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{Summary> In geometric designs (or CAD systems), the interactive process of curves is
important. This paper proposes a new calculation algorithm of the closest point on a curve to
a point on a screen and its application method to deformation/morphing of images. Even though
it is easy to evaluate the distance to a line segment, the distance to a curved segment is in general
difficult. We have to solve degree (2n—1) of the polynomial to find the closest point on a degree
n curve, so we have problems of the computational cost and robustness. We propose an effective
algorithm for calculating the closest point on a Bezier curve by using the Bezier Clipping Method
which is an iteration method using only linear equations.

The method proposed here can be applied to wide variety of cases such as point inversion for
curves (finding pa’rameter values at specified points on curves), selecting the closest curve within
multiple curve. and the interactive deforming of curves. As for the applications, this paper also
proposes an interactive deformation of curves/images and image morphing, and demonstrates
the usefulness of the proposed method by using various examples such as a deformed human

body modeled by metaballs.
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B ) BUOBRETA Y R— I & 2N ER T
1

ERBECBNT, > 7V S EOEUBEICEE
HEERTS. bbb, 7Y 7 HICH - T
ZEE L (ROBEER CH-> THR2EE T2 L
EELW), ZOMREA LI T IT A TERT B
ERE-T, YTV TEBAL-REBEENS.
ZDH T T EETTICA S R—VOAE, FEEZEK
BT B ECE>T, xFR—VTHEENE 3XT
FARO HHRER KRR TE 5.

(b)

teapot composed of multiple curves

(c) teapot composed of multiple curves

8 HFORIEOWKHS L UZH Java Applet
Fig.8 Java Applet for detection of the closest point
on curves and deformation of the curves
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5. BRI

RELRAESREFEZ, 3RPHIRETO
Bezier BIARIC DWW TEERRL 7243, L AL DBHE, 406
BEOSEEZ7Y v 7QEDHE L D 2 5) TEH
BHTER BB, uTFLBAFT7T 4 THD
Bl Java SEEHOCTER L. > 7Y v I E:
DB T > 1SR, T A =S ZRTI107? OEED
HEOESG, BEEIZFY T 100 558 TH > 72 (Java
7ur 7 L CERBICERL THIE).

8 I FOR S DRI D Java Applet #7333, (a)ik
BROFROF & LT, 8K Bezier ifk LD &
ZOHREARHE L BIZRLI:bDTHAS. (b)ix#
D 3R Bezier i E MW TT 1+ —Kv b Oz %
BHLbOT, #BELLECREVIBEZHH L (™

BEEETERF F£27% F45(199%)

WEB TRBE S MR, TREBEL TV 38T
H5(H(c)NEER).
Howrv—ers7ofichs. M(a), (b)ixF=v
7 DO (% AROSEETEE) 2B T 26 Th 5.
0, VIREERTE, BRAEOED L, T, Zfihc
3o ERE(a)BM) L, Tho24KT5C
ETHIRLICEROHRTHS. L, FOMEDHLE Y
Vw7 L, MReBETLILT, V- /E&¥TH
3. EOMBRIER IRV, BOFERIZERD
FEHRFFL TS, F7o, ETRRERICE VS HRRIC A
L—ARH>TBHLTWB I ENGH5E. kB, h
ix Java Applet TY 7 Iv¥ 4 ATEERIRETH D, b
FToEEIO v v AEE (R FiiRHE % 2 @RfD & F 7
W) RRETE R
COFETIE, 79y 7 Uik B L TRy BE

(1)

9 W—-tr7of
Fig. 9 LExample of warping
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(h)

10 77—t > 70f
Fig.10 Examples of warping




AR E DRAE AR A U - B ERFRERS A

(h)

()
11 BhoE~DE—7 4> 70O
Fig. 11 An example of morphing from a horse to a
tiger

15, LT, 71 F-Dfh L vuErEbE
BE©¢T2ILTED, k), BHLLLALESICY
MR zE s, ZoMBREFEHSERLRIERL L.
CDEIRCERLICOES EER LI RuiRs%Ea >

R1 A9 —I71r0¥
Table1 The numbers of metacircles for Fig. 10

Object number of metacircles
horse 301
tiger 178

rO—NWVTE3.
0RAZH—I7NVTERREENLER2ERLFIT
b5 ERHOBKEE11(a) 88, ®M(b)TH, 2
TUVRELTERALEDT 2 1 KOMBE2ERT 50
AT, BYHHOTHOERSERE N, K(c)iZ,
A —I7 VOEBZRLTEBY, HOBEOSSB LS
~ERENEHITHDB. ZOBE, MBEORDOEFTSICY
Hifggns@E i, CHEBEET S LICL > TEEOAD
ERmEH SN

M1l@ZE—74>70FlE LT, BE»SEADER
RERLTWAS, M(a)iky —AEKREE)T, (¢)i3§
KEGR(R)THY, £/, H(b)RIhsDEEEOE
b OEGRTHS. R1IZ, ZOFICHTE A5 H—
I VDB ERT.

B 12 & # ¥ R— ) TRE S iz AME = BRI E T
(MEBDER) LizBlTHs. ZOETNVIEAMEDLL D
HOKRFF ZITCIC A ¥ K-V EEE L TEREWZ S
DTH5. BEICBLT, BIBLEERT 9> 7)) >~
JEEMHLTAIR—NVERBLEZLDTH S (>~
TNV EEEREESERT S L ST A Y R— AL
i, EEBLIUVBELZREWL). ChoDy>T) 07
Sk, BEBECES>TAYI T2 4 TeERTE 3,
BEahicy o 7)) U EERBET B LI A Y K—
NeEEET S LI L 5T, AMEORSBERBERT
&%, ZORBEGEHEICZATRO L 5 W RABTEEH
Wi, B(a)id, BMAOERR ECH > T3IAD
Jezier IR ZER T W3S, &6, HIREER T4 2
EWCEHT, 07 7SRRI > TAL—XIZ
BE+ 2. R(b)icBwT, BEEhicy> 7)) v IA
CHETE LAY R—LR@EbE b DTH
3. M)A VY FLroAMETHY, (d)BERED
MNMETH 2% (FEBDE & ATV 3).

S cE L

CDFX TIE, Bezier Hifg L EE DL &£ OREHE %
BT 2 HE28REL, ZOIGHABIELT, 1 >557
7 4 7 MR D ZEN B & U DO ZH (warping/mor-
phing) K DV THREL . BELIRESOREZEIE
ROFFH%E S . 1) Bezier Clipping #i X D, 1 XK=
DY RORIEBHETRERD L ENTES, VTLY
A LOWMBEDBUIRETA ¥ 77T 4 7Y AT LCHEHT
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(2) deformation of boundary

(¢) original

EBBTFREE F27% £45(19%)

(b) optimization of metaballs

(d) deformed

12 A ZR—NTREE NI ANEORATER
Fig.12 A human body modeled by metaballs (some
of sample points on the cross sections of
metaball surface are

proposed method)

&%, 2) {SEEMNTOREAOREHSHEL < HH
T&53.

¥7, EOERECOVLTIE, ROFMUYEH 5.

1) —2ORFEDOER (warping) (& 8D dhiis TEH
TE&53,

2) BOLRBRER(VDTAEABDRV)ZERTAILH
T&3,

3) HRED—FmEBETLILICL> T, BHLE
WEETTHIENTES,

4) EHEREBEIEETELDT, A>9575747
VAT AL, ETHEIBEHTH 5.

S5, 2MEMGEEZ Ay — I VTRES 2 A%, B
LU R NTRRENTTREZER T 5 kv iER
L7z, ThoDHER, BEFRHSATHE A ¥ 9 —*%
v b ERFBLIT -5 OEXPERCERTH 5.
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