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Adaptive sliding mode iterative learning tracking control of multi-degree-
of-freedom robots

ZHANG Cheng-lin', SANG Wen-chuang®®, SUN Ning®3, QOIU Ze-hao*®, WU Qing-xiang*>!, FANG

Yong-chun?3
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University, Tianjin 300350, China; 3. Institute of Intelligence Technology and Robotic Systems, Shenzhen Research
Institute of Nankai University, Shenzhen 518083, China)

Abstract: Manipulators are widely used in manufacturing to replace manual work, reduce production risk, and improve
production efficiency. However, the high-quality demand of industrial production puts forward specific requirements
for the operation accuracy of manipulators. Considering the application scenario of ingot grinding in non-ferrous metal
factories, the operation tracks of the task are highly repetitive. In addition, the practical application environment is
complex and there are many uncertainties such as environmental interferences and system parameter changes, which
result in that fixed control parameters are difficult to ensure the continuous and stable operation of the system. Therefore,
an adaptive sliding mode iterative learning tracking control method is designed in this paper. The controller includes a
PD term with parameter self-tuning, the symbolic function term based on sliding mode, and a control input of the last
iteration. Especially, the PD control parameters are adjusted by the fuzzy logic system to improve the robustness of the
system. Furthermore, the closed-loop stability is proven by using Lyapunov techniques. Finally, the effectiveness and
robustness of the proposed control method are verified through several numerical simulations.

Keywords: multi-degree-of-freedom (DOF) manipulator; iterative learning control; sliding mode control; fuzzy adaptive
control; parameter self-tuning; trajectory tracking control
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