MEDICAL IMAGING TECHNOLOGY Vol. 33 No.5 November 2015

> FFEEH <

197

TAYVATANWYETR=NVT 1 VF 2L
FLE X #RHERIZ BT AREEOELN O HERR T FE

g B ORIR

—E B

R

SFA BRI OEH AR

AR, FiH ORHRLNED Wk & L OB,

20, RRTEOH MM Sz

Med Imag Tech 33(5): 197-202, 2015

ZWBED FD 70123 v ¥ 2 — ¥ LIEZW (CAD) 28
HEHESNTWA, FL5 X MEERH CAD IFEMLIN TV EY, HAPAOREF ROV & OTH L
DOFELN OB EAMRNZ EDFEE 25> TV b, KR TIOIRLEOKRIZRm 2B E LT, bh
DUALIENCE S L 7200 BEi LTk (GERFH) ISR (Y — » 20§ 52 FEEHA S &
TR RET D, ATLEOBEOTNOBMIIZESH T R— V7 1 Vs, BR/XY — > ORI IZ
TANVATA NG ZWEHAT A, BON7 VS EgE»SEPELXENL, WEOEHFNL S5,
FEICIEFLEE X RS 200 A L, Z2ICE N5 63 MOBEDOTN 2 LR L EMo i
LAR—= M2 L7z, GERTFETIIEBMELR 73.0% TH o 72D L, |ETFFETITERGER 79.4% &

F—U—F:arV¥a—yIEgH, AL X Mg, RO

1. ECoIc

B, ORCTELEFBETLINATERD
ZVDEADBATHY, 40U EOLE~D
RUETTTAMBOHERIN TS (1] L
ML, BERZECIEERREIRT — 5 854
T5H0, MAORAHENEEINE. 22
THEHEOBAMRIHED LK L L ORI,
ZWOLEWEON EODIZ, 2y Ea—%
XHEZ W (computer-aided dignosis : LLF CAD)
PEHESN TS [2]. vy €7 T 7 4 [
ARG E L7z CAD IEFERLS T 278, 4
BADKREF RO B, UMK L BERE X
OFLL L OMIBKETH L0 L, WD
B 6~8 EIFEE LW LGS hTw
% [3]. WEORNOMBEE [ 3 5 7

U H PR AR R B PR AR A FFE R (T470-1192
ST T R - 2 1-98)

e-mail: 82015309@fujita-hu.ac.jp

FLR [ e

IR AR B PR RS F

ka2t 1 20154E 5 H 19 H
PREFJEH 201549 H 29 H

O, EATHIZE L LTl S Iid g Hw
THRO O T A AEN L TH Y [4], Gou

LIE7 I 79 NVENES R IR~
YW RMoOMBTFEERABEL T2 —
TNARy NI =T OFFREILEL TWwD [5]
Rangayyan 5 (I 7R =)V 7 1 )V % % v CHLER
WD 2 1T> T b [6]. bbby 20
AR 2720, FR—V7 4V ZI5HL
T ORI EIToTE 2 7] LaL, dL
WRBEED S VER R, AT &R AR
T LERTIIBEOE N OB T VT X172
FTIEATTTH 7.

KR TlE, BEOTLIL & IR NS — 255
H L7z, WEEOTLIVZIUIREE O O3 AR HHT
7251 EARTH Y [8], 5] ZIAALRDHFLELORE
FEMMKL % B 720, RO KO RBLIR XY —
OB L ERESM SO NG, F2, B
P A IER ORISR O %
<H 5 [9].

RIFFEIE S S % D AEEEOFL OB F 4
B, Dar& 0 #E L v s R, SRS
y— R L RIS 2 e ladbei:
Ml FEERET 5.



198 Med Imag Tech Vol. 33 No.5 November 2015

[ Mammogram ]

| |
Detection of ]

Detection of
architectural distortions massive patterns
[ |

[

[ Integration ]

The final
candidate regions

K1 #ETHEO7OD—Fv— .

2. F &

AFFEOTO—-F v — b2R1IIRT. £F
B, v ' TT T 4 RIS L, DErbivbi
WIS LR OB 7 v ) X4 [7]
(LU, TERF) 12, BLIRN Y — v HEpiit 5
HTNT) AL%BIMTHEHAL, 2o &2fHiE
952 L THIEREZES. DT, 70—F v —
MZif > T FIRZ R R 5.

1) BROIANOBHEIRE

REELOFE N ORI 7L T X AIIZHEkTFiE
EHWL, UTICZOMEL R,

(1) FisnEE

AN LT~y ®7T5 7 4 BB L, it
LT VR AR L, SR E R B FL
B A it 3 5.

Q) BEDH%E

WIS A R =)V 7 1 )V % %@ L CELIpAE %
RIS B, {7 40V & I35 {50 &1 2 1%
LT, A 02t oN(1)BLUR2
WRTH R = VB OEMARERE TV, &
KOFGEEFERRT L. ol mARHEE
BRI Ix, y), TDEEDHE 0% HIEH{E
Alx,y) £ 55,

a(x,y) IeXp(—%) cos (2ﬂ%+ qo)
(x"=xcos@+ycos @, y=—xsinO+ycos f) W
22T, )0 AIFWEE, y T AR M,
o \XMR7, ¢ IIMMHZEL TV 5,

B, HER—IVT 4 NFIC LB
TR —=NVEEDONT XA =7 | ZREHEELZ

’

K2 HER=IT 45 (6 =430, y=045,
2=13.0).

i, HoW LIS — v 2T B85 A —
Y RBEETHILIIANTRETH L, 22T, #it
BT R—=NT 4 VI IIBEDOERL L85 X =%
ty FEETAHEHT RV T4 VY EHEZL,
LEKWBIZT 4y NT D74 VT HWHET L
WIS 5 L) IR EN TV A,

(3) #R&Eh/NY —> D

FLRREE O FE R AT 5729, I, y) B &
U A(x, y) & FHTEZE 2 AU RSS2 L 721k
12, UROFIERARAYF 252X > THhEL
TNy — v RS A, Ui CEk [10]
WKRENTWLERELZHE T L. ZOHEE,
3 H R OFFNHEE AT, FURoHmhE
F W2 © SR I O F L[] 2 ) RO AR O
FEAEPELERLZODOTH 5.

(4) RFEEZOH L & BB

S rp RE SR IR AT LT B A AL A AT
I, AELEIME A 2 LT 5 2 & CERMEE
W FRFHNIEALT 5. SRR S DR
T O B E A SRS ZEb L, R
A T Y VT A, MBREEEO D720,
BRI D Z B sz L EOBEL A
WCMEAL L, HEEEOELI )5 A FE I % 15
5. & LTRSS O WT, B
RLMWFHME 2 & 23 BEOF#MEZ R — b
7y TUICANIL, AR L7 [11].
2) BR/NSY — VEED BEhiRH

EGH ORI/ Sy — 13, A B %
L, Th a2k d 5 2 L2k o Tiit s
5.

(1) WRBEDHERA

A DR IIBRREE A 2L, A, S
HULZ T ) 12HE > TR 2 25805 H
5720, WERN O S W OREELO AN



Med Imag Tech Vol.33 No.5 November 2015 199

Gradient
vector

=0

=N

B3 74YZ74)YOHAM.

FVIZHLIZE 2 THRBT 5. BEOELNE
FBEE D O AR BITN 5] & AR % b OHT
Rt IO L) ZRRAy - 255, 4
27 MV HULIZ D THREPT L EE 25
N5, ZOHEPESEVEHEIT L7202, A
TR TA) AT 4 vs 121 # iz, 74
AT ANFIIEEBEDORR N7 I VO EGHR
POEMEEZHEETL TN THD. B3I
AT LI, EHEERSEEOFEISMIEL
72 NAOREHRE EOWBEDOAERI R L LT, %
WFELIFEHBRZERNERE, ZOWMERICBT
BLEBANRZ MDD T 0 DAEOTIHE A
K& LEHERDDL, RQIZRT LI, £
DFHFDOENE ¢ 1%, ROZZHENTORLD
PIHELE T D, BB, cosoy ik j T H ORGSR
MPOEE i 2B A ETERFIETH L. R Er
FENEIERBZEL P LE L2 EZDT 1V
¥ OIME, WNEEFRT. FHATRD ¢ OF
WEE T A AT VE T Clx,y) &5 5 (5K
(3). B, TOT4NVFHIE 211 HICTH
L 72RO PR O A I# A 5

n
cjzmax{ > cos 0,—,-/1'},Rsn<r (2)

i=1

N
1

C(x,y) _NFZ(‘)C] (3)

(2) &RAERIB DA H
TAVATANE 2@ L THEONERE
ERICBEMELRIEZ1TS . 2Ok, BEEHOMA
WILIRR S A AT TR & A T BE
N B 728, ALE O A A OB 785 L2

B4 BHEFYIVT7 b A,

K1 HSHATR-IVT AT DIST A— 4.

o Y A
T4V 1 2.83 0.30 8.00
TANE 2 4.30 0.45 13.0
TANE 3 7.27 0.80 22.0

K2 TAVATAINIDINT A—%,

P HHE WL 5 1]
6 mm 12 mm 32

PEE B UCHIBRY . 1501 EI B £ o0 e 4
A AR L § 5.

3) EARHEBORE

WEEOTN O BRI & SR XY — > D
MIAEMEIROREM 2 KDL, T4bb, &
5 5 O TE TR S 7z I & AU
RIS E AR L, SIS 3 5.

3. TUINT 7y bLIC & 2 EBKRS

1 REEFE

REF LD i 24T ) 7207V ¥ v
77 Y MARERL, BRICE TN LIEERE
»HEBMBRHB L, YLV T 7Y N ADEEE
B4 127879, 1024 x 1024 pixel D512, %6,
9, 12, I5SmmMHEDFERNY - &, T4
% 0.9, 1.8mm Y DHFIR Y —> (51~
e, 84) AT HEENLEEOENE 4
OFOME L. R1ICHEEOAN, F2I2E
WO TFLEOMR LM 2R, b, BED
ALzl AT 2 AR — v 7 4 L%
BIXOEFRETANIDT 4 VT H A D3R
30 MFEE L, JK Yy — > oI CEPREER
%% ZfEALALEE S 5 BROBIMEIX 0.8 ZFIH L 72,



200 Med Imag Tech Vol. 33 No.5 November 2015

(@ (b)

© (d)

5 MREEOTL ORI (a) MRS 5 i 4,
(b) MRS, (o) S Zmifg, (d) —fEfL
[LifE 8

2) RAEHER

T 7Y N AERICH LT, REFELETL
7oA R B S~B 7 1R 9. ZMELHEI{E O W 5H
WALFLR 21 L 723k, &5 WIiBEAR XY
FUVDEFR L TWAE I ExE LTS, A
B (X7 £, 2200FFExMAalEbELI L
THIR S — v LR OTLNATE I &
LT ENbhol.

4. IVET ST 1 BBIC L ZEBRRE

1) REEHE

RETFEOHFHAMEZMHRT 2720, BRI
HWTHREZ T o 72, RETAMEN TS
DDSM (Digital Database for Screening Mammogra-
phy) & 0, IEHHES] 20 FER, HEEEDOE DD %
30 JE B & & &5 50 JER 200 K& Hl L, BRAfix
FL L7z, 750 SN TY L ERMOFR
LR — b 53RO 200 BUPIZHEE OFLLL 63
s 2 EAHBILTEY, HEOFNDHE
THAOLNLREFR, TR ICHEDORND - T
WLIEBIAE EN D, ZOLR— b LR
ZHWT, BGPOMEOTNOEBGIER L2
Pt Rca GPi L7z, £ 72, [FEROFHMiR S5
RFECEHL, REFELIERTEIIBT 5
Btk & ABE R e L 72,

FAe R O W 51353 FERE 100 pm, WY A X

@ (b)

6 RNy — v ORbEER. () SRR,
(b) ZfEALMmi{%.

@ (b)
7 iEROME. (a) ZAELEGOMAE D
&, (b) AL 5 & JE R OHL A A DA

1770%2370 pixel {2V A4 A L7z, MLEESAEIL 3.1
o777 PR L CEBLZbO ML
TBY, WERFELEREFETHEISE TRV
TANTDINT A—=F IR CH D% ML 7.
2) WREHER
RETFHEICL M S NHEEOELILIEL 50
B<d by, ERHERT194%, AL 1.88 [ /
W] & o7z, FMEOXRIHERT 5% #
L7cb 2 h, BIBENZHEEOTLNIL 46 HTH
D, B 73.0%, AR 0.65 [/ ]
THolz, RFLEIMERFE L L THEE
N 6.4%I0 1 L7z, B8 I RO—FITH
D, X (a) ORANIHELEDOENEZIRL TV 5.
922 007N T XL THiH S
NEOENZRL, B10 ISH7- I
R OBEN AR T, B ICREFIEICL DI
TN 725 R Al % 7R 9.

5. X

77 v b A x AW TRTEOFHE & 17 o 724G
B, KSs»poZNZTNoBERZE > IEL il
LTBY, YT NWVaiEED 7 7 2 b AWSRIC
F LT, RFEAREE D) ISTEEOEN T HE)



Med Imag Tech Vol. 33 No.5 November 2015 201

(b)

B8 [FREGE A7 HEERHR. () T, (b)
PEmifg, (o) MR,

MHETELZ Ebholz.

BEIR IR 2 -V 72EHI T, SR TRk
T & L CEBEERD 6.4%H) E L7z, 15k
RO 1.23 [/ \ig] #inL 7225, Zhiz2 >
DT 515 5 N7 5l T O F B % I
KA L LT D ER, #i/-12BTw
L8R8y — O T RIC B8 2 1k
IR DS+ 3T o 72 2 EDBIF LN 5.
LA L, TERFETIIBHEZOMMZ 77 L
TOHHEBGURN L Lo 72720, B
DI FICES T BN GAEIERITFRER LW
A5, AFHRRERFHEISHLR Sy — Ul T
EEMAAHZET, BREOLHIZIE-EDEL
EREE LR ENzhy, ALY F 255
R D5 | & AR O I RIRAYIZ A U 728K <
5 — OB HRETH - 7. T % 1F ) fEEE
DENDOEHIZHERTH B Z &EWFEEPHR S
N BETFEZ2HCTLHMETE 2do 728

B9 Wi 7OV T XL TR S Mo RESE o ELAL (B1).

B 10 FRETHEIC L D #H7z Bl S iR oFLL.

EOFAUDIHELLZ O b OB IR/ S Wb D
Tholicd, BEELAZINZEZEZLN
L. F7o, R, FAREEOBVWIETS
CHAE L., SRIIBEHBEBORBEOATIE R
{, BEMEBOILRE v o R E TR\ T
BRI 24T ) LD 5.

6. L&

KELTIE, WEBILFEOM L% H YIRS
DEN OB FE L JR Y — v ot FEx
BT A TEERIRE L2 SR0MEE LT, 4
BB bR TR OE s 1T 5 5.



202 Med Imag Tech Vol. 33 No.5 November 2015

Tpiiis, - RROBE SR CGE DAL 87: 348-
352, 2004

[5] Guo Q, Shao J, Ruiz V: Investigation of support vector
machine for the detection of architectural distortion in
mammographic images. In Sensors & Their Applications
XIII, Journal of Physics: Conference Series Vol. 15. IOP
Publishing, Bristol, 2005, pp88-94

[6] Rangayyan RM, Ayres FJ: Gabor filter and phase
portraits for the detection of architectural distortion in
mammograms. Med Bio Eng Comput 44: 883-894, 2006

(7] H5 0%, FARER, WERKTF, b 8#Hor
K= 74 V¥ &M C755E X HEEIZB 55
JRRE RS FRAT & RS EE OB OB, Med Imag Tech 30:
287-292, 2012

(8] HAEZPSHAAS, HARNG 7S -~ >~
ETTTANAFTA VEIM. EEER, HO,

2014
o [9] EEHSZENAMG LY ¥ —  FIZLDH LT
Bl 11 $RFETFEEIC L 8N L 7Bk een (6). MHEYVETT 74 [WET]. X7 by a7, B
T, 2002
% [10] EMHBEEA, RBHEsE— ER)IH—, 1 HRE
2B BRI Sy — v O #E L 2 OIS,
(1] BEAEFHE  PATHEREREE RO AR B HHGEBE 4RSS D11 77: 1188-1196, 1994
IR 729 OIREE. /I 0331058 5 TR 20 4F [11] Yoshikawa R, Teramoto A, Matsubara T, et al.:
3 J 31 Ha#@4D, 2008 Automated detection of architectural distortion using
[2] BHLE: ~YYETT774 CADYATLADH improved adaptive Gabor filter. In Fujita H, Hara T,
1K, Med Imag Tech 20: 27-33, 2003 Muramatsu C eds., Breast Imaging. IWDM 12th Inter-
(3] Pl MEKTF, BORE, i Efio~ >~ national Workshop, Lecture Note in Computer Science,
ET T LFEHBIZBUT AN AR E CAD ¥ A Vol. 8539. Springer, Berlin, 2014, pp606-611
T L OB R & oIl H ARG RBT R (12] sk, EF—5, AMEFHL, i FL55 CR#
58: 375-382, 2002 Barrge Lizary¥a— 7 LBWEZH Y AT
(4] hgKHE, WA, BHAE i ~v>¥ €77 A W7 AV ATEHGEE 43: 47-54, 1998

LI BIT B FBROLE 2 M) HE OO

Automatic Detection Method for Architectural Distortion Using Iris
Filter Together with Gabor Filter in the Breast X-ray Image
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In recent years, computer-aided diagnosis (CAD) has been expecting to improve the diagnostic performance and
to reduce the oversight of a lesion. CAD is used for breast X-ray images. However, there is a challenge about the poor
detection accuracy of architectural distortion that is the most missing findings. In this study, we propose the hybrid
detection method that integrates two detection methods of massive patterns and architectural distortion to improve the
lesion detection sensitivity. We applied to the adaptive Gabor filter for the detection of the architectural distortion and
to the iris filter for the detection of the mass. Candidate regions are obtained by calculation of the concentration index
using filtered images. In the experiments, we compared the results of proposed method and physician interpretation
report using 200 images (63 architectural distortions) of digital database of screening mammography. As a result, the
conventional method had true positive rate (TPR) of 73.0% and the number of false positives (FPs) of 0.65 per image.
Whereas TPR of proposed method was 79.4% and FPs were 1.88 per image. These results indicate that our method
may be effective to improve the performance of computer aided detection in breast X-ray images.
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