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A Survey on Medical Applications of 3D Image Analysis and Computer Graphics
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Fig.1 The scale-up and the scale-down of a data.

(a) The scale-up is considered as the series of
an up sampling and a filtering. (b) The scale-
down is considered as the series of a filtering
and a down sampling.
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Fig.2 Discrete wavelet transforms.
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Fig.3 Multi-resolution representation of a volume
data using 3D wavelet transform. (a) An
approximation using 1/230 of wavelet coeffi-
cients. (b) An approximation using 1/3680 of
wavelet coefficients [21].
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(b) Discrete inverse wavelet transform
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Fig.4 The second generation discrete wavelet trans-
form using Lifting scheme.

0000000000000 OdembeddeddO OO0
000 [25),[26) 000000000JPEG2000 00
poooooo
goooooooooooooooooMRIOOO
000000 [270fMRICO 28000000 [29]10
IEEE Transactions on Medical Imaging O 2003 O
3jo00o0oo0oooOoUoOooOoooooooo
O@Boo@o00000(330@B7Icooooon
CTOOODD 3000000000 [39],40]0 O
000000 410000000 420440000
poooooobobobobooooooooo
godooooboboboboooooooboboboooda
goooOOol10o00oo0o00o0bObOo0obOoOoooboo
ooo0o0o0ooUoooooOoOooOoOoOooooooo
oooo0oooUooooooooooooooooo
oooo0oooooooUooooooooooo
gooooO0oooooUooOoooooooooooo
pooooooboboboboooooobooboboooga
oo oooooboobooooo
gooooooooooooooooo ftMRIOOO
poooobbbooobboboooboboooboboboo
poooooobobooboooooobooboboboood
000o0oooooooooooUoooooooooo
Oo00oo0o MAXOMINODODOOOOOOODOOOOO
ooooOoOooooooooooosoo crooo
ooo0o0o0ooUooooooOooOooooooooo
00000000000000 [45,[46)000000
0000000000020 1004000000
pooooooboboboboooooobooboboboobooga
0000o00DO00oOOg47i00DDOOUDOODDOOD

gooobooboooboooobooooobooooboooo
00000oO00oo0oDOo0Oo [2oUbooooo
opood

2.2 OO000OODOOOO

poooooobobobobbboboooooooooo
poooooobobboboooooobobobbooda
poooooobobboboooooobobobbooda
poooooobbbobuooooooboobobbooga
poooooobbbobuooooooboobobbooga
gooooooUoOooooooOoooooooooon
ooo0o0o0ooooooOoUoOoooo 2000000
0000000000000 0OShape-Based 00O [48]
O000O000OShape-Based OO OOOOOOOO
20000000000DOO00DODOOOOo0OOObOOg
poooooobobbobuoooooobobobbood
poooooobobobobuoooooobobobbooda
poooobbbooobbbooobobboooboboboo
0000000000000 0000dShape-Based
ooooOooOoOoOoOoOoOoOoooooooooooo
000000O0o0o0oDoOOooDoD (490

gooooOo200000000000 10000
o0oo0oooooooOoOooooooooooooO
poooooobobbobuoooooobobobbooda
0oO0o00o0oo0oDooooooognO Chamfer O
O[[oj0000o00000ooUooUooooUon
00000 pljoooo0o0oooooooooooo
poooooobobbobuoooooobobobbood
00000 MRIODODOOODOOOOODOOOOOOO
ooo0o0oOoOooooooOoooOoOoooooooo
J000D00DD0O geodesic distanced D0 OO O0ODO
000 [b200b000Dbb00 3400000

20300000000000O00D0O00O00DODOO
go0oOooOoooobOobOOoOo 30b0o0o0bOonoon
poooooobobbobuoooooobobobbooda
gooooboOoOoOoOOoOO0oO0oO00o110b0bbO0bODbDDbOD
go0oodbOo0dbObOO0o0e.r1D0O0ODOODOOD
o0oo0o0o0oOooooOooOoooOooooooooo
o0oo0o0o0oOooooOooOoooOooooooooo
00oo00o0ooooD 1oooooooooooooo
ooo0o0oO0oooooooOoooOooooooooo
Ogo0o0ooO0oDbOOoDbO 20 3000000000000
00 [4o0000000oooon

20000000 300000O00DOO0OO0DbOobOO
000000oO0o0ooOoooUoooopB3|ooon

1891



00000000000 2004/10 Vol. J87-D-II No. 10

pooooooboboboboooooobooboboboooda
godo20000003000000D0000DO0ODODOODO
pooooooboboboboooooobooboboboobooda
gobooooboobDOobDbo 20000000000
0000000000 (dilation)DODODOOODOODO
0O0oOo (erosion)D 000000 OOOclosing O
dilation 00O OO0OOOOOOOODO erosion O
0000000000000 C0O0O0000O opening
Oclosing0 00000000000 OOOOODOO
poooboboobobouoobobuoboboooog
00000000dilation O MAX 00O 0O 00O erosion
OMINODOOOOOOODOOOOOODOOOOOOO
poooooobobobboooooobooboboboobooda
pooooooboboboboooooobooboboboobood
0000000000 OOo [B4]oBro

2.3 00O0O0OOOOOOO

goodooobboboboooooobboboooda
poooooobobobbuoooooobooboboboooga
0 O principle component analysis; PCAO O O 0O O
0 0 O singular value decomposition; SVDO O O O
o00ooU0o0ooUoooOooUoooooouoooo
O000000Odatadriven0 000000000

0000000 independent component analysis;
ICAOCO PCAOOOOCUOUOODOOOOOOOOOO
00 [58)0[60[0N 000000 y1,ys,--- ,ym 00
pooooooboboboboooooooooooo

(Y1, Y2, ym) =p1(y1)p2(y2) - - - Py (yar).

(4)
00000000000000 p(ys) 00000
000000000000000O00000000
00000000000000000000000
00000000000000000000000
ORGBOOOOOO0O0O0O0OOOOOOOOOOOO
000000000000000000000000
OOORGBOOOOOOOOODOOOOOOOOO
0000000 (49)00000000000000
000000000000 z=Ay 0000000
00 @ = [z1,22,--,2n]7 00000000000
y=[y,y2,--,yn)]T 00000000000y 0ODO
0000 (400000000000 ADODOOOO
0000 W0 =A~'0000000 ICADODODO
000000 pi(y;) 000000000000000
00000000 PCAOOOO2zOOOOOOOO

1892

gbooboooobooooboobooboooobogoon

pi(y;) DOODODOODOOOICAD PCAOODOODOO

00000000000 00O000y=We0OOOO
oooooooo0ooooowooooooooo
gboooboooobooooboobooboobooboobooon

OkurtosisO 00 O0O0O0O0O0O0O0DOOOOODOO mutual

informationd 0 0 00000000 5000000
000 20y 00000000 H(y:)D H(y2)0 O
0000 I(y,y)000000000 H(y:,y)00
00000000 H(yily:)DH(yely:) DOO0DO0O
000D0000000000000000y; 0 30
000000000000000000000 ICAD
00D0000000000000Bell-Sejnowski O O
0000 [58)0 FastICA [61)0 JADE [62] 00000
000000000000000000000000
000 [59]0
06(0000000000000000000
000000000000000000000000
RGBOODOOOOOOOOOOOO6() 0000
000000D000000000000000000
0000000000000000000000 ICA
O0DO0ORGBOOOOOODOOOOOOODOOOO
000000000000 6(c)000000000
0000000000 6(d)00000000000
00000 [63J000000000000000000
00000000000000000 MRIOOOO
00000 ICADDOODOOOOODOOOOOO
0000000000000000000000 [64)0
060000ICADDODO PCAODDOOO 10
0000000 6(x)00000000000000
0000000000000000000000000
020000001000000000000000
00000000000 1000000000000
00PCADDOOOOOOOOOOOODODOOOOO

H(y,»¥,)

N

H(y) G

05 00000000
Fig.5 The concept of mutual information.



Ooooooos3sboooobooooooooooooooonooooooonood

(a) (b)

() (d)

06 ICADODDDOODOOOD(a) RGCBODOOOD
000000 (b)000000000000000
000000000000()0000000000
00000 0000000000000000
00000000000000000000000
0000000 [(63]

Fig.6 Color space transformation using ICA. (a)
The histogram in RGB space. (b) The vol-
ume rendering of a frozen brain volume data
before segmentation. (c) The histogram in
the independent components’ space. (d) Seg-
mented brain and cross-sections revealed by
thresholding in the independent component
space [63].
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Fig.7 Polygon generation patterns of marching
cubes algorithm. The possible cases have
been reduced to 23 using rotational symme-
try. Dark vertices are greater than a given
threshold value. (from [76], © 2003 IEEE)
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Fig.8 An example of the marching cubes problem.
The black area shows where the bi-linear in-

(b) t=0.4

terpolation value on the boundary of two
cubes is greater than the threshold value.
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Fig.9 The extra patterns for making consistency with bi-linear and tri-linear
surfaces. (from [76], © 2003 IEEE)
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(a) Post-integration with 128 (b) Post-integration with 256 (c) Pre-integration with 128
slices.

slices.

slices

0 10 Pre-integrated OO0 OO000000O0O0O0O0OOOCOO

(from [96], © 2003 ACM)

Fig.10 Pre-integrated texture based volume rendering. (from [96], © 2003 ACM)
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Fig.11 Transfer function editors and their resultant

texture based volume rendering. The edi-
tor uses the histgram of the intensity and
the gradient magnitude to determin the color
and the opacity value. (from [106], © 2001
IEEE)
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Fig. 13

Extraction of heart chamber boundary by ASM: (a) Sample data for learn-

ing heart ventricle shapes; (b) Shape variation patterns obtained by prin-

cipal component analysis; (c¢) Original echocardiogram image; (d) ASM
at initial state; (e) Final results. (from [153], © 1995 Elsevier, Inc.)
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Fig.14 Region extraction by level set method: (a) Topological spilit; (b) Reconstruction
of a shape with siginificant protrusion. (from [162], © 1995 IEEE)
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Fig. 15 Application examples of registration: (a) Enhanced Reality Visualization
(from [287], © 1996 IEEE); (b) Calculation of inter-subject transforma-
tion (from [288], © 1997 Elsevier).
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(a) Reference image 7

(c) ha(f,r): Before

(d) ha(f,r): After

(e) Registered f
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Fig.16 The registration by maximizing mutual information. (a) The reference
image 7. (b) The floating image f. (c) ha(f,7). (d) ha(f,r) after the

registration. (e) The registered f.
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Fig.18 The nerve excitement simulation [270].
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