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In recent years, the frequency of extreme weather phenomena such as torrential rain has increased. It is

important to understand the mechanism of extreme weather, improve the accuracy of the weather

forecast, and aim at disaster reduction. In order to improve the accuracy of weather forecast, it is very

important to improve the quality and quantity of observational data assimilated to numerical models, as

well as to upgrade numerical models. 

Radio acoustic sounding system (RASS) is a ground-based remote-sensing technique to obtain

temperature profiles in the troposphere with high temporal and height resolutions by combining an

atmosphere radar (or wind profiling radar) and a high-power acoustic transmitter. If it is possible to

assimilate the data by RASS into a numerical forecast model, it is considered to contribute to the

improvement of forecast accuracy. When a sound wave is emitted toward the upper atmosphere, the

refractive index of atmosphere fluctuates. When radio waves are emitted toward the sound wave surface

by the atmospheric radar, the radio waves are scattered by the generated refractive index fluctuation.

Since the speed of sound is about 10 to 100 times faster than the atmospheric motion, the sound wave is

almost completely separated from the atmospheric echo in the frequency spectrum of the received signal.

Therefore, if the sound component is extracted from this backscattered signal, the sound velocity can be

determined from its Doppler shift. Furthermore, the altitude profile of atmospheric temperature can be

measured by using the fact that the speed of sound depends on the temperature. In order to detect the

RASS echo, it is necessary to satisfy the Bragg condition that the ratio of the radar wavelength to the

sound wavelength is 2:1, so the frequency of the radar determines the required sound frequency. In the

case of a 1.3 GHz band radar such as WINDAS, the sound frequency is about 3 kHz. That is, in RASS, it is

necessary to use high-power sound waves in the audible frequency, and noise due to "sound leakage" 

often becomes a problem, so it has not been introduced in WINDAS installed relatively in town. The

purpose of this study is to develop a low noise and all-weather RASS speaker using a parametric array

having a sharp directivity. 

A parametric loudspeaker is based on nonlinear acoustics of sound wave interaction in air. When high

output ultrasonic wave that can be amplitude modulated by any audio signal is radiated into air, an audio

signal is produced in the air because of the self-demodulation effect of the AM sound wave due to the

nonlinearity of the air. Parametric loudspeakers are called “sound spotlights”, and are put to practical

use of narrow-range voice announcements at museums and station platforms. 

When considering the application of the parametric speaker to RASS, ensuring waterproofness becomes

an important issue because it is used outdoors. Since the ultrasonic element itself is not waterproof, we

considered a reflective speaker system with the element facing down. In the troposphere, the acoustic

wavelength decreases with altitude, as the temperature decreases with altitude. Although it is necessary

to use an FM chirp signal in order to satisfy the Bragg condition in a wide range of altitudes, the optimum

waveform (frequency characteristics) is examined.
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