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Abstract Thanks to improvements in computer performance, numerical simulation based on wave acoustics works
in practical time with off-the-shelf computers. Such a numerical simulation method accurately estimates a sound
field when it is a simple and simulated environment like a free sound field. However, this method has difficulties
in simulating a real-world acoustic environment. One of issues for real-world simulation is to deal with a sound
directivity. Thus, most numerical simulators assume a point sound source to avoid this issue. Indeed, several studies
to cope with a sound directivity have been reported, but, the accuracy and practical utility are insufficient for real—
world simulation, because an accurate sound propagation model is necessary to deal with a sound directivity. We
use a compact finite difference method based on sound field digitization which has an accurate sound propagation
model. However, this method also has a problem, that is, two points are simulated differently even when they are
located with the same distance from the sound source due to the difference in the effect of their numerical dispercion.
In this paper we, first, confirm the performance of our method by using an omni-directional point source in a free
sound field. After that, we show that our method is able to simulate a directional sound source accurately using a
combination of a simple loudspeaker and a point source model.

Key words numerical simulation, wave acoustics, compact finite difference, directivity
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Fig. 1 Wave form on sound source and receiving points
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Table 1 Parameter setting for simulation

Grid interval 0.02[m]
Space Number of grids 140 X 140 X 40
Boundary condition PML
. Time step interval 1/48000([sec]
Time
Number of time steps 32768
Waveform Time Stretched Pulse
Sound source
Bandwidth 100~4000[Hz]
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151 X 247 X 191[mm]
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Fig. 8 Modelling a loud speaker
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Fig. 10 Evaluation points for the loudspeaker model
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