Local Optimization for Robust
Signed Distance Field Collision 019

Miles Macklin, Kenny Erleben, Matthias Miiller, Nuttapong Chentanez, Stefan Jeschke, Zack Corse




Signed Distance Function

[ d(z,0Q)  LifxeQ



Some use cases




Massively Parallel Rendering of Complex
Closed-Form Implicit Surfaces 2020
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SDF GPU Rendering Controllable rendering quality




Improved Alpha-Tested Magnification for
Vector Textures and Special Effects 2007
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Ke;ep sharp featqres Offer lot of control Can’t represent too
with low resolution complex texture ?



Unified Particle Physics for Real-Time Applications @ois

Miles Macklin Matthias Miiller Nuttapong Chentanez Tae-Yong Kim

Collisions with SDF (kinda)
with gradient sampling to avoid interlocking



Back to collisions




Collisions 1n simulation

Point Based vs Optimisation

Handle precisely collision
(avoid interpenetration)

Gives valid positions

Can handle complex shapes

Low Cost (if possible)




Methods

Fast and Easy
Primitives
Poor Shape
Representation
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Air Meshes for Robust Collision Handling (2015)
Very Precise
SDF

A bit tricky to use




Collisions With SDF
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Collisions With SDF
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Point Based VS Opitmisation

More test in practice

Miss Sharp Features




Relative Error

Convergence Rate ?

Convergence - Projected Gradient Descent Convergence - Frank-Wolfe - Convergence - Golden Section Search

Relative Error
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Iteration

Iteration Iteration
Place randomly a segment 2D segment in domain then do minimisation with a SDF
Relative error generated with high resolution brute-force sampling over the element (line/triangle)

Example | SDF | Points | Elements | Simple | PGD | FW | GS
Unit # # # Hs HUs Hs | ps
Dragon 256 | 20,000 39,402 20 85 /i i
Net 256> | 51,161 81,194 336 373 |321 | =
Teapot 128° 5,281 6,962 112 123 115 =
Shells 512% | 635,020 | 1,269,880 401 445 | 437 | -
Rope 2563 4224 4096 98 102 99 99
Analytic - 10,000 19,502 48 48 48 =




“Culling” Phase
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No collisions if
e — ¢|| = radius > 0

No BVH, Grid, KD Tree, Etc ...

Some details
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Dynamic Objects

$a = Pm(8(Xs))

Trivial for rigid bodies
(We have a global transform)

FEM Tetra

Xm = g(xs) = MD_I(xs —Vos) + Vo

= [Vlm —Vom VZ2m —Vom V3m _VOm]

Computed FEM in simulation anyway




Some details

Deformed Mesh with FEM

Deformed SDF

Cloth collide with Deformed SDF




Conclusion

Crazy Fast with limited use of

. DF tion of th h
B - Need a SDF representation of the mes

Hard to get SDF gradient

Precise and can handle sharp features (generally precomputed)

GPU Friendly Signed Field Function

Signed Field Function

Collision with [Volume < Cloth] and [Volume < Volume], but does [Cloth <> Cloth] works ?

J a1 oublié le reste
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