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Problem statement  

Develop a low-frequency sound reproduction 

system capable of delivering a consistent spectral 

and temporal response across a wide-area. 
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Low -frequency room acoustics    [1/5]  

Å What is ñlow-frequencyò? 

Å Depends on the room 

Å Schroeder frequency 

 

 
 

 

Å Example:  

ÅV = 8 x 5 x 3 m = 120 m3 

ÅT60 = 0.5 second 
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Low -frequency room acoustics    [2/5]  

Å Room modes 

Å Half-wavelength integer multiples of one or more room dimension 

Å Result = standing wave pattern 

 

Axial Mode Tangential Mode Oblique Mode 



Low -frequency room acoustics    [3/5]  

Å Measurements 

Å 25 separate listening locations 

 
Frequency response measurements 80 Hz tone burst measurements 



Low -frequency room acoustics    [4/5]  

Å Metrics ï spatial variance (SV) 

Å How much does the frequency response vary over the listening area? 

 

 

 

 

 

 

 
 where:  SV  = spatial variance (dB) 

   Nf  = number of frequency bins 

   Np  = number of listening locations 

   flo, fhi  = frequency range (Hz) 

   Lp(p,i)  = sound pressure level (dB) at listening location, 

     p, and frequency bin, i 

   Lp(i)  = mean sound pressure level (dB) over all  

     listening locations at frequency bin, i 
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Low -frequency room acoustics    [5/5]  

Å Metrics ï mean output level (MOL) 

ÅWhat is the average output amplitude over the listening area? 

 

 

 

 

 

 

 
 where:  MOL  = mean output level (dB) 

   Nf  = number of frequency bins 

   Np  = number of listening locations 

   flo, fhi  = frequency range (Hz) 

   Lp(p,i)  = sound pressure level at listening location, p, and 

     frequency bin, i 
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Acoustical modeling      [1/4]  

Å Finite-Difference Time-Domain (FDTD) 

Å Why? 

Å Computationally efficient (at LF, at least) 

Å Low-frequency accuracy 

Å Straightforward to implement 

Å Goals 

Å Create a flexible acoustics toolbox 

Å Adequate data analysis/animation options 

Å Examine room-mode correction methods 

Å Virtually prototype novel correction routine 

Å OR... 



Acoustical modeling      [2/4]  

Å Make some interesting abstract art 



Acoustical modeling      [3/4]  

Å FDTD ï how does it work? 

 

 



Acoustical modeling      [4/4]  

Å FDTD ï non-rectangular topologies? 

Å Common techniques ï grid discretization 

Å Circular space (2D example) 

Å Red dots = pressure elements 

 

Simple Quasi-Cartesian Locally-conformal 


