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http://www.essentialmath.com

Essential Mathematics for Games and Interactive Applications
Collision Detection in Interactive 3D Environments

Real-Time Collision Detection

Game Programming Gems 4, b, ©6

Sgggly, David H. Game Physics, Morgan Kaufmann, San Francisco,

Witken, Andrew, David Baraff, Michael Kass, SIGGRAPH Course Notes,
Physically Based Modelling, SIGGRAPH 2004.

Burden, Richard L. and J. Douglas Faires, Numerical Analysis, PWS
Publishing Company, Boston, MA, 1993.

Halliday, David, Robert Resnik, Jearl Walker. Fundamentals of Physics,
Wiley, 2001.

Eric Weisstein’'s Mathworld, http://mathworld.wolfram.com/
Eric Weisstein’'s World of Science, http://scienceworld.wolfram.com
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e Some Crimes are greater than others
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e Homogeneous odies
e Rigid bodies
e |ndestructible bodies
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e 2d:disc, 3d:+
o 2d:&F2tS 3d:AFAH K|
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e Discrete Oriented Polytope (DOP)
e QOriented Bounding Box (OBB)
e Axis—Aligned Bounding Box (AABB)
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X, FE, s, ISk

describes motion

X, 3 Xo+ Vi e+ %at?

explains motion
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T ™ (surface contact)
A2l &= (edge contact)
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e Tunneling is very, very bad
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e OIMSGIEl T1J&E2 go to sleep
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e How should we choose to represent physical bodies?
e How should we simulate and compute motion?
e How can we prevent energy build—up?

e How do we cope with floating point error ?

e How can we detect collisions — especially when large
numbers of objects are involved ?

« How should we resolve penetration 7

« How should we handle contact ?

e How can we prevent tunneling 7

e How do we deal with non-rigid bodies 7

Spirit of Flame
30 RealTime Graphics Progr ing Study

1E




Dynamic 101

Physically Based—Motion
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* £.9. spring force: Fg,, =—kx

« £.9. drag force: Fy,,=—-mpv
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¢ X(0)=%,, v(0) = v, & AlH

e QX Q= A2

X = V(1)
v=F(x(t),v(t))/m
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More Tutorials

« Numeric Integration Methods
A AL Qlst = X2 ol E
(Runge—Kutta, Implicit Methods, Implicit
Methods, Verlet Methods, Symplectic
Methods)

e Numerical Robustness
B ALHE OX2Z2 Olst 2|2 o &

Spirit of Flame
30 RealTime Graphics Progr ing Study

1E




More Tutorials

 Reframing the Problem
==, HE 2 SO st 2 M2 CHAI(?)
(Minkowski Diffrences A JH)

e Collisions using separating axis—tests

e Collision Detection
== 42 (GJKED2IS, AABB E2,
Sweep HAE)
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More Tutorials

e Modeling and Solving Constraints
2:p|k— ) A

y |/

 Contact Manifolds
=& H A (SAT, GJK)

e Bending, Breaking and Squishing Stuff
A~ EHI0| CHOI LRl A
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More Tutorials

e Breaking Stuff
dynamic destruction

e SqQuishing Stuff
dynamic deformation
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