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Quadratic Identification Method of Kinematic Parameters of
Industrial Robots Based on POE Model

QIAO Guifang'®> DU Baoan' ZHANG Ying' TIAN Rongjia' LIU Di' LIU Hanzhong'
(1. School of Automation, Nanjing Institute of Technology, Nanjing 211167, China
2. School of Instrument Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract; Aiming at the problem of insufficient precision performance of industrial robots in the high-end
manufacturing field, a quadratic identification method of kinematic parameters of industrial robots based
on POE model was proposed. Firstly, the construction method of the POE kinematic error model was
presented. The fitness function based on the POE kinematic error model was established for kinematics
identification. Secondly, a quadratic identification method was proposed to realize the parameter
identification with high precision. At first, the improved grey wolf optimizer algorithm was applied to
realize the primary identification of kinematic errors. The average comprehensive position error and
average comprehensive attitude error of the Staubli TX60 robot were reduced from (0.648 mm,0.212°)
to (0.457 mm,0. 166°) respectively. In order to further improve the accuracy performance of the robot,
the accurate identification of kinematic errors was carried out through the LM ( Levenberg — Marquard )
algorithm. The average comprehensive position error and average comprehensive attitude error of the
Staubli TX60 robot were reduced to (0.237 mm, 0.063°). The average comprehensive position error
and average comprehensive attitude error were reduced by 63. 4% and 70. 2% . Finally, in order to verify
the stability of the above quadratic identification method, five different sets of identification datasets and
validation datasets were randomly selected for the parameter error identification of the POE error model.
The results showed that the proposed quadratic identification method was able to stably and accurately
identify the kinematic parameter errors of industrial robots.
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Schematic of industrial robot joint axes and

coordinate system
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Tab.1 Nominal values of POE kinematic model

parameters for Staubli TX60 robot
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Fig.2 Flow chart of quadratic identification method
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Tab.2 Errors in POE kinematic model parameters for Staubli TX60 robot

fl §2 53 §5 §6 §SII
-2.20x10°* 4.10 x10 4 6.10 x10~* 2.60 x 10 ~* -3.10x10°* 1.90 x10~* 9.00 x10°
-5.30 x10 4 6.30 x10 ~* -9.00x10°° -1.90 x10~* -2.20x10°* -3.30x10°* -8.00x10°°
-1.20 x10* 1.10 x10 73 1.50 x10 73 -3.00 x10° 4.90 x10 ~* -4.00x10°° 2.00 x10*
-2.01 x107? -2.02 x10 2 -1.95%x107? -1.71 x10 2 -4.80x107? 2.03 x10 72 2.07 x10 7?2
1.34 x1072 -2.03 x10 72 2.00 x10 7?2 -2.22x107? -2.02x107? 2.30 x10 72 2.00 x10 7?2
-1.40x10°? -1.94 x10 72 2.01x10 72 -1.90 x10 °? -3.80x107° -1.68 x10°? -5.90 x10°?
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Tab.3 Calculation of observability indexes
e 0, 0, 0, 0, 0,
1 2.93 1.31x107° 0.010728 1.4x10°%  226.460
2 2.93 1.41x107% 0.011282 1.6x10°% 215.995
3 2.94 1.44x107° 0.011343 1.6x10°% 214.728
4 2,92 1.37x107° 0.010944 1.5x10°% 221.409
5 2,92 1.37x10°° 0.010974 1.5x10°* 219.809
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Fig. 6  Average comprehensive position error before and

after robot calibration in different subgroups
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