oooooOoboooooobooonO vol.2

gobn

June 1998

subbobobooooooobbbn
0000000002000 00

0000o0000000oo0O0000000000O0DO00000000O0OUOLOO00DO00O0MRODO
00000000 0O000O0O000O000000U0O000UOO0O0D0bOO00DODOOOoUOOOOO
00000moo0o0o0o0o0ooo0oO0oU00o0oUoO0ooO0DoOO0Oo0oUOOoDoODDOOoDbOO0OOOOO
000000000000000U00oO0000O0O000OO0OU0O0DO0OU0OO00O0DOOOODUOOOooO
00000o0000o0O000o00U0oO0o00Oo0O0U0OO0OU0O0oO000OOO0U0ODOOO0OOOOOO
000000000 Mathematical Morphology O OO OOOOOODOOODOOODODO 3D-N-Quoitd 000
Oo0Q0O0OoQ0sp-C-N-Quoitb 00000000000 booboooooooooooooooo 190
O30000MROOOODOOODOOODOOOOOOOOODOO

Key words : Base Points Extraction, 3-D image processing, Mathematical Morphology, N-Quoit filter, MRI

1. goon

O0000000D0O0DODO MRI(Magnetic Resonance
Imaging)0 030 00 0000000000000O0O300
go0o0o0oOO0oOoOoOoO0OoOOOO3DOODOoDObOOO
0Oo0o0oo0o0ooDoDOoooDoDoooDoDoooo
[Vernazza870 ME O O O 8910
OO00OMROOODOODOOODOOODOODODOUOOOUOOOOO1
000000000000 O0O0O[Robb890 Kennedy890
Bomans900 0 9100 0 870Li9310 00000 OO OOO
0000000([Liang%4,Vandend5]0 O OO0 OO0OOO0O
001000000000000000000ooooo
000000 0O [Robb89, Kennedy89,Bomans90, 0 91101 (11
O000000O00oooOo@oez,LedIuuonoon
000@ooo0ooooooooooooooooo
o000 oU0oUoUoUoooooooo
oooooooooooOOoDoDOoODoOOOoOOOoOOOOOOoO
goooooOoOoOoOoO0OOoOOOOOOOOODOOoo
02000000000000000000000OOO
gooo0o0oOoOoOoOoOooooooooo
000@mo0o0o0o0o0o0oQoOoUooDOoDOoDOooDoOOoOO
00000000O30oooMROODODODOOOoOooog
0000000o0ooooooooooooooooolo
00930095 094,009 0000000000000
goooo0o0oOoO0OoO0OoOODOO0DOoDUoOoOooooOooo
000000000 0ooOO0O0o0ooOO0ooooooooo
0000000000000 00000000ooooo
000000 o0OoU00oUOoUODUOoDUoooooo
oooooooooooOOoDoDOoODoOOOoOOOoOOOOOOoO
goooooOoooooDOoDODOODOODOODOODOOOO
gdoooo0o0oOoOoO0U00O0™WoUUoUoUooooo
000@mo0o0o0o0o0o0oQoOoUooDOoDOoDOooDoOOoOO
g0o00o0o0o0oO0o0oO0oO0oUoOOoOoooooo
gooooooooooOoDoDOoOoOOoODOOOOOOoOOOO

*0000000000000000(0 441-85800 000000000
0oo 1-1)

»00000000000

0000019980 50 60

00000019980 60 60

00000019980 60 100

gdoddddooooooooooooooooooao
000000000 DODODO Mathematical Morphology
[Haralick87]0 0000000000 OOODOOODO3D-N-
QuoitiD O 96|00 D0 000ODOODOOODOODOON
goooozo0o0oo0o0o0o0o0o0b0o0b0o0o0o0o00o0a0 3
OO N-QuoitDOODOOOoDOOOdoDo40005000
dodddoooooodoeoo190boonoobooooo
gooooooooo

2. MROOOOODOODODDOOOOOOOO

21 0OOOOOD

OFig.l(0 0000000000000 MRO O ( Trans-
verse00(000)000000000000000000
00000000000000000000000000
000000mMO000000000MO0O00000O
00000000000000000000000000
00000000000000

22 0O0OOOOOD

OFigl()J 0000000000000 MRO O ( Trans-
verse 1 0)0000000@O0O00OOO0)00000
00000MO000000000000000000
00000000000000000000000000
00000000000000000000000000

3. gooooooo
oboboboobooooooXooooooobobo
gbobooXgocrtooooooooooooobobo

(a)Transverse slice of eyes
Fig.1 MR images of eyes and ears (Transverse slice)

(b)Transverse slice of ears



Journal of Computer Aided Diagnosis of Medical Images Vol.2

P

r

One Point Filter Ring Filter

@)

Isolated shadow model  Unisolated shadow model

(Bird’s eye view)

(b)
Fig.2 Concept of 2D-N-Quoit

Mathematical Morphology [Haralick87]10 O O O O O Quoit(C
00)ODOoDoOOoO0O0oO00oO0O[D 0993 dndOQuoitt O
000000 ON-Quoit(New-Quoit)\D OO OO ODODOO
Oo00o0og[Tues]0O0 N-QuoitD 0000000000
Joo0o0DooDO0oOoOo@ooono)yoooooooo
0000002000 N-QuoitDO0OD0O0O0DOO Fig.20
0000000000 Fig2@0000000000O0O0O
goobooboobobooobobomoobooooboo
Or,0000r,0000rg2b) 000000000000
goobmooobooboboooboobobooobooo
0gq,0000000000Fig2b) 0000000000
goobooboooboobobo@muooboooboo
000000 2D-N-Quoit 0 0O 0O 0O O3D-N-Quoit 0 O [0
096000 2D-N-Quoitd 30 000000000000
3BD-N-QuoitD 000 0000000000000 00O0Od
gooooono

4. gooono
021000000000MROOOOOOOO3000OO
0000000ooooN-Quoitbooooooo30d
OOMROODODOODOODOODOOOOOODOODOOORQ3OOO
0000000000000 oUoooooooo
oooooooood
00000000 ODO0OO0OD Snakes(Active Contour Models)
[Kass88]U D0 DO OODOOOODOODO3DOMROOOO
00000000000 oXooooooooooooo
ooyOOoOoooooooooOooooooooozoOo
oooood

41 [0O0O0O

LHooo

0000000000000 ooooooooooooo
0000000000 0O3D-N-Quoitd 000 00oogg
0000000000000 oooooooooooog
(2)0 Erosion O O

00000000000 oooooooo
0000000 r000000d(@<R:R=0000000
0)O Mathematical Morphology O Erosion 0 0000020

June 1998

( surface imageg

( Original images )

| Reversal |

v
Ball filter | Erosion |
Hollow ball filter | 3D-N-Quoit |

4

Remove unnecessa
data

v

” Evaluation ”
v

( Eye coordinates)

Fig.3 Flowchart of eye extraction

Low R
densit ; RUT
e &=
Low
Filter density

Reversed eye Result of Erosion operation

Fig.4 lllustration of Erosion operation

000000 Fgd4dODOOODOROODOODODODOO
00O00Or0000D00OD0OD0OO0OEresion0O0OOO0O
go0bod0bOrory000o0bOOo0obOOoOoOobOOOnOO
00000000000000000SB(x,y,z2)0000
gooooo

0 ifx20Oy20z%0r?
0o otherwise

4.2 3D-N-Quoit 0
OFErosion000000000D0O0DO0OO0OOROrODODOO
000000000000 00O0O0d3D-N-Quoitl O
gooboooboboobooboooobooooboo
oo@or,0o00r)0b000000O000O0O00O00OO0
00000000000 Og0O Mathematical Morphology O
000000000 DiltionDO00ODOO0O

fus(x,y,2)0 f(x,y,z)OP(X,y,2)0 f(x,y,z)OHB(X,Y,z)
0000 oOf(x,y,z)0f(x,y,z)OHB(X,y,2)

0 ifr,20x20y%02%0r,2
O o otherwise

SB(x,y,z)0 (1)

)

HB(x,y,z)O ©))
oooo

Of(x,y,z20 0000

Ofe(xy,z200000

OP(xy,z20 0000000000

OHB(x,y,z20 0000000000

43 [O0O0O0O0O
O3D-N-QuoitD 00000 DOODO0OD0OO0O0OD0O0DOon
Ooooooooooooobooooooooooooaoo



oooooOoboooooobooonO vol.2

Results of removin Original Surface
unnecessary data images images
| Labellng |

v

Evaluating by the
relational position of
left eyes and right's]

Thresholding MTSk
v v

| Extract object regiori

[ Filholes |

v

Seek volume of
object region

v

( Eye coordinates)
Fig.5 Evaluation of eye extraction

godddooooooooooooooxoooooo
dodddooooooooobooboooo Xoooo
O00000(@ 0 12Pixels)D 00 OO 3D-N-Quoitd O OO
gooooo

4.4 [0O0O
goddddooooooooooomooooooo
000000000000 DOO00O0000000drigs0
gododddooooooooooo

441 OOOOOOGOO

000000000000 00D000BD-N-Quoit OO
goddddoooioooooooooooe0oooad
goddddmobo@mooodooddoooooooo
442 DO0OO0OO0OO0OOOOOOO0O
goddddoooooooooooooooboomao
goddodooooooooobbooboooooooooa
goddodoooomooooooobooboobooooo
goodooooooooo
0000o000oO@ooO0ooooooooooooon
goddodoooooboooboooooooooooa
goobooooboooobooooboooobooooooa
oooooooGooooooa
eVlD\/(XLDXR>2D(yLDyR>2D(ZLDZR)2 4)
ev2] |wil w2| (5)
ogooo

O(x,,y.,z 000000000 L)

0 (XpYrze) D OOODOO0O0(DR)

Owidd  LOOROODODODODODODOODOODODOOOOOad
goooooooad

June 1998

( Surface image§

( Original images )

| Reversal |

v
Ball filter | Erosion |
Cylinder filter | 3D-C-N-Quoit |

Remove unnecessaly
data

v

” Evaluation ”

v

( Ear coordinates )

Fig.6 Flowchart of ear extraction

OwXdO0LOORODODOOOOOOOOODOODODO
gboboboooogo

ev1d 200 40PixelsO0 0 O ey20 5Pixels0 0000000
gboboboboooooooobogoo

443 O00OO0OO
gbobobobomoooooooooboooboobobo
gboboboboboooboobobobobobooooo
gbbobooooobooobooboboboboboooooo
gboooooobooboobobobobooooboboo
gbobobobobooomobobobooooooo
gbobobobooooboobooboboboboooooon
000000040 6PixelsDODOOO@DODODOODO
goooOoooOooooOonD)yooooooooooDo
oboboboboboooboboooooobb44200
gbobobooobooobooboboboboooooon

5. goooono
0220000000000MROOOOOOOOOOOO
goo0ooO00oboboobOooOos3sooooooooooo
0000 3D-N-Quoitd 0000 O0ODO O 3D-Cylinder-New-
Quoit(3D-C-N-Quoit)D D O 000000000 0ooOono
000000000 rg6000DOOOODOOODO
oooo

51 0O0OO

mooo
00000o0o00ooo0ooooooooooooo
O03D-C-N-Quoit0 00 0000000000000 D0OD
gdoo0o0o0oO0oOoOoOoOoOoOoOoOoOoOoOooOoOO

(2)d Erosion 0 O

000000000000 000O0O00DOOOEresionO
0000000 Eresion000D00OSagittal D0 (C O O)O
000000000000 0000000000B8B(x,y,2)
ooooooo

0 ifxdo,ydo,L,0z0L,

B(x,y,z)0 O o otherwise @

-10 -



Journal of Computer Aided Diagnosis

oooo
0L,000000000 200
0L000000000 200
5.2 3D-C-N-Quoit0d 0O
00000 OSagital 00000 000000000000
00zOOOOOOOOOOOOOOOOO0O00000
Sagittal 00 O(XYODO)DOOOODODOOOODODOOOO
00zOOOOOOOOOOOODOOOD0OO00000004.2
000000 3D-N-QuitD 0000000000000
0000000000000 0000000000000
z0OOOOODOOOOODOOOOOO000OO 3D-C-
N-Quoit D0 0000000000000 C(x,y,z)000
oooo

0 ifr,20x%0y?%0r,2, L,020L,

C(x,y,z)0 0o otherwise

€
oooo

0r,000&,000

0L,0000000002z00
0000000000200

53 00000
000000000000003D-C-N-Quoit0 0000
0MO00000000000000000000000
0000000000000000000(@000000
12Pixels)0 0 00 0 3D-C-N-Quoit 0 0 00000000
54 00O
00000000000000000M0000000
0000000000000000000000000
Fig700000000000000000

541 00000000
0000000000000000MD-C-N-Quoitd 0 [
000000000100000000000600000
00000000000000000000000
542 00000000000
00000000000000000000000000
00000000000000040000000000
00000000G41000000000000000
ooo
00000000000000000000000(@0
0XyO0ODOOOOODOOXO00O0O000)doo(@o

(Results of removin ( Eye coordinate§

unnecessary data

v

| Labeling |

I

Evaluation by the
relational position of
eyes and ears

v

( Ear coordinates )

Fig.7 Evaluationof ear extraction

of Medical Images Vol.2  June 1998

OXyODOOOOOO)§hoooooooos4100000
gooooooooobooboboobboooboooobo
goobobobobooboboboboboboooon
gooboboboosboboboooooooooooon
goobobobobomomoboooooooboobo
goooooboooobooboboobbooobooooo
goooooooog

6. o

6.1 0O0O0O0O
000000o0oooooooooooooooog
gooocooos0000 MRI

O00000128x 128x 128Pixels

0000d2mm

000 0O O 16bits

gopoog1go
00000O0000O000D00C0O0D00O0 Tabel(OD O
pixelOD OO OODODO

6.2 0O0O0O0O

6.21 DO00OO0OOO
goooo0oooooboooO0ooooooooooo
1000000Frg8000DOOOOD3OD0O0OO0ODODOO
0000000000oooooooooooooooog
000o00oooo0oU0ooDO0o0ooOoOooooooOo
Tabel 20 OO OOODOOOOODODOOxyzOOOODO(W®
OO0 pixeDDOOOODO

6.22. 00000000
gogoooooooooooooooobooboooOgs
000000 FrgOOOODOOOOOOODOOOODO
0000000000 0DODO0O0O0OO Table20DO0OO

Tabel 1 The sizes of filters

Eve |Erosion Ball filter(r=3)

e

¥ 3D-N-Quoit |Hollow ball filter((3 =5, =4)

Ear Erosion Bar filter(L=10)
3D-C-N-Quoit| Cylinder filter(f} =4, =3,L=5)

Sagittal slice Transverse slice Coronal slice
Fig.8 Result of eye extraction

Sagittal slice Transverse slice Coronal slice

Fig.9 Result of ear extraction
-11 -



oooooOoboooooobooonO vol.2

Tabel 2 Errors of eyes and ears

Number| Left eyes | Right eyes| Leftears | Right ears
1 (1,0,0) (0,0,0) (-1,1,1) | (-1,0,-2)
2 (-1,1,0) 0,00) | (-1,0-1) | (-2,0,0)
3 (1,0,0) (0,0,-1) | (-1,1,2) | (-1,0,-2)
4 (1,000 | (1.0,0) | (-2-1,0) | (-1.-2,0)
5 (2,0,1) (1,1,0) 0,-1,2) | (-1,-1,-1)
6 (1000 | (1,0,0) | (0-11) | (-1.2-2)
7 (0,-1,0) (0,-1,0) | (-1,01) | (0,1,-2)
8 (201 | (1,0,0) | (011 | (0,0-1)
9 (1,0,0) (1,0,0) (-2,0,2) | (-2,0,2)
10 (100 | (L1-1) | (-1,00) | (-2,0,-1)
11 (0,0,-1) (1-10) | (-1,01) | (-2,1,0)
12 (000 | (1-1,0) | (-1,1,1) | (0,0,-2)
13 (0,-1-1) | (0,-1,0) | (-1,0,1) | (-2,1,0)
14 (1000 | (1,0,0) | (102 | (12-2)
15 (1,0,0) (1,-1,0) | (-1,2,0) | (-1,0,-1)
16 (0-1,0) | (0,-1,0) | (-1,1,0) | (-1,1,-6)
17 (1,00 | (00-1) | (01,1 | (-1,0,0)
18 (1,00) | (1-10) | (001) | (-2-1,-1)
19 (101 | (1-10) | (11,00 | (-11,-2)
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Extraction of Base Points in 3-D MR Brain Image
Hui HUANG™, Toshiaki OKUMURA?, Hao JIANG?, Shinji YAMAMOTO™
*1 Toyohashi University of Technology

*2 Communications Research Laboratory

Abstract We are trying to develop a system by which the soft tissues of cerebrum, cerebellum and brain stem can be extractedyafstomatical
3-D MR brain image. In the preprocessing of this automatic extractation system, it is importan to decide the rough gase®ofaoft tissues by
matching with the model images. In this paper, we discussed about the automatic extraction method of the base pardadi eamsyevhich are
necessary in matching the model images and input images in 3-D MR brain imges. We developed the extraction algorithmd efeydsyausing
3D-N-Quoit processing and 3D-C-N-Quoit processing, which are sensitive to extract the isolated shadow based on MatheptailoglyMdhis
method was applied forl9 samples of 3-D MR brain images, and was proved to be effective.
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