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Motivation

Simulation /ﬁ
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* Physics-based Simulation
of Soft bodies =

=} ¢ FAST Collision Detection
with Local Spherical Hash

 For Haptic Interaction
= high frame rate!
feedback device->
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* Modeling the problem -eo
« CPU and GPU Implementations -e
* Building the Local Spherical Hash -e

* The algorithm °®

« Haptics interface -e

e Results .o
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« Conclusions -e
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— Too slow for deformation
* Image based methods [14,15,16]

— Limited information for collision response
e Spherical Sliding

— Good for constant contact but does not alow
large deformation

— Problem: fixed local axes allow little
deformation only
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etrahedral mesh
Vertex = Mass
Edge = Spring
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o 2D |mplementatlons
— CPU x GPU

 Mass-spring system is highly
parallelizable

— large degree of independence between the
particles

e Best memory organization?
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 The best cache locality

keeps together the information

e Data organized in an array of structures

CPU

for each particle
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 GPU evaluates many particles in parallel

 The best cache locality
keeps together the information
for each thread
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 Data organized in a ol 5P
structure of arrays N 222N
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'+ Translate the mesh ”‘to”“rlgm

e Define local axes from surface particles
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.« Translate the mesh”’

e Define local axes from surface particles
 Map to spherical coordinates
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Translate "the mesh‘"’”"érlgl'm -
Define local axes from surface particles
Map to spherical coordinates
Map to the hash matrix[0, o]
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Define local axes from surface particles
Map to spherical coordinates
Map to the hash matrix[0, o]

Translate the mesh back
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 The local axes will deform with the mesh!
— Maintaining valid the mapping to the hash
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Pre Processmaasjtep
1°) Centralize
2°) Define local axis particles

3°) Map to spherical coordinates
4°) Map to Hash|[B, @]

The local axis will deform
with the mesh!
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Colllsbn%D‘etectlon

1°) Test against the
Bounding Sphere

2°) Map particles
to the other’s LSH

3°) Test only against the particles
In the mapped solid angle
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M= . Test agalnst the Boundlng' plheref

 Map particles
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= . Test agalnst the Bouﬁﬂmg* /iohere

 Map particles
to the LSH of the othey”
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 Map particles
to the LSH of the othe

e Testthe only against
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M . Test agai st the Bou nﬂ’ i ng VVVVVV
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 Map particles
to the LSH of the othe

e Testthe only against
those in the mapped hash entry
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e Shovel tool

— Phantom Omni device

— Gravity
e Why?

— Easy collision detection

— Simple force feedback
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frame rate
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frame rate
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without collision detection
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e Crash Possibilities:

— two of the basis vectors become linearly
dependent (model is completely crushed);

— two of the particles defining the basis invert
positions (model is completely crushed);
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1

S * Fast collision detection method for
— Deformable models

— Haptic feedback

=) * Efficient GPU implementation
<
O=
AL
_§  Mapping resolution will vary with frame
%g deformation, but this can either improve or
ng worsen a bit the detection quality.
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