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Pulmonary Nodule Detection from X-ray CT Images
Using Moment-of-Inertia Tensors

oo oot
Takanobu Yanagihara

1.0000

goooooooboobbbbbtooggoogo
oboobbooboobooboobooboooa
ubooboobooobooboooboooboo1oboo
g2000b0bobobobuoboobooboboo
000000oo0ooOooogo Xocrooooooo
o000obOOoO00oOOooOoOoDooXboooooo
000000000000 DO0O0O0DbOODO Thin-slice
CTOOODODODODOODOODODOOoODOOoDOoDOooon
obobliooooboboooobobobooooo
gooboobooboobboobuoobooboo
0do0do000obOO0o0oOooDOooooooocronogn
oobooboobooboboobuoobuooboo
O00o0oooooooooooooocADODOOO
gogoooooobobobbbbbtddduuoouooo
oobo0obo0oboobo20b00boobooo
uobooboob 1goboobuoobooboao
00000 (False Negative: FN) OO OOOOOOO
oooooobooboboo 20b0ob0o oobobo
0000000000 (False Positive : FP)O O OO
(True Positive: TP) 0000000 DOOOO0OOOO
oob100bgobuoobuoobuouoboobooo
[][2][8]40 0000000000 000n0oNooNDO
00000000000o0oooooU 3. 0000
oobooboobbooboobuouobooboo
0[6)080000000000D [7]0D000DO
00000 20000000000000 [gOO0OO
0000 (90000000000 (1000000000
oobooboobo0obo 1oboobooboo
0000 100000 0000oo0ooooooon
00000000 1200 2000 kmeans0 00O
00 [11]000000000o000 1gooogoo
goooooboboobooobooboboooobo
goooooooobboddodooouogoooo
ooboooboobooboooboboobooboo
gobooboobooboboobuoobooboo
gogoooooobobobbbbbbtodoooooo
oobooobooboooboboobuoobuooboo
goboobooboboooboobuoobooboo
ggoooooooobbbbbbbbodouooooo
oobooboobooooboobuooboobooo
goboobooboooboobuooboobooao
gooaogo

f0oD00000000000OOO0O0O
fopoooDoooDoOOOOOO

OO0 oot
Hotaka Takizawa

2. 00000b00b0ooooooooog

00000000000000000000000
000000000000 000000000000
000000000000000 oy, 02, 03 (OO
<0y <03)0000000000000000
00wy, v, vs000000000000[12/00 2
000000000000000 (00)000 (00
0)00000000000000000000000
000000000000000000000000
000000000000 000000000000
000000000000000d00000

2 2

S 2f(e,,2) S ui ey, 2)
(z,y,2)€VOI (x,y,2)€VOI
> fla,y.2) > Sy, 2)
(z,y,2)eVOI (z,y,2)€VOI
2
> 2f(x,y,2)
(z,y,2)eVOI
> fzy,2)
(z,y,2)€eVOI

g1

DDDDDDDDf(x,y,z)DDDDDDDDﬁD

goobooooooooooobobobooooo
oboboooocoooooooboobobooooon
gbooooocoooooboobobobooooon
1,02000000000000D0000D0OOO
oboboooobooooobooboobobooooon
gbobooobooooooboooobooboboboooon
goobobooooooooobooboboboooo
gbobooboooooooooboobobooooo
gbobooooooooobooboobobooooon
gbobooboooooooboobobobooooon
gbobooooooobooboobobooobobo

3.0000000000DO00DOObOOOoDbOoOn
goog

gbobobooooooooobooboobobon
gboboooooobooboobobobooooon
gboobooboooooooooboobobooooo
(00)OOO0OUOvw,0OOOOOODOOOooOoooooo
0(00)000o00o00o0o0OooOooDOooOoUoOO
oboooooboobooooooboboo

gbooooboooooooo

1. 0000000000000000000000
000000000000000000000
va(n=1,2,3) 00000 (0 3(a) 00)0

3 7 5 Copyright © 2012 by
PP WAN The Instiute of Electronics, Information and Communication Engineers and
( 5B 2 7] ‘H:H' ) Information Processing Society of Japan All rights reserved.



FIT2012 (%5 11 EREHRMSEMT 74— L)

(2) 00 (b) DODOO (000D

U l:0000000o00oo

(a) 0O

(b) D000 (c)0O0D0O

U 2:0000000o00oo

2. v,000001,00000 (0 3(b)0

3.001,0000 —600HUODODOOOOO00OO00
(0 3(c)D

4 00000000000003. 00000001
00000 (O 3(d)D0

oo0ooo0OO0Ow0, 00000000000V, 0000
gboooooooobooboboboboooogon
oboboooooooooboboboooboooon
oOoooo0 —eo0OHUOODOOOODOD
ooooOO0o0o0oooobbOOo0oooobo4000D00
ooooooooooboooooboboboobooooooo
oooooooooooooooboooooooooon
gboboobooooooboobooooboooobono

4.0 0000000000000

ol
=3 1 Vs V3
=9 O0f=—[Ofi=—0Ff=—01
h d+1 h=ggif=ggi/i=gg

oboboooocooooobooboobobooooon
gbobooooooooooboob10boooooon
0000 (0)0o00ooo0ooooooooooooo
3ooooon

f1 X fo

f3 X fa

f13><f2

f3° < f?

fi x f2?

f3° < f?

oO03000000 fl(:Fl)DD 400000000
oooooooog

Fy 0O

F; O

F, O

B
AVn

() 000D0:00 1

B L ik

(b)y0ODOO:00 2

)it

BBk

PG
%

()0O0D0D0:00 3 () 000000 4
03 000000

02 Croooooog

Oooo0o 512 x 512 [pixel]
00000 | 0.52700.761[mm/pixel]
00000 1.250 3.00[mm]
goooo 1020 266(slice]
5.00
5.1.0000

gdodoooooobbbobbbbuooooga
000000000 National Cancer Institute(NCT)
O Lung Image Database Consortium(LIDC)[13] O O
000 XO crTooooooooLibcoooooo
cADOOOOoOoOoooooccroooooooon
ooLibCOO00oOoOo Xoccroooo 400000
gl buooo
gbobooooooooooooobobooooon
oo0o0o0o0o0oDoo00oO0O0 4mm0O0 10mm 00O
ggogooo 320000 e0000b00DbOO0O0O0O
oobooooooooooo 101300000 201300
oo030220000040120000000000
020000000000 F,0 Fy, Ry, F,00000
oo0ooDDoOoOOOOoO0oOOorrROCOODOODOODODO
5.2.0000

ooooo10400000000000100000
gboooz20000000000 30000000

376 Copyright © 2012 by
Ko N\ The Instiute of Electronics, Information and Communication Engineers and
( 5B 2 7] ‘H:H' ) Information Processing Society of Japan All rights reserved.



FIT2012 (%5 11 EREHRMSEMT 74— L)

01 00000000o00o

O(00(@) |00 (@)]00@)|00(@,00)]00@,00) |00 (@o000)] o000
f1 O O O 0 O O O
f O O O 0 O O O
s 0 0 0 0 0 0 0
I O O O 0 O O O

(by DOODO

()Oooooo

U4 000000

0004000000000 FROCOODOO 500 60
07008009000000000 104000000
O000O0TPO 9% 0 1000000 FPOO F1O
1302 0 OF202736 0 OF302355 0 0 F403266 O 085%
0 F10994 0 0 F201265 0 O F30 1111 O 0 F40 1871
0080% O F10795 0 0F20660 0 0F30581 0 O F40
108700000TPO 8 % 00000 F, 00000
0000 B, F,FK,O000000000R, Fs,F,00
008% 00000 /00000000 FK,OOOO
0000000000000 100000000000
FO00000O0TPO 84.6% 0 1000000 FP
00 11540076.9% 0 9200000000 Fy, Fy, Fy
OTPO769% 0 1000000 FPOO F20 1436
ODO0F30113200F202431 0000000000 1

377
(552571)

—_ REr

— FFEER2
0.2 ! — ERER3
0 1000 2000

HEiEra

T T T T |
300(]:”“5&4000 5000 6000 7000

0 5: FROCOO (00000 104)

0.8 |

—

— i EFL
—EHER
— I EF

HHHEra

0.2*i

0 1000 2000 300()”/“554000 5000 6000 7000

0 6: FROCOO (00000 1)

0000000000 00000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000 20300 TPO 90%
0000 ROO0ODO0OOOO0O0O0TPO 8% 000
0FR,FR,O000000O0OCO0O0OOD 300001
000000 FPOO 304000000000000
000400000000000R 0000R, Fy, F,
000000O0TPO 100% 01000000 FPOO
F102401 0 0F201491 0 0 F30581 0 0 F402509 O O
TPO 91.7% 0 1000000 FPOO F10 1560 0 O
F20660 0 OF30548 0 0F40829 0 0 TP O 83.3% O
1000000 FPOO FI0130200F2021400F30
35900 0F40145 00000 F, F3, F, 0 TP O 75% O
1000000 FPOO0200000FR 000010
00000 FPOOOOOOOOOOOOOOOOO
0400000000000000000000000O
00000000000000000

Copyright © 2012 by
The Instiute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



FIT2012 (% 11 ERBREFEEM 74— L)

' | 1 ' k [ 1
08 | 08 ] 'J
] .
n{:.G fI I::].6 ,/
0.4 - — e 04 — R
‘,J — e — R
0.2 — Y ER 0.2 — Y EF3
r FHIEFA R
o T T T T T T | 0+ T T T T T T 1
0 1000 2000 300[}”,“534000 5000 6000 7000 0 1000 2000 300(}FINSEAOOO 5000 6000 7000
0 7: FROCOD (D0DOO 2) 0 9: FROCOD (00000 4)
1 tem for CT images” Medical Physics Vol38, No.
PR 10, pp5630-5645, 2011.
08 7 [6] Yongbum Lee, Takeshi Hara, Hiroshi Fujita,
J_I Shigeki Itoh, Takeo Ishigaki. ” Automated Detec-
06 tion of Pulmonary Nodules in Helical CT Images
x / lj Based on an Improved Template-Matching Tech-
oa | mEn nique”. IEEE Transactions on Medical Imaging,
f I e VOL.20, No.7, pp595-604,2001.
02 e [7] Serhat Ozekes, Onur Osman. ”Computerized
f T, Lung Nodule Detection Using 3D Feature
ol ‘ ‘ ‘ ‘ ‘ ‘ ‘ Extraction and Learning Based Algorithms”.
0 1000 2000  300Q,,. 4000 5000 6000 7000 JOURNAL OF MEDICAL SYSTEMS Volume
34, Number 2, pp185-194, 2010.
0 8 FROCOO (DODODOO 3) [§] 0OO0O,00000,0000,0000.000,
0odo,000,0000.7’000300000
6.000 O0000oooooooono Xocroooo
OoDoO0r”.0opoooooooog, Vol.J8s-
0o00oooooooooooooooooood D-II, No.1, pp.199-208, 2000.
L A A [9] Temesguen Messay, Russell C. Hardie, Steven K.
bbbbbbbbbbbbboooooooggdd Rogers. ”A new computationally efficient CAD
goboboobooooodoooobooooodn system for pulmonary nodule detection in CT
J0oodoooooooObObOoO0000ooooa imagery”. Medical Image Analysis, pp390-406,
ooooo10000b00 rFrPOO0OOOODOOOO 2010.
0000000000 0o000o0oooOoooooon [10] S.L.A. Lee, A.Z. Kouzani, E.J. Hu. "Random
000000000 FPOOOOOOOOOO forest based lung nodule classification aided by
clustering”. Computerized Medical Imaging and
oooad Graphics, pp535-542, 2010.
[1]DDDD,DDDD,DDDD,DDDD,DDD [11]DDDDJ]DDI:I.”[IDDDEIDDk—meansl]
0.000,000.700 NQuit00O0000 000000 X0 CTOO0OO0OO0OO0O0Ooooo”.
oo Xogdrouoooooooouooooo OJO00d0dOoOoDoOoOoOO0Oo0000d IEICE Technical
0”.00000000000, DI, Vol.J82-D-2, Report MI2011-55, pp41-46, 2011.
No.2, pp.178-187, 1999. [12] DO0OO,0000.70000000000000
[ 000D, 000,0000.7DROODOOO O0000ooDoooooXocrooooooo
O0000000000000”. 0000000 gooO0”.00000000ooooooo IEICE
0000, D-II, Vol.J75-D-2, No.3, pp.663-670, Technical Report MI2011-118, pp227-230, 2012.
2000. [13] National Cancer Institute. "Lung Image
[3) 00,0000,0000.7’0000000000 Database Consortium”. http://imaging.cancer.
Ooo00oOooooooooooooor.oooo gov/ programsandresources/Information
0000000, D-II, Vol.J83-D-2, No.1, pp.118- Systems/ LIDC, [accessed 2012-06-20].
125, 2000.
4 OO0O0O0.”’00000000000000D00OO
ooooooor.ooooooooooo, DI,
Vol.J87-D-2,pp19-30,2004.
[5] Maxine Tan, Michel Bister, Jan Cornelis. ”A

novel computer-aided lung nodule detection sys-

378
(55 251)

Copyright © 2012 by

The Instiute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



