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Parametric loudspeaker uses the self-demodulation effect of a finite amplitude ultra-
sound being amplitude modulated by audio signal, and the consequent special feature
of this loudspeaker is very sharp directivity. In the present paper, a new amplitude
modulation for primary wave is proposed to reduce the harmonic distortions of
demodulated audio sound. The input signal has the form of square root of enve-
lope function. If ultrasonic transducers that construct parametric loudspeaker
have wide and uniform frequency response, the demodulated audio sound does not
contain any harmonic distortions as far as quasilinear approach for nonlinear acoustic
process is valid. Experimental verifications were done for reduction of harmonic
distortion using this modified double-sideband (MDSB) excitation, and it has been
made clear that MDSB excitation suppresses 2nd harmonic generation by about 10dB -
less than the commonly used DSB excitation. In order to attenuate the large
amplitude ultrasound which is dangerous to auditory sense of human being even
in farfield region of parametric array, the authors discuss the acoustic filtering of

primary and secondary waves.
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Fig.1 Parametric gain curves for DSR=10 in air.
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Fig.2 Variation of secondary wave sound pressure
with primary wave sound pressure. ¢=15cm, f=
3kHz. )
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Table 1 Comparison of characteristics for DSB,
SSB and MDSB excitations.

Excitation
Characteristic
DSB SSB MDSB
2nd harmonic :
distortion [96] 100 0 0
Secondary wave sound
pressure [dBJ]* 0 —-1.0 0
(amplitude limited)
Secondary wave sound
pressure [dBJ* 0 —4.4 —-2.5
(power limited)
Bandwidth of primary |fo—f~ fo—f~foor _ ..
wave fo +f fa~fo +f wideband

The symbol x denotes SPL of secondary wave relative
to the level obtained by DSB excitation.
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Fig.3 Truncated parametric array. fo=40kHz, f=
3kHz, a=15cm. L denotes the distance between
sound source and an acoustic filter.
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Fig.4 View of parametric loudspeaker
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Fig.5 Harmonic distortions for DSB and MDSB
excitations.
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Fig.6 Amplitude spectra of DSB and MDSB excita-
tions. fo=40kHz, f=1kHz H: 1kHz/div.,, V: 10

dB/div.
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Fig.7 SPL of secondary wave for DSB and MDSB
excitations under the condition that peak supplied
voltages for both excitations are equal.
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Fig.8 Sound-transmission losses of secondary and
primary waves by inserting air-pad material.
Receiving point=9m.
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Fig.9 Beam patterns for parametric loudspeaker
with and without an acoustic filter. Broken line
denotes the beam pattern of piston source of ¢=21
cm. f=2kHz. Receiving point=9m.
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Fig. 10 Sound-transmission losses for an air-pad
material used here.
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Fig.11 Change of secondary wave sound pressure
with primary wave sound pressure. :
fo=30kHz.
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Fig.12 Beamwidths for a=15, 30 and 50cm para-
metric loudspeakers. fo=30kHz Broken line and
0w denote the beamwidth of piston source and
Westervelt’'s beamwidth, respectively.
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