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Modal sound model is efficient and popular for synthesizing 
rigid-body contact sounds in animation and interactive virtual 
environments. To get it to sound right, however, requires 
knowing the relative amplitudes of different modes at any lis-
tening position. Solving the per-mode Helmholtz equation is 
a reliable way to get this information, but it is expensive, 
often taking many hours to days to precompute for a simple 
object like the bunny, which can have hundreds of audible 
modes. This costly transfer precomputation is the bottleneck 
of high-quality modal sound synthesis pipelines.

KleinPAT bypasses the excruciatingly slow per-mode Helmholtz solves by 
estimating transfer in multi-mode batches using time-domain solves. It 
achieves orders of magnitudes speedup with three steps: (1) optimally 
partitions vibrational modes into a few groups that we call "chords"; (2) 
runs GPU-accelerated time-domain wave solves for the constructed 
chords; (3) estimates the per-mode Helmholtz solutions from the chord 
solutions. This shortens the processing from days to just a few minutes.

• A novel “conflate-simulate-deconflate” time-domain transfer solver:
 • Conflation:  Linear-time optimal “chord” scheduler
   • Simulation: Adaptive GPU vector acoustic wave equation simulator
   • Deconflation: Efficient periodic least-square transfer estimator
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• Memory-efficient Far-field Acoustic Transfer Maps (FFAT Maps)
   • Represent radiation field in a positive polynomial.
   • Parameterized and stored in compressed textures.

• Blazingly fast acoustic transfer computions with small errors (< 3 dB): 
    • More than 2000x faster on a single GeForce Titan X compared to 
      state-of-the-art bempp running on 48 Xeon CPU cores.

Rendered sound comparison in spectrograms

• A constrained optimization problem.
• Optimal solution using indifference graph. 

Conflation
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• Interleave chords.
• Vector wave equation:

Simulation
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BEM 50483 mins 4044 mins 21746 mins

KleinPAT 27.7 mins 1.8 mins 9.2 mins

Speedup 1822x 2187x 2368x


