JOURNAL OF SOUTHERN COMMUNICATION ENGINEERING
ISLAMIC AZAD UNIVERSITY BUSHEHR BRANCH

E-ISSN: 2980-9231

https://jce.bushehr.iau.ir

https://doi.org/10.30495/jce.2022.693456

Vol. 12/ No. 46/Winter 2023

Research Article

Robust Sliding Mode Control of Robot Manipulators Using the Fourier

Series Expansion in the Presence of Uncertainty

Abdullah Hadipoor, M.Sc. **

Professors

| Siamak Azargoshasb, Assistant Professor 2

!Department of Electrical Engineering, Bushehr
Branch, Islamic Azad University, Bushehr, Iran,
hadipour3500@gmail.com

’Department of Electrical Engineering, Bushehr
Branch, Islamic Azad University, Bushehr, Iran,
s.azargoshasb@gmail.com

3Department of Electrical Engineering, Bushehr
Branch, Islamic Azad University, Bushehr, Iran,
rasul_ghasemi @yahoo.com

Correspondence

Abdullah Hadipoor, M. Sc Student of Electrical
Engineering, Bushehr Branch, Islamic Azad
University, Bushehr, Iran,
hadipour3500@gmail.com

Received: 12 June 2022
Revised: 29 July 2022
Accepted: 8 August 2022

| Abdolrasool Ghasemi, Assistant

Abstract

This paper, a robust dynamic slip mode controller for an electrical robot
manipulator is presented. The control law calculates the motor voltage
based on the voltage control strategy. Uncertainties are estimated using the
Fourier series expansion and the cutting error is compensated. Fourier
coefficients are adjusted based on stability analysis. Also in this paper is the
design of a robust controller using a new adaptive Fourier series extension.
Compared to previous related works based on the Fourier series expansion,
the advantage of this paper is that it provides a matching law for the main
frequency of the Fourier series expansion and thus eliminates the need for
trial and error in its regulation. A case study of a articulated robot powered
by DC magnet electric motors. The effect of uncertainty estimation based on
the Fourier series expansion is studied instead of using the sign function.
The proposed method is also compared with Legendre polynomials. The
simulation results confirm the robust and satisfactory performance of the

proposed controller.

Keywords: Voltage Control Strategy, Uncertainty, Fourier Series Expansion,
Sliding Mode Control, Robot Manipulators.

Highlights
The control law calculates the motor voltage based on the voltage control strategy.

Uncertainties are estimated using the Fourier series expansion and the cutting error is compensated.

For the main frequency of the Fourier series expansion, the adaptive law is presented and as a result eliminates
the need for trial-and-error method in its adjustment.

Fourier series coefficients are adjusted based on Lyapunov stability analysis.
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2 Dynamic Sliding Mode Control
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