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Fig.1 Industrial robots and joint coordinate systems
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Table 2 Geometric parameter error identification results
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Fig.5 Temperature distribution of robots operating at different time
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Table S Experimental results comparing robot position error compensation methods
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Online Accuracy Compensation of Industrial Robots Considering
Temperature-Dependent Kinematic Parameters

GUO Shijie'?, XIAO Jiacheng', LI Zeyu', JIA Liang', JIA Jing"’
(1. School of Mechanical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China;
2. Inner Mongolia Key Laboratory of Robotics and Intelligent Equipment Technology, Hohhot 010051, China)

[ABSTRACT] To address the degradation of end-effector pose accuracy caused by the coupling of geometric and
thermal errors during the high-precision operations of industrial robots, this study focuses on a six-degree-of-freedom
industrial robot and proposes an online accuracy compensation method that accounts for the temperature-dependent
variations in kinematic parameters. A geometric error model was established based on the MD—H kinematic formulation,
and a mathematical relationship between temperature variations and kinematic parameters was constructed, enabling
unified modeling of thermally induced kinematic parameter drift. To overcome the slow convergence and susceptibility to
local optima of conventional parameter identification algorithms, an improved Goat Optimization Algorithm integrating
Tent chaotic mapping and differential evolution strategies was developed and employed for high-precision identification of
geometric error parameters. Furthermore, key temperature-sensitive parameters with a significant influence on end-effector
pose accuracy were selected through error Jacobian analysis and workspace simulations, thereby reducing the complexity
of online compensation. Experimental results on a KUKA KR16-2 industrial robot demonstrate that the proposed method
reduces the average position error and average orientation error to 0.3467 mm and 0.1778°, respectively, achieving
reductions of 61.80% and 51.23%, which verifies the effectiveness of the proposed approach.

Keywords: Industrial robots; Thermal error; Parameter temperature characteristics; Parameter identification;

Online compensation
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