
psh}Xq&fsp

IPSJ SIG Tehnial Report

+W;kbk@h|K*1k.2BQ!PN?aNC'rO

f< 4~1,a)

Vu Hai

2 [e YW3 xn 3*R1,4 ,Z /K1

5W'a/,+W;kbk@,/@5l,J1+Dc/1-N.2!:}!,N)5l?.7+7,+W;k

bk@O.2N@0?0@1G\09k?a,t|gKbZVh|reU,GG9k,W,"k.=N?a,

gLh|f+iBQudHJkNhreUKs(9k,GGYg79F`,-QHM(ilk.\&fGO

+W;kbk@h|K*$F,BQr1L9kKOINh&Jh|C'rQ$kN,-zJN+H$&3H

KD$F!$9k..2H$&Bil?7<sGOh|fKP=9k'KPj,"j,=Nh&Jh|KC

=7?'uVrQ$FrOrT&3H,^?'1N@1GOJ/,uV*J'NQ=KD$Fe\9k3H

,EWG"k.\@8GO,.2h|KC=7?'uVrQ$k3HGjA9kGastro IntestinalJGIK'

C'H,,\<kU#k?rQ$k3HGjA9k,\<kC'N 2DrP]K,h|fNBQrINh&

K*(ilk+KD$FRYk.=Ne,1lNG<?;CHrQ$?rOB3NkLr(7,FC'N-

=KD$F>A&M!rT&.

-<o<I'GGYg79F`, +W;kbk@, .2BQ

1. O8aK

a/,eE;QN~eK<$,c/1-NGG&#EN{

W,b^CF$k.=NfGb,{ _~`@1G_d2J

INC=Ibr#FG-k+W;kbk@,m\r8aF

$k [1℄.+W;kbk@O,h|#F!=H5~w.!=

rb"7?+W;k?N.?bk@G"k.

>h,eE=lGQ$ilF-?Ae<V?Nbk@O,

IjclNHQ,^~~NlKKhj,5TKTw6r?

(F$?.+W;kbk@OeHHbKNbX{_~^l,

C=Ibr\07,jghjSP5lk?a,5TK++

ki4,g}K:/9k.^?,Ae<V?Nbk@GO

#FNq7$.2bN#FKbg-J|T,s;ilF$

k [2℄, [3℄. 7+7,+W;kbk@+NOdJ!=r}?

:,C=IN@0?0Gu0*K\09k?a,5tN_r

8f7F#F9k3H,G-J$.=N?a,=uGOeU

,#F5l?gLNh|r4FrGG7J1lPJiJ$.

#e,+W;kbk@rQ$k!GTtO}C9kH=[

5l,;~VGgLNh|rGG9k?aN3sTe<?

1 gegX

Osaka University

2

Hanoi University of Siene and Tehnology Institute MICA,

CNRS/UMI - 2954 - INP Grenoble

3 geE$L.gX

Osaka Eletro-Communiation University

4 *`mst0qR

OMRON Corporation

a)

imura�am.sanken.osaka-u.a.jp

KhkGGYg79F`,,WG"k.

+W;kbk@h|NGGYg79F`KD$FN&f

O3l^GKbt?/TolF*j,BQ!PKX9kbN

H7FO,Karargyrisi [4℄N@DN'uV [5℄rQ$?l

I-BQN!P,;0asF<7gsKD$FN&f,Pan

i [6℄N 6DN'.,JRGBHSVKrQ$?N(*Ke<

ikMCHo</KhkPl@!PKD$FN&fJI,

s2ilk.=Nh&Jf,a/ Vui [7℄Khj,_2h|

KN_C=7?7?J'uVrQ$krOj!,sF5l

F$k.

7+7,Vui,sF7?j!Oh|fN'KN_e\7

?rOG"k?a,=NkL@ilkC'O?/NBQr

Ve9k3HH,5otLKP9kajJ?~r^(k3

HN>),$qG"k.=N?a,B]KBQ!PKQ$

kC'LH7FOT=,G"k.=3G,\&fGO,3N

Vui,sF9k'uVKC(,,\<kU#k? [8℄rQ

$k3HGh|fNuV*J'NQ=r*(?rOrn_

k.,\<kU#k?O,h|fN$UN}~.,K*1k

(C8r!P9k3H,G-,=N/-O.}`Ni|k

POGN'NWm;9rO7?bNG"k3H,NilF

$k3H+i,BQ!PK*$Fb-zK//3H,|T

G-k.3li>j!NrOkL+i@ilkC',,h|

fNBQrINh&K*(,INh&Jc$r}DN+r

>A&M!9k3H,\*G"k.

2OG.2BQKD$FH\&ffGN'N==}!K

1ⓒ 2013 Information Processing Society of Japan

Vol.2013-CVIM-187 No.19
2013/5/30



psh}Xq&fsp

IPSJ SIG Tehnial Report

^ 1 FBQNP=QY

(a) .2Pl (b) lIH%I () 1L$qJbN

^ 2 .2BQNc

D$FRY,3OGBQNrOj!H=NkL@ilkC'

KhkBQN==}!KD$FRYk.=Ne,4OGFj

!K*1kBQN+(KD$F>A&M!rT$,5OGk

@H#eN]jKD$FRYk.

2. .2BQH=N'==

2.1 .2BQNoL

C=INfGb.2OBQ,4l=LK*P7F$kl

g,[HsIG"k?a,>N!oHO[Jj,Y&Gr;

:Hb\kN_GGGD=G"k.\kGN'G-k.2

BQOHCJerythematousK,SisJerosionK,lIH%

IJangiodysplasiaK,.2PlJred spot, bleedingK,.2

YgJulerKJIN*h= 40o`K,`5lk.geT)

gXB!N(ONbH}87?+W;kbk@!GT 300

M,NG!G<?KP7,B]K\kGNGGrTJC?

]NFBQNP=QYr0iUK7?bNr^ 1K(9.

3N0iU+io+kh&K,FBQNP=QYOeL 5

DNBQKPCF*j,=N>NBQ,N'5lkN(O

5%Kb~?J$.

\&fGO3lit?/NBQN&A,.2Pl,lIH

%IN_rP]KC'rOrT&.=N}3O,^ 1K*$

Fb$P=QYr(93HH,BQ,CjNAur}?:,

+DBQtLH5otLHN'N+(N9,.5$?a,

1cJh|h}Khk!P,q7$H5lk?aG"k.

^ 2(a),^ 2(b)K.2Pl,lIH%INBQcr(9.

3liNBQOlLK5oJ.2bIHw?'r}CF*

j,fKO^ 2()Nh&KGMKO\kGN1L,$qJ

bNb8_9k.

^ 3KhxRY?bNH1MNG!G<?+i@il?

^ 3 .2h|K*1k RGB M,[

(a) ~Oh| (b) ;0asF<7gsc

^ 4 +W;kbk@h|N;0asF<7gsc

RGBG<?r 3!5uVeKWmCH7?bNr(9.h

|+iBQtLrCj9k&(G'NpsOEWG"k.

7+7,.2H$&Bil?7<sK*$F RGBMN,

[O,^ 3Nh&K"kt,uVeK8f7F$k.=N?

a,3liNMN9+iBQG"k+I&+r1L9kN

O$qG"k.=3G\&fGO,VuiKhjsF5l?

Gastro IntestinalJGIK'uVHFPlk7?J'uVr

Q$Fh|NrOrT&.

2.2 GI'uV

0aGRY?h&K,.2H$&Bil?7<sK*1

kh|N RGBMN,[KOPj,8_9k.GI'uVH

O,^ 3Nh&JuVe+i.2NbIr=9'G<?N

_rjP7,=liKP7g.,,OrT&3HG@il

kuVG"k.

+W;kbk@KhCF#F5l?h|O, =N'N+

(+ibI,=lF$kNh,bP,=lF$kNh,)Y

*N+9d$",=lF$kNhN 3DK,`9k3H,

G-kJ^ 4K.3lH1MKgLNh|r}W*K+?

lgb,'N+(H=N'NP=N(rbHK,F'KP7

bINh,bPNh,=N>NNhN 3DN/i9?K,`

9k3H,D=G"k.GI'uVrB]K=[9kKO+

JH%=^CWrQ$?/i9?js0rT&J^ 5K.

/i9?js0NkL@ilkbINhr=9'G<?

KP7Fg.,,OrT$,7?JC'!5r3P9k.3

NC'!5KhCFjA5lk7?JuV,GI'uVG

"k.^ 6KRGB'uVG==5lkh|rGI'uVK

jF7?bNr(9.3Nh&K,GI'uVGOBQtLH

2ⓒ 2013 Information Processing Society of Japan

Vol.2013-CVIM-187 No.19
2013/5/30



psh}Xq&fsp

IPSJ SIG Tehnial Report

(a) i|uV (b) i|iYjs0 () /i9?js0e

^ 5 +JH%=^CWKhk/i9?js0

(a) ~Oh| (b) h 1 g.,

() h 2 g., (d) h 3 g.,

^ 6 GI 'uVNc

5otLHN9rRGB'uVhjb@NK==9k3H

,G-k.

3. .2BQNrOj!

3.1 'C'KpE/BQrO

\aGO,2.2aKFRY? GI'uVrQ$Fh|fN

BQrrO9kj!KD$FRYk.3Nj!Ov0KB

QNLV,-5lF$k1}G<?;CHrQ$, F'h

NBQtLK09kN(,5otLK09kN(NN()

YXtrW;9k3HGT&.

OaK,1}G<?+iBQtLH5otLrL9Kj

P7 GI'uVKjF9k.3NH-,GI'uVNF4KD

$FNR9H0i`rW;9kH^ 7Nh&KJk.^ 7

NV$R9H0i`,BQtLN'KD$F, D$R9H

0i`,5otLN'KD$F=7F$k.h 1 g.,

J^ 7(a)KKD$FOR9H0i`VN9,"^j+il

J$bNN,>N.,KX7FO=N9,N'G-k.\&

fGrOP]H7F$k.2Pl,lIH%INBQKX

7FO,h 3g.,J^ 7()KN9,CK2xG"k.3N

h 3g.,NR9H0i`rbHK,F',BQtL*h

S5otLK09kN(NN()YXtrW;9k.^ 7

K(7?h&K,GI'uVK*1k'R9H0i`O$:

lb`bKa$ArbCF$k.hCF,3liNR9H0

i`r5,,[XHaw9k3HG,,[N}W*bGk

=rT&.^ 8K,^ 7()NR9H0i`r5,,[Ka

w7?bNr(9.

(a) h 1 g., (b) h 2g., () h 3 g.,

^ 7 GI G<?R9H0i`

^ 8 N()YXt

Y$:,`orQ$?=L,O!NM(KpE-, W;

7?N()YXtrQ$Fh|fNBQr!P9k.^

:,RGBG==5lF$k~Oh|rGI'uVXHjF

9k.GI'uVKjF5l?h|NFhGMHhxNN(

)YXt+i,hG1LGNBQtL,5otLNF/i9

K09kN( P (L j X)r!0GW;9k.

P (L j X) =

P (X j L) � P (L)

P (X)

(1)

X OhGM,L O/i9 fabnormal; normalg rU#9

k.P (X) O/i9 L NQ@+iO,J=jtH7FN

U#r}?J$?a P (X) = 1H7F7$,P (X j L)O^

NN()YXtK>JiJ$.hCF,P (L),?(ill

P P (L j X)raailk,, qN*J P (L)NMO$N

G"k.=3G,P (L) = 0:5H$&>jrV-,!Nh&K

W;9k.

P (L j X) ; P (X j L) (2)

B]NBQOhG1LG,[7F*i:, "kxYNu

V*Jg-5r}CF$k.hCF,!PKQ$kC'bh

G1LGNC'GJ/,?i+NuV*psr}CF$k

N,EvG"k.=3Gg-5M �N NkXrjA7,k

1LGNN(rW;9k.h|fK*1kFhG,H)J

v]G"kH$&>jrV/H!0,.j)D.

P (L j X) =

M�N

Y

i=0

P (L j X

i

) (3)

log (P (L jX)) = log

 

M�N

X

i=0

P (L j X

i

)

!

(4)

0 (4) KhCFW;7?,7?JN(Ng-5rh|eK

WmCH7?bNr^ 9(b),^ 9()K(9.

3li 2DNN(psrQ$,G**KBQ!PKQ$

kC'L likelihoodr!Nh&KjA9k.

3ⓒ 2013 Information Processing Society of Japan

Vol.2013-CVIM-187 No.19
2013/5/30



psh}Xq&fsp

IPSJ SIG Tehnial Report

(a) ~Oh| (b) BQN(h|

() 5oN(h| (d) likelihoodh|

^ 9 'C'Nc

likelihood(X) =

log (P (abnormal jX))

log (P (normal jX))

(5)

likelihoodO5otLK09kN(,c/,BQtLK09

kN(,b$',kbK?/,[7F$kx//?~r=

9.3N likelihoodNg-5rh|eKWmCH7?bN

r^ 9(d)K(9.^ 9(d)KP7gMKhkh}rT&3

HGBQH5lkNhr!P9k.3NC'LO1}G<

?+i@ilk.2bIN'psrbHKW;5lk?a,

bIN'Ka$V_rSS?BQd@i+K[oJ'r7

F$kBQKP7FOh/?~9k.7+7,=&GOJ$

.2N?0KhCF88kFdbPNhKa$'rbDB

QKP7FOTBjJ?~r(9.

3.2 F/9AcC'KpE/BQrO

'N>Kh|h}K*1ke=*JC'H7F, AHF

/9Ac,"2ilk.0aGO,'C'N_rQ$?rO

j!KD$FRY?,,\aGO0 (4) KhCF@ilk

N(psKC(F,,\<kU#k?rQ$k3HG@i

lkF/9AcNpsr7&3HGBQrOrT&j!K

D$Fb@9k.

,\<kU#k?O 2!5,&9JLK 2!5?Le

rl}~KAok?LHrv_~s@U#k?G"j, ,

\<kQ9O,&9XtrkK7?kU<j(Q9G"k.

C'H7F~(C8KP9k?~,//,+DkrL7F

.frrO9k3HGT$}~*r-r-7F$k. 0K

\&fGQ$k,\<kXtr(9.

G (x; y; �; �; �

�

; �

�

)

= exp

(

�

(x os� + y sin� � �)

2

2�

2

�

)

� exp

(

�

(�x sin� + y os�)

2

2�

2

�

)

(6)

lLK 2!5,\<kXtO,&9JLN8`P9,?L

HNJT}~HH9KhCFjA5lk.33GO,,\<

(a) XtNQia<? (b) ,\<kXt

^ 10 ,\<kXt

^ 11 ?~PO8.bGk

kXtr � � �NKB8OG==7?]N,&9XtNf

4NB8J�,�K,�}~H �}~K*1k,&9JLN8`

P9J�

�

,�

theta

KNQia<?G==9k3HGH9NQ

ia<?rJ,7F$k.3NH-N,\<kU#k?N

Aur^ 10K(9.

MrO8aH9k.}`,\G+?psrh}9k],

>NkPnHFPlkNhrH&3H,NilF$k. h

1kPnK*1k1c?Y&Oi|kPOr=.7F*j,

=l>lG-NuV~Ht,uVLj,}~NIcQ?<s

KP7F*r*K?~9k-Ar}D.2!5,\<kU#

k?rQ$k3HG3N1c?Y&Nh0rbGk=G-

k3H+i,h|fNBQ!PK*$Fb-zK//3H

,|TG-k.^ 11Kh|+i,\<kU#k?N?~

POr@k?aNbGkr(9.\&fGQ$k,\<k

U#k?Ps/OD}~,#}~HbK [��; �℄N~Htr

}D~Hth|r~OH7,� = 0(= ��)N}~+i �=10

o_G � = 9�=10(= ��=10)^GNF}~KD$F,*/

?<Vo_N 5DN91<kN,\<kXtG=.7F

$k.

,\<kU#k?Ps/KhCF@il??~POO,

FhGhN$UN}~.,KP9k(C8N-5G"k.

h|fNBQtLH5otLHN-&KO,/eOHb+

/'NQ=,(C8H7F=lk?a,?~PONg-5

+iBQtLrd,9k3H,D=G"k.7+7,h|

fK8_9k(C8KOBQNXTN>K,.2N?0K

hCF88k7o,+W;kbk@NH@,$"K?M9

k3HG88kwNSJIM9JbN,"k?a,?~P

ON_rC'H7FBQr*(kNOq7$J^ 12()K.

=3G,BQKhCF=lk(C8H=N>N(C8rh

4ⓒ 2013 Information Processing Society of Japan

Vol.2013-CVIM-187 No.19
2013/5/30



psh}Xq&fsp

IPSJ SIG Tehnial Report

(a) ~Oh| (b) BQN(h|

() ?~POh| (d) F/9AcC'L

^ 12 F/9AcC'Nc

L9k?aK,3.1aKFRY?'NpsrQ$k.7od

H@N?MHBQNXTtGO=lk'Kc$,8_9k.

=N?a,0 (4) KhCFW;5lkN(Ng-5Kb9

,88kJ^ 12(b)K.3N3H+i,,\<kU#k?K

hCF@ilk?~POH,0 (4) KhCFW;5lkF

kNh,BQtLK09kN(r]1"o;?bNr 1D

NC'L,\&fK*1kF/9AcC'LH7FjA9

kJ^ 12(d)K.

3NC'LOm\hGNBQi75r==7?bNG"

j,5otLKX9kpsr"^jM87F$J$.=N

?a,BQH5lkNhr!P9k]KO0 (4) KhCF

W;5lkFkNh,5otLK09kN(r1~KQ$

k.F/9AcC'Lh|H5otLK09kN(h|H

GL9KgMKhkh}rT$,=l>lKD$F@il

?NhN&LNhrG**J!PkLH7F33GO7&.
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\&fGO 3OGRY?Fj!KD$FN>A&M!r
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\&fGO 2.1aGRY?h&K,rOP]r.2Pl,

= 1 rOQG<?;CH

BQr^`h| BQr^^J$h|

G<?;CH 1 25g 25 g

G<?;CH 2 25g 25 g

G<?;CH 3 25g 25 g

G<?;CH 4 25g 25 g

gW 100g 100 g

lIH%INBQKBj7F$k.G!G<?+i3li

NBQ,GC? 100Ul<`HGCF$J$ 100Ul<`

r*r7,RGBh|XHQ99k.3li 200gNh|r

= 1Nh&K 4DN0k<WK6j,1k3HGrOQN

G<?;CHrQU9k.
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OaK,rOkLr>A9k}!KD$FRYk.\&f

GO,6YJSensitivityKHC[YJSpei�ityKN 2`\

Ke\9k.J<K,3liNjAr(9.

Sensitivity =

Number of abnormal deteted orretly

Total abnormal images

(7)

Spei�ity =

Number of normal deteted orretly

Total normal images

(8)

= 1NFG<?;CHhK,3OGRY?Fj!KhkBQ

N!PrT&3HG SensitivityH Spei�ityrW;9k.

BQ!PN]KQ$kgMO~Oh|KP9kf{Mr,

G**J>AKOr9!j!J4-fold ross validationKr

NQ.=NkLr^ 13K(9.

SensitivityH Spei�ityOlLKHl<I*UG"k.

'C'Khkj!GO,1}G<?fK*1khG1LGN

F'NP=N(rbHKBQr*(F$k?a,=N:YO

1}G<?;CHN=.KM87,SensitivityH Spei�ity

N>}rBj7F]D3H,q7$.c(P^ 14NcG

O,FkNhNBQtLK09kN(J^ 14(b)KOb$M

,-OOKlMK,[7F$k.=NFAKhj,0 (5)

KhCFW;5lk likelihoodN,[J^ 14(d)Kb-O

OGb$MHJCF7^$,kLH7FBQHX8J$N

hK+Jj?~7F7^CF$kJ^ 14(e)K.3lOb

$ SensitivityNeojK,Spei�ity r>7K7F$k3

Hr=7F$k.

F/9AcC'Khkj!O,'C'NbDb$ Sensi-

tivityr]}7DD,Spei�ityN~er\*H7?bNG

"k.^ 14H1MN~OKP7,F/9AcC'KpE/

!PrTC?cr^ 15K(9.1}G<?+iW;5l

k'C'HO[Jj,F/9AcC'O~Oh|+i@i

lk,\<kU#k?N?~POJ^ 15(a)KH,FkN

hNBQtLK09kN(J^ 14(b)Kr]1"o;?b

NJ^ 15(b)KH7FjA7F$k.?~POMO~Oh

|fN(C8N-5rW;7F$kbNG"k?a,G<
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(b) 'C'K*1kG<?;CHhN>A

() '+F/9AcC'K*1kG<?;CHhN>A

^ 13 Fj!N-=>A

?;CHKM87J$.3N?~POMKhj,udNhK

)Br+1k3HG,5oJNhKP9k!Pr:i93

H,G-kJ^ 15()K.

^?,\&fK*$FOFC'+iBQtLr!P9k

NKgMrQ$F$k.^ 16K3NgMNg-5rQ=5

;?lgNFj!K*1kROCJ~r(9.'C'KD$

FN0iUO[\>~G"k.'C'Khk!PkLO,0

(5) KhCFjA5lk likelihoodKD$FgMh}7

?bNG"j,likelihoodNW;KO 2DNN(,[N(,

[J^ 8KrQ$F$k.3liNN(,[KP7F~zr

TC?]KBQN(H5oN(N.6kdgNQ=H0i

UNQ=OwF*j, h|fN'ps@1GO Sensitivity

H Spei�ity r>)5;kBQ!PNB=,q7$3H

,3N3H+ib@(k.F/9AcC'rQ$?j!G

O,,\<kU#k?N?~POrBQN(h|KC(k

3HKhj,bHNBQN(h|J^ 14(b)KHfYBQt

LH5otLHN9r@i+K7F$kJ^ 15(b)K.3

lKhj,'C'Khkj!HfY,gMr77aK_j

7?]KBQ,dblF7^&1<9r:i93H,G

(a) ~Oh| (b) BQN(h| () 5oN(h|

(d) likelihoodh| (e) !PkL

^ 14 'C'KpE/!Pc

(a) ?~POh| (b) F/9AcC'L () !PkL

^ 15 F/9AcC'KpE/!Pc

^ 16 gMNQ=Khk-=Q=

-,SensitivityN:/r^(ilF$k.hCF,Sensitivity

H Spei�ityN>}rb/]D?aKF/9AcC',-

zK/$F$k3H,o+k.7+7,,\<kU#k?N

?~PO,,:7bI$}~K//HOBiJ$3H, '

C'Khkj!H1MK1}G<?rQ$F$k3H+i

mg*J SensitivityG'C'Khkj!resk3H,G

-F$J$@KD$FO#e!$9k,W,"k.

5. *ojK

\&fGO,+W;kbk@h|fNBQKP7,Vui

NsF9k GI 'C'H,\<kU#k?rQ$?F/

9AcC'rQ$?]N-=KD$FrOrTC?.G*

*J\*G"kBQ!PK*$F,BQr+(5J$=O

JSensitivityKOEWG"k?a,=Nh&JQ@+i9l

Pb$ SensitivityrB=G-k GI'C'O-zG"k.

7+7,!PkLN.j-JSpei�ityK,c$ GI'C'

r=N^^Q$kNKOdj,"k.F/9AcC'GO,
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,\<kU#k?Khk?~POKhj,04GOJ$,

BQN-&Nhr*(k3HGBQN!PNhK)Br+

1,Spei�ityN~eK.y7?.3N,\<kU#k?N

?~PO,zL*G"C?3H+i,'NuV*JQ=O

h|f+iBQr!P9kNKEWJrdrjaF$k3

H,@(k.=N?a,hG1LN'GBQr*(kNGO

J/,"kxYNg-5NuVGNQ?<sKe\9lP,

hjb$ Sensitivity,Spei�ityrB=G-kC'Lr+D

1k3H,|TG-k.

#eN]jH7FO,uVGN'N&/-Ke\9k3H

G,GI'C'N Sensitivityr8+7DD,b$ Spei�ity

rB=9k7?Jh|C'rsF9k3H. \&fK*$

FO,gMKhjG**JBQ!PrTJCF$?,,LN

G,JjJ,8_7J$+,gMH7FG,Jp`O?+

H$&3HKD$FN!$9k3Hrs2F$k.
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