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Abstract

Recently computer graphics and CAD systems of many kinds have been developed.
and this trends will be more increased in the future because the application fields are
diverse. However, data exchange problems between these systems will be occurred as the
system kinds increase. Standards for solving these problems are made by IGES and
STEP, etc. Nevertheless, it is unsatisfactory now because data exchange between
different systems is not running well with reliability and efficiency. Because vendors
implement with different ways, data exchange of the curves and surfaces between
different systems which are based in the geometric modeling system, does not satisfy.

This paper is a research for curve conversion in the data exchange between different systems.
Also this paper analyzed the transferring data which are effectively conversed the curves among

the four different types of curves in the less important curve shape environment.
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S HRE #FH 7o) waA AL du AU

71AEE FA BisEE AANAE AFFEY F

£ o83t dA9 Az Folo| #Y
7k A3t Ut olElgt AldlA HglollA Qe
Ag A FEE fu wmEA J32Y F
B FHo g AlTdd AR
B gggA 2 CAD/CAM/CAEY VIEH S 4 oE
gt netCADEY Tgjo] gl ma} vt Al2E
So] /eI AR, YOBE CAGD HoplMe o
FHe SEEop) U OF ds F7ME Adelth
a3y 2 577 8ol A 45 ol A2y A&
@ BAZL SAEA ok R TR aklelA 99
o] @ AlagloA] d& ARE E OE AladddA
& 9nle] ztgE AMB-E] HeliMe s @ HE
2o} 23 wé(data exchange)©] o]Fo] Hof g}
o213} ololtlele] 7L o|PHTle F& AE ¢
2 ZaHd, asing o3 FAES siA] A%
»&HEo] CADEX(CAD  Exchange), CAD'I
{CAD*Interfaces, ESPRIT 322), IGES (Initial
Graphics Exchange Specification)® STEP
(STandard for the Exchange of Product model
data)BolA o]FoiX 3 AT, o] 7]F "]*%‘]7}9]
AR w3 TEAYA o|FofRAA Fitn Ye A
o]t}(2],(12),(16].
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4 2 I AL, NEAEC] ME g PR
Ty g J& & ge AR WFPe] o|FoiA
A € (16).(17) EH2oles HE HEFM A4
NURBSE #A|¢t EF o]dH9] Az Soie Bé
ziert} B-spline5% AMHEEEch I828 ®EE oA
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8304 €
B z=Fe ol3i zE m¥el PaAd sk,
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1. IGES®} STEP
IGES(Initial Graphics Exchange Specification)
v} STEP(STandard for the Exchange of Product
model data) ©] 71%7te] AEaFE YT 2o
(232.1)0 ZAjE] gict

CAD A CADB |

Interface

Q Pre. |
pocessor A

Post- C]
brocessor A

2221, Aizud =4

el CADAARlelME o= 5% CADAAH
o oJ&3A] v A& A8 nd WYL sl
gt M2 & CAD/CAM AlxElZlel 84 HrE
dZHA] A Adshe 29 S84 de g8 7R
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4 2E ¥o| Ad=ALt. 2 §F IGESE STEP
olde] A8 L AT U.S. F7 EFoE ANSI
Y14.26M 9193]olA 7HE IGES1.0(1980W)& Al
2 3] o8] ¥ wHE AFs Al IGESG.xo
TReEloi et (17).

A n¥e AF F4 HElE] d4E Qo] Ay
A|g B-Spline™ #2 B34 34 delE] 445 2
et=n Z(hole) 84 7 & EAA gAY 8%
A A AEL vS Aglo] FA] gt

71E CAD Al2Ei7le] 2lg w@e AF 3L 5
Aoz Aol IGES HY < ol 8a %t 2 AF
o a4 L Aol 8P AHe FFo) FYHA &
o} o] 71%F A2t HB weho| YY3] o] Foix|x|
23 eh?2),(12).

STEPS 198432 ISO TC184/ SC4/ WGI(at
NIST)oIM A8kl 1994 129 1270 Part7} =l
HF 1801030322 Ag=AR, 1 o]F 47] Part
7} B 715tk STEPOIM & FEEL FE %
dal olojel EXPRESSZ HEECH19). 4ol Z
S gRolol A AMEHE 3822 1RES STEPY &8
T2 EEE AMRFgoEN & AzElde] 2g wiE
A g3t

24 % 2He 3¢, IGESH STEP2 NURBS Wi
oMt o]FolA ZE w¥ FFOAW B =RMe
AAY Uit AP E 9] wEE UE.

2. A} B gy

71818k E¥ol M2 o Aladizle] 2H ¢ 39
o mel|A 7HEd 37kR] AluElest /ITH15). RA,
#3tR o g Wio] shsslth T ALY R 2
& 718 - oS E o s A} APl sFEd.
floating point roundoff error3te] YAEE A$=,
& E9. B-spline® piecewise power basis ¥El
(monomial) Zte] WFo|th, F WA, cj/iEsEoR
£ sla 7ty o gEe FEg mtolth, Al
o3 oi/hASsE WE e FSolth AlA, Foixl
Fal(tolerance) oA 7 £& FAo| AR
Yo sEpEonE: Aol it g Bof, Y9
degree7t 7Fedt AlzglellA 32k FAT 7Fed Alx
oz AT o ¥ degreeE Ao} Pt

AR O 7laetd 2dg Al2glE Agske F4

2 I 25 wfdA 2 71A grE A F
A 9 I ellAl A} ¥BH(approximate conver-
sion) ¥x2]FEC] FTF AHEL & A2 & 3
WS AR Aladlolu Ze BEE g |Yd
el 3o AYske degree’t THE AlARIZIY FA
4 Zde] 8 3L ¥ o ARE WelEele
Azl g WS gjok gt I AEE A=
F@9 3 Non-Rational B-spline$! %% basis
HEto 2 7haglk Asloll o8] 22 degreed] e 4
o2 #go] shgditl. aziy Alagle] xYdlke AU
degree’} U T4 degreedt}t W& AL FolA
T ollM Alxdlo] 2 A3l= degree® AR ORICY
Rational B-spline® A1¥&kA] @ Alxgld] =g
Rational B-spline®& Aklol %t} Rational
B-spline® 93 ZAE A8 F2 AMEEY, IH
74%- Rational B-spline® ®gE I 3lazw
o] tjfRolt} e A FAIRE AR 3
A Zdolgpd 4 Rational B-splined! A-%+9 ©&
A & AR Ao] upgha st

there ol AlaHe] HEY + e A HE W
Holl g FEoITH1), (3], (4), (5], (7], (8],
(9), (11), (13], {14].

J.E. Hoelzle(7)& integral polynomial curve®]
A B8 %1% A knot placement schemed
M viE A9 eAHNAE HEAIY] AT F
29 knot & AL Hoelzle neldFe &BS
order(E5 degree) ¥4& ol&3ke P31A Hermite
BE AMRR

L. Dannenberg® H. Nowacki(3)€ 1985¢ B
7t sk 78 oY) degreest 2ic+1ETE & A
29l integral polynomial curved] Hoelzle W<
FAaigtk. Ad71A ice knotEolA 47E  AEA
orderolth. &, ¥& 9] tiahy] IS e A
o] T Fdog AL W 3= Ul go2A AAA
o 71&9 ¢1Ee 5§ guelES AAst

Hoschek(8)& 1987 v/l W3iet GCn 2U&
A F A%S A48l spline F4& conversion 8t
= WS A =, Bernstein basis& AHE3ke
& order integral spline J4E& 22 order
spline AIRERE 24} sk gae]Solct

N.M. Patrikalakis(13])< nonuniform rational
B-spline® © 2 degree nonuniform integral
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B-spline®-E approximate conversiondhe ¥xElF
< At

L. Bardis® N.M. Patrikalakis(1)& $1¢| app-
roximate conversiong FAo|4 NUBS FHLE &
A} Higslgit

J. Hoschek$} F.J. Schneider, P. Wassum[9)&
Hoschekd 2¢:8l&S GC1-9 GC2 spline FHS
2 st

m el He|

£ ePoie 249 QuEe Teltle] ¥BE
@ 249l WFE thedt go| FRU

- Bézier curve

- rational Bézier curve

- B-spline curve

- NURBS curve

nth-degree Bézier curved A= &3 2
th.(61.(15],(18]

d)= B B.(WP; 0susl (1)
o7]14 {Pi}2 control polygon® ¥AFE control
pointeli, { B; ,(#)}< Bernstein polynomialZA

_ n! iy oNn—i

Bi,n(u)_ Z'(n_l)' u(l u) (32)

ot}
nth-degree rational Bézier curved] Aele o2
I} Z2oH15).

)y B; ()w;P;
b( Zl) — 1=
goBi'”( u)wi

o714 { w;}& weightselt}.
pth-degree B-spline curved] Ade them
o (6),(15),(18)

()= 2N (W P; asush (3.4)

0=<u<l (3.3)

o714 { P;} & control polygone Y=+ control
pointol®, { N; ,(w)}& degree plorder p+1)2
B-spline basis function@ 2 thaa o] Hojsit}

1 if u;<u<u;
Ni'o(u)z{O otherwise .
U— U;
Uivp™ U;

Uivp+1 — U
+ — Niii,p-1(20)
Uivp+1— Uiv)

N; (u)= N; ()

o714, u,= knot vector® o] F+=

I
/ /“}\ ) & N
AN
y i

(a)uniform:{0,1,2,3
456,789,10}

(b)quasi-uniform:

{0.0.0,0.1,2,34,4.4.4}

TARY

(c)piecewise

Bézier:{0,0,00,1.1.1.2,

(d)nonuniform:{-1.
5,-1.5,-1.0,05,2.0,2.0,
2.6,4.2,6.06.0,6.5} 222}

J23.1. STEPS] I HEy

non-decreasingcM & Ze H42 knotE2A o
23} o] Hejitt
U={ug, ..., Unt, uiSu;y,
i=0,1,...,m—1.

nonperiodic® nonuniform$! Z-%2] knot vector
oA A £9 a% b knot 42t = p+ 199
lﬂ'g o, 7 -

= e AT

U={a,...a,ups1s .., Upmp-1,b, ..., b}

A

7] degreex p. control point 4= n. knot



S
r
le,
o
o
)
Ry
fru
p

w3k 35

vector #7F mol®, m=n+p+1°] AHEF =,
n = p °olx U={0,...,0.1,....1)°I8 c(u)= piece-
wise polynomial curveel™ Bezier curve’} ®rt}.
c(ay=P0°lxz c(b)=Pn ¥ w9, endpoint inter-
polation &48& ZeW ©UE &4HC=2w affine
invariance, convex hull property, local modi-
fication scheme ¥2 £4J¢] Slc}.

pth-degree  NURBS{(Non-Uniform Rational
B-Spline) curved Aol vhgx 2r}6),(15).
2 Ni.ﬂ( u) wP;
d(u) =—=2 asu<bh (3.5)
PIA T

o7 1M { w;l& weights, { P;} < control polygon
§ =& control point, { N; (%)} nonuniform
knot vector
o Um—p1, b, ..., B}
pth-degree$!

U={a,...a, tpsy, ..

oA Aejd
functionelt}.

NURBSE @Al =71 ¥ 34 B2 geometric
information& # g3%h= representation, design %
A8 g 52 Y3 ARIA RFSEAME Fol ARRH
3 den], NURBS %x2lEe W23 numerically
stabledt 42& Zx giot,

knot vectore ZA clamped®t unclamped ¥ 1
o2 Vg 4 Udn, £ F 2F Z4Z4L knot
spacing®l W& uniform® nonuniformo® WiETh
(15). 4 &9,

-clamped uniform: {0.0,0,0.1.2,3.4.4.4.4},

{-0.5.-0.5,-0.5,1,2.5.4.4.4}
-clamped nonuniform: {0,0,0,2,3,6,7,7,7}.
{0,0,0,0,1,2.2,3,4,5,5,5,5}
~unclamped uniform: {-3,-2,-1,0,1,2,3
.4,5},{0.1,2.3.4,5,6,7,8.9.10.11}
-unclamped nonuniform: {0,0,1.2,3,4},
{-2,-1,0,4,5,6.7}°lk,  clamped®t uncla-

mpede A& vx gro]l degree+1 THE multi-
plicity & ZHex]dl ule} 7FE3)

STEPeIA A2jg NURBSY 24 9 ¥ knot
vectorol] 2l¥ Z2Z, uniform typeol w2} w29
472 FEIT{16].

B-spline basis

~ uniform(unclamped uniform)

- guasi-uniform(clamped uniform)
- piecewise Bézier(equally spaced)
- nonuniform{otherwise)

—
w

I¥3.1)& STEPAAM AlF3= knot vectorell ot

& 2489 54§ pelz,

24 @ WS AV A 1EHA LAY
ohe BeH16),

- generality of curves

o

- the number of different entities must be

kept to a minimum

- no exchange of redundant data

- high numerical stability

- automatic implementation

7t ZAEe] WA AuEA

WA, nth-degree?! rational Bézier curve b(u)
A weight wiZh Qo] opd EF & Fejetd 4
(3.4)% Zol a(u) = b(w< Bézier curveZ F=¢
=2

2(3.3)2 =2E i diEiN wi > 0 oz
nth-degree rational Bézier curve® th&®} #o] &

o @ & an
B(w) = ZORi,,,(u)P,- O<u<l (4.1)

o714 Rin(uw)<
Bi.n( wWw;

;ZOBj' n( u)w,-

ol nth-degree rational Bézier curved] rational
basis functionelet. ©] I  ROn(0) =
Rn,n(1) = 191 F4do)s, 2(3.2)9] Bernstein po-
lynomial#e] TAE 25 jo thaid wi ) 1ojH &
E id 98AM Ri,n(w) = Bi,nu) o 4E&c} &
Bi,n(w)+ Rin(w9 53 7Folct.

Ri,n(u) =
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2(3.5)9 #& pth-degree?! B-splinedis n =
p °li knot vector?} {0,...,0.1,....1}o1& c(w)+
piecewise polynomial curveol™ Bézier curve’}
ai=g B-spline2 c(a)=P0°lZ c(b)=Pn ¢
endpoint interpolation $4& z+et)

pth-degree?l NURBS #](3.6)°l4 a=0 b=1°]
I, 2E iol dialM wi ) 0"

d(u)= ZOQi,p(u)Pi asu<b (4.2)
oz o] & 4 2tk 9714 Qi plue
Q. (1) = —NikWwi

2N (ww;

? rational basis function®®, u€(0,1J01A
piecewise rational functionejt}, o] JHE
Q0.p(0) = Qn.p(1) = 19 FMe|n, BE i dhsl
M owi o= lold BE o sl Qi,p(u) = Ni,plu)
o] Ay}, & Nip(we Qi,p(u)e 58F 3Ll
t}h ax0% AZolM ZE jo] thalH wi = aold &
E ol WalM Qi.plu) = Ni,p(u) °l=h,

TAEY ¥ mslolol & HA A=EE 3D
control point(polygon. Pi), point {(n), de-
gree(d), weight(w), knot vector(k)5olx, 2 Fi
Mz 718802 Adss A& 3D control point®
a9 Jielt} olfo] AMuwdk= uBoAe 3D
control pointe AF3A ¥eth UnA ArES
o] AHojol we} MegHos A$E 47} ok A&
ol WS SN s & BH8 Aae AFIA
%3, default k& 2% AR HesHe AR F
£ HAslgt

T2l4.1. cubic Bézier curve

degree® control point 7H2 Ak WE A
2ulolu AMgR}7l 878 degree® AT 27K
uoa a2 4 gltd knot®] defaultE quasi-

uniforme2 4%k 4 A MR
v RE A%e v 2

=4 ¥

e u

#at
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rational
& 4 3 11.1,1.1)
Bézier
87i i {0,0.0.0,
Bézier | B-spline 4 3 L1
{0,0,0,0,
NURBS 4 3 L P
Bézier 4 3
B-spline 4 3 (10101010)
R Bézier AR
{0,0,0,0,
NURBS 4 3 {1,1.3,1) 1111

E 4.1. 3k TMe| of

Bézier 4 3
rational
- 4 3 {1.1,1,1
Bezier
B-spline
{0.0.0.0.
NURBS 4 3 {1,1,1.1} |33,0.66.
111
Bézier 4 3
rational
Bézier 4 3 {1,1.3.1
NURBS
{0,0.0.0.
B-spline 4 3 33,0.66,
1.1.1

33 4.2. knot vector
{0.0.0,0.33,0.66.1,1.11 2
B-spline curve

134,19 AZA 2 cubic Bézier curve® R
Aol o] FME rational Bézier curve, B-spline
curve 2213 NURBS curve2 H#slg S oz &
& ZA9 ARE derh

34100 B2AL w2=3% cubic rational Bé
zier curvee]x, o] F41& Bézier curve®} B-spline
oz #gshd AFME, NURBSE #H@sH o 34
1} ¢ BRAE deth

I%4.294 BIAL knot vector® {0.0,0.0.3.
3,0.66,1,.1,112 X231& wje] B-spline curves E
ofFct o] AL cubic Bézier curvel} cubic
rational Bézier curve®2 WFHH AZHoZ,
NURBS=Z #1831 B-spline® #& AZMoz W
€,

3Y4.3904 NFHE weight® {1,1.3.1}. knot
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vectorg {0,0,0,0.33,0.66,1,1,1} 2 #<lg NURBS
ZMolt}, o] NZM& Bézier curve, rational Bé
zier curve®t B-splineFAl o2 Z4zt

194.3. NURBSZ22H

wed IHE

194.4. 7719} control pointZ FYE FA

HE ZHE Jeld Aotk zEu, (2%4.1)9
AZ4L€ NURBSZ, weight& {1.1.1.1}, knot
vectorg {0,0,0.0,1,1.1,1})2 #el& NURBSE Bé

zier curve, rational Bézier curve$} B-spline=4

o2 Zt7} Aslels BU e FHE Eoh

{0.0.0.0.33.0.66,1,1,1}8] B-spline curve

¥ 412 9j9] ZHMSo] Wi E o) AFE AV YA
8 259 Jd& HQl Aot

134 49 AZAHL 63} Bézier curveolx, o] 34
& default weight® A433le] rational Bezier
curveE HB3IGE dolt 22 ATM-E AUt

£ BI2ME  default knotE A 3%
B-splineZ4&, 7] default weight® 443
3z} NURBSEZ #H@g Zijolc} nliblN2 o ¥
AU e delx e ZAAE dedt H42v (¥
4.4)9 Ast BIAY AAl AFHAUG YHE AaY
oA & ¥gl o},

¥.4.3)0] o] ¥ o Hf e YHHe o
vkl 217 g Felstart.

H4.2 64 SMozTE wEsks of

Trational N KRN
Bézier ’ 6 Al
. , © 110,0,0,0.1.2
Bezier |B-spling 7 3 3.4.4.4.4)
{1.1.1,1,1}10,0,0,0,1,2
NURBS ! 3 1,10 1,34444)
Bézier 7 6
, {0.0.0.0.1.2
RBézier|Bspling 7 3 3.4.4.4.4)
{1.1,1,1,11{0,0,0,0.1.2
NURBS 7 3 110 1.3.4.44.4}
Bézier 7 6
rational 7 3 {1.1,1.11
B-splineg| Bézier AT
{1,1.1,1,1{0,0,0,0,1,2
NURBS ! 3 1 (.3.4444)
Bézier 7 6
rational 7 3 {1.1.1.11
NURBS| Bézier A1
, {0,0,0,0,1.2
B—sphnel 7 3 3.4.4.4.4)
V. &8

71818 mdy] Alxglold 7]2e] He 4F5F JA
2 3 g 289 g n¥S A 4
g1 53], M| ¥4 wYrrke £XA 25 E0|
o FQAIEE 71818 FRolA Y] HA 4 £ IHe
EEFQ e A

IGESY STEPelxe} F4/3FHe m$-E NURBS
WollA o]FojA Zolx|gt £ Ape AAAY HFE
=4 ne APsle] Guslaigict. E A fWe=
T 838 4 Utk geometry HEoME YuAdz
AgAo] ZAzsed,  defaultgte sl J1sd
3 A HasgosA BEHE nEiych A
A AEHE ABES A2 HYgoerA o] a7 2HE
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elevation WHE,

A9l conversion methodology @7l Z=go] 2

¥ 4.3 J[MgE X2 A

ratjor\al o defau default
Bézier It
Bézier -
B-spling] O N Quasi
NURBS O A | default | Quasi
Bézier - de|ftau loss
RBé:zie
r B—sp]iné o] A loss Quasi
NURBS 9] N O Quasi
Bézier ) delftau loss
B-splin rational —~ defau
e P O default | loss
Bézier It
NURBS = 3 | default O
Bézier v deltlau loss loss
NURBS rational ~ defau o ‘
Bézier ~ It 0ss
B—splinel Z D loss O

Legend D N&SElE X, default:7iEteR My,
A TS M=t
loss: A, Quasi:Quasi-uniform A4

g AT HAZE, degree reduction®} degree
22|31 knot insertion® knot

deletion5¥ 2 ©f E&Holx o] e At ¥
(approximate conversion)ol\t &g m@ A7rt
879k E, vsEidos E49 2yl IH #
o] BEE s EAgdo] £A=2 det)

ita]
kl
Mo
I' 1]
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