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Geometric Processing for Freeform Surfaces Based on

High-Precision Torus Patch Approximation

Youngjin Park® Q Youn Hong Myung-Soo Kim*

Department of Computer Science and Engineering, Seoul National University

Figure 1: A Freeform surface and a set of torus patches. Intersection curve and offset surface using a set of torus patches.
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Abstract

We introduce a geometric processing method for freeform surfaces based on high-precision torus patch approximation, a new
spatial data structure for efficient geometric operations on freeform surfaces. A torus patch fits the freeform surface with flex-
ibility: it can handle not only positive and negative curvature but also a zero curvature. It is possible to precisely approximate
the surface regardless of the convexity/concavity of the surface. Unlike the traditional method, a torus patch easily bounds the
surface normal, and the offset of the torus becomes a torus again, thus helps the acceleration of various geometric operations. We
have shown that the torus patch’s approximation accuracy of the freeform surface is high by measuring the upper bound of the
two-sided Hausdorff distance between the freeform surface and set of torus patches. Using the method, it can be easily processed

to detect an intersection curve between two freeform surfaces and find the offset surface of the freeform surface.
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Figure 2: Torus ’f‘(s7 t) with point (0, 0) and point (0, 7).
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Algorithm 1 Torus Patch Approximation

Require: Freeform surface S(u, v), and point (ug, vo)

I: R+ —1//%1 + l/l-iz

2. 14 1/ kol

3 T = MakeGeneralTorus(R,7) > It makes a
torus which center is (0,0,0), the axis of rotation is (0,0,1), the
major radius is R, and the minor radius is 7.

4: ¢ + S(ug,v0) + N/kKq

5: r < Rotation matrix (0,0,1) to es

6: t < Translation matrix (0,0,0) to c

7. T=rT+t

Figure 3: Rendering torus with Gaussian curvature. Red means
positive curvature and blue means negative curvature.
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Algorithm 2 Build Hybrid BVH

Require: Freeform surface S
1: Divide S to Sgg, So1, ---, Sonn
2: Build hierarchical structure by tetrahedron BV > Bottom-up
3: StaCk.pUSh(Soo, SOl; ey Sin)
4. while !Stack.empty do
5: S;; = Stack.top
6: Stack.pop
7: T;; = TorusPatchApproximation(S;;)
8
9

if GetError(S;;, T;;) > ¢ then
Divide Sij to Sijoov Sijm y Sij107 Sijll

> € : tolerance

10: Build hierarchical structure > Top-down
11: Stack.push(Sijoo, Sijmv Sijmv Sijll)
12: end if

13: end while
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Figure 4: Torus patch approximates a small piece of freeform sur-
face.

Figure 5: Torus patch uses a local region of torus.
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Figure 6: Examples of torus patch.
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