SPARSITY-BASED SOUND FIELD SEPARATION IN THE SPHERICAL HARMONICS DOMAIN
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problem of great interest, where severa
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Abstract

Sound field analysis and reconstruction has been a topic of intense research in the last decades for its multiple applications in spatial audio processing tasks. In this context, the identification of the direct and reverberant sound field components is a
solutions exploiting spherical harmonics representations have already been proposed. However, the available techniques demand a large number of high-order microphones (HOMs) and high computational
power in order to fulfill the necessary spatial sampling requirements, which can only be reduced by prior information obtained through acoustic measurements. Inspired by compressed sensing approaches, this paper proposes an alternative sparse

formulation for estimating the exterior and interior sound field components in the spherical harmonics domain that allows to reduce hardware requirements without the need for additional acoustic measurements. The results show that a
considerable reduction in the number of HOMs can be achieved while improving the estimation of the sound field components.
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as the sum of the exterior and interior components

Pe(x, k) = X0 EoSm o B () (k1) Y (6, ),
P, k) = oL o3m o g ()i (k7)Y (8, ),
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sound field inside the ROI.
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Given Q Vth order HOMs their spherical harmonics signal is then given in matrix form as

exterior and interior coefficients. Their values completely define the

4 . Data Model and Problem Formulation

The sound field inside a region of interest ROI of radius R is expressed in the spherical harmonics Global
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Local i ﬁnm(k) ~ Zg=1 CO,O (k) \ 4n]n(krg,)y7;<1n(6" ¢g,)
ey R. R * Interior field: distribution of L plane waves :
VZ 1 Lnm (k) = %=1 VAT (_i)nyr;kln (Hl: ¢l)
Signal model:
a=EPgBy + EP,Wu,
2 Onm Bom o B € CNetD*x6 1y e CNi+D*XL jpe the dictionaries of monopoles and plane waves, respectively.
Monopole * The weights vectors y € C¢*1 and u € C*1 are found solving the sparse optimization

‘ ‘ ‘ Plane Wave

K Estimate the global coefficients f and a from the HOMs to perform sound field separation

Py € COV+D**xWNg+D® * p e QD *X(Ni+1D® 15 de| the propagation of the exterior B € CVEYD*X1 and interior a €
CNITD*X1 coefficients, while E € CQUV+D*XQIV+1)* gncodes the HOMs signals in the “local” spherical harmonics a
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* Similarly to [1], optimal solution y*, u" is found using ADMM
Estimate of global coefficients:

s.t. a=EPgBy + EP,Wu,

(2 Proposed Sparsity-based Spherical Harmonics model (S-SH)\
\\ Express exterior and interior coefficients as a sparse set of monopoles and plane waves

* Exterior field: grid of G omnidirectional sources (translated monopoles):
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4 Setup and metrics
* S5SmX8mX3m simulated room with It order HOM (V=1)

* ROl of radius R = 1m, G = 100 grid points and L = 360 plane wave
directions
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3. Simulation Results
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Results varying number of HOMs
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