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Abstract: The accuracy requirements of industrial robots are increasingly higher. Firstly, to improve the accuracy performance of
industrial robots, this article proposes a full pose kinematic error model based on Modified Denavit-Hartenberg ( M-DH) , which can
better describe the error of industrial robots. Secondly, this article constructs the error fitness function of position and attitude
respectively. The multiple objective particle swarm optimization (MOPSO) algorithm is combined to achieve accurate identification of
kinematic parameters. Thus, the problems of the position error and attitude error with different scales and magnitudes are solved.
Finally, the effectiveness of the MOPSO algorithm is evaluated through experiments. The experimental results show that the average
position error and the average attitude error of the Staubli TX60 industrial robot are reduced by 81.04% and 66.64% , respectively.
Compared with the single-objective optimization algorithms based on the Levenberg-Marquardt (LM ) algorithm, the Beetle antennae
search swarm optimization (BSO) algorithm, and the particle swarm optimization (PSO) algorithm, the MOPSO optimization algorithm
presented in this article is the best method in terms of the generalization in kinematic parameters identification and the maximum pose
error optimization.
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Fig. 1 Simplified diagram of the robot link coordinate system
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Fig.2 Position relation of adjacent parallel axes
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% 1 Staubli TX60 #1885 A M-DH iE31## A S H{H
Table 1 Parameters values of M-DH kinematic model of Staubli TX60 robot

; 6,/(°) d,/mm a,/mm a,/(°) B./(°)
1 180 0 0 90 0
2 90 0 290 0 0
3 90 20 0 90 0
4 180 310 0 90 0
5 180 0 0 90 0
6 0 70 0 0 0
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Fig. 3 Industrial robot calibration system
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Fig.4 Pose error of Staubli TX60 industrial robot
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Fig. 5 Pareto solution set calculated based on the

MOPSO optimization algorithm
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Table 2 Calculation of pose error of Pareto solution based
on the MOPSO algorithm

PERBESE IR A 4
Pareto - N o NN
P (VAR T KRRE fERE KRR
/mm /(°) /mm /(%)
1 0.172 29 0.064 74 0. 360 22 0. 085 37
2 0.142 43 0.068 18 0.176 16 0. 101 41
3 0. 144 05 0.072 77 0. 167 31 0. 086 52
4 0.092 88 0. 088 81 0. 146 09 0.092 82
5 0.163 46 0. 065 32 0. 346 33 0.092 82
6 0. 106 82 0.082 51 0. 15598 0. 100 27
7 0.114 35 0.070 47 0.121 34 0.071 62
8 0.113 39 0.075 63 0. 159 56 0.119 75
9 0.201 55 0.064 74 0.252 51 0. 055 58
10 0.107 04 0. 085 37 0. 164 08 0. 147 82
11 0.121 21 0. 069 90 0. 148 82 0. 069 33
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Table 4 Comparison of kinematic parameter error identification results of different optimization algorithms
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