Qj:1L,0)+0QG j: LD +QGj:0,1)+QG)j: —1,0) (4-8)

LLED GLCM EHEZHEH L TT7 7 AF v R EEZ BT L, SVM O AJJFH#EA~ T
NOBEFRELTMAT, FHLET 7 AF ¥ REEF 3.23 SR LZbDERUTT
» 5, Fig. 4-81Z (Ax,Ay) =(1,0) , 7L —L L4 DL =D GLCM & Entropy D
FHEIZ7RT, GLCM 7 7 A F v [ ZELEFEFRZ MK LR TH H 720, GLCM
TIAF X AT HZ IR0, ERNMEREAIRTIE 52 &<, BAE LG
FEDm ERWIFRFCTE D, Lo T y® BEROEMHRRIZZEN L TWiwy, 221
AT DB EOELEALB LB/ L 2ERL TS, AR TR 42 Hilor Lz &
IV, AJJHEIR%E 8bit (256 MEFR) IZHEEE L L7 LT, 7L —L L% 2, 4, 8, B
FOI6 ITHEREMR LT DE{ T L — L~ LTHERT 5,

Image of gray-level N, =4

Pixel that receives calculated texture Teature as
a representative value.

r 3

<k

Yo Yoo Yao O

P2 03 405 1/ 3/ 1/ 0
ToToTiTiT Ca e | 720 /20 /a0
P(l,j : 1, 0) =1 1 3 1
2101011112 /40 /40 /20 /10
310(212(213 0 0 1 1
41212131313 /10 /5
502(3(3(3]2 Entropy = 0. 977275622

Window in the image

Fig. 4-8 An example of GLCM texture and entropy calculation.
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433 RBEMFEE

Fig. 4-9 (iR EORE FIEEZ /~RT, & 3 B TIE, @BYREMHET — % 1’72
STAPZYTERETE R Mo, bL—=_27=x 1 7H T Cross Validation %
T2 2 LI Lo T RS 2 50 L 7=, AT T, [E LB ORIk H#E
ERZRARE/E LTHATE 5720, AT Y TRENARETHY, TA LT
UTIZBIT DIRAKIEGERERNZT1T2 5, AETIE, M—=27=x U T7HhHh6HE
L7 hb—=0 T =422 HWT SVM OFEHET VEER L, 1EkSh =8t
NTRL—=U T T =BT A NT—F520HTH5Z LI bLr—=7=x
UT7EBLRT A M= TIZBIT2RKEBSIIHEEZRE NS 5, X2 —B)BLTO)
T, TNEHET 2 R A XBLRYT L—L~ULETIT, 4.3 HiCik~7z 20 i@
D ORISR E A RN 2, 20%, HHIAZ 20 BYOT A =Y 7 DigK
MRS E DD, e IR E O WA S bR E L DORE — BT 5
KEBHIHREE S LCTERAL, FL—=u 72 ) 7B IOT 2 b= U 7 02K R
g o I R

Training data Test data
v
SVM fitting
/ Model /
* \ 4 L 4
Flood area extraction using SVM
\ 4 A 4

calculation of flood area extraction accuracy in training and test area

Fig. 4-9 Accuracy calculation scheme.
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4.4 AER

Table 4-3 (2 /XX —2 OFT A N U T2 2R AW RS 2~ 9, K32 —2 T
B IR G E 230 | U7z X2 — NI BEFIEDOC) ThH -T2, Z OWITKE
ERR SN Z—(B)all THY, R TB)mean T o 7=, Fig. 4-10 [T/ F — 2
DOHDE, (A), (B)mean, (B)all, (C)DiRAKIIMHE G2 x4, ZORIZBWTT 7 A
T v iR A U7 RS R m 21X, Tabled-3 IR ENTZY > RUH A4 XE
FOT L — L OESTH S,

(A)DE D Kappa F2ET FL—=227 U 7T0.763, T A = U T TO0.615 &7
ST, == 72U TIIBT 2T IV O FEE RS &, RAKKEEX 0.881,
R/ IR 0.794, FEIR KK HIER I 0.820, 38 X OMFEIR K it HERIX 0.791 & 72 -
2o TARZUTIZBIT DK DT IVOFEERS E, BAKEE 0.747, 2Kt
HHIE 0.508, FEIR/AKKHIIE 0.755, F K OIER/KH# IR 0.754 L 72~ 7=,

(B)IZ DWW T IR A S FE 23 K & < 1) | L72(B)all & (B)mean (2D THk
L TR R%, (Blall ThbRAKBMMEKERM LY 4 Ry X7 L—1
SOV ORAHE DR, T4 RV A X19X19, L —L L8 Thotz, 2D
XD Kappa oI hL—=027x Y 7 T1.000, 7AFx=U 7 TO0.838 &7enTz,

MN—= T2V TICBTI2ENTIVOFEEZRD E, 2COHT 2V T 1.000
Elpotz, TANTYTIIBITLEDT IV DF EERDE, RAKKEEE 0.907,
IR K T ISR X 0.656, FEIR KK AR 0.935, 38 X OFERK i HERIX 0.895 & 72
72 (B)mean Tix bix /KT ENMm E LY 4> RUY A XL 7L — LD
MAAbEIE, V4 FuY g X 19X19, ZL—L~YL 4 ThHolz, ZDOLED
Kappa fREE FL—=2 72U 7 T099%4, 7 AF=U 7 T0.805 L72o7, hL—=
YT ZIYTIZBT LT IVO FEERS &, RAKKEEL 0.999, /K it
1%0.993, FERAKHEIEIX 0.999, I L OIERAKTTHERIEIEL 0992 L7eo7-, 7 A F=x
VTR T K7 TV DOFEE RS &, 127KK BiEiE 0.906, 1= 7K it skl X 0.632,
FERAKHIRIE 0.932, 36 X OFERK T HIEk IS 0.848 & 72 o7z,

(O)TIE, T4 RUH A X19X19, L —L UL 16 DA, TA U T
B TR bR ER L L, 2oL &0 Kappa oz hL—=v27x U7
TIX 1.000, 7 A =Y 7 TIiL0859 L72o7-, hL—=0 7T UTIIRBITHENT I
JOFMEERDE, &7V TIL000 /2o, TA T TIZBITA2EHT Y
D FAEE LD &, RAKEIEKIX 0.924, ZKTH KT 0.736, FER KK HIEKIL 0.949,
B L OIER KM Ik 0.896 & 72572,
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Table 4-3 Summary of inundation detection results.

(B)
Pattern (A) ©
entropy energy mean | variance | correlation | contrast | homogeneity | dissimilarity all
Kappa Coefficient 0.763 0.993 0.981 0.994 0.980 0.910 0.960 0.979 0.948 1.000 1.000
paddy 0.881 1.000 1.000 0.999 1.000 0.972 1.000 1.000 0.998 1.000 1.000
flooded
Training built-up | 0.794 0.990 0.973 0.993 0.974 0.893 0.953 0.971 0.930 1.000 1.000
F1
paddy 0.820 0.999 0.999 0.999 0.997 0.965 0.996 0.998 0.990 1.000 1.000
non-flooded
built-up | 0.791 0.988 0.971 0.992 0.970 0.898 0.948 0.968 0.924 1.000 1.000
Window Size - 19%x19 19%x19 19x19 19%x19 19%x19 19%x19 19%x19 19%x19 19%x19 19%x19
Gray-Level - 8 16 4 8 4 16 16 16 8 16
Kappa Coefficient 0.615 0.763 0.765 0.805 0.775 0.685 0.773 0.752 0.772 0.838 0.859
Test paddy 0.747 0.894 0.894 0.906 0.902 0.849 0.895 0.892 0.894 0.907 0.924
flooded
built-up | 0.508 0.583 0.589 0.632 0.602 0.519 0.587 0.560 0.595 0.656 0.736
F1
paddy 0.755 0.904 0.902 0.932 0.886 0.792 0.885 0.901 0.887 0.935 0.949
non-flooded
built-up | 0.754 0.822 0.818 0.848 0.837 0.802 0.824 0.808 0.836 0.895 0.896
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B flooded paddy Eflooded built-up Enon-flooded paddy [Inon-flooded built-up

(@) (b) (c) (d)

Fig. 4-10 Example of inundation detection result images
(a)pattern(A), (b)pattern(B)mean, (c)pattern(B)all, and (d)pattern(C).
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4.5 B

4.5.1  B/KIEAHHIRE B ik

Table 4-3 (IR T 45/ — 2 ORKBHIHEE 2 i35 &, (A)DO%FTHERE D
DI ZEER LI ROT 2 ) 7I2BiF 5 Kappa #2502 0.615 TH v, ##EF
EDOC)TITIR A NAEEZ 0244 7] 35 Z LW A[EETH o 72, E72(B)all IZ-DW
THA) KT 5 L, 0223 OFEEN LN FIRETh Tz, TaLLISD /R — 2D
ThH, 77 AT ¥ HERAEHOLE LT 2 L& TO/RY — 2B W TR KT
RBEOR LR, LEXY, %FHESRBZICT 7 2T v HEROZLE I Z
52 eI Ko TR E Zm ESE 25 Z ERA[EETH o7,

Sentinel-1 O IW E— ROFNLV v 7 EIZAF ¥ LI L > T 44~4590L 72 5T
T, W EIZITAEL y T EITKHET D ARy v ) A ZABFET D, GLCM D 4
YRV AXTHEIND T 7 AT v HERIT, TOAXYy 7V A4 XX DEHEEE
BHEATZE LD, KVIERWT 4 KUt A XD GLCM BEED G M, *5aEk
DFBET 7 AF v M E LTIV ZIHZ D700, BAKBHIMEEZ R LSE5 2
ENFRETH - T= LI T X B,

BITHBWT, HR TR GRS ER 23R 5372 GLCM F#{#iElL Mean T
bolo, 83 EOREmDRIE~ VT AT MVEGRO BB BV TE, Entropy
NEOLANTHD Z ENREINT-DIZHKT L, SAR O 5 EEUREZ V7232 /K 8h H
T, A7 GLCM FHE N 72 DR & 72 > 72, GLCM 2 B HEH & 2 R (¥ & Mean
TR DR D T L — LV O BB S R O HIFHE & IR T & 5., GLCM
5 Mean 23 BAGE A B RS 7-FAH L LT, SAR D% FTHELT —Z 128D A~
v IV ) A RO B E LK RTZENRTETCWEEIRETHE, ZTOAY
IV ) A RO IERL3 AT & RERD AT 72 > TWC RN B 2 b b,

SAR D% T HEIREL T — Z 2D Ay 7 v ) A KT (4-9) O THILD V62,
F72, g OFEIEKX 4-10) DL HITERESND,

g=f-n (4-9)

T =7 (4 - 10)

ZIT, g 3EIFEELT —Z O DNHE, f IXHEWEEE O%ITEGL, n XAy
I A RERT, KERHIZEBWT, @A LEZERIIHER CHHT-0, [ iF—
EDEIZRDEEBEZLND, ZOHA, g OWMFEEEREBIIASNY 7V A XD
FKEERE p(n) LRERICR D, pm) 13X 4-11) (TR T LI y2 fTERSN
Do
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ZnZN_lNNe_N"Z
P = =7 (4-11)

ZZT, NiZ~VFyw 2%, [(N) IV ~BEETHD, = OEREERE DI
PiiE 7 13 4-12) X oicEREINS,

1
T=F(N+7)

< (4—12)
Nz2I'(N)
TDEE, N BNRELARDITE, ph) FERSMGEEIEN, T X LTS
TW, T7ebb, N PRELBRHIEIERTBET —X D DNIHE g 1TREWEA O
BITEGEL £ ofiicir-3<,

L7 SAR T— XD~ LVTF Ly 7B LZE 4 THD D, ZOLEDAY Y
V) A XOREFRSARIL Fig. 4-11 O X 512720, HEFEAIEIX 0.97 & 725, Fig.4-11 %
B2 &, ERSMICITWHERS i Z TR LTSI ENbNn5b, LN -T, GLCM %
#&E Mean 23K L TWIAHEIIR R OB ITHEL f OFIEIZEHENTETH Y,
Ay TV ) A RORERMNAG EFED B GLCM B EThH-o71-E2 b5, 7=
771, ZiUIMean (IZBW TR BKEEM ENRONTZT7 L —L LN 4 Tho7-H
HEbbtT, EBEONDALESZRLURNOHENODILERH Y, SH%OMEE L
W,

Probability density

o
a

0.5 1 1.5 2
Normalized digital number

Fig. 4-11 Probability distribution of p(n) for the case of multi-look 4.
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Table 4-3 DT A MY TIZBF 2K 7T IV D FEE KT L &, ¥ —(O)%
PR, RAKTEHIKO FIEOHRN 05 E7R->TEY, orT 3V Ll L TR,
FERETRLTWD, Ll hb—=2 7= 7 ORKE#IEO F EIZOWVWTIE 0.8
N5 09FRTHY, MohT IV LRERICHEBENEWEZ R L TS, Ziudaid L
T ORIKIZ X 2% T EURBRZE D@ TH H 70, hL—= 27T D
FERERNT AP 7 TO FEOR EICERLRpoToZ ERNEXLND, Tz,
(C)DHZEITHOW T, BAKTEHIZEBWNT, EOoNZ—2 L0 HREFEN R EL
TWHZ b, BEFIET GLCM FHEEZ R L7256 L 0 iRAKTHic LT
HEOERBIERE R FF o B X DD,

AEFHTHIRATZ L)1, T KBHTITRAKICE D y° OBenEien 2 &
DNEN B AVTUND S99 it CIIiR/KIC X 0 K C OB M & B ORER & o 2 [A]
BOELOR I D3N L, AKBIR TR /KT 5 Z &I &0 S 23 KB 72 5 7
D% FHEARBDMET T 5, L7 o T, BARBERIE D% T BEUWREBZEIZ L - T,
T &K HIRE N ZENORKIRA BRI TE SRR S 5, 4F, BAEEOH
S TR OKBEITINERTTH 0, BITBEREOEAKIC L DETIZRENWEEZ
Hid, UL, MHEHORKEEIC XL D% FTHESRIEIE, SAR O AH A A
& W DRE DA JE LM B T ko Th B T HERB LN R D = LR T
BIND, o T, KEBIZE L TIEL EWMEIC X 23R8 E R 3 & 5 F2 5 AT EE
T2 O3, THEMOR K E BRI MR LS VETIZRETH S 9, Lal,
KEOFRERNOHIMT 5 &, THEMORKEREIZOWNT, e EzENT5Z &
IZ &> THIEE R L3 AEECTH D Lk CTX 5,

B4 FEITBWTHE 3 EIRERIC Kappa A& 2R EXIT>7-, Table 4-4 |Z Kappa £
BEEMREM R LT, Table 4-4 )75, WTHO/NRZ— BT HIEFIED 5%K
WETHBENEGRTE S, LEN-T, VVBELO VH RO IR % 7z 2 B
ORKIFIHIZ BN T, BEFEFEEFEFE L R U CTHOBRER RIS R H 5 &
ftiom CX D,

Table 4-4 Result of calculation Kappa significant difference in flood area extraction.

Pattern
B
A C
entropy all
A 160.97 201.35 221.20
entropy 160.97 51.48 80.59
Pattern | B
all 201.35 51.48 31.55
C 221.20 80.59 31.55
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452 BAREIZIIT 2 B sk i R B bk

T I AT X A O TR IZ BV T, SR E ORE R 595 0 & R b
T 5720, VVIRKOAB X VH REDOHDT—Z > M &ER L, RKEd RS
RAFHMT %, Tabled-5 IZHURIZICI T Diz/KBdRE DK A F L5, T A B
T Y TIZHBITHC)D VV IREDH & VH R DA DGE D FEZ KT 5 &, (CO)D
VV @i DR itk ix 0.717, (C)D VH {FE Oz /K il 0.532 £ 720, VV
R D T7H VH @I LR EVME & e o 7=, —J7, 12KKHEIBRO F EIZOW T, (C)
D VV R ORI K BiEkIE 0.799, (C)?D VH {FK DIz AKKHEKIE 0.909 & 720, VH R
B DI VV AR I NEVME & 72> 72, 2L (B)mean, (B)all @ F fEIZ DV T 4 A
BROMEBMN A BTz, LA EX Y, VV R ek o= Ak fh HRS EE 1R iz, VH IR
W 13K RIS DR KRS 1) BICERTH D Z LRI SN D, R KK TO
% I EELR B LIZK E COSEE M & B OBER & D 2 [BIEELR T O LS E R
LTWAEZEZOLNATD, ATRE ChH D VVIRIKICEFICHND Z & & —ET 5,
F7o, KEBORKEIZOWTIE, IHEERTOK B Z SRIZ L TWeied), %IT#
BRI AL N R AR ICBEZE ICBIN T B 2 b b,

VV @ O F, VH AR O R DBGE I 1T 5K /3% — 2 O Kappa £o 8% g5 &,
BRI O HOGEIXHREFEH L7GA L0 bR U TOERBENMET L, /2, B
R DB DA DB)all & (C)& LT 5 &, VV R CloBREEIEDNRIFIERS
NIRWEER & 7220, BRI VHRIE ClEB)all O33R E O R E L eo Tz,
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Table 4-5 Summary of inundation detection results for single polarization dataset .

VYV only VH only
Pattern (A) (B)mean (B)all ©
(B)mean (B)all © (B)mean (B)all ©
Kappa Coefficient 0.763 0.994 1.000 | 1.000 0.975 1.000 | 1.000 0.880 1.000 | 1.000
paddy | 0.881 0.999 1.000 | 1.000 0.974 1.000 | 1.000 0.984 1.000 | 1.000
Training flooded built-up | 0.794 0.993 1.000 | 1.000 0.988 1.000 | 1.000 0.828 1.000 | 1.000
Fl paddy | 0.820 0.999 1.000 | 1.000 0.972 1.000 | 1.000 0.947 1.000 | 1.000
non-flooded built-up | 0.791 0.992 1.000 | 1.000 0.990 1.000 | 1.000 0.877 1.000 | 1.000
Window Size - 19x19 19x19 | 19x19 19x19 19x19 | 19x19 19x19 19x19 | 19x19
Gray-Level - 4 8 16 8 16 8 4 16 16
Kappa Coefficient 0.615 0.805 0.838 | 0.859 0.773 0.791 | 0.792 0.659 0.730 | 0.719
Test loodeq | 224Dy [ 0.747 0.906 0.907 | 0.924 0.787 0.799 | 0.799 0.880 0.896 | 0.909
oode
o built-up | 0.508 0.632 0.656 | 0.736 0.747 0.742 | 0.717 0.398 0.497 | 0.532
paddy | 0.755 0.932 0.935 | 0.949 0.838 0.873 | 0.891 0.875 0.878 | 0.897
non-flooded
built-up | 0.754 0.848 0.895 | 0.896 0.901 0.899 | 0.895 0.707 0.808 | 0.740
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VH R IZ BN CTC)D R E AW E LR WERHIZOWTEET 5, Fig 4-12 128
RHT LU= LOEG AR E LT, IBEFIEEHODSE DA~ MV OE
UMZ DWW TIRT, Fig. 4-12(a)38 X OV Fig. 4-12(b) (2[R~ /32— T/ L—L UL 1 L
YLV EL T2 DR DO A7 Sl E R T, [F K 9 BRI LIc b b 5T AT
X7 MNVOBEFENERHAEICEHEE INTEY, 7 L— L ORI TH - T
b, ERSND AN M OMEIFIRESERLIZLEEZERLTND, LN
ST, MEFEFIANEHBD 7 L— L _NVEGITEERELS, hb—=7F—4T
RFBO T L — VLV EERT A R U TICHN TSGR T X W AREME N &
Do

3 3 2 2

3 3 3 2

Window image ( N, =4 ) Window image ( N, =4 )
1/12|1/12| 0 | o olof|o] o
1/12|1/4|1/8]| o0 0 |1/12|1/12| ©
0 |1/8|1/4| 0 0 |1/12|1/4|1/8
olo]ofo 0| o [1/8]1/4

GLCM GLCM
1/12|1/12] o | o |1/4|1/8| o [1/4] o [ o o o] o] o [iaz2|i12] o [1/4]1/8]1/4
Generated input feature vector Generated input feature vector
(a) (b)

Fig. 4-12 Input feature vectors of the example images with similar gray level change.

(a)an image example and (b)its brighter image.
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SYERSRER BN £ 0 B SN0 12(C)DIER KT I DWW T/ L — L UL
D53 Afi & 7%, Fig.4-13 12 VH R D HD(CIWZHOWT, FERAKTEM O L —=2 7
TV T BIOEGENE -T2 T A =Y 7 Ot % ~d, Fig.4-13 OLEANTEEED
SRR, AMNIANEGTH Y, EGIREIZ10 H 7 B, #5210 H 13 BO
VHIRE D 7 L— L~ )UaZEID BT DTHDH, 7 L— LUl Table 4-5 1201
L7=bDERLT 16 TH D, Fig. 4-13 1R LT ATTEE D 7' L — LA D /54 % Fig.
4-14 12779, Fig. 4-14 TIXIE L FERKIEAE S TE 727 — X % Fig. 4-14(a) , &5
AR Z L7e7 — % % Fig. 4-14)I2o3F, ENEh% Fig 4-13 [ZRT hLb—=7
TUT O LI L TW5, Figd-14 k5L, ELIDETEET—XIX L —
=TT =AM EEU LIS L 7o COBN, IELS DFETE RN 12T — X
XN —=2 T T =2 DA E DEWHIIIRE L, 7L —LbLEN L —=
T — 2R ERIN N E L 7e o T D,

VV R DB DN DWW, FERATEMO N L—=0 72 ) 7B L ORSEN S
MoleT A N Y T OER L Z D534 % Fig. 4-15 83 X WV Fig. 4-16 1Z/R7 T, VV RE D
AR ORER ENR N7 L—L BN 8 THY, VHIREOADLGE &
NTCREEN Vo T2, Fig4-16 05, ELLS DETEX T AT =X Z L —=
YITT=ROR A ERI UG ChoTe, BB LT A NT—XIE, FL—=27TF
—Z LWL LR EOD, MR s —= T =2 D5 E R US> Tnb 2
ERDbND, Lo T, VH RO ARSI I\ TR BN R S
o -HHIE, PL—=ol T —H T AT —HDT L— L ~YUEIT/NE 7270
HoleZ & T, NL—=2 T —2nLROTEFBINENRNNT A M=V 729 £<EH
TEXRDSIZAMBERE Z b5, ZHIRREFEREORMTHY, BEFFIETH
% (B)all TIFFEA L2, VHIRKE DA DB)all TIEoFEREMET LN EE X
b,

VH @i D7D (B)mean 7% (C)FIERIZEREEOM EXAHE D R oo Bl
WZOWTH, AR L —=0 7 2 YT ET AR Y T T L—L~YUED/NS 727
WRKTHD LBz HiDH, GLCM R Mean 1L, BFEEO HBUSAE MR O HFHE
CIEIRTEX B2, JL— VLN MBS RERH -T2, Fo—=v 75 —2 L
T A KT —4 T GLCM F5f#i Mean DENELT 5, Z D7 DIRETIEOLEA & kR
2, No—=U 77 =L ROTRIERDT A N T = ~HH TERholc b B
oD,

(OB L VB)mean OB EK TIZOVWTIEELL L ML —=2 72T LT R
Nz UT7DTL—VbXYYMEDGHNRR D Z LD DTHS, LL, #oFED
FAMPEIITE CRARDAREMELRDH D Z LICEETOILERD S, (ODHAIE, ML
—= YT T AP YT OIS L— LY EOERIC LY, AT o
BEEEN N == T =T AT —HTANREDLDLZLIZEDHLDOTHY, fi
Z1E, N F AT FVEBIZEW T RGB #ifg TFE L7=E7 /L C, BRG Eg% 5
HTHZENTERNZ LY T D, £72, B)mean DLAIF ML —= 77T
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ETANZUT O L—L-HEDEIZELY, hb—=2 T T —H T A NT—X
TG RN EE RN R D720 TH Y, D WEE TROIZ L & VEZ B O EHR 256
M0 ENENRRETLZ LITETVDS, U EOREIZ N L —= 27 Y TITBIT
LY TNANT AN TEELLGATERNWT =X THHZ EICERT LD
THY, ZOMBEE T H7-0121, hb—=0 72U T LT AT LDOMT,
F—H DSAIAF Y BFEAE LWL 9, GLCM HHEED 7' L — L~ & 1Ed 5
ERbHEBZ NS,

B flooded paddy Eflooded built-up Enon-flooded paddy [lnon-flooded built-up

(b)
Fig. 4-13 Example of non-flooded built-up area detected by (C)VH ( N, =16 ) .

(a)training area and (b)test area.
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(b)
14 VH gray level distribution in training area and test area.

Fig. 4

(a)correctly detected area and (b)mis-detected area.
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M flooded paddy B flooded built-up Enon-flooded paddy [Inon-flooded built-up

rag re

(b)
Fig. 4-15 Example of non-flooded built-up area detected by (C)VV ( N, =8 ) .

(a)training area and (b)test area.
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(a)
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(b)

Fig. 4-16 VV gray level distribution in training area and test area.

(a)correctly detected area (b)mis-detected area.
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4.6 TAEF LD

ARETIEL, 2019 FHEE 19 51T KV RKEE 22T Iom BRI o it i L O

AKEIRIZDOWNT, 2 B Sentinel-1 SAR 7 — & OIR /KB E T AERI% D% S SR
(%) BB LT 7 2AF ¥ EROLLE AR 21T 72, £ ORER,
VV LW VH iR 0% T BEREZE O D ATNCT 7 AF v fEHR Db E AT
T 5 Z & T, Kappa t7:3 0.20 FREE DR KIBHIHREE R L3SV, 727 AT v fFHROA
DR T E T, £, IBETIE LA FIETRAKEMEBE Z gL, VV B X
O'VH REOM 52 H L7-5E, #EFEEEFEREL Y A RICOERBE N M
TEDHZLER LT, DI, OEEM LN R 517 GLCM FH# & Mean TH -
T2 lERL, TOEBIZOWT, Ay )L A XOfERIA & BEMEICOWTH
21T,

VV F721% VH (@i O BURIK O A 2 12 A8 2L U 7256 O /K s H RS B %
el 5 Z & T, BRI N RAEHHIC E D X Y ICEETE0EBR LT, TORE,
VV RIS e, VH W3k BB 1T 2Rk R ) Bl BT o 2 L
WA STz, 72, VH REOREMHH LZRETIEIC X 2R KEMmE BV CTRE
GFREL Y QIRBFEODEBENN E LR ZHBAICHOWT, hb—=227T
TETARTY T TANEBRD T L— L -UED/NERENH > T-BE, BEFIET
FAREIND AR MABRKELS B ZERFRTH S EBE LT, IBIT,
VH (@ O A DA (B)mean Dy FREEE S 7] L LIZLK o 72HBICOW TG, [AER
Whb—= 72 VT T AN Y TROT L — VL VEOZEIC K DN H D
EER LT, MEFEZIAMIERT S 720121%, @R —=027x2) 7 %%
EL, No—=U 72T ET AN Y TOTFT—Z 5O ZfFHT 2 0BRSS
Z & EIR T,

UTICAEOEHEREREE LD D,

(1) 77 AF ¥IiFHiL, SAR B FHEURMT —& 2 H L 722K iy T

LAHEMTH D,
(2) GLCM HEIZSWTIE, VV B X VH iR 24 H L7548, Mean 23
LAHEMTH D,

(3)  VV mEIEigr ik, VH R IZKBEROR KSR E R EicEw 53 5,

(4) |ETFHEIWRE 2B EEA A BEICEBER LICROTH D, 7272
L, hb—=J 2T ET AN TRIOT L —VL-UUEGARIZEN D DY
&, BAKIEEHRSEE R S L <, L — Lo UUEO E A ST D LR
Th D,
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BS5E M

ABETIE, HIEBLOE4EDLELNIEEEL b LI, HHpEsEICE
FHREFIEOFDM, 77 AT ¥ HEROEE, BLIOMEELRT 5. i, &
#72 GLCM 7 4 > R A ZB LY L— LUBICHOW TR T 5, &%, &
MO E L OB LIPS EZOBEIZ OV TREIRT 5,

5.1 GLCM R E D EENFHMIE L T 7 A F v [FHR OB Bt

FIEBILOEAELE HITT 7 AF v FREMH L7256 12 g oy FR B A3 )
EL7, % 3 %D Table 3-4 °5H, 77 AF ¥ IiFHEMEH L7=5HEIZ, Kappa 750D
0.836 7°5%90.95 ~& 0.1 RA > M EL7Z, F4FED Tabled-3 205, T 27 AF ¥
T2 L7=8812, Kappa 25808 0.615 705 0.8 FE~& 0.2 A > MRER EL
oo UG, 77 AF ¥ iEH & SVM ZlAGE - LI B FEICB W T, v /vTF
AT FVIEE LY SAR O%FEGEURE (0 ) Bt & BIZ, 77 AF v fHHH
‘g R R ElIC A Th D L ER LT,

72, GLCM $iE 4 H Wiz EHIRE I B W TR, mafRe~ /LT A7 fL
H{RIZ1X Entropy, FiR%50 y° WHRIZIX Mean 23, TNENEHNTHD Z ENbro
Teo LLEX Y, LHIG S BRS EE 1A EICA 272 GLCM FFEEIC DWW T, HHiglE oy
AT HIT— XLV R D ZEDRHERTE 2D, AT —XIZL VAR GLCM
FEEZ2FANHRETT 2 2 LR ETH D,

5.2 REFEOFDME L FRE

RRTIETIIERN 2 GLCM FHEEZ FARGHT 2 LR 2 RIS B VTR E 72 A
Uy bR ote, B3 ETHE, EOMRE~ LT ALY NVEIGE I B EFE L7
RRIERCE D LB R O 21T > T2 fE R, AR EITIRR TEDIZ Y &
o723, Kappa AR EMENDIL, MEBICAREREN 2L, DERBEOBANLAE
IERRE R oo, H5 4 FETIE, 2 B0 SAR O Wiff & 3 ICIR K O T
THIB R IR AT WO TR LR R IR TR E O 21T 12/E%, VV BX W
VH Wi 2= W56 CIRETFEICARRBER L2EER T, 20 b,
SRR RE A ESHEE LU SAR T — X IZBW T, #EFIEIT GLCM B E 24 H 4 58
FFRELID L, DEBER LA THIEVWAD, £H35HTRELH, &
3ECIHEEETE, BETEL bICOERENE 72 2 & ORI E R AN
Bniehol-miett a2 EBET 5 L, v /VTF AT FLVEBIZBWTHBEFETIETHHE
FEEE ) BN L WA TR E FIEDN AR TRt & 5,

MAT, 54 ECTITRETFIEORENEZH] HH Lz, Table 4-5 TRLIZEI T,
—EBOHARIE SAR Oy° Bl A VA, BT L i L OB LA R S
Nolz, HBAFETIE, BETFEFAOMELE LT, BEFENSANEBO 7 L —1X
IMEICRERE L, Nb—=2 I F—H LT X NF—HMD T L — L~LEICER S
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T 5FET, X 3-12) R TEICTL—L~ULED 2 FICHHIL, FL—L
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A. SVMEFEHR—E

ZZTIE SVM O EFERE R T, FEMRIIE 4HOLE KL LTRET S,
553 BECHEM L2 SVM OFEFERICHOWTIE, H4EIY EZPH IRTHDHZ &, &
FERRREIC AT L7z E s — FoReEkns 7 S BELMEICRIT 5 2 &, FE R O FHZAF:
N—ETRNI EEOHBIZLY ?%%Z%LJ?AW_O Table A-1 |25 4 BEOFHFER—
Hamrd, 22T, ROBINIRO LS BRERTH D,
- pattern : /NF —
- N, :UA4YRUPAX
T L— 1L
-LO~L3 : R@B24)THRHINIADT TV OBELMEK
LO : flooded paddy
L1 : flooded built-up
L2 : non-flooded paddy
L3 : non-flooded built-up
- seed : AEMRAEICHEH L7z — NE
- gamma : Grid Search (2 X B/ A /X—/3F A —& v ORGSR
- cost : Grid Search (2 X B/ A /=T XA —% C ORFERER
- accuracy : IRE ST A N—NT A —Z T L0 B ST AR ZERREED S E
(Kappa)
- elapsed time : = IFHE (RF2 D)
PRI OFHNIE, Grid Search (2 X B/ A /X—= 3T A —=ZPRIENDL, FHET VA
E CERELRH & Lc, FHIBREEIZRD B0 TH S,
* CPU : Intel(R) Core(TM) i9-10980XE CPU @ 3.00GHz
* GPU : Nvidia GeForce RTX3090
* RAM : 256GB
* OS : Windowsl11 Pro (64bit)
%72, Grid Search DA /N—/3T7 A —=ZERFT 36 ALy FTUSEHRSELHZ LT
PRI DR O FIE 2 K> TV 51E2°, GPU % V72 SVM 1 — RV O FfiFHE
BATO Z & TR DRI 2 B L T\ D,
AW TR FE BRIT DD DRI O W THREEIZIT o TS, REREVIZIZ TS
FBENEWGEIZEDPNDLRRIID <25 L5 Th D,
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Table A-1 Chapter 4 training results list.

pattern Ny | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(A) - - | 1.00262 1 1.09214 | 1.10331 | 792802531 4 128 0.7575 | 1h40m05.070s
(B)contrast 3 2 | 1.00557 1 1.09532 | 1.10638 | 137558098 4 8 0.7716 | 2h43m26.010s
(B)contrast 3 4 | 1.00601 1 1.09628 | 1.10668 | 580378234 1 2048 0.7831 | 2h26m19.750s
(B)contrast 3 8 | 1.00688 1 1.09735 | 1.10749 | 3546152440 4 512 0.7773 | 2h36m18.250s
(B)contrast 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 3454366103 4 128 0.7883 | 2h25m13.200s
(B)contrast 7 2 | 1.00699 1 1.09735 | 1.10736 | 2807040433 4 32 0.8422 | 2h20m31.130s
(B)contrast 7 1.00688 1 1.09735 | 1.10736 | 4253929561 1 8192 0.8676 | 2h04m49.110s
(B)contrast 7 1.00688 1 1.09735 | 1.10736 | 2490808722 4 512 0.8397 | 2h05m56.510s
(B)contrast 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 3533560887 1 2048 0.8464 | 2h05m17.410s
(B)contrast 11 1.00688 1 1.09735 | 1.10736 | 1895623877 16 8 0.8965 | 1h52m38.500s
(B)contrast 11 1.00688 1 1.09735 | 1.10736 | 2725598550 4 128 0.9362 | 1h42m22.160s
(B)contrast 11 1.00688 1 1.09735 | 1.10736 | 2496328792 1 8192 0.8881 | 1h55m26.850s
(B)contrast 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 3058762568 1 8192 0.8964 | 1h52m23.840s
(B)contrast 15 1.00688 1 1.09735 | 1.10736 | 567131798 4 512 0.9254 | 1h41m30.560s
(B)contrast 15 1.00688 1 1.09735 | 1.10736 | 1733460975 4 128 0.9668 | 1h33m01.470s
(B)contrast 15 1.00688 1 1.09735 | 1.10736 | 2602961646 1 8192 0.9242 | 1h43m18.010s
(B)contrast 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 522494324 1 8192 0.9296 | 1h43m02.530s
(B)contrast 19 1.00688 1 1.09735 | 1.10736 | 2177375001 4 512 0.9492 | 1h32m58.990s
(B)contrast 19 1.00688 1 1.09735 | 1.10736 | 1830803170 4 128 0.9821 | 1h27m03.460s
(B)contrast 19 1.00688 1 1.09735 | 1.10736 | 1133975718 1 8192 0.9477 | 1h39m33.380s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)contrast 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 2796580984 4 512 0.9449 | 1h36m52.140s
(B)correlation 3 1.00568 1 1.09544 | 1.10664 | 2211565085 4 8 0.7623 | 2h39m38.710s
(B)correlation 3 4 | 1.00622 1 1.09651 | 1.10692 | 2393361812 4 32 0.7618 | 2h48m26.400s
(B)correlation 3 1.00677 1 1.09723 | 1.10724 | 2421704904 4 32 0.7602 | 3h03m55.900s
(B)correlation 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 4061294608 4 32 0.7603 | 3h03m01.800s
(B)correlation 7 1.00699 1 1.09735 | 1.10736 | 4259176833 4 512 0.7848 | 2h37m36.860s
(B)correlation 7 4 | 1.00688 1 1.09735 | 1.10736 | 2841436476 4 2048 0.7815 | 2h41m43.280s
(B)correlation 7 1.00688 1 1.09735 | 1.10736 | 221729191 4 2048 0.7807 | 2h55m38.300s
(B)correlation 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 3259195981 4 512 0.7831 | 2h43m03.930s
(B)correlation 11 1.00688 1 1.09735 | 1.10736 | 2942864277 4 2048 0.8149 | 2h29m09.830s
(B)correlation 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 1888401445 4 2048 0.822 | 2h38m34.760s
(B)correlation 11 1.00688 1 1.09735 | 1.10736 | 1278027859 4 512 0.8129 | 2h29m25.060s
(B)correlation 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 750824738 4 128 0.8156 | 2h35m16.860s
(B)correlation 15 1.00688 1 1.09735 | 1.10736 | 1776907646 4 512 0.8598 | 2h10m46.430s
(B)correlation 15 1.00688 1 1.09735 | 1.10736 | 3433597091 1 32768 0.8634 | 2h33m05.130s
(B)correlation 15 1.00688 1 1.09735 | 1.10736 | 492119012 4 128 0.8588 | 2h14m58.900s
(B)correlation 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 2466845424 16 2 0.8574 | 2h18m48.130s
(B)correlation 19 1.00688 1 1.09735 | 1.10736 | 2521702676 4 512 0.8836 | 2h00m41.360s
(B)correlation 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 2732691286 1 32768 0.8928 | 2h17m13.990s
(B)correlation 19 1.00688 1 1.09735 | 1.10736 | 504837476 16 2 0.8925 | 2h00m17.350s
(B)correlation 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 284314511 16 2 0.8888 | 2h04m44.630s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)dissimilarity 3 2 | 1.00568 1 1.09544 | 1.10664 | 2715793828 1 2048 0.7668 | 1h28m55.500s
(B)dissimilarity 3 4 | 1.00568 1 1.0958 1.1066 | 4137470139 1 32 0.7826 | 1h42m18.090s
(B)dissimilarity 3 8 | 1.00644 1 1.09687 | 1.10701 | 3726657911 1 8192 0.7702 | 1h39m45.970s
(B)dissimilarity 3 | 16 | 1.00688 1 1.09735 | 1.10749 | 3861153752 0.25 8192 0.7694 | 1h28m36.360s
(B)dissimilarity 7 2 | 1.00699 1 1.09735 | 1.10736 | 227880957 4 32 0.8351 | 1h16m33.380s
(B)dissimilarity 7 4 | 1.00688 1 1.09735 | 1.10736 | 41217748 16 2 0.8864 | 1h17m08.090s
(B)dissimilarity 7 1.00688 1 1.09735 | 1.10736 | 1168827009 16 2 0.8451 | 1h42m22.450s
(B)dissimilarity 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 1700876090 128 0.8328 | 1h53m23.250s
(B)dissimilarity 11 1.00688 1 1.09735 | 1.10736 | 2695198906 128 0.8923 | 1h36m58.970s
(B)dissimilarity 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 2000958130 16 2 0.9425 | 1h29m53.190s
(B)dissimilarity 11 1.00688 1 1.09735 | 1.10736 | 856249466 16 2 0.8813 | 1h46m48.360s
(B)dissimilarity 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 357570157 16 8 0.8852 | 1h45m10.950s
(B)dissimilarity 15 1.00688 1 1.09735 | 1.10736 | 2021288277 16 8 0.9187 | 1h35m03.720s
(B)dissimilarity 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 640708040 16 8 0.9704 | 1h28m18.470s
(B)dissimilarity 15 1.00688 1 1.09735 | 1.10736 | 2499436319 16 8 0.9196 | 1h42m13.900s
(B)dissimilarity 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 1172402664 4 128 0.9149 | 1h40m57.000s
(B)dissimilarity 19 1.00688 1 1.09735 | 1.10736 | 1537155359 16 8 0.9415 | 1h32m24.760s
(B)dissimilarity 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 2839974694 16 8 0.9856 | 1h24m44.190s
(B)dissimilarity 19 1.00688 1 1.09735 | 1.10736 | 1839021532 128 0.9379 | 1h36m17.160s
(B)dissimilarity 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 4270373030 128 0.9315 | 1h36m56.340s
(B)energy 3 2 | 1.00568 1 1.09544 | 1.1065 | 1095138431 2048 0.7677 | 1h26m41.830s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)energy 3 4 | 1.00622 1 1.09651 | 1.10692 11827678 0.25 2048 0.7892 | 1h48m10.300s
(B)energy 3 1.00688 1 1.09735 | 1.10749 | 2708532742 1 8 0.7769 | 1h32m34.070s
(B)energy 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 1772971072 0.25 2048 0.7769 | 1h48m04.730s
(B)energy 7 1.00699 1 1.09735 | 1.10736 | 2039466927 1 2048 0.8394 | 1h15m30.040s
(B)energy 7 1.00688 1 1.09735 | 1.10736 | 3736788370 4 8 0.8986 | 1h14m42.220s
(B)energy 7 1.00688 1 1.09735 | 1.10736 | 2738520072 16 2 0.8702 | 1h45m30.560s
(B)energy 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 2778106058 16 8 0.8507 | 1h48m18.880s
(B)energy 11 1.00688 1 1.09735 | 1.10736 | 3693584091 4 128 0.8985 | 1h34m18.750s
(B)energy 11 1.00688 1 1.09735 | 1.10736 | 2947306131 16 2 0.9632 | 1h29m59.960s
(B)energy 11 1.00688 1 1.09735 | 1.10736 | 2358935788 16 8 0.9217 | 1h42m17.430s
(B)energy 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 3154512178 512 0.9051 | 2h32m28.170s
(B)energy 15 1.00688 1 1.09735 | 1.10736 | 3297865635 512 0.9308 | 1h31m58.240s
(B)energy 15 1.00688 1 1.09735 | 1.10736 | 608654943 16 2 0.9862 | 1h26m59.820s
(B)energy 15 1.00688 1 1.09735 | 1.10736 | 870591837 16 8 0.9544 | 1h37m02.720s
(B)energy 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 2371968342 4 128 0.9445 | 1h36m46.740s
(B)energy 19 1.00688 1 1.09735 | 1.10736 | 2447414491 8192 0.9501 | 1h33m21.070s
(B)energy 19 1.00688 1 1.09735 | 1.10736 | 4253001391 16 8 0.9942 | 1h24m12.280s
(B)energy 19 1.00688 1 1.09735 | 1.10736 | 1530342315 16 8 0.9696 | 1h30m24.810s
(B)energy 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 613197835 16 8 0.9607 | 1h31m09.090s
(B)entropy 3 1.00568 1 1.09544 | 1.1065 48785892 0.25 8192 0.7677 | 2h18m57.590s
(B)entropy 3 4 | 1.00622 1 1.09651 | 1.10692 | 2281108456 0.25 8192 0.7903 | 2h35m05.520s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)entropy 3 8 | 1.00688 1 1.09735 | 1.10749 | 3372910315 4 2 0.7835 | 2h31m17.700s
(B)entropy 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 3509678124 4 8 0.7839 | 2h26m18.750s
(B)entropy 7 1.00699 1 1.09735 | 1.10736 | 4020654648 1 2048 0.8393 | 2h05m11.340s
(B)entropy 7 1.00688 1 1.09735 | 1.10736 | 3795549135 16 2 0.903 | 1h50m05.410s
(B)entropy 7 1.00688 1 1.09735 | 1.10736 | 820057631 16 2 0.8743 | 1h57m32.330s
(B)entropy 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 274161430 16 2 0.8712 | 1h55m49.180s
(B)entropy 11 1.00688 1 1.09735 | 1.10736 | 47098107 4 128 0.8997 | 1h43m21.070s
(B)entropy 11 1.00688 1 1.09735 | 1.10736 | 2726494691 16 2 0.9557 | 1h37m15.990s
(B)entropy 11 1.00688 1 1.09735 | 1.10736 | 3141225602 16 8 0.9285 | 1h43m02.430s
(B)entropy 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 2171803070 16 8 0.9249 | 0h32m59.280s
(B)entropy 15 1.00688 1 1.09735 | 1.10736 | 1111429935 1 8192 0.9317 | 0h35m13.350s
(B)entropy 15 1.00688 1 1.09735 | 1.10736 | 2608018707 16 2 0.9805 | 0h31m43.340s
(B)entropy 15 1.00688 1 1.09735 | 1.10736 | 1528328160 16 8 0.9575 | 0h42m27.310s
(B)entropy 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 1138799275 16 8 0.9562 | 0h52m03.490s
(B)entropy 19 1.00688 1 1.09735 | 1.10736 | 3564806997 1 8192 0.9505 | 1h02m20.780s
(B)entropy 19 1.00688 1 1.09735 | 1.10736 | 855933924 16 8 0.9896 | 1h05m53.750s
(B)entropy 19 1.00688 1 1.09735 | 1.10736 | 756473667 16 8 0.9736 | 1h11m57.210s
(B)entropy 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 585378301 16 8 0.9701 | 1h14m53.850s
(B)homogeneity 3 1.00557 1 1.09532 | 1.10638 | 2888829327 0.25 8192 0.7649 | 2h49m17.400s
(B)homogeneity 3 1.00579 1 1.09604 | 1.10657 | 983365513 0.25 8192 0.7814 | 3h08m53.000s
(B)homogeneity 3 1.00677 1 1.09723 | 1.10724 | 1064847568 1 8 0.7691 | 3h18m15.300s
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pattern Ny, | Ng LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)homogeneity 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 3390517294 0.25 512 0.7721 | 3h16m17.300s
(B)homogeneity 7 1.00699 1 1.09735 | 1.10736 | 1104521237 4 32 0.8378 | 2h20m40.920s
(B)homogeneity 7 4 | 1.00688 1 1.09735 | 1.10736 | 3140654057 16 2 0.8819 | 2h10m51.460s
(B)homogeneity 7 1.00688 1 1.09735 | 1.10736 | 168428619 16 2 0.8501 | 2h27m31.360s
(B)homogeneity 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 3713117365 16 2 0.8564 | 2h24m?22.200s
(B)homogeneity 11 1.00688 1 1.09735 | 1.10736 | 1284120788 16 8 0.8914 | 1h54m14.020s
(B)homogeneity 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 3784478182 16 2 0.9427 | 1h47m43.620s
(B)homogeneity 11 1.00688 1 1.09735 | 1.10736 | 3512205537 16 2 0.897 | 2h02m23.810s
(B)homogeneity 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 146070023 16 2 0.9021 | 2h00m43.760s
(B)homogeneity 15 1.00688 1 1.09735 | 1.10736 | 2085672239 4 128 0.9215 | 1h40m58.220s
(B)homogeneity 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 3753097286 16 8 0.9726 | 1h34m44.930s
(B)homogeneity 15 1.00688 1 1.09735 | 1.10736 | 531057524 16 0.9245 | 1h47m47.940s
(B)homogeneity 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 1332093938 16 2 0.9315 | 1h45m43.590s
(B)homogeneity 19 1.00688 1 1.09735 | 1.10736 | 3063098062 4 128 0.9475 | 1h33m46.260s
(B)homogeneity 19 1.00688 1 1.09735 | 1.10736 | 651602386 16 2 0.9859 | 1h28m14.490s
(B)homogeneity 19 1.00688 1 1.09735 | 1.10736 | 1833607080 16 8 0.9479 | 1h38m47.960s
(B)homogeneity 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 1038997438 16 8 0.9503 | 1h37m09.590s
(B)mean 3 1.00568 1 1.09544 | 1.10664 | 377058068 0.25 8192 0.7678 | 1h24m51.870s
(B)mean 3 4 | 1.00612 1 1.09639 | 1.10693 | 4236619071 1 2048 0.7926 | 1h32m35.920s
(B)mean 3 1.00677 1 1.09723 | 1.10724 | 1190452652 16 2 0.8074 | 1h14m08.050s
(B)mean 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 1899541185 4 32 0.8173 | 1h15m16.790s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)mean 7 2 | 1.00699 1 1.09735 | 1.10736 | 837281844 4 32 0.8491 | 1h06m16.060s
(B)mean 7 4 | 1.00688 1 1.09735 | 1.10736 | 2978681833 16 2 0.9198 | 1h01m29.100s
(B)mean 7 8 | 1.00688 1 1.09735 | 1.10736 | 3636490778 16 8 0.9276 | 1h08m48.040s
(B)mean 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 71941252 128 0.9306 | 1h18m49.640s
(B)mean 11 | 2 | 1.00688 1 1.09735 | 1.10736 | 1265930534 128 0.9155 | 1h29m47.670s
(B)mean 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 398573553 16 2 0.9677 | 1h14m30.910s
(B)mean 11 1.00688 1 1.09735 | 1.10736 | 3569206310 16 8 0.9728 | 1h12m08.950s
(B)mean 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 3023211668 16 8 0.9756 | 1h14m56.250s
(B)mean 15 1.00688 1 1.09735 | 1.10736 | 1831386212 4 128 0.9518 | 1h25m58.390s
(B)mean 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 509056695 16 8 0.9854 | 1h13m38.750s
(B)mean 15 1.00688 1 1.09735 | 1.10736 | 1292594241 16 8 0.9886 | 1h11m58.840s
(B)mean 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 309887228 16 8 0.9884 | 1h13m22.310s
(B)mean 19 1.00688 1 1.09735 | 1.10736 | 328568047 128 0.9772 | 1h19m44.270s
(B)mean 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 3467219694 32 0.9924 | 1h11m28.320s
(B)mean 19 1.00688 1 1.09735 | 1.10736 | 4260031187 32 0.9949 | 1h10m53.730s
(B)mean 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 146471743 16 8 0.9956 | 1h11m37.720s
(B)mean VVonly | 3 1.02363 | 1.7861 1 1.8726 | 3963659519 8192 0.6572 | 1h17m04.480s
(B)mean VVonly | 3 4 1 1.27443 | 1.01062 | 1.45749 | 838623255 4 512 0.6962 | 1h55m58.150s
(B)ymean VVonly | 3 1 1.20045 | 1.09844 | 1.10594 | 1553421659 64 0.5 0.7552 | 1h14m17.360s
(B)mean VVonly | 3 | 16 1 1.12549 | 1.09139 | 1.10257 | 676355347 16 8 0.774 | 1h07m28.600s
(B)mean VV only | 7 2 1 1.61087 | 1.08675 | 1.57857 | 3592994633 4 128 0.7765 | 0h52m50.720s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)mean VV only | 7 4 1 1.06112 | 1.08916 | 1.13215 | 1459750123 16 8 0.8494 | 0h48m07.010s
(B)mean VV only | 7 1 1.01722 | 1.09012 | 1.09981 | 2574846375 16 8 0.8839 | 0h40m58.520s
(B)mean VVonly | 7 | 16 1 1.00076 | 1.08998 | 1.0998 66337655 16 128 0.8881 | Oh36m51.370s
(B)mean VV only | 11 1 1.41837 | 1.08973 | 1.3074 | 2658637830 16 8 0.8537 | 0h48m?27.440s
(B)mean VV only | 11 1 1.01093 | 1.08998 | 1.10297 | 2718051087 64 2 0.92 0h34m04.250s
(B)mean VV only | 11 1.00426 1 1.09462 | 1.10448 | 29873033 1 8192 0.9384 | 0h28m57.570s
(B)mean VVonly | 11 | 16 | 1.00655 1 1.09699 | 1.107 | 4225187085 16 32 0.9402 | 0h27m58.370s
(B)mean VV only | 15 1 1.30071 | 1.08973 | 1.18522 | 4153508909 16 32 0.8928 | 0h37m30.310s
(B)mean VV only | 15 1.00295 1 1.09306 | 1.10383 | 1241231162 16 32 0.9484 | 0h30m06.960s
(B)mean VV only | 15 1.00655 1 1.09699 | 1.107 | 3098769073 16 32 0.9633 | 0h24m37.160s
(B)mean VVonly | 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 3357661354 16 32 0.9644 | 0h25m55.430s
(B)mean VV only | 19 1 1.20834 | 1.08985 | 1.1344 | 887050371 16 8 0.9206 | 0h38m38.640s
(B)ymean VVonly | 19 1.00601 1 1.09639 | 1.10707 | 49661379 64 8 0.966 | 0h27m29.320s
(B)ymean VVonly | 19 1.00666 1 1.09711 | 1.10712 | 2676625201 |0.000977 | 32768 0.9744 | 0h26m59.650s
(B)mean VVonly | 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 4258365425 | 0.000977 | 32768 0.9738 | 0h27m09.640s
(B)mean VH only | 3 1.98669 1 1.92033 | 1.06296 | 355834505 4 2048 0.4577 | 1h46m39.640s
(B)mean VH only | 3 1.29926 1 1.60615 | 1.06813 | 2154551242 64 0.5 0.5418 | 2h13m50.350s
(B)mean VH only | 3 1.04084 1 1.10276 | 1.10957 | 2337391865 4 2048 0.5822 | 2h04m07.300s
(B)mean VHonly | 3 | 16 | 1.01308 1 1.09883 | 1.10821 | 1264474026 1 2048 0.6023 | 1h54m20.300s
(B)mean VH only | 7 1.71503 1 1.74035 | 1.10449 | 115649667 4 128 0.5875 | Oh57m52.640s
(B)mean VH only | 7 4 | 1.04424 1 1.19917 | 1.10609 | 1296234305 64 0.5 0.6932 | 1h07m38.670s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)mean VHonly | 7 8 | 1.00688 1 1.09735 | 1.10749 | 826086954 16 8 0.7115 | 1h15m25.730s
(B)mean VHonly | 7 | 16 | 1.00688 1 1.09748 | 1.10736 | 1228774899 1 8192 0.7137 | 1h17m58.700s
(B)mean VH only | 11 1.37176 1 1.42674 | 1.10736 | 680890103 1 128 0.7036 | 0h52m56.380s
(B)mean VH only | 11 1.00975 1 1.10617 | 1.10736 | 285429974 16 8 0.7862 | 2h26m03.840s
(B)mean VH only | 11 1.00688 1 1.09735 | 1.10736 | 3423001248 64 2 0.7966 | 0h50m16.950s
(B)ymean VHonly | 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 2227194213 32768 0.7959 | 1h19m02.110s
(B)mean VH only | 15 1.18024 1 1.24326 | 1.10724 | 1725820637 512 0.7639 | 0h44m21.360s
(B)mean VH only | 15 1.00743 1 1.09865 | 1.10749 | 2613771896 16 128 0.8318 | 0h42m39.600s
(B)mean VHonly | 15 1.00688 1 1.09735 | 1.10736 | 842682577 4 2048 0.8536 | 0h44m11.370s
(B)ymean VHonly | 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 2402365754 16 32 0.85 0h38m13.420s
(B)mean VH only | 19 1.09617 1 1.159 | 1.10736 | 474536547 16 512 0.8107 | 0h37m18.860s
(B)mean VH only | 19 1.00721 1 1.09787 | 1.10736 | 1704455101 16 128 0.8607 | 0h34m54.960s
(B)mean VH only | 19 1.00688 1 1.09735 | 1.10749 | 606706134 16 32 0.883 | 0h32m03.240s
(B)ymean VHonly | 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 3318412931 4 8192 0.885 | 0h36m22.260s
(B)variance 3 1.00568 1 1.09544 | 1.10664 | 3630980495 0.25 8192 0.7623 | 2h36m43.730s
(B)variance 3 1.00612 1 1.09639 | 1.10693 | 2093321587 16 2 0.7873 | 2h30m58.450s
(B)variance 3 1.00677 1 1.09723 | 1.10724 | 2190774765 1 2048 0.773 | 2h39m09.680s
(B)variance 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 2412586245 1 8192 0.7798 | 2h34m31.120s
(B)variance 7 1.00699 1 1.09735 | 1.10736 | 2920672287 1 2048 0.8343 | 2h20m17.220s
(B)variance 7 1.00688 1 1.09735 | 1.10736 | 100405403 16 2 0.8928 | 1h54m53.730s
(B)variance 7 1.00688 1 1.09735 | 1.10736 | 1724498953 16 8 0.856 | 2h02m14.690s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)variance 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 3118208302 4 128 0.8568 | 2h02m12.610s
(B)variance 11 1.00688 1 1.09735 | 1.10736 | 1047745461 1 8192 0.8928 | 1h54m24.850s
(B)variance 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 3632859366 16 2 0.9491 | 1h38m48.610s
(B)variance 11 1.00688 1 1.09735 | 1.10736 | 3829940467 16 8 0.9135 | 1h46m48.550s
(B)variance 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 88018034 16 8 0.912 | 1h46m26.260s
(B)variance 15 1.00688 1 1.09735 | 1.10736 | 1899722763 1 8192 0.9287 | 1h42m16.520s
(B)variance 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 1529634486 16 8 0.9751 | 1h31m48.630s
(B)variance 15 1.00688 1 1.09735 | 1.10736 | 1489108056 16 8 0.9458 | 1h35m35.010s
(B)variance 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 2114211266 4 128 0.9483 | 1h36m21.670s
(B)variance 19 1.00688 1 1.09735 | 1.10736 | 2280924173 8192 0.9483 | 1h35m31.370s
(B)variance 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 376180142 16 8 0.986 | 1h26m39.700s
(B)variance 19 1.00688 1 1.09735 | 1.10736 | 770858444 4 128 0.9665 | 1h28m54.900s
(B)variance 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 2494353304 4 512 0.9698 | 1h28m47.550s
(B)all 3 1.00568 1 1.09544 | 1.1065 | 219792470 | 0.0625 2048 0.7693 | 1h04m28.230s
(B)all 3 1.00622 1 1.09651 | 1.10692 | 662462042 | 0.0625 512 0.8022 | Oh58m07.180s
(B)all 3 1.00688 1 1.09735 | 1.10736 | 284407795 0.25 32 0.8331 | 0h43m53.570s
(B)all 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 2748314735 1 8 0.8588 | 0h38m08.930s
(B)all 7 1.00699 1 1.09735 | 1.10736 | 3065161515 4 8 0.8851 | 0h35m49.660s
(B)all 7 4 | 1.00688 1 1.09735 | 1.10736 | 1134440496 1 32 0.9671 | 0h30m46.040s
(B)all 7 1.00688 1 1.09735 | 1.10736 | 743632040 4 32 0.9932 | 0h29m54.270s
(B)all 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 47907363 4 32 0.9956 | 0h28m03.800s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)all 11 | 2 | 1.00688 1 1.09735 | 1.10736 | 3647568747 4 32 0.9603 | 0h29m28.320s
(B)all 11 | 4 | 1.00688 1 1.09735 | 1.10736 | 3100141697 1 128 0.9967 | 0h32m53.420s
(B)all 11 | 8 | 1.00688 1 1.09735 | 1.10736 | 1553641898 1 512 0.9995 | 0h31m43.820s
(B)all 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 986999550 1 128 0.9993 | 0h32m52.020s
(B)all 15 | 2 | 1.00688 1 1.09735 | 1.10736 | 627565440 4 32 0.9889 | 0h34m31.240s
(B)all 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 3483426358 1 128 0.9997 | 0h34m55.260s
(B)all 15 1.00688 1 1.09735 | 1.10736 | 191228240 0.25 512 0.9999 | 0h36m54.730s
(B)all 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 2681712316 0.25 512 0.9998 | 0h37m46.380s
(B)all 19 1.00688 1 1.09735 | 1.10736 | 2006092193 4 32 0.9977 | 0h35m38.360s
(B)all 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 1633797609 1 32 0.9998 | 0h38m14.500s
(B)all 19 1.00688 1 1.09735 | 1.10736 | 2258327916 0.25 128 0.9999 | 0h39m19.840s
(B)all 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 3107828199 | 0.0625 32768 1 0h38m00.540s
(B)all VV only 3 1.01327 | 1.78388 1 1.86673 | 912418935 | 0.0625 2048 0.6655 | 0h44m18.000s
(B)all VV only 3 4 1 1.18198 | 1.02031 | 1.45559 | 3455593819 0.25 2048 0.7145 | 1h16m22.190s
(B)all VV only 3 1 1.09603 | 1.09433 | 1.10544 | 3165332023 | 0.0625 8192 0.783 | 0h46m59.100s
(B)all VV only 3 116 1 1.03492 | 1.08985 | 1.10125 | 3784535509 0.25 2048 0.8139 | 0h39m50.900s
(B)all VV only 7 1 1.60147 | 1.08747 | 1.56876 | 1534759918 4 2 0.8148 | 0h36m24.850s
(B)all VV only 7 4 1 1.00022 | 1.08937 | 1.12859 | 666960204 4 8 0.9034 | 0h33m28.260s
(B)all VV only 7 1.00677 1 1.09723 | 1.10724 | 1982655063 4 32 0.9587 | 0h24m48.530s
(B)all VV only 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 4213661152 16 8 0.9702 | 0h25m22.430s
(B)all VV only 11| 2 1 1.40899 | 1.08973 | 1.29979 | 3797725941 16 2 0.8988 | Oh36m37.110s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)all VV only 11 | 4 | 1.00688 1 1.09735 | 1.10976 | 3718054109 16 8 0.9746 | 0h30m48.640s
(B)all VV only 11 1.00688 1 1.09735 | 1.10736 | 3642485992 4 128 0.996 | Oh18m37.960s
(B)all VV only 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 3658280202 16 128 0.9971 | 0h33m54.100s
(B)all VV only 15 1 1.29008 | 1.08973 | 1.18155 | 2008937796 4 32 0.9395 | 0h29m06.770s
(B)all VV only 15 1.00688 1 1.09735 | 1.10803 | 3164612990 16 32 0.9941 | 0h20m24.340s
(B)all VV only 15 1.00688 1 1.09735 | 1.10736 | 3282373042 128 0.9993 | 0h22m08.650s
(B)all VV only 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 734378337 512 0.9994 | 0h22m16.630s
(B)all VV only 19 1 1.19838 | 1.08985 | 1.13286 | 937436105 16 8 0.9601 | 0h29m53.300s
(B)all VV only 19 1.00688 1 1.09735 | 1.10736 | 3130255554 16 32 0.9989 | 0h24m50.860s
(B)all VV only 19 1.00688 1 1.09735 | 1.10736 | 285906366 1 512 0.9998 | 0h27m30.310s
(B)all VV only 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 3933550832 4 32 0.9999 | 0h28m45.440s
(B)all VH only 3 1.98812 1 1.92318 | 1.06129 | 615871615 | 0.0625 2048 0.4785 | 1h47m21.960s
(B)all VH only 3 1.31115 1 1.59485 | 1.06653 | 2005040345 | 0.0625 2048 0.5556 | 1h50m24.720s
(B)all VH only 3 1.02151 1 1.09746 | 1.10709 | 1151602126 0.25 512 0.6206 | 1h40m44.990s
(B)all VH only 3 | 16 | 1.00732 1 1.09735 | 1.10736 | 3720848949 1 128 0.6554 | 1h16m53.840s
(B)all VH only 7 1.70068 1 1.71559 | 1.10472 | 1180240499 16 2 0.6323 | 0h59m47.220s
(B)all VH only 7 1.03879 1 1.18221 | 1.1064 | 3034908457 2048 0.7913 | 1h12m38.540s
(B)all VH only 7 1.00688 1 1.09735 | 1.10736 | 664449470 4 128 0.8574 | Oh50m12.290s
(B)all VH only 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 1551574802 16 8 0.8876 | 0h44m44.680s
(B)all VH only 11 1.36023 1 1.40908 | 1.10736 | 3232268931 16 32 0.7591 | 0h47m30.530s
(B)all VH only 11 | 4 | 1.00897 1 1.10088 | 1.10736 | 4195886847 4 128 0.9216 | 0h42m34.400s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(B)all VH only 11 | 8 | 1.00688 1 1.09735 | 1.10736 | 1839561937 16 32 0.9671 | 0h41m06.710s
(B)all VH only 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 2984905254 16 8 0.9753 | 0h47m50.700s
(B)all VH only 15 1.17139 1 1.23229 | 1.10724 | 1334813994 16 128 0.8463 | 0h51m44.060s
(B)all VH only 15 1.00688 1 1.09813 | 1.10736 | 1994463956 8192 0.9742 | 0h50m46.430s
(B)all VH only 15 1.00688 1 1.09735 | 1.10736 | 3596684224 512 0.9908 | 0h53m43.180s
(B)all VH only 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 3791788048 512 0.9924 | 0h57m20.630s
(B)all VH only 19 1.09073 1 1.15479 | 1.10736 | 3650579485 16 128 0.8897 | 0h59m55.260s
(B)all VH only 19 1.00699 1 1.09787 | 1.10736 | 189894102 1 8192 0.9913 | 1h00m40.900s
(B)all VH only 19 1.00688 1 1.09735 | 1.10736 | 1490662506 1 8192 0.9969 | 1h03m13.400s
(B)all VH only 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 2331307855 1 8192 0.997 | 1h06m23.390s
©) 3 1.00568 1 1.09544 | 1.1065 | 2561520725 0.25 512 0.7738 | 1h41m29.540s
©) 3 1.00622 1 1.09651 | 1.10692 | 2539158157 |0.015625 | 32768 0.8027 | 1h53m03.760s
©) 3 1.00688 1 1.09735 | 1.10736 | 1576893321 | 0.0625 512 0.8432 | 0h50m14.920s
©) 3 | 16 | 1.00688 1 1.09735 | 1.10736 | 3510086878 0.25 8 0.9072 | 1h14m11.910s
©) 7 1.00699 1 1.09735 | 1.10736 | 3340002556 4 8 0.8885 | 1h04m08.490s
©) 7 1.00688 1 1.09735 | 1.10736 | 3621008909 4 8 0.9697 | 1h06m30.960s
©) 7 1.00688 1 1.09735 | 1.10736 | 2949443351 1 32 0.9976 | 1h27m31.210s
©) 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 929807817 0.25 8 0.9992 | 1h41m23.910s
©) 11 1.00688 1 1.09735 | 1.10736 | 3881097218 4 32 0.9555 | 1h21m51.050s
©) 11 1.00688 1 1.09735 | 1.10736 | 2416140604 4 32 0.9979 | 1h22m33.410s
©) 11 1.00688 1 1.09735 | 1.10736 | 2105436482 0.25 32 0.9996 | 1h32m46.530s
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pattern Ny, | Ng LO L1 L2 L3 seed gamma cost accuracy | elapsed time

©) 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 2577789282 | 0.0625 32 0.9999 | 1h46m54.960s
©) 15 1.00688 1 1.09735 | 1.10736 | 1596162330 4 32 0.9832 | 1h17m48.910s
©) 15 | 4 | 1.00688 1 1.09735 | 1.10736 | 2037348711 1 8 0.9998 | 1h20m56.850s
©) 15 1.00688 1 1.09735 | 1.10736 | 1522863961 |0.015625 512 1 1h33m46.520s
©) 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 3325699962 |0.015625 8 0.9999 | 0h36m50.700s
©) 19 1.00688 1 1.09735 | 1.10736 | 4058601067 4 32 0.9951 | 0h22m45.540s
©) 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 641639138 1 8 1 0h29m22.840s
©) 19 1.00688 1 1.09735 | 1.10736 | 1703334577 0.25 8 1 0h39m13.200s
©) 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 2486049195 | 0.003906 32 1 0h31m15.610s
(C) VV only 3 1.01327 | 1.78388 1 1.86673 | 2809644244 | 0.0625 32768 0.6666 | 1h29m?29.270s
(C) VV only 3 4 1 1.18198 | 1.02031 | 1.45559 | 1252124012 0.25 2048 0.7155 | 1h51m06.680s
(C) VV only 3 1 1.09669 | 1.09433 | 1.10558 | 2067644336 | 0.0625 2048 0.7817 | 1h19m53.970s
(C) VV only 3 |16 1 1.03586 | 1.08985 | 1.10125 | 1837445607 0.25 32 0.8201 | 1h22m15.760s
(C) VV only 7 1 1.60147 | 1.08747 | 1.56876 | 339357274 0.25 8192 0.8118 | 1h04m28.930s
(C) VV only 7 1 1.00022 | 1.08937 | 1.12859 | 3229340781 4 32 0.897 | 1h04m02.880s
(C) VV only 7 1.00666 1 1.09711 | 1.10712 | 1539172125 4 8 0.9777 | 1h01m13.090s
(C) VV only 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 2066122230 1 32 0.9982 | 1h08m09.950s
(C) VV only 11 1 1.40899 | 1.08973 | 1.29979 | 753752844 4 32 0.895 | 1h01m42.020s
(C) VV only 11 | 4 | 1.00688 1 1.09735 | 1.10976 | 2617433577 16 8 0.9735 | 0h54m27.970s
(C) VV only 11 1.00688 1 1.09735 | 1.10736 | 2497647526 4 32 0.9993 | 1h01m38.490s
(C) VV only 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 2091504204 2 0.9999 | 1h13m26.570s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(C) VV only 15 ] 2 1 1.29008 | 1.08973 | 1.18155 | 2630891814 16 32 0.9352 | 0h56m39.930s
(C) VV only 15 | 4 | 1.00688 1 1.09735 | 1.10803 | 1704244095 16 32 0.9949 | 0h57m51.660s
(C) VV only 15 | 8 | 1.00688 1 1.09735 | 1.10736 | 3659687792 1 32 0.9999 | 1h02m52.800s
(C) VV only 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 3116893278 0.25 2 1 1h13m36.200s
(C) VV only 19 | 2 1 1.19838 | 1.08985 | 1.13286 | 915451110 4 2048 0.9567 | 1h02m40.980s
(C) VV only 19 | 4 | 1.00688 1 1.09735 | 1.10736 | 477920710 16 32 0.999 | 1h02m16.040s
(C) VV only 19 1.00688 1 1.09735 | 1.10736 | 1755324599 1 2 1 1h05m17.140s
(C) VV only 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 1099721155 0.25 0.5 1 1h14m26.770s
(C) VH only 3 1.98812 1 1.92318 | 1.06129 | 3510311382 | 0.0625 32768 0.4837 | 2h07m02.860s
(C) VH only 3 4 | 1.31135 1 1.59485 | 1.06666 | 2000661788 | 0.0625 8192 0.5551 | 2h13m43.220s
(C) VH only 3 1.02152 1 1.09734 | 1.10697 | 2351639879 | 0.0625 2048 0.6207 | 2h06m06.500s
(C) VH only 3 | 16 | 1.00732 1 1.09735 | 1.10736 | 1697380467 0.25 32 0.6728 | 1h56m48.070s
(C) VH only 7 1.70068 1 1.71559 | 1.10472 | 1494609996 1 8192 0.6269 | 1h39m48.790s
(C) VH only 7 4 | 1.03879 1 1.18221 | 1.1064 | 3134172653 4 8 0.7878 | 1h29m19.510s
(C) VH only 7 1.00688 1 1.09735 | 1.10736 | 4271497823 4 8 0.9358 | 1h11m24.130s
(C) VH only 7 | 16 | 1.00688 1 1.09735 | 1.10736 | 1016149111 1 32 0.9944 | 1h25m04.550s
(C) VH only 11 1.36023 1 1.40908 | 1.10736 | 2691113800 4 2048 0.752 | 1h18m14.890s
(C) VH only 11 | 4 | 1.00897 1 1.10088 | 1.10736 | 3234917088 4 32 0.9285 | 1h04m32.670s
(C) VH only 11 1.00688 1 1.09735 | 1.10736 | 3144916127 4 32 0.9945 | 1h11m38.000s
(C) VH only 11 | 16 | 1.00688 1 1.09735 | 1.10736 | 1436797735 0.25 32 0.9992 | 1h17m31.030s
(C) VH only 15| 2 | 1.17139 1 1.23229 | 1.10724 | 747588117 16 128 0.8317 | 1h10m15.400s
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pattern N, | Ny LO L1 L2 L3 seed gamma cost accuracy | elapsed time

(C) VH only 15 | 4 | 1.00688 1 1.09813 | 1.10736 | 133324599 4 32 0.9816 | 1h06m08.700s
(C) VH only 15 1.00688 1 1.09735 | 1.10736 | 1610581345 1 32 0.9991 | 1h15m09.500s
(C) VH only 15 | 16 | 1.00688 1 1.09735 | 1.10736 | 609840636 | 0.0625 128 0.9998 | 1h25m00.550s
(C) VH only 19 1.09073 1 1.15479 | 1.10736 | 351425016 16 128 0.8748 | 1h08m17.960s
(C) VH only 19 1.00699 1 1.09787 | 1.10736 | 1072874102 4 128 0.9951 | 1h12m27.670s
(C) VH only 19 1.00688 1 1.09735 | 1.10736 | 3687495638 0.25 512 0.9999 | 1h17m49.880s
(C) VH only 19 | 16 | 1.00688 1 1.09735 | 1.10736 | 4024535940 |0.003906 128 1 1h27m37.210s
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