
 Introduction 
 Ambisonics: 

---  spatial sound reproduction systems;  

---  region size & high-frequency  

 

 

      increase with increasing order 

 

 

---  the required number of  

      loudspeakers;  

---  mixed-order Ambisonics (MOA)                    
              horizontal  →  higher 

                 vertical  →  lower 
 
 Timbre: 

--- an important perceptual quality;  

--- Moore’s revised loudness model 

 

 Aim of present work: 

--- the influence of the number of  

     loudspeakers on the timbre  

     in MOA reproduction 
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 Mixed-order Ambisonics 
 Spherical coordinate: 

--- (r, θ, ϕ), Ω = (θ, ϕ) 

 

 The target sound pressure: 
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 The reproduced sound pressure: 

 

 

 

 

 

 When P′ = P: 

 

 

 

 

 

 
   

 YM  is the K ×M matrix composed of  SHFs 

of loudspeaker directions 

 

 

 

 

 

 

 

 
 

 Loudspeaker signals:  

--- a linear combination of independent  

     signals 

 
 
  Where D is the decoding matrix. When M 

≥ K, D can be solved by using the pseudo-

inverse method: 
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 Spatial Nyquist frequency - reproduction 

 

 

 

 

 
 Moore’s loudness model 
 BLLS calculation: 

 

 

 

 

 

 

 

 

 The target binaural pressures: 

 
 

 The reconstructed binaural pressures: 

 

 

       

 

 Conclusions 

 Scale the input signal: 70dB 

 

 BLLSD: 

--- the deviation between the BLLS of  

     reproduction and target 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

---  spatial sound reproduction systems;  

,
2

max H

Lc
f f

a
 

Scale the input signal 

HRTF, ear canal filter and middle ear filter 

Excitation patterns at cochlea 

Monaural loudness level spectra of each ear 

Binaural loudness level spectra 
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 Results  
 The reference loudspeaker  layout: 

 

 

 

 

 

 

 

 

            

 

 Stability: 

 

 

 

 

 

 

 

 

 

 

 

       

 

         M 

L3D/L2D 

29 

(Hor-12) 

41 

(Hor-24) 

53 

(Hor-36) 

89 

(Hor-72) 

3/3 2.51 3.24 3.92 5.50 

3/5 2.51 3.24 3.92 5.50 

3/11 1016 3.77 4.58 6.44 

3/17 1016 1016 5.08 7.13 

3/35 1016 1016 1015 8.50 

Table.1. The condition number of loudspeaker 

position matrix 

Front

Above

O

Right

Fig.1. 28+1 layer-wise loudspeaker layout 

Fig.2. 3/5 order MOA reproduction, (θS, ϕS) = (15°, 0°) 

Fig.3. 3/5 order MOA reproduction, (θS, ϕS) = (75°, 0°) 

Fig.4. 3/5 order MOA reproduction, BLLSD 

Left: (θS, ϕS) = (15°, 45°); Right: (θS, ϕS) = (75°, 45°) 

 L2D↑, f max,H ↑ for horz. virtual source 

 

 ≤ f max,H : no perceivable timbre change 

  

 > f max,H : i. number of loudspeakers 

ii. target source direction 

--- Mhor↑: BLLSD↓ for lateral directions 

BLLSD↑ for frontal and back 

 

 Influence(Mhor)↓: depart from horz. plane 

 

 

 

 


