BFRLEZHRIRE
IPSJ SIG Technical Report

Vol.2013-CVIM-187 No.21
2013/5/30

BERERA A XACTERIZE TS FEERESHMEICEY

FL®HIZ

Y A

B OEME OARH S FEIR R Pk AR S pE

BEE - A -CIT R 7 & O NFIRE RO BB 217 5 BRICiE, —mIic CT migAHAVw b5, LavL
ERIIZHOWEGEE BRTHRE L2 TR 6T, AERZRTHD. oL BREERNDL, BV R
FE=Ar & LTOBKHMBRE BRI X 22K 2 B0 E LT CT BEifgh S BRI & - CHF
ISR O 21T 5 FiE2 M L. £, BUS L-FREROBESFR 2T L, ERSHES LH TR
DICEVBIEZREL _fELEITS. FO%, BL 7+ —EELE TR U E AWT ) A X2
LB E T A AT 5 2 LI L 0 RO R 2 RET 5. KIZ, SRR O % IS
RIS D LR RT A= 2E T L= T 75 v MEE W CITIRRER SR 2 82 o+
5. AFEREEER CT EigIc@i L, EANRAM 2R L.

F—T— 8 JEEERA T A A CT Wiy, AFEEDssht, 77 70 v ME&, SHRZ TR

Abdominal CT Images

Abstract: In the diagnosis of liver affection of cirrhosis and hepatocellular carcinoma,etc, the CT Images
are generally used. However, the physician must scrutinize the many CT Images, therefore, the problem
is the heavy burden on the physician. Then, we have developed a method of auto-extracting the whole
liver from an abdomen CT Images due to aided diagnosis through quantitative as second opinion. First,
analyze the distribution of brightness of the original image. Second, determine the threshold of binarization
automatically, and do it. Next, it reduces the noise using morphology operation and labeling processing.
And, determine the boundaries of the crude extraction region by applying a active contour model. Finally,
we extract the whole liver region precisely using graph cut method which automated the parameter learning
by adaptively choosing the pixels of the inside of boundary. Experimental results of clinical abdominal CT
Images have shown the fundamental effectiveness of the proposed method.

Keywords: Abdomen multi-slice CT Image, Liver segmentation, Graph Cut Method, Computer-aided di-
agnosis
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FRORMET S, AN, ZOFE B L LTCOT mgh
S G X o TITRREEIR O 21T 5 Fik2 BI%E L7z,

2. BAEMR

CT Wi % T2 TGRS & fh 9~ A WFST I WO R
ErFERITHD, FENILANER A \EHEZ1T 5
Fge L, A bz B B CRFiAE & fhit 9 2 iF2e1s 5y
HTED.

FEN K DB A S Tohh i 24T 5 A8 TIEK 90% 2L |
D EREE CHFIBEE A 21T 72 > TV D b DO DALEE I
RFEAMEIE #1772 > T 5 [1][2][3]. Lim 5 [1] O#FFEILRAT
JLBEE LT CT @ ROI ZFBTIER L TH Y, dL)I15 [2]
DRFFEIIFIET b 7 A % A pld 2 Rl LB o> i v il
T SRR O HIBRCHT R R SR O & T D BRI T O #
ERA-TW5. Deng Wang Li & [3] DWFFEHAERT b
T A ENERT DBBICFHOBENR AL, CT REIX—FEIO
A CIHEFICEZBOME Bz RET 2729, [1][2][3] P&
D 7ot EERME IE S UERIC A D L EEENIER T X T L
FU, EMMOBENPNZ > THEAZTLEI AEIERDS.

Z DX iFFRICR LC, A b &R B B TRk &
T 2HFETIEECE S [4] %0, RS [5] ITEEk S n
IEERAFAELET N7 AT 70 v M X D TiEE 7
BLTWA. D OTFIETIFIEH L O &% B - 7 iF
TRV DO, [FlEEOH L % 88.6%~89.3% DK
ETITRoTW5D. LL, AT7A AMBEEOFRIHCS
TIH Y MTHEZDBRT A—F OFEDOWERE TR
DR EARND EEXD. E, HAOD 6] 0D [7]
DIFFES 90% R D &V G BE CIFIRAE I 217722 - T
D0 O S ORFFEIFEMIC W IEFIES 4 AT 4 A, &
HIEL 2 AT A A LFHBIERIE D72 <, MMOTEFNHE X 72
WATEEMEDRN B 5 .

ARG T, FEIHEEICHE S BIEREEZITHIZ L T
LD BEE B ISPIZED, £, AT A AMBEED
FHSCT T 75y MTH 2 5/37 A —% ZFIgiEkN» 5
SHFEET D Z L EOTFEEHGD Z & CTREENEIE AT
DY, BECHBER O 21T o T 2 & LT 5.
3. REF&

3.1 2KOHME

AW EROPEINE K 1R T. AR &
B ORI S. M TIXET, Al e LTE
BUREICA T A AEREL, FRbEIT5. Wiz, B (CT
) AR DT 21TV, b OBEERET . £L T,
ENT xR T—EERLT XY T ELT ) A X AR
S, ZORRICENERETT VEEMAT 5 2 & TR
HZEITV, B L7z imss & 2 0N 2 fHmHfEk & 5.
BRBIMMD AT A ZA~BEIEOEIREIT .
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NHLTERS LA RAEERBEE 57012, BfS L2
BIH LT o7 4 NE T R ETT .
3.2.3 #MEMMEEICE D CREESRTE

CT {4 D FE AR 1L B A 2 AU 72 1% O R #RE <0,
BAELEZED 1 ATA AT EIZRRD. ZOL) RFEIC
KIST 2720, WeEHIHEE 12 3D = BIE & ISP B E L
B EAT D .
£, HROEGR O ES AR Z1T5. 22T, IF
Nige oD B BE A3 A VX EHL A EARE L, BABEE D15 5 & 4
WA n 280, B LML SV fid ik 50
O ETFET L. ZOWIESAMRMFNTCIX 1 E B IXEfgR 20
DOMHBESIAR 2 RN 525, 2 B 25 X dwEi H e (o Hh
STk D B % P BUCIRNT 24T 5. ZDAT v 7% s [H
179 2 & Tk OB OBIEZ B E L, EifRo 8
L&1T9. PIERTn=1.25, s=4 & L= BIFiE
EPBFENIZOT, ZOECRMELERICRETD.
3.24 /A XDIEHRE

T BB OB A — T = S A B L, b EE
DBRCECDMNR ) A XK ESE D, 20k, T
VT EAT ORI O 32 Z & CHFIgaEIR LS D
A XEWHETS.
3.2.5 HHEBRE

K72 ClE, Kass I L » TERE I N -G
JU (Snakes[8]) & AWV CHEBRINZTT S . Y o 7 fLp
1 & o CThllH S HUBEHIRIC Snakes Z A5 Z & CTHasl %
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HIHEE 1T S < BUERR EIC L » CEH S - BED L Fo
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725 CEMR D n-link(x, y) D3R B c(vg,vy) 13H 2 DK
BE L HAER ORI LY 526D,
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INOLOIER LTINS, £hEh” B3 &7 FREET I
$Hd 5, BIOTEA (source s, sink t) & %#Efif L, terminal
link(t-link) & FHEN D AL & D source 72 & AALHE I
KINT DR, KOBNEIZKIST DTERAD sink ()
TERIN TS, tlink D=2 A b ¢(s,v,) KO c(vg, t) 1T,
F1OFAMEREROLEORIICEIY BABATND.
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EROX IR L=/ T 71220\ T, source & sink &

EHEIT LRIy NERD D, ZORANS Y MEEAT
LB, BR7 v —k/hly FOEM[10] 128V, source
MB sink ~DEF KT 7m—%RKD A BEIIFE ST 5.

AW D 7 Z 7 F v MLEETIEER K7 1 — % ZIHAIRF
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BN DE5 7 770)%\@5 ZFoUL 1, sink IZENDHHEB
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Y7 k& VT 16bit 7 L— A — W25 LT .
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£ 1 G L ORATA AEORIE (%) &BBRIEER (%)

M= | R

ZF4 %1 | 57.98 0.03
254 A2 | 95.77 6.77
AT %3 | 98.92 11.45
AT X4 | 96.38 7.35
254 X5 | 96.36 7.95
ATALA6 | 94.61 7.98
AFALAT | 96.03 8.88
AT A8 | 95.18 7.56
2T 29 | 91.13 1.89
AT %10 | 92.62 2.02
AT A %11 | 98.57 2.62
AT %12 | 98.94 3.05
ATAA13 | 98.98 4.97
254 %14 | 95.36 3.27
AT A 15 | 98.57 3.50
2T 216 | 96.60 2.07
AT A 17 | 94.88 3.66
AT %18 | 95.82 0.90
T4 A 19 | 96.82 2.47
ATAA20 | 95.43 0.37

) 94.25 4.44
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L, R¥EDORTAATIE10(b) D K 5 (IR D —E
OHIZRIET 5 2 &R0, ®10(d) O L5z, FFIeERLL
S EBWENCHE LT LED 2 ERNEh Tz,

—J7, M ORERE b & AAT o TR E i CIE 13(d)
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£ 2 JEHI2 DATA AEORIE (%) & BB (%)

R | R

ATA A1 83.52 21.21
ATA R 2 99.01 16.90
ATA A3 88.19 3.73
ATA A4 92.35 2.50
ATA A DB 98.05 4.67
ATA X6 99.15 4.89
ATART 98.87 7.62
ATA A8 99.35 12.89
ATA A9 99.33 13.13
AT74A10 | 98.44 13.78
AT7A4 X 11 | 99.11 29.46
ATA4 A 12 | 98.94 35.78
ATA A 13 | 99.34 46.79
AT7A A 14 | 99.55 53.78
AT7AA15 | 98.89 16.79
AT7AA16 | 98.79 18.15
ATA A 1T | 99.74 11.83
ATA4 A 18 | 97.07 2.33
ATA A 19 | 95.88 3.84
ATA 20 | 97.84 2.43

Sy 97.07 16.12

£ 3 N3 DATA AFBORIE (%) LRI (%)

B | @R R

ATA A1 83.32 6.83
ATA R 2 97.47 8.46
ATA A3 97.80 10.17
ATA A4 97.20 8.50
ATAAD 93.57 2.28
ATA A6 99.58 5.70
ATA AT 99.40 8.73
ATA A8 99.34 7.19
ATA A9 99.33 6.94
ATA4 X 10 | 99.22 7.85
AT7A4A11 | 99.36 9.39
AT7A A 12 | 96.06 15.31
AT7A4A13 | 91.08 52.25
ATA4 X 14 | 99.61 13.53
AT7A4 X 15 | 99.65 7.36
ATA X 16 | 99.18 5.91
ATA A 1T | 98.72 8.25
ATAA18 | 97.38 18.77
AT7A4A19 | 96.30 11.92
AT74X20 | 98.96 3.63
ATAAX21 | 97.42 2.98

¥ 97.14 10.57

& O B A < BT R DR T A —Z & L TRETE
TeinbinbELEZR L. LaL, BEMEHOERTY, T
B DU DT BRI TERD 2T AT A AR, JTIHGH
HROALE L, BB O 2ROy ORI KL

ATA AL BT,
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F 4 JEH A DATA AEORIE (%) &BBIRIER (%)
Wi | R

254 %1 | 86.27 4.60
254 %2 | 93.46 5.04
T4 %3 | 91.41 8.05
AT X4 | 98.76 79.21
AFA4 A5 | 98.39 13.02
ATAL A6 | 98.21 3.63
ATALAT | 98.58 42.66
AT A8 | 96.19 1.00
2T 29 | 51.03 0.50
AF4 %10 | 98.41 51.65
54 %11 | 97.85 53.69
54 %12 | 97.39 47.28
ATAA13 | 96.01 6.50
A4 A 14 | 96.68 1.52
AT A 15 | 91.29 1.05
2T 4216 | 91.70 0.77
AT %17 | 95.00 2.65
A5 4 %18 | 80.91 0.53
ATALA19 | 89.11 0.75

RS] 91.93 17.06

£ 5 G5 OATA AEOBIE (%) LBBRIE (%)
B | BRIRHE

254 %1 | 83.36 0.13
254 %2 | 91.79 1.91
ATA4 A3 | 92.33 4.11
2T %4 | 92.01 0.90
AT A5 | 92.12 0.89
AT X6 | 92.67 3.52
A4 X7 | 93.38 6.27
254 %8 | 93.78 8.13
ATALA9 | 95.11 10.84
ATAA10 | 95.18 1.35
T4 A 11 | 95.29 1.98
A4 A 12 | 97.68 4.60
254 A 13 | 98.98 9.16
AT %14 | 97.06 3.42
AF4A 15 | 96.39 3.61
T4 A 16 | 89.92 1.15
T4 A 1T | 91.17 1.48
AT A 18 | 95.54 0.86
AT 19 | 96.45 1.02
AT %20 | 97.16 2.06

5] 93.87 3.37

INBOREE LoVREA LR, @R H OO
72U, BAEAL 0O BA L % -0 s oLl H A 3k oD Sl L 2o
THRET T 7Ny NORIERD/NT A—FILE 2ol
FIRKTEEEZLND. ZORMBE~DOXKE LT, JiE
BIFICIEELE T AT A AL ZD ETDOW DIND AT A
2O R A DO R T A 2 OHHFE R~ Level Set %
MAWTHE LS, R LEEBOMTEEIT L), 2T
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R 6 FEEMHOEREOFFHR (%) & FERHRHE (%)

R R | S R
1 JEFIH 94.25 4.44
2 JERIH 97.07 16.12
3 JEHI H 97.14 10.57
4 JEBIE 91.93 17.06
5 JiEf B 93.87 3.37
RS 94.9 10.25

A ATRIBEME ORI 2 fRE L T D

5.2 BEIRH

— 5T, EHBPFIRERIT 10.25% ThH - 2. EERH
DORIVE, NI BT 238 U 72 B EE 3 A6 & RO ubir %
Ao TR 2 Z &0, MR OS] O MR H oD B
2, FFIBRLIAA OB 2 LT LE S 2 & TRAELE. K
TR, M ORBREEFRIH L OBBEmMHEITS . 20
%y, MAHEEOBERH AL N &, BEMH B ETE T
WRBHRAZEOEEHRSTLEY Z RS- T-.

IS ORE~ORE & LTS E R ORI
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