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Abstract

The geometric characteristics and the geometric construction method of quartic PH curve with
parameter are discussed. First, we define a class of quartic m-Bernstein basis function with a
shape parameter. Then the quartic m-Bézier curve is obtained. By introducing the auxiliary con-
trol vertex, the geometric characteristic conditions for quartic m-Bézier curve becoming PH curve
is given. We propose a new geometric construction approach of quartic PH curve with parameter.
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And the error analysis is given. The validity and feasibility of the study are verified by numerical
examples.

Keywords

m-Bézier Curves, Shape Parameter, PH Curves, Geometric Characteristics

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

BEE THENER AR BN RE, TR LT3 H(CAGD)ERT T 3. MUk s Al it &5
AR MV AR 302 M o« R Bézier J7ikFon 5@ 2 K72 CAGD Hh BoA B Z 1N HME .
Bézier HIZEHITEARAN S HA= M Z LRI S A 5, N TSR G T A AT T B i 5 i 2%
R, ENIMEFESIN T EH —DEEANTARSEUL Bézier #ZK[1]-[6].

Bézier 2L A MM ARG JLAIAL SR A 2R, BT HBAER & —F
TR, Bézier M&FHA B HAHEREMEZL. 1990 4, Farouki [7]5I A\ T —M-FHZHHh4 Pythagorean-
hodograph HIZE&(f&iFK PH f1£k), XAEMZMIKMERELTTHAH 2 AL R. W5, MIL T KEXN PH
i AR GRS S S 9T, SCHR[ 7145 T EM A B I AHE T, =ik PH MR A il 2 % 1 J LAl 4
fiEs N THET = PH tIZ IR, SCHR[SIM B T 45 € 3 MAUME SHE(E =k PH ihZk, FF45 i HMIETT
% SCHER[O1F 18 T YR PH il 22 22 10 (1 U 26 L& Hermite 746 i) fL; SCHR[10] AT LA S5 R A SR
ST A G T Hermite f{E A PU K PH 2k, FE45 A EE T 1)1 255 SCHR[1 138 51 N 4 Bz )
T ASBEST 7 LR Bézier WiZRpih PH MZR m 25511, 43 30 ik PH i 2 it 42 i 2 3 T 1 J LA RRAE
SCHR[12]45 1 Tuik PH I 2R (1) Bézier #1H] fUZ B JLAT G R, 45 th [ £ Hermite #8252 T #4)3& Tk
PH #h e i JLAT 753 SCHR[13] [14]40 A0 1e 778k Bk PH #I4: 19493& 7772 BL & Hermite 48 {H ]
A SCHER[1S]H& 7 LIk Bézier ’ 26 pih PH il 26 iF H 4% 1) 22 0 TR 9 2 A A 2O 562k SCiik[16] LA
B 2R . — B SR ORI S GRS Lk PH 4. b4k, PH 2R 0N 15 20—
BRI, CRR[17145 T =W H-Bézier HIZERA PH #hZE I 20 B 0O LRI 261, FEHR H —Flsgr i J LA
Mg, MUk PH M A2 EHME, NAEMRNE, Huihik, WXiZ&rLEaisriEic ks
BRI FT

AL EEWI 7S48 PH &R PET A, S5t H%, ©X T RS —MERSEN
V9% m-Bernstein JEpR%, MIMAF2IVUIK m-Bézier ’14k; Hk, 8 5] N4 BIHE 6 AR 7545 Yk
m-Bézier £kl PH fIZEHIAMRAAE: f)a, #E— 000 70K PH W& LRTRE T, HFa HiRE
i VT FI AR S 451

2. MREFSHAY m-Bézier BhZk

KATE N T —HRKE— MRS EHI TR m-Bernstein 8%, 3153 VYK m-Bézier HiZk.
EX T W TERERe[0,1],me[0,1], FRART rZH

DOI: 10.12677/pm.2023.133043 396 S H


https://doi.org/10.12677/pm.2023.133043
http://creativecommons.org/licenses/by/4.0/

by (£) = (1-mt)’'

b, (t)=4mt(1-me)’

b, ,(t)=6m** (1-mt)’ (1)
by, (1) =4m’c (1—=mz)’

b,,(1)=m"t

VIR m-Bernstein 3 pR 41 .
SEX 2 4B EHITR P eR%,i=0,1,2,3,4, WEREKe[0,1], WFK

4
B(t)=> Pb,,(t),i=0,1,2,3,4 @)
i=0

i

NVUR m-Bézier BiZ .

MIUR m-Bernstein 3B EHIE L, AT LS ] m-Bézier Hi2k5 Bézier MZkH H2 L FIAIHEA
PRI, Bl gt S AR LRSS M L AR T | AR ZE AR Dk PR A 5 A, L i il 28 0 AT LR 2R N Bernstein
TEA:

B'(1) =43 APb,(1).i=0,1,2,3 3)
i=0
HATAP =P, - P,i=0,1,2,3 HEEHI U FET 25, L =|AP|,i=0,1,2,3 ¥EH| 2 AR HL K.
3. RFESHA m-Bézier BAZRAL 3 PH HhZR A JLITHHESR
EX3[6] B K TPHSHETRML (1) =(x(¢).p(1)), BHLE ALETRo(r), 475
o® (1) =x" (6)+ ™ (1), WBKZHILE R — 4 PH HiZk.
G131 [9] — 4 TS H 22 PH 24 HACYH - S50 2
P'(t)=p(t)Q (¢) (4)

SO p (o) ARETIR, 0(c) NEEZTR.
AP PH 2500 S 002 = 2, BFBA P(¢) 715 i F IR

P'(t)=[a,(1-at)+at][z,(1-at)+z (at)] .a, €R, 2,z € C (5)

KT, 23

P'(t)=a,2: (1-at)’ +(2aozoz1 +z§)at(1—at)2 +(%Z12 +2z,z, )at2 (1-at)+ 2} (at) (6)

FIFH B R %0%, #(6)75 Bernstein Z X R LLEL, 153

a,z; =4aAP,
2a,zyz, + zg =12aAR, %)

ayz; +2z,z, =120AP,
le =4aAP,

NIERHE, 4 ZBOP, = £ZPQ,P,, BINGBEHITIN O O,
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Figure 1. Control polygon of quartic PH curve
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MM LyR, =3R,R,,L;R, =3R,R; -
gi b, BAIA YR S EUN m-Bézier BIZERCN PH HIZR T JUATHFAE, 38T DU S50 PH il
2k, ATHCAN m-PH #hk, WiEH 2 frid.
SEHL 2 YAE /PO = ZPO,P, , — UK m-Bézier BiZk /2 m-PH #iZk 4 HAUCH Bk 0,0, &Il B,
a5 PR PRAETRO. O, fHf5
L,R, =3R,R,,
LR =3R,R,,
RR, =4R)R,.

4. PR m-PH BB LIAEE
HeF b m-Bézier HiZRON m-PH # 2 I0 5 T2 2 00 00 ) LT RAAE 26 P, AR I I #3420 22
Wi, RAFFERITL, BEPUX m-PH LR, 3 7 JUATHIGE 7.
OP)|

U KT HI P P AME 5 O, M OB, OP,« PP, éﬁ&&%th?‘\jmzrm, 76
0

NO<LROP,=p<mn, {14 OR M OP, LM i RM P, , e =F—-0=(1,0), & =r(cosp,sing), M
B, P rilA:

P=ué
{] Ha o< <t (11)

L0 Ak 5 . OP, 9 x Bk 3 T LA AL KR 5 IO ER P P, 95§ £ M, T M =[1”¥$}
R OM, W\UP2=UM=U(W¥,$]° W P AF—% Lk EF 22 OP,. OP, T E. F, HAf

ZPEF = /P, FE=0, ()X, 132IFrH&EH) PH 2k #0126 T AR bRy -

£ =(1,0)
R =(1,0)

1+rcosep rsin
P, :U(%,%j (12)

P, = wr(cosp,sinp)

P, =r(cosp,sing)

N A N Ay * * * L A
NITEIHE, Wzﬁ/—;/\LO:LOJrRO,LI:R1+R2,L2=R3+L3,/1=R—°,0<,1<+oo, hER 2, 155

0

L, 9
L9 13
R A (13)
* * * 2 ﬂ/ 3
L=kJLL, , T ) (14)
3(A+9)(A+1)

BNk, t(12). (13)RBEE E. F 530K M UTE 2 WK% RN
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E+(R0’O):})l 15
E+(R,,0)+(L,,0)="P, (13)
F +(Rycosg,R,sinp) =P,
. . (16)
F +(R; cos, R, sinp)+(Lycos g, L, singp) =P,
SRAFFE
EZ(M,OJ
2
F:(a)r—(l_;))rﬂ](cosq),singo)
R4 £PEF = /P,FE , T[1%
(/1+1),u—1:wr_(l—a))r/1 a7
9
fif A5
A 9ud+9u—-9
o ar(9+4) (19
BAHRANH T, [RKTZH u KT
2(A+1) (1-cosp) 4(A+3)° (A+1) . 2(-24-2)(1-cosp) 4(A+3) (1+1)
A2 3(A+9)4° # A 3(A+9)2° #
(19)
+2(1—cos¢)_4(/1+3)2(r/1+1)_
A 34(A+9)
IRYE LIRS, T RAK H ih bl 2 LR, MR R R m-PH #iZk, EIIYK m-PH HhZE )
JUFT i
5. RESH

4
SE X3 G LRI H, « P,i=0,1,2,3,4, T4k m-Bézier M2k H ()= H.b,, (1), UK m-PH

i=0

BEEA P(1)= Y Pb, (1) M FAERISH 0, WA S F

i

&=, max (H (0)=P(0).H (1)-P(1) (20)
R
€= IO Z:H,»b,-A (1)- 2}317,,4 () 2 dr < al_:g}%"]{, -P
6. HEHIF

] 1 %55 m-Bézier HHZ 45 1 TH .
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Figure 2. Quartic m-Bézier curve (The angle between two edges of the control polygon is acute)
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Figure 3. Quartic m-PH curve (The angle between two edges of the control polygon is acute)
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Figure 4. Quartic m-Bézier curve (The angle between two edges of the control polygon is obtuse)

& 4. U)X m-Bézier Bk (ITHI Z B F MmO R A AFE)

E1g0=2?n,r=1,/1=4, SR 8) (19)3, K1F 0 =0.5615, 4 =0.4933, H(12)=\ 1] LL#HE] m-PH

i 24 T
£ =(1,0)
B, =(0.4933,0)
P, =(0.1012,0.1753)
P, =(-0.2808,0.4862)
P, =(-0.5,0.8660)

POk m-PH HRZE F2 Hopzs | 2 a4 5 fow.

-04  -02 02 04 06 08 10

Figure 5. Quartic m-PH curve (The angle between two edges of the control polygon is obtuse)
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é\n ,

n=0.0047m’t* —0.0282m°’ +0.0961m*t* —0.1964m’t +0.3178m°t* —0.3180m’t" +0.1240m"¢*
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