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An External Surfaces Modeling of Inlay/Onlay
Using Geometric Techniques

Kwan-Hee Yoo' - Jong-Sung Ha™

ABSTRACT

This paper presents a method for effectively modeling inlay/onlay prostheses restoring a tooth that are partially destroyed. An
inlay/onlay is composed of internal surface adhering to an abutment, and external surface revealed to the outside sight. Intemal surfaces
are modeled using Minkowski sum expanding the grinded surface parts of abutments so that the internal surfaces can adhere to the
abutments with closer contact. In modeling external surfaces, we exploit 3D mesh deformation techniques: DMFFD(direct manipulation
free-form deformation){19] and MWD(multiple wires deformation)[17] with three kinds of informations: standard teeth models, mesh data
obtained by scanning a plaster cast of a patient’s tooth, FGP(functionally guided plane) measuring the occlusion of the patients’s teeth.
The standard teeth models are used for building up the basic shapes of external surfaces, while the plaster cast and FGP data are used
for reflecting the unique properties of adjacent and occlusal surfaces of the patients’s teeth, which are slightly different to each other but
very important for correct functioning. With these informations as input data, the adjacent and occlusal surfaces are automatically
generated as mesh data using the techniques of DMFFD and MWD, respectively. Our method was implemented so that inlay/onlay
prostheses can be designed more accurately by visualizing the generated mesh models with requirements by dentists.

Key Words : Artificial Tooth, Inlay/Onlay, Geometric Techniques, Deformations

515

1.M B EHE A ok =g A7|TAtel oA £Agez <

FA o7t AFFog Qste] ox A=yt Attt o=

AZHR grRe ADHAA Ao xo} AAL @ AFEH 71ey @ wt XBALF @ AFAot A

3 29 My "= FRYo o|Ro|A1 9 o]g al Azb &5, AFAA A 278 0020mme] A #A

3o BR= Fr|7hEe WAL LRIl Ha 9@ 7|3t & 915t CAD/CAME ol &3 s1& Ao} A2 7o) &

Be dAH AFAoHprostheses)E 7193 Aujof s O ATHL A, A AAHLE BEHelw maH <
FA o} xﬂz} Alz=glo] o] AleE T JTH1-7, 10, 16].

YA o2 CAD/CAM 7% o848 ¥ o} Az &

%9 EUE AGAE SERAGE ALRTALIUA VPN AW AID 0 oag amo wsium @A B4 AobE 2z

aa A Srasan g R gdshe AnRYe ALY F DAY AR 99

=RHS 20069 99 19, AAFEE 20059 119 39 wol xole] gHe mdysig wd® o} ARE o



516 HEXNIHS=EX A H12-AZ HI6=(2005.12)

§3te] ABeAt Aske Feje ABAote Fde AR

3l 3D 228 TET YdutF o2 QlFXolE Zol(cores)
o ZzhE(crown) o2 TA AT Zols g Xolet g
£2e] HAE L FUAI)7] g REEo2 XHrst #
ol Xotet AHH o2 HES= RES ouidln, A
2 ol JAFTAE A AYE W Bwog Sojy
Bole B 3ol

S Aotoll & Tt FR/7F glon ol&
o] Aozt ‘?—J.—r gEFo] FEEojol 3 of *}%
2o0}2 Qg o/ ol (inlay/onlay)et &t} gl o]
] L R ’“H“°] AE 27]H i
§ Boln, 2ol PHZ
% o] maj® Aofd wjg A
FEZot (2¥ D@7 4%
Jol/2Hol & At dEHE BT

hes

co Fe

o]-J f”l°

shu

9%

329)
HER

57}

Ho
ol

lN- AN rlr n

2 93, (¥ DO 54 Aotel dhal Ael/ew el
FRES BA FRE AF wolFa Ytk
B =R 3D W4 e 2N 2o 43 gl

dolg aRHoz wdYsly| Yo 7HS Rl guk
qor wdE SWHAAN 2 o Jo|/2dole AU
(abutment)$} Hates WAy woz Sojui: oW
ok HHe AR QFHofete] A HA
AEE F7HAI7 skl dntd AgA 29
Yoo &(11, 20]¢] Minkowski Sum ‘#8& #
33t} B =Fd e <dgoel/2doele gHS
2 2] A% e IFHe=E =9stuzt Itk
2o WM s ZEXel 2d, xR Xo} Hur¥L
2708 v A, B2 2ot W g 53¢ FGP{unction-
ally guided plane)(7] & A 712 HRE od 2dyo ¢
#3822 AMS-3l2 DMFFD(direct manipulation free-form
deformation) 7]$#[19]3} MWD(multiple wires deformation)
190718 HEstd <ddo)/2dol 9B (adjacent sur-
face)® 23 (occlusal surface)E HF AE2 AFozm
Azt of7joq M FEXo} Bde owel y[EAe Y
£ dA37) fste]l a3 Hury boles FGPE &
A Ao} QAU wHnity 2 hE AUk A 53 7]
W Fed af EAE whgsly] S e,

A 2FdME B =Rl =@ <l o|/&Ho] T
9 NE dF A#g AFen A 37l E A o]/ o

@t A 4Fed A e
< H8F Addol/eH el
510‘011 1‘ °1Eﬂ °l/

N
to 42 &
o
fetd

CAD/CAM 7)&& o83 dlol/2a ol AFA)el Az}
Al 7HE Fas AR X FHA) rena ste e
AFR L& ’?:}Z} o2 AgslA RdPsE Aol F
# Hoto] £& MH FA=HE FUsstn o] 23 Hole}o
g @*{lﬂr Wil otk AEg wEo| dng
T UEE Fjopgirt. AFA o} BdAE 9 EHoz A}
£ F 2}% Yoz E 71EY 3D 2y £3-9 3DMax,
Maya, CATIA, SolidWorks 58 AH&sl= Aol a2y
E ETEC] gyel/2dol REdgE % a7x2dg B
5T F Q7] A& dol/2doe] AFAetE
= AL B & J1 FL hEsigEs
] &7 wEA dgol/2de] Q1FAetE: aA
2dygsy] A 1E 5y =79 Aol %‘3’3}4.

ddflol/2dol RdHo @3 AFE A 2D B4 7N
7 3D H+ ez A3yt AAHD ok Gy 7]‘“9]
a4 d7e 2H29 F28] T BrainsAh7b ¥
o2 s Cerec Al2-”[25] A AAHUT. 25L& 2
ol/2#olE AAEI s WA FHUYA HelE: AH
Fheletz 2%k dHE G4 FRAA Holy AA R
e Fol AAANA EAHFHE MdAAE o)/ ol
o] 9JH ZAA ARE HUA FFoE Yl Yz 24
= A R °] WS ARt Ao} HEe} Xolg 7]
3 B4 gt YA K3 vlg BFHEEA gd =

il ’% AL 5 gl o ol AMEEHA &x
L& 28 AT A7) Kunii $12), Myszkowski 5
[13], Savchenko &[14]0] <)sle] Z+zb AAHITh 199%
Kunii $[2]3% Myszkowski 5[13]2 2D H4+& 29 Eﬂrf?}
o ot RAFYG F o ”EH‘)“H gl AEd oA
3 Hofe #ol/Hole RFHE gk, Fold _’?ém‘

of
e

o) \—El

1

3]
i)

A

)

i, >_\.L
o

[

MR ot 1 N

o
ol

P

o
of

Ea
Fal

¢

|

)

to i

ru‘.

A

o W ¢

(s

¥ W ok b fo

£ Ho o ot
i)
09;

r&

OFH

("

& o] g3td Aad A ]—Eﬁé—J ‘?i stgo). a3 o] W
HE wFHS 7] 3 @ olFo] gle & oo
Faste] Mo Holgt vuz A=lg Aitste WAL F
oh =S olxgd MAEzY HES Az sm A
A8 B8 284S Ao oz T&"é AL 24
71 913 2~3A1gte] 274tk 1 $ 20019 Savchenko

A

i
e o oot St et st

[14] 5ol Holel Az Gd(range image)s] s FHA L
2] & (genetic algorithm)& ©]&38ta] Qo2 rdgst
A 7IHE AASAT 22y o] HylolA HH3 7
& B&3td Qleols By glo] e deolE
Askzd 2 Azke] Hele EANS 91 gth



teoz 3D WA A3 OJHIOV%EﬂOl% 293}
7 9% e a7 2%s und 2 od AR A3
A BT AEAMAZE D AAUE FHHA A

skt o] 2/UE o] E43H FARFE AL ARy
& AAdoer Yy £ vk FA FAE PeR §
Txote] dFAE g os 23t dolHuo] AR
FET 4 ok olEd HRE 9 A U 7Y
koo L&Y 5 gdon, ffEAY WHPORE Nobel
Digital Process AtellA 7]%3F Procera Al&dollA A 7]
26l GC Aol Al st GN-I1 A" Al Abgste %
H27]0] 3. Procera AlZ~Eo| X & 71 FA] 93t A€
Pin-Die #t§lo] ¢5¥ Huwds HAAUo2 EYPge
F, WA aE 3D BEdY me e 7S o] 88t
Ao} 2ol 2t GN-IlXE XAt
o FAAZFE dojzl e AAd 2 Al
FAEEE dojxl wg FGP(functional guiding

[or

ol
-

a2
4
m

3

[o]

ol
i

plane)(71e 3 EEHFE WFalo] Uate zlol/Le
o) zasch e olg AxYe ARE ZHolA
BA7H Bl ol = A% AAs T g Felrh

3. eleol/20] 24 Y

(@g 27t 7188 71eS o) 8% delol/2old &3
@Ig_i Eﬂ__, ]-7] 1,]6} x];]]x%o] 47(40 E‘ﬁ-r_l. A)\]:].
WA 3D FEA 2AUE ol gshed B BE Hurdy
& dgus Adol/edel gue YW 4HE RS

FGPE ¢=it=r]. o714 FGPE X (Resin) A S0l .46]]
g2 7AUe g 25¢ T wEo 2y HHE Ho
F& Arolrh 3D FEFA AU o8 gFE ARt &
ekl (scanline) HE|2 ol glo] AWz Azsts
T3 3D " E RETHIG 24].

‘ ST oIzt  3XR! 4 P

mE 2R
BFGP B8

—MM)%O%*’ iﬂé.‘?fi g)ﬂ

A 4
elgoy/=zio] 22

(23 2) ¢ljol/2el0] 22 =Y

N
o
Jot
~

=2 0|82 cldo)/2a012 2/ ZHE 517

dol/2d o] WS AA] M E 3D 2=
3D e} 2dzREH WA AAE Ao}

2} A A (margin) & F&3helok
30 Yool9ldl ¢} AAlg WA Ay guEFe o &%
th B AFoA e X} Ar9 é"a‘E% BAs7] $13 3D
HAEA 29U E AMESt T A8 98 UHSE X9 Y &%
Z+zke] tid 0.05mmE Frh dWtdo® X TRl o3|
Zobdl zo} REE HEFA 3D AMUREH FEEHIUY

A%l A% (emain) £80] 32 Y& FE 192 4
. werd eol/edolel W 2dR AEe AY =

9g dAT 27z BAeE BAR WY+ Aok oA

e AR 4] AY Y TE S o= S
2d TE F&= Minkowski Sum ZAZ oS3 2o 3
A gt
T=T+8={z+ylz € T,y € S} 1
2 (DAlX SE 08 wXEoz e TE 9v3y, S
9 FAL T FWd EA%ch dutdozn AY Fdo
obd &k 3D Rdo]A Minkowski Sum A& ¢ e
stz FE7)7E o ofFAoH12, 24 o EAE £ @&
A BEZ 98 Yoo S{20l00A 9 Az Xof Zd

W EAE ol gt WA ) Aotge FHPHE A
A 37] A& HALZRE 05mmolste] 2 o l‘i—H
2 00120mm AE=Z 3t 05mm o] Ao} Y=
0012omm HEZ Fdlste Ao HAHsL o] FuHFe F
o7l A7 Xot Y R FR vj$ Avies A EEE
AFRote] WH BRAPS 0|3 Minkowski Sum FA
HEstHth dugel Reo] glo] Xof Edo] XY HHA
o ¥ Sl AF Kol stAst Ao} RdY Hi
Y @3 Hd Y€ 7 F J4 Y #FH 0.05mm 34
o2 AANE XZ #IEFE 2= 2D AN E DEG T
32 2E gzl thef Minkowski Sum €@31EE{24]&
437 Ao Ul AN sa7sHEe HOo2REY dHT
Fo| otdlle] FHE ARG 29 o EAE v ¢
Z ERE &gt ol¥A ok Thtide] uis
Minkowski Sum €X&H& HEL&3H HEFHoz 3=
gdglol/ZdAel WHE AGE 4 sivh. T AAT W&

=¥ [20]& #F2¥ + o

FU r l

El‘

og BAE A9 g swes AP mgwo
2 749 Qelol/edols e AAs%E Aol od7)A
Qe FEaAHE Aol Aot We FAsel B3
o mIEE obnt sohel $AYE Foho] wejHe) Ao}
S BE}E We FYsel T o WAF Al 0A

AFAote] 718 el digste EFAoF dolE Mol X

vehle Aoke) F18eE 54 So
SEEIEEREES BE-EX I
84 Aote] 942 ARG o8] EFAoLE ¥ Htrans-



518 HEXZISS =X A M12-AT Hi63=(2005.12)

formation)3te] A & (alignment)dtch. AHEE

HAHE 18se DMFFD 938741918 H&3t %

of =g Wyste] AY¥HE AT uYH 4

HSIWE XEA MW 7‘%% 7181t 5—/‘33 e
o

101/%31101«1 ?l%j?iﬂr "’H *.-3.741011 ag zZ e
& oA A8 Zledn

4. elzol/2yi0l2] 2H DHE

41 2Exlof Z2 44
2 =EdAe g/l oH RdEs s =

FAote] 3D WA EhE AR
gy 2o x5 JduFlsldl s e
Ak ZEA oL gud tE v 2R dolEu o] 2
Agstach. Agd xEAo 4 e FRHEZE Feokw
ket EAste BE A }OlU% EFEA ok A7l Et’r &
3 Aot ARE Y
& AHEST & =2ME “15*71‘?-3° o8-8t JE
o/l o Rl A Hl8 E—i— Aob ARF
Adg o 5 Are O Aot EHsz 71 } -‘%‘é BARZE
F712 AZsgn. diHow :
Aloke Aot #eAo deH FHol «1611*1 d%ﬂ% 47t
et Aot Fe) 4 FHolA & © o5 FH 7Ee]
He Heol AT & l:—% dME ols vl 7IEREE B
FAobt 2ol AUtk FF o5 JIEHE AA Ao}
SN dAstA s 131101/3211 o Zdo] ool #
7‘<13H°k 71 ARRAE ANNF] A AR
Lo02 A& AW} ote 7ty EA A,
of Aw =G Ao} FeASH ZHH mFY AN v¢
Fo@ 222 ANSD Ytk Aokd s1FEH B4 A

ol& 3 3D =AUl

rln "

ﬁ,
:L
T
i
__>:1_,
llJ
N
o
_ﬂ,
(9]
:‘é
P[
= }-Ei

o} EFo UehtE Fo 5L I ]% EAeze
WF(cusp), 54 (ridge), ¥F(fissure)®t HE(pit) Tol U
o A%FE o J‘%ﬂ/‘i BEAE Hol ‘4% 1‘1—%% 23}
o, AL 2 = 2

o

(a) 713}

_10(
a2
]
o
oX
[

(b) 9HR A
(12l 3) E=Xo} HE

g4 de g FAEY 2led, Yoo $[21, 2214 93 Al
g gneEe ofdd WAEoz F& & Ut st
of mzAolo] el thztalel Aol Aokel FseH 54
2 dojgulolze] AAHT

X“d%% g 3}7] -45}] DﬂH-J HEY F
0|43t DMFFD(direct manipulation free f de-
formation) 71'H-& #-&3tt.

DMFFDE Sederberg £[15]¢1 93] A¢td FFD(free
form deformation) 7IH-& 7j¥ro2 &3 gtk FFDE #E
AN71zz s 3D w4 EHdl ol FgEyhe Ax
(parallel piped lattice)E @33 t}e ZAxHE 2HHoR
HFgste olg 2EAL olFAFLRN AAH "4 79
E WYA7= Wyolct AA Awdy §, T, UE 22
A9 & YER o] Ao 9F X & e A9F
71“E A o o] AAAFAEZ 7|E2Z dof9 H X

o) e 4= glom o] AoA doJH s, ¢, u
o EH He 7 Fo) widy, F X7 AR A
AR AHHmapping) ¥ #FE Fholth

il

n?ﬁ._?
o
x;ﬁ*

o

_IR irore ta
t:H

23

X=X+sS+tT+ulU 2
£@ 2 Ho2 A3 A% 242, om, 0 A ZEAE
= E‘r—%ﬂr ol Feldn

Pu=X+ts+Lrity 3)

dofe) A X distd o AdREgY FFE 7
Bt ZAAEY L NEE Hor ZAASH = _‘;_9]
ol wat A X A% olFdA " o] HFFr=
Sederberg 5[15]2 Bemnstein thd2 & AH&st ot 2 4
FelAdE (19149 2] H-Aojgo] FL B-2Fe1Y
Bagdgdsy B ()& At 2ud 4 x4 x40 749

ZFHHE P9 olFo2 NAFEG 5, ¢, ud A X
b ¥dE AR AR X, (s tu) e thEF Zo] YEhY
A}

)(ifjfk(s’t u Z P1+l]+m Ic+nBl(S) ( )Bn(u) (4)

a8y FFD W2 =445 Hgvtez 7] ¥y
Hgsteg 3D w4l EAsE o A
2 243771 FETh webA w9 A4

AslHA FAA WA E A¥AZ 5+ dEe WHA DMFFD



71} Hsu %—[ ]°ﬂ g3 ANHUS 4 D& X = BPE
T d8¥HE dasA xdsw 7@ X7t A2e A Xo
2 olsd o X B(P+ AP), & AX = BAPZ:= A

e ARl S5l AAE B Xk AXTE BaE] 9
stel fo2 AolFE WY APE thed Lol TaY

AP = BtAX ®)

A ()M B Adgdo] obd B it gHoely ¢
7 APE 3 Xo| FFDE A &3td dste A2 X
o2 Wyge] Hrh wA o EAE T oY 9
AR EO sty HERe wloz APE F3 & FFDE
Hashd 2 A9 Yste Wdo] sleEAAE Aotk @
oF X714 A9 AAoE FAHIGH X 4x3 FHo|
, ZEAE0] 64 Ao AMez FAHHUH PE 64%3
Jdo] At} B2 BE 4x64 Ho] Hr}, BE Mg X
ZH ol A&l (s,t,u)7F AAAEZ o] v/ |H4E B-2=
ool HAGFe HEste] 73 4 rh

DMFFDE EZXo} Zde] Hgste] o]/ ol
AQGHg AAs $jsle] EFEAo} wde| FFDE 918 3
Alattice)E WA Agstoiof stk UF AL BAAE A
§F A5 AAAQA X} Mo doj}x gku YR A
AR TG WSt dojd ¢ o %A P& FS
ghjo] @ide] A 4 glo] B AT E 4x4x4 A
AE AHEEAY BEHA Lm,n =132 2AHL 64719 A
o7 FAH AHHUSE AAS Y8 Agxe Rsux
st Aot i AxgAote] 54 detstd ¥y Mg
AR, EHeR " Fo2e Q¥Aoloe HE:
4, 3o 25 43HH %%7 R -f;‘—%g" A A g, of
Eif& e AHEAE $H3 e dex Mg
&, AR g H ol
ARl B =FoA
A woh mEA 9FAY
01%;! zotete] HEg H

2

o,

Hu:‘

o 3% Agre @
EEAlIA Aesa o)z 3o o
Ae A CEEERE
nE A4 stol

o] B2 7 BaoA =
ariee 2y GHE AMEST w9 AR =

q E5S AEIoAEE ZIH1E SR Azte] To
8w gdo] gtk AFIANA g W e Z FGP(func-
tionally guided plane) 7]&o] d=d ExlNA o] AL 3l
(resin)}g &1 & 249 ZPARE @A & zolth &
AToA = FGPE 2AVR glo] Xotel 715td B4 o

7168 712 0188 2IHO0I/2M012 2 2 519
F(cusp), 54 (ridge), & F(fissure)st HE(pit) $& 1
= AAFAALNE FEF F o] ARG vigo=
JolE WPA Y B =FdxEs BFEA e 7|8
AAZHE FGP ARE o] &3t A~
o] wEH HAE #3A= Singh —0—[17]011
MWD(multiple wire deformation) 3% 7]

oza kﬂ&l
o=

N

vehii
R
o8 A
= -g-ghr},

AA el BAREAAS FEuple) < W Rs,r, f>2 &
datty. A7l Wet RS AR wislal TA(free-form
parametric curve)o|® Z7)oji= MZ %JX]E“?} s =4 FH
o] WANY A& ZASHE 2FEgela, & 3 99 9
FE vXe HE JEplE geld, f& f'R+H[O,1]
2 AYde 2g8 ggolt 5 fr dojx ¢ 9444
(continuity)& BASIIL,  £(0)=1, f(x)=0 for x>1%
=0 9 44& u&sid drh & dFdds (179
Ak ol C' A%HE 2t FF fo=(2-17
x<[0,11F AHE®Th W7ol RZFE WEEHE o9 A
pk WHo] dold Aotk pRE RANA M 7M7HE A
olgt 3t pWE pRo| WEsE WA Hojgt dkAk
¥ pRI pWE 2& 24 mus g Zed Wt
HEEE 3 pe tad 22 A poz ofFdrh

rE
olv

o J

p=p+ pW-pR)f(z) ®)

2)E R, p, 293 49 AR ro G52

augoz o= 2-2Ble yoag wxe 278 24
!

-
g4 iAW s ol&ste, W HYdE o A
pE T e A poz ol A & gtk

p+ (s=1){p—pR)f(z)+ (@W—pR)f(z) (7)

R
Il

A4 M2ty 29 s= 4 pE p—pR WPLE oF
A7le 4ol flee & F Utk olFA shte] Hap W
3 HEE o s HA wgel 37 Hgdo AL W
e A4S o AH po) WakFe Ap e . 2
nfel o FA W,i=1,--nl s ¥YE A pe
Che 2o Hojd.

=]

" A FD™
Y = p + —;1— (8)

A"

714 me thee] HAF FHE] F¢E A o o ¥
HE g3ty & WAool dojd o w9 5,9 TS Al
olgith, o8 E¢, f (x)7} 1ol 23 w9 59 I
& el 2d $45 340l 22 ¢ 4 A,

MWD W@7]982 ol&3to <ldol/2#ele ugHg

r

F.‘E.



520 SEM2ISRl=FAIA H12-A® M6%(2005.12)

2dgstr] s 2z Haldl didk §E < W, R,s;,7,, f>
g %A FeA WS Fesith B =RAAE o 9
41 AolA =9 F EEAole @A AF JeteH 5
A B, 2%, €, JE FE 183 FGP 4REg 2§
ok BEAolel Yee Jletey B4 2E drde
2 FoAREZ olF fZde RE P& SRk B F
Ae et o] HFA AR RE FAG R d&EE

(e RE wEe 99 g2 2zt A% Lol g o
ARe FAE 257 FPS A FGPsh mash: A
3ol L & Y x-, y-3ARS 2e AFE 2EE A

©
=
N

B HEES Fod ol wE TAd: gdoz A4
A w, 44 RAY Foln ML olgae it
e TG F Fojzl tue 7Ase AS

9 %

gk Hel g vzt
2 78 F g B =fdAs B3t SMoZ Catmull-
Rom Z4[231& AH&8tgh &< fE Singh E[17]¢] 7*1]"1
& e Uz }%0}‘39\‘4 AYPH HAAAN EEX

3 71 d&e] &

,,
JH
rz

O
)
2
e
N
Y

S ROl O RS pWE TE T, 4 (D 2485 A,
FHY. TR BE HAle) B3 Ap, ot fﬁ Tl 2 2%
g 4 @9 Agsol (% wyE A2e 4 ¢2 T

5. 48 #H

Agol/2dole ojH 2y A~ PCRHANA MFC
(Mircosoft Foundation Class)$t OpenGL #lolB&g]lE& o]
3t Asidd. 48 AR AFYL 40um EFs)7)
A& 3D HEFA 2AHE o] &sle] At o wE
o Aangs dFHsget Ao/l £7HE A
ofo tigt MnzFo] MY AF mdo] (¥ 4)¢} 2}
(3" D@9 (2¥ Hb)e 4 deol/2d el a7de

Al 1 o) first molar)9Jr A 2 7 (second molar)o] o
& Sxbe] MamygSs 43 3D wdolr}

(a) A 17 (o) Al 20174
(38 4) olyjol/2a0] ZHElS 5t Mumsol MRt AU

(2 5)X@9 A 1diFA]d) tis) Adelol/2de)S ey
stz & o WA Yoo[9]rt ALE WS o] sl X3}
oAtell o Zobdl Aol HA RN WAL FHHow
et FE2d ¥Wd S o835 o/l yEs A
Agch (29 5)(b)9] WA o] g WAoo ZRE
AAE dgol/eyole] WHE Ytk yHE 9 Ao}
ste] FAAE A 98 MAoREE 05 mmelstel
A= 0025 mm FAE 2 ool dalME 002 mmS
Fom, o|x¢ Minkowski Sum ¥1zES S A"
oH201.

(29 D)ellMet Zo] do]/2eole] WAL AT %
qE L AAsS7] 8 (28 6@t 22 A ltﬁ?ihﬂ 2l
& BE Xof dg myeth Foln Xolgt gFEAoly
& (alignment)S 3 471?% Qaol/eHole] 72 ES
gt A4S oA deol/2Hel ugde 2y

dat7] 948 3D 24z ?JE—'Q‘?:‘% FGP =2d& (23 6)
(b)ek #Zo] gt FqR Ao} md FF o} e 1
2al FGP B oig) vFd E}%’d HY7H & o] g3t
of BF Aole] WFo] o] FojAn), MYH FFEX ol A
23w AAE del/edole W ARE Hied
HFH o7 ke Ayol/2dole Edo] AAAY. (I
6)(c)7} & 53

e A E WP ofsf 2dyd F
lellol/&do] Fgog WA FFo] 7|& Aolg} ¢

(a) (b)
(22! 5) elzjol/22olg st BiY! &1} LHH 2dizl

a)Eleo}D%‘ (b) FGP o8¢ wyH

|

Aoh 299

Qeol/eeoln e
olajol/2aole] 22t B

(o) 2233 Adeol/2o] 4 (d) 71&x

(22 6)



& RRolm sk ¥Eol @it old 44g
(2F 6% e deol/eeo] Bug 7EY >
of &8 M) BEol (27 O et 2t

o]

=
e

o

-

e -

=2

&
[~
rhu

% $% AT 9@

i

el Hob7h 9% sheso] 55 ofo}
o]/ 8 o] (Inlay/Onlay) & E#fF o= 2
< AAEAY. Ee 2had QlE oA
& AAsidA ddol/2eele nd
3 2ddo] t5IEE FEsACh A
ol/2#o] AHWL wAYF u oA
d 2502 HAHo F& AAtstd

e HAA Jledoz ATE FGPS
& 01%6& BEeEe A $el o A7
1/&do] olgdl T AFH o}l
zad AF F% ATE U3

[o]

o rfe
O}:] rH’
2 g
oo

>

ol
olft o
LI

O

e

)

o iE o £
_0|1_1‘

oZ o

5
[e3
N
it

_,d
2>

N
=2
Qi.

o

X

TR
Z X 2

o ox
l-R
=

[o3
i

[e]

O fmogE N o > mlo mly pe ot
9,

R W oo ot
~

32
o s

(1] Jens Herder, Karol Myszkowski, Tosiyasu L. Kunii, and
Masumi Ibusuki, “A virtual reality interface to an intelligent
dental care system,” In Suzanne ]. Weghorst, Hans B.
Sieburg, and Karen S. Morgan, editors, Medicine Meets
Virtual Reality 4: Health Care in the Information Age, Future
Tools for Transforming Medicine. I0S Press and Ohmsha,
January, 1996.

[2] Karo Myszkowski, Vladimir V.Savchenko, and Tosiyasu L.
Kunii, “Computer modeling for the occlusal surface of teeth,”
Proc. of Conf. on Computer Graphics International, 1996.

(3] F. Duret, J. L. Blouin, and B. Duret, “CAD/CAM in
dentistry,” Journal Am. Dent. Assoc., Vol117, No.ll,
pp.715-720, 1988,

[4] Dianne E. Rekow, “CAD/CAM in dentistry: critical analysis
of systems,” In Computers in Clinical Dentistry, pp.172-185,
Quintessence Publishing Co. Inc, September, 1991.

{5] Christoph Bourauel, Dieter Freudenreich “Simulation of
orthodontic tooth movements,” Journal of Orofacial
Orthopedics, Vol.60, pp.163-151, 1999.

{6] Dieter Dirksen, Steffen Diederichs, “Three dimensional
acquisition and visualization of dental arch features from
optically digitizes models,” Journal of Orofacial Orthopedics,
1999.

Aen, A2 134 B 2AEF0 Fol

y

(8] &=, T°r?_§4, “:LA} % o] &% Aot 2y 7553

716t

1L

J12€ 018t 2ol/2H01e 21T 2edl 521
grilled tooth,” Manuscript, 2005.

(10} 944, #H¥e, #AF, #3g,
Techniques for Teeth Reconstruction,” In Proc. of KISS
Conf., Korea, Autumn, pp.571-573, 1999.

(11] AA4, 3o, B35, F83] “Design and Fabrication of
Inner Konus Crown Using Three Dimensional Computer
Graphics,” Vol.38, No.4, The Journal of Korea Academy of
Prosthodonics, 2000.

[12] P. Ghosh,
Minkowski operations,”
No.4, pp.357-378, 1993.

[13] Karo Myszkowski, Vladimir V.Savchenko, Tosiyasu L. Kunii
“Computer modeling for the occlusal surface of teeth,” Proc.
CGI'96 Conference, Pohang, Korea, pp.196-198, June, 1996.

[14] V. V. Savchenko and L. M. Schmitt,
occlusal surfaces of teeth using a genetic algorithm with
simulated annealing type selection,” Proc. of Solid Modeling
2001, pp.39-46, 2001.

[15] T.Sederberg and S. Parry. “Free-form deformation of solid
geometric models,” In Computer Graphics(SIGGRAPH 85),
pp.151-160, 1986.

[16] H.T. Shillingburg, R. Jacobi and S.E. Brackett, Fundamentals
of tooth preparations for cast metal and porcelain restorations,
Quintessence Publishing Co., Inc., 1987.

(17] K. Singh and E. Fiume, “Wires: A Geometric Deformation
Techniques,” SIGGRAPH, 1998.

(18] H. Suzuki, S. Takeuchi and T. Kanai, “Subdivision surface
fitting to a range of points,” Proc. of Pacific Graphics,
pp.158-167, 1999,

[19] William M Hsu, John F. Hughes and Henry Kaufman, “Direct
manipulation of free-form deformations,” In Computer
Graphics(SIGGRAPH '92), Vol.26, pp.177-184, 1992.

[20] Kwan-Hee Yoo and Jung Sung Ha, “An Effective Modeling
of Single Cores prostheses using Geometric Techniques,”
Journal of Computer-Aided Design, Vol.37, No.1, 2005.

(21] 23], 34, 334 dslel oigt 718kehE ~ug 29|
38", Journal of KISS, Vol31, No.4, pp.239-246, 2004.

[22] Kwan-Hee Yoo and Jong-Sung Ha, “User-Steered Methods
for Extracting of Geometric Features in 3D Meshes,”
Computer-Aided Design and Applications, Vol.2, 2005.

[23] Hearn and Baker, An introduction to computer graphics,
Prentice Hall.

[24] M.d. Berg, et.al, Computational geometry-algorithms and

“Computer Modeling

“A  unified computational framework for

Computer and Graphics, Vol.17,

“Reconstructing

applications, Springer, 1997.

[25] Sirona Corporation, Cerec Systems, Sirona Corporation,
Japan, 1999.

[26] Nobel Digital Process Corporation, Procera Systems, Nobel
Digital Process Corporation, Sweden, 2001.

[27] GC Corporation, GN-1 Systems, GC Corporation, Japan, 2001.



522 ZFHEM2IEB=EX A H12-AT A632(2005.12)
w3

e-mail : khyoo@chungbuk.ac.kr

19859 A Eoistal AaE Al g A(EHAL
19884 B23ar) &9 AAsHaA AN
1995 @271 28 AALSHIEIAD)
1988 ~1997'd (F)dlolF FFATA

Add+4
1978 ~dA FEdsta HFH L&, ARAYT S} ws
2003 ~2006 FHil7|REH SR RRE2 AFL HEALF
VAT AFEH NG L, 334 A F A, 9 2 Wz
<8

5t & d
e-mail : jsha@woosuk.ac.kr
1984 M &gt n HFE 3 3H(EAY
1986 @ arlsd dAsta(AAh
1996 =437l d AAEr (AL
1986 ~1989d (F) @AY 27

19908~ 84) $A4jchek AFE B} as

2001 =AY RS

wAEok: $-&A

st8h, AFE 2 E 2 CAD/CAM



