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Estimation of Azimuth Angle by Applying Doppler Effect
to Ultrasonic Sensor
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Abstract According to a large body of work, ultrasonic sensors are used for simple measurements such
as length and velocity measurement and object detection due to their larger main lobe compared to
other sensors. However, distinguishing objects within a single beam is challenging. Nevertheless,
ultrasonic sensors are more affordable than other sensor options. In this study, the Doppler effect was
applied to ultrasonic sensors to predict the azimuth angle by comparing the difference in Doppler
frequency of each object. Several experiments were conducted on the validity of the proposed
technique. The experimental results indicated that it was possible to estimate the angle value within the
desired tolerance. In conclusion, this research shows that an ultrasonic sensor can be used for the basic
study of next-generation technologies such as sensor processing for autonomous vehicles and gesture

recognition systems.
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Fig. 1. Doppler frequency according to the azimuth
of the target
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Fig. 2. Principle of target decomposition within

single beam
(2) The target is connot be decomposed
(b) The target is decomposed using the Doppler effect
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Fig. 3. Ultrasonic sensor with Doppler effect on a car
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Fig. 6. Doppler frequency when object position
[0 “30°']

Table 1. Experiment result when the position of

objects [0°” “30°"]
Min Max 1 2 3
31° 32.2° 31°
4 5 6
32.2° 32.2° 31°
30° 33.5° 7 8 9
31° 32.2° 31°
10
31°
Mean(Angle) 31.28°
Mean(Velocity) 0,29m/s
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Fig. 7. Doppler frequency when object position
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Table 2. Experiment result when the position of
objects [‘0°” “40°7]

Min Max 1 2 3
41.4° 42.8° 41.4°
4 5 6
41.4° 41.4° 43.3°
40° 43.8° 7 8 9
41.4° 41.4° 41.4°
10
41.4°
Mean(Angle) 41.73°
Mean(Velocity) 0.26m/s
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Fig. 8. Doppler frequency when object position
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Table 3. Experiment result when the position of
objects [‘0°” “26°" “40°"]

Min Max 1 2 3
28.9° 29.9° 28°
41.4° 42.8° 45°

4 5 6
28° 28° 29.9°

26° 30.40 45 45 42.8

40 | 4550 7 8 2
28.9° 28° 29.9°
41.4° 45° 42.8°

10
28°
40°
Mean(Angle) zgz;z
Mean(Velocity) 0.35m/s
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