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ABSTRACT

Due to heavy computational cost, deformable object simulation requires more effective collision detection method than rigid body
simulation. However, when the CPU-based collision detection algorithm is purely applied to the GPU environment, the collision detection
algorithm and the data structure optimized for the GPU environment are essential because the performance of the GPU can not be used
properly. Therefore, we propose a GPU-based parallel collision detection algorithm for mass-spring system which is widely used for
deformable object representation in this paper. The proposed method uses a parallel algorithm and data structure to reduce collision
detection cost through GPU-based curling algorithm using AABB-Octree structure. In this paper, we prove the effectiveness of the
proposed method by comparing the intersection test of all triangle pairs in parallel. The results of experimental tests show that the
proposed method improves the performance by about 24% on average. Therefore, it is expected that the proposed method can improve the

performance of real-time simulation for deformable objects.
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Table 1. Our SSBO Information
SSBO Index Name

(0) Node Position

1 Node Velocity

(2) Spring Information

(3) Node Force

(4) BoundingBox Information

5) BoundingBox Collision Result

6) Face Normal

(7) Face Information

[€) Object Information

9) BoundingBox Face List

10) Face Pair

11) BoundingBox Mask
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Table 2. Compute Shader Information

Compute Shader Index

Name

(0)

BBUpdate.cshader

1

BBCollision.cshader

Triangle-Triangle
Intersection.cshader

NodeUpdate.cshader

SpringUpdate.cshader

NodeForce.cshader
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Fig. 4. The Pipeline of Proposed Method
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Algorithm 1. BBUpdate Compute Shader
Input : Node Position,
BoundingBox Information,
Face Information,
Object Information,
BoundingBox Face List
Output : Updated BoundingBox
Information
1 Begin
2 boxID = gl_GloballnvocationlD.x
3 Get Current Min, Max Value for boxID
4 for(all faces included in box(boxID))
5 { now = each vertex for a face
6 if min.xyz>now.xyz, min = now
7 if max.xyz<now.xyz, max = now
8 }
9
10 Set Mirlw, Max value to Bounding Box
Information [boxID]
11
12 End
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Algorithm 2. BBCollision Compute Shader

Input : BoundingBox Information,
Output:  BoundingBox Mask
1 Begin
2 BB1 = gl_GloballnvocationlD.x;
3 BB2 = gl_GloballnvocationID.y;
4
5 //Initialize
6 Set Mask[BB1*64+BB2] = -1;
7 res =Check AABB_Collision[BB1,BB2]
8
9 Set Mask[BB1*64+BB2] = res;
10 End
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For Object A For Object B
Seq. Face Bounding Seq. Face Bounding
No. Index Box Index No. Index Box Index
0 FO 0 0 FO 0
faces
of 1 F1 0 1 F1 0
box(0]
—
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Fig. 7. Configuration of Bounding Box Face List SSBO
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Algorithm 3 : Triangle-Triangle Intersection Compute Shader

Input : Node Position,
BoundingBox information,
BoundingBox Mask,
Face Information,
BoundingBox Face List
Output : Updated Face-Face Collision Result
1 Begin
2 unint idx1 = gl_GloballnvocatiolD.x;
3 unint idx2 = gl GloballnvocatiolD.y;
4 int BBindex1 = BBFacelList[idx1].bbindex;
5 int BBindex2 = BBFaceList[idx2].bbindex;
6 ?nt Facel = BBFaceList[idx1].face!ndex;
int Face2 = BBFacelist[idx2].faceindex;
7 // if box-box collision is happen,
// test triangle-triangle intersection
9 if (Mask[BBIndex1*64+BBIndex2] '= 1)
return;
10 Get Res = TriTriOverlapTest(Face1,Face2);
11 Set BoundingBox Collision Result(Res);
12 End
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Table 3. Experimental Environment
Name Description
CPU Intel 17-3770K
GPU Nvidia GeForce GTX1070
RAM 16 GB
V-RAM 8 GB
oS Windows 10
IDE Visual Studio 2013 Ultimate
Library OpenGILA4.3
Table 4. Experimental Model Information
Model Name A B D L
Number of 2,320 1,369 1,418 4,233
Node
Number of 7,867 4702 5,399 17,889
Tetra
Number of 3,724 2,220 2,020 5,156
Face
Number of 47202 928212 32304 | 107334
Spring
Number of 64 64 64 64
Voxel
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Table 5. Experimental Phase Design

Used Model Name
Phase 1 A L
Phase 2 B D
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Fig. 8. Phase 1 of Collision Simulation (left) Before Collision,
(middle) in Collision, (right) After Collision

Fig. 9. Phase 2 of Collision Simulation (left) Before Collision,
(middle) in Collision, (right) After Collision

Fig. 10. Snapshots of Each Collision Simulation Phase
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