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Robot calibration and uncertainty evaluation based on optimal pose set
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Abstract: To solve the problems of unstable and low reliability calibration results due to the random selection of calibrated pose points,
the number of optimal pose point and the selection algorithm of optimal pose set based on the singular value of Jacobian matrix to
calculate observable indexes are studied. The MDH model is formulated and the Levenberg-Marquardt (LM) algorithm is used to identify
geometric parameters. The points of the Staubli TX60 robot end-effector selected based on the optimal and random pose set are measured
by the LeicaAT960 laser tracker. On the basis of analyzing and studying the uncertainty contributors of robot calibration, the GUM
method is used to calculate the uncertainty of geometric parameter calibration and Monte Carlo simulation method is utilized to evaluate
the uncertainty of robot end-effector pose, respectively. Results show that the accuracy of the robot calibrated by the optimal pose set is
not only greatly improved at the test points, but also the mean uncertainty of geometric parameters and end-effector is about 0. 11 times of
that calibrated by the random pose set. The calibration results are stable and reliable, and the generalization ability is strong, which are
suitable for popularization and application in high-precision and large-scale operation situations.
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Fig. 1 Calibration experimental system
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Table 3 Calibration uncertainty of geometric parameters
UBE AU e
0,/(°) 0. 00 0. 000 4 0.001 4 0.001 0 0.003 2 0.000 4 0.003 6 0.11
0,/(°) -90. 00 0.000 1 0.000 1 0.000 5 0.000 7 0.000 1 0. 000 9 0.11
05/(°) +90. 00 0.001 5 0. 006 9 0.005 8 0.009 8 0.001 5 0.0133 0.11
0,/(°) 0.00 0.000 9 0.000 9 0.002 1 0.004 3 0.000 9 0.004 9 0.18
0s/(°) 0. 00 0.000 2 0.001 9 0.002 6 0.005 9 0.000 2 0. 006 7 0.03
0s/(°) 0. 00 0.000 5 0.003 1 0.004 9 0.005 0 0.000 5 0.007 7 0. 06
d,/mm 0. 00 0.002 7 0.0117 0.014 0 0.0123 0.002 7 0.022 0 0.12
dy/mm 20. 00 0.005 0 0.022 3 0.042 5 0.030 4 0.005 0 0. 056 8 0.09
d,/mm 310. 00 0. 000 9 0.005 5 0.009 1 0.0111 0.000 9 0.015 4 0. 06
ds/mm 0. 00 0. 000 4 0.002 2 0.004 2 0.007 3 0. 000 4 0.008 7 0. 05
dg/mm 70. 00 0.000 5 0.001 9 0. 006 6 0.003 9 0.000 5 0.007 9 0. 06
a;/mm 0.00 0. 000 7 0.002 7 0.003 3 0.007 9 0.000 7 0.009 0 0.08
a,/mm 290. 00 0. 000 6 0.003 0 0.009 9 0.009 5 0. 000 6 0.014 0 0.04
a3/ mm 0. 00 0.007 8 0.0350 0.0315 0.054 3 0.007 8 0.071 9 0.11
a,/mm 0. 00 0.000 3 0.001 1 0.002 4 0.004 5 0.000 3 0.005 2 0. 06
as/mm 0. 00 0. 000 6 0.002 9 0.003 2 0.006 0 0. 000 6 0.007 4 0. 08
ag/mm 0. 00 0.001 8 0. 006 2 0.011 9 0.006 5 0.001 8 0.014 9 0.12
a,;/(°) -90. 00 0. 000 6 0. 000 9 0. 000 9 0.001 3 0.000 6 0.001 8 0.33
a,/(°) 0. 00 0. 000 4 0. 000 4 0.000 6 0.000 8 0. 000 4 0.001 1 0. 36
a;/(°) +90. 00 0.001 0 0.002 4 0.009 6 0.005 3 0.001 0 0.011 2 0.09
a,/(°) -90. 00 0.001 5 0.005 0 0.005 7 0.007 9 0.001 5 0.010 9 0.14
as/(°) +90. 00 0. 000 7 0.001 4 0.003 9 0.005 7 0.000 7 0.007 0 0.10
ag/ (%) 0. 00 0.000 9 0.002 6 0.007 8 0.003 3 0.000 9 0.008 9 0.10
B,/ (°) 0. 00 0.000 3 0.000 8 0.001 0 0.002 1 0.000 3 0.003 6 0.08
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Fig. 7 Robot end-effector position distribution at zero position
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