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With the development of audio technology, the demand for directional sound grows. Parametric array
loudspeaker (PAL) utilizes ultrasound to realize a sharp directivity and its practical application for
generating directional sound is promising. This thesis focused on the sound quality and directivity
control of PAL aiming for the practical use.

Ultrasounds are emitted intensely from PAL and the difference frequency component self-
demodulates due to the nonlinear interactions in the air. Therefore, the sound reproduced by PAL
shows a difficulty in low-frequency reproduction, and it holds more harmonic distortions comparing
with the sound reproduced by conventional electro-dynamic loudspeakers. It is known that the
demodulated sound pressure increases as the emitted power. In the case that the scale of device is
unlimited, enlarging the number of ultrasonic transducers can be a solution to the poor low-frequency
reproduction. This thesis gives a method to realize a flat frequency response for PAL by enhancing
the low-frequency with the multi-way structure. In this method, the proposed multi-way PAL is
composed with Woofer PAL and Tweeter PAL. The scale of these parts are balanced to reach a flatter
frequency response. In addition, the hardware arrangement is studied under the consideration of the
directivity. Moreover, suitable modulation methods are chosen for each band. The harmonic distortion
is utilized to enhance the low-frequency. Based on the proposed method, a prototype multi-way PAL
is built for validation. The experimental results show that the proposed method can achieve a flatter
frequency response in a wide band.

In some cases of practical application, the scale of device may be limited. It is a considerable way to
realize a flat frequency response by equalization. Due to the difficulty for PAL in low-frequency
reproduction, the total demodulated sound pressure is predicted to decrease after the equalization.
Under this condition, it is necessary to over-boost PAL, which means increasing the driving voltage
for a higher sound pressure. However, it brings an issue that the nonlinear distortions increase as the
driving voltage. Therefore, this thesis gives a sound quality improvement method which involves a
consideration of the driving voltage. This method is specialized for harmonic sounds like speech and

music. The difference of the harmonic structure between the demodulated sound and the original sound



is investigated. The proposed method modifies the spectrum in advance to counteract the nonlinearity
so that the original spectrum can be restored in the demodulated sound. Further, the proposed method
provides optimized parameters according to the determined driving voltage. The effectiveness has
been demonstrated by the experimental results, which shows that the proposed method can achieve a
higher fidelity of spectral characteristics when reproducing harmonic sounds.

When downscaling the device of PAL, there is another latent problem that the acoustic beam generated
by PAL may diffuse. In addition, a sharper beam than ordinary PAL is desired in some cases. Therefore,
this thesis also gives a directivity control to form a sharper beam. It is known that the principle of PAL
is parametric effect. If the parametric effect can be weaken spatially, the acoustic beam generated by
PAL can be controlled. Based on this assumption, the proposed method utilizes phase inversion to
achieve a sharper beamwidth. The characteristics of the modulated wave is considered when designing
the phase inversion strategy. The measured results demonstrated that the proposed method can achieve

a narrower acoustic beam.
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