3P2-9

Proceedings of Symposium on Ultrasonic Electronics, Vol. 36 (2015)

5-7 November, 2015

Investigation on Transmitting and Receiving Elements Applied
in Reflection Point Search by Rectangular Sound Source
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1. Introduction

In measuring devices or imaging equipment
by ultrasonic waves, rectangular transducers are
widely used as elements of the sound source. Spa-
tial impulse response of a rectangular sound source
complicatedly changes in proportion to the position
of the observation point”. And, the waveform ac-
quired by a rectangular sound source changes de-
pending on the position of the observation point,
subject to the spatial impulse response. An applica-
tion of this complicated change to the reflection
point search is proposed using a single rectangular
sound source” or a rectangular array sound source
with small number of elements””

Here, a sound source w1th two elements is
used, as the sound source for the reflection point
search. Each sound source element is used as for
transmission and reception of ultrasonic waves, re-
spectively. By made different the propagation paths
of ultrasonic waves in the transmission and recep-
tion, it aims at the reduction of the failure of the
search occurred in the case where the reflection
point is located in the position where the direct
wave from the sound source arrived in the method
using single rectangular sound source”.

2. Method of Reflection Point Search

The configuration of a sound source with
rectangular elements and a reflection point P is
shown in Fig. 1. The sound source is assigned to a
plane that is perpendicular to the z-axis so that the
center of the whole sound source is the origin of the
coordinates. The dimension of the whole sound
source is 2a X 2b, and the dimension of each sound
source element, for transmitting and receiving ul-
trasonic waves, is a X b. The position of the reflec-
tion point is indicated by P(r). In the calculation
result showing in the following section, r is ex-
pressed using the distance from the center of the
sound source (|r|), the azimuth angle, and the eleva-
tion angle.

When the sound source for transmission is
driven with uniform velocity v(z), and when the
wave radiated from the sound source is reflected at
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Fig. 1 Configuration of a sound source with rectangu-
lar elements and a reflection point P.

P, the output e(r, f) in terms of the reflected wave
received at the sound source for reception is ex-

pressed as”
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where k is the proportionality constant, p is the den-
sity of the propagation medium of the sound wave,
A is the area of the region in which the reflection
point contributes to the reflection, ¢ is the velocity
of sound, A(-) is the spatial impulse response of the
sound source, and * denotes the convolution inte-
gral. And, r, and r. represent the position of the re-
flection point from the center of the transmitting
and receiving sound sources, respectively.

The rise time of the reflected wave is meas-

urable. Therefore, the value of |r| can be determined
in the range expressed as
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where T is the rise time of the reflected wave, and ¢
is velocity of sound. When the value of r is set at an
appropriate interval in the range of |r|, the spatial
impulse responses A(r;, £) and Ah(r,, t) corresponding
to each r, and r. can be obtained. Since v(¢) is
known, the output waveform e(r, f) in eq. (1) at
each r can be calculated. By deducing the
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Fig. 2 Calculation results of cross-correlation coefficients at three reflection points: (I) using sound source with two
elements for transmission and reception; (II) using single rectangular sound source.

cross-correlation coefficient between the waveform
obtained by the calculation and the original (ac-
quired) reflected wave in the sequential order, it
becomes possible to estimate the position of the
reflection point P.

3. Numerical Calculations

The results of numerical calculations by the
sound source with transmitting and receiving ele-
ments are shown in Fig. 2(I). The results are ob-
tained by calculating convolution integral in eq. (1)
and the cross-correlation coefficient at time zero
with the calculation result for the points around the
reflection points sequentially. The dimensions of
the sound source used in the calculation are a =
6.45 mm, and b = 10.05 mm. For the comparison,
the calculation results by a single rectangular sound
source which has the dimension of 2a x 2b” are
also shown in Fig. 2(II).

In Fig. 2(I), fluctuations of the correlation
coefficient that appear noticeably in Fig. 2(Il) are
suppressed, especially in Fig. 2(I)(c), in the case of
the distance from the sound source to the reflection
point is close. It is considered that the proposed
method has some efficacy on the improvement of
the search results under certain conditions. However,
in Fig. 2(I), the region in the calculation space that
the fluctuation of the correlation coefficient is
found is expanded, in comparison with Fig. 2(1I).

4. Summary

In the reflection point search by rectangular
sound sources, the sound source with two elements
was used. Each sound source element was used as
for transmission and reception of ultrasonic waves.
Propagation paths of ultrasonic waves were made
different between the case of the transmission and
the case of the reception. Calculation results of the
correlation coefficient showed that noticeable fluc-
tuations were suppressed in certain conditions, and
some slightly improved search results in compari-
son with the conventional method were obtained by
the proposed method. However, in the whole calcu-
lation space, the region where the fluctuation of the
correlation coefficient occurred was expanded.

References

1. J. L. San Emeterio and L. G. Ullate: J. Acoust. Soc.
Am. 92 (1992) 651.

2. H. Masuyama and K. Mizutani: Jpn. J. Appl. Phys.

46 (2007) 7793.

H. Masuyama and K. Mizutani: Jpn. J. Appl. Phys.

48 (2009) 07GCOS.

H. Masuyama: Proc. Symp. USE 30 (2009) 45.

H. Masuyama: Proc. Symp. USE 31 (2010) 65.

H. Masuyama: Proc. Symp. USE 34 (2013) 51.

H. Masuyama: Proc. Symp. USE 35 (2014) 261.

J. P. Weight and A. J. Hayman: J. Acoust. Soc. Am.

63 (1978) 396.

W

PN A



