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1. Introduction

In recent years, in terms of energy saving and
environmental protection, non-contact measuring of
spatial temperature distribution are required for
suitable air-conditioning. As a solution, a method
for measuring spatial temperature using acoustic
wave is proposed."” In conventional spatial tem-
perature measuring method using acoustic wave, it
is necessary to install large-scale equipment in a
measuring space. In addition, a portable measuring
device is proposed,” it requires a high-precision
feed mechanism in mechanical parts.

In this study, a technique to simplify the
mechanism in the portable temperature measuring
device is considered. Then, results of experiments
performed using proposed measuring device are
described. The range of measurement of the device
examined in this study is approximately set from
10[°C] to 25[°C]. This range is assumed to
air-conditioned office space. And, the objective of
the accuracy of the measurement is set in + 1[°C],
considering the temperature sensitivity of human.

2. Theory of Temperature Measurement
The following equation for a sound wave is
generally known.

r==. 1
7 (1)
Here, A, f, and ¢ represent wavelength [m], fre-
quency [Hz], and velocity of sound [m/s], respec-
tively. Meanwhile, the relationship between sound
velocity ¢ and temperature in Celsius ¢ [°C] is
expressed as the following equation:

¢=20.063273.15+1. 2)

In the case of allocating an ultrasonic loud-
speaker and two microphones as shown in Fig. 1,
the ratio to the wavelength A of the distance
between two microphones AL is expressed as

AL AL- f

—= : 3)

A 20.06v273.15+1
In eq. (3), by replacing the integer part of AL/A as n,
eg. (4) is obtained.

n+ Sl AL-T )

T 20.06273.15+¢
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Fig. 1 Geometry of an ultrasonic loudspeaker and
two ultrasonic microphones.
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Fig. 2 Phase delay AT between two microphones.
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Fig. 3 Expected relationship between temperature of
measuring space and phase difference A7/T.

Here, AT, T, and AT/T represent the phase delay of
MIC2 for MICI, the period of the sound wave, and
the ratio of the phase difference (0 < AT/T < 1), re-
spectively. In eq. (4), the relationship between AT/T
and ¢ is considered as shown in Fig. 3. From Fig. 3,
it is considered that the ratio of phase difference
repeats the linearly change in a certain range of the
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temperature. When the relationship between the
temperature and the phase delay is linearly ap-
proximated in each range of the temperature, it is
considered that the both have a proportional rela-
tionship in this region, and a linear equation for this
region can be obtained. Therefore, when the meas-
uring range of the temperature is known, it is con-
sidered that the temperature can be determined from
the phase delay, by using single or multiple linear
equations corresponding to the measuring range.

3. Experiments

An ultrasonic loudspeaker (Nippon Ceramic
T40-16) and two ultrasonic microphones (Nippon
Ceramic R40-16) are allocated as shown in Fig. 1.
The value of AL and L are set to 250 [mm] and
500[mm], and the center frequency of the ultrasonic
wave is 40.3 [kHz]. The output of each microphone
obtained by transmitting and receiving of the ultra-
sonic wave is measured with an oscilloscope after
amplification. Then, by measuring the phase delay
of the output waveform of MIC2 for that of MICI,
the temperature of the measuring space is obtained.
In this experiment, the temperature measured by an
alcohol thermometer is used for the reference.

Figure 4 shows the results of the spatial tem-
perature measured by the proposed measuring de-
vice. In Fig. 4, the temperature measured by the
alcohol thermometer is indicated by the x-axis, and
the temperature measured by the proposed device is
indicated by y-axis. Measurement experiments are
performed 120 times, and then, the temperature
measured with the alcohol thermometer is from
11.0 [°C] to 17.2 [°C].

Figure 5 shows a distribution of the differ-
ences of measured temperature between the alcohol
thermometer and the proposed measuring device.

In this experiment, both of the alcohol ther-
mometer and the proposed device are measure same
subject. Therefore, the slope of the regression line is
1, and the intercept of that is zero, theoretically.
From Fig. 4, considering the intercept of the
regression line of slope 1, and its value is 0.008. In
addition, From Fig. 5, the range of the difference in
measuring value between the proposed device and
the alcohol thermometer is from -0.5[°C] to 0.7
[°C]. In this experiment, since the objective of
measuring accuracy is set within £ 1 [°C], it is con-
sidered that this value of intercept is small enough
to be a difference between two measurements.
Therefore, in the range of the temperature set in this
experiment, it is considered that the proposed de-
vice is possible to measure the temperature.

4. Summary

In this study, the technique to simplify the
portable spatial temperature measuring device is
considered. Measurement is carried out using the
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Fig. 4 Measuring results of spatial temperature:

measured by alcohol thermometer (x-axis) versus
proposed measuring device (y-axis).
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Fig. 5 Distribution of differences of measured tem-

perature by two measuring method.

phase difference between the outputs of two mi-
crophones set in a different position. Experimental
results show that the temperature of the measure-
ment space can be measured accurately using pro-
posed device, though the range of the temperature is
narrower than the objective of that.

It is necessary to understand the range of
temperature measurements while keeping the accu-
racy, and to determine the optimal distance between
microphones, and these will be examined as the
future work.

References

1. K. Kudo, K. Mizutani, T. Akagami, and R. Murayama: Jpn. J.
Appl. Phys. 42 (2003) 3189.

2. 1. Saito, K. Mizutani, N. Wakatsuki, and S. Kawabe: Jpn. J.
Appl. Phys. 48 (2009) 07GBOS.

3. H. Ohnishi and H. Masuyama: Proc. High Info. Tech. Assoc.
(2008) p.83 [in Japanese].

— 192 —



