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Note: The math on gray slides will not be on the exams.
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Modal Analysis
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CS184/284A

Object geometry
and material properties

Y

Generate
tetrahedral mesh

Y

'

Build
system matrices

rigid-body parameters

collision structures

Compute

and build

'

Compute
eigen-decomposition
Preprocessing
Interactive l Contact/Inertial Y
- Forces “bod
S Rigid-body
Modal synthesis | _ simulation
Collision
T Geometry T
User Interaction |—— Constraints |
Y T Y

¥

Deformable Object Motion

Ren Ng, James O’Brien



Example
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Example
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Preprocessing
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Metal Bowl
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Metal Bowl
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Modal Decomposition

Linearize non-linear system

K(d)+C(d,d)+M(d)

f

Kd+Cd+ Md=f
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Modal Decomposition

Consequences of linearization

® No local rotations
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Modal Decomposition
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Step 1: Linearization
K(d)+C(d)+M(d) = f
Kd+Cd+ Md= f

Assume: (| — alK —|— OéQM

K(d+ a1d) + M(axd+d) = f
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Step 2: Normalize Mass

Normalize for mass by change of coordinates:
e Cholesky decompositions: M = LL'
¢ Change of variables: y=L'd d=L""y

K(d+ aid) + M(axd +d) = f

L—lKL—T(y T (1'1?)) -+ (()r_):l) —+ y) — L_lf
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Step 3: Diagonalize

Diagonalize with second change of coordinates:
e Eigen decompositions: L"'KL™" = VAV'
e Change of variables: z=V'y y=Vz

L'KL "+ a19) + (g +4) =L " f

1l

Alz+a12) + (e + %)= VIL'f
Ny
Az + ((l’lA—‘r— (121)2 I - g
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Result: Individual Modes
Nizi + (1A + )z, + 2, = g;
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Fast Simulation

Only a pair of complex multiplies per time step

6cu(t—I—At) __ 6c,u(t) 6cu(At)

® No stability limit on step size

® Jump to arbitrary point in time

® Only keep useful modes
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Examples
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Examples
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Examples
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Examples

> Simulatiorn,
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Examples

> Simulatiorn,
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Examples

Synthesizing Sounds from
Rigid—Body Simulation

James F. O’Brien
Chen Shen

Christine M. Gatchalian

University of California, Berkeley

ACM SIGGRAPH Symposium on Computer Animation 2002
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High-order Differentiable Autoencoder for Nonlinear Model Reduction
SIGGRAPH 2021, Shen, et. al

High-order Differentiable Autoencoder for
Nonlinear Model Reduction

Siyuan Shen’, Yin Yang', Tianjia Shao,
He Wang, Chenfanfu Jiang, Lei Lan, Kun Zhou

*Joint tirst authors

UNIVERSITY OF LE!! UC LA Fﬁ] Penn @ SIGGRAPH 2021
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Backward vs Forward Euler Integration

x*t! = x' + Arx!
Xt = %'+ ArX' = X' + AIM (X!, X)

Forward Euler
Ax, = Arx’!
AX, = AIM™If?

Backward (semi-implicit) Euler
Axp = Arx't!
AXp = AM™ T~ AMMI (T + KAX)
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Backward vs Forward Euler Integration

Axp = Arx'*! Ax, = At
Axp = AIM™I(f + KAXp) AX, = AIM™If?
AXp = Arx! + AtAX, Rewrite with deltas

Axp = AIM™'f" + AIM 'K Axp)

Axp = Arx'+ ArPM I + Ar*M ™K AXp) Combine
I — AM'K)Ax, = A’ + Ar*M™ I

Axy = (I — A*M'K)~!(Ax, + Ar*M™ ) Solve
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Backward vs Forward Euler Integration

Axp = Arx't! Ax, = At
Axp = AIM™I(f + KAXp) AX, = AM™!f
Axy = (I — A*M'K)~!(Ax, + A*M™IfY) Solve

Ax, = VI — A*A)"'VT(Ax + A
Ax, = filter(Ax, + At*f?)

Note: K, V, A, and filter change over time
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Backward vs Forward Euler Integration

AX, = AIM™If?

Ax, = VI — A*A) " 'VI(Ax, + At
Ax, = filter(Ax, + At“f?)

Note: K, V, A, and filter change over time

* PCA vs Eigen System

 Dynamic orthogonality
* Energy leakage
* Limited sample states for PCA
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