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Method of Hand — Eye Calibration for Picking Board Robot
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Abstract; Aiming at the hand — eye calibration problem related to Eye —in — Hand vision and robot body
of picking board, an optimization problem based on AX = ZB calibration equation was proposed. Firstly,
the camera was driven by the robot to observe the calibration plate in multiple positions, and multiple
calibration equations were obtained. One calibration equation AX = ZB was established by collecting data
once. Kronecker product algorithm and the least square method were used to solve the calibration rotation
matrix, and then the translation vector was solved according to rotation matrix and the least square
method. In order to avoid the error transfer problem, the Jacobian matrix, the error function and
Levenberg — Marquardt algorithm were established to optimize the attitude and position of the initial value
simultaneously. Then, a simulation experiment platform was built in the ROS system, and the validity of
calibration results was verified by the 3D visualization tool Rviz. The accuracy analysis of the calibration
results showed that the accuracy of the new calibration method was increased by 30% on average
compared with the traditional calibration method under different noise levels, and the accuracy of the new
calibration method was increased by 31. 1% on average compared with the traditional calibration method
under different noise levels. Finally, the results of the grab test showed that the accuracy of the visual
system was 39.2% higher than that of the transmission calibration method, and the success rate of the
grab was 96.2% .

Key words: robot; picking board; hand — eye calibration; Kronecker product algorithm; Levenberg —

Marquardt algorithm
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Fig.1 Hand — eye calibration model with traditional model
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®1 16 ANB/AEHZER(EKEB)ER
Tab.1 16 groups of forward solution (B matrix) results of robot kinematics
95 x/mm y/mm z/mm 0, 0, 0, o,
1 -1702.72 —-266. 86 552.21 0.613 -0.016 0.078 -0.786
2 -725.99 -249.59 551. 44 0.777 0.075 0. 055 -0.622
3 - 663. 86 -306.55 550.92 0. 694 -0.085 -0.061 -0.712
4 —-702. 88 -329.14 549.29 0. 658 -0.096 0.091 -0.741
5 -650. 87 -246.76 561.52 0.707 0. 042 -0.081 -0.701
6 —-665.00 —-256.43 549. 60 0.672 -0.004 -0.021 -0.740
7 -701.04 -295.41 561.25 0. 669 0.001 0. 050 -0.742
8 -669.27 -320. 36 548.51 0. 706 -0.005 0.074 -0.704
9 -714.32 -308. 87 545.42 0. 705 0. 008 0. 068 -0.706
10 -671.43 -325.13 560. 00 0.710 0.079 -0.078 -0.695
11 -714.25 -331.39 550.75 0. 744 0.015 -0.087 -0.662
12 -698.73 -318.76 560. 78 0. 603 0. 094 0. 008 -0.792
13 -673.36 —-327.48 544.42 0. 834 0. 059 -0.065 —-0.545
14 -663. 18 —-245.85 555.93 0. 695 0. 007 0.019 -0.719
15 -681.23 —-285.58 561.31 0. 804 -0.028 0. 043 -0.592
16 -708.50 -288. 10 557.90 0. 689 0. 065 -0.025 -0.721
F2 16 BiREWREN (EEA)ER
Tab.2 16 groups of calibration plate detection (A matrix) results
95 x/mm y/mm z/mm 0, 0, 0, o,

1 26.24 50. 85 240.53 0. 043 -0.128 -0.989 0. 065
2 41.21 25.14 226.51 0. 090 0.103 -0.990 -0.014
3 76.27 85.93 231.48 0.102 0.019 0. 994 -0.018
4 95.09 52.51 245.78 0. 004 0. 065 0.989 -0.131
5 22.20 97.70 227. 66 0.028 0. 002 0.996 0.085
6 24.21 84. 81 226.37 0.017 0. 054 0.998 0.012
7 63.57 50. 08 244. 67 0.034 -0.058 -0.997 0.035
8 96. 76 81.84 234.77 0. 047 -0.005 -0.997 0. 055
9 84. 46 37.14 229.95 0. 052 -0.007 -0.998 0. 044
10 101. 08 75.63 223.15 0. 001 -0.005 0. 994 0.110
11 112. 60 33. 41 219.83 0. 052 -0.052 0. 995 0.070
12 75.43 51.29 232.21 0.070 -0.140 -0.986 -0.060
13 130.23 79.01 211.43 0. 006 -0.198 0.976 0. 088
14 19.08 87.12 235. 69 0.019 -0.023 —-1.000 0. 009
15 81.15 73.04 246.33 0.011 0. 144 -0.988 0. 050
16 59. 44 40. 54 227.56 0. 026 -0.029 -0.997 -0.061
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