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ABSTRACT

This study deals with ultrasound reflection characteristics at a target surface during distance meas-

urements using an ultrasonic sensor. The purpose of this study is to investigate the allowable range

of the slope angle of a target surface where the incident ultrasound is reflected to return when the

distance is measured by an ultrasonic sensor for both transmission and reception. To this end, it is

necessary to research the reflection characteristics of ultrasound according to the roughness and slope

angle of the target surface. We carried out experiments detecting ultrasonic waves reflected on a

rough surface and returning to the sensor. The target specimens had particle sizes from 0 to 0.01

relative to the ultrasonic wavelength. As we changed the target surface slope, we monitored the re-

ception of the reflected waves and investigated the distance measurement error. It appears that for

the rougher surface, the allowable slope angle range was larger even though the detectable distance

range is smaller. When the particle size relative to the ultrasonic wavelength was 0.008, the distance

measurement was reasonable at a slope angle up to 25°.
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Fig.1 SEM pictures of sandpaper surface

Table 1 The grit size of sandpaper per wavelength of
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Fig. 2 Configuration diagram of transmission and re-
ception test instrument for the roughness of
the target surface

Table 2 Received voltage depends on the roughness
of the target surface (30 kHz, 1 m)

Grit size per Sensor output
wavelength Measured (mV) Normalized
0 1020+ 3.1 1
0.0013 830+£1.2 0.814
0.0019 700 £ 0.8 0.686
0.0031 600+ 1.2 0.588
0.0088 550+0.5 0.539

Table 3 Received voltage depends on the roughness of
the target surface (40 kHz, 0.4 m)

ultrasound
Roughness Grit size per wavelength
Sandpaper
specification | Grit size (/) ()LA: 13104kr§rzn) 0[? i gOSkHI:InZ,)
(grade) ’ :

- 0 0 0
1200 15.3 0.0013 0.0018
800 21.8 0.0019 0.0026
400 35 0.0031 0.0041

Grit size per Sensor output
wavelength Measured (mV) Normalized
0 628 +0.9 1
0.0018 616+0.7 0.981
0.0026 452+0.3 0.720
0.0041 430+ 0.1 0.685
0.0118 426+0.4 0.678
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Table 4 Measured distance according to target surface
slope angle (30 kHz, 1 m)

Measured distance (m)

Target surface

slope (°) 0 10 15 20 25 30

0.0013 | 1.00 | 1.00 | 1.00 | 096 | 0.97 | 14

Grit size| 0.0019 | 1.00 | 1.00 | 1.00 | 1.00 | 1.10 | 1.17
per
wave-
length | 0.0031 | 1.00 | 1.00 | 1.00 | 1.00 | 1.08 | 1.49

0.0088 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.37

Table 5 Measured distance according to target surface
slope angle (40 kHz, 0.4 m)

Measured distance (m)

Target surface

v () 0 10 15 20 25 30

0.0013 | 0.40 | 0.40 | 0.38 | 0.42 | 0.47 | 0.46

Grit size| 0.0019 | 0.40 | 0.40 | 0.40 | 0.45 | 0.47 | 0.45
per
wave-
length | 0.0031 | 0.40 | 0.40 | 0.40 | 0.43 | 0.47 | 0.48

0.0088 | 0.40 | 0.40 | 0.40 | 0.40 | 0.40 | 0.45
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Fig.5 Device for measurement of receiving sound
pressure according to slope angle
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(b) Frequency 40 kHz and distance 0.4 m
Fig. 6 Reflected ultrasound according to the rough-
ness and slope angle of the target surface
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(b) Frequency 40 kHz and distance 0.4 m
Fig. 7 Error in measured distance according to slope
angle
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