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Abstract

Aiming at the problem of using only the least square method in the monitoring of the cable
winding state and using insufficient cable specification information, an improved circle fitting
method is designed: the least squares fitting method for radius determination. The effects of sen-
sor angular resolution, cable diameter, cable outer surface material and other factors on the fit-
ting accuracy of cable relative position were studied experimentally. The experimental results
show that the main factor affecting the fitting accuracy is the accuracy of the measured data. For
the cable with common black rubber appearance, when the random measurement error of the
sensor is less than 7 mm, the algorithm can ensure that the fitting error of the relative position of
the cable is less than 1.5 mm.
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Figure 1. Comparison of fitting effects
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Figure 2. Cable winding simulation diagram. (a) The experiment site; (b) Tubes with different
surface materials; (c) Different distances for testing
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Table 1. Relationship between sensor random error and reflectivity
1 ERSEMIIRES RERXR
JIEHR 100% 78% 40% 10% 6.5%
KJFRELRZE 3mm 3mm 4mm 9mm 10 mm

Table 2. Relative position fitting errors at different angular resolutions
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Figure 3. Fitting error of different angular resolutions
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Figure 4. Fitting error of different cable diameters
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Table 3. Relative position fitting errors for different cable diameters
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15 mm 0.24 0.86 0.04 0.44 0.95
20 mm 0.63 0.37 0.83 1.46 0.70
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Table 4. Relative position fitting errors of different outer surface materials
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Figure 5. Fitting error of different outer surface materials
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Figure 6. Reflectivity of different outer surface materials
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