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Abstract

Breast cancer is the most common type of cancer among women in
Taiwan. Except regular breast self-exams, mammography is regarded as the
most effective tool for early detection. Clinically, clustered
microcalcifications (MCCs) on mammograms are considered to be a strong
indicator of malignancy. However, their tiny size and low contrast to
surrounding tissues always make radiologists hard to interpret. In this study,
we develop a computer-aided detection system (CADe) for MCCs, which is
able to help radiologists reducing missing rates as well as arising diagnostic
efficiencies.

Via image pre-processing procedures, some candidates of MCCs were
found. Afterwards, the textural features were extracted from the GLCM
(gray-level co-occurrence matrix) and the SVM (Support Vector Machine)
classifier was well trained to detect MCCs. Sequential forward selection,
sequential backward selection and F-score were used to find discriminative
features. We took 111 full-field digital mammography raw images obtained
from CMUH, among them 57 images were used as training, and the rest 54
images were used for test. The performance of the proposed scheme was
evaluated by means of the receiver operating characteristic (ROC) curves
and area under curve (Az).

According to the experimental results, the texture features extracted from
Laws’ LS method have the best accuracy in MCCs detection, which Az is
equal to 0.9896. The composition of texture features extracted from LS and
LE images has the performance of Az = 0.9897. The proposed method has
90% of sensitivity and 0.74 FPs/image in detection of MCCs.

Keywords: Mammography, Clustered Microcalcification, Computer-aided
detection system, Texture feature, Grey level co-occurrence

matrix, Feature selection, Support vector machine
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Tt o 52006 GeE A [11]41* 7 Iimik Bog iU 3EL ~ 3 gLs & w
TR 2 (8L Rk 18 end SR AR R > IR PG L EHA
"% 32 % B E(threshold)~ 2] J fic | 4F 1 (GG 50 B2 ) -

Betal & * [14] 1997 4| * Top-hat{f-Watershed & # % 4} iz & -
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SHEP R4 ko BBk # 5 GE Senographe DS & %t 408 thte 3¢
% DICOM #&5% » & A FF 14-bits fE47 & 5 100 um x 100 «m > Bk
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Data set with microcalcifications
(111images, 52cases)
(1050microcalcifications)

[

Test data set
(54images, 26cases)
(509microcalcifications)

Training data set
(57images, 26cases)
(541microcalcifications)

2.2 FERP

2.2.1 P iniez 3

A R RE AT R B T e BT S ] 4T B S E AP 2 Y
(rule-based) e 2 £ 7 2 % AP AT T R B R BB

(false positive, FP)eg 4 | B KB i@ S e S e r F % 5 scendd

N

Bl F B E VD RAEE RGBT AREAITRSE o

Image enhancement

Image transformation and
Raw image > ] ) >
breast region detection Top-hat transform | Wavelet filtering

Features extraction i« Noises reduction |« Segmentation of MCs candidates |«
training _ e

»| Features selection » Classifier training

test Classification
MC Present MC Absent

Bl 2-2 F7 3 in AR
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2.2.2 Bt el

BRI AT AEA XA BHB F AP NS RE O BY
HiE log F SN FEFTI S HREEDFTH o

AENF S R enp ehhat 4 fﬂ' ST BRI bl4e 4 1 R
(mark)® 3o svpg B2 fppFrs VRO TR aiE L E 2 PFR o BiE R
* Otsu 9= 2 0 4 :':iﬁi;%;'_’rﬁr;ﬁ B BRI s U RA AR R 2
FERE -BEFREY NITEE S L2 (region growing) ¥ = & (v {4 e

Pipdhkis P TR BRF AL TEFTES S RE o

500 % R 2 R - b FFDM e0 Raw % % 538 Ge % < [11]
HAdehlog F w2 2 -Hd 14 bits A e g thkig it 5 12 bits e
Moo 2 J50d 2t BT LR R R AR DR e IR R
R TRAMECETEF 2 B LR o

HigdSfevwd 583 2-1 2 B 2-3 &1 ¢

{y:aln(xolx) X> X1

y=4095-4x for x<x; (£ 9-1)
2P x 5 R48 % (Raw image) ihif2 A FF e (gray value) > v & # 3 {s
oy Ak Ko R RABRT SEA AfEE a~ BR X R F ko

A B & _833.67 ~ 2.541 2 320 -

5000 f

4000

3000

2000

1000

Transformed pixel value

]

0 2500 5000 7500 10000 12500 15000
(a) Raw pixel value

Bl 2-3 Log # # 4% 3 #c[11]
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(a) ‘

B 2-4 i adlis % o () R4 il (DASZE W

AR G o FAW Sy 5> A £ # @ * Top-hat
$& 402 (10,14, 18] % -] s 3 e [12, 13, 15,19, 25] k£ 3| R & fic]
4F i chp o
2.2.3.1 Top-hat ##&2

#ewh G & 2 chLog F ok 1 el oy 1 ~ 27 Top-hat 3% - #

wwAew d 3 F 2-2 &1 -

T=1-(1-SE) (3 2-2)

-12-



#-Log F #E (s e PR (]) > FPeié * § § m-ﬁ;&%—% (structure
element, SE) » L& {7 B4 iE42 > L HF R ¥ WWRFYE » i (55— kY%7
BB o Bt #Zrﬁi%] RO 2t - TR R ¥ 5] - k% d Top-hat #
He s vorsp i B HU(T) - B 2-5 5 Top-hat ## «77 & B - #(a)fr(c)
AR TT EF D ARE R DA o

PAR L A3 g R F > Top-hat #4% 5 - 38 ”ﬁ 1 Bk
WA A2 OHETEF RILITY T e g ft i U]
i e g R g AR AL T B iR RA[14] - B 2-6

% Top-hat #4% 18 eni % -

/
(a)

b /(b)

M

(©

@B 2-5 Top-hat &4 - (a) 4B A FE B 5 (b)%TH pFig
(B~ F)he Bzl o (%R R fArs - [31]

-13-



Fl 2-6 (a)Llog + #4 & H- (b)Top-hat 4% i

2.2.3.2 ] A &E
%1 #-Log F #iid (& e oy 1 & (7 Top-hat ## 2 > 7 7
B kg Y — T3 AT K _Top-hat $& 4% 7 au 4% 5 e 2 o
RV S AT 225 O W A R s o o) SR B
RS V- s PO S RS = B N AR C¥= gk =4 CARICL DA T | R
AT L B R 4T P e
Rl - EMAAE IR AL - AR T K2

?%&@Ew%&¥ﬁ*‘?T%i%ﬁ%ﬁ’%uﬁﬁg@&—ﬁﬂ

g
BREL 4 B FenF s A BIFRTREG F B fobf & e
W R Eh - BERS T SRR S A LY
Bt R ELATE G F - B Ras 130]

Bl 2-7 5 - ]k gaehn LW o ba fREAT o EHE
(Input X(n)) » & &l d M@ ek B(M) %2 B @ it B (H) %0 5575 47 B~
oo A ulE R4 S(n)D(n)-S(n) ¢ 7 R4 g? MAg a5 3 D(n)
Bl & 3 BAEINA o @ £ AER| -0 B R w ik (T #a B 3

ZHEF S BB AU BRI RABF)ZE LA BEDE -
g7 @£ (Output X(n)) -

-14 -



HO S(n) T‘. FO
Input X(n) — | [ Output X(n)
B o —{B

Bl 2-7 - & ] AT 2 m[15]

RH G b S BT s § S| i e )
T o B 2-8 P T drimd A& - MR i) A *ﬁ*“ﬁs?] > B 15 (I(m,n)) >
LEE - A (row)ig * - A AR Ao P AL 2 (SR
- F(column):E T - B AR Wt T T AL 2 BEF A2
- B4R o~ ) en=t#g A (LL, LH, HL, HH) - # & F 0 5 £ f347 & el
f2(multi-resolution decomposition) s B|¥ » f#* & z MAF T nLL
TF R - X B RAAE B2 B2 E - R e oA

'J /}iﬁ;ﬁ% IE R o %f,' En]iég;} f%\ a3

- o) [T
$2— HLimn) —12

row column column row

B 2-8 = & A fET R B[15]

LL2 HL2

LH2 HH2
\\ LLI HLI
LHI HHI

-15-



Ripk BEH G > A7 % Daubechies 4 § ¥/ kA fEehiy
A B o 195 [12, 15] > Daubechies 4 /it % £ Daubechies 7% 3 © g
A BARE AR { A AT R gl by R R RS gt Y
PERF o & HEREP ] 4T T sk S iR o

Daubechies 4 -] it ¢ 7 g2z didc @ (x)& | 3BV (x) < f k&
- A2 [32]
@(X) = hyp(2X) + hp(2x-1) + hp(2x-2) + hp(2Xx-2)  (5* 2-3)
y(X) = hop(2x-1) —hp(2X) + h,p(2x +1) —yp(2X+2) (5% 2-4)
Taik F R ECE S

1+\/§

h, = ~ 0.48296
NG
h = 343 _ 083652
42
h, = 3 \f ~0.22414
h, = 1-V3 01001

4f

I’Li’-’J‘ p: S ;@ﬁiﬂ > ﬁ/ﬁ%ﬂ/ﬁ»%l’f’_ﬁﬁﬁxﬁ ,}fﬂ,ﬁ\ﬁ r§ //%/Ii ,&Q’IA\Q [hO
h h, hyjz[h, =h, h —h,]; & £&ptascp»wE[h h h

hsp{[hs _ho h1 _hﬂ

‘7‘#
(7
It
Iy
S
&
=
Sy

ARy ¥ Log F SO S EEBER k|
[12,15] » #-#7i@eh= B=ARF > MRS K 5 F > €27 3

‘J'}:F' /}\‘EF‘% A)TL ’ iﬁ'l lé /F Vi'e _!fgll’ ¥ B ;tz‘l"";c fﬁmﬁ’_],g] 2-10 -
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B 2-10 (a)log & # 3k 18 crd if s (b) | b £ 2E B AR BL1E DB T

2.2.4 &V A EE

d 3t Top-hat 382 ] 32 18 AR HAF T o 9700 A &7
FMC] AT BEPE 0 AR A e 5 ’éﬁa‘éﬁ%* °

#2045 Top-hat i & 2 el g AR * At B2 - 2 - &
TEE PN AN EEL P PR AR EERS G LR AR
ok Bl ih A o By A R IF S B BE P hindg o

B 2-11 % - 5k Top-hat 3 % & # tfnE > Bl(histogram) > & & +
s R EZ ik E BBE TG G Bl At cE TR EGFE
2.t #-Top-hat EH FE I M FE > Hu B R LE - BF
&% Sobel frCanny A F L H N TR FHFER L HE &I F /o)

1 1 1 1 1 1 L 1 1 1

< threshold .




P RB[18]  HERP YN T VLR TR T » B7 3 R Pl
AR O BEAAL B LDV RFE cREREAFR T2
6 8D e e dp 4 0 i AR ¥V R Mo 481 e o < i (binary
image). & % o

Bl 2-12 30— HBAUTARR - SRBPFR > LE- HIREAL

Z Ao AT koA BiE AT R M) 4T B > T L AP

Top-hat filtration

\ 4

find threshold value (T)
(increasing/decreasing)

v
' )0, if I(x,y)<T
I (X’ y) B { 1(x,y)-T, if 1(x,y)=T

v No
edge detection

A

Sobel Canny

(binary images)
A A 4

filling filling

A A

opening opening

A A

logical OR operation

candidate number reaches
the predefined range ?

Output

B 2-12 Top-hat #ic-] 4F i+ 2L i | Vi A2 ]
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BT 5| AT 1 BEACR B B % A 450 B 550 2 B F HudE B % o
H R T BN T A

BE > 3 7 @M 450 Bhadte o g3t iR Ae & IR ] 2-13

wavelet filtration

h 4

reconstruction

N
find threshold value
(increasing/decreasing)

(binary images) v

No

dilation

candidate number reaches the
predefined range ?

Output

Bl 2-13 -] ik g 3 i) 4T 1Y BL 1 PR AT )
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LBk PP A 350 ) 400 2 FF o iBAes Hop Fn] i o

AT BRI AT B £ B R A

Boig -l b A Rend fE 2 AriE Blens &

d > Top-hat #& 4% 27 /|

B fiidp 4e e (00 & 4 BB 7 RAC) AT BB o R L S g .

2.2.5 femd g
Sl AT AR o d Ot - R h T F o Aol

B
SRS M I e r S §HAT S BB Ea BEERE

B P 2 0 E o P B R R )

BARERA P F N BB NE A o frr @

%3?
5
:l -
=k
E
}\,\T

i
PPl e e b RS R R A R T

ﬁ RO B b BRI 1 e R ) &

Wi % B R
& BV 5 ) 451 Benid £ B (elongation) i 2 H

"’Srl"l}j'—l‘_ﬁ_@)'l‘
£ RETF RO

%4 B (compactness) » ¥ " # “,f £ EAK B o WY

ke

elongation = max Ax 2y
Ay AX (5% 2-5)

area
compactness = ——x100% X
¥ AXx Ay ’ (3+ 2-6)

He AX~AyY 5 F R 4T gBhen X fhd £ BESEZ Y B & FEYE > area

gt o] 4T BEen s o] 0 e 2-14 o o A

Y

e
M
=

3.5 TR RO 38%H B B H AT @t it T ey
oo Mol AT R ] R B RIEARY 0 TR T S FR O
AL RAAp R T G 4B R AR - o] o B A
Hib e A 3R

3 ﬁ,Lg‘;(ﬂé«loo ) ¥ it AR 4T

Bk 7 K

N
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Bl o-14 7 @[ 4Tt g X~ Y dhk &

~

EErA A s fpd § R A B

Bois o BB SRR R PR AT T R 7
K EROEE a0 ™ 2 fic] 47 i Bha F’ﬁlidﬁ%ﬂ-iﬁf o ¥¥5 Kallergi[22]
RN ARR S FEREMCP A TR TR Al T e p 5 =B
Ll AT B PG BCEERER (N2 2 A o Sl BT TR
MF R T SR EREN > VR T B R R S 6D P
PN AT Y G R E S 4 B &8 Kallergl #rde d ek o B 2-15

%ﬁ%m-i %% ﬂglv‘jj'La=c

2.2.6 #HHFHiE
EEASES R 0 AT A& d Haralick ¥ 9748 Il enke @ s

4 s (gray-level co-occurrence matrix, GLCM) %

&=
\\\?{r
i
|+
r
»a,

AAAEPFT B EASEK(24] RS BFZET BB AIFE
EEE ARG R ARG PES Y 5 P E AR LR
(0)2 pEa(d) » 20— AR B GT URFN I R L RF4Ed o o
RIZAP 4o 2-16 2 B 2-17T- F AERE Y gend B> - 85 07~
45°~90°% 135" > @ 180" % 315" A 2 e % P& 075 135"~ % £ ¥

-21-



M 2-15 (@) Rde™ Fftc ] 45 B8 (b)3esn 4 4 15 g

TRIEHM LS BGE <) B 2-1T 285 - AR G(DARES @
W25 E@ R 0 BE3~ ) 5 - Bid > BT N RBE B R ek

e BB BT R BOAIFEDLGH R @2 - %2 w2 EL(H

2-17T+) e
00" [-10]
135" [1-1] PIGEE
o (07 [01]
Pineh of-inte rest ¥

B 2-16 £ % 4B & & % jEREH[33]
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oY

\
g,
m\
[y ]

| ol
Fal
=
[SC .
DL-:
= | =
.
[=T IF=
[ T L)
[=T08 =%

H

=] | n
Sy

¥

'J —

NANE
L:E
= | | | — = \é\‘\kn

.
| B | wa

Bl 2-17 # 2 & 3 4 2L [33]

30 AR AT T ) T S HERA Gk A R BB T AL

_%.,

S et 40 5l BA TS S T & F R AR e

.
——
G

chiE BV A 4B A P 0 BB 16x16 E X o P 3 B
(sub-image) % & 4 $-dce” & iy »

AETHNE RS R e BAR R - BiE )AL
LR FLEL BRFHHEFBERFE L EL RIp Haralick %
Walker #[23, 24]“t3& & o fic e = 5% > 32 3 AR - A F7 f 97
Rl o Aok 2-1e Bl H3t - B B0 P iF 56 B g

Hebdieo B¢ Ap M R dcheoT™

L-1
PX(i):Z(;pd,H(i' j) (% 2-7)
=
- L_l - -
P ()= . Pyo (1) (7 2-8)
L—1. .
1, =Z_01'pr(') (5 2-9)
L-1 ] ]
Hy :Z;.pry(l) (3 2-10)
=
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N
AN

2 .
O_XZZO:( —,ux) XPX(I) (34 2-11)
L-1
Oy = O(J “y) <P, (1) (£ 2-12)
=
L-1 L-1
:ZOZOHJ rpd0 I J) (3% 2-13)
i=0 j=
L-1L-1
= i jl=r pde ' J) (5% 2-14)
i=0 j=0

5N RG R kT AR 4T R Ay e
ulght Log & #4515 n (o~ Top-hat 45 (5 e hot 2 | i3 14 <
B GAEEF R ieT RIS o b > 1395 Laws[19, 34 ] 973k
» ¥ b 25 BiEY (mask) kgt Log & ¥k fs i > 7
ARG ¢ AT o

= ;\ ’

\f‘“&«

A
7] 15 3T s 4 —
5 - s (L5=[14641] E5=[-1-2021]>
'R = [1 46 -4114=W6=1[-120-21])>
93] 25 BEY o 4oFl 2-18 -

) Z
fo ¥ 1=

Laws #% !
S5=1[-1020 -1]
&d gt 22 4% (convolve) 2
Log # ## 12 e kit » 193] 25 RipA B il 'f 07 At e g}
(L5L5 ~ ESES %) & # chfsijez ¢ » $$H &d @t #4404 4 (4o ROL5 4o
L5RD) e i B2 1§ B~ T $5(average) A 4 — R ATR (4o LR) > pt T 1557
v 0y sE FE g A 4 h% R (rotational invariance)[19] - &d *

TR

ﬁ'}ﬁiﬂ? » X7 {8 3] 15 5% Laws B '%»’ F A PRI *3'4%27@&
L5LS5 ESLS 35L5 WSLS RSLS
L5ES5 ESES 35ES5 WS5ES ERS5ES
L5535 E535 3585 WS35 ER535
L5wWSs E5WS 35WS Ws5WS RS5SWS
L5ES ESR5 35R5 TWs5R5 RS5SES

B 2-18 Law s masks
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%271 % g 4 B ol 30 [23, 24]

Energy

Entropy

L-1 L-1

> {Pao (is )}

i=0 j=0

pd,H(i’ j)XIOQ Pa.o (i, J)

Shade

Contrast

L-1L-1

(i+j—n -

i=0 j=0

u,) % Py (il §)

L-1L-1

2

i=0 j

i~ i pey (i)

Promenance

Intensity

) Xpda(l J)

> (i+ - -

L-1L-1

[IXJXpd9 ' J)]

i=0 ]

Homogeneity

Correlation

-1 1L-1

>, 2 (ixj)x

j=0

pde(l J) Hy X Hy

O, X0,

Sum Entropy

Sum Average

DWMURLILHO)

2L-2

21X Pey

Difference Variance

Difference Entropy

variance of Px—y

Z (1)

i)xlog(P,_

Inverse Difference Moment

i)
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2.2.7 it irER

eI Ry i X B AR R H s @iﬁ*éﬁi@é%éﬁzx

N

N

W2 3}32{(9}&%’&;;&%/\ BT U A RO AT T il 4 o e

BT OREEC DAY B T A SR A Rt TR i e

EAFTY T fRALERRAE AR ZI AN EH 2
(SFS)[15, 18] ~i% =t {s 4k ;¥ 3&F ;2 (SBS)[ 15, 202 2 Chen[21]#71¢ *
F ~ #c(F-score) kvt # 2 fr T AL R 2 02 $ 18 4 87 B ooca e Bo d
P 4 e R A R S Nl AT Bl R RS R
FHRETTEI RSB RACE > @ B TR G DT A A

-~

Py Bl 4T FALE T Bl R KRR B A 2] AT 1

AR EE R ) 0 Bt 0 AR Z R A 353 4 (Mean Square
Error) i 4 % 45[15] » T &K 4o
13 2
MSE =20 a) (¢ 2-15)
i=1

Ao Qgerd el ade 149 | 428 %) B 4 (pattern) » d, 8 % w2

BEOQUIAEEAHEE o L LR RS ERSE o

2.2.7.1 s\ H 2

KRR B 3B Ty F R eh i Sl R e w0t 3N Y
FEWFoFgs F 6 - fd TAFFPER - TR A - B
S D EAFEE o

G EAeT LR - R4 BEESEOAB-C-D g AT ES
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ERERNE= Vi & o=l SRS A —‘ﬁéf s Rt o ity B B Sk
S - BPIFipEs AR

fode » 2P F B E b Ao B B AFF ST B & a4
P- - BT R R ENEEG &5 2593 B EQASFSFEHET 2
BAFE AT & o gt th s BOAARP ndE T L G A ke 4 ndE S
o & BlACE 2-19 0 fEdte S A AF R S i B 5
SAF R o BtiEARY 0 5 TR UIERA 0 R T PR RS 2
(5-fold cross validation) ; £ #-#r5 TR e e 4L 3 fice] 4T 1 10 2
Hu snTas 273 B EHe HORAHE > fl4p- 3 0

Ho BED T 13 EBH T g - B B L g L#ciE o

A) | B) | (©) (D)

N

(BA) | (BC)| (BD)
e\

(BCA) | |(BCD)

[

/

(BCAD)

B 2-19 SFS &z 542

2.2.1.2 BB \H&F2
FXRCAFEFZI-fAd P AT EERIDEEFZRE 4
,{Jv'

FBAT o JTF A A B 0 B IR TS - Bk
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- ED -] BT SR

23 W - BaEgE 2t (-1 B (-2 &
BL - BV EREED- 2 I ERES NG A4 ch- B
B S BT iz b o

T % WA B 2-200 0 A2 HRiE * T

T SR R R A S

B Lo Ll Sk o

ABCD)

(///<7T§<:H‘Hx*

(BCD) |[(ACD)| (ABD) (ABC)

=

(CD) (AD) | [(AC)

4

) | (A)

B 2-20 SBS 4% 42

2.2.7.3 F Ak
[21 ] H FlenF A 27 — B Y A2 BaE 2 2 o ¥

e
AR Y T SRS P I L Ry LRt
X
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nl_an(Xﬁ.) _Yi(+))2 e 1_1 3 (Xé,_-) _7.(—))2 (5% 2-16)

2¢ %% Z(_)/”\“v']%b'*? TS T ez T @

TS A X|£,i Al BPEAESEY ETE  an Kk BE X|£,_i)
SR TE  aE kBE-

Bty SR R I F o fed 31 OMBER S RAE RS K
BRI ReRIRIF P NE ] L s R A
LR LY S SN

BT N ASRERZ B o g TR SE R
(normalization)srd iT» AFT 3 #* ot i = 7% 5 zeromean and unit
variance[35] > * 24T @ AR EFTHET > HHT R o N
56 B X I FpcSdicr A NEE - B S BH AT BB kg
&@wgwwﬁﬂaﬁm+ﬂw@ﬂ

BE- - pd THEL £ 5 VIR E

R IViEARY A RESE S TR PR THEE RET .

AT FR L 2 (5 #0

\-‘-M

|35 P e 2 5 R e

2.2.8 AHE

AP S gl é’f’l’é_*":%—#r%])x m#\frﬁ W 3B HE D RAE A K
B AL s RERIIR G SE N L AR AR RS )
4F i B 2L 4T 0 o

v

AEEE - T A S MR LR SR R b SRR L

.\

g
e

%

URE AL B LR R & £ L R -1
PLAE A SRR T 9] ROERL A SR o AT TR Y AR S
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Aot E e £ (nonlinear SWN) » A EREL BB 7
sz p ER (R 2-21 mRINF) - FEIAS B/ P g X pEdE
IR o Bpl B g T L AR SR(E 2-21 F RN 0 4B 2-21
Aoy om i p R T MBS L% £ (support vectors) (]
2-21 B3R A ) o

SW # R 2 Afz ARl % (pattern recognition) ¥ 38 % 7
a4 (computer vision) b » & &>t statistical learning theory
TR B Y s g E (28] -

&L,

5" T

4.5¢
4t
3.5+ +

3 +

B 2-21 2L e L 45 % [35]

BAFTE P o PR AT B R AT T ARG A R 1 e SR
o - Bt » B XER" gyl - s d e (£l 2 5 apu

’}%—ﬁ%ﬁ(label) ’*‘g‘%’ 4\{(X,ad,),|:1:2,,N}%T'I‘— jr\' 1N 'B; 2
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Loegiy » o B X UG 228U $ (napping) ©(x) 4 PR F AR 3

B s ARk ﬁf’*ln\&‘ﬁ"f' LER TR o FIM s — B SVM,&,\&‘F 7 Ty
BT A58 [28]

fsvm(X)=WTCD(X)+b (5% 2-17)
Ho gt T RO a3 2 8Ma e RiFTaXeER A
T RS ZREE o

QPR 5> W 21T 8 25 W - bpled &)

f* structural risk &= f2;% % = £[28] :
)  § N
min J (W,f)zzw w+CY &
i=1
subject to d, f,,, (X )=1-¢&,&20; i=12,...,N . (5% 2-18)

29 Cifiven 3 igdic G 4% slack variables « % @ #7 5™ &
FF > &) v structural risk Bl # 2 8 B &% 4 55 A (naximal
margin hyperplane) - # 2-18 “&3cost function ¥t empirical risk
fr model complexity # & * 48 Cyrgl k4 — BT gty H] o fI ¥
model complexity **2+#] empirical risk & iF i* e p e q 5 7 # &L
overfitting “h & 4 5 % 23R I ke s 5 B A 28 (decision
boundary) £ 3" R F AL L o & EE S RN ADTRFT P DF %f i
PR DA Sl gl n VA

# » kernel function: K(X y)E (X)T CD(y) A ey 2-17
o [28]
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svm ZO! K X,SI +b (£ 2-19)

H Si,I=:|.,2,...,NS RNEIERE - A ED

P

I

L gcgt A (X0 =02,00, N} g 200 o J245 2-19 % > A e 12 i d
kernel function( K(- , ) )k 7 3|42 S fic(decision function) %
ZAaer R SE(D()) e AAFF P i * 9 kernel function 3
radial basis function(RBF) » # % & +4-T [21] :

K (xy)=exp(~7[x-y[) (& 2-20)
#9 y>0% ¥ #* & 2% kernel £ & -

Ay At * e SUM A2 38 2 d [36]#74% =045 [21, 35 ] ¥ kernel
function A-% 2 16> SW ¥ jd xR 3 Cfr)y R b d it > gk %
#icr L5 hyperparameter o fit (T e S friE 2 w0 @ ¥ DI F
Az 230 56 B AT B B ET T B I N R A
hyperparameters > ' % $-dfcy * 3220 {59150 SVM = 5 2w pliE e 3
B A o B ARAT
A, =i - B (Cy)ehi 3  (grid space) » # ¥ > e [ &

log, C €{-5,-3,...,15} & log, € {~15,-13,...,3}

B. %5 i 284 (Cp) i * T eh2 < mEza 2 o

C. i 8T H0h e BT o b S UCH § Wb it

Rl
]
o

2.3 i 8k

+f«*¢]g§‘<p_?i}:ic‘ B %) f@:bm P in H_ R H
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receiver operating characteristic curves(ROC curve) k#F=& - -
B2 Al a5 5 A RAR L - R BB ;T*ﬂ\/’v\ KEAEE -
B s w B3R A - BHEERE RO EELTRE EA o AN RAE
é~¢ﬁ’f~%?ﬂ‘lfiﬁ‘§~f~i‘éﬁo_*tb’%Qﬁb%ﬂh Pg T Jop
3R (ground truth) #ot f > i 7 T & 411 KRBT A IR
R
True Positive(TP) © » &g E 2% 5 R ¥ > FF LU L R ¥ 0% i
False Positive(FP) : # s E 2% 5 R % » FE LU 1 § i -
True Negative(TN) © » 8 E 5% 5 & & » FEFLUL 1 4w o
False Negative(FN) : A8 B #I%| 5 & & » FFLers A ¥ % o
mrwd R 2-2FR2

3200 St BRE A EEAL L LY G

Ground truth

Abnormal Normal
Results of Abnormal TP FP
classifier | Norpal FN N

d Ptk o TR NROC W A X $h(FPF) 2 Y #6(TPF) ¢

TP
True Positive Fraction(TPF) : TP + EN

FP
False Positive Fraction(FPF) : TN + FP

Flt - kAenfRh T o e g - ROCW &> d ROC o s+

2
n

#ars At F(FPR) A% > a2, » Hapstent mr2| st 5 (TPF)
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50 e gtob s 3 E W M7 o ff (area under curve, Az)¥ 1S4 HE K
| m;}ﬂe]ﬁl )y ¥ *%’ LR A B R A KE BavTa 5 - B E
AEEE S HROCH Mg Az &F3T ) DEIR G AT 5 F[20] -

AR -0 W% R L N E =y S SPIEIRE R R e AL

R VR > B fs b ARl TR 0 (B ) ] A S ok o

E I J A e A B 3R ) fnjf’-* z ?L'%‘{(/}_{EEJTTL s E R KR
AT e e R LRk R BRR A E R %ﬁ 2 H - Fif i St

Foo BB S R B LR AT T ED .

EHRIRR B TR B AT T 0 26 om0 B4 RB T - R 3
67 3 5 5 b7 L3k e | 48 10 3 o 2 B[ 22] 50k » W Rl %38 F s E 50%
éhground truth 2 4 08w B e s TP &1 T2 20 K
RF 2B AR R R ER A2 AN AR TP Sk
AT o 4R 0 T AR S B K Suat R B (sensitivity) H &
4T [37] -

sensitivity = ———
TP+EN

Ptk M E R R T TSR R AL 5 FPs o
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3.1 PR gr sk
A AL R P RFEA SR F RO TR R
Hoin SR SRR AR e = £ 52 P 40 & g LIRS R

£ 4 1050 B #4512 135 A 4T (3 o #- 52 s A A S 26
By FREFHR > ¢ 7 5T wR o S BHC L AT - 68 ] 4T 1

Vb 26 g RRREEFTAH o ¢ 7 DAEP I 509 Bk AT 22
67 ip e | 4T 1 3 o

B 3-1 +

b B A

»
a
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Bl 3-1 &7 4~ W& * Top-hat(a)>] i (b)14 2 & F 4p 4e i& () e7¥

PR AT T BE A A o e qm it LG F AR D 4T R
TR NAESE LG ABRY o RS INs AL > T rﬁ';a‘%wfu#ﬁ

dv o gre ig o FPs endif 4o > ¥ d {8 i enge 3 ﬁé%&?i"

111 3& 3¢ %‘?3@;5_‘;“\?} ﬁg?ﬁ,’ﬁg’pjﬁlu /'?F%é , ¥ 7187 83085 1B

v A L 3 Y S AR I R T T

F17 55338 B M) 4T 1Y BE > T H0E R R0 250 BRI o

B A I o ot FoR- £ 9 F5 1018 B A4 BT
Woe B RAEFTA G 0 3 F 52T B 451 T e A E ik
o F 10 EFA s S8cmg £ 9 NaN(Not a number)d # if &
Foo Bl A deg e gt b e 4 i # ground truth # BP0 FPs
ELI A (T 5 L] AR AT TR > LR o

3.2 #MEP-FHIK

AFEL & F Al e I e 5B (GLCM AR B 5 e 580 ) >0 3 e el
BAEIE S b RRIES DRAGE & A PR AT 1 el kg S 5L o

. Log & # 4 ~Top-hat & # ~ | L e 2 2 15 B Laws gk & 2 (&
WA s LL~EE~SS~RR~WW~LE~LS~LR~LW~ES~ER~EW~SR~SW-
RD“+@ Fleny 18 st » BB B iR P2 EEz by 14

N

B & s 2 B AD BB SB OY A SO AT T o T 0 M E - R
AT B AR T it F T F 56 B BB 4 B Ap M Sk
56 i S 3t & 3-1 Bk B Sk

3.3 SWM %-dck =
Ay @ * SME it~ 3% > # kernel function ¥ * RBF > 3
K B i3 hyperparameter # 14 3 :& SVM »xae o el T e & fosE 0 o
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AL hry i SBick 3y 4 B i hyperparametere 3t 7 b B fod2
P sl P

AT E g i: S ¥icde £ 3-2 AT o

C Rl L (A MR E T A

f% * o
% 3-1 £ kg4 miipi PRk %t
ey i Ay B EEPci S Ay K
Contrast 0° 1 Entropy 0° 29
Contrast 45° 2 | Entropy 45° 30
Contrast 90° 3 | Entropy 90° 31
Contrast 135° 4 | Entropy 135° 32
Homogeneity 0° 5 Intensity 0° 33
Homogeneity 45° 6 Intensity 45° 34
Homogeneity 90° 7 Intensity 90° 35
Homogeneity 135° 8 Intensity 135° 36
Energy 0° 9 | Sum of Squares: Variance 0° 37
Energy 45° 10 | Sum of Squares: Variance 45° 38
Energy 90° 11 | Sum of Squares: Variance 90° 39
Energy 135° 12 | Sum of Squares: Variance 135° 40
Correlation 0° 13 | Sum Average 0° 41
Correlation 45° 14 | Sum Average 45° 42
Correlation 90° 15 | Sum Average 90° 43
Correlation 135° 16 | Sum Average 135° 44
Shade 0° 17 | Sum Entropy 0° 45
Shade 45° 18 | Sum Entropy 45° 46
Shade 90° 19 |Sum Entropy 90° A7
Shade 135° 20 | Sum Entropy 135° 48
Promenance 0° 21 |Difference Entropy 0° 49
Promenance 45° 22 |Difference Entropy 45° 50
Promenance 90° 23 |Difference Entropy 90° 51
Promenance 135° 24 |Difference Entropy 135° 52
Inverse Difference Moment 0° 25 |Difference Variance 0° 53
Inverse Difference Moment 45° 26 |Difference Variance 45° b4
Inverse Difference Moment 90° 27 | Difference Variance 90° 5o
Inverse Difference Moment 135° 28 |Difference Variance 135° 56
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% 3-2 SVM hyperparameter

%8 C (log,C) | %% v (log,7)

Log & i 4 % ik 13 -12
Top-hat #& & §° i 9 -10
o EER R 2 -7
Laws-LL 14 -12
Laws-EE 5 -10
Laws—-SS 12 -12
Laws-RR 14 -12
Laws-WW 13 -12
Laws-LE 15 -13
Laws-LS 5, =7
Laws-LR 6 -8
Laws-LW 2 -6
Laws-ES 13 -12
Laws-ER 8 -12
Laws-EW i -10
Laws-SR 8 -10
Laws—SW 14 -14
Laws-RW 11 -11

3.4 BidtFpce &friE R

Ay * SFS-SBS M2 F AP Foh g HFce s - =53 5
B @ T RhAAFER G 2P NE B Lo wF Fhide s o F
3-2 FIR 3-19 & 18 AR @3 T i * 2 pEH S ZTE IS
5o AEE PR FAKLSE T HRE P ALRL FT e
¥a= 4w &% (loc)® # #E (min) o
t SFS 42 ¢ > BLAgRpe R engF e St L B3 A F8a 4 5 SBS
k

RlgpF > 57 > ifved B-SBSE A S5 EEEkE SFSApRE S F &~
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Bep| R @A 2B RAEVRAAFELS D EBEEE o o T
B BB B Z B T 0 BB Ll o g R
SRR TS TR NCF 7T R SR

Inverted Log Transform

0.07= : ‘ : :
——SFS (min = 0.038042, loc = 46)
0.065- SBS (min = 0.037392, loc = 31) |
' —Fscore (min = 0.041586, loc = 42)

©

o

&}
T

o

o

(8]}

(&)
I

Mean Square Error
o
o
<

o

o

i

o)
I

0.04-

0 10 zb 36 40 50 60
No. of features (total=56)

Bl 3-2 Log F &P G ACEHR S %

Top-hat Transform

——SFS (min = 0.03997, loc = 23)
01 SBS (min = 0.036431, loc = 36)
—=—Fscore (min = 0.039974, loc = 49)
0.091- -
S
Wi 0.08- .
o
©
S 007 -
O
w
S 0.06- .
[0)]
=
0.05} .
0.041- -
% DBD 1 ID 2|O Bb 4b 5b 60

No. of features (total=56)
Bl 3-3 Top-hat ## ¥ i HFHcEH# B %
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0.1

0.09

o o
o ]
= @

Mean Square Error
O
[w»]
[®)]

0.05

0.04

o
—
—

Wavelet Transform

~—SFS (min = 0.046098, loc = 28)
SBS (min = 0.044164, loc = 27)
= Fscore (min = 0.047062, loc = 45) ||

10 Qb Bb 4b 50 60
No. of features (total=56)

B 3-4 kil R ACE A S

Laws-LL

o o o

o o o ©
3 & @ N
T I T I

Mean Square Error

o

o

[®)]
\

- SFS (min = 0.047711, loc = 38)
SBS (min = 0.046099, loc = 30) |
—=Fscore (min = 0.048357, loc = 53)

10 20 30 40 50 60
No. of features (total=56)

B 3-5 Laws jgit (LL) ¥ i 2 %

=40 -



Laws-EE

0.095 . : : :
——S8FS (min = 0.047394, loc = 42)
0.09r SBS (min = 0.045131, loc = 35)
0,085 —=Fscore (min =0.047712, loc = 46) |
G 0.08 -
|
o 0.075 -
©
S 007 -
o
n
c 0.065 -
©
()]
= 006 -
0.055 -
0.05 -
0045 10 20 30 20 50 60
No. of features (total=56)
B 3-6 Laws Ja it (EE) # if e g H % %
Laws-SS
0.13 . : . :
—+—SFS (min = 0.060289, loc = 48)
0.12L teeessq SBS (min =0.055454, loc =31) |
§ —=Fscore (min = 0.059958, loc = 40)
0.1 .
o
w 01" ]
o
S
S 0.09r, .
0
G 0.08- .
1))
=
0.07r .
0.06F .
0.0% 10 20 30 40 50 60

No. of features (total=56)
B 3-7 Laws ijait (S B i cE & B %
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o o o
—_— —_— —_—
o) o) o)
&} B o))

Mean Square Error

©
—_—
(s}

0.158H

015q)

0.17

Laws-RR

—SFS (min = 0.15667, loc = 51)
SBS (min = 0.15731, loc = 44)
—= Fscore (min = 0.16022, loc = 53)

10 20

|
30

40 50 60

No. of features (total=56)

B 3-8 Laws Jai# (RR) %%

TRy e r SN

Laws-WW

0.165

0.16

0.155

0.15

Mean Square Error
o o
O = B
w — s
[ I~ [}

0.13

0.125

0.12

~+ SFS (min = 0.12218, loc = 51)
SBS (min = 0.12315, loc = 33)
—=Fscore (min = 0.12476, loc = 48)||

| |
10 20 30

No. of features (total=56)

B 3-9 Laws g (WW) B2
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0.09

Laws-LE

0.08- 1

Mean Square Error

0.041-

0.03

o

o

<
I

——SFS (min = 0.043526, loc = 14)
SBS (min = 0.039968, loc = 30)
—=Fscore (min = 0.046095, loc = 53)|

10 20
No. of features (total=56)

B 3-10 Laws jg it (LE) # kP acE & 2 %

1
30 40 30 60

Laws-LS

o o o o
Q (=] ] @]
o)) = ® @
I I T T

Mean Square Error
o

~SFS (min = 0.028046, loc = 49)
SBS (min = 0.026754, loc = 22)
—=Fscore (min = 0.029981, loc = 22)

10 20

30 40 50 60

No. of features (total=56)
Bl 3-11 Laws gk (LO)® g % %
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Laws-LR

0.15 ‘ : :
—+—S8SFS (min = 0.070276, loc = 25)

0.14f SBS (min = 0.068341, loc = 24)

013 —=Fscore (min = 0.070601, loc = 54)
2 0.12f .
i
O
= 0110 .
3
B 01F i
c
B 0.00f |
= ¥

0.08|- s BT ee g |

0.07L mf‘ _

0.06 10 20 30 40 50

No. of features (total=56)
B 3-12 Laws jmit (LR B ftF i & 5 %
Laws-LW
0.12 .

60

. SFS (min = 0.048357, loc = 37)
SBS (min = 0.048676, loc = 33)

o

-

-
I

= Fscore (min = 0.051908, loc = 27)

i

o ©

(_D -
\ T

Mean Square Error
o
o
=

@]

(@]

=
I

0 10 2 30 40 50
No. of features (total=56)

B 3-13 Laws jg i (L) # P acE H 2 %
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0.09

0.085

0.08

0.075

0.065

Mean Square Error

0.06

0.055

0.05

Mean Square Error
o
®

o
N
)

Laws-ES

i g = 58
=
i = =8
a
B,
g
| | M—v |

~SFS (min = 0.050613, loc = 36)
SBS (min = 0.051895, loc = 22)
—=Fscore (min = 0.054804, loc = 34)

10 20

|
30 40 50 60

No. of features (total=56)
B 3-14 Laws jg it (ES) ¥ ki & 2 %

Laws-ER

E==========

——SFS (min = 0.10316, loc = 31)
SBS (min =0.10122, loc = 42) |
—=Fscore (min = 0.10542, loc = 54)

T = = N IR =)

1
10 20

|
30 40 50 60

No. of features (total=56)

B 3-15 Laws gt (ER) ¥ P AcE H 2 %
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Laws-EW

~_SFS (min = 0.057377, loc = 29)
SBS (min = 0.054807, loc = 43)
—=Fscore (min = 0.059962, loc = 56)

©

—

N
T

Mean Square Error

= o =y = 0 I R
B8-5-E-aa gEa i ~ _
B o o5

e S S

| | |
*% 10 20 30 40 50 60

No. of features (total=56)
B 3-16 Laws gt (EW) 2 P HcE B & %
Laws-SR
0.17 |

——SFS (min = 012411, loc = 48)
SBS (min = 0.12024, loc = 38)
—=Fscore (min = 0.12315, loc = 56) |

0.165

0.161

0.155

0.15-

Mean Square Error
o o
. o A
W — B~
(@)} .l‘; )

B85

0.13

0.125-

| | |
0. 12D 10 20 30 20 50 &0

No. of features (total=56)
Bl 3-17 Laws gk (SRO® g 4 2 %
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Laws-SW

0.16 . : : :
—SFS (min = 0.10026, loc = 44)
015 SBS (min = 0.096068, loc = 22) ||
' —=Fscore (min = 0.099617, loc = 51)

©
—
L

o
—
W

Mean Square Error
o
~

o
—_
—_

1 | |
0 090 10 20 30 40 50 60

No. of features (total=56)
B 3-18 Laws jmit (SWR ftF ik & 5 %
Laws-RW
0.168 : : :
_______ ——8FS (min = 0.1528, loc = 43)
0166- N SBS (min = 0.15409, loc = 40)
—=Fscore (min = 0.15313, loc = 56)

01641 -
S
Wi 0.162F -
Q
S
= 0.16F -
0
& 0.158- -
(0]
=

0.156 -

0.154 -

0.15% 10 20 30 40 50 60

No. of features (total=56)
Bl 3-19 Laws ot (R P g # % %
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Pk % 3-3 B4 3-20 A w[F) NE - BB GUAIE S 5N iz A

gé‘;}&—a S Mrw»hm,f,,fr{&\gxmg s ﬁ—— szx%%“ﬁ"]‘ﬂ“ ‘ég—ﬁ A

daxd

g

b

HE

=
=N
)

il A RHCRILS A BMCREGHEY A 315§ RS K A
B R Nk R RS B S

o

% 3-3 Log 7 4 B A AGE B B %

54, 96, 31, 35, 21, 53, 39, 44, 22, 23, 24, 9, 27, 18, 6, 49, 13, 1, 28, 20, 43,

SFS | 40,17, 19, 38, 42, 41, 26, 36, 34, 51, 37, 33, 8, 3, 15, 5, 14, 29, 10, 4, 12, 30,

30, 47, 25, 2, 46, 48, 32, 11, 52, 7, 16, 45, 39,

SBS

54, 96, 44, 39, 47, 25, 29, 49, 5, 52, 32, 35, 14, 53, 6,
16, 27, 38, 43, 28, 41, 36, 7, 34, 11, 33, 50, 12, 37, 9
10, 18, 24, 23, 17, 20, 1, 22, 21, 42, 15, 46, 51

59, 8, 48, 31, 45, 13,
, 26,40, 19, 3, 4, 2, 30,

Fscore

54, 36, 59, 93, 50, 49, 52, 51, 3, 25, 8, 6, 7, 28, 26, 27, 2, 29, 30, 32, 31, 9,
10, 11, 46, 48, 1, 12, 47, 45, 3, 4, 41, 42, 44, 43, 33, 36, 34, 35, 15, 13, 40,
38, 24, 14, 23, 39, 21, 22, 37, 16, 18, 17, 19, 20

# 3-4 Top-hat #E#F G PFHCEH Z 5

SFS

2,20, 36,4,19, 14, 6, 50, 56, 29, 47, 31, 33, 39, 7, 12, 3, 26, 48, 32, 52,
27,10, 11, 35, 38, 38, 25, 8, 04, 28, 9, 22, 34, 42, 41, 51, 43, 44, 21, 23,
3,40, 15,18, 17, 24, 16, 13, 49, 1, 30, 37, 46, 45, 55

SBS

2,47, 14,27, 51, 95, 53, 46, 40, 56, 50, 54, 30, 43, 4, 52, 37, 16, 49, 15,
45, 20, 28, 38, 41, 24, 25, 19, 36, 39, 33, 22, 34, 29, 8, 39, 44, 31, 32, 9,
5,23,18,1,7,26,6, 3,48, 42,12, 11, 10, 21, 17, 13

Fscore

54, 53, 99, 56, 50, 49, 2, 52, 1, 51, 3, 4, 40, 38, 39, 37, 19, 17, 20, 18, 21,
b, 33, 23, 8, 35, 6, 24, 36, 34, 7, 22, 46, 48, 15, 47, 41, 45, 42, 44, 43, 25,
28, 13, 26, 27, 16, 29, 30, 31, 32, 11, 9, 10, 12, 14
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B35 ) LB A

SFS

17,56, 16, 19, 53, 21, 6, 49, 1, 31, 18, 23, 22, 24, 11, 12, 44, 9, 28, 45,
13, 5, 2, 48, 29, 50, 51, 52, 8, 3, 33, 47, 35, 32, 39, 25, 34, 36, 46, 54, 42,
43, 31, 38, 14, 40, 15, 20, 10, 4, 26, 30, 41, 55, 27, 7

SBS

17,54, 15, 16, 53, 13, 56, 44, 47, 48, 55, 14, 20, 8, 46, 2, 18, 6, 4, 35, 45,
30, 40, 38, 49, 3, 32, 27, 39, 36, 50, 1, 29, 52, 31, 37, 7, 51, 41, 5, 33, 24,
42,11, 23, 34,12, 22, 21, 25, 9, 10, 28, 43, 26, 19

Fscore

54, 56, 48, 46, 47, 59, 53, 45, 50, 52, 49, 51, 15, 2, 13, 8, 1, 6, 40, 31, 19,
39, 38, 30, 17, 11, 32, 4, 29, 5, 37, 10, 3, 12, 18, 20, 16, 9, 7, 14, 28, 26,
29, 39, 21, 33, 36, 23, 34, 24, 21, 22, 43, 41, 44, 42

% 3-6 Laws ot (LL) ¥ P H 2 %

SFS

53, 19, 94, 2, 56, 41, 16, 20, 49, 8, 51, 46, 44, 45, 21, 22, 23, 17, 24,
18,19, 28, 1, 3, 5, 25, 36, 43, 31, 34, 50, 30, 4, 33, 42, 52, 48, 29, 35,
32,39,9,10,12, 37,40, 14,11, 47, 38, 13, 7, 27, 55, 6, 26

SBS

53, 15, 54, 51, 50, 28, 49, 42, 36, 39, 11, 52, 26, 14, 32, 12, 47, 13, 16,
21, 99, 29, 20, 2, 38, 6, 29, 48, 44, 46, 43, 36, 34, 41, 19, 45, 10, 8, 5,
18, 33, 35, 24, 22, 40, 23, 21, 7, 30, 4, 17, 3, 37,31, 1, 9

Fscore

54, 49, 53, 96, 50, 55, 52, 51, 25, 5, 29, 30, 26, 32, 6, 28, 31, 8, 27, 48,
46, 7, 45,47, 14, 16, 13, 41, 42, 44, 43, 33, 34, 36, 35, 9, 10, 12, 11, 23,
15,21, 24, 22, 3, 39, 1, 19, 40, 37, 4, 2, 18, 38, 17, 20

% 3-T7 Laws Ja (EE) B g H 2 %

SFS

3,1, 23,19, 16, 21, 13, 37, 53, 28, 15, 4, 9, 32, 10, 11, 12, 30, 34, 5, 54,
49, 42, 6, 41, 45, 31, 51, 35, 43, 29, 55, 22, 26, 30, 38, 39, 36, 2, 40, 52,
24,14, 33,44, 8, 17, 47, 46, 25, 48, 20, 56, 7, 27, 18

SBS

54, 96, 51, 45, 39, 13, 53, 55,19, 7, 15, 49, 2, 3, 47, 23, 36, 28, 21, 26,
24, 48, 20, 25, 43, 14, 41, 22, 17, 42, 6, 32, 35, 33, 44, 30, 50, 38, 52, 27,
34, 29, 31, 8, 40, 46, 1, 16, 12, 11, 10, 9, 5, 37, 4, 18

Fscore

53, 99, 94, 56, 49, 51, 50, 52, 47, 46, 48, 45, 40, 1, 38, 39, 37, 3, 2, 4, 23,
21,8, 6, 24,22, 35, 33,5, 7, 15, 36, 34, 28, 13, 26, 25, 27, 16, 32, 30, 14,
31,29,12,18,17,10, 11, 19, 44, 9, 41, 42, 43, 20
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7. 3-8 Laws gk (SS) B A HcE H & %

SFS

21,19, 15, 13, 53, 23, 14, 1, 42, 28, 18, 56, 39, 12, 30, 38,
33, 6, 46, 31, 7, 26, 52, 3, 44, 45, 48, 51, 49, 25, 34, 9, 27,
317, 20, 24, 36, 47, 40, 16, 41, 4, 22, 35, 43, 50, 54, 17

2,32, 11, 10,
o, 80, 48, 5,

SBS

21,138, 24,19, 14, 3, 2, 49, 37, 18, 5, 23, 42, 29, 17, 15, 45, 27, 4, 28,
39, 99, 20, 43, 50, 48, 47, 56, 54, 38, 7, 33, 51, 31, 36, 32, 53, 52, 22,
39,44, 8, 26, 1, 41, 16, 34, 25, 30, 40, 11, 12, 10, 9, 6, 46

Fscore

47, 45, 48, 53, 54, 55, 49, 46, 50, 51, 56, 52, 38, 40, 39, 37, 2, 1, 3,
15,13,4, 21, 17, 23, 19, 24, 5, 35, 7, 8, 6, 33, 22, 20, 25, 28, 26, 43,
41, 18, 44, 42, 29, 27, 31, 32, 30, 9, 16, 11, 36, 12, 10, 14, 34

% 3-9 Laws ik (RR) ¥ i H 2 %

SFS

1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 18, 16, 21, 20, 42, 43, 27,
26, 56, 25, 32, 49, 30, 29, 23, 46, 51, 40, 53, 33, 39, 34, 41, 31, 50, 47,
48, 28, 52, 55, 19, 45, 54, 22, 38, 39, 37, 36, 44, 24, 17

SBS

52,90, 43, 42, 26, 23, 22, 21, 16, 20, 15, 13, 2, 41, 36, 32, 18, 3, 55, 28,
37, 8,11, 48, 27, 56, 25, 46, 38, 10, 3, 7, 34, 45, 51, 31, 19, 4, 14, 54, 12,
33, 35, 1, 47, 29, 40, 49, 44, 24, 53, 9, 30, 39, 6, 17

Fscore

54, 20, 45, 47, 2, 52, 56, 53, 49, 55, 37, 51, 39, 40, 38, 1, 3, 6, 4, 48, 39,
33, 8, 46, 36, 24, 5, 7, 26, 34, 28, 31, 11, 22, 9, 29, 23, 30, 10, 32, 12, 25,
27,14,13, 21, 15, 20, 43, 17, 42, 41, 18, 19, 16, 44

% 3-10 Laws gt (W) B2 h FcE B S %

SFS

23,33,21,1,18,29,9,13,12, 3, 11, 10, 45, 54, 46, 36, 7, 48, 27, 5, 14,
15, 34, 8, 50, 24, 47, 31, 40, 32, 30, 55, 4, 16, 22, 53, 25, 51, 38, 37, 49,
06, 39, 52, 41, 44, 2, 43, 28, 42, 35, 6, 26, 17, 19, 20

SBS

24,13, 15, 2, 21, 36, 4, 20, 44, 28, 18, 27, 7, 43, 29, 5, 52, 37, 6, 17, 48,
26, 32, 38, 16, 46, 47, 8, 14, 3, 41, 31, 35, 40, 33, 22, 23, 39, 36, 54, 30,
50,49, 11, 25,12, 10, 9, 34,42, 1, 51, 45, 35, 53, 19

Fscore

45, 47, 54, 50, 40, 39, 38, 51, 37, 39, 2, 49, 53, 36, 52, 3, 1, 48, 46, 4, 24,
6,0, 8,23,7,13, 35, 21, 33, 19, 22, 26, 25, 28, 31, 27, 29, 30, 32, 11, 9,
36, 14,12, 10, 43, 44,17, 19, 41, 18, 42, 34, 16, 20
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% 3-11 Laws jg it (LE) B> 6 FHcE H & %

SFS

54, 13, 55, 11, 33, 48, 39, 26, 7, 12, 28, 18, 37, 10, 4, 40, 46, 9, 38, 24, 1,
19, 32, 2, 27, 29, 45, 22, 33, 20, 49, 31, 21, 23, 56, 41, 6, 8, 3, 30, 17, 42,
36, 52, 44, 25, 43, 51, 35, 14, 16, 34, 15, 47, 5, 50

SBS

53, 19, 94, 14, 52, 50, 41, 29, 51, 27, 6, 26, 55, 13, 46, 8, 37, 49, 47, 19,
3,31, 17, 5, 40, 7, 39, 45, 22, 38, 48, 24, 20, 23, 35, 32, 21, 42, 11, 28,
44,16, 43, 9, 30, 10, 25, 1, 12, 18, 34, 33, 4, 36, 26, 2

Fscore

54, 53, 99, 50, 56, 49, 52, 51, 6, 5, 8, 26, 25, 7, 3, 4, 46, 47, 45, 48, 28, 2,
21,1, 38, 29, 30, 40, 37, 39, 31, 32, 16, 13, 21, 22, 23, 24, 14, 15, 11, 9,
10, 12, 34, 33, 35, 42, 44, 43, 41, 18, 17, 19, 36, 20

% 3-12 Laws g it (L) ¥ G F g #H 2 %

SFS

19, 17,13, 15, 14, 26, 8, 23, 31, 11, 10, 6, 24, 45, 49, 3, 48, 9, 12, 28, 29,
38, 40, 37, 30, 44, 39, 54, 2, 34, 1, 42, 16, 52, 21, 4, 22, 27, 36, 55, 35, 1,
18, 50, 33, 33, 56, 43, 51, 32, 46, 47, 41, 20, 5, 25

SBS

18, 49, 20, 45, 31, 16, 23, 14, 28, 50, 32, 56, 37, 34, 33, 13, 95, 2, 48, T,
44, 27, 39, 38, 92, 41, 40, 17, 24, 46, 21, 26, 42, 1, 5, 19, 35, 19, 54, 30,
51,47, 22, 8,25, 43, 36, 12, 9, 11, 10, 4, 53, 6, 3, 29

Fscore

54, 33, 56, 17, 55, 19, 50, 49, 18, 20, 52, 51, 47, 2, 48, 46, 38, 1, 45, 40,
39, 37,4, 3, 21, 23, 24, 22, 42, 44, 41, 43, 6, 8, 5, 7, 15, 16, 14, 13, 34,
26, 36, 33, 28, 39, 30, 32, 25, 27, 10, 9, 12, 31, 11, 29

% 3-13 Laws gt (LR) B> h FcE B & %

SFS

20, 24, 18, 14, 19, 40, 16, 55, 1, 32, 2, 25, 10, 3, 37, 17, 44, 31, 41, 46,
06, 94, 11, 29, 52, 9, 12, 49, 13, 30, 7, 8, 22, 48, 34, 45, 28, 36, 47, 51,
33,4, 50, 38, 21, 27, 42, 5, 23, 39, 53, 15, 26, 35, 6, 43

SBS

20, 18, 40, 16, 19, 14, 21, 17, 15, 13, 24, 26, 43, 54, 42, 47, 48, 30, 41,
32, 7,46, 33, 25, 8, b1, 23, 29, 28, 38, 27,4, 1, 2, 11, 34, 44, 5, 3, 52,
22,90, 33, 95, 49, 35, 39, 12, 6, 56, 10, 9, 37, 36, 45, 31

Fscore

48, 46, 43, 54, 50, 56, 47, 38, 55, 52, 37, 33, 40, 39, 51, 2, 4, 49, 3, 1,
16, 21, 8, 24, 6, 20, 22, 34, 5, 36, 17, 18, 7, 14, 30, 28, 26, 25, 32, 29,
21, 23,13,10,19,31,12, 33,9, 11, 15, 41, 43, 35, 42, 44
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% 3-14 Laws jg it (LW) B 6 FHcE H & %

SFS

21, 23,19, 14, 24, 55, 53, 36, 9, 22, 25, 12, 40, 29, 13, 44, 2, 3, 4, 16,
49,47, 1, 17,5, 11, 10, 15, 34, 37, 28, 45, 6, 38, 39, 18, 31, 43, 54, 51,
32, 33, 41, 30, 8, 50, 42, 35, 26, 46, 7, 20, 27, 52, 56, 48

SBS

38, 14, 16, 45, 18, 40, 46, 13, 55, 37, 34, 28, 24, 48, 43, 50, 21, 52, 47,
51, 6, 49, 36, 26, 3, 30, 9, 33, 195, 29, 2, 20, 44, 10, 7, 25, 35, 4, 8, 23, 1,
42,19, 27, 56, 31, 22,11, 9, 39, 17, 32, 12, 54, 53, 41

Fscore

54, 48, 56, 47, 46, 50, 53, 59, 45, 52, 49, 51, 38, 37, 40, 39, 2, 4, 3, 1,
16, 21, 24, 6, 8, 5, 14, 33, 22, 7, 23, 35, 29, 25, 32, 28, 30, 26, 13, 15,
27,31,12,9,10, 11, 36, 19, 34, 18, 17, 20, 41, 43, 44, 42

% 3-15 Laws g it (ES) ¥ G F g #H 2 %

SFS

2,16, 22,20, 17, 38, 47,8, 7, 93, 18, 25, 96, 9, 11, 19, 3, 29, 27, 4, 39,
23,45, 50, 48, 46, 12, 40, 13, 52, 55, 10, 15, 1, 30, 24, 37, 5, 21, 49,
32, 31, 54, 33, 36, 51,42, 14, 41, 44, 34, 43, 26, 6, 35, 28

SBS

2,16, 14, 20, 48, 40, 33, 45, 5, 25, 44, 28, 35, 50, 54, 8, 33, 30, 27, 19,
4,18, 49, 55, 19, 13, 23, 46, 47, 17, 24, 36, 34, 43, 39, 26, 52, 3, 7, 38,
42, 37,31, 9,21, 1, 10, 41, 26, 6, 51, 32, 12, 11, 29, 22

Fscore

54, 48, 50, 45, 47, 55, 53, 56, 46, 52, 51, 49, 2, 40, 38, 39, 37,4, 1, 3,
39, 34, 33, 23, 22, 21, 8, 15, 6, 13, 16, 36, 7, 5, 24, 28, 26, 27, 32, 14,
25,31, 29,12, 20,11, 30, 9, 18, 43, 44, 19,42, 17, 10, 41

% 3-16 Laws gt (ER) B FcE B & %

SFS

23, 21, 35, 13, 15, 48, 14, 16, 54, 38, 30, 43, 26, 47, 20, 22, 71, 32, 12,
45, 46, 3, 11, 10, 31, 55, 17, 6, 49, 5, 37, o1, 40, 9, 52, 42, 34, 8, 53,
28,00, 44, 24, 1, 41, 2, 4, 36, 26, 25, 29, 39, 18, 27, 19, 33

SBS

54,15, 13, 16, 14, 18, 21, 2, 46, 20, 24, 50, 44, 17, 19, 40, 35, 28, 5,
4,33, 43, 27, 39, 38, 29, 23, 41, 47, 36, 6, 25, 31, 42, 10, 29, 37, 8,
52, 33, 3, 01, 32,49, 12, 11, 26, 1, 30, 22, 48, 34, 45, 56, 9, 7

Fscore

54, 48, 45, 47, 50, 56, 52, 40, 38, 39, 37, 2, 95, 46, 53, 49, 51, 4, 3, 1,
24, 8,36, 21,6, 7, 5, 23, 34, 28, 32, 30, 29, 9, 27, 31, 11, 26, 25, 22,
12,10, 13, 15, 16, 14, 43, 19, 41, 35, 33, 44, 17, 18, 42, 20
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% 3-17 Laws jg i (EW) B 6 FHcE & & %

SFS

21,15,18, 13, 24, 1, 4, 45, 51, 39, 23, 37, 33, 71, 9, 29, 10, 12, 32, 41,
38, 11, 30, 46, 40, 8, 27, 16, 31, 55, 28, 50, 49, 44, 53, 52, 14, 36, 19,
47, 56, 2, 54, 3, 9, 20, 25, 42, 34, 6, 43, 17, 35, 48, 26, 22

SBS

21, 23, 3, 36, 40, 20, 19, 13, 7, 33, 46, 14, 33, 55, 48, 24, 28, 27, 51,
15, 44, 56, 8, 50, 16, 1, 38, 26, 25, 39, 6, 2, 9, 35, 22, 29, 34, 37, 32,
04, 32, 31,49, 12, 11, 10, 9, 4, 30, 41, 47, 18, 17, 43, 45, 42

Fscore

47, 43, 54, 55, 48, 50, 56, 53, 52, 38, 40, 46, 39, 51, 37, 49, 2, 1, 3,
4,23, 21, 24, 35, 33, 13, 15, 22, 6, 8, 5, 7, 20, 26, 28, 25, 27, 16, 29,
31,32, 18, 30, 14, 9, 11, 12, 36, 10, 17, 34, 19, 44, 43, 42, 41

% 3-18 Laws gt (SRO¥ G F s #H 2 %

SFS

23,13, 3,21, 24,42, 14,7, 49, 46, 17, 53, 51, 5, 38, 54, 26, 11, 37,
1,12, 2,27, 32,6, 31, 10, 30, 50, 47, 45, 34, 9, 40, 8, 16, 18, 22, 35,
48, 52, 4, 29, 25, 15, 20, 44, 19, 39, 36, 53, 33, 36, 43, 28, 41

SBS

23,13, 35, 24, 14, 43, 18, 21, 16, 19, 6, 47, 40, 34, 8, 36, 32, 30, 22,
31, 20, 44, 46, 25, 49, 53, 48, 26, 3, 52, 56, 17, 51, 54, 39, 28, 19, 29,
50,10, 7, 27, 33, 45, 41, 1, 11, 5, 38, 37, 2, 9, 12, 4, 30, 42

Fscore

54, 20, 47, 45, 2, 40, 38, 39, 37, 56, 49, 1, 52, 3, 33, 55, 48, 51, 4, 46,
24,17, 33, 6, 23, 35, 8, 21, 5, 22, 27, 29, 15, 9, 13, 30, 28, 26, 32, 31,
19, 25,11, 34, 41, 43, 12, 17, 42, 10, 14, 18, 44, 20, 16, 36

% 3-19 Laws gt (SR FHcE# £ %

SFS

21, 34, 23, 36, 35, 16, 13, 40, 24, 56, 32, 6, 5, 46, 33, 51, 20, 593, 9, 10,
47,54, 11, 15, 14, 30, 39, 12, 31, 38, 29, 52, 26, 45, 53, 41, 18, 49, 4,
44,22, 2, 25,42, 1, 48, 17, 3, 50, 37, 19, 43, 71, 8, 27, 28

SBS

54,13, 15, 16, 14, 27, 7, 49, 41, 38, 45, 35, 24, 28, 47, 17, 51, 37, 48,
18, 6, 2, 25, 8, 32,11, 1, 30, 9, 21, 52, 26, 36, 56, 20, 4, 40, 33, 5, 46,
22,00, 10, 12, 3, 23, 55, 39, 29, 31, 34, 19, 43, 53, 44, 42

Fscore

54, 20, 48, 47, 45, 56, 52, 2, 593, 53, 51, 49, 46, 40, 39, 38, 37, 4, 1, 6,
3,36, 34, 7,13, 8, 15, 5, 26, 22, 27, 31, 32, 30, 23, 28, 21, 29, 24, 25,
11, 9,12, 10, 33, 20, 14, 35, 18, 41, 16, 44, 17, 43, 42, 19
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% 3-20 Laws jg it (RW) B G FHcE H & %

SFS

1,2,23,19,138, 24, 3,5, 8, 14,7, 34, 28, 35, 37, 48, 10, 15, 22, 27, 33,
51, 45, 54, 55, 39, 16, 17, 21, 31, 20, 47, 41, 26, 43, 6, 30, 25, 29, 32,
9,11, 38, 12, 56, 52, 40, 50, 53, 4, 18, 49, 46, 42, 36, 44

SBS

36, 23, 18, 21, 35, 44, 17, 2, 13, 28, 20, 31, 43, 46, 8, 41, 15, 39, 27,
42, 32,53, 22, 19, 52, 48, 16, 25, 50, 5, 4, 45, 29, 7, 6, 55, 14, 24, 37,
34, 40, 30, 56, 11, 38, 54, 9, 10, 49, 3, 47, 12, 33, 1, 26, o1

Fscore

39, 33, 8,
13,9, 32,

34,
15

54, 50, 45, 2, 56, 47, 52, 40, 39, 38, 37, 4, 53, 49, 51, 55, 1, 3, 46, 48,
22,71, 6, 24,5, 28, 31, 23, 27, 26, 36, 25, 11, 30, 29, 21,
, 16,10, 12, 17,19, 41, 18, 43, 44, 42, 20, 14
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£4 491 i -
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ROC curves of Inverted Log Transform

1 ‘ :
0.9F ¢
3
0-8—,:[' os- (region enlarged) i
C f I S
S 074 o
g0\ | e
§ D.Bwé o83 ____E,,,;f_':jf '
o { 0.92 i
Z 0.5/
8 | 0.91-
o 04% |}
) ! ool
E D-BL G0 0.05 0.06 0.07 0.08 0.09
0ol —SFS (Az=0.97581)
' SBS (Az = 0.97448)
O . F-score (Az = 0.97368) |
| | | | | - AII (Az = ‘0.97283)
%} 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
False positive fraction
Bl 3-20 Log & 3% B ot A S Byt B Bl i) 4T 1 A S5 %
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ROC curves of Top-hat Transform

1 a;jj_;.;“-"—i'&—Wffli — = = =
09 /T~ | - .
0.8 _j‘; % (region enlarged) - r!'__-_;‘ .
5 0_7,;] P —‘ :| — 7‘ _
‘.g ,L‘I 0.04F i —
& 061 Sl 7
é 0.5J;i— Tt .
7] , asl AR
a 0.4}L Rl i
[(h] 0.91F
E 0.3F ’J_IJ 0.04 0.0 0.06 007 0.08 0.09 -
0ol —SFS (Az = 0.97485)
' SBS (Az = 0.97636)
o1F F-score (Az=0.97741)
| | | | | | - |- All(Az =0.9775)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

False positive fraction

Bl 3-21 Top-hat # 4% 82 (B A S B B B A 48 1 2 85 8 %

ROC curves of Wavelet Transform

1 . e
0.9F # 2
0 8—/ g i
_5 0.7H e - .
B !
g D_Gﬂj oszr f ﬁ
o | S
2 05|; NG
g f 0.88-
o 0.4
QO
E 0.3f " 0.05 0 0.15
. 2|‘_ ~ SFS (Az=0.97188)
| SBS (Az = 0.97285)
1 F-score (Az = 0.97262)
! | | | | | T A” (AZ = 09701 8)
% 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

False positive fraction

Bl 3-22 /| B RSB B N A AT A R R
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ROC curves of Laws-LL Method

1 s — 1 il
0.9+ -
0.8—/ ol (region enlarged) —- 4
IR U T -
O 0.7 0.95¢ i ]
-|(—l—) ’ - J‘""‘
Bos 0 I S -
= 067 B
._; O.5L 0,93 _H _
.g ' .
o 04yp o R =
S
E 0.3 09&.65 0.6 0.07 0.8 0.09 01 011 N
Bl —SFS (Az=0.9755)
' SBS (Az = 0.97562)
0.1‘L """" F-score (Az = 0.97526)
1 ! ! \ \ \ T A" (AZ — 097483)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
False positive fraction
B 3-23 Laws jait (LL) B A3 e 2 8 B B fic ] 47 1 2 85 5% %

ROC curves of Laws-EE Method

1 I _—_;,-‘-‘L R, T e e P e = ; _
0.9- f"’ﬁp T .
ﬂ 0.96
0.8k / (region enlarged) i
r:? 0.95- T
é 0.7—{5‘ ol e, -
QO T R
‘g 0'6% 0.93- r i
| )
;021 0.5k ol ot - |
= r AT
2 0.4 oot .
S
E 0.3 B 0.06 0.07 0.08 0.09 0.1 011 -
ook —SFS (Az = 0.96855)
' SBS (Az = 0.97068)
L F-score (Az = 0.97297)|
! ! ! ! ! ! ! __A" (AZ = 097575)
DD 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

B] 3-24 Laws //%/ﬁ»(EE)E Ig\;}‘i‘,{w{?@&'&»f B 9
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ROC curves of Laws-SS Method

H.—‘ _
I I A N T
Lor-y N ey T 8
S
Y= 0 6_'{ 0,86/ —'—'__ 7
o) i ‘ s
'-é 0 57? 0.84 s B
.g ; J,
o 044 0.82F ;----[f'“-. N
o | fie
2 0.3% L s . - :
ool —SFS (Az =0.94192)
' !f SBS (Az = 0.95029)
01k e F-score (Az = 0.93387) |
| | | | | | . Al (Az = 0.92954)
%} 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False positive fraction

B 3-25 Laws jgik (SS) R i e S B W pic ] 47 1 2 55 4 %

ROC curves of Laws-RR Method

—

©
<]
T

o
[8e]
T

=
~
|

©
%]
T

True positive fraction
@]
a

0.4 L |
0.31 ;/ T S S S S
0ol S SFS (Az = 0.67486)
SBS (Az = 0.68655)
0.1+ (,(’J """" F-score (Az = 0.67577)4
[ | l | l - All(Az=0.68119)
D(j 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False positive fraction
Bl 3-26 Laws Jaiik (RR) B ar e 5Bt 3 i ] 45 1 & 578 %

-57-



ROC curves of Laws-WW Method

—

o
©

o
@

o
~

o
(o)

o
N

o ;
w
i e LI
o = - )
2 2 %,
I
\

True positive fraction
(]
[@)]

~ SFS (Az = 0.84586)
SBS (Az = 0.85311)

o
()

0.1 'bﬂfwi_ 012 014 016 018 oz |7 F-score (AZ = 08588) i
| | | | | | -- All (Az = 0.84026)
DO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False positive fraction

%] 3 27 LaWS /}{é/ﬁ» (WW)E Iﬁ:}’i,{f{?ﬁﬁtéﬂ— ]E; \?'_,1 !ﬂg fL A;\ _'Fl:_g:

ROC curves of Laws-LE Method

L} (region enlarged) \ | |
i [l
c 0.95- N H
__g O.T{ — : _
o 0.94 |
o O.BJ[ i * ]
g 0.93f II| a
5 05 i
g IL 0.92r __H
o 04f J _
© 0.91F J ok
E 0.3 663 0.0 005 0.06 Q.07 0.08 0.09 .
St —SFS (Az = 0.98199)
B SBS (Az = 0.98163)
0.1‘L """" F-score (Az = 0.97507)}
1 | | \ \ \ . A" (AZ = 097323)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

False positive fraction
B 3-28 Laws jait (LE) B it e St B W fc ] 47 1 2 55 4 5%
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1 [— ‘ : : _ - [ _ B
0.9/ / \ , . ‘ i
0.8 °%"  (region enlarged) BN, . 1
| [ Sp—
507 h o ]
B 0.97- N ‘El(""
‘g 0.8 0.96- i i3 |
Q ) —d
:_.E 05 o _,I! __ |
8 ' T
o 04 0.94- g n
% \7'( 1 1 I
|: 0.3k 003 0.04 0.05 0.06 0.07 0.08 -
ol —SFS (Az = 0.98821)
' SBS (Az = 0.98959)
D.w ------- F-score (Az = 0.98736) |
! | | | | | i A” (AZ = 098779)
DO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
False positive fraction
B 3-29 Laws kit (LS)B it e S el B Wl pic | 4T 1 & 815 %
ROC curves of Laws-LR Method
1 T T T T T [ - p— R
0.9 .
0.8 | .
[
507 .
©
Sos i
> )
E D.5f 082 . .- -
g |
o 0.4f 08- f
2 |
E 0.3} . 0.14 016 0.18 02 0.22 EZ R
. 2’_ ~ SFS (Az = 0.91187)
' SBS (Az = 0.91993)
1 F-score (Az = 0.89936) |
! | | | | | | __A" (AZ = 090061 )
DO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ROC curves of Laws-LS Method

False positive fraction

B 3-30 Laws /g (LR) 2> [ =i FHCHT B W ] &117—’ U 47 s B
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ROC curves of Laws-LW Method

1 I
0.9 =z
08 / osst  (regton enlarged) B
S o7t e
-.g 0.6 Jﬁ 0.9F - "
‘E | j 0.88 =
£ 0.5 i
k7] f ossl o
2 0.4t 15
v | osa (7
E 0.3%1— 0.06 94 0.15
. 2{ —SFS (Az = 0.96461)
' SBS (Az = 0.96191)
o1 F-score (Az = 0.96343)
\ ! ! \ \ \ T A" (AZ — 095698)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

B 3-31 Laws g (LW) B2 i i S Bt B

-
<o)
|

c s\ 1 el T
O 0.7, 0.9- [
© i L
g 0.6—; 0.88f I
% | ii osd - ﬂ
8 0.44 g
% J 0.32?' /
= 0-3}1 005 01 0.15
. 2{ ~ SFS (Az = 0.92673)
- SBS (Az = 0.94988)
O1F e F-score (Az = 0.95028) |
\ | | \ \ \ | __A" (AZ = 09271 2)
% 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

![ﬂ;xL ’l"\‘*‘? %

ROC curves of Laws ES I\/Iethod

False positive fraction

B 3-32 Laws /}ézﬁ‘»(ES)E lﬁ#iﬁ(xﬁigf B 9
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ROC curves of Laws-ER Method

1 R
0.9+ =
0.8- , -

c s oss-  (region enlarged)

i ’7;/ 0.5 N N

E | 0.84 e -
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O os2f
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% 0_51—‘ g | |

l: 0.16 017 018 0.19 0.z 0.21 0.22 N
0ol —SFS (Az = 0.90137)

N SBS (Az = 0.90097)

oA F-score (Az = 0.90187)|
| | | | | . | All (Az = 0.90218)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
False positive fraction
Bl 3-33 Laws jmik (ER) B A3 e 5B 3 w)pic] 4T 1 2 57 5% %
ROC curves of Laws-EW Method

1 I 1 T
0.9 T ]
0.8- / .o (region enlarged) o ]

é 0.7Hf vl U e _
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. ,‘ —SFS (Az = 0.95593)

' f SBS (Az = 0.94349)
0.1JL """" F-score (Az = 0.92745)

| | | | | . | All (Az = 0.92745)
OO 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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ROC curves of Laws-SR Metho
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ROC curves of Laws-SW Method
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True positive fraction
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ROC curves of Hybrid Methods
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