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Modal Vibrations
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Modal Vibrations
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Sound Propagation
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With Acoustic [ranster

Interactive Acoustic Transfer Approximation



Helmnoltz Equation
Vp(x,w) + E*p(x,w) = 0

ap — f(uw)

S.t. —|— =
on

P acoustic transfer / pressure

X listening location

W frequency
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Helmnoltz Equation
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Basic Pipeline
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Vop(x,w) + k*p(x,w) = 0

p(x,w)
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Related Work - Acoustic Simulation
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Applications beyond modal sound synthesis

Acoustic Voxels
SIGGRAPH 2016
Li, Levin, Matusik, Zheng
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Vlultipole Approximation for Helmnoltz Eq.

Vop(x,w) + k7p(x,w) = 0

pi(x,w) ~ik Y Y S (x, %) M) (w)

n=0m=—n

S™ : singular Helmholtz basis functions

n

M'"(w): moments (depending on frequency)
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M,:Ln == m=8, n=8
] = m=/, n=7/
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9 10 11
Frequency (kHz)
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Pressure to Moments

Frequency (kHz) Frequency (kHZz)
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Fast Helmholtz Precomputation  Interactive Runtime Solve
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Pressure Frequency Sweep

p(z;w)

&

Dingzeyu Li

July 27, 2016

w.

20



W

grivb CoLuMBIA COMPUTER GRAPHICS GROUP ,\)\ Dingzeyu Li July 27, 2016 07




W

éri‘_ﬁ CoLuMBIA COMPUTER GRAPHICS GROUP ,\)\ Dingzeyu Li July 27, 2016 07




Asymptotic Expansion
< How to expand locally*?

Can we speed up at each solve”
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o p(X,w) = /S lG(X; y) %qf: (y) gi (x3¥)0u(y)| dS(y)

6_}_‘5 CoLuMBIA COMPUTER GRAPHICS GROUP ,\A Dingzeyu Li July 27, 2016 29




o p(X,w) = /S lG(X; y) %% (y) gi (X3¥)Pu(y)| dS(y)

6_}_‘5 CoLuMBIA COMPUTER GRAPHICS GROUP ,\A Dingzeyu Li July 27, 2016 29




al
INtegr
gary

Boun

X;y)
p(x,w) :/s lG( y

o

(¥)
on




A(wo)@(wo) = b(wo)
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Polynomial Expansion

A(wo)@(wo) = b(wo)
N

d(w) = ¢i(w—wp)’

i=0
A(wo) @1 (w) = b’ (wo) — A'(wo)d(wo)
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Padée Approximant for Better Convergence
H(w)

A Singularities [Lenzi et al. 2013]
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Padée Approximant for Better Convergence
H(w) |
\ 4

A
|

Singularities [Lenzi et al. 2013]
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Padée Approximant for Better Convergence
H(w)
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Mesh Simplification for Pressure Solves
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=XISting approach loses acoustic pressure.

Original Simplified [Hoppe 1999]
30K triangles 2K triangles
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Acoustic Transfer Preserving Simplification

Edge Collapse Algorithm [Hoppe 1999]

View = argmin Q' (v) + Q"2 (v)

\%

edge
collapse

S.T. ggalv + d,,; = 0 Volume Constraint
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Acoustic Transfer Preserving Simplification

Edge Collapse Algorithm [Hoppe 1999]

edge
collapse

View = argmin Q" (v) + Q" (v) Ty
S.T. ggalv + d,,; = 0 Volume Constraint
1 T
5 Y [(v=vp)x (v=vs)] (utusp +mup) =C,
feN (v)

Acoustic Transfer Constraint
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Our approach preserves acoustic pressure.

Original Simplified [Hoppe 1999] Simplified (Ours)
30K triangles 2K triangles 2K triangles
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Recap: Fast Helmnholtz Precomputation

p(z;w)
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N n

ik > Si(w, @) M) (w)

n=0m=-—n

¢

pi(x)
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N n / / \ \\
pi(x) =ik > STz, To)MT(w) ¢ | \

n=0m=-—n
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INnteractive Runtime Solve

~ zkz > syt @)
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| east Squares Solve for Moments

Mgy
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| east Squares Solve for Moments
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Fast Parameter =diting

Parameter Space Exploration

Time-varying Frequency Effects

o
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Conclusion

A Numerical Method for Interactive Acoustic Transfer Approximation
modal sound synthesis
interactive parameter editing
efficient precomputation
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