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New Extension of Uniform Cubic B-Spline Curve with Multiple
Local Shape Parameters

HU Gang"?, LIU Zhe', QIN Xingiang®, DAI Fang®

(1. School of Science, Northwestern Polytechnical University, Xi'an 710072, China; 2. School of Science,
Xi'an University of Technology, Xi'an 710054, China)

Abstract; The construction of B-spline curves with shape control parameters is one of the most
popular areas in computer aided geometric design. A class of new polynomial basis functions with
two local shape parameters A,y is presented to construct B-spline curves with multiple local
shape control parameters, which is an extension of the classical cubic uniform B-spline basis
functions. The properties of the proposed basis functions are analyzed and the corresponding
piecewise polynomial curve with two local shape control parameters ;s p; is constructed. The
extension not only inherits the outstanding properties of the cubic uniform B-spline curves, but
also has a good performance on adjusting their local shapes by changing the two local shape
control parameters. In particular, the G' continuous and the shapes of other segments on the
curve can remain unchanged during manipulating the shape of one segment on the curve.
Eventually, some applications in curve design are discussed and an extended application in surface
design is also presented. The modeling examples illustrate that the new extension provides a
valuable way for the design of curves and surfaces.

Keywords: cubic uniform B-spline; blending functions; local shape parameter; curve design

ith £& il A R R R T B AL B LA it L AU CAGD iR IR 2 2 —. SR, X 45
(CAGD) Hp—AFZ A OF TS IR Hop 7 BE =k @ 42 ) i & A 07 2 A 7 19 - 4 SR 2290 4% oty
) BAEAA M AA Ay fa B ) R0E K A AR E IR WA R R AR R i 5 R 2 08 . A B

ks B 1: 2007-12-12.  FEH @A SIMNA979—) 5, 9Bl 40 H . EFE ARFF RS E I H (60776795) ;BTG
BHHE T HA B H (07JK328) 5 Pi -t Tlk A2 JEal i o7 Je 4 v Bh sl H (WO18103).



1246 oA i

K% % il

%42

Bézier [tk F1 NURBS i k38 1 5] A+, W
ey RO A T T, 5 A5 P AR D] i RT3 il £ R TR R
s 2R A7 B (B AT A7 A SR B L 5
FH A 2% o SR SR BUAS 5 (8 5.

Sk T B L R R A IR 5 B Y i
FIE AT T — S5 I R S BN FE 25 i 6.
i R S E0 8 1 — 2 TR S8 o Be 2 i =X
Mk, Frz 0 B g™ s FE ¥ il 20 I AN AR ik i
JETT S0 /N ke R it IR AR i — 9k = AR 2 T
R s R A AT = el U o B3 6 R 00
) C-B RS T2 F1 H-B A 4 ith 225 5 36 pu v 3
B BRI EICRA 1 1 — bty BT R i S 00 43 B 2 0
SRR F3OBESE A E B & By (k=2) W RS
BB = M 5] B BRI SR8 Xt 1
AR S B £ I £ A0 45 5 00 AT T 19490 5 R4
o0 TIERSET i 52, thF LR h £
FIEAR S5 0 4 R S50, B el 728 T8 R 2 5000 Bl
SAF PR SR i £k T IR A A A8 Ak L BT DA il £k 4B 6 72
PEAT R R RL. SCk[ 9 TR T — 2K — A R AR
S BEL R S £k e i) B — Br AR AL
A IR ARIA T BE S1 0 B B SR RS A
5 Hh 28 1 ey BT AR AT R PR 22

2" Sl LV B/ 5 N T O B s M B
WA 1 2 DRI RS H00 4 B 22 100 2R 2% il
2L =R A) B AR S BRI AE T L 1T L2
SR A = g WS A4S SCHR 9] v A il e 1k AR ST Y
Hr 1.

1 =I5 B EEZRIR AT R

1.1 FEREAHNEESHER
EX 1 LR €0, 114 ERFRET 2 1
Z 05

(o) = %(1—/\,1)(1—1:)3
DD = £ 1A= 67 + Gt )t —put']

b = £+ G+ae+3a—ar — D

3(1 */\,‘)ts *A[fd:l

b () = %[1—,,(&1—;:)] #

S As g ZE00 VU YR C PR
EE1 XE X PR EELRE b (D, i=0, 1, 2,
3T 458

3
(D Db =1;
i—0

(2) 4 —2<, <L BF 3 1€ [0, 11 6! ()=
0 (G=0,1, 2, 3);

(30X A=y B, 20D o UV A FE PR BCH A X
R B 65 () =011 —20) bl () =bi(1—1).
iERR Bl (DRI AT S

4 1l s A Y
bo(t)—6(1 t) 6t(l t)

bi(r) = %(31&3 —6t2+4)+%(1—t)t3
bé(t)=%(—3z3+3zz+3z+1)+%z(1—:)3
bé(z‘)Z%IS—%(l—t) £

(2)

W ER = (2) v &5 2009 22 A7 R 320 43 0 AR I el 45 45 32
(D I SCERLO 45 1) n IREWAELO, 1] AR
T ATARLE I (2)  HAETHRE ATIELS 12 (3).

AR HE L AL Y = =0 B, (D FF
71~ 8 DU R R TC BR ER(E 2 = VR 5] B RE SR L R
1.2 HEMNHESHER
EX 2 HEERTE P,ER (n=2, 3; i=0, 1,
sy ) RIS 0 <luy <o ity S X UE [ty iy s
i=3, 4y voey n, WA LT BE

3
Cios Qis s ) = D Pryysb) (D) (3
=0

ﬁq:':Z:(u_u,')/hnhf:MM 1 _Mi;b} (t)j":]:_ﬁt(l)ﬁﬁ
FE S PR PR BT pRE. Fh e ] e L2 T i £k

Colhs s ) = (A s ) )

h;

K€ [us uiy .

ek C (A s i W SEE XA wis wir | BB
Ai g JRIERIEAR S H0 43 Be ik Z e St 26 &
SSRGS BAE SR T . A L O i
L E—BE Cooi Qs s 15i=3, 4, . n HFV
RE

(1 i s M 5T o B

C;, O His 0) = %[PFS +4P; +PH]

C;, 1(/1;9 ik 1= %[Pifz +4PH +Pi:|

&)
C,i, 1 (/L'e His 0) = %(3 +/1i)|:PH 7Pi73]
Clii (s pis 1) = %(B‘F#i)EP;*P/fz]



£ 10 1]

HAH 55l 2RI IR S0 = S 2 5) B AR ARl 2k 1247

2 M A .

(3)%’[/\;:/11 Hj’sci, 1Ay i3 t) HAXTFRE.
2 Y—2< <<l B MZ Cos s w f2
G #E 2. &M AW B C.y (A pis t)
Citr,a Qs pritrs O M= Ait (s 2 Ai=pi=
i1 =per) S IHZR Co s s w92 CM(EK GP) iEZE
1.

IERA AR R, Y —2< sy <1 BF XS F 4
=3, 4, -, 71,)rlljﬁ

Cill, 1 Qg s it 3 0) = Ci,i(/\m Hi's D
Clitos Qs s 0 = LC" o (A gz D
itqj Li:(3_‘_/\#»71)/(3_’_/1{)»%[%%2 Cy (A s i3
Wi G #EN). F AP PE C. (A pis D
CootoaQvrs povr s ODITRIRSEOH L g =1 - WK
(6)£P Li::l,é&Eng% CiQA;s His w) & C! J—izéiﬂ/‘]

%HH%‘%*H?KWE& Ci, 4 (/\,‘v i3 f)\cfﬂ. 1 (/\iﬂ ’
iy DR L= =21 =1 S BITA RS
i@kﬁli’ﬁﬁ%,xﬁﬁ& Ai = pi = At = i1 = A, B2 %F
Cio oA 25 O HETRE R
C' Qs s O = (A +DP 5 — 2P, + (1 —DP;,

CiQs A D = U DPy — 2P + 1+ DP;

& L=1, L,=—12 ﬁ,mm i (A

A 0O=Li " Qs A5 D+Ly C oA, a5 DLl
232 C1 (/1;’ His U)IEIL: G’ ﬁﬁﬂ"]

EFR 2 R HRZR Co Qs s w) WS 0 AV B B
FUIR K — W S80S =8 5) B RS it 2 iy 1 5
FEAR

2 SRS E L X

T A R R R TRt L IR At 2k 1R
HEINAF & TR R A AL E C Qs s
O PIBARSEL i« LT .

EE3 LUP Py P PRSI IUIRE
Iﬁfﬁﬁ%fﬁﬂéﬁﬁﬁ Ci i Qs Mis If)%m?u 0.0.0i 1.
Q:.2.0:.5.0. ORI TIR B PUIR Bézier R, Horf

(6)

_1rl.p , Zp
0.0= S[Z(sza—kpﬁl)]—‘— SPﬁz
_1rl—=x 74X 2
e T R R
Qi.ZZ%(P%Z_'_PFI) - (D)
_i 7+ ip. 1— ip. 2
Qs = + [ FEP + 5P [t £y
_ 17l p i p 2
0. = +[5® P ZP

iFBA % B! () (=0, 1, 2, 3,4)~PUIK Bernstein
FEPRBBE 0 (O FoR N B (O WILMELLE  HIEE
XA

(bys bisbs, b3) = (B, Bi.B:, By, BOM
A

1
6

0
0
0

(A —p)
24
1
6

Mighk Ci Qs i t) Al RN A
CiiQus puis t) = (b5 bis by
b)) (Piy. P, Py ,P)" = (B, Bi, By, B,
BOMP.; Py Py P ®
é\
Ci.iQs i3 1) = (BBl ,B; B ,Bl) »
(Q:0+0:1+0:2:0:.5.0:.0)" €D
AR A DRE—HKLL Q0.0 101, 2.0 5. Qi s HIE
il T YR Bézier M2k, i it 0 (8) F1= (9) Al ik
1320 RRaT.

B 3 AT U e B oo s s DB
RSB s AETEUE S Z AN B POIR Bezier i
L Qi 1\ Qs 2 MBI IERSEL A 53
BIN—2 B R E) 1, S0 Ik Beézier 4k 1)
FERITRL Qi1 Qi s 3 I NEEIL Py B Py Y7 1]
BWEIT L BEP, 2P 1. L, A A IR BECL (s
wis DIEARSE A o IR SR DM [ 5E e s
M Ay B HHE R (/N B 5 i 260 7 4 T (Ble 25)
PRI TS P FIZRBE P, Py s @24 2 A, S M1 g 34
T HE R (IR IN) B i 2 32 i S O (Bl ) 42 1 Tt
WP RIERBEP, P B 1 I T IR S E A
1y JLAn] 5 L.

AN 2 A28 ] B el 28 T S 0T R T Y e
Jra BT, M BH A g RIS R (/) B, il
LBWRE T (B ) R Z 08 S S8 A w
N3G O T 0 — AN A 2 — i o 3
Ty — AW i s 2. 2 sl 17 2 4
ZY A IEE KB 1E E.

H1 RN AR S H0AT DR [ 8 A8 3 Kl
ANORSE RN Y Sk 1§12 N NN L R K S



1248

PN %42

@ BE pi s NTFEI B (D FEE A NTF B BRI =
AN=—2,—1,0.5 mAyhek  —2,—1,0.5 mpgizk
B 1 JRSE . e 1L 8L

MF B FARK A A =pi=—1.5,—0.5, 1 Bfphizk
K2 280 g TR SR ) i 26

MERBECr s Ay s ) BRI R IES2 B C -
Cy —1=8 Fpigifr /7 =X (B KHIERSHCEY e A2
I M SCHRC1-7, 9] rp iy il 2 AR AL 2 1) =k 38
5] B ARSI, O R T e A R, (B T
S — AR T S 8 0 U AR S
B BUE A RE ST BE 2 o 7 B 0 8 3y = X {45 il
2R HURBTE BORE 2% i 2 i — ) o 9 ) e 222 3, JE IR
ATPEPE A B i EL g ok 22 H i 2R Rk (9 ]
W 2R BR A1) 2 TC R A T R R IR AL . 3 15 I AR Sy
RS | TR Oy i i R TG R IR AT R
FARRBE F7 H U, BE At b3 & LA 3 0 v il R
MR A« g BOTLARI 32 S FHPOARYE A Q5 22 0] JF
i AR TR T

3 YR ZR AN

5=k 5] BREAMZ —FE X5 F Uk
BLRR B ZE Co (s pus w) s BESR IR DL Py A
P, 535 A SR Z S5 I HAE Py F P, RER Y4k 47
A P, —P, fl P,—P, I}, HEHN 2 AT S P
=2P, — P, Ml P,.,=2P,— P, {ia], i P_,,P,,
e P RN ZR B AR 2 308, Y R i A i £
(P, =P}, HZXT G 20 Z 00 2 DT Py
=P ,P,, =P, Eﬂﬁf. Fﬂ 3 é'/ﬁ\l"H TH%%E?‘J‘)EFFH@ZEE
BT M M2 SE . | 4 40 T ARFESECT
) LA 2 AETE R IR RO 0 152 5. e éh s A S

Z N Z R = 2 2] B RE 2% i 2 — 4 m] LA A dis
SR I ELaT RIE 2 98 IR S E A RIS M
SCHURAE 2 00 R IR K ) G k.

LR A =pi=1,i=3,4,5;
SR s =ps =0, ==
0.2,25=p5=—0. 2;
WRIZ A3 =—2,p3=—1,
M=—1lyu=01=—1,

LR Ai=pi=1,i=3,4,5,6;

SR A5 =ps=0. 2, = =0,

As=ps =—0.2,25=p5 =—0. 53

WL =20 p5=— 1,

a=—1l,u=—0.5,2——1,

ps=—1.5 pw=—"L5 =15, us=2
() A= i IT ith 46 () AR J 1 FAD T 2

K3 REZEL v 1T AN 22

(ﬂ)/\;:/[,'zlqu*l-*2 (b)/\,‘:/,tpzlqo-*lq*Z

)

(C)/\,‘ :/lizl ((DA; :/11':71
Bl 4 A R AETERAER 2% 52 1)

4 HET R R

i kU i) i 2 i 8 D vk
AT 2R R A i L
EX 3 4 m+1D) -+ DAEEH A TS P G
=0, Lysory m; =0, 1yeoey ) AT B g <<uep <o
<Mm- 1u& U1<U2 <"'<"U,,- 1 ,Xd‘:,f: ue [Mi9 Ui+ 1:|
o€ v, v (=3, 4,
n) o ] 8 S5 3D 4 BotE i iy sk i ARt T

Si it Quisptisdjopys tis 12) =

ey omy =3, Ay ey

3 3

Z Zpiufs.j-nfzb/l (t)b, (1)

[=0 n=0

(10)



£ 10 1]

HAH 55l 2RI IR S0 = S 2 5) B AR ARl 2k 1249

Koty =Cu—w)/Cuipy —u)s to = (v—1v;)/

(o1 =) 300 bu a3 R 2 (D) 38 SCRY TR IEE R K. FR

T e 54D M2 AR R Y 7K 2 FRURE 2% i T
SiQuaptisdjspjs us v) =

u—u; VU
S,’,ﬁl(/\is/l[s/lja)uj; _I [} _j >
Uit Ui Uik Vj

(1D
A w€lus uir Jov€ Loy v .
ﬁ(ll)EHE%ZHEXEEM s Umd 1:] X ["Us s Uni 1:|
ERY R ERICARSEC X s s A sy B9 i Z2 TR
SR B R W =R 5] BRE SR TR A 9 5 LA
XCZWRBIE) B RSN T R RFIR T 1L AT 5 2 A
L ST BT, A dd A k=X (LD s Y 4 4
FRIEARAE I S50 W] R 4k CICICICE—1=80 Fif
jiitai/ﬁfﬁﬂ@ S, (Afs,ai’/\js,uj; Us "U)‘/@_‘H‘E/‘]}B
MR XU D™ R ThT 5 AT 585 4 J) BRI AR ] 34
PEMULfIERIRE Sy, vl T2 8 5 CAD/CAM 4
Sl g 2 ol T i RS R

5 4 it

ASCH—HEA A 2 S HE U P bR
B K3 1Bty 2 AR R AR T ] S 80 o Be 2
T A B i 2k B L = k3 2) B HEZR 2O ek
T I A5 LB LA 5. X357 B0 ™ i
gj%ngl_2< Ais #i< 0 I, Bﬁ% Aipi 3K, Eﬂﬂgﬁ
G =) BRI Y 0<< As < 1
IS B A g B3 O 2400 W 422 30 HL 45 i 22 30
TE. ARSI 2 B D0 a5« 368 20 1 42 A T
TEAUZ LR G SV i [a] 7] 3 4 AT 5 9
IR ZEL A g s RN R B — BE AR IR AT
R, EAN R W it 2 HL A4S B AT AR FR RS H A
Hi E"JJL{EJJ%:S(%E @l—i‘iﬁ/ﬁ Ais Hi %ﬁ%ﬂﬂ%ﬁ%
—BIEAR AT RIE S 8 FhiE iy = iz ik AR
71 DK HZR AR T AT B Y IR L
RSB » AR SO A 2 o T i v A 2
I BAT 2 B 5 S PR A (.

S Lk -

[1] JOE B. Multiple-knot and rational cubic beta-splines

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[J]. ACM Trans on Graphics, 1989, 8(2): 100-120.
HAN Xuli. Quadratic trigonometric polynomial curves
with a shape parameter [J]. Computer Aided Geomet-
ric Design, 2002,19 (7):503-512,

ZHANG Jiwen. C-curves: an extension of cubic curves
[J]. Computer Aided Geometric Design, 1996, 13
(3):199-217.

LU Yonggang, WANG Guozhao. YANG Xunnian,
Uniform hyperbolic polynomial B-spline curves [J].
Computer Aided Geometric Design, 2002, 19(6):379-
393.

R, XIZXZE. =395 BRIy [T, 3t
SRV B BT S22 4. 2003, 15(5):576-578.
HAN Xuli, LIU Shengjun. An extension of the cubic
uniform B-spline curves [J]. Journal of Computer Ai-
ded Design & Computer Graphics, 2003, 15(5):576-
578.

FIH EEKR. WRRSEM S B T iHE
PUH B BT 5 EE 2274, 2004, 16(6):783-88.
WANG Wentao, WANG Guozhao. Uniform B-spline
with shape parameter [J]. Journal of Computer Aided
Design & Computer Graphics, 2004, 16(6) .783-788.
FIc¥, EEIE. RS =M 2w 5] B R
2 [0 WML, 2005, 28(7): 1192-1198.
WANG Wentao, WANG Guozhao. Trigonometric pol-
ynomial uniform B-spline with shape parameter [ ]J].
Chinese Journal of Computers, 2005, 28(7);:1192-
1198,

XInsL, RS WIRSERE AL s (1. 1
BT S KR, 2007, 44(3) :487-496.

LIU Xumin, HUANG Houkuan.
curves with shape parameters [ J]. Journal of Comput-
er Research and Development, 2007, 44(3) :487-496.
Wixi» TEEKE. A7 IR S0 =k ¥415) B FE it
Ly g (1] AP S & . 2007, 44(6):
1032-1037

XU Gang, WANG Guozhao. Extensions of uniform

cubic B-spline curve with local shape parameters [ J].

Study of spline-

Journal of Computer Research and Development,
2007, 44(6) . 1032-1037.

(Zife @20



