1000-9825/2004/15(10)1505 ©2004 Journal of Software %% 1 % R Vol.15, No.10

E TR e LA RlEE N B
/Eﬁgﬁf 7] )FE< HH%H}:]

(WL K% CAD&CG FHZKIE S s = Wil Bl 310027)

Streaming Real Time Collision Detection Using Programmable Graphics
Hardware

FAN Zhao-Wei, WAN Hua-Gen, GAO Shu-Ming

(State Key Laboratory of CAD&CG, Zhejiang University, Hangzhou 310027, China)
+ Corresponding author: Phn: +86-571-87951045, Fax: +86-571-87951780, E-mail: zwfan@ntu.edu.sg, http://www.zju.edu.cn
Received 2003-10-13; Accepted 2004-05-08

Fan ZW, Wan HG, Gao SM. Streaming real time collision detection using programmable graphics hardware.
Journal of Software, 2004,15(10):1505~1514.
http://www.jos.org.cn/1000-9825/15/1505.htm

Abstract: Real time collision detection is required by almost all computer graphics applications. However, the
problem of real time collision detection is yet to be solved between complex objects. With the recent advent of high
performance graphics processing units (GPUs), a dramatic shift is being seen in the traditional idea that
general-purpose computation can only be performed by CPUs. This paper explores to solve the problem of real time
collision detection between complex objects using programmable GPUs. The algorithm maps the computation of
collision detection between two arbitrary objects onto programmable GPUs to match their parallel architectures, and
produces on the fly the collision detection results via real time rendering. To do so, the problem is first converted
into the problem of finding intersections between a collection of line segments and a set of triangles to realize the
migration of collision detection algorithms to programmable GPUs. Based on reasonable analyses of the algorithm
complexity, two optimized techniques is presented to improve its efficiency. Experimental results have shown that
the optimized algorithm is advantageous over other current collision detection algorithms implemented in image
space regarding efficiency, accuracy as well as practicability.
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(c) Direction-Length texture

(b) Origin texture

(a) Sphere model

Fig.1 A sphere and its edge textures
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Test the intersection

Generate edge textures

between all edges of 4

Shade hit by depth test

Input of A4 from its edge . (GL_LEQUAL)  and Return
objects |} table, create a viewport gndteachbtrlanglezi OfB obtain the results by [—=> results
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quads, the ¢ value of

of edges into depth

buffer intersection point is

outputted as depths

— | Exchange the role of 4 <
and that of B

Fig.2 The general framework of the basic streaming-based collision detection algorithm
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Fig.3 Input data stream
3 B

viod =v,0xdir ,v,od =v,oxdir ,

e,d =e, xdir ,det =e; -e;d,

t=—(n-v0)/(n-dir),

u =e, - -vod /det,

v=-—e, -vod/det . w=u+v.
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float 4 Detect Rays with Triangle(out float ¢, in float3 orig, in float3 dir, float3 v, float3 v,, float n, flaot3 e,
float3 e;3)

float3 v o=orig—v; float3 v,0=orig—v,;

float3 v od=cross(v,0,dir); float3 v,od=cross(v,0,dir);
float3 ej,d=cross(ei,,dir);

bool bHit=false; float det=dot(e;3,e1,d);
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bHit=(det<-0.000001f)?true:bHit; bHit=(det>=0.000001f)?true:bHit;
float u=dot(e;3,vi0d)/det; float v=—dot(e,,vi0d)/det;

float w=u+tv;

bHit=(x>=0.0f)?bHit:false; bHit=(u<1.0f)?bHit:false;
bHit=(v>=0.0f)?bHit:false; bHit=(w<1.0f)?bHit:false;

t=(bHit)?(—dot(n,v,0)/dot(n,dir)):MaxT;
return bHit;

}
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Fig.4 Sub-Textures and hierarchical bounding box tree
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| Input two objects 4 and B |

Construct the edge textures of 4 and the
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Exchange the
role of 4 and B
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IPut the two sub nodes
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viewing parameters
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vertices attributes| «—[buffer by texture
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[Reconstruct edge
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resize the viewport
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IRender O, and test the intersection between all
edges of 4 and the current OBB using a

fragment program

Depth test and find all edges intersecting with OBB (E) |

[program

IPerform the edge-triangle intersection
tests using a user-defined fragment

Fig.5 The flowchart of the optimized streaming-based collision detection algorithm
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