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BERND HAMANN, BRIAN A. JEAN AND Po-YU Tsal

Interactive Construction of B—Spline Approximations of Surfaces and a Tes-
selation Algorithm for the Representation of Trimmed Surfaces for Use in
Numerical Grid Generation

Grid generation is concerned with discretizing surfaces and surrounding volumes in three-dimensional space. Often,
the originally given surfaces contain errors, such as gaps belween surfaces, intersecting surfaces, or overlapping
surfaces. A method ts presented for the correction of such errors. The method replaces a faulty, discontinuous:
geomelry by a new set of continuous surface patches.

The second part of this paper deals with the representation of trimmed surfaces, i.e., surfaces with holes. Many
applications, including surface rendering and grid generation, require an approzrimation of the complement of the
part of a trimmed surface that is “cut out” by the holes. An approach for decomposing the valid part of a trimmed
surface into a set of four-sided surfaces (without holes) is discussed.

1. Constructing B—spline approximations for geometries with discontinuities

In most computer-aided design (CAD) systems three-dimensional geometries are represented by parametric
surfaces, e.g., Bézier, B-spline, or non—uniform rational B-spline (NURBS) surfaces. Often, the geometries created
by a design engineer are incomplete or are faulty, i.e., they contain discontinuities. Examples thereof are surface
patches that do not connect properly or patches that intersect each other. Such data are unacceptable for further
processing, in particular grid generation (see [10]), flow simulation, and manufacturing.

The technique used for removing “gaps” /“holes,” “overlaps,” and transverse surface intersections is based
on the idea of projecting local surface approximations onto the given, faulty geometry. The overall approximation
process of an entire geometry relies on various geometric modeling and approximation techniques (see [1] and [8]).
The technique is based on this sequence of steps:

e Definition of patch boundary curves (for generation of Coons patches)

e Construction of bilinear Coons patches (local surface approximations)

¢ Perpendicular projection of points on Coons patches onto original surface patches

e Approximation of “artificial projections” if projections cannot be found for certain points on Coons patches
e Computation of B-spline surfaces by interpolating projections and “artificial projections”

e Error computation based on distance between original surface patches and approximating B-spline surfaces
e Generation of overall geometry approzimation by uniting all local B-spline approximations

“Artificial projections,” i.e., points that correspond to points on Coons patches for which no projection on
the original patches can be found, are computed using a bivariate scattered data interpolation scheme applied to
the projections that can be found (Hardy’s multiguadric method, see [2]). The error estimate considers shortest
distances between points on the approximating B-spline surfaces and the original surface patches. Due to the fact
that all local surface approximations (the B-spline surfaces) are constructed independently, the control information
of B-spline surfaces sharing boundary curves must be adjusted in order to ensure continuity of the overall geometry
approximation. The method is described in detail in [3]. Fig. 1 (left) shows an example for the approximation of
an entire car body (top: given geometry with gaps; bottom: continuous approximation).

2. A tesselation algorithm for the representation of trimmed surfaces

The tesselation (tiling) algorithm discussed is concerned with the representation of trimmed parametric sur-
faces by sets of approximating surfaces without trimming curves. Trimmed surfaces are the result of a surface—surface
intersection algorithm applied to multiple, intersecting surfaces. Complex real-world geometries typically contain
thousands of trimmed surfaces. The algorithm presented assumes that all intersection curves are given in parameter
space (see [1]). Trimmed surfaces cause problems when exchanging data among different CAD systems. The method
represents the valid part of the parameter space (i.e., the part that remains when disregarding all holes) by a set
of basic parametric surfaces (i.e., surfaces without trimming curves, see [11]). The representation by basic surfaces
simplifies the grid generation process, which is extremely important for many applications.
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The approach utilizes a generalized Voronoi diagram for the tesselation of the valid part of a trimmed surface
in parameter space (see [5], [6], [7], and [9]). This paper presents a method for constructing the boundary (bisecting)
curves of the tiles around each trimming curve, defining a general Voronoi diagram. The tile boundary curves are
obtained from the perpendicular bisectors of all possible point pairs lying on different trimming curves. Once the
tile boundary curves around each trimming curve are generated, they are used to subdivide the tiles into four-sided .
surfaces (in parameter space) whose union represents the valid part of the trimmed surface. These four-sided surfaces
are constructed by splitting the tile boundary curves into several segments and connecting the end points of these
segments with significant poinis on the trimming curves. Significant poinis on a trimming curve (in parameter space)
are end points of horizontal line segments, local extrema in the second parameter direction, and points where slope
discontinuities occur. Segments of the medial azis of the tiles can be used as boundary curves for the four-sided
surfaces as well (see [4] for a more detailed description of the overall algorithm). Fig. 1 (right) shows an example of
the decomposition of a trimmed surface with multiple trimming curves.
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Fig. 1. B-spline approximation of car body (left) and decomposed trimmed surface (right).
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