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NURBS AND GRID GENERATION
ROBERT E. BARNHILL®, GERALD FARIN!, AND BERND HAMANN!

Abstract. This paper provides a basic overview of NURBS and iheir application to
numerical grid generation, Curve /surface smoothing, accelerated grid generation, and
the use of NURBS in a practical grid generation system are discussed.

Key words. B-spline, NURBS, smoothing, structured grid generation, surface
approximation, unstructured grid generation.

1. Introduction. We have recently been exposed to the area of nu-
merical grid generation by Joe F. Thompson’s research group at the NSF
Engineering Research Center (ERC) for Computational Field Simulation
(CFS), Mississippi State University. Some of the grid problems have strong
connection with spline curves and surfaces, referred to as NURBS (Non-
Uniform Rational B-Splines) in this paper. We shall discuss how some curve
and surface design technigues have shown promise in the grid generation
area,

To begin with, we need some spline basics. For a detailed description
of cubic B-splines, as well as their conversion to the piecewise Bégier form,
see [Farin '92]. A cubic B-spline curve is defined by a knot sequence ug <
.. < ug, and a control polygon d_1,...,dg41. The B-spline curve is G
overall and a cubic curve over each interval [u;, ui41]. This cubic has a
Bézier polygon [bai, bais1, bais2, baiys], found from

Ay Ay
11 by = —————bgi— —————Dait1.
(1.1) ¥ A 3i-1-+ ﬂ|—|+ﬁih&+1
where
ﬂ-i +'.ﬁ .ﬂ.‘_
bayr = ——ﬂﬁd:'-l- -"‘i_ld-i-i-lu
Ay A1+ Ay
(1.2) baga = —x~ K i+,
A = A +4A+A and
Ai = Uil — Ui

The Bézier polygon [bai, bai+1, baisz, baisa] defines a parametric curve
(1.3) bit) = (1 -i'.:lahai 4+ 3(1 - ‘]lihaiq.[ + 3:2[1 - 1)bajsa + tahgu_hg,
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