Journal of Computer Aided Diagnosis of Medical Images Vol.11 No.1  Sept. 2007

IR X
CTIZ&AMAAZEZIEVRATLDI=OH®D

ER AT E E D E 51l

N e, KB 2 IR B, AR EE Y
MEF GO, kAR MO, #UR RO, T 250

=]

BEBEyoORBEEZzR LSE5729, Hmﬁ>/u:r/t1~é7 ZWr 4% (CAD)Y A7 AMZEA LTZRHLE IOV, i
ﬁ@m CHNIRINT A — &%£ﬁ¢7k&% o, BRUEEORBIERRE . Fox OB L QDN A CAD I, B

W ORI 2 m L x, figk ;ofﬁfgéﬂ%#rﬁz%%ﬁftffét&x BRI ZE A LTS, FiLE L A
2%£(f747/74w&)k:/bﬁxb%%(%yfﬂyb74w&)f%ﬁéhé.%K,%%ﬁﬁam D
K EISIERER OB OT=DITH. L, Fx D CAD THHONTWDRTLEED /ST A — 21X, EERIICROZHE 0T
HDH. WMEDERNS, AT AT U T AN, by TNy 87 4 VX DIETHILIEZ EITT 2008 RTHDLZ Ly
DRRENTD, BEEIAR T Th otz LibA K0 FEMICHE~, R R 22 g R T A — & % 8 i3l 9
L2, B Mé%@@ﬁ@ TART. ZORER, BREIEE OFEEIC K LEYRY A X7 0 LV Z I X DRI ZE AL
o2 b, BPEEoBRBMEREIIm ET D 2 ENbh o Tz,

X—U— N @ X CT, WA, 3 Ea—2BW%EE (CAD), B{LATALE, WMHMEbE

1. [ZC®»IZ false-positive (LLF FP) 23H 1V, F-REEEE
DS folc & D FE T F A, SR 10(1998)4F FE 2 % &7 false-negative (LLF FN) 23&% 2. CAD % 3

50867 N72o7-45, SERE 17(2005)4F FE 11T 62063 )\ 722 b DIZT BT OICITFP & FNER A S L7z
(BT~ LRINLCW5. —ofmcty V2 EBTFP B HKHY, FN bIFET 5. FP

10 % BT, WA RHIFER - aﬂ;ﬁwﬁgrw @T‘?l@ 1D VNQ B3R AL/ A AN LTl

HETHD. ﬁmﬁé EOFN OFERO 1 Si3y sici sy -
%%XﬁCT%%Vﬁ%ﬁh@@%m,%%@ﬁ R OB VNQ TIZRE2Z & THhD.
X BgIc L 22 L L, PIIC RSN HL —ji CT Z M\ 7= CAD 28 ofizk (ke T

ngwAE@@m$ﬁﬁiﬁétmﬁﬁmm@ FHT 256, CT O, gl MERE),

=5

B 921, MiAs AR FLIC A% T % [Henschke99].  MHRFMERBIE (7 —F1) 72 EOENEHBEA
oL, CTABARSNAEGEOMKITHMX H S CHDL. TOHME, ZRLOENL X OF
D 1 IR LB B ER L R D=0, ERiD 1ﬁ%‘>%3/F72Fﬁ&ﬁ@%@@@“&ﬁ
BB L O OB T 5. a5 S CHAEER 03], K5 H & LT CAD OMEfRIC K& 7

LR EMIC, BAITEHLR - Ao AR W RIFTTRNANHLNLTHD.
F5, M XECT AW RA Iy Ea—i2D HFxix, D EOMBEEZMRT D202, AJJmE
i 242 (computer-aided diagnosis, LA F CAD) A7 ZHIALEE S B A% CAD (3B A U721 04]. A&
AERFFE LTV A[ILA 93]. ARSI, AR AT O RTLERIZ BT, B
Fex D CAD I3, CT High 53 A DEEN DS db 5 5 @@m“%ﬁ@%ﬂﬁ@ﬂif 2 % TE IR
e 2PN N-Quoit74ll/§7 (Variable New-Quoit T 5. TOIDIT, FRxRRESCY A ZAORELERE
Filter, LT VNQ) IC X WL, EMICERT5. Z I XM CT BHRIZ &Rk L= mifg 2 R L, AiTid
%I, EMIPERZIZIX true-positive (BAF TP), HAw MR, REREOREEZRAAS. £ LT, #
%Bﬂﬂb%%ﬂi 2R OMMELR N, RO IR
HERICBIT 2R AR 2/ <. RHIR A bR %

1 I8 B RS RS 2 T S R PARD LT, BT R R AT 5 7
T501-1194 i B ks B0 = 1-1 7 V2 OMERER BICEERT D E AW A2 EEIICHIE
2 BEEHENE R T 5 FIEERETS.
T 441-8580 ZH1IREAE T RAAMZE4E » T 1-1
3 B R RERL Y AT MER TR 2. 56D CAD DR E LR
4 R T 1) =

5 JBEHRRE FRe A HFFEAT ot . ey o
PR A+ 2006 4E 10 A 21 H LLRTOF % O CAD[FER 0171%, ASEBIC% L,

SRS - 200745 1 H 31 A J A RBrEZR EORTPLELZ FITET, REREAMT &
7 ﬁé?}%ﬁiﬂ 200743 H 19 A i 1l 22 #2 (Gray-weighted Distance Transform, LA T

S1-



=A
=%
az

arvEa—42XEER

GWDT) Sl 771% FE17#, Quoit 7 1 /L Z [%i 93]
W B L7 N-Quoit 7 « /L4 ( Variable
New-Quoit Filter, LA VNQ) [ 99]ZwH L, #
b5 O BALMiEI (Region of Interest, LA T ROI) fliH
HATo Tz,

LML, ZOHEZS D07 —& TIEANE
ST, D NEE% T — & CTIEBENE Uz, B 2 0E,
TRESFMEORE N E DA U D HEE OFE
ENFRNT, BREREE KL T TH D FFRIT,
P OEVZ LD R E LiX, fFkFkx D CAD %
BH Ok CEMAT 2 ECRETHD. £, BF
B A K2k LT VNQ MBENZIGT D Z L=,
HE KA A ) Iy iz BRI b L
L& TVR0,

ZIT, INOLOMERERRET HHEEMA T
Fkx > CAD % TR 04) THEE L7, STERDITA
04] CHEZE L7 CAD Ok %, Fig. LZmd. £7,
PG ORISR N 236 L, FP OHIE % X
5728, RiMLEE(Fig. 19 @ Image Preprocessingl 5 &
W 2)ZEATH. RLERIC XD, B, S EEE A X
SRR ) A X EBREL, 2 T A MERESE
% ZET, BERRHEEMIET D, BTAELL 2 REEH
HY, VTN ORMICEBOT Y P&k L-DDH
W) A REBRETDAT AT U7 4 NVEHFEITL,
WAARJE W ) A A &brET D v 77y b (Tophat)
TANBZFATT D, BMINAT AT T AN B %
FATULZBHIE, Py 7oy N7 VX BIICELT
THE, AFAT T4 NEZOER ) A XRER
ENTRDEBEZT-HToH%. Image Preprocess-
ingl |ZRFF IR OBIERE % & 5 72 O OALET,
Image Preprocessing2 |3 52 ¥ [252 2 Tk 72 & DFFE D
FHEIC L 0 BB 2 HIBR L C, FFRELZED D
72O TH 5.

®iZ, GWDT & VNQ #JIEIZ5# A L, ROI il %
1T 9 (Fig. 10 ROI Detection). L2>L, Z OE:MECHl
I 2 ROL I, BE— AHT- EEET &%
<, ZDIFEAEX FP THDH. EMOFRIZH D
LEMEBIKT 5121%, ATHEZRERY FP ZHIET 2
ZEMRETHD.

T, BEEFLUESH D FP &, EfEgh L R
WA IZFR B - 0% L, FP & B89 5 (Fig. 10 Feature
analysis and Nodule discrimination). &3O ALER T, F
WREREMOMEELHE LEREERICAEH T
T2AE Y 7T LHFEJRH 05], BRI LU
BETFNEDT T VL— b F U T BT O HiE
[Takizawa04], 74> 22 [ EIC X 0 &A1 3 2 5 ik
[Fukano05]7¢ & & #AHHE T 5.

JlEs CT Mifgi%, 512 X512[pixel], A7 A AJE
10[mm], fi#44 %1% 0.6[mm] X 0.6[mm], & &£ 120[kV],
BEFIT 25[mA]DN D 50[mA]DEIPHZABE LT\ 5.
1 JEBNE EFEOSRMETA S v > LIZES CT MR
30/ THS.

IS

i}

=+
(5110

it Vol.1l No.l1  Sept. 2007

Jr Il

Image
Preprocessing 1

Image
Preprocessing 2

.

ROI
Detection

Abnormal Nodule(s)

J L

Feature Analysis and
Nodule Discrimination

Fig. 1 The flow chart of our CAD system. “Image Pre-
processingl” and “Image Preprocessing2” are used for
accuracy improvement in “ROI Detection” and “Feature
analysis and Nodule discrimination,” respectively. “ROI
Detection” consists of GWDT and VNQ.
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a. An artificial nodule. b. A pseudo image gen-
erated from the artificial

nodule.

Fig. 2 An artificial nodule and pseudo image used for
evaluation.
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b. A profile of a true nodule and its surrounding area
(pixel values are added 1000 to the original CT value
[HUT)

Fig. 3 Profiles of an artificial nodule model and a true
nodule.
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b. A histogram of embedded position (z: slice number.)

Fig. 5 Information of Embedded position of artificial
nodules.
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95,

a. An artificial nodule synthesized with CT image(s) at
the center of the white square.

Artificial nodule

b. Magnification of the area indicated by the white
square (An artificial nodule is in the center of a white
circle).

Fig. 6 Emulation of a nodule by a artificial image.
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Fig. 7 The concept of the detection-possible line, the
detection-possible area (indicated by shaded area), and
detection-impossible area.
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Fig. 8 Relationships between diameters and attenuation
of artificial nodules on TP ratio = 0.9. “m” and “t” mean
filter sizes of median filters and Tophat filters, respec-
tively.

Table 1 Values of detection-impossible areas on diame-
ters between 5[mm] and 10[mm)].

Preprocessing | Area | Area Ratio
without 73.3 1
m=3, =17 64.0 0.86
m=3, =33 61.6 0.83
m=3, =49 59.8 0.80
m=5, =17 77.5 1.04
m=5, =33 70.4 0.95
m=5, =49 72.4 0.97
m=7, =17 77.2 1.04
m=7, =33 80.2 1.08
m=7, =49 69.6 0.94

Table 2 Values of detection-impossible areas on diame-
ters between 10[mm] and 20[mm].

Preprocessing | Area | Area Ratio
without 62.3 1

m=3, =33 31 0.49

m=3, =49 359 | 0.57

m=5, =33 31.1 0.50

m=5, =49 36.7 | 0.59

m=7, =33 33.3 0.53

m=7, =49 38.1 0.61
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Table 3 Values of detection-impossible areas on diame-
ters between 20[mm] and 30[mm].

Preprocessing | Area | Area Ratio
without 86.0 1

m=3, =49 54.4 | 0.63

m=5, =49 42.5 0.49

m=7, =49 46.1 0.54
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Fig. 9 Close-up images synthesized with an artificial
nodule.
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A quantitative analysis of preprocessing operations for lung nodules detec-

tion from chest X-ray CT images
Suguru KAWAJIRI™, Shinji MIZUNO™?, Hotaka TAKIZAWA ™, Shinji YAMAMOTO™,
Satoshi UMEDA"™, Tohru MATSUMOTO", Takeshi INUMA ", Nobuo TATENO™
*1 Graduate School of Medicine, Gifu University
*2 Toyohashi University of Technology
*3 Graduate School of Systems and Information Engineering, University of Tsukuba
*4 School of Information Science and Technology, Chukyo University
*5 National Institute of Radiological Sciences

For improvement of nodule detection in CT, we have evaluated image preprocessing employed before our Com-
puter-aided diagnosis (CAD) system for lung cancers. The preprocessing method consists of the median and tophat fil-
ters. The median filter can reduce high frequency noises, and the tophat filter can remove low frequency changing in
density. This paper describes an evaluation method by use of artificial nodules. Experimental results show the relation-
ship between the parameters for the filters and the sizes and attenuation of detectable nodules.

Key words: Chest X-ray CT images, lung nodules, Computer-aided Diagnosis (CAD), preprocessing, detection possi-
bility
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