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Formulation with matrix form of FDTD method

The least squares formulation with matrix form of FDTD method
IS written as following:
mﬁin |Laiag F'E§ — dH%

Introduction

Finite-difference time-domain (FDTD) method is one of the most
popular wave based acoustical simulation methods owing to its
straightforwardness of calculating an impulse response. In an
FDTD simulation, initial value of sound field decides the behavior

of the wave propagation because FDTD methods have recursive Laiag F ¢ where E'is expanding
scheme. However, most of FDTD simulations have been L b o operator and I, is
performed with an omnidirectional sound source which is not ., ~ observation operator.
realistic because the real sound sources often have directivities. L — | & There are following
) relation:
H" ¢ = p¢

. . . - . Numerical experiment
In this paper, a method of imposing a directional sound source into

FDTD methods is proposed. By estimating initial value from desired I}? tcf:}c;nﬂ:r: c?spep(;OrF:Ie?cLeon des: __ Simulation condition
directivity pattern, the directivity is approximately realized. PTop . ’ The size of sound field 10m>x10m
numerical experiment was  shape of initial value Disk
conducted. For solving least Radius Tm
Formulation estimating initial value problem squares problem, LSMR Sizeofinitialvaluevector 997
In an FDTD simulation, initial value of sound field decides the solver was utilized. In such ggg‘;’ues"f"bse“’a“o” points f'ﬂﬁ
behavior of the wave propagation. Therefore, the initial value a iterative solver, explicit | No. of observation points 60
which generate directional sound wave propagation can be construction of matrix is not | sound speed 340 m/s
estimated from a wave with the desired directivity pattern which is necessary because the | Density 1.21 kg/m3
ideal created from the given pattern by multiplication result of matrix vector |Spatial discretization interval 0.1 m
product only required. Time discretization interval 1/48000 s

Ideal sound wave propagation
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In the prOPOSed methOd, the initial Simulated sound field 210240 300330
value is assumed to be compactly

supported on a small region and
directivity is evaluated at observation @ Pobs
points. Therefore, estimating initial e condition
value problem is formulated as Y :
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Propagated waves generated by estimated initial value and their directivity

min [FDTD(€) ~ d

where € is initial value vector, FDTD is operator of FDTD method
andd is ideal wave propagation at observation points, respectively.

Matrix form of FDTD method

For solving this problem easily, matrix form of FDTD method is § ;
introduced. FDTD method can be rewritten as following matrix §
form: At 005
1 — g \16y by AL ) &9 ) ) — ]-7 | :
uz(n+ 1,4, j) = uz(n, i, j) {p(n 6, J) — p(n,1 J)} m _ Angle[rad] . 0.0%5 .
o o At o ~0 ime[s
uy(n+1,4,5) = uy(n,4,7) — Ah {p(n,4,j) —p(n,i,7 — 1)} ><10 ><10 Example of sound pressure at thg
N Estimated initial value corresponding to directivity (b) observation point which constructs
K

p(n+1,4,7) =p(n,i,j) — AR H{uz(n+ 1,0+ 1,5) —uz(n+1,4,7)}

From propagated waves generated by estimated initial value, it
+ {uy(n+1,4,5+1) —uy(n+1,4,5)}]

can be confirmed that directional sound sources ware realized by
proposed method. It can be seen that manually setting such an

¢t = @¢lnl = prriclo where ®is matrix form of FDTD hy | | Ig such a
method, ¢™is state vector, D is initial value is not an easy task even when the desired directivity is
[n+1] [n] 2 ) .
¢ o ¢ difference operator, I is identity a simple pattern.

matrix and O Is zero matrix.
C[O} C[l} C[Z C[Si

I — D|—kDg|—kD,| |p" .
Conclusions

— 1sz I O | |ul . n . The method of realizing directional sound source by estimating
‘1) e initial value of an FDTD method was proposed. The proposed
)

method can approximately impose any directivity pattern in FDTD
method. Future works are investigation of the effect of the setting
of the region of the initial value and observation points and
analysis of the property of the matrix Lgjaz 'L .




