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Hybrid Control of Fuzzy Type 2-Neural Network and Higher Order Sliding Mode for Robotic
Manipulator with Parametric Uncertainties and Perturbations

S. Mohammadrezaei Nodeh Department of Mechanical Engineering, Babol Noshirvani University of Technology, Babol, Iran
M. H. Ghasemi Department of Mechanical Engineering, Babol Noshirvani University of Technology, Babol, Iran
H. R. Mohammadi Daniali Department of Mechanical Engineering, Babol Noshirvani University of Technology, Babol, Iran
Abstract

Industrial arms must be able to perform their tasks in environments with serious unplanned conditions and perturbations. In this paper, the
aim is to control a robotic manipulator which is under parametric uncertainty and significant external perturbations. Fuzzy type 2 logic is
considered as an appropriate choice in the face of uncertain conditions due to various reasons such as the use of fuzzy membership functions
and footprint of uncertainty existence in the algorithm. The use of neural network can increase the robustness of controller in the face of
uncertainties. Although the neural network does not necessarily need to build its fuzzy type 2 rules, the initial rules based on sliding surface
of sliding mode scheme can improve system’s performance. More robustness of the novel algorithm in comparison with classic sliding mode
controller is the main feature made in the presence of parametric uncertainty and external perturbations. In addition, the controller self-
regulation feature, based on the existence of neural network in the central block of fuzzy type 2 controller, helps to increase the robustness of
the method. Positive performance of novel scheme has been shown in simulation of two-link robotic arm with different significant
perturbations.

Keywords Fuzzy Type 2 Logic, Higher Order Sliding Mode, Parametric Uncertainty, Perturbation.
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