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Classic Collision Detection
Three cases of elementary collision detection 

– Vertex A x Face B
– Vertex B x Face A
– Edge A x Edge B

Discrete Collision Detection
- Evaluates interpenetration at discrete instants of time
- Requires backtracking to compute first contact 
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Illustrating the need
• Collision missed if:

Vrelative x ∆t > ObjectSize

=> Smaller time steps, even 
when it is unnecessary!

No interpenetration at t and t+∆t

Continuous methods detect first 
contact during collision detection
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Need for Robustness 
- Backtracking/adaptive time-step helps little
- Three difficult cases:

- Rapid motion
- Thin objects
- Large time-step simulations

- Useful for applications requiring precise, 
robust simulation of complex objects
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Primitive-Primitive 
Continuous Tests
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Vertex-Triangle [Provot97]
For point P(t) and triangle (A(t), B(t), C(t)) case:

)()()( twACtuABtAP +=

– Non-linear equation
• Optimization using surface normal N(t):

0)(.)( =tNtAP

• Cubic equation => determine valid tc є [t, t+dt] and find u, w є 
[0, 1]

• Similar for edge-edge case

N(t)

A(t)
P(t)
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Edge-Edge Primitive
• For edges AB(t) and CD(t):

)()()()( twCDtCtuABtA +=+

– Non-linear equation in t, u, w
• Optimization: At tc, AB(t) and CD(t) should lie in a plane  

[RKC02]
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• Cubic equation => determine valid tc є [t, t+dt] and find u, w є 
[0, 1]
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Applying Continuous Methods
to Existing Approaches
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Typical Continuous Algorithm

[ES99, LSW99] uses static BVH at two time steps 
with continuous primitive tests 

[BFA02, RKC02] uses dynamic BVH swept between 
time steps with continuous primitive tests
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Test Application

© GRAVIR 2005 IEEE VR ’05, March 12-16th, Bonn, Germany

Applications 
Precise Virtual Assembly Planning

Robust Cloth Simulation Courtesy: Stephane Redon [RKC02]

Courtesy: Robert Bridson [BFA02]
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Collision Response Issue
- When to apply? t, tc or t + dt ??

Most effective when combined with 
traditional approaches

Applicable for thin, rapid moving objects, 
precise simulations

Extra computation cost worthwhile in cases 
such as above

Continuous CD Perspectives
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Thank You!

http://www-evasion.imag.fr

Bastille, Grenoble

© GRAVIR 2005 IEEE VR ’05, March 12-16th, Bonn, Germany

Questions/Comments?


