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Abstract

Computing triangle-triangle intersections has been a fundamental task required for many 3D geometric problems. We propose
a novel robust GPU algorithim to efficiently compute intersections in a large triangle set. The algorithm has three stages:k-d
tree construction, triangle pair generation, and exact intersection computation. All three stages are executed on GPU except, for
unsafe triangle pairs. Unsafe triangle pairs are robustly handled by CLP(controlled linear perturbation) on a CPU thread. They
are identified by floating-point filtering while exact intersection is computed on GPU. Many triangles crossing a split plane are
duplicated in k-d tree construction, which form a lot of redundant triangle pairs later. To eliminate them efficiently, we use a split

index which can determine redundancy of a pair by a simple bitwise operation. We applied the proposed algorithm to computing
3D Minkowski sum boundaries to verify its efficiency and robustness.
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(b) no triangle pair

1. for i =0 to [k%/ntnreads| dO

2. p =1 - nth + Dinreads

3. (ab)=(p/k, pmodk);

4. (ta,ts) = (Tinla], Ten[b]);

5. if (¢ < kand a < b) and

6. (s(ta) A s(ty) = 0) and

7. (AABB(t,) N AABB(t,) # (1)), then

8. insert (¢4, ts) into Pop;

9. synchronizeThread();
10. if IPshl + Nihreads > M, then
11. if IDthTead = 0, then
12. r = atomicAdd(| P|, | Psal);
13. output Psp, from P[r] to Plr + |Psy| — 1];
14. Py, =10
15. endif
16. endfor
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sum I . Safe pairs Unsafe pairs Perturbation
polygons polygon pairs distant intersection | distant | intersection ]
torus & helix 54,482 207,142 138,489 67,598 481 574 1.3x 10712
knot @ torus | 38,327 193,249 116,393 72,365 2,745 1,746 6.9 x 10710
dragon @ helix | 136,163 829,670 624,642 203,332 1,104 592 9.6 x 10~ 1%
dragon @ knot | 75,777 1,670,012 | 1,384,978 | 283,745 954 335 7.1x10713
knot @ helix 129,432 1,516,188 549,606 965,983 162 437 1.7 x 1072
199 42k 283 A3k
. intersection | intersection .
kd-tree | polygon pairs (GPU) (unsafe pairs) total time
torus @ helix 9 8.6 10 15.7 43
knot @ torus 10 10.4 10.5 52.6 83.5
dragon @ helix 22 28.2 27.8 213 99.2
dragon @ knot 20.9 553 47.6 135 137
knot @ helix 28.4 72 54.3 7.95 163
3 2: 47y WA 4 A5 A3k (ms)
[12] M. Harris, S. Sengupta, and J. D. Owens, “Parallel prefix sum
(scan) with cuda,” in GPU Gems 3, H. Nguyen, Ed. Addison
Wesley, August 2007, ch. 39, pp. 851-876.
[13] O.Tropp, A. Tal, and 1. Shimshoni, “A fast triangle to triangle
intersection test for collision detection,” Computer Animation
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[14] S. Abrams and P. K. Allen, “Computing swept volumes,”
Journal of Visualization and Computer Animation, vol. 11,
pp- 69-82, Jan 2000.
[15] A. Requicha and H. Voelcker, “Boolean operations in solid
modeling: Boundary evaluation and merging algorithms,” in
Proceedings of the IEEE, Jan 1985, pp. 30-44.
[16] X.Zhang, Y. J. Kim, and D. Manocha, “Reliable sweeps,” in
2009 SIAM/ACM Joint Conference on Geometric and Solid
Modeling. ACM, Aug 2009, pp. 373-378.
[171 Y. I. Kim, G. Varadhan, M. C. Lin, and D. Manocha, “Fast
swept volume approximation of complex polyhedral models,”
Computer-Aided Design, vol. 36, pp. 10131027, Jun 2004.
our GPU algorithm(s) | full CPU algorithm(s) | speedup
torus @ helix 0.043 1.59 36.9
knot & torus 0.084 14 16.7
dragon & helix 0.099 593 59.9
dragon & knot 0.137 5.11 373
knot @ helix 0.163 14.78 90.6
#3: 71 €28 E v A GPU 2 ej &) 42y I} Aatel A9 s Pl
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