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Deformation of parametric curves based on platform extension function

Zhang Li', Yu Huifang', Tan Jieqing'
1. School of Mathematics, Hefei University of Technology, Hefei 230009, China;
2. School of Computer and Information, Hefei University of Technology, Hefer 230009, China

Abstract: Objective With the rapid development of science and technology, geometric modeling techniques for curves have
recently gained significant research interest. According to the 2D and 3D freeform deformation of parametric curves and free
curves, a new algorithm based on polynomial extension function with platform is proposedto obtain several deformation
effects. The new deformation method possesses perfect properties such as interval peak, peak value and symmetries. Fur-
thermore, it has the closure property for deformations of Bézier and NURBS curves which are the mainFstream curves of
present modeling system. Method A simple extension function is first presented. Unlike most existing freeform deformation
methods, the proposed extension function has an ordinary polynomial form. Hence, this extension function does not include
transcendental functions and complex functions. With this extension function, one new extension factor with extension and

smoothing parameters is also established. This new extension factor constructed with the extension function possesses perfect
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properties, including interval peaks, peak values, and symmetries. Finally, the extension maitrixes are applied to the

parametric and freeform curves to obtain the global, local, periodic, and elastic deformation effects. This objective is

achieved by adjusting the deformation intervals, extension parameters, smoothing parameters, and deformation direc-

tions. Result The deformation method remains self-enclosed when implemented on Bezier and NURBS curves, which are

mainstream curves in CAGD. Several numerical examples show that the proposed method is easy to calculate and control

and that it can be used repeatedly to achieve a large number of contour lines. Conclusion Compared with many freeform de-

formation methods, the proposed algorithm can be used for not only general 2D and 3D parametric curves but also freeform

curves. Thus, it demonstrates extensive application scope. Because the extension function has perfect properties such as in-

terval peak, peak value and symmetries, it can produce different kinds of special curves with angular points and cuspidal

points which the other deformation method can’t achieve. In sum, the proposed algorithm greatly enriches the deformation

effects of curves.

Key words: free curve; platform extension function; interval peak; freeform deformation

0 35

T

JURBETH R EDE 24 S Sl 28 5 28 7 4
F '@ 2 BRIV, BT 07 kA 3 F
Bz —. EWNIMRZ R E SRR S5
11 F FHASTEAE b 3 2 890 IR0 TS = ' 1k
o MZARTEA bR M4 e Vs as [\ i 4
B ry w5, 38 BT Ul g i AR IR L S B R
Barr'"' 1 Sederberg 45 A" ft) B 1 14 557 5k 107 ) o
J7o RSB T R E W B IE RIS Bth 4 1) A%
516 W11 AL, 40 Piegl ™ 42 H A BE B RE S IR
PR LA Au 25 M 3R NURBS i 28 0K 15 2
G XA B L SR AL T O T B AR R R IR
AT e 2 LAY b B EOLE , DRI H AN T 5 A 25 S s
Mo Eﬁiﬁffi%i%‘SdnchezJReyesB]Zétﬂfr NURBS Hf
LAEHA , CEAER T SR G R o4l . 257
N3k SOk | FE AR AR T i BE AR TE 77 ) il R
FE RS 2 72 T2 [ i DR AT T il IS 4 AE
S A B e A R 2 P A P e B S T T
HERZ S DARTEEAM T . FEERERRIAWITR
AL NATTXF B A 4% NURBS i1 £k 46 5 Hh 78 il 42 1 A2
TEFME B ) 7 B, Al [ 45 AT Ay B
ALY R R il AR T e i e/ DM AR, 43 5]
HENL T REAR Y i 2k PN R A 1 AN K ey e & S T
i, T4 ) BB 45 4R, i 25 A7) Ay 1
2 07 5 7 BE AR R I R e il T R T AR B
TACHME AHSCHERL 6-7 | #0 B fif SR 22 M 2 R 7
Li 25 A58 i 2 RSB0 AR 5] B AR A& i
FTB 04, Cao 25 A1 #2172 F it A4 0 12 19 NURBS

HZTEARAE A5, (X LB AR ik B B IR
SRSRARXT R 2% JF HANREFITE R WA S R £k 1.
Xu'"™ 52 FI 2t B A AT, 145 %
N2 R (I A L A B %) T R
AR PR AR A7 SE AR TR 55 i 1 4 T AR S DI AR
K, BRI BLA AT AT 45 T IR S Rl
T 7 R S BUASTE BRIt — 22 25 T it
WAL o Sdnchez-Reyes 55 A B TSP 7
NIRRT R HIZE Hermite 38 3 535 SC B T
3 TRT Y )y AR T 3k 6 SRR 3 il 1 B TR
T RSB T HRSEBL A A2 . BR T LA L3R
JURH & H1 ST Jy ik, IR AR T AR T TLAR S e
KR [ N A TS HE IR U2 R 2152 PR
H, (EURIX RS A T SRR P B . BB TR
B — BRIk AT ZEAE B AR R A AT T HAR R A
HEA R [  REXS — e S Bt A0 By i 2 AT
i AL S i 2

Ay T Rk b e R, /NP S e 4
P AT M, P05 B R R A TR W R 1
B, BV EES 15 AT R At A T (15 5 A4, DA i Xof
PIEEVEIL M A 1. kR A o . B
PRF IR TR B 2 15 20 R B 18, AT S 11
Sk AN R 2 i LA 4 A
— nU AR AR, PR fE— E O REJE B IR TR TR
JEHERIEAR . D T o4 IR 7 I REAE £ P i A
) 5 AR A R, AR A2 Ny e — ol e il
i P ——XHE R R BO AT UL, BEAE — BUIX[R] 1
PAFIRNKAE, AEHERDRERE b TR ZHEE, (5
A JE AT st £ o L 1 i £ 2 ) 2 e e TR
ARTE BB BT Te 1) i AR U P i 11 2 ZEfh 2

© i [H K G BT AR AU AT

1375



1376

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 10,0ct. 2015

2009 4F XA % N 5 F 22 0 s R 4 R T
g X1V _E 2 4k 2 M =S ] R A 3 2t b Ay AR
I HASIE i Ja 280t 2k i 2k X — 2, SR %
il T LA — Ak B . Bl A Rk
ERT A BFER L S %025 ] fh A i 1T AE s 21 X
WA L P4y 22 XU 24 PR, 3k 7 i 24 PR 5t o
AT  (HI SR AN RE ™ A 2 A AT T 2R

TESCHR[ 14-18 [ L, 17 1] - 1f7 2 4 1= 18] 3
HES RN Z R T —FloB (194177 &5 1 46 pR 8, 2 T
A T 1) i 24 DR AN SR AE 0 Ak ik B £, iy L
FE DIt A B (E, HAR AR FEE HT T CAD/
CAM 25 A 3 B 2 48 (9 32 3 2 50t 2 ( Bézier (i
2k \NURBS k) HA E AR & T8z
R EAT AR WEAE RO/ AT LA R ], i
HAEVEAE X T8] (1 P, SR 6 P B RERS 7 A
E AR R B AR, I0AE Ty B, AT Rl
TR Y DR L LAUKoA A e AL
I PFHE BT AF o

1 FEMEERHNMERT

L1 fR4EE

EX T Bemon IR0 ] EESEIm,
n 15 (4 e BCH
(t—tl .
t, —t,
1 telt,,t,]

J() = (1)

=2ty +t, t,—t\"
( : ) 56[53514}
Ly — Ly Ly — 1y

2t, —t —t,
by =1,

)m telt,t,]

0 HoAty
Kb, Loy 0, VASCHE XL, 1y 1 (1, < t5) JESCPEIX ]
WIAE R 5, m o FRVESEIE S50

V-5 R R0 BA I M

1) XA, e [y, 05 VI, BT S R fH, B
Jun (1) =1, 0LE 1(a)

2) v s RS B

Lo =f (1) = =" (1) =0;

Lo(t) =f (1) = =f"""(1,) =0,

3) fe/ME S BRI AE 1,0, FISCPE XA AM L
Fdn/ M B £ (1) =050, =5 B /(o) 4 5 R
P, WLE 1(b)

4)Xj‘%‘|~ﬁzo I, =t =1, _t3,Hm:nHTJ‘af<t)§é

t, +1
FE A L ().
(tlvl) (t3,1) (tZ:tSsl)
(1,0) (2,0) (1:,0) (12,0)
(a) [t 5] A0 VA (b) L=t A
(n.1) (1)
(11:0) (12,0)
(© % T 28 3ty
BT 3 FiASIR S B 10 47 ek £ 11
Fig. 1  Figures of extension function under three
different conditions
HEMT: Bk 1) ,3),4) FAGIE2) o ic:
=ty 2 -t
g(t> —g_tz_tl lz_tl ’
t—t, 2t —t-t,\"
G 1) = 1 . 2 1 ) — i m .
(0 = (2B < Leo)
e

S =1 () = =f0 (1) =05
RIiie

G’<t1> =G”<t1> =Gm(t1> =t :Gm_l)(t]) =0,
Vrl
g(t,) =0,6(t,) =0
’ _ ,_2(tz_t)
€U0 == )
” " _ _2
g'(1) =g _(t2_ll)2
W G(0) FHCH
G'(1) =mg"~'g’

G"(1) =m(m=1)g" 7 (g")" +mg""'g"
G"(1) =m(m—-1)(m-2)g"(g")" +
3m(m—-1)g" g'g"
AR GO0 W HEE 5 g (1) 155 AR
At TR g(1) =04
G'(1,) =6"(1,) =6"(t,) =--=6""(1,) =0
B

© i [H K G BT AR AU AT



$20% /51081 /2015410 B

1377

KF, REF, BEK/ HEAEERHSHELER

L) = (1) = =f"" (1) =0

[F) B ] DAGERH

Fo() =f (1) = =f""(1,) =0
TEHE
1.2 FHMHEHEETF

EX2 A E() =1 +hf(1),E(t) BFRH
Loyt PEE G T L FRIEME S5

H1 7 - 4 11 45 2R B M 5T, AR HEAS: 5 - &
AR FEAG LT PR

1) I . E (o) S RIBAE ¢ e L1y, UG

2) vy S, B

E' (1)) =E" (t,) =+ =E"""(1,) =0;

E' (1) =E" (1) =---=E"""(1,) =0,

3) de/IME S B E . RN 40, FSCEE X (R]
HMERA E(1) =1,

4) XFRIE

2 THLTPEMBETFHAFRES
LB R

2.1 HFEEE
BWL(t) =(x(0),y()) (tela,b]) i
C'(r=1) W% 2Ly Fmh 2 (Ch 5 8 5 SCRy i,
- TH 28 R Sk 2 i B f ), Hop ok S 8K
m,n<r+1, SZYEX AN 1,0, ] PO FAEE— R
GG, IEH o' = (x9,Y0) o ESHHEHE T E; (1) N
E;(t) =1 +hf(t),i,j=1,2
N=[e ,e,] '[[e ,e,]"]""
K by AN S 4K e, e, Sy ) ) o, IR
E, E,-1
“lE, -1 E,
NAEHEE F = (e, e, DN e, e, " JASTEH [,
il i e, e, EEMAAN), — MG O T e, =
[1,0]",e,=[0,1]", i} F =D,
BT KSR RE F RS IE ML L(1) 4k
AT Ja Hh £k
L,(t)=F(L(t) =0') +0’ (2)
WL, (¢) 15 ¢ b, 45050 €7 C" T B SE,
UERA Hid
E, (1)
E, (1) -1

E,(1) -1

D=D(:) = £, (o)

i 2 PR 1) A
D<t1> =I=D(t4)
L2 2 B i a6 R, % D (o) SK—Br 3, T4

El (1) E}(t)
D' (1) =
Ey (1) E, (1)
B X2 PR 2) Al
D,+<t1) =D”+<t1) =0 =D(+M71)(t1) =0
DI_(t4) :D”-(tzt) =0 :D(-nil)(h) =0

CIYE IR

k
L7 (1) = > Ci(e,,e,)D" (1)N(e,,e,) L™ (1)
i=0

(3)
I3 ¢y B (3) o, IR T R AR AR SCHE X ]
b R IE AR Y 5 it 23Rk — 30, TS,
LY (t,) =L (1,),0<k<sm -1
LY (1)) =LY (1,) ,0<k<n -1
HERE
ERL2 AP AR IE 4 L(1) iy NURBS
(8 Bezier i4k) , &L H AT fa th 2 L, (1) 1)
i NURBS {4k (5% Bézier f1k) . BIASCH Y34
J5 ikt NURBS [ £k, Bezier 12k, 2T 1 JG PR IF—
B, B EA B A

HER) < e M I I 0 10,10, (5B
BT = TR L 1) MR REONE

SCAELO, 1] 1y to FENAYSCRE Y- 5 1 45 [H 5
AERAC BT KT ¢ 9l 4 1, B

E(t) =
i, =t \" L, =t \" t, —t
1+h(“ lz) (2—“ lt) fe[0,270
t, —t, b — L, —
_ort, =t ty—t
1+h te[—z L3y 1]
t, =t t, =t

1+h((t4 — 1)1 +1, =21, +t4t)"((t4 —1)(1 _t)),,

t, — 1, t, — 1,
oty —
te| ——,1
< [54 -’ ]
1 HoAth
(4)

N

EHERIME L) = > pB) (D) BRI

Bl p, i =0,1, - N, BIIRE 5 WL

© i [H K G BT AR AU AT



1378

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 10,0ct. 2015

_ _ _ t, — 1
Mwuwgmep/ ﬂﬁ,
t, —t,
E(DL(D) =
m m N
t, —t,_ ty, —t,_ N, —
1+4144)(_4 ')- BY (D) =
[ P— 2 RN ] L_ZUP (1)
N+2m N+2m

Z}‘]ifi = Z)aiBihzm([)
IS 2 2024 Bernstein JEHE AL R IE RN £
WA, g — 2 B e, RixUh &
Boq,(i=0,1, N+2m) FEEF WL o, T 280t
e G RMEA A ADL S ARG HESR . [RIEE
Mie [t3 —h ,l] el

t, -1,

N+2n

E(DL(D) = > bB™ (D)

Wi e [@ u]t’ﬁ

by =t t, 1,
E(t)L(t) = i ¢;B} (1)

e; HAEHITU

Lk LR BRI IRBC N +2 max(m,n) [
OB Bézier HiZR, W71 5 1 245 1 I R A 3k %)
Bézier [l £ H. 4 & PP 28 0wl ik 22 JE 48 4 X
NURBS ik R 5 A1 .
2.2 EHRETH
2.2.1 AR

N T ARAT N SR 2R X
ISR RAS B | R4 0 Sk RS 7 A= J] 1 A8
B, B ZOR(2) A s G 46 N 5 £ () 54T
AT

EX3 Bm,n,w HIEEEL, 05 A SCEX
I Ze i R d e | A S N e |, A BB R 2] )

by — 1,

ﬁ;m\UEE%%ﬁ di ZTai :1,"',W,H by =t +

) d, 2d, ) A
(i=1)d; ty =t + -ty =ty +— 1y =t +i+d;,JE

3 3
X B RN

( t—t, 2t,-t-t,

m
) telty,t,]

lp =1y t, — 1,
f ! telty,ts]
f(1) = o s . Can 2l
( Ly l—StB o t:‘ta) telts,ty]
0 Hofth
(5)

WUHR B(e) =1+ (0] BRI 10

ERUE S
F(2) I SEMZ L, (1) H
L,(t)=F(L(t) -0") +0 (6)
K

w) , by =1 + zdptiz st € (tilstm) =1, w,
j=1

et ECe) Al ,0 ] FIEBIN w EELT & M
Fo BB &FERLEMA(6), 1T L E R
JUEEE I GRS
2.2.2 HELEE

XS TG MR IEHEAT b BT B i( 1,2,
k) WASTE ot AR B — 5 o], TR 05 1) g AE 75
AR KM B 6 e,y e, STREK ] R [ 1,
b 1, DTS T S 1T 5275 H

F,=[e,,e,]DN,e,,e,] (i=1,2,k)
AN, = (e, ,e,) [ (ey,e,)" ] 7 N b IRAETE
B, IR ARG ML L, (1) SRR
L(o) i it 5

L,,(t)=F,(L,, () -0]) +o] (7)

BRI Lo (1) =L(1) o 24 o/B5— 5 o', A JE R
J5 M2k 1] B e Bkl

L,(1) =(]iFJ<Lu>—w>+o' (8)

2.3 FAEMILTEX

WL AERAETCR A B ) &, o' S P T FAT:
s Mg R L) TER AR bR R [0, 1,1, ]
FHAFRA (pypa) " IS L(1) =o' =p 1, +polys
LA F = (dy) .0 B4

2

Ld(t)_o’zz (Zidijpj)li = Ul’lsz[Pan}T

i=1

AL, 2(2) Bk ity LT o SR - R A I i 20 F
SCHEIX TR A B — i L) e AR R Lo, 11,
XS L(e) — o BEAT U7 S AR He , A5 20T L) AL

© i [H K G BT AR AU AT



$20% /51081 /2015410 B

1379

KF, REF, BEK/ HEAEERHSHELER

Hpy .oy 1 BRSSO kS AR TR R F
2.4 TRESEH

ANE S FE RS F 3R A R 2RI ROR o

D) B [hy, (i=1,2) [ B9 RN, 283 by (i =11,
2) AT, 43 i e 72 il S 4 1 S Hh A8 T
Ei LI

2)m,n B R/NAT AT ARG 2T o, 0, ZERYOG
WEE, m,n 8K, ABTERT G 2o AE i

3) AR o BVl AR £ AR X AR TE ot o

4) WEARL DX (A HASE T 1, 05 HU(EL, 25 1, £ 05 I, 0
B DX RS 15 — 0, (M5 2 1, = 03 B, Ay BRAS T M B
B K STE 1y AOBRE] WA AEL e A 1, A HRAEL

S)RAS 1y, WA, JEAE KA X ] 32 3 1 BRI,
AT AT A B P 2SR A T AR 5 R AR TE |

6) s e, e, , I J7 1M 32 B T #EH, I RE S
Foe B PSR 0 )R A T AR A

7) BB by, 5 by, HIEZRT €, 5 e, HFATHIUIAEIE

8) MR 1, , 0, BUEAH A5 A5, AT 345 X (] W4 {1 5%
R AZIE .
2.5 HEXHG

FH L (1) =(cost,sint),te[0,2a] M, &
IO R S GRS S AR B 245 0. B2 3R
HIZHm,n BRAE TR ARTE 2R TE ¢, 0, ARG BE
Kl 3 SRR o, I I AT b RICR B, B4k
JEILLA(0,0) AR TE Gy SEZR R ILLL (0.5,0.5) 2y
AL,

1.5

K2 W m,n BRCR

Fig.2  The deformations with changing of m,n

Pl 4 J BRI (BRI AT R 4 P S e
AR 5 R RCR

P 6 FEB ho, HUE AN [ BE 5 18 42 iy 42 i 46 1) 1
FG I EATEAR I BOR IE 5 BT B [R) 2SI 5 1)

1.5

0.0)_

1

05t/

-1 -0.5 0 0.5 1
K3 225 o BIBCR
Fig. 3 The deformations with changing of o

1.5

1

05t

-1 —OAS.-\. 0 '---"0.5 1
4 LR

Fig. 4 The deformations with changing of interval peak

1.5 :
n=t=n3
] ,

05t/

-1 -0.5 0 0.5 1

K5 AT BRI AR
Fig. 5 The deformations with changing of peak

1.5

1

05t/

-1 -0.5 0 0.5 1
Bl6 AN hy BRI
Fig. 6 The deformations with changing of h,,

© i [H K G BT AR AU AT



1380

P EEREEFIR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 10,0ct. 2015

AR TR S5 SLLR RN T R LT [ AS T | e 26
-1 1,47 1 14"
Yt = [—, — = [—,=| =3
I)I_L]t{lil e] - [ \/z ,«/5] ,82 - [\/5’\/5] Xﬂ:/o Fé—] 8 }_ﬁ'
P by, 8 hy, BERSTH T BT e, B e, FEATBYHIAORL
HE,

1.5 T T T
,=(1,0) e,=(0,1)

1

0 te,=(—0.71,0.71) ,=(0.71,0.71}'

-1 05 0 05 1 15
El7 e e JriAiy

Fig. 7 The deformations along e, ,e, directions

1.5

1+

0.5¢

15 -1 -05 0 05 1
K8 e e Jrin iy

Fig. 8 The shearing effects along e, ,e, directions

19 FE 10 351 FE BRI BHASIE | w7 e (7R IX.
A, J5 # e (E TR A0S X IBOAS; 8T 11 J& B X
Bézier M2k (HEZk) JEAT 789, 1m0t B I s 1) - B
S(RELR 5 SR H A ) s B 12 e BxF B #2454 (1
2R ARG FARTE an - /v ik (554 5

DU L, (¢) = (cos(2t) cos (4t),sin(2t) x
cos(4t)), te[0,2m ] 13 JEI T IEAS KA IX 8] %

o2
S

K9 AR 1

Fig. 9 Periodic deformation effects one

K10 RIS ROR 2

Fig. 10 Periodic deformation effects two

0 2 4 6 8 10 12
BT ST
Fig. 11  The deformation of “S”

< =N W s
Sh— b hwn s v

[=]

-3 -2 -1 0 1 2 3

K12 /b gk
Fig. 12 “Fish” curve

B3 SR A

Fig. 13 The control of the support interval

)7 R, AT AT L BEOR P B R A TR AR (524K
SR (BL) -
2.6 LBREFHHIMNA

ARSCE AR LA 3 A, CAD/CAM 1341 5 i
SERE B ZR 1 I A AR SR T E 1, REECR A
NURBS 1% (1] Bézier fili 2% J& NURBS £k 454))
A B 1 A]HIAR SCR R XS Bézier 1 8 A1 NURBS iy

© i [H K G BT AR AU AT



$20% /51081 /2015410 B

KF, REF, BEK/ HEAEERHSHELER

LR EMINE, ALY 5 1 il 2 RERS AR A7 3t 5 B A 1
RIGEHAS s R 8 T2 AME B, bn i,
TR L8 ZORBCR , nR AR I A 5 75 31
Ui 14 R AR /N DU R R SRS
AR, AT LA AT SE /Y f B Bt e el de

2.5

IR R IEIE , DL 15 5 %8 8 J& f £k iz AR 3OO
L, T AR JE LA R SRR, WLIE 16, A
14 Frn] DU 2008 7 958 BRI 25 i 1Y, AT RE RS
B & SEBR R Bk, LR HE s — BeE R
RO

2
1.5
1
0.5

0
-0.5
-1
-1.5
-2

—25-2-15-1-05 005 1 152

(2) FEI

(b) NE

(c) PUnf-

Kl 14 ZARE BT ER

Fig. 14 Design and modelings of artworks

JNER O R

(a) L1 “F3k” Bk
& 15

(b) TEAI32 “R7 ik
LRI

(c) A3 “13k” Feiki

Fig. 15 The shapes of the gear curves

1
0.8
0.6 +
04t
02+
0+
-0.2 |
-04 |
-0.6 |
-0.8 |

-1 X i X K
-1.5 -1 -0.5 0 0.5 1
(a) — Yo kHL

3.5
3
2.5
2

105 0 05 1 15 2 25 3 35
(b) Z YR

16 HRHAE B LA

Fig. 16 The simulated aggregate contour lines

3 ZE EFEMEEFSEG)

3.1 HRE
BL() =[x(0) ,y(0),2(1) " (1ela,b]) %
o] F3i 2 € (r=1) el 2k, SCHEE X [y 0, ], BUAS
] AR — 5 o' (%0, 50,2) HETEHL, 2 E;(1) =
1+hi}f(t)(i,j=1,2,3),N=[el,ez,e3]71[[e1,e2,
e, ]'] 7
E, E,-1 E;-1
D=|E,~1 E, E,-1
E,-1 E,-1 E;
WRRAE 4R %, F = [ e, ,e,,e;]DN[ e, ,e,,
e; | WEFRVERTE R M. Ty i e, e, , 5 LR
PR, S e, =[1,0,0]",e,=[0,1,0]",
e;=[0,0,11", 5 F=D, ¥ FAERF L(1),%
e Rt & S B3Rk A L, (o) F0 L (o) Bl 2
L,(t) =F(L(t) -0") +o' (9)
ERL3 TR F PERITIARRIR L, () 78 ¢, 1, Kb

1381

© i [H K G BT AR AU AT



1382

P EEREEFIR

JOURNAL OF IMAGE AND GRAPHICS

Vol.20,No. 10,0ct. 2015

SN €L SR

FEHL 4 RSO AR D7 %) 43 6] Bézier i
2k, NURBS {fiZ 25 T2 Fif J5 i il 2k 28 20 Rk — 2, B
B HHAPE

JEFE 3 FIE T 4 WUEHTE LT RTSCE R 1 FlE
2 iuEs,

AR A ) A 8] B 2 Rl 208 R 532 L
~F- 55 AR AR T b i R AR T 0 SR A [
I, B R AR TE |, S0 AR T 78 3% 5 AN 151 41 1Y
wik,

3.2 EBIRTR

h T IAS SCRE X A [ 4R ) AR TR ROR, D
L.(t) =[cost,sint,t]", L, (t) =][2tcos(3t),
2sin(3t), - " 1T WML NI, (e [0,2m]),
17 JEI ha BUEAS [ BB IE IR = th e i i i K 5
AT W) ORI 5 18 Je B 1, , 15 HOAS[R]IRAEL,
RERS (7 - & (i 4 R 7 DX T s B B3 e R M
MARTERBOR L U e; BT IR UL 19 5 18] 20 541
IENCAT I 46 3k 5 6 21 R A 25 6] Bézier 2k (41
2) EATSIE , L AL SE R Bk S(5RZ) 5 8 22
FRX 250 B RS2 (RELR) WY TE , SRAR I ANy
B m(522) th4k,

BI1T oy X AETE T3 1) Bl B2 A )
Fig. 17  The controlling of deformation direction and

amplitude with respect to hy;

K18 AR E A RCR
Fig. 18 The effects of different peaks

4 % i

15 1,,=0.5,7,,=0.5

K19 e 1)

Fig. 19  Shearing along e, direction

10
-10 0

20 -10

K20 BT ik

Fig. 20  Simulation of “snake” raising head

1

0.6

0.2 02 04

& 21 AR SCitAEZs (B 2 Wi 2
Fig. 21

Deformation curve in space polynomial basis

0.8
0.6
0.4
0.2

0

-0.5
K22 AR SCitTE=S ] B AR AR 2 b

Fig. 22 Deformation imposed on the space of B-spline curve

Zm Te

AR SO W U A U 72 5 2547 05 3 A £, B

FHRZS [A] PR BILR U o A IRUCGE LT F 6 1
26 R 5 4 1 3 s A I TR g A

© i [H K G BT AR AU AT



$20% /51081 /2015410 B

KF, REF, BEK/ HEAEERHSHELER

ek IE S8t &y 2Rk, M3k 1%
2 P AR AR AR 2. S5k 1-13 ] L
B 1) A sk 7 B 22 10 ok B, Bhem T S T ER
ST AR B AR R AT DAHRAE 52 ) B0(E 52 1)
ALV SRR A& B 2 W LA 3 S, mT LA
PAGFE 2R S B ;3 ) M4 o £ 1)
XA LA 8 fh G AN AR SCHE X [ N AT 228 08 T
SHEXAAN , R AR TE T 2O/ F7 S e | X R RSB 1 b
HEPEE L, SO0 14-18 | R 1) M aE R 1A
A REAE R s A B X 8 TR B de KA, 17 HAERFIR I O
TEARFRYE ;2) AR SCEEAM AT DT i) -1
HaEMSEL, o] AT A f B, 9K T7id
FHYEI ;3 ) 28 T B AE X CAD/CAM (1% 32 i 2 4t
2§——NURBS FI Bézier 2k H2& £ 1%, o iz H
TR ARTE Ja i M 2 A T4 Ak, (Al R HORK
AR T I 34) T LASRAS & 2 S s iy il 26 Hofig
XA KL A R 58 R L AT AL, . A SO LA
ASJEZZ AL BRIV 245 RSO0 (I DX 1) 14 94 iy et AL S5 L i
SEVESE IEAT] S SRITIE & i FRX A 2 AR K
F8 TASCRE M AR TERCR , 77 A1 a3 45 25411
REMIE Rt 25, AT W, ZESe bRt A
SR B PSR AT DAGE A 5, R IR ) — 1A

2 2% 3Lk ( References )

[ 1] Bar A H. Global and local and deformation of solid primitive
[J]. Computer Graphics, 1984, 18(3) : 21-30.

[2] Sederberg T W, Parry R. Free-form deformations of solid geomel-
ric models [ J]. Computer Graphics, 1986, 20(4) ; 151-160.

[3] Piegl L. Modifying the shape of rational B-splines. Part 1: curves
[1]. Computer-Aided Design, 1989, 21(8) : 509-518.

[4] AuCK, Yuen M M F. Unified approach to NURBS curve shape
modification []]. Computer-Aided Design, 1995, 27(2) ; 85-93.

[ 57 Sanchez-Reyes J. A simple technique for NURBS shape modifica-
tion [J]. Computer Graphics and Applications, IEEE, 1997,
17(1): 52-59.

[ 6] Cheng X G, Liu W J. Shape modification of B-spline curve via
external loads [ J] .
16(5) : 898-902. [ ML, XIffi% . SMEfTHY B FEARHIZK
WIELT]. hEEREIE %), 2011, 16 (5) : 898-902. ]
[ DOI.10. 11834/jig. 20110528 ]

Journal of Image and Graphics, 2011,

[7] HanL, Qi R H. Tnteractive B-spline surface modeling based on
force density method [ J]. Journal of Image and Graphics,2009,
14(9) : 1900-1907. [ #mi, %k . BT 1% ENZE EX B
RS A T]. P EEREIE 4R, 2009, 14(9) : 1900-

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

1907. ][ DOI.10. 11834/jig. 20090930 ]
LiY H, Mu G W, Guo Z. Shape modification of NURBS curves
using genetic algorithm [ J]. Advanced Materials Research,
2012, 532 1450-1454.

Cao J, Wang G. Non-uniform B-spline curves with multiple
shape parameters [ J]. Journal of Zhejiang University SCIENCE
C, 2011, 12(10) : 800-808.

Xu G, Hui K, Ge W, et al. Direct manipulation of free-form de-
formation using curve-pairs[ J]. Computer-Aided Design, 2013,
45(3): 605-614.

Feng ] Q, Peng Q S, Ma L Z A new free-form deformations
through the control of parametric surfaces [J] .

Graphics, 1996, 20 (4) : 531-539.

Computer and

Sanchez-Reyes J, Chacon J M. Hermite approximation for free-
form deformation of curves and surfaces [ J]. Computer-Aided
Design, 2012, 44(5) . 445-456.

Dong H W. Survey of mesh deformation [J]. Journal of Image
and Graphics,2011, 16(12) : 2095-2104. [ #=E L. RIS TE
ZER[T). HEBESLETF 2R, 2011, 16(12) : 2095-2104.
[ DOI;10. 11834/jig. 20111201 ]

Wang X P, Ye Z L, Meng Y Q, et al. Free-form deformation
based on extension factor for parametric curve [ J]. Journal of
Computer-Aided Design & Computer Graphics, 2002, 14(1):
66-69. [ F/NF, MHIEBE, mAESE, 5 . BT M4 TS5
Mk B AL T]. THEHUAE BY TS DB 2 23R, 2002,
14(1) : 66-69]

Wang X, Ye Z, Meng Y, et al. Space deformation of parametric
surface based on extension function [ J]. International Journal of
CAD/CAM, 2002, 1(1), 2332,

Song L Z, Peng G, Yang WY, et al. A new extension factor for
free-form deformation of parametric curves [ J]. Journal of Engi-
neering Graphics,2009, 30(3) : 87-93. [ ki, &R, #3C
A AT S8ML B mRE g L], TRK

LiuZ, Wu HY, Zhang L, et al. Method of polynomial factor for
free-form deformation of parametric curves and surfaces [ J].
Journal of Computer-Aided Design & Computer Graphics, 2009,
21(3): 412418 . [ XKL, BRSLEL, KA, &5 . S0l 4l
B BRI Z W H F k1] TR Bk S BB 2
2eqR 2009, 21(3) ; 412418. ]

Lu YT, Zhou LS, Wang Z G, et al. Free-form deformation based
on polynomial extension factor for parametric surfaces [ J]. Chi-
nese Journal of Mechanical Engineering, 2012, 23(5) : 609-613.
[RACK, Jkok, EEE, 5. ST 2o MR 7125
i B RAIET]. P ERUE TR, 2012, 23(5) : 609-613. ]
Wang G J, Wang G Z, Zheng J M. Computer Aide Geometric
Design [M]. Beijing:. China Higher Education Press Beijing,
2001 ; 14-15. [ EEEE, ERME,BER . HAIUETBY LT3
THIM. b5t w480 Rk, 2001 :14-15. ]

© i [H K G BT AR AU AT

1383



	图形图像第10期 90
	图形图像第10期 91
	图形图像第10期 92
	图形图像第10期 93
	图形图像第10期 94
	图形图像第10期 95
	图形图像第10期 96
	图形图像第10期 97
	图形图像第10期 98
	图形图像第10期 99



