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2 Real-time
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! Griinwald—Letnikov (GL)

2 Fractional Euler—Lagrange model

3 Fractional Hamilton model

4 Particle swarm optimization

5 Integral of Time multiplied by Absolute Error

¢ Fractional-order Sliding mode control

7 Fractional order dynamics in non-commensurate order

8 Non-Equidistant Fractional order Accumulation (NEFA)
? Visual based
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! Least Square Estimation (LSE)
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2 Regulation

3 Synchronous Reluctance Motor (SRM)

4 Fractional second-order nonsingular terminal Multi segment sliding mode control (F2NTMSMC)
5> Hereafter

¢ Fractional Lyapunov theory

7 Multi-segment Sliding Mode Disturbance Observer (MSMDO)

* Fractional-order Super-twisting Non-singular Terminal sliding mode (ST-FONTSM)
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Abstract

In this research, one of the methods of higher-order sliding mode control, along with
defining the sliding surface as a nonsingular terminal sliding mode has been used
using fractional-order calculus. In sliding mode control based on fractional
calculations, in defining the sliding surface and switching functions and also in
defining the control laws, fractional-order derivatives and integrals are used. For this
purpose, in this research, the design of a higher-order sliding mode method based on
fractional calculations has been used to improve the performance of robotic systems.
Utilizing a higher-order sliding mode controller using the super-twisting algorithm
and the fractional-order non-single terminal sliding mode for the two-link serial robot
is the novelty of the presented research. The design of the suggested controller is such
that it is independent of the robotic manipulators model and is based on system errors.
Also, the design of the first-order fractional sliding mode controller has been done in
this research and its results have been stated. In order to investigate the behavior of
the designed controllers, the results of the proposed controller are compared with the
proportional-derivative controller as well as the proportional-derivative-integral
controller. Stability analysis of the close-loop system has performed using
Lyapunov's method. The purposed of this research is achive to high accuracy, fast
convergence, and high robustness in the closed-loop system.

Keywords : Robotics manipulator, Higher-order sliding mode, Super-twisting algorithm,
Fractional calculus, Non-singular Terminal Sliding Mode Control.
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