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In the project, we intended to perform parallel collision detection on multicore 

platforms with GPUs for two years. However, the project was only done in one year. 

We managed to improve the elementary tests on a multicore platform but we didn’t 

have enough time to develop techniques using GPUs. Our students learnt 

programming and computer graphics.  

We published one paper which won the best paper award ( 最佳論文獎 ).    

Sai-Keung Wong, Adaptive Continuous Collision Detection for Cloth Models using a 

Skipping Frame Session, National Computer Symposium ( 全國計算機會議

NCS ) , Workshop on Image Processing, Computer Graphics, and Multimedia 

Technologies, National Taipei University, 27-28 November, 2009.  

We propose a novel adaptive pipeline for continuous collision detection (APCCD) in 

simulating cloth models. The proposed pipeline consists of four components: 

bounding volume hierarchy (BVH) update, BVH traversal, a skipping frame session, 

and elementary test processing. It supports both inter- and self-collision detection. A 

skipping frame session is activated adaptively for skipping both BVH update and 

BVH traversal. Our method tracks all interacting primitive pairs. Experimental results 

show that the proposed method significantly improves the performance of collision 

detection in simulating cloth models. 

 

 

Summary of results: We propose a novel adaptive pipeline for continuous collision 

detection (APCCD) in the simulation of cloth models. The results are listed as 

follows:  

1) The framework of APCCD: It consists of four components: BVH update, BVH 

traversal, a skipping frame session and elementary test processing. By employing the 

skipping frame session both BVH update and BVH traversal stages can be skipped. In 

order to employ the skipping frame session, the bounding volumes of BVH nodes are 

inflated based on both the local and global information of the cloth models. 

 

2) The partial traversal scheme: As the inflated bounding volume of each node is not 
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tight any longer and they may be kept for several frames, there will be many 

redundant potentially colliding pairs. Instead of performing a full BVH traversal to 

eliminate the redundant pairs, a partial traversal scheme is proposed to handle them. 

The partial traversal scheme is conservative. Thus, we will not miss any colliding 

primitive pairs.  

 

3) Robustness: We adopt a history-based approach to keep track the relative 

orientation of all the primitive pairs in close proximity. These primitive pairs are 

maintained in a hash table throughout the simulation. 

 

Our Algorithm 

We assume that the topology of the cloth models does not change and the simulation 

time step is t. Two primitives collide if their shortest distance is smaller than or equal 

to a predefined threshold which is larger than or equal to the thickness of cloth. If the 

bounding volumes of two triangles overlap, the two triangles form a potentially 

colliding pair (PCP). Before the simulation is performed, we employ the primitive 

assignment scheme to assign each primitive to its incident triangle: a triangle assigned 

to itself and a vertex or edge assigned to one of its incident triangles. Each triangle 

record stores a six-bit assignment mask for the primitive assignment. The assignment 

mask of the triangle indicates the vertices or edges assigned to the triangle. Based on 

the assignment mask, the potentially colliding primitive pairs of two triangles can be 

computed.  

 

Algorithm 1 shows the runtime phase of APCCD. 

Algorithm 1 APCCD Algorithm 

1: if flagSkippingFrame then 

2:  collect dangling vertices 

3:  collect dangling triangles 

4:  perform traversal for dangling triangles 

5: else 

6:  perform BVH update 

7:  perform BVH traversal 

8: end if 

9: perform front-end PCP record filtering 

10: perform back-end PCP record filtering 

 

At each simulation time step, the speed of each vertex and the speed of each triangle 

are computed. The speed of a triangle is the maximum speed of its three vertices. 
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At the runtime phase, there is a skipping frame session. During the skipping frame 

session, both BVH update and BVH traversal are skipped. The number of frames that 

the skipping frame session lasts is nf and the value nf  is determined adaptively. In 

the first frame of the skipping frame session, flagSkippingFrame is set as false. 

Otherwise, it is set as true.  

 

If flagSkippingFrame is false, we perform a full BVH update and a full BVH traversal. 

In BVH update, the size of the bounding volume is extended adaptively according to 

the moving state of the objects. After that, BVH traversal is performed to gather 

potentially colliding triangle pairs (PCTPs) and the PCTPs are stored in the PCP 

pending list.  

 

If flagSkippingFrame is true, we will collect the vertices and triangles which move 

farther from their estimated movement distance. We call the vertices dangling vertices 

and the triangles dangling triangles. A partial BVH traversal scheme is applied for 

processing the dangling triangles. We proceed to perform elementary test processing 

which consists of two sub-phases: front-end PCP filtering and back-end PCP filtering. 

In the frontend PCP filtering phase, non-colliding pairs will be further eliminated 

based on the distance heuristic. The PCTPs in the PCP pending list are inserted into 

the admissible PCP list if they pass the check of the distance heuristic. The PCTPs in 

the admissible PCP list will be passed to the back-end PCP filtering phase and their 

contact information is computed.  

 

Our method guarantees to detect all PCTPs whose shortest distance is smaller than or 

equal the predefined threshold. 

 

Experimental Results 
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We performed experiments on different sets of objects. The cloth models are 

interacting with some other rigid objects. Interactive performance can be achieved.  

 

Drawbacks 

As our method is a history-based method, the required memory is mainly used for 

storing the potentially colliding triangle pairs. The memory size is proportional to the 

number of potentially colliding triangle pairs. For example, in the spinning ball 

benchmark, the average number of potentially colliding triangle pairs was 142 k and 

the memory size was 48 M. 

 

Conclusions 

There are two limitations in our method. First, in order to employ the skipping frame 

session, the movement distance of the vertices of the cloth models should be small 

compared to the size of bounding volumes of other objects. However, our experiment 

results show that when a wind drag model with moderate strength, the skipping frame 

session can still be employed. If the external forces are too strong, the skipping frame 

session can be disabled. By employing the distance heuristic alone, our method also 

performs efficiently. Second, as our method is a history-based method, all colliding 

pairs and potentially colliding pairs in close proximity are hashed, the memory space 

is quite demanding. On the other hand, tracking pairs in close proximity is necessary 

in order to reliably compute the relative orientation of colliding pairs.  

 

If we would have enough time, we would proceed to investigate methods on GPUs. 
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