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Motivation

 Build a theory for spatial audio that is channel agnostic, homogeneous and 

coherent, but also has good localization with few channels.
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Spatial Audio Techniques

 Channel-based: the whole encoding/decoding and recording/reproduction is 

based on a specic channel layout, e.g. 2.0, 5.1, 7.1,..., Auro3D, Hamasaki 

22.2.

 Layout-independent (channel-agnostic): the recording and encoding format is 

independent from the reproduction layout (includes sound field 

reconstruction methods and object-based formats). e.g. Ambisonics.
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Ambisonics

 Ambisonics comprises both encoding, recording and reproduction (decoding) 

techniques that can be used live or in studio to present a 2-dimensional 

(planar, or horizontal-only) or 3-dimensional (periphonic, or full-sphere) sound 

field.

 Ambisonics encoding of the sound field whitch based on the acoustic wave 

equation and its accurate reconstruction in a point in space. 
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The Acoustic Wave Equation
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 The solution of the PDE is the spherical harmonics

𝑌𝑛
𝑚 𝜃, 𝜙 =
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where n is the order of the spherical harmonics
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Spherical Harmonics
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Spherical Harmonics
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Spherical Fourier Transform

 The set of spherical harmonics 𝑌𝑛
𝑚 𝜃, 𝜙 , for n ≥ 0 and −n ≤ m ≤ n , can be 

used to compose a wide range of functions on the sphere.

 It also be called Ambisonics representation or encoding higher order 

Ambisonics.

𝑓 𝜃, 𝜙 = 

𝑛=0

∞



𝑚=−𝑛

𝑛

𝑓𝑛,𝑚 𝑌𝑛
𝑚 𝜃, 𝜙

 inverse spherical Fourier transform or decoding higher order Ambisonics.

𝑓𝑛,𝑚 = න𝑓 𝜃, 𝜙 𝑌𝑛
𝑚 𝜃, 𝜙 ∗ dΩ
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SH Representation Plot
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Head rotation in SH domain

 rotation matrix

ො𝑔 = ො𝑢 𝛼 ො𝑎 𝛽 ො𝑢 𝛾 =
𝑐𝑜𝑠𝛼 𝑠𝑖𝑛𝛼 0
−𝑠𝑖𝑛𝛼 𝑐𝑜𝑠𝛼 0
0 0 1

𝑐𝑜𝑠𝛽 0 −𝑠𝑖𝑛𝛽
0 1 0

𝑠𝑖𝑛𝛽 0 𝑐𝑜𝑠𝛽

𝑐𝑜𝑠𝛾 𝑠𝑖𝑛𝛾 0
−𝑠𝑖𝑛𝛾 𝑐𝑜𝑠𝛾 0
0 0 1

𝑓𝑛,𝑚
′ = 

𝑚′=−𝑛

𝑛

𝑓𝑛,𝑚′ 𝒟𝑚′,𝑚
𝑛

where 𝒟𝑚′,𝑚
𝑛 is the element of Wigner D-matrix.

𝒟𝑚′,𝑚
𝑛 = 𝑒𝑖𝑚

′𝛾𝑑𝑚′,𝑚
𝑛 𝛽 𝑒𝑖𝑚𝛼

where 𝑑𝑚′,𝑚
𝑛 is the element of Wigner's (small) d-matrix.
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Magnitudes of WdMs
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Conclusion 

Ambisonics provide

 Nice physical formulation

 Reproduce the sound field

 Getting a lot of application in Augmented/Virtual Reality (AR/VR)
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