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Positional Uncertainty Reduction of Overlapped Ultrasonic Sensor
Ring for Efficient Mobile Robot Obstacle Detection
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Abstract

This paper presents the reduction of the positional uncertainty of an ultrasonic sensor ring with overlapped beam
pattern for the efficient obstacle detection of a mobile robot. Basically, it is assumed that a relatively small number
of inexpensive low directivity ultrasonic sensors are installed at regular spacings along the side of a circular mobile
robot with their beams overlapped. First, for both single and double obstacles, we show that the positional
uncertainty inherent to an ultrasonic sensor can be reduced using the overlapped beam pattern, and also quantify the
relative improvement in positional uncertainty. Second, given measured distance data from one or two ultrasonic
sensors, we devise the geometric method to determine the position of an obstacle with respect to the center of a
mobile robot. Third, we examine and compare existing ultrasonic sensor models, including Gaussian distribution,
parabolic distribution, uniform distribution, and impulse, and then build the sensor model of overlapped ultrasonic
sensors, adequate for obstacle detection in terms of positional uncertainty and computational requirement. Finally,
through experiments using our prototype ultrasonic sensor ring, the validity of overlapped beam pattern for reduced
positional uncertainty and efficient obstacle detection is demonstrated.

Keywords : ultrasonic sensor, overlapped beam pattern, positional uncertainty, sensor model, obstacle detection
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Fig. 2. The single obstacle detection by a pair of
overlapped ultrasonic sensors.
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Fig. 3. The double obstacle detection by a pair of
overlapped ultrasonic sensors.
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Table 2. The experimental data for determining the position of an obstacle.
o & AA YA [eml] 54 A=F [em] %4 93 [cm]
kR (z,9) (o, pcy o) (z,9)
19 20 79 oo 62.4 62.4 20.9 77.8
29 20 139 oS 120.6 122.7 10.4 139.2
34 60 159 oo 151.6 150.0 66.9 155.0
49 70 159 oo 155.1 152.7 79.6 152.1
5% 0 159 1% 138.7 o0 0.0 157.7
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