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Kumagaya Weather Station 



Kumagaya Weather Station 
Practical issue: high noise to residents near by due to sidelobes. 

What’s that?
Too loud noise!
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Amplitude modulation (AM) speaker

RASS sound 
3kHz

Ultrasound 
e.g., 40kHz

Audible sound carried by the ultrasound.
=> Narrow beam of the RASS sound.

　RASS sound decreases with the dissipation of the ultrasound.

Ultrasound Speaker

(2) Audible sound from ultrasound 



the secondary beam is realized by decreasing the primary frequen-
cies and/or by increasing the secondary frequency. Interestingly, the
directivity of a parametric source is thus independent of the source
aperture. This may be contrasted with linear theory, which states
the directivity of a sound source is dependent on two parameters,
namely driving frequency and source aperture. Strictly, however,
the primary beam is dependent on the source aperture of primary
waves, especially when the wavelength of the difference wave is
comparable with or smaller than the source aperture [2,3]. As an
example, let the primary frequency be around 40 kHz and the dif-
ference frequency be 2 kHz. The absorption coefficient of airborne
ultrasound is approximately 0.15 Neper/m at 40 kHz in ordinary
room conditions. Hence from Eq. (1), hh is predicted as 7.4!. In con-
trast, a large aperture source of at least 68 cm in radius is needed by
linear theory to realize such a narrow audio beam at 2 kHz.

As described above, the most remarkable acoustic property of
the parametric array is its sharp directivity at low frequencies.
Additionally, side-lobes, which usually exist for a directive sound
source, are suppressed considerably. Furthermore, small changes

in the high primary frequencies produce large relative changes in
the low secondary frequency. In other words, the parametric sound
is equivalent to a low-Q source even if high-Q ultrasound sources
are used.

In order to accurately evaluate parametrically generated sound
fields, diffraction as well as nonlinearity in primary waves are ta-
ken into account. The most useful and traditional model equation
for such field evaluation is the Khokhlov–Zabolotskaya–Kuznetsov
(KZK) equation, which combines nonlinearity, dissipation, and dif-
fraction of a directive sound beam in the same order of magnitudes
[4]. This model equation is described as:
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where p is the sound pressure, c0 is the sound speed, q0 is the med-
ium density, d is the sound diffusivity that is related to sound
absorption, and b is the nonlinearity coefficient, which is equal to
1.2 for air. Moreover,r2

? ¼ @
2=@x2 þ @2=@y2 is a Laplacian that oper-

ates in the x–y plane perpendicular to the axis of the beam (z axis),
and t0 ¼ t % z=c0 is the retarded time. It is quite cumbersome to
solve analytically the KZK equation even when nonlinearity is weak
[3]. Especially, when nonlinearity is moderate or strong, we resort
to numerical computation methods such as a finite difference
scheme to obtain the solution. Since the KZK equation is derived un-
der the parabolic approximation, we have to pay attention to its
applicability; the upper limit of beam angle is restricted to the par-
axial region that is within about 20! from the z axis [5].

The fundamental characteristics of parametric sound in air are
demonstrated in Figs. 2 and 3. An ultrasound source, whose circu-
lar aperture is 10 cm in radius, radiates bifrequency waves of
38 kHz and 40 kHz with the same pressure amplitudes of
p0 ¼ 50 Pa (125 dB re. 20 lPa) at the source surface. Fig. 2 shows
the axial pressure profiles of the primary waves and the parametric
sound of the difference frequency at 2 kHz [6]. Note that the ampli-
tude of the parametric sound increases with propagation, attains
the maximum at about 1.5 m from the source, and then decreases
gradually. Unfortunately, the pressure level of the difference-fre-
quency wave is generally 40 dB or more lower than the level of
the primary waves, except in the farfield. Additionally, unwanted
harmonic sounds, such as a 4-kHz component, are prominently
generated in a field that is a few metres away from the source.
Hence, it is of importance to reduce such harmonic distortions
and cross-modulation distortions as much as possible in designing
parametric loudspeakers.

Fig. 3 shows the comparison of pressure distributions produced
by a parametric array and an ordinary piston source under the
conditions that the source radii are both 10 cm and audible

Fig. 1. Generation of audible sound beam through the PAA.

Fig. 2. Axial sound pressure curves for the primary and secondary waves (theory).
The two primary waves of 38 kHz and 40 kHz from a sound source of 10 cm in
radius produce a 2-kHz difference frequency wave in the air. The initial source
pressures of the primaries are set to 125 dB. The dash line denotes an extrapolated
% 6 dB/dd line.

Fig. 3. Sound pressure distributions of a parametric array (right) and an ordinary sound source (left). Both the sources have the same apertures of 10 cm in radius, radiating
sounds at a frequency of 2 kHz. The primary frequencies are 40 and 42 kHz.
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36 trans. for a 
segment, 
FPGA controls 278 
segments.

Parametirc acoustic array for RASS

1.8m

36 
transducers 

More than 10,000 cells
in total.
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indicated by the vertical bar, gives the vertical sound velocity, and the second 

moment, indicated by the horizontal bar, gives the spectral width.
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Period:  

2016-2018 (23 days：no rain, light wind) 
08:00AM-09:00 AM (60 min.) 

Radio sonde launch: 08:30 AM (locates 400m from RASS)

3. Evaluation of Parametric Acoustic Array
Comparison with radiosonde and conventional RASS

Acoustic-RASS and PAA-RASS were switched every minute.

Time resolution: 2 min for each speaker system 
Range resolution : 100 m (665ns)
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Conclusions（#1）

Parametric Acoustic Array is available for 
the RASS measurements.

PAA has extremely low sidelobes and 
could be installed to wind profilers 
located in urban areas. 

PAA-RASS has accuracy and precision 
comparable with acoustic speaker RASS. 

PAA-RASS is susceptible to horizontal 
winds due to the narrower acoustic beam. 
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Conclusions（#2）

Parametric Acoustic Array is available for 
the RASS measurements.

PAA has extremely low sidelobes and 
could be installed to wind profilers 
located in urban areas. 

PAA-RASS has accuracy and precision 
comparable with acoustic speaker RASS. 

PAA-RASS height coverage may be 
comparable with that of conventional 
RASS by use of advanced profiler. 



Thank you for your attention!

Adachi and Hashiguchi, AMTD, 2019





Mitsubishi Wind Profiler



36 trans. for a 
segment, 
FPGA controls 278 
segments.

More than 10000 cells
in total.

Parametirc acoustic array for RASS

36 
transducers 

20,000,000JPY w/o FPGA
~183,100 USD
~162,941.35 EUR



Application of Parametric Speaker 
to Wind Profiler/RASS

Ahoro ADACHI

11th ISTP 
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Fig. 9. Time-height cross section of horizontal wind vectors and

temperature (⇥C) from 00:00 to 15:30 JST on 30 December 1997.

Time runs from right to left, a full wind barb is 5 m s�1, and
the contours with gray scale represent temperature with a contour

interval of 0.5 ⇥C. The data through 200m altitude are from the

tower, whereas higher observations are derived from the wind pro-

filer/RASS. The profiler data have been shifted in time so that the

gravity current is coincident in the two data sets.

humidity after 03:00 JST is assumed 100% at all heights. All

wind profiler times in this and succeeding figures have been

adjusted to account for the fact that the gravity current arrived

at the profiler before the tower, as discussed in Sect. 3.

The gravity current is clearly visible along the surface

at the bottom of the figure, with its nose indicated by the

closely-spaced, vertically-oriented temperature contours at
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Fig. 10. Time-height cross section of gradient Richardson number

(Ri) derived from the tower measurements at 00:00 to 02:05 JST

on 30 December 1997. Time runs right to left, and contours with

shaded areas represent Ri< 0.25.

the right. Prior to its passage, there were easterly winds and

a ⇤150m deep temperature inversion at the site. After the

passage of the gravity current front, the low-level wind di-

rection shifted from northeasterly to northwesterly and the

temperature decreased sharply below 100m. The leveling

out of the isotherms atop the current (01:30–03:00 JST) has

been noted in other cases of katabatic flow moving into a pre-

existing temperature inversion (Blumen, 1984; Papadopou-

los and Helmis, 1999). The surface temperature at AO de-

creased 1.7⇥C between 01:00 and 01:30 JST after the passage
of the front. The increase of the surface pressure is estimated

to be about 0.7 hPa after subtracting the effect of the moving

synoptic-scale low pressure system. These facts suggest that

the gravity current was cold and heavy, consistent with the

generation of a downslope pressure-gradient force and kata-

batic flow on the mountain slopes. This figure also shows

that the depth of the gravity current, estimated from the 5⇥

isotherm, is about 100m at the head. The gravity current, as

indicated by the 5⇥ isotherm, ended at about 12:00 JST. Note
that there appears to be no elevated head (Simpson, 1997) on

this gravity current. Note also that the inversion layer depth

ahead of the gravity current front is about the same as the

depth of the gravity current. These facts will be referred to

later.

An unstable region is expected along the top of the gravity

current due to the strong vertical shear created by the oppos-

ing horizontal motions of the current and the adjacent flow

aloft. In this situation, Kelvin-Helmholtz (KH) waves are of-

ten observed in the shear region if the gradient Richardson

number (Ri) is less than 0.25 (Miles, 1961). Figure 10 shows

the time-height cross section of Ri derived from the tower.

There are three regions in which Ri is less than 0.25: above

170m before 01:00 JST, above 150m after 01:00 JST, and

below 45m after 00:30 JST. The first elevated region does

Adachi. et al., 2004
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Masada et al., 1988



Shizuoka Weather Station 



Shizuoka Weather Station 

Technical issue of RASS: high noise to residents due to sidelobes. 

Too loud noise!
Intolerable!
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