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Fig. 1 Examples of uncontrasted 3D abdominal X-ray CT images.
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Fig. 2: Positional relation model of abdominal organs.

(a) Axial view, (b) coronal view. A:

Anterior, P: Posterior, R: Right, L: Left, H: Head, F: Foot.

Table 1 Anatomical knowledge of abdominal organs and distributions of CT values in them.
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3D abdominal X-ray CT image
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Fig. 3 Processing flow of the abdominal organ extraction.

@ (b)

Fig. 4: Processing area for detecting seeds
of the liver (light-gray area) and the spleen
(dashed rectangular area). (a) axial section

and (b) coronal section.

Fig. 5 Processing area for kidney extraction.
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the kidney extraction (b).
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Fig. 7: Processing area for aorta extraction
(dashed rectangular area), and a limitation
for estimating the location of the aorta (gray

area).
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Table 2: Acquisition parameters of CT images used in the experiment.

No.1 Jun. 2005

All these images are

available from the Society of Computer Aided Diagnosis of Medical Images (CADM database

OO 02]) .
Number of slices | Number of pixels | Pixel spacing | Slice spacing | Thickness
Case [slices] [pixels] [mm] [mm] [mm]
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Table 3: Values of parameters used in the ex-

periments
Parameter Value
Ty 10 [mm]
k1 3.0
ko 4.5
ks 3.5
h 30
Ty 300 [mm]
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Table 4: Evaluation of the extraction results

by observation.

Case Liver Spleen | Kidney | Aorta
1 ° « a « a BIC
2 o o o o
3 o o o o
4 o o o o
5 « b c a Ox @ °
6 ° BRI « a 0
7 o o o o
8 o o o o
9 o o o o
10 x boe o x d o
11 o o? 0 o
12 o o o o
13 o o o o
14 « bocod e f ° « a, d °

o : good.

O : small amount of mis-segmentation.

x : large amount of mis-segmentation.

a: over-segmentation of the small intestine.

b: over-segmentation of muscles.

c: over-segmentation of the heart.

d: defect regions in the extracted result.

e: over-segmentation of the main vein.

f: over-segmentation of the descending aorta.

[00 02] O0DDOO0DO0ODDOODDDOO “Level Set Method DD 000
J0bD0o000D0000@ 0 120000000000000000
Ooo00 1nnogoooooooooooooooooon, pp. 219-220
(2002)0

[0002] O0DDODOOO0ODOOOOODOODOOODODODO0OODOOOOO
go“00ob0oo0ob00ooO0obO0o0ooO0o0ooOooOoE O 1200
gooob0o0oooo0o00bOo0b0 11ooo0o00b0oO0O00oOo0OO0O
0000000, pp. 221-222 (2002)0

[00000 02] OOOO0DOOOO0ODDOODDDOOOOOODOOOOOO
“300000000000000 CTOOOODOOOODOOODOD
”» 000 D-II, Vol.J85-D—II, No. 10 pp. 140-148 (2001)0

[Doooooo] “0bb000000000000 D00000ooooa
00000 00000 (2003)0

[00000 04] “0O000000D0DDO0OOOD DOOOOOOOOO
OO0ooOooooooo (2004)

[0001] O0OO0DO0ODODODOODODOODO“300000000000000
ooooooD ooo D-II, Vol.J84-D-II, No. 50 pp. 843-850
(2001)0

[Zhou02] X. Zhou, T. Hara, H. Fujita, Y. Ida, K. Katada and K.
Matsumoto, “Thoracic organs recognition from 3D multi-slice
CT images: preliminary results” TECHNICAL REPORT OF
IEICE, PRMU2002-3, MI2002-19 (2002)0

[Park03] H. Park, P. H. Bland, and C. R. Meyer, “Construction

of an Abdominal Probabilistic Atlas and its Application in

Segmentation,” IEEE Trans. on MEDICAL IMAGING, Vol.

22, No. 4, pp. 483-492 (2003)

02] OO0OOOOOOODOOO0OO0OOO0OOOOOOOOOOO“D00

0000000000 30000 XO CTOOooooooooooo

00 MEDICAL IMAGING TECHNOLOGY, Vol. 20, No. 50

pp. 572-583 (2002)0

98] 000ODD0ODDOO0OD0O0000DO000D0000000000DO

“000000000000 30000 CTOODOoOoOooDoOooOoo

00 000 D-II, Vol.J81-D-II, No. 60 pp. 1429-1438 (1998)0

02] O0OOD0O0ODO0O0OO0O0O0O0OO0OO0DOOOOODODOO0O0OO0O0“CT

Jo0o0oO0ooo0oDoO 30000 X0 croooooooooao

oo

oo

oo

No.1 Jun. 2005

o000 0 120000000000000000000 1100
000000000000000000, pp. 217-218 (2002)0

[00 93] D0ODO0OO0O0OODOO“¥00000000DO000DOO0OOOO
go0ooOo oooo D-II0Vol.J76-D-II0 No. 100 pp. 445-453
(1993).

[Saito94] T. Saito and J. Toriwaki, “Reverse distance transforma-
tion based upon the Euclidean metric for n-dimensional dig-
ital binary pictures,” IEICE Trans. INF. & SYST., Japan,
E77-D, No. 9, pp. 1005-1016 (1994)0

[Haralick87] R. M. Haralick, S. R. Sternberg and X. Zhuang, “Im-
age analysis using mathematical morphology,” IEEE Trans.
on PAMI, Vol. 9, No. 4 pp. 532-550 (1987).

[00 03] O0OOOODO0OODOODOOOODOOOOODODOOOODOOO
go«“00oooO0oooo0o0ooo 3gUoo Xo croooooo
00000000 00000MI2003-10, pp. 55-60 (2003)0

[00 02 O00O0ODDOO“0000000000000O000D OO
000000000000, CADM News Letterd No. 360 pp. 2-3
(2002)0

[Ballard81] D. H. Ballard, “Generalizing the Hough Transform to
Detect Arbitrary Shapes,” Pattern Recognition, Vol. 13, No.
2, pp.111-122 (1981).

00 00 (0000 0000)
1997 00000000000 0O02002
gooooooduooogouoouooo
2003 00 000OoobOoooogoo
goooooooooooobooo
gobooooooooboboooo
gooboooobooboooooo
ggboooboobbooooobooo
ggboooooboooboboooboo
goooobooobo

00 00 (000 0000)
20000 000000000200300
goobooooobooooooooog
0000000000000 oOOo
gooooooobooooboo

00 000 (booo ooooo
o)

2001 0000000000200300
goooo0ooO0o0ooooooooooo
Jo00o0o0oooooooooooa
gooooooooboooOoooo




000 (000oooo)

19920 0000000001996 000
Jo00D000b0O00b0O0019940
1997 00000000DO0O0ODOO0
001997 0o0noooooooooogd
gopo2o0000000020010000
Oo0o0o0ooooooooooo2001
godOd2200200000000000
godooooooz2o030000d
oo uogo
goo000o0o0b0 300000000
ggbooooboboooboboobo
ggbooooboboooboooboga
goo0ooboobobooooobga
goo0oooooooooobood
gdoboooooooobobooo
goooDoooooooboooood
ggbooobooboobooobbo
goooboooboboobooboog
000000000 0IEEE Memberd

000 00 (000 000)
19910 0000000000001996
Jojoddddodoooogoogoooo
gooobobooobooooboog
ggd0010000000000004d
gooooooo0oOogoo204000
ggbooooboboooboboog
gbo0o0oOo300000o0boooo
ooooooOooooooooo (o
O)OIEEEDO0OO0O0OO00OO00OO0O
gooboooobooooooood
goooooooo

000 00 (uooo ooooo)
19740000000000019790
gooobobooooooooooda
obOoooooO1986000001987

. 000000000000199200

goboobooOooooooooooo
goobooooboooooobooooo
obooooobooooobooooo
gobooooooooooooooo
gooobooooboooooooa
goooooooooooooodad
gooooooobooooooooad
0 30s80100o0oooooooon
oooooosooooooooo
gbooooooonb 12000 160
NICOGRAPH/MULTIMEDIA OO
ooboooobooooo

—10—

Journal of Computer Aided Diagnosis of Medical Images Vol.9 No.1 Jun. 2005

00 00 (0000 0000)

1968 0 0 0000000019730 00
ggbooooboooooboboo
go0O0o0 NTTODODODOODOOO
goooDoboooooobooooo
O0o0o0oooooo198s50 300
0100o0o00booooooooo
0o0oo0o00ooOOooooooONTT
goooDobOooooooooboooo
gobboodooooobbbooooo
19970 2000000000000
go0ooooo0o0ooOoo20030 40
gogboooooboboooboooo
gooooboooobobooooog

00 00D (0000 00000
oo)

19620 0 0000000019670 00
gobo0oooobooobo0o 40000
gobooobooobobooboo
goooooodouooogouoooo
g00D0o0bO0oOoDboOo1983000
000000 (boooOoooooo
O0000o0)ooDOo20030 400
goo0obooooooboogooo
goooooooboooboooo
ggbooooobobooobooobooo
gb300000000D00000DOo
ggboobooobooboooooo
gojooooodoooououoooo
0oMoooDooooooooooon
000 Io1o(@oo)o3ooooo
oo0oo0oOoo(@Muo)ymooooo
(bODOooD)ooUooDUOooUOooOooo
goooooooooooooooo
O00O0O0OIEEEDODODOO



OO000oOo0oO0ooooOooDboogd Vol

A 00000

gooobooooboboboboobooboboo
gooobooboobooboboobooooon
ooboobooboboboooobuoobobobooo
oobooboooboobobooboobobobooo
googo
00300000 F={f(x);x=(i,j,k)}000 30
020000 G={g(x)},000 (z,y,2) 00000
FIFOOOOD QUEDD p = (z,4,2) 0000000
0000 G(p) 00000 ¢00000 pOO0 (2,y,2)
0 QUEDOOOODOD push(p)DQUED D OO
0000000000 pep()DO0OOO0OOOOOO
00000 {s}000000000 {G} (1<i<N)
00O Judge(p, C;) O
Judge(p, C;) { 1, (p satisfies Condition C;)
0, (Otherwise)
good
(Step 1) QUE « ¢.
(Step 2) for Vs; push(s), g(s) « 1.
(Step 3) p < pop().
Go to Step5, if I;{Judge(p,C;)}=1
Go to Step6. Otherwise
(Step 5) for "x € G(p) | g(x) = 0;
push(x), g(x) 1.
Go to Step3, if QUE # ¢
stop. Otherwise

coboooobDoooOobobobD GOODO 1-0000
OO0O000D0ODOODOOStephOO0O00OOOODODO
gobooobooobooboobooboo-oooba
gbobooboooobooboobooobobooog
ooogd

(Step 4)

(Step 6)

B 00O0OO00O

30000 h(z,y,r) 00000000000RPD
goooooooooooobooor,sooooa
S,..00000000000OO0OooOoNODOOOO
gobodooooooooooon
for V(i,j,k) € RF, Y(x,y,2) € R, "r € N;

h(x,y,r)=h(z,y,m)+1, if (|(z,y,2)=(i,j,k)|=r)

A(rym1—2<r<r,_1+2)
oooooo'o

lgpOo0000000000000000000000000
0000 30000 h(z,y,r) D00D000000D00DO0D00 4
0000 h(z,y,2,r) 000000000000RO00000 00
000

11—

No.1 Jun. 2005



Journal of Computer Aided Diagnosis of Medical Images Vol.9 No.1 Jun. 2005

top view

Fig. 8: Examples of the 3D displays of the extraction results. Brown: liver, green: spleen, yellow:

kidney, red: aorta.

Slice No. 50

Slice No. 140

Slice No. 120

Slice No. 110 Slice No. 130

Fig. 9: Examples of the axial sections of the extraction results. Brown: liver, green: spleen,

yellow: kidney, red: aorta.

Slice No. 80 Slice No. 100 Slice No. 120 Slice No. 140

Fig. 10: Examples of the axial sections of the extraction results. Brown: liver, green: spleen,

yellow: kidney, red: aorta.
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Fig. 11: 3D display of the extraction results (left: back view, right: top view). Brown: liver,
green: spleen, yellow: kidney, red: aorta. (For bq':;se 1, see Fig. 8)
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Automated extraction of abdominal organs from uncontrasted 3D

abdominal X-ray CT images based on anatomical knowledge

Takayuki Kitasaka*! Hirofumi Ogawa*? Koichiro Yokoyama** Kensaku Mori*! Yoshito Mekada*?

2

Jun-ichi Hasegawa™ Yasuhito Suenaga™! Jun-ichiro Toriwaki*?

*I Graduate School of Information Science, Nagoya University, Furo-cho, Chikusa-ku,
Nagoya, 464—-8603 Japan
*2 School of Life System Science and Technology, Chukyo University, Tokodachi,
Toyata, 470-0391 Japan

Abstract

In this paper, we describe a method for automated extraction of abdominal organs from uncontrasted 3D abdominal X-ray CT
images based on anatomical knowledge. In abdominal CT image, intensity contrasts between abdominal organs are low and they
exist very closely. Therefore, any extraction methods based on CT values, such as a region-growing method, cannot segment each
organ correctly. On the other hand, shapes, positions and distributions of CT values of organs are known. The proposed method
extracts each organ by a region-growing method, which uses not only CT values of organs but also anatomical knowledge mentioned
above. Before extracting each organ, the processing area for each organ is defined by using anatomical knowledge of its shape and
position so as to make the extraction process stable. In the extraction process, distribution information of CT values of each organ
is used as a condition of the region-growing. The proposed method is applied to fourteen cases of 3D abdominal X-ray CT images.

The extraction results showed that each abdominal organ can be extracted satisfactorily and stably.
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