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Abstract

A method to generate a quintic B-spline curve which passes through the given points
is described. In this case, there are four more unknown control point positions than
there are equations. To overcome this problem three methods are described. First,
solve the underdetermined system as it stands. Secondly, decrease the number of
unknown control point positions in an underdetermined system in order to convert it
to a determined system. Third, a method to increase the number of equations is
employed to change an underdetermined system to a determined system. In addition
to this, another method to generate a quintic B-spline curve using given points with
gradients in sequence is described. In this case, a linear system will be either
overdetermined, determined or underdetermined. This depends on the number of
given points with gradients in sequence. Additionally, a method to modify a quintic
B-spline curve is described. The objective is to change an aesthetically unpleasing
curve to an aesthetically pleasing curve. Algebraic functions are used to determine an
aesthetically pleasing radius-of-curvature distribution. This is accomplished by
minimizing the difference between the quintic B-spline curve’s radius-of-curvature
and the specified radius-of-curvature using the least-squares method. Examples of
curve generation are given.
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Fig.1 Illustration for a quintic B-spline curve which passes through the given points in sequence.

P, P,---,P, ,P are given points. 9o-4i>""*>4,:3-9,+4 are control points of a quintic B-spline curve.
R,R,,-,R, ,R, arepositional vectors of a quintic B-spline curve corresponding to the given points.
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o Point marks indicate given points.
—> Arrow marks indicate given four gradients.
Fig.2 Examples of a quintic B-spline curve which passes through given points
in sequence and four location specified gradients
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Table 1 Linear system condition

@ | a dm av) 4]

2 6 underdetermined exact thru
3 7 underdetermined exact thru
4 8 determined: exact thru
5 9 overdetermined approximation | close
6 10 overdetermined approximation | close
7 11 overdetermined approximation | close
8 12 overdetermined approximation | close

(I) number of given points with gradients

(IT) number of control points of a quintic B-spline curve

(1IT) system condition (underdetermined, determined, overdetermined)
(IV) solution status

(V) pass through or close to given points with gradients
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Fig.3 Concept of radius-of-curvature specification and quintic B-spline curve shape modification
based on the target radius-of-curvature distribution specified

of shape modified B-spline curve

(e) radius-of-curvature of shape modified B-spline curve and
target radius-of-curvature specified (same as in (d))
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0Ag, ¢ )

20
B o (r=12-n-2) (20)
0Aq;

RQ0) DT FAEML Z LIk WERAq, & Ag) (r=12,.n=-2) EHEh, XAYD S ik
/N 722 5 IRD Bspline HfROHIEEOME CTH 2 4, &4, (r=12,, n=2) BPEEND.

P & DATHIRRRICI > TR SN, £ LC, RIS A—Z A SN 5RO Brspline Hiff
OFIES O ENF I SND. 20X 512 LT 5D Bspline FFROHIESARH SN 5.

MR LA O TN E DN B2 5720, O ONCHiREZ 1ICIEH LT 5. U EOEELZ Y
BT Z Lok Y, HREOREKIES TS, (=012, - m=1) 2B /N72 5 K 912 5RO B-spline Hhi#k
OHER DN EEFH T 5.

X 3 (T HIEIT/R L7 E 3 (ISR LR L2 FER RIS O TRRE IE S 7= phifi o
R TH D, M 3 (IR ENTZIIRE L Sz HiERO R NI TR SN TV B HRTE
SN LTV D 2 & RERICTHER CTX 5.

£ LW Z S22 72 o3 S U < IR BT S 283 S hui 60 o /MR &
MR TN B[15].

5. Bbyiz

JEFFATT DAL 0% @i 95 5 kD Brspline HROAR & Z O L O ARG ST
BHIAD 5D Bspline RHARODERIC W T~z BRI Bz G Z@ild% 5 %) B-spline
M2 AR L K D & 2BI2IE, REFECTH DB ORI 5RO B-spline B4 KE 3280
BE0 b 4080, bbb, HIEEONEEZRD D OIfE —EO TR B 722 D RITHRERIT
2o TS, ZHUTKHLT 2728, HIRERDE EME HIE, RAThH 2l S 2 BENCh il RO
BANESCRILT D Z LIC LV RIEEEW D L, HRERERERICT B HER L ONEFHT bz b
HDHIBO4FICH LT, Atz 25 2 LIck W ROKEEINSE, HRERERERICTT D HE
ER L. BRI S SITOSIERANT S 5802% LT 5RO B-spline ifRzAm L L o5 &
T DA, R _RE—HEOGFRAN DR DRI RO LY, HRTESR, WER, BERERITDI
5. HRERICH LT, MBS AEREL T, RGO TTT 77 vV o OREFRKEZ YV, &
BUAFHET DB HEIRT 5. ERERICK L UTROETORD LN E AN OFEE F/NCT D 2
Lok o<,

LN LW EIHR A FBLT 5 72 013 E Lo iSRRI DS W TSR R A2 BT 5 2 LIc kD
570 B-spline HIFROTLRIEEIEIZ OUWNTIRA/-. B-spline HIfROEF =A% L 457E S v
BOFEER/INERIEC LY BuNCT 5. ZORBEIL@ET O EOWFHHETH 5.

ABIRE SN dh R L B S - i3 EOZEDO RN ESWTE 7 A v MREAHIIN S5
FEERET 5.
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