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Approximate Conversions of Gregory-type Patches to NURBS Surfaces

KenJIrRO T. Mrura,t Jungr Song 1T and HIROAKI CHIYOKURA Tt

Various kinds of Gregory-type patches have been developed as free-form surfaces which can
be easily connected to each other with G! or G2 continuity. Although their importance has been
recently recognized in the field of CAD/CAGD, many CAD/CAM systems are using NURBS
(non-uniform B-spline) surfaces as the representation of free-from surfaces. To sharegeometric
data with these CAD/CAM systems, it is desirable to have a method to convert Gregory-type
patches to NURBS surfaces. It is possible to do it exactly, but it requires considerable
increases of their degrees. Hence, in this paper, we propose a new method to convert approxi-
mately any Gregory-type patches to NURBS surfaces. The method is that first, the patch is
subdivided into several subpatches as specified and they are approximated with suitable
Bézier-type patches. Then, their control points are combined to generate ones of the NURBS
surface. The merits of our method are as follows: 1. The boundary curves are exactly
converted. 2. The upper bound of the error caused by the conversion can be caleulated for a
part of the patch as well as the whole one. 3. The accuracy is controllable by subdividing the
patch into smaller or larger subpatches. 4. Since the method does not require any time
consuming processes, it is very fast. It is suitable for parallel processing computers because of
its locality of geometric calculations.
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(a)Original bi-cubic Gregory patch

(¢c) Approximated subpatches shown in (b) with (d) Converted bi-cubic NURBS surface
control points and connecting lines
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Fig.3 Conversion algorithm.
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Fig.4 Distances between a control point and subpatches.
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(a)Scale (107" —107) ‘ ~ (p)1X1 subdivision

(c)4 x4 subdivision (d)8x 8 subdivision

(e)16 16 subdivision (f)32 32 subdivision
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Fig.5 Error display (calculated at 10,000 points, the patch size is 15X 15x10).

(a) Not weighted (b) Weighted sum
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Fig. 6 Effect of weighted sum.
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(a) Equal subdivision

(d)Error display of unequal subdivision shown in (c)
(c) Unequal subdivision
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Fig.7 Equal and unequal subdivisions.

(a)Converted surface (b) Error display of the NURBS patch shown in (a)

8 NURBS B Gregory »Sv F O (% F DA X 13
100 X120 X 20)

Fig.8 Conversion example of a NURBS boundary Gregory

patch (the patch size is 100X 120X 20).
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Table 1 Upper bound of conversion error.
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