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Fig. 1 Schematic of fixed reference point method
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Table 1 Spherical fitting error analysis of spatial points
in different regions
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0.6 112.448 5 0.1111 0.047 5
0.8 73.595 1 0.0810 0.0275
1.0 55.638 1 0.080 7 0.023 7
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Fig. 3 Virtual points creation with uniform distribution on
the spherical surface of a fixed reference points.
(a) virtual points creation randomly on the unit
sphere; (b) virtual points uniform distribution on
the unit sphere; (c) virtual points mapping from
the unit sphere to the reference sphere; (d) vir-
tual points final distribution on the reference
sphere formed by vector rotation transformation.
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Fig. 6 Creating and selecting ideal measuring points by
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Table 3 Experimental results of TCP position calibration
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5
P Py P, Py Py Py
1 -3.63 0.94 325.77 -3.77 0.09 326.07
2 =3.77 1.33 324.71 —4.68 1.87 324.25
3 —3.44 1.54 325.01 —5.60 —0.73 324.32
4 —3.81 1.23 325.26 —4.93 1.53 324.37
5 -3.73 1.10 324.67 —4.78 —0.74 326.46
6 -3.69 1.12 325.36 —2.31 0.21 325.17
7 -3.78 1.10 325.89 —4.12 2.30 326.76
8 —3.47 1.46 325.80 —5.98 0.98 324.73
9 -3.78 1.35 324.80 —4.75 —0.04 324.68
10 -3.91 1.34 324.72 —3.80 1.45 324.46
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Fig. 7 Accuracy analysis of calibration results. (a) abs-
olute deviation of tool position calibration P,
components; (b) absolute error curve of A
components.
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