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Abstract Problem Statement
Sound field decomposition Sound field decomposition

- Goal is to interpolate and reconstruct sound field inside region including > Proposed (w/o grid) > Sparse sound field decomposition
sources (ill-posed problem!)

- Sound field should be decomposed into fundamental solutions of
Helmholtz eq., i.e., point sources

Current method: Sparse sound field decomposition!!!
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- Sparse decomposition by discretizing possible source region into grid Isnljl;z;"line ray Microphone—" ,\\’\_j/,/, )
points T o . . .
- Discrete set of point-source dictionary causes off-grid prblem - Source distribution Q(r, k) inside () is approximated as a linear
- High computational cost and large memory are required for large set of combmatlonJof J point sources 7
grid points Qr,k) ~ Y c;d(r—r;) » u(r, k) ~ Z c¢;i(k)G(r | r;, k)
Proposed method =1 =1
Reciprocity gap functional (RGF) is applied in spherical harmonic Spatial convolution of source distribution Q( )
domain with three-dimensional free-field Green’s function G(-)

No more discretization by grids

. . Estimating ¢; and r; makes it possible to reconstruct u(-
Closed-form solution (extremely low computational cost) & % J P ()

Sound Field Decomposition Based on RGF

Concept of RGF Localization based on RGF
- Test function w(-) and RGF R(:) for w(-) is defined as - w(-) is chosen as wy, (1) = (z + iy)" e "F* 12
w(-) € Hy = {w € HYQ)|(V* + k*)w = 0} - Calculate sy, (Right-hand side of Eq. (*)) from microphone observations
- Compose Hankel matrices
R(w) .= / ’lU(I')Q(I‘)dI‘ _31 S9 s Sf] ) -Sl_|_1 S1+2 s S|+ J! ]
: : S 52 53 o ST S14-2 S1+3 o Si+Jr+1
- By applying point source assumption and Green’s theorem to R(w) , the H=| . , . , CH;, =
following equation holds ' ' | '
aw(r) 811,(1') | SJr SJg/41 0 S2J/—1 Si+J’ Si4+J/4+1 .t S142J/—1 |
w(r;) = /(,m (’u,(r) on w(r) on ) s * (%) Determine # of sources .J Estimate the source locations on
J=1 L from the eigenvalue of H x-y plane from the eigenvalue of HlHo_l

The parameter of sound sources.J, rjand c; can be estimated A large number of microphone pairs need to be arranged
from pressure and velocity values on 0f). uniformly on 02 to calculate surface integral.
RGF in Spherical Harmonic Domain

RGF in spherical harmonic domain Surface integral in spherical harmonic domain
- Pressure on 90X in spherical harmonic domain.
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- Spherical harmonic expan5|on of wn ) is analytically obtained T T qr
v=0 pu=—vr
wit) = / / w{ Y, (0, ¢) sin 0dOde _ _ —
j,/ kr - Two test functions are also used to determine the source location in a 3D
space: w. (r) := wy,(y,z, ), w, (r) := w,(z,z,y)
4’7T 2V + 1)( -+ n) . : : : : / 7
— k’” ' Op.m - Analytical spherical harmonic expansion of function w,, (r), w, (r)
(v —n)! are obtained from coefficients fw('”’) and Wigner-D matrix
Experiments
Simulation conditions RMSE,, and SDR are plotted against frequency
- Comparing proposed method (Proposed) with - Evaluation criteria:
- Sparse: sparse sound field decomposition!!! - Root-mean-square error of source location (RMSE)
interval of grid points d of 0.10, 0.15, and 0.20 m - S -to-di ' '
. the(direct a |§:ati<§)n e ) Signal-to-distortion ratio (SDR) Computational time (ave.)
I\/I'_. ) pFS)NR 20dR 1 - Proposed: 1.97 X 10™*s
- 24 second-order spherical microphone arrays consisting of \ - e d=0.10m: 1.64 X 102 s
9 microphones for Proposed and Sparse f " (r)‘gdr e d=0.15m: 1.88 x 10 s
- 108 microphone pairs for EN SDR = 10log;, ‘ {2 Pitr)“e SOSTE e d=0.20 m: 5.80 s
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O High source localization and sound field reconstruction accuracies are
g = = achieved at low frequencies by using proposed method
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