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Design of range measurement systems using a sonar and a camera

Changsoo Moon and Yongtae Do*'

Abstract

In this paper range measurement systems are designed using an ultrasonic sensor and a camera. An ultrasonic sensor
provides the range measurement to a target quickly and simply but its low resolution is a disadvantage. We tackle this
problem by employing a camera. Instead using a stereoscopic sensor, which is widely used for 3D sensing but requires
a computationally intensive stereo matching, the range is measured by focusing and structured lighting. In focusing a
straightforward focusing measure named as MMDH(min-max difference in histogram) is proposed and compared with
existing techniques. In the method of structure lighting, light stripes projected by a beam projector are used. Compared
to those using a laser beam projector, the designed system can be constructed easily in a low-budget. The system equation
is derived by analysing the sensor geometry. A sensing scenario using the systems designed is in two steps. First, when
better accuracy is required, measurements by ultrasonic sensing and focusing of a camera are fused by MLE(maximum
likelihood estimation). Second, when the target is in a range of particular interest, a range map of the target scene is
obtained by using structured lighting technique. The systems designed showed measurement accuracy up to 0.3[mm]
approximately in experiments.
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Fig. 1. Configuration of an ultrasonic ranger.
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Fig. 2. Lens model for the range measurement by focusing.
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Fig. 3. Example of focusing: (a) Defocused image, (b)
Focused image.
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Table 1. Performance comparison of operators used for focusing measure

Operators Calibrated Measurement Equations Error [mm] Relative Processing Time
Sobel L=0.03126% - 2.16986 + 291.5230 2.07 6.4
Laplacian L=0.03696% — 238886 + 345.8636 1.13 7.7
MMDH L=0.03616% - 3.05456 + 326.6171 1.78 1.0
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