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Abstract In this paper, we propose a method for construction of robust 3D statistical shape model
in the mandible CT datasets. Our method consists of following four steps. First, we decompose a 3D
input shape into patches. Second, to generate a corresponding shape of a floating shape, all shapes in
the training set are parameterized onto a disk similar to the patch topology. Third, we generate the
corresponding shape by one-to-one mapping between the reference and the floating shapes. We solve
the problem failed to generate the corresponding points near the patch boundary. Finally, the
corresponding shapes are aligned with the reference shape. Then statistical shape model is generated
by principle component analysis. To evaluate the accuracy of our 3D statistical shape model of the
mandible, we perform visual inspection and similarity measure using average distance difference
between the floating and the corresponding shapes. In addition, we measure the compactness of
statistical shape model using the modes of variation. Experimental results show that our 3D statistical
shape model generated by the mandible CT datasets with various characteristics has a high similarity
between the floating and corresponding shapes and is represented by the small number of modes.
parameterization, correspondence establish, principal

statistical shape model,

component analysis, mandible, Computed Tomography

Key words :

. o]
+

++

Copyright @2008 =% K383
29 AA B 2ol W@ AR Fe O A2e AgE st
ol m), A& YA SR AEE 5§28 A ol

t& B

R 20078 A= Mo Ak Eha o] A elg gk

PPt
489 Qg vy 1M 2
jhyu@swu.ac.kr ’
PR AR TEAE aaw 57 84 2de 845 W U 544 4R
ong@swu.ac.Kr P s = =
(Corresponding Authore) g 721 e ZdE g 2 uiEez 7t g4E
=EUS 2007 89 289 o WIE HAY 5 AE Aol 9= §& ool
28 2008 ot . -~
Aees 200sd 185 e AFEGEES99Z(CT  Computed Tomogra-

Q) &0} g 2HY A, o A%

phy), A71249¢(MRI :
2 Boeh 24

Magnetic Resonance Ima-—
JdE 9Pe vgoz A 3§ wde

& WEA] PAB ok T o] 9o} BExog Ba wiE 2w A4 5 EE
frale] AL E sl A-Foll didlds ARl 8718 Ao vl 8- A Esok
L

AU eBA: AxEde] Q4 M35 A25(2008.2)

Aol 55 Avel ABRY wol AN, &34
nglo] Hg B2l 2 54 sl#e) A5 FUI5) 5
hpe Rolo] B FFsEh B4 B4 59 44 7|



Ang 334

Wolle wi7h8Hparametric) 7187 4 $H(registration)
7IHo] slom, o) &% BA A v A4 g
AME B4 34 2do) ZFYe) %S A Py
ZFUE B/A AR wyol Fasith W EA ¥4
29 Age e 71E 47ES 84 3 Ui B4
4 e FHoz Agsm gom ol W r)=
A7E duEd e gk

B D O BA 2 A vilE sge Aokels
71E d7E 927 2tk Davies 5 MDL(Mini-
mum Description Length) 7|'@-& o]&3ted 234 <
A & 4 BE AE A, X 239 ‘:H%H +
A daeger 2de HHdste B4 84 39
< A3 ATHE7]. 1Y AGA HAE Ay *}%0
2 HAH3 Azte] e#) drle FAVL sl o] s
3t7] st O A= Z19s Add HAs el
A& 2 (simplex) €aL8)&S HL319H8] o]% 33}
4 Gl dF B4 34 =Y MY Hes s
o A HA49 33 BA ¥ 2l Yy
[9]. Heimann (101> MDL$ #AHs} Azt2A= )
23] 3 AGH AHs) 7y F shiel J)er] 8
7}Hgradient descent) 71-& AL3aa 743 FHo| Us
31}1 A ¥ 2dg AgsAen, Fripp B11,12]

< Davies[9]7} A<t B4 4 md 44 He v

BHog 2, AF, WET Hesd 339 B4 3
4 2dg AASATE Lamecker (3,131 34 X
Foesg dFE Algele T)aEE 1o He A
sted 33t BA G4 e WAL 7kl e
d EEE o8 Ay 2 Beste] 2349 Hwd o
B3z, W HXNE 2t ddd MBS AX o
A 243t 321 BA 34 mde A4Asg o
SHhH oL stobEe) 349 A ¥4 Rde A4S
ol uteho.Z Iwhmel stebE B olgalge
[45], Zachow F[2]2 &otE9] 339 £ 34
& oz &E slehg 2 Ao ol 43tk
B U A 2 A RS AEL AdslE 7
& A7 2 2t Vos E[14]e ICP(terative
Closest Point) #i2]&8 o] &3td =E2mo gt 33}
H 54 ¥4 2de M489, Frangi (151 the
A HE B-2Z 1 (B-spline) HZH A 71HS ol
sto] 2 He) 339 B4 B4 2y AA 7He A
StH2oH, Yang B[1612 s1&mo] ol 72a A3t )
B ICP 38 &S A4d F B-2Ze g 3
TS FHE 32 B4 B4 RS YAy
. Vrtovec §1171& A%3 @4 (elastic) 3 7H<
Abgte]l A 34 29 44 ZPES Adstgoh olgk
22 A% 71HE o)4% BA ¥4 mde mye

P

o
in

off & E off

2

m—l—ﬂ..&-{o{'

selE B4 34 vy A 119
F4e AW HAZ FUow Qo) w44 Ago]
L A v, W vYe 93] 23k v
HgE AA H2 T d BAS AFses FiHe

E 29 A Aol L 7“13]/‘<] 2, B3 Fe A

o WA 4 omz Yyl ARg ArsaEs o
& AE B Aol Fasi,

gebd B oERE 439 sekE 54 94 wu
A4 71 el AbE sotEe 2vlsh Bept o
Fot7) Wl B Fejol SPHe)T, 49 A7kl
o FelA 2 whAAs AH0100E Aesld WAk
dHe Axssws B4 B4 AL 44IT vy
A4 HYe WA, BE T BE 3349 s1ok2 6]

»
RS T4HoE 234Y

Bl v} 220 Be EE!
=39 Ao} #4117 8o A REwc 2w
ANEL TAZA A7 QYA Y wAs oY

< A8ste] 2x1 WAE #AAs FAH wipse
AEE HgoR AT A AAE d3) 71E ¥
A3 Fe B ddd WEE B8 S g4 4
ARt of o, wiAst Fxo wet A BA FHAAM
HAE 5 gl e FH A BA sl 3 o
= -74 E SRl Eﬂé?" T A WHE Akt v

=9 AL T 2T 2BMAE ANe 5
WA g vl Y PES H9eka, 3elNE B
ABPHS H4E CT Bl 483 AL FA ¥
4 =l A%E AN 54 ¥4 wde) 43t 9
b WA HAR R 5A 94 mdel UPE B4
Ashg ANBT Ao Lo 2 =R AL
@ Ane sorE BA ¥4 wd A4 el 0 2
g2 g,

2. 3X9 57 B4 =Y MY

Y 1e B ERA A 3409 54 84 2d

it

A4 gL vekich 3A, 33 34 dgdolEE
ez wifg gel Bad X BEe £
3 # dgdolge ARV Hd % l‘;r%h‘s}
CT 942 Aoz 74181918t Zheal201%
gojeto|tt. 32k 4ol HA BE&> AR =od
gol F3to) g NG FAoE 244 WA =3

A Hehell wfgo] golEteE g dHon Ry
T Bl A ois 3 ANS 99 37
2244 wiolst AFE s w7y
4 Mg A¥RA fus Hedg A

il

g

2= BAZ



120 AR 88 =

~

T2

AZES g & A B A A 2 T(2082)

WholH 55 ¥ ATY L e
v
379 W AH) BE

B e A%

33k WAarel 23t WA
\l/ P "

W A B EAZ A% S :

FE gl g g B Ay 1 B s

I} Bs a4 og g

A ABe T A AY

4 ]

v P W3 RE BHL RE BAN-1

BE A

a8 1 324

A, Wriztd RS v FIAF 94X HXSq
sl g AHE ATz S FHe etk
ol W, TIF AN A AA REANN DS FH A
dol E7b5e BAE Adt wAgtes 73x) WA
£ olg3t) YA AL, FAHE B4 IHS 49
ate] BA B4 2dg YA

2.1 32 Aol 2x19 oH7Kst

AE e e sjehEe] Ui B4 FY mde
As7] A8 wE Z1HE BedT s 2 8
BES ITFE N =302 wiPsta, 1 JRE o4
3t dig HAIE A HeE A Feo #

Aol 49 el diste] & sbesich whE Hy
de A FAZFA WY (barycentric mapping)[21,22]
# 98127 vl (shape preserving mapping)[23]°]

Aen 334 it

g sts Aol Fastc)
FAFA WE 33 F ARz 7R A, &
2 £ wW(geodesic polar map)[24]L ©]&3la] 3}
Fdol s 239 @9 (unit disk) 22 HAEFHE
FR 4, 2 X9 R AHE da 2 (1)
22~ 23 W(convex combination map)[23]& ©]&
st} BAY HAXE AU FAFA wWPe A ()
o} e oz ol AWEY JEXNS A

g Azshsn 7Y PP

o, X,

A ¥

A 2d 283 J,}Jg

w= . B, W

Ai,-=1/ni @)

1 |, e HAF WY BHS Inisty, ue u 9
d2=o] e ol AFESIH, M\,E °1% FHES
B3 AAEANE Yedth o E o) APEY NFE o
u] &,

PR Wy PPL 2 (S NESE pE AXNY
o224 AAY YXNg 24P} 9IRA 0P sF
A AL AFEEC] olfe 448 Hol vEE A @)
9} Zo] AikdEct

d, d;
P=Y NP 23N, ®
k=1 k=1
area(pp, p;) area(p; pp;)
i area(p;’p21p3) PN area(plvpzypg) ? @
area(p, .pz’p)
i arealp, PyD3)

ol W, p,= AR pd ol% FASE v, 4
ol BAHEY AFE 4 @WolME 39 ALE Yer
ohoALE ol S U NEAE UrEHHU%,

© PPy, Py I 291 Zo] AA pe ol BHES e

A,



A3 3t st BA ¥ 29 A 121

oz 7AE AAE Wold g et 7 AR
7VEAE Artstes Hx o) g HE FAzE e
SA4e] sich A g das ddRes ¥A%
A AAstRT: gdskA @Al vrebdth
22 g ME =22t ZHE sfHs IS 4 MM
A 8% 2de FE A 4SS O3 4 ¥
F o wAZE EAske vogE nEgez AdHE

aE 2 98EA gl A poll qF o)% AET

= ¥4 4% 71% By uo] DEol 74 ¥E §
a cﬂ WIS AN, o) A, ¥5 9% B W

a5 %’l A I [ ¥ EH% B
< AT+ gler oF A A Y9 Hele L
W 49 o] FAR BE T4 BAFE AU L
Adt 08 da)e W BHES AN T F e oF
Aol o 4y g A o FAES e,
(b= o3 FHESL nReR AdE FAEe 3
Be JERiT B =RdAE oig 3

(b) FAFTA w3 (¢) 9= vy a9 Rl
29 3 oAE el oE W s g e B ARFE Aol 1 ¥ BE
Fgel 23 hS QRS Moz AF W4 43

IE 3E A B BAG Xl F WA o) g 2E 3

ofl
X

3
o] 3 e AR ANTeEA
o

3 719 495 Jehdg FAEA gy 98 o) 8 F4E 7% uS FHE Adsls Ho=
B UE ZHA O R A g Zolsh 9l = A% B7Flinear interpolation)® Arz} XZHtrian—

o FAS4A vge o) AHA s H-r/l HEES Y gular interpolation)[25] ¥HH-& o] &3}
A HE8FomM 1 Ayt AF¥EA vl A g A9 AN AH 2EWE B7F WHS AleE)
Hog FYsHA vehdth i 93EA vige o)y o 32 oS RS AP AHY FFe 9%

[




122 AN = AZES]
g Al 71Fe] He A 715 AH(branch point), =)
A AAE 7% AHY R AHH(external point),
Wz W& A4S AT AHL WP FH(inter-
nal point)o] Atk 7IE FF Wiy BILL 2 (5)9)
Zo] ALt kHA 339 g uig 23 HHe
29 vi7is I8 fi2 o S A AL oA
o] AR HE ANET

e =5 ®)

o ®, f= ¥F ¥iel 71F FHEL Jin, re
% ¥ad 712 ARe Ushdth 239 WE 34
AN WA e BF Lol AF BHE 1AW
WEel 7% Ml U U BPE £F WA 7|

£ 34 39 5dsh
AR Ao Ui S HHL AY HE o83ty
A (6)F o] At
5 ) =of ) B () (6)
ol W, r2 71& Y ¥ HHE f), Lt ¥F §
2] R ZARE Jeug o Be 7 Y EAE
vebdch v1E ¥4 R AA rod did &, Hel 9
Hale %5 84 ZAJE £, £ T AF BAS o4
3] AlAtgich
WE Aol e s AHL 4 (NG o] AN
o 71% B4 UF 3A re TRSE 25 W
A AR §, b, 8 2o A BPOE olRARE 47t
B2 olgstel 47 ue FYR
fr ) =af L)+ 85 () +f () n
W e digh A B3t Al J1E e yiR A
ol ¥5 it AA e Yxed A AHd o
3 A4 BZbo] oD E g APE A & S+ ¢
th olst 2o FPL 0F Aoz sty P

°F AT ARAH oF AHeT BRI WY 2

% 8e 19 69 39 nsh 2ol A7 1k ofey
Ue 3F Al BhER AL gelse, B8H 2
F 3He 1 no T FHOT BAH oF Aol
Qe At g Ag A BHEE e BB 3B
4e zeste] Peol@ok

BAH oF A4

2 88 A4 HE A 2 Z(20082)

ke £ 944 oF 43

. #4427 47

3% 6 2F A4 49

BAH o7 Ade d dig Y AL oF A
H& I A44¥e 4339 47 B 93
of, Wi Ao 3t ulg Ao WEAl YE HFol
g F xS 4239 A FHE 74Uk ol ¥
o A FH & AHE 5 ¥ YR Aoz A
g3l Uz F A¥e 2F FFE e 97
BHE Fol Adsld AA¥g FAEGRY ¥ TS |
ANA F AHY A4 B 4% 443 A9 by
< Ugdth 34 n, rp, e 71E 339 3AE g
Wi fi, 5, e F% 49 ML Jehdo. HAH
2F B rdl Wl nE Atold £ RF A, £
AMe BAsd ), £ FHY FF F AL R
AY 1,8 AAsk, B f, £ Aol AR PSS
oz wAlA WEo R HH nE I A4IS
gagtt 19 79 A9 HFTHOE Afaefyt AU
ol BAF o7 AH Y 47 Hio] FYPdrt

29 8 A3 oF AHEY A Bz wHE vE
ok A4 A oF A A B BHAE L% A
ol i3 Azt B3 A AMgshe AAEES sk
Fgstd Ao 27 89 AAH s, 1, 10l FAH
SF AAY, AA 15 el AffinSZ, A 1, 1
AfrnE, AR 13, e AMRLE 44 A7 RS F
i}

E FoA Agste 27 A3 digd RS 3H A

A UTEE uR AY AY W 34 wez $9

A Aelaid, AA¥e rEse 3H F @ AHE
e oz dh9Fezy J1E 349 oF WE 3
Hol U AP AP Fo= iR FH AXNE /A
 F I=s Pk

a9 7 BAA 0F B9 A7 uar



A3 3344 shekE B

a9 8 ARH oF WHe A7 ng

2.3 AA| HMHS S5t A HE U FTNE BN

#2727 4 A o2 Y4E
A7l S8 Fd Qe 2E
BEgrl A8 WhgogE Solg B3(Singular Value
Decomposition)[26] 71H-& ol&38ld 7t Bz 3o
3l A (5 FAxsete olF HEH to HA P¥ R
< ANEY 7E gPom 0%, A B =27 WIS
FPg}

ok Jg’
Oim
2,
ofk
ox
R
1
to
o,

Z Ip, —

of W, p, = 247 1E VAW BE W) PR
BEEEE

AEd F4EL or FAE B4 J)Y(Prin-

(Rg +¢)I? (5)

cipal Component Analysis)[27]& A&l £4 A+
g A%tk AL 2L dojele] WalE 2y
she VMR By A4S FHoR A wolz
WEEte] BA 34 e AT AR BA 3y
< U 2ok A, 4 (6)3 2ol A N A4
Eoll s P A4S Astd A (T go] TR
yE SE Aok
= 1 N
z= ]_Vzgjlxl (6)
1 & B o
S:—]\—[Z(Ii—m)(:ci—w) M

1

ol W, xie S FAThs AEL Ushdg.

=, TE FFD Sof dis) 4 @)F o) e 2
#(Eigen Decomposition)[28] #48& AX w8ZHEP-
genvlue) A3} TH-9E|(Eigenvector) PxE A4t}
SP, = \.P, (8)
#dE 5o 99 1fdEE I
°lE TAFLE AMGHY, THg A,
RS BAY kA THGO, =N, )02 FAE
gk Holo]l Ax & el AM-HET)
4 @A A nf THHES wgow
HE W o] i9A Bl dish 4 (99} 2o
& stk A (9F olgste) 4 ¥ W A

o]

5

>

rEororx

A=}
N

, Px T
i
k

E £
rr

L

I o

fe o

o A

2

]
Nlﬁ Rl

B3 =d A 123

z; =+ Pb, )

ol W, Px a-ftHElE FHE vehly, b THY
g i 7HeAE Yehlie HEz 34 834 29
o] WgE duhie Z=E gusie] A (1003 el

Akt
3. 4B ¥ HI 24
B A¥E 9 Fol2RFe]l 6600 24GHz CPU%

20GB WxdE Z28 PCAX FaalAth Agdol
El2E Siemens Sensation 10914 #d8 ANz g2
IAZRE HES 14709} 2 CT 94& AHesy
o o =7lE 512x512, WA =A7E 0.26~0.5mm,
Fefol2 2HAL 05mm¢S! &dlola 193~245% 9] o]
EFS ARSI Ao AR setEe AR
o] FFYom 7 3jotF, otz HEWe] wjueE
A, LE BE3A FZo] Je A F 48 /1A EF
S 7H stek dlolels AMgated Adsich A3
& BFrhs BA 834 =do ¥4 AR K¢ gt
B4 7 ARSAHS 5% A B € 339 &
P4 mdo) Uix =48 Lysych
I 9= low‘ﬁg HEsto] 443 339 stz
A 24 2dg vehle Ae® (a)e vz 4y
F FAZS4H d38E& AHEY Adoln (e 93RA
W3S AMRE Zdelth 2 Fe BA ¥4 2do WA
3s weg g Aoew R 12 wde Fg8 E
W2 B3 Aoy XE 2 B 39 ¢MZ EA
3o &9 gk 4 de g L FHe
d EFE AR -3vVA9 +3vVh 9] wisg
FAo2RE WIS 4A B}
boh A3 HE 4L A4 519

éi&ém{

¢

}mr_&oﬁ

I T
E RAgEnh #Hi
B W

1 4EE W
g 2 BE A Aol

ot 2EH4 ww
SE TAsHe 44 x21E 93¥Y W BY SR

lo—z an
o W, N& $ERY W ST FANE B4 +

9 102 & HEdl A" 1409 Agdoletd o
Atole] g zelt.



124 BRBeEEe; 4

i
in
[\

bt
i
w

b,=0 b3:3\/3;

(@) WA Wes FAFY WAL A8 A

= 2

b
i
w

HE#AY (mm)

Y 10 55 240 e 0 ¥
=4 2%

b=-3J4 b=0

(b) wi7As} or AP WFYE A83 A

_O,_
TE 9 AL e H8 TA #% 2d A4 Ax

mm, F7 0.08mm *

A A7) HT 48 FAE F Y T &

5 ¢ F dh FA 49 A, 3T o 22F
k)

02mms) 937t BB 7 o] PE ¥
FE AL 39 FIo) WPH AFRA vhgo]
AFA PR Bt o) A% HolE weh

A 34 mdel 2Y=20lE W WHE TS



2% 33 dotE BA ¥4 2 B4 125

mog ugg 2390 DA £ 5 84 2d
A4S AgE RE9) Mg 2 Usid, 93E 2
e A (129 2ol AxtE.

N—

2 ZLoa= 2 by (12)
i=1 , i=1
ol W, A& A THUE JeUE Aoz 0~1 A}
19 ge= Atsisld Agdstgdon Ne Fazge
FE v
a9 11& ARPPEE Heda A B 3 =

o
o

de] A3z 24 A g agzs mx o o
E Ak Bi@j.a]:ﬁ_ E]_oqzr_q
zt wiAst Hg el wel FAFA wBL 6719

2oz AA B4 w3} 95% ®doe) 7
A wige 7 RER xﬁﬂ B4 Wgl 95% S FHs
Aol stk & 12 viAs Wi we #4
&7 AHE RE ugS UYehiEe AoE FY%
4 Wske 5% H@sh=d o] 7 sl S
2 FASA WL 46%, 9¥RA B 54%2] &
& AHEEATE AA RE9 47} Agox Eysia
e RS NEE OiREd 34 dske yehdosy
A B4 2de o 49w & 4 Yok

7Hed 9gR

oflt r‘E r]r
o

(n £

offt

4. 8B

2 =EdME slets Gl i Aud BA 3y
2d A ‘ﬂ—g At =2 E’r~ el shebE
%‘“Oﬂ thel wiA st 71‘%32 sl Z} A0 og

g A4stgen o] HAdM 7 A BA &
W %*35?._} T = us A g BEAHE WA
AT tE AR BP0l BAEE of AR s
BAH oF AHe O 4HE ek AAEe B4

s 47t MG FATORA e HAE AN
I, BRA oF ARe BAA oF BEY ¥4 n3
A AgE AARE FUsA Hesd B e A
RRAT. APPRE WA 99 TR 549 F
ShEg zte 14%e) A HolEE Ao, vy
A8E Yehls &9 97, F9 A% 0 2% 949
AU B 83Nl B8 AE Y 2 5T Ao

A AV BWoh BA 4 2de mdse

=
ABE e MEE 2F9 UAE BoE FAIR
#9b H7h AvEE O 399 43S Annshai
57 94 2de 448 & 9T BF 4% 03
£ ? gud o

08mm:+0.06mme] ko] & H‘ﬂoiéﬂ T BT HA}
%£ 2 A 2= B dde T

9595 FHsh=El Sdo] wAFTA WP
46%, YFRA YL 54%9 R= HES vehgow
X He o BER OIREY Y WS JehdS
& & sl B A W £3E sk 3
AT sherE £ 288 F oM ¥
Bot w2 3tehE Hol
7kt gk

3 %
AT
5 AHgsel A

il

‘[O{’ 091.
o ki ol

Ll %

g8

[1] R. Paulsen, R. Larsen, C. Nielsen, S. Laugesen, C.
Nielsen, and B. Ersbell, "Building and Testing a
Statistical Shape Model of the Human Ear Canal,”
MICCAI 2002, LNCS, Vol.2489, pp. 373-380, 2002.

[2] S. Zachow, H. Lamecker, B. Elsholtz, M. Stiller,
“"Reconstruction of mandibular dysplasia using a
statistical 3D shape model,” Proc. CARS 2005,

| oE 3 gL H m= Hg
2 A4 3y B4 A x%xﬂ BT AHEE BE & kil =o th3 AlgH R=o] HE
FAZ4 W 95% 13 6 46%,
AR )3 95% 13 7 54%




126

[3]

[4]

[5]

(6]

[7]

[8]

(9]

{101

[11]

[12]

[13]

[14]

[15]

BRI EEA  ATE ]

ICS, Vol.1281, pp. 1238-1243, 2005.

H. Lamecker, T. Lange, M. Seebass, "Segmen-
tation of the Liver using a 3D Statistical Shape
Model,” Technical Report, ZIP PaperWeb 04-09,
2004.

H. Lamecker, M. Seeba, H.-C. Hege, P. Deufl-
hard, "A 3D Statistical Shape Model of the Pelvic
Bone For Segmentation,” Medical Imaging 2004,
SPIE Vol.5370, pp. 1341-1351, 2004.

H. Lamecker, S. Zachow, A. Wittmers, B. Weber,
H.-C. Hege, B. Elsholtz, M. Stiller, ”Automatic
Segmentation of Mandibles in Low-Dose CTData,”
International Journal of CARS, Vol.1, Suppl. 1, pp.
393-394, 2006.

Rhodri H. Davies, Tim F. Cootes, and Chris J.
Taylor, "A Minimum Description Length Approach
to Statistical Shape Modelling,” IPMI 2001, LNCS
Vol.2082, pp. 50-63, 2001.

Davies, RH., Twining, C.J,, Cootes, T.F., Waterton,
J.C., Taylor, C.J.,, "A minimum description length
approach to statistical shape modeling,” IEEE
transactions on medical imaging, Vol.21, No.5, pp.
525-537, 2002.

Rhodri H. Davies, Tim F. Cootes, John C. Water—
ton, and Chris J. Taylor, "An Efficient Method for
Constructing Optimal Statistical Shape Models,”
MICCAI 2001, LNCS Vol.2208, pp. 57-65, 2001.
Rhodri H. Davies, Carole J. Twining, Tim F.
Cootes, John C. Waterton, Chris J. Taylor, “3D
Statistical Shape Models Using Direct Optimisa—
tion of Description Length,” ECCV 2002, LNCS,
Vol.2352, pp. 3-20, 2002.

Tobias Heimann, Ivo Wolf, Tomos Williams, and
Hans-Peter Meinzer, "3D Active Shape Models
Using Gradient Descent Optimization of Descrip—
tion Length,” IPMI 2005, LNCS Vol.3565 pp.
566-577, 2005.

Jurgen Fripp, Sebastien Ourselin, Simon Warfield,
"Automatic Generation of 3D Statistical Shape
Models of the Knee Bones,” In APRS Workshop
on Digital Image Computing, pp. 15-21, 2005.
Jurgen Fripp, Pierrick Bourgeat, Andrea J].U.
Mewes, Simon K.Warfield, Stuart Crozier, and
S’ebastien Ourselin, "3D Statistical Shape Models
to Embed Spatial Relationship Information,”
CVBIA 2005, LNCS, Vol.3765, pp. 51-60, 2005.
Hans Lamecker, Thomas Lange, and Martin
Seebass, "A Statistical Shape Model for the
Liver,” MICCAI 2002, LNCS Vo0l.2489, pp. 412-427,
2002.

F. M. Vos, PW. de Bruin, JGM. Aubel, G.J.
Streekstra, M. Maas, L.J. van Vliet, AM. Vosse-
poel, "A Statistical Shape Model without Using
Landmarks,” Proc. of the Pattern Recognition,
ICPR Vol.3, pp. 714-717, 2004.

A. F. Frangi, D. Rueckert, J.A. Schnabel, and W.].

2 g8 A B A A2 520082

[16]

[17]

[18]

(19}

[20]

[21]

[22]

[23]

{241

[25]

[26]

[271

[28]

[29]

Niessen, "Automatic Construction of Biventricular
Statistical Shape Models,” FIMH 2003, LNCS Vol
2674, pp. 18-29, 2003.

Yuhui Yang, Anthony Bull, Daniel Rueckert, and
Adam Hill, "3D Statistical Shape Modeling of
Long Bones,” WBIR 2006, LNCS Vol 4057, pp.
306-314, 2006.

Tomaz Vrtovec , Dejan Tomazevic, Bostjan Likar,
Ludvik Travnik, and Franjo Pernus, "Automated
Construction of 3D Statistical Shape Models,”
Image Anal Stereol 2004, Vol.23, pp. 111-120,
2004.

Lorensen, W.E. and Cline, H.E., "Marching Cubes:
a high resolution 3D surface reconstruction
algorithm,” Computer Graphics, Vol.21l, No.4, pp
163-169, 1987.

E. V. Chernyaev, "Marching cubes 33: Construc-
tion of topologically correct isosurfaces,” Technical
Report CN/95-17, CERN, 1995.

P. Cignoni, C. Rocchini, C. Montani, R. Scopigno,
"External Memory Management and Simplification
of Huge Meshes,” IEEE Transactions on Visu-
alization and Computer Graphics, Vol.9, No4, pp.
525-537, 2002.

W. T. Tutte, "Convex representations of graphs,”
Proc. London Math. Soc. 10. pp. 304-320, 1960.

W. T. Tutte, "How to draw a graph”, Proc.
London Math. Soc. 13, pp. 743-768, 1963.

M. S. Floater, "Parameterization and smooth app-
roximation of surface triangulations,” Computer
Aided Geometric Design, Vol.14, No.3, pp. 231-
250, 1997.

W. Welch, A. Witkin, "Free—form shape design
using triangulated surfaces,” Computer Graphics,
Vol.28, Special. 2, pp. 247-256, 1994,

M. Z'ockler, D. Stalling, and H.-C. Hege, "Fast
and intuitive generation of geometric shape
transitions,” The Visual Computer, Vol.16, No.5,
pp. 241 - 253, 2000.

Arun, KS.,, T.S. Huang, and S.D. Blostein.,
"Least-Squares Fitting of Two 3-D Point Sets,”
IEEE Transactions on PAMI, Vol9, Nob5, pp.
698-700, 1987.

M. B. Stegmann, D. D. Gomez, "A Brief Intro-
duction to Statistical Shape Analysis,” Technical
Report, 2002.

R. A. Johnson & D. W. Wichern, "Multivariate
Statistics,” a Practical Approach, Chapman & Hall,
1988.

M. A. Styner, K. T. Rajamani, L.-P. Noltel, G.
Zsemlye, G’abor Sz’ekely, C. J. Taylor, R. H.
Davies, "Evaluation of 3D Correspondence Methods
for Model Building,” IPMI, LNCS Vol.2732, pp.
63-75, 2003.



ALY 3 A2 54 o

%A 8

2001 29 AgAxTien AR
A} 20034 29 g st AFE
St Mah 200649 29 Aeelddsta
AFESE WAl 2. 200610 39~ 3
NgodAstn AR 9Bl
S BAROE GARY, Y, oz

244
1994 28 olgdajoist AAA e
| AL 19969 29 olgddAiEtn A
& AAIAEERE HAL 2001 89 o) shed R
Sm AFEEA 9L 2000d 99~
20033 74 Agdista AFEHITER
BK BRAFAT9. 20029 12€ ~20039
44 (FHdAYEHAE=ES 7-‘1%]"1:114 2003 8¥9~2006
29 Medistn FFEHFEE BK AFzus 20061 3
~ @A AEAAStE mYolgR HYPAL BalRols
ARFA, A, HFE adYs, AyEpas,
HCI

A wd A

127



