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[Abstract]

In this paper, we present a GPU-based acceleration of computationally intensive self-collision
processing in triangular mesh-based cloth simulation. For Compute Unified Device Architecture
(CUDA)-based parallel optimization, we propose 1) an efficient way to build, update, and traverse the
Bounding Volume Hierarchy (BVH) tree on the GPU, and 2) optimize the Representative-Triangle
(R-Triangle) technique on the GPU to minimize primitive collision checking in triangular mesh-based
cloth simulations. As a result, the proposed method can handle self-collisions and object collisions of
cloth simulation in GPU environment faster and more efficiently than CPU-based algorithms, and
experiments on various scenes show that it can achieve simulation results that are 5x to 10x faster.

Since the proposed method is optimized for BVH on GPU, it can be easily integrated into various
algorithms and fields that utilize BVH.

» Key words: Graphics Processing Unit, Compute Unified Device Architecture, Cloth simulation,
Self-collision, Collision handling
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I. Introduction
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Fig. 1. An overview of GPU-based BVH tree construction.
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2. GPU-Based BVH Tree Updates and Recursion
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IV. Experiment and Results

2 Aq9] AusZ 7] flsl A™s 42 Intel
Core i7-7700K CPU, 32GB RAM, Geforce GTX 1080Ti
GPUZ} SR HAHHE o8It ARESE Aoj= C++
9} OpenGLZ ©0]-&35}%1 1, fI{¥2 OpenGLE ©]-8-51%1
o, Hro] Ho|HA2|E SRl AT

(a) Low resolution

(b) Medium resolution (c) High resolution

Fig. 9. Self-collision handling with our method.
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Table 1. Construction of BVH tree.

# of triangles GPU (ours) CPU
2,244 23.94 ms 571 ms
27,030 59.12 ms 45.18 ms
35,992 012 s 0.98 s

Table 2. Update(refit) of BVH tree.

# of triangles GPU (ours) CPU
2,244 0.16 vs 0.31 us
27,030 0.18 s 1.28 us
35,992 0.35 vus 481 ps

Table 3. Search(traverse) of BVH tree.

# of triangles GPU (ours) CPU
2,244 1.19 ms 10.28 ms
27,030 12.52 ms 162.92 ms
35,992 041 s 8.65 s
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