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— Two-dimensional Case —
Atsushi KUMAGAT* and Takao TSUCHIYA*

(Received Jan 23, 2009)

In this paper, the sound field simulation by the digital Huygens’ model (DHM) method is implemented
in the Field Programmable Gate Array (FPGA) device. The DHM method is one of the time domain numerical
methods for the wave propagation in which propagation and scattering of waves are simulated as the sequences of
impulses scattering as Huygens’ principle states. In this paper, the DHM method is calculated by 32bit fixed point
arithmetic. In the fixed point arithmetic calculation, errors caused by the overflow or the underflow sometimes
occurs. To reduce these errors two correction methods are considered; one is the sign bit error detection and
correction, and the other is the amplitude clipping correction. Some numerical experiments are made for the two
dimensional sound field. It is shown that the errors caused by the overflow is practically reduced by the sign bit

error detection and correction without increase of the circuit area.
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Fig. 1 A two-dimensional DHM element.
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Fig. 2 Two-dimensional DHM circuits.
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Fig. 3 Numerical model.
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Fig. 4 Calculated waveform by the DHM circuit.
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Fig. 5 Calculation error corresponding to Fig.4.
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Fig. 6 Calculated waveform by the DHM circuit

when overflow happens for a short time.
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Fig. 7 Calculation error corresponding to Fig.6.
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Fig. 9 Calculation error corresponding to Fig.8.
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Fig. 10 Addition with sign bit correction.
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Fig. 11 Calculated waveform with sign bit cor-
rection.
1010
108
5106
S
3
10%
102
L b bilodiu Lali Ui i widitetand L
0 400 800 1200 1600 2000
time (ms)
Fig. 12 Calculated error corresponding to Fig.11.
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Fig. 13 Calculated waveform with amplitude clip

correction.
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Fig. 15 Calculated waveform with data length

expansion and sign bit correction.
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Fig. 17

expansion and amplitude clip correction.
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Table Circuit area.
Correction method LUTs | Increasing rate[%)]
No correction 224 -
Sign bit correction 231 3.1
Amplitude clip correction 443 97.8
Data length expansion and sign bit correction 240 7.1
Data length expansion and amplitude clip correction 360 60.7
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