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Automated Classification of Pulmonary Artery and Vein from Chest X-ray CT

Images Based on Spatial Arrangement Features of Bronchus and Vessels
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Fig.1 Example of CT image. (Left: Original image.

Vessel regions correspond to high density ar-
eas. Right: Pulmonary vein regions are indi-
cated by circles.)
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Fig.2 Anatomical positional relations of pulmonary
artery and vein.
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Fig.3 Process flow.
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Fig.4 Illustration of how to segment pulmonary ves-

sels from bronchus border. (a) The region Rg
extracted by region growing method using a
voxel structured element. (b) Rs and Rey—p.
(c) Extracted vessel regions.
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Fig.5 Illustration of Voronoi tessellation and gener-

ation of its border region. (a) Medial axis of
each bronchus branch. (b) Result of extended
Voronoi tessellation. (c) Voronoi border re-
gions for measurement the distance.
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Fig.6 Partitioning of pulmonary vessels edge. (a)

Directed graph generated from pulmonary
vessels. (b) Partitioning of the graph.
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Table 1 Specification of CT images.

Data 1 | Data 2 | Data 3
gooooooo 512 x 512
gooooo 330 156 160
000000000 [mm] | 0.625 0.625 0.61
00000 [mm] 2 1 1
00000 [mm] 1

02 00O00O000O0OOoOOO0O0oooO
Table 2 Classification results using two distance
features for edge group.

(a) Datal
goooo ooobO (obooo (ooo
oooo 293 17 94.5%
oooo 22 223 91.0%
(b) Data2
goooo ooobO (obooo (ooo
oooo 327 53 86.1%
oooo 49 322 87.0%
(c) Data3
goooo ooobO (obooo (ooo
oooo 339 78 81.3%
oooo 98 412 80.8%

03 0000000000000000 Datall
Table 3 Classification results using two distance
features for individual edge.

00000 (0000 (ooo0 |0o0
oooo 256 54 82.6%
oooo 44 201 82.0%

04 0OO00OO0OO0OO0OOOOOOOOOOO
Table 4 Classification accuracy using only distance
between bronchi and edge group.

oo0 |ooo
Datal | 98.0% | 58.3%
Data2 | 89.0% | 58.3%
Data3 | 44.7% | 87.7%
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Fig.7 Scatter diagrams of distance features for pulmonary artery and vein. (a)
Plotting individual vessel edge, (b) plotting average distance value of each
vessel group.
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Fig.8 Automated classification results. (Light gray: pulmonary artery, Dark
gray: pulmonary vein) (a) Frontal view, (b) left side view, (c) right side

view.
0oo0oO0o@oooo0ooobDOobooooooDo gooooboboooboobobuooboooboo
goooobooboobooboouooboobooo gooooboobbooboobuooboboboo
goooobooboobooboouooboobooo gooooboboooboobobuooboooboo
goooooooobOoobOo0obOo0oboboDbon go0oOo0oo0OobO0o0obO0o0obOobDoOoboooDboD

1418



ooo0oooo0oOo0ooO0o0bDOo0O0bOO000 X0 ccrooooooooooooooo

gbooboooobooooobooooooobooon
0000000000000 ooOoo™ ooooa
oooSNOOOOoooooooooooooooo
gboooboooobooboboobooooooobooon
gbooobooooboobobooboooobooobooon
gobooooooooooooooooooobood
goooooooooooooooooooooboo
gobooooooooooooooooooobood
gobooooooooooooooooooobood
gbooboooboooboobooooooobooon
gbooboooboooboobooooooobooon
gboooboooooo

5. 0 0O O

00o0000ooo XOoccroooooooooo
gboobooobooooobooooooobooon
gboobooobooooobooooooobooon
0000 8109%%0 00000 81091.0%0 00O
gboooboooboooboobooooooobooon
gobooooooooooooboooooooboon
gooooooood

gooooooooooooooobooooooon
gobooooooooooooboooooooboon
goboooooooooooooooo

ub tboooboooobocoboobooboobod
gbooobooooboobbooboooobooobooon
ooo002100 coEOoOOoOooOoO0O HRCOO
gboooboooboobooooobooobooo

a a

[1] “00000000000000D 0000 D-IIvoel.J87-
D-II, no.1, pp.1-367, Jan. 2004.

[21 O DOOOOO CTOOOOOOOOD1995.

[3] DOOOO0OO0O0OO0 OUOoO0O0OOoOoOoOooOoOoooo«sd
jooooo0ooo0oooU0o0oO0 soooooood
XOCTOOOoOOOD O000AODvol.J8O-A, no.7,
pp-1162-1170, July 1997.

[4) OOOOOOO0 OOOOOOUO“d00 300 crOoOoo
ooooooooO spoooooooooooooooD
0 0 00 D-IID vol.J83-D-I1, no.1, pp.209-218, Jan.
2000.

[5) OO0 O0OO0O0O0OO0OO0OO0O0OO0O0OOO0OO0OOoOooOooO
“00 XO cCcrooooooooooooooooog
00o0oo0ooooOoooooD o0 croddvol.s,
no.3, pp.201-204, 2001.

[6] T. Yamaguchi, T. Kitasaka, K. Mori, Y. Mekada, J.

00400000000000000000000

Hasegawa, J. Toriwaki, and H. Otsuji, “A preliminary
study for automated recognition of branches of pul-
monary artery and vein using anatomical positional

” Proc.

relations from a 3-D chest X-ray CT image,’
CARS2002, pp.782-787, 2002.

[71 DOODO0OOO0OO0OO0O0O0O0OO0 O0O0O0O0O00O0O0OOoOO
ooooooo«bb XOo crooooooooooo
gooooooooooooooooooobr o120
0oooo0o0o0ooo0o000o0o0o0000pp.201-202,
2002.

[8] DOOOUOOOO0OOO0OOD OUOoOoOooOo«oO 3od
croooooooooooooool 0O000D-11m
vol.J82-D-II, no.8, pp.1327-1338, Aug. 1999.

[9) ODOOO0oOO0O0OODOO0“3 000000000000
gooooooooooboooooooooooooo
0000 00000vol.21, no.5,0100000000M
pp.468-474, 1992.

[10] T. Saito and J. Toriwaki, “Reverse distance transfor-
mation and skeletons based upon the Euclidean met-
ric for n-dimensional digital binary pictures,” IEICE
Trans. Inf. & Syst., vol.E77-D, no.9, pp.1005-1016,
Sept. 1994.

[11] DOO00DO0O00O0O00000 OOoO0o0ooooo«con
gooooobooo soboooooooboooooooonoo
0000000000 2004 00000D-16-10, 2004.

[12] DOOO0ODOOO0ODOODOOOO0O0OO0OO0 0000000
Oo0oo000000pp.102-106, 00000 1998.

[13] T. Kitasaka, K. Mori, J. Hasegawa, and J. Toriwaki,
“A method for extraction of bronchus regions from
3D chest X-ray CT images by analyzing structural
features of the bronchus,” Forma, vol.17, pp.321-338,
2002.

o000 160 100 8000017020 700000

goooo boooo

030000000000 80000
0000000000 8o0oooooo
000000000 1300000000
00o000b0000o00000o00 150
00o000b000o0o00000 16000
ooooboOoooooooooooooo
0oboO0o00o0oO000o0000000000000000
0000000000000 D 1000000000000
002002 FPGA/PLD Design Conference 10000000
MIRU2004 O0O0OO0OOIEEEDOOOOOOOOOOODO
000o0000b00000o00 crooooooooa

1419



00000000000 2005/8 Vol. J88-D-II No. 8

oo oo

0140000000000 1160000
oooo0oooooooOooooooon
go00o0oO0oo0O0o0oOoooooooa
oooooooooooOooooooon
ooooooooo

od o oooo

0530000000000 550000
go0o0o0oO0ooO0o0oOoooooooo
NTTOODOOD 400 10000000
0000000000 150000000
‘ 0oo0oO0O00O0oO00000000000

oooooooooo0oooooooood
ooboooooboO0oo0oo0oooooo0eo00oOooOonOnO
0 6 IEEE-CVPROOOOO0OO0OO0 70000000000
00000 8IEEE-ICRADOOODOOOOO 1300000
0000 13000000000000 140000000 15
000000000 16 IEEE Trans. MM OO0O00O00O00O
O0O0OO0O0O0O0OIEEEOOOO

ooooo oood

0490000000000 540000
oooo0oooooooOoooooooo
Jo0o0oO0o0ooooo e100000
00000 e2000000000000
ooo0o0o0oo0oo0o0oooooo0o 16
00oo00000000000000000
go0o0o0o0oo000o000000o0oO0o0O0000o00o0a
gobooooooo0ooooo0oooooooooooooo
MEOOOOOOOOOOOOODOOOODOO00OO0000000
0000 IEEEO0OOO0

ooooo oood

1962 0000000001967 0000
oooooooooooooooooooo
go00o0oO0oo0O0o0oO0oooooooo
go00o0oO0oo0O0o0oO0oooooooo
Ooole8300000000000000
ooobo0o0o0oooooo0oooo20030
go000000000200400000000000000
gooooO0oooO0oDO0O0o0oO0O00o0O0b0O0O000b0000on
gobooooooo0ooooo0ooooooooooooo
go0o0000000000000000000000000
goo0o0oooO0oO00ooO0000O0o000oooOoOoooa
goooo0o0ooo0 I0nmoooon3oooooooo
jo0@oo0moooo@ooo0moooooooo
0000000000000 0000IEEEOOOODO

1420

oo 00

1979 000000000000 0OO0OO0
00000000 1987 00000o0og
ooo0oo0o094 00000000000
001997 00000000000O0DOO0
20040 4000000000000000
000 o0O0OO0OO0O0O0O0O0O0O0O00O0
0o0oO0o0o0o0o198800 RSNAOOOOOOOOOODO
000001994 RSNA O Cum Laude 00001996 RSNA
O Certificate of merit 0 Excellence in Design Awards O
000000001997 RSNA O Magna Cum Laude O Ex-
cellence in Design Awards 0000000002000 0 30
0O ECR O Magna Cum Laude 0000000000000
0 CT Anatomy of the Lung 00 000000000000O
ooooooooooo



