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Abstract

We present a new technique for multilevel editing of hierarchical B-spline curves. At each level, control points of a displacement
function are expressed in the rotation minimizing frames (RMFs) [1] which are computed on nodal points of the curve at previous
level. When the curve is edited at previous level, the corresponding RMFs are updated and the control points of the displacement
function at current level are applied to the new RMFs, which maintains the relative details of the curve at current level to those of

previous level. We demonstrate the effectiveness and robustness of the proposed technique using several experimental results.
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349 WAe 2EYE) AT hFE /U] AFHIE A 6 % AoE A S T RER AASRE ¢

A A (computer-aided design), 7] 52 & 3 (geometric modeling) & & o]t}

2 AFEHIY AL 5o Fopoll A Ak QT [2, 3, 4].
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gk A8AN=2A (linear constraint)% FETA o] & =
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AotA fFAFEAM F4S A= 7ML, 187 Sauvage
52212 99 F4le] Ao1E dASA §A AN 24 B
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4 drk

ok 9l B) & (binormal vector field) B(u) & 745
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(nodal point) CF~* ()0l A F 9= = RMFE A& dfg) A
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01 A]—]:H)QO] ;;:]QB:]_AE 7].Z1- Py H].O:] g_/;: 9)\5% 6:1.1;]_ =
=HY MARE 0,8 237 AsM e dFet 3l A= A
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form) knot ¥ & oj| A] A 2] 5] &= 33} B-spline 7] A &4~ Ns( )oh
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33} B-spline 7] A
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e
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371 fske) =) FAR MARS R4S 2N E AF

(31 oh&-} 22 Newton vH2 W& A28t ch

P
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= “E Uiy
e
ok
7

. 1 .
at a7 + W(Nf)'(uf)-

7% 8(a)i= knot HE) U = {0,0,0,0,1,1,1, 1} A HoE 3%

A WAHAL e 2oh(FuDEF 1)

o (k—1)@Ae] T4 o] oA AR FFlelN &
28 d@4 998 7] dfol v (¢ 2AF 19 1-
23,

wAE kdAe WEsids Du)E Adsn (g
Z 19 3%), o[ & CrH(w)oll vlste] kbAL] WHE
A CHu) & F3TH (L% 19] 49).

1Y

kA ol ¥ 9l Zt A R4 Cilu),i 2 kA =2 A
A2 RMFES Adraich(@nel 5 19 59).

Hgzo] A4k HlF S5 koot AE| A Aod
- (N2 (w)

3% 7:RMFE ol &3 9o 8.

B-spline A # == olA AME RMF FP,i = 0,1,2,32

webdz, 28 80 () 2 (e AESE kA
A CPu),k = 1,2,3 918 ==RA0)A AL RMF FFi
07 17"'% L}F’}"iﬁu}‘~

a2

=]

2 eRdd: 349 BAS M FPA (direct
manipulation) 71 [31& AMEd g, 278 7& <l¥E ¥
7R A% vepdoh 2¥ 72 knot ¥E U

{0,0,0,0,0.5,1,1,1,1}el A A)H 1¢A 33 B-spline FA41

Algorithm 1: RMFE o] 88 49 vpetA 93 @nelE.

C'(u) (7)) 06 A ()38l ==gAA 38

Input :

k - editing level,

v¥ :edited displacene ntin fixed coordinate system.
Output :

C*(u): edited curve at level £,

F :updated RMFs at node points on C'(,),i 2 k.

Begin

D VE=(EY v

2) df=df+ ¥

3 D=0 N @ FE ),

4) C*(w)=C"'(u) +D*(u);

5) for i 2 k,update all F; at node points on C'(#,);
End

RMF (32t E vebdich AR A7 2499 & g8 A998
Jgoz gFod, ARAAVNYEE B AN T4 Aol
7 diel HE7 AsA "k o) A AR die] Hi WS
vis AGREA P71z o s nRATE BFogA NN TA
ol AR AAFARA F) = A¥Y JAlA thA] AL
3, 1404 BRE 49 vie AFA AL4E BB 7IE
o8 AL 7w Fof ol AGA ] e AA AR EAAE
A 81A "}

h

Rk-E-E
AoME e Feo) A4 thata A APLE
B3] A%E 7o dFAF TS 45 A
7] ¥ 2 Intel Core 2 Duo CPU 71%te] A€ oA 2.0 GBS
Z ) % 2] ¢} NVIDIA GeForce 8600GT GPU 7} &A1 9 317 o] A

o o rie

ARABARAE NEor kGANAN HYTsY AAF

diel BAE W98 vigln Y, RMFE o] 48 249

C++ ol 2 FEE
13 9@yt knot MEl U = {0,0,0,0,1,1,1,1}o14 A1 4
t} 448 B 8F 35 Bspline F419 2714A4(0)e] 348 e}
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S AT drbolsn, 18 9y 2 9Bl M AR HE
£ 28 9(c)e] HAE FAHAA A" Meg A
(RMF)E 7|22.2 F-&3 d3o|t}.

E =T AgH 7oA M e ol A A A
9 =E=Ho A A4H RMFE 7|&0 8 #&5 oo} &7] uj
2ol kA A FHe) A4S F¢, ol F %74 =

°] RMFE M| & A atsfof gtct. 13 9(by] 3
¥ UPo M A 25 = B-spline 7121§}T7Mf41%k§. 2357
9 ezl AW 400 thated 43A 499 RMFE A 418
ofBhrh. & 13 2.8 99 T4l of v 3lo) chekA WY& 9 2
A B et o) H oA FA $2) RMFQ) A9} Al 4kA]
e e oL

A

2 —1> fxlo o=

E
fa

,,..

E 1 79 99 o) 3 RMFY A48 Al AkA] 74

@A RMFY £ AXAZHES: ms)
level 1 5 0.029416103

level 2 7 0.043058354

level 3 11 0.07290078

level 4 19 0.12917507

level 5 35 0.23532882

(CY

1919 = oA A o=+= RMF.

218 102 knot WE] U = {0,0,0,0.25,0.5,0.75,1,1,1,1} ¢}
A TAe) Aol e w BHE Bespline 41 (119 10@)9 o
wA @R3EE vebdch 18 10y STACA ARA
o8 @AY A4 P4E& v, 29 100)9 (o) o
A oA T4 AGAHA F4E WP Btk 2
21002 (1= 29 1002} (% 2ol BR F, 77 594
2 o]5 8 Aol 17 1) 0D A NN FAL FTUHIA
o ez H3% dFol 3, 17 0y T STEAZR o F
S FA 9 F4S vehdcl o9 o] Aotd /1L W
AR ol FFAY oA BPAME AR e &

£9 4 gk 29 109 FA49 vhaA ARG A 2 A
o Al RMFS] 74 @ A 4bA 7HE & 29} Zeh

6. A&

B =RoxE A& A B-spline T4 9] t)3to] RMFE o] &3
AzE A 4A71EE AXEch 74 AL 214
B9l gl Aol o] M : o) WAL AL =
N R AAHEA RMPE 7oz 5@dh o3 o
AojA Falel gl MAE A, EA BAL AAYSE

.:LJ m;

2 N EA HoE RMFE 71§22 485 ] o] TA
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199 RMFE |88 A%
42} Pgol f geiAdl RAATHE §AS Wk B =
oA AHEE RMFL ol A @A 4] ol A A4 7]
Mol 4o 4e BUATE A EHReE WGBS gl

o, 49 A4 @ g Abo] B §lo] Frenet frame ¥t} 944 &
L2 ALY ¢ Aok bR YA Ry T4 vk 94

NEE B3te] & RoA AQHE A APV Y &4
= 453t

o

2 =EolA Add 7L oA A A
2% rational 249 t]XglofM 2 AR FAY
2 A8 AHEE s glod, Aoz oiF
o odA dF7igd agHez g4 5
d=Eth

ot
g8
3

rgﬁxl
2 qy M
o-_u"\l
Mo

l-ﬂJ
NOHE X [o

tle

¥ 2: 28 109 8 RMFE] A9} A4 A 7
#¥  RMFE 5 AR ms)

level 1 11 0.066932291
level 2 19 0.12832242
level 3 35 0.24257627
level 4 67 0.4842999
level 5 131 0.92170459

2 B-spline

@
F4¢ A4 (D).
Al 2

o xre

2 20109 AR(RSHAG7e)Y Ades
FAGL] l2ATAY A9g wol 89 A Y2010
0005597, 2010-0015293).
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