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Aesthetical Analysis of Curvature Profiles
of Parametric Cubic Curves

TAKAFUMI SAITO™® NORIMASA YOSHIDA ™

In order to generate high-level aesthetic curves, it is necessary to control the curvature profiles, such as monotonicity and the
slope of logarithmic curvature graph. However, such curvature profiles are complicated even in cubic Bezier curves, and it is
difficult to control them by the control points.

In this research, we aim to analyze the overall curvature profiles of cubic polynomial parametric curves. In this report, we focus
on cubic curves with crunodes. By starting with Tschirnhausen cubic and by applying Affine transformation, we numerically
analyzed and visualized curvature monotonicity and the slope of logarithmic curvature graph. Also, for scaled Tschirnhausen
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cubics, we obtained the number of curvature extrema, and clarified the existing condition of G' Hermite interpolation.
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Figure 1 Tschirnhausen cubic.
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Figure 2 Affine transformed T-cubic.
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Figure 3 Curvature analysis of scaled T-cubics (¢ = 0).
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Figure 4 Curvature analysis of scaled T-cubics (¢ = 0).
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Figure 5 G' Hermite interpolation with scaled T-cubics (¢ = 0).
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Figure 6 Curvature analysis of skewed T-cubics (¢ = 0.5).
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Figure 8 Curvature analysis of skewed T-cubics.



TR E T SE R
IPSJ SIG Technical Report

4. BhYIC

AHETIL, Hh=R 2 HHi 72 CRILTE 5 Tschirnhausen
3R AE b LIZ, ThET 70 v EBRTHZ L2k, 3
WOLHAT A MY > 7RO 5 5 crunode (H A7)
EHETDHDIZONT, MO EFRNR L=t 7
7 D E A EAERNTENT LRI L L7z, S 61T, ffifEo
DOEEITOWT, HIsRAPBRE & 72 5 A TR D 5 &
& B2, G' Hermite #i[EIC 51 % il s AR O A2 D IFAE
A 5T LT,

LSHOMEE LT, HAWEE LA DS D72 HEHT,
cusp X° acnode & £7-2 3 WHIHE DFEHT, 2 L T 3 A Fh#R
DIENTNFET ONE. ZNHOMmAEL LI, 3 kAT R
Y o iR FIV CE I SR 2 iR A AR R - A S
72 OMERR L O EROME L B L2 v.

BB Ao, BB a4 23300034 @
Bk EZTEbLOTHD.

SE R

1) Farin, G E., Sapidis, N., Curvature and the fairness of curves and
surfaces, IEEE Compute Graphics and Applications, Vol.9, No.2,
pp-52-57 (1989).

2) JRHEFIE, FEZ, ZluFik, MROMBAEEE AT 7
g UM, T AV EEIFIE, Vol42, No.2, pp.33-40 (1995).

3) Miura, K. T., A general equation of aesthetic curves and its
self-affinity, Computer-Aided Design and Applications, Vol.3, Nos.1-4,
pp-457—-464 (2006).

4)  Yoshida, N., Saito, T., Interactive aesthetic curve segments, The
Visual Computer, Vol.22, Nos.9-11 (Proc. of Pacific Graphics 2006),
pp-896-905 (2006).

5) Farouki, R. T., Sakkalis, T., Pythagorean hodographs, IBM Journal
of Research and Development, Vol.34, No.5, pp.736-752 (1990).

6) Walton, D. J., Meek, D. S., A planar cubic Bézier spiral, Journal of
Computational and Applied Mathematics Vol.72, pp.85-100 (1996).

7) Dietz, D. A., Piper, B., Interpolation with cubic spirals, Computer
Aided Geometric Design, Vol.21, pp.165-80 (2004).

8) Dietz, D. A., Piper, B., Sebe, E., Rational cubic spirals,
Computer-Aided Design, Vol.40, pp.3—12 (2008).

9)  Walton, D. J., Meek, D. S., Curvature extrema of planar parametric
polynomial cubic curves, Journal of Computational and Applied
Mathematics, Vol.134, pp.69-83 (2001).

10) Habib, Z., Sakai, M., Shapes of parametric cubic curves, FtHRfi#
MrAIF 22 A s Fe 4, Vol. 1335, pp.68-75 (2003).

11) Wang, Y., Zhao, B., Zhang, L., Xu, J., Wang, K., Wang, S.,
Designing fair curves using monotone curvature pieces, Computer
Aided Geometric Design, Vol.21, No.5, pp.515-527 (2004).

12) Yoshida, N., Saito, T., Quasi-aesthetic curves in rational cubic
Bézier forms, Computer-Aided Design & Applications, Vol.4, Nos.1-4,
pp.477-486 (2007).

13) Meek, D. S., Walton, D. J., Hermite interpolation with
Tschimhausen cubic spirals, Computer Aided Geometric Design, Vol.14,
pp-619-635 (1997).

14) Yoshida, N., Hiraiwa, T., Saito, T., Interactive control of planar
class A Bézier curves using logarithmic curvature graphs,
Computer-Aided Design and Application, Vol.5, Nos.1-4, pp.121-130
(2008).

(©2012 Information Processing Society of Japan

Vol.2012-CG-148 No.1
2012/8/29



