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Problematic : Collisions



Incremental Potential Contact

How to guarantee penetration free collisions with energy based approach ? 

(Vertex) collision energyEnergy based solve

needs smooth energy ⇔ can’t represent infinitely stiff collision

contact mesh
volumetric mesh with radius g ⇒ barrier function

collision forces are strong enough to avoid collision when dis(xv, a) is small



Why is IPC slow ?

Correction directions Correction step size

Contact normal are broken on overlap

Fixed by reducing contact radius 

Stiffer contact energy !

Can’t move particle too far

Very small steps when close

Lots of iterations to achieve convergence

Slow convergence ! Slow convergence !



Better surface normals definition

[Gil07] - Gilberto Echeverria : The Polyhedral Gauss Map and discrete curvature measures in geometric modelling 

Polyhedral Gauss Map [Gil07] ⇒ Extends Gauss–Bonnet theorem to a polyhedral surface

Much better contact mesh Coherent normals along mesh



Contact mesh construction

Contact mesh with OCG

Build in blocks : vertex, edge, boundary edge, face

2 types of collisions

“Wireframe” Surface



Surface Blocks 

4 primitives : sphere (vertex), cylinder (edge + border edge), prism (face)

sphere 
cut by n planes

cylinder 
cut by 1 planes

cylinder 
cut by 2 planes

Prism
face extrusion



Wireframe Blocks 

2 primitives : sphere (vertex), cylinder (edge)

You get the idea

Contact mesh block : sphere, cylinder, prism

Build 2 contact mesh (surface + wireframe)

Nice contact normal formulation



Collision energy

Vertex (v) collision energy

Combine log (barier and quadratic (spring) energy

Why not ⇒ same idea than [Ando24]
kc ⇒ collision stiffness

r ⇒ collision mesh radius
d ⇒ distance to collision mesh



Distance aware correction

Vertex max distance correction

Distance to the closest primitive

Avoid collision when optimizing

max distance is defined per vertex

Only small correction for close vertex

Much better convergence !



Some technical details

Full GPU pipeline

2 BVH of blocks (surface + wireframe)

1 collision detection per time step

Avoid collisions during opti with max distance

Use VBD for optimisation [Che24]

[Che24] - Anka He Chen et al : Vertex Block Descent

Don’t use CCD ⇒ Use max distance

much faster but suppose : ||Δx|| < radius



Results : Robust



Results : Robust 2

Local optimisation (VBD) guaranty penetration free collision where global resolution methods as Newton can’t

Nice ~



Results : Convergence

just energy ?



Results : some numbers

Real time ?

6.3 - 11.5ms
4.4 - 6.8ms
0.9 - 1.5 ms
1.2 - 1.4 ms
1.8 - 2.2 ms

0.23 - 0.30 ms
0.25 - 0.33 ms

x
1.2 - 3.2 ms
5.5 - 8.5 ms

126 - 230ms
5 - 34ms

4.5 - 7.3 ms
4 - 4.6 ms
18 - 22 ms

153 - 200 ms
167 - 220 ms

x
2.0 - 5.4 ms
22 - 34 ms

1 frame = 60Hz Hard scenarii needs small dt / more collision detection

much faster but suppose : ||Δx|| < radius

Globally impressive !

2 order of magnitude faster than IPC

Quite robust (if dt small enough)



Limitations



Video time

https://www.youtube.com/watch?v=U7kX2zSqu5s
https://graphics.cs.utah.edu/research/projects/ogc/

