Near-field sound propagation based on a circular and linear array combination
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1. Introduction 3. Proposed method

B Personalizing listening areas using multiple loudspeakers B Analytical formulation
B Multiple sound zones (e.g. T. Okamoto ICASSP 2014)
B Near-field sound propagation

I (x=0) N
Dea(rg,w) = =46 D o(ky,w) =1
¥ Localized sound area is only generated near loudspeakers and sound energy olro,w) { 0 (z#0) (=) E:> colka w)

B Driving faction of a circular sound source (must also only has 0-th order)

is quite low apart from the loudspeakers B Sound field produced by a circular sound source
D _ (s (2)
B Conventional near-field sound propagation methods and their problems Peo(r <ro, ke, w) = —(jmro/2)Hy™ (krro) Jo (krr)
B Evanescent wave reproduction (H. ltou et al. WASPAA 2011, ICASSP 2012) Poo(r > 70, keyw) = —(jmro/2)HS (ker) Jo (kyro)
* Attenuatlon Property cannot be controlled B Driving function of a linear sound source
B Using double circular arrays (J.-H. Chang et al. J. Acoust. Soc. Am. 2012) . -
% Only horizontal control Pr(r, kg, w) = =Poo(r > 70, kay w)

% Least squares approach and very ill-conditioned Dy (ky,w) = —2mr0Jo(krro)

Proposed method for 3-dimensional near-field sound propagation B Total produced sound field

Sound pressure radiated from a circular sound source outside the circle is

Poy1(r > ro, ks, w) =0 Completely cancelled!!
completely canceled out using a linear sound source with stable analytical solution

~ )T
Py (r <ro, kg, w) = —‘770 (H(()Q) (kyro) Jo (kpr) — Héz) (kyr) Jo (krro)) Not cancelled

. B Stable driving function of a linear sound source
2. Preparations for proposed method ) sin (ky/22 +13)
_ o Dy (kyyw) =0for k2 =k* — k2 <0 Dy(z,w)=—2r for |k| > |k
B Sound field produced by a cylindrical sound source : Vaz+rd

21 poo
Plr,w) = /0 . Dro,w)Gan(r =70, wjrodzodgo, 4. Computer simulations

B 2D spatial Fourier transform
Py (1, ky,w) = 2170 Dy (kg w) G (1 — 70, ki, w)
G(r < 1o, kasw) = (/A HP (ko) T (kyr)
Gn(r > 10, kg, w) = —(G /D H (kpr) Jy, (kpro)

Property I: The radiation property produced by a cylindrical source outside
the cylinder is different from that inside the cylinder

B Assuming a 3D free field with 32 ch circular and 64 ch linear array
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B Sound field produced by a linear sound source 2-0im
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{ Property Il: The sound pressure produced by a linear source is radiated } P / "o f=5000,r9 =0.25  f =1000,70 =040
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B Spatial Fourier transform

S

pL(Ta klnw) = DL(]C$,CU)GL(T, k$7w) GL(Tv kxaw) = _iH(()Z) (k‘.TT)

axisymmetrically to the x-axis and only has 0-th order component This study was partly supported by JSPS KAKENHI Grant Number 25871208.




