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Kinematic Calibration for Robot Based on LM Algorithm
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Abstract : The robot calibration method of parameter estimation and error compensation is an important means to improve
the positioning accuracy of robot end-effectors. Denavit-Harteriberg kinematic model of the UR3 robots was established
by the research group. Measurement space was determined by frequency probability distribution of workspace of robot
end-effectors. The positions of the robot end-effectors in measurement space were measured by laser tracker. The least
square objective function between the position error of the robot end-effectors and the geometric parameters was
established, the iterative solution of which were made by using adaptive step-size LM ( Levenberg-Marquardt) algorithm.
The kinematic model of robot system was corrected by these parameters. The calibration results was analyzed and verified
in the end. The result showed that the maximum/mean/ root-mean-square position errors were reduced by 47. 48% /
37.98% /40.40% after calibration. The validity and reliability of the mentioned method was proved by experiment.
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Figure 1  Flow chart of robot calibration
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Figure 2 Structure diagram of UR3 robot
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Figure 3 Experimental site of robot calibration
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Figure 4 Coordinate system of DH model of

connecting rod of UR3 robot
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Table 1 Nominal parameters of connecting
rod of UR3 robot
?‘E‘? ﬂ:{/(aifl/mm ?ﬂﬁ 0&'71/(0> ’fﬁﬁdi/mm %ﬁl Bi/(o)

1 0.00 90 151.90 0
2 243.65 0 0.00 -90
3 213.25 0 0.00 0
4 0.00 90 112.35 -90
5 0.00 -90 85.35 0
6 0.00 0 81.90
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Figure 5 Steps of robot calibration
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Figure 6 Schematic diagram of base

coordinate system of robot
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Table 2 Measurement data of laser tracker and corresponding angle values of joints

o B D i A AR L/ mm I kA5 25 DT A B/ ()
x y z 0, 0, 0 0, 05 5
1 -149.02 -207.50 742.60 -14.69 -74.76 -16.64 -57.23 -18.57 77.64
2 -130.43 -134.57 600. 86 -12.99 -109.13 90.55 -109.41 28.16 37.72
3 -274.68 -82.78 599. 84 -11.39 -72.61 48.77 -84.41 43.47 7.73
4 -289.74 -80.13 571.14 -10.28 -62.39 41.27 -99.69 44.56 10.26
5 -341.12 -45.78 506. 46 -9.82 -59.85 56.55 -101.59 57.34 8.36
6 -360.07 -58.46 473.58 -9.60 -60.65 66.77 -102. 14 50.96 8.90
7 -212.08 7.79 591.12 -29.92 -60.40 20.25 -108.52 58.61 8.31
8 -350. 81 247.34 631.91 -62.91 -35.10 -44.29 -35.52 45.37 146.36
9 -290.20 -54.08 562.30 -6.02 -22.71 -90.21 -64.45 -60.49 200.31
10 -273.75 -137.81 485.77 -21.76 —-108.33 113.11 -118.99 -6.41 420.75
11 -97.89 —-205.19 473.89 -5.11 -118.56 123.63 -138.38 2.29 399.71
12 -165.80 -184.63 523.23 -26.63 -128.81 111.05 -117.25 -13.37 410.57
13 —-208.33 -154.70 464.23 -36.11 -124. 11 99. 84 -129.71 -42.20 371.94
14 —-435.34 30.37 218.06 -39.08 -54.00 88. 64 -125.16 -44.95 17.87
15 —430.76 -30.26 415.51 -31.80 -64.65 69. 15 -127.00 -29.74 31.20
16 -360.72 -116.89 479.72 -21.20 -72.16 63.09 -107.15 -17.17 15.58
17 -372.86 —147.48 489.35 -16.94 -72.97 54.43 -79.92 -28.54 21.81
18 -374.71 -44.55 408.73 -29.96 -66.70 54.43 -93.58 -27.90 -19.99
19 —344.58 -7.87 443.42 -36.77 -66.70 54.43 -116.13 9.46 -32.48
20 -294.11 -74.25 456.72 -28.54 -71.88 59.27 -140.97 11.84 -17.40
21 -293.42 -22.70 424.94 -37.94 -72.30 65.20 -154.13 20.78 -24.69
22 -278.76 -82.69 388.68 -24.12 -72.31 60.43 -189.98 50.12 -51.78
23 —346.63 -151.80 451.96 -15.08 -73.91 61.00 -180.62 22.30 -89.00
24 -339.92 46.65 591.81 -48.43 -86.00 61.00 -182.09 2.40 -128.05
25 -308.34 99.09 559.96 -56.18 -92.22 59.44 -165.36 -12.13 -95.00
26 —-286.63 6.73 571.53 -47.63 -92.22 48.69 -171.68 -13.32 -67.86
27 -252.23 48.17 612.96 -59.65 -97.61 57.81 -201.57 -19.10 -83.25
28 -192.94 26.68 649.54 -72.77 -105.14 64.40 -219.95 -23.50 -105.02
29 —243.55 -33.28 631.56 -42.53 -96.82 49.35 -193.32 -23.04 -79.13
30 -329.22 75.96 448.89 -31.90 -86.87 94.09 -221.34 -59.27 -89.45
31 -244.75 -171.45 620. 06 -23.88 -89.52 56.38 -155.11 -39.03 60.22
32 -279.91 80.93 625.45 -58.59 -61.89 36.52 -162.08 21.63 114.22
33 -202.48 -70.82 483.99 -28.69 -86.58 77.64 -131.96 47.38 334.83
34 389.67 -44.23 440.26 -190.45 6.77 —44.26 -126.44 116.46 109. 56
35 158.99 204. 80 563. 66 —-144.90 -15.54 -39.55 -126.59 85.76 109. 39
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Table 3 Nominal position data of verification points before and after calibration mm
P 58 HT G0 TE s B 0 8 B B L
Wik Ay BB/ Ae
X Yy z X Yy z

1 —245.58 -168.74 620.94 -243.63 -171.90 619.68 3.9212
2 —-279.00 80.04 625.37 —-278.43 79.93 624.54 1.012 9
3 -201.52 -70.26 485.03 -201.47 -70.68 484.43 0.734 1
4 386.55 -43.26 441.54 388.61 -45.60 439.60 3.6719
5 155.60 203.71 563.50 159.59 203.38 562.59 4.105 7
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Table 4 Position error of verification
points before and after calibration mm
J__JE FRAE RN B iR BRRE S5 B R 2
i
i=3 Ax Ay Az Ae Ax Ay Az Ae
1 0.83 -2.71 -0.88 2.9677 -1.10 0.44 0.39 1.2473
2 -0.91 0.89 0.08 1.2754 -1.46 0.99 0.90 1.9803
3 -0.96 -0.56 -1.04 1.5221 -0.93-0.16-0.39 1.0211
4 3.12 -0.97 -1.28 3.509 1 1.02 1.37 0.69 1.8421
5 3.39 1.09 0.16 3.564 5 -0.58 1.43 1.06 1.8721
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Figure 8 Position error curve of verification

points before and after calibration
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Table 5 Error statistics before and after calibration

medn

BES R P 5 Hif/mm B 3E 5/ mm H S/ %

RKiRE 3.564 5 1.872 1 47.48

PR 2.567 8 1.592 6 37.98
YRz 2.748 5 1.638 2 40. 40
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