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Normal Vectors of Bézier Type Surfaces and Their Bounds

YASUSHI YAMAGUCHIt

Normal vectors of a surface are directly related to a lot of applications, such as surface-
surface intersection, tool orientation for NC machining, assemblability of components, offset
surface generation, and so on. Bézier curves and surfaces are commonly used by many applica-
tions because of their good properties. It is well known that hodographs of Bézier curves and
surfaces, which are loci of tangent vectors, can be represented as Bézier curves and surfaces
respectively. Therefore, tight bounds of tangent vectors of Bézier curves and surfaces can be
obtained. However, bounds of normal vectors are usually approximated by cones, rectangular
pyramids and hexagonal pyramids, because it is impossible to calculate such tight bounds of
normal vectors of Bézier curves and surfaces as those of tangent vectors. This paper presents
that unnormalized normal vectors of a tensor product Bézier surface of degree nxm can be
represented as a tensor product Bézier surface of degree (2n—1) x (2m —1) and also that
unnormalized normal vectors of a triangular Bézier surface of degree n can be represented
as a triangular Bézier surface of degree 2n —2. The equations for calculating the control
points of those Bézier normal vector surfaces are also presented. Furthermore, the method
for determining tight bounds of normal vectors based on the Bézier normal vector surfaces is
proposed.
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