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Table 2 Evaluation results by observation. The symbols o
and x mean good and poor extraction results, respec-
tively. Asterisk marks mean that the method having a
mark shows a better result in comparison with the other

one.

CaseNo. | IO | Method
5 x* X
6 O O*
7 X O
8 O O*
9 X O
10 X X*
1 X O
12 Oo* O
13 O o*
14 X X*

-51-



0000000000000 00000 Vd.7No4-3 Jun. 2008

golg400000000b00, 000000000
OO000O0O0oO00b0Oo0O300ooob0OoOgOrig.so
o0 .gostdpooooooboooboonbon
ooooo300000b0obovFrig.6000 00,0
00000000 obo0obooOooOonFig.70 00
OO000O0O0oO00b0OO0OFrig.80 000000 .0
0Moo0obOo0oooboobo<4>p00o0oon
oooooooboooooooOooooooookO
k,0 k=3.00k=4.500 0000000000000
0oooooooboobo0o0oo0onk=3.50
00000000 oooooooooDoOdAaA3000
gooobooomoooobobboom™mobooon
goboooooboboooobboooobon
gobboooooboboboooobboooooobon
oboo40000b00DO0O0oOoOobOoboboOooDg?
gbooobmobooobooboboomoon
gobooboobooobom@mobooobobiboon
oo0wooooo@ocPudpPentiumdd 1.7GHz) O

400 0
000000000000000000000000
0000000 TablelD2000 Figs.607000
00DO00000000000000000000
0000,0000000000000000000
0 Fig.8()0 000000 .00 ,Fig.8(b)0 0O
000000000000000000000,00
000000000000000000000000
000000000.000000000M0000
000000000000000000000000
0000,000000CT00000000000
000000000000000000000000
000000000000000000000000
oooooo0o0o0o00.
000,00000000000000000000
0000000000000000000000
(Fig.90000).00000000CT 00000
000000000000000000000 @0
000000000000000MO0000000
000000000000000000000000
000000000000000000000000
00000000 1000000000000000
0000 (Fig.9 Casel0)00 00000 ()OO0 OO
000000000D00000000000000
0MO00000C0000000000000Mm
000000000MO000000000000
000000000000000000000000
00DO00000000000000000000
00000000000000000. 0000

Fig.100000000000000000000O0
00000000 MO0000oooooooonon
O0000MO0000000000000O0OO
000000000

0005000 00000000000000000
O000@M0O000000000000000CT
000000000000000O00OOOOmO
00000000 MO0O00000000R®.130
000000000000000000000000
000008SmIO00000000000000OO0
OMO0O00000000000000000000
00000000XTO000000OO0oooooO
0MO000000000000000000000
Oooooooo
000000000000140000000000
0000000000 0000000000000
0MO00000000000000 (Fig-11(a))C
Fig.11(b) 00000000 OO0DOOOOOO0OO0
00000000000000MO0mOonon
00000000000000000000000O
00000000001000000000000
0000000000000 MO0mMmO0o0on
0000000000000O0O,00000000
0000000000MO000Fig.100000
00000CTO00000000000000O M
000000000000000000000000
000000000 MO0mMO00Nooooon
000000000000000000000000
000000000000O0O0OmMOO0Onnnn
00000000000 MO00ONONonononoonon
O00@MO0O00MO00D000o0onoooooon
000000000000000000000000
00000 .001400000000000000
000000000000000000000000
00000000000000000000000
00

00000050140 00000000000000
00000MO00000000000mOonn
000MO0O00000000000000onononog
00000000000000000000.00 14
OO0Fig.10(h)(00000000)00000000
O0000000000D,00000000000
[0D002]0000000000000000000
00000,00000000000000000.
0000000000000000000000cCT
00000000000OOOOOOOOOO,0On
000000000000000000000000
000000000000,00000000000



Journal of Computer Aided Diagnosis of Medical Images Vd.7 No.4-3 Jun.2003

gobooboooomobooobooboboon
goooodoogoob.bo,0bobooobobo
goboobooboobooboobooboooboo.oo
go,.00b0o0boobooboboo,boob
goobbooooobobboooobobbooooooo
goooog.

stnnon
goboobrmooobooooboooooboon
goboobooooboobooobooogoXxocero
oboooboobobobooboob .0oboo4n
goboboo,00boobogoboobobogn
gboboboobooooooooo.
gobobooboob,00boobogbobogn
gbooobooocrtTooboobooobooboon
gboobobooobgoooboboob,.boom
ooobooooobooboog.

gg
gooctTobobobobobobuobobobo

gbooooboooboboo™o,oobooboo
gobobooboobooboboobmobooobn
gbmoooobooboobmoboobon
gooooooooobooogoobo21o0ceedn
oMoobooboooboobooogoooooobm
gobooooooHRCOOODOOOO

agoon

[D0o0]J00000OXODODDOOOoOoOoOoOoOUoooDO-ooDoDoOOOOo
oooooooooo,b-118Vol .J83-D-110No. 10pp.3-260120000

[D0o00]0000000000000000O0O0O0ODO0O0O0O0DMOBDOD
000000000 OCADM News Lettert No.2800pp.12-1312000.

[D000]0 00000000000 CTOCAD 00000 00onooog
[0 O CADM News LetterO No.290 pp.10-110 2000.

[DOo0lCCOCOO0OODOOOOOODOD,000000ODO00O0O0OOOg
go0oO0oOoOoOoO0ooOo3ggooxgcerbooopooobooooogo
0o00o0ooooog ,b-110vol.J83-D-110No-10pp-165-1740200000

[D0o0UID000DD0O0OD0000000O0O0 ,00000Oo3 oo™
gxocroooooooooooooooooDooo2 0000
OooOoDoOoo00OOnpp.231-2320 20020

[D000002] COOOOO0D0U00D0DOD0D00Ooooooooooo
jddooooooooooboocrooooooooooogoooag
goooooooooo, D-11, Vol.J85-D-11, No.10 pp.140-
1480 20020

[0002]0000,000,0000000000000000000 X0
crbdboooooobooooboobobo. 01200D0D00000O
goooooooooolnpooooooooooobooooooo
O, pp.215-216 (2002-11)

[D002]0000 ,0000 ,00000Level Set MethodO OO OO
0o0o0ooO0o0o0oooOo0O. 01200000000000000
000o0nooooooooooooooooooog, pp-219-
220 (2002-11)

[0D0o02000,0000,00000000,000,0000,000
Jo00000o0o0o0o0oo0o0ooooooooogogo. 01200
goooboooooooooobbbnnoogoooboooooooo
oooooog, pp.221-222 (2002-11)

[Schenk00]Andrea Schenk, Guido Prause, and Heinz-Otto Peitgen:
Efficient Semiautomatic Segmentation of 3D Objects in

Medical Images. Medical Image Computing and Conputer-
Assisted Intervention - MICCAI2000, pp.187-195 (2000)
[Lamecker02]Hans Lamecker, Thomas Lange, and Martin Seebass:A
Statistical Shape Model for the Liver. Medical Image
Computing and Conputer-Assisted Intervention - MICCAI2002,

pp-412-427 (2002)

[MastaniO2]Yoshitaka Masutani:RBF-Based Representation of Volu-
metric Data. Medical Image Computing and Conputer-As-
sisted Intervention - MICCAI2002, pp.300-307 (2002)

[Malladi95]Ravikanth Malladi, James A. Sethian, and Baba C.
vemuri:Shape Modeling with Front Propagation:A Level Set
Approach. IEEE Transactions on Pattern analysis and Ma-
chine Intelligence, Vol.17, No.2 (1995)

[bOooi10O0C00U0,0000,000,00000,000000000
gooOoo0oos3goooxoctTooooooooooooo. O
11 00000000ooooooooooopioooooooooo
ooooooooooo, pp.193-194 (2001-11)

[009e8l000000D00O00D0O0000ON0,0000,0000:
g0o0oO0oo0ooooo3poooxgoctToooooooooooo.
00000000000 D-110Vol.J81-D-110No.60pp.1429-14380
19980

[0 00mooo00000oooooooooDooooooog
0000000000OCADM News Letterd No.360 pp.2-30 20020

[DO09l00000000D000ooooo, 199

od
(MHOOO0ODoOoOOoooooooooooooooo

000MO0000000000000000MmO
0000000000000000(@O00000)
000000000 (@O00000)0000ooO
00000000000000000000000
0MO00DN0O0000000000000000
000000000000mMOmMOooono0oon
0000000000000 MO00000O0oO
000000000000000000000000O
(step)000O0O0O0O0O0O0DOOFIFOOODOO0
0oooQ

(step)0 000000000000 O00000
(step3)step20 00 000000000000 O0O
0000000000000000000000
stepd 000000000 steps0000
(stepd))00000000000000000000
0-00000000000000MO0mMmond
00100000step20000

(step5) 000000000 Ostep20 00 MO0
00000000000001-000000000
00

-53-



0000000000000 00000 Vd.7No4-3 Jun. 2008

Case 1 Case 2 Case 3 Case 4

Fig.6 3D views of ideal regions(the upper row), extracted regions by the previous method (the middle row) and extracted
regions by the proposed method(the lower row)(Case 1-4). Extraction accuracy of left lobe are improved(Case 2,3).
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Case 5 Case 6 Case 7 Case 8

Case 9 Case 10 Case 11 Case 12

Case 13 Case 14

Fig.7 3D views of extracted regions by the previous method (the upper row) and extracted regions by the proposed
method(the lower row)(Case 5-14). Overextraction of heart regions are restrained(Case 7,9,10). Other organ regions are
overextracted(Case 5,10,14). The previous method exteracts spleen regions, but the proposed method extracts rough liver

regions(Case 14).
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(a)Case 2 (b)Case 9
Fig.8 Examples of improvement of extraction accuracy(the upper row:the previous method, the lower row:the proposed
method). Extraction accuracy of left lobe are improved in case 2, overextraction of heart regions are restrainted in case 9.

Case 1 Case 3 Case 5 Case 6

Case 8 Case 9 Case 10 Case 11
Fig.9 Examples of slice images overlaid on extracted region(yellow:extracted region by region growing, red:extracted region
by modification). In case 10, muscle regions contacted with liver regions are missextracted. In other case, the proposed
method extracts disease regions.

(a)Previous method (b)Proposed method (a)Previous method (b)Proposed method

Fig.10 An example of insufficiently extraced regions Fig.11 Comparison of extracted regions between the previous
(Case 12). and the proposed method (Case 14). The previous method
cannot exteract liver regions, but the proposed method
extracts that roughly.
-56-



Journal of Computer Aided Diagnosis of Medical Images Vd.7 No.4-3 Jun.2003

godd

oooomoooooooooooon
0Boooooobooooooooooooo

00000000 moBO0O00O0000O0o0n

O000000000000oo000Oo0oooao

ooomoooooooooo

oe00ooO000b00O001400000000
O0o00o00oooso0o0ooooomoon
O000o0@OOO0D000000000000000
00o0oO0o0o00oo0mOoOooooooomooon
oooooooo

ooooooooood
040000000000800000000O
oOooO0oo0o0oed0O9eODOOOOOOOOODO
OO0o00ooe0O0OO0O0O0OD0O0OO0000D000ODO0O13
ooooo0oo0o00000o0omoooom
0000000000 000000000000
0000000000000 O030000000
00000000000000000000000
00o0o0o0oo0mOooooooooooom
00000000000 000000000000000000000000
000000000 mOo0oooooo0o0ooooooooon

oooomoooooooo

go3000000ooooooosoooooOn
gobo0ooooooooosoooooOooooobDo
0o0o0o0o0o0mosgoooooooooooo
go0o0oooooooooboooooooooon
00000o0ooooooooooooooooon
(oO)ymooooooomoooooooom
goooo0oooooooomoctobooooo
gooo

J :
gbooomoobooooooooo
040000000000000500000
gooooo0ooooomoooooooboooo
00000610000 DOO0OODDOG200000
0000000630 00000004000000
g00o0oooomoooomomoooooo
00000000000000000000000
‘ .DDEDDDDDDDDDDDDDDDDDEDD

go0oomooooomoooooooomo
O00oOoO0OO0OO0OOIEEEDODOOOD

oooomooooooooooooo

0037 0o0o0000oonobo4 0000

oooo0o00o0mo4 0000000000
0Do0oO0o0004 000000049 00000
OOoo0o0000000000mOoss 0o0ooa
OOoo0o000o0o0omoss0ooooooooa
DOooO0o0O0000e0 040000000000
O000mOoe D0ODOODOODODOOOOOOO
O0o0oo0o000000000000000000

ooboobmoomooboooooooooooo0oboo0ooo0ooon
000o00o00000000o0ooooooronooo) mooo
00000000 O0000) 00000 0000) Mooooo
0000000000000000O0O0O00C0OOOO0OOOIEEE OO0

-57-



0000000000000 00000 Vd.7No4-3 Jun. 2008

Liver region extraction from 3D abdominal
X-ray CT images using distribution features of abdominal organs

Koichiro Yokoyama™, Takayuki Kitasaka™, Kensaku Mori™,
Yoshito Mekada™, Jun-ichi Hasegawa™?, Jun-ichiro Toriwaki"

“Graduate School of Information Science, Nagoya University
"2School of Computer and Cognitive Sciences, Chukyo University

Abstract

This paper proposes a new method for extracting liver regions from 3D abdominal X-ray CT images without contrast medium. The
previous method using the thresholding and the distance transformation cannot extract thin regions or regions at low CT value, such as
disease region. So the proposed method extracts rough liver regions at first. Then, more detailed regions are extracted by using distribution
feature of CT value and the information of the position. In this time, target regions are limited by using rib cage that the shape almost
unchange, overextraction is restrained. In addition, our method extracts disease region by using morphological operation. We applied the
proposed method to 14 cases of abdominal CT images taken without using contrast medium. The experimental results showed that the
proposed method was significantly improved in extraction.
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