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Deformable Simulation

[Li.et al 2019]

e

[Smith .et al 2018] [Wang .et al 2021]



Deformable Simulation

“» Equation of Motion:

Continuum model Spatial discretization Sequence of poses
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*Pictures and video come from [Smith .et al 2078].
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Deformable Simulation

% Implicit Time Integration:

Un+1 = Up + hM_l(fi(wn—l-l) + fe)
Tpt+1 = Ty + h/Un—i—l

]
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Tl = Trpq +AM 7 fi(@n41)

# Solving a large nonlinear system is extremely slow.

» Reduced Simulation
= Position Based Dynamic (PBD)
* Projective Dynamic (PD)

“ Minimized Optimization: I /
*  Multi-core CPUs/GPU
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Contact

% Collisions introduce extra difficulties to system solver

= Alot of intersection tests (DCD or CCD)
» Resolving using penalty force/impulse

* Artifacts and instability

* Non-guaranteed

= Resolving using Inequality constraints

e Convertto LCP



Contact

DCD + Penalty force dt =0.02s
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Contact
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DCD + Penalty force dt =0.02s



Contact

** Incremental Potential Contact (IPC)

argmin B(z) = = o — |3 + h20(2) 44 3 b(dy())
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Projective Dynamic

% Projective Dynamics (PD)

e Fast simulation method

Chebyshev method  Parallel Gauss-Seidel Quasi Newton Solver
[Wang .et al 2015] [Fratarcangeli .et al 2015] [Liu .et al 2017]
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* Local-global iterative solver
* Local step is parallel friendly
* Global step is a (fixed) linear system

e  DCD-based collision constraint



Our Method

<+ How to offer the non-intersection in PD?
« PD + CCD, or PD + IPC+CCD?
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Our method

% Projective IPC with Tow-level Iteration Strategy

* Energy oscillating appear in single-level iteration
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ALGORITHM 1: Projective IPC solver.
ze—x*+hxi* + th"lﬁx,;
2 X —x*+hx* + %25(’*; // X now is a predicted position
»xoxl A< X-x:_# Required many outer iterations.
+ 'while ||Ax||? > eouter do
B « BarrierProjection(x); // barrier projection (§ 4.1)
OFE < +00; // SE is per-iteration potential change rate
while 6E > ¢jpner do
E « ﬁ”M_l(f‘ = Z)”z; // update momentum potential
¥ « ElasticProjection(x);
x « GlobalSolve;
update JE;
end
CollisionCuIIing(fc); // patch-based GPU culling (§ 7.2)
t; « CCD(x,x); // minimum-gradient Newton method (§ 6)
X —x+ % - ()Z' — x); // per outer;loop CCD pruning (§ 4.2)
Ax «— x — x, x < X; // update x bnd Ax
end
X x—hx' , X Ji‘—hi" ; // velocity and acceleration update




Aggregated Jacobi Solver

M M

D—-—B b
¢ Jacobi Solver
+® =D 1p 4+ Re*) R =D B # Better harvests the capacity of GPUs
# Speed up convergence
* Slow convergence 2(0)
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» Per-thread computation is too light +D — D 1p 1 R2©®

*  Waste the overhead of GPU scheduling
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Aggregated Jacobi Solver

* A-Jacobi Solver

[—1
2(k) — Z R'D 1p+ Rlp(k—1)
§=0

Compatible with Chebyshev

Sparsity suppression

Flexible

A-Jacobi Performance
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Aggregated Jacobi Solver

* A-Jacobi Convergence
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Collision Detection

“ Patch-based GPU Collision Culling

* Binary AABB tree

* Each leaf is a patch of geometry




Comparison to IPC: Rubber Helicopters

IPC Our method

150K DOFs
11.2 - 87.1 FPS



Comparison to IPC: Flatten Armadillo

IPC Our method
10K DOFs
1.3 -67.9 FPS



Dragon

80K DOFs
16.4 - 119.3 FPS



Tiered skirt

91K DOFs
12.2 - 29.1 FPS



“Animal Crossing”

218K DOFs
13.4 - 46.3 FPS



Halloween Party
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