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Short Abstract

In this paper, the robust finite-time tracking for a class of nonlinear systems comprising interconnected double integrator subsystems is discussed. This
particular class of nonlinear systems is able to describe and model a group of practical plants such as industrial robot manipulators, autonomous
underwater vehicles (AUVs), autonomous marine vessels, unmanned aerial vehicles (UAVS), and inverted pendulums. By developing the nonsingular
terminal sliding mode control (NTSMC) method and defining innovative nonlinear sliding manifolds, control inputs are designed in order to convert
the aforementioned system to the canonical nonlinear form and, in consequence, two significant goals including the finite-time tracking objective and
the global finite-time stabilization of the closed-loop system (subjected to unbounded disturbances and uncertainties) are provided and guaranteed.
Furthermore, a remarkable relation is derived to estimate the convergence finite time regarding the mentioned tracking problem. This relation reveals
that the convergence finite time extremely depends on the values of arbitrary constants of the designed control inputs. Finally, the proposed robust
control scheme is numerically simulated onto two-link robot manipulator and simulation results illustrate that the designed control inputs properly fulfill
the finite-time tracking objective.

Keywords
Practical nonlinear system, Global finite-time stability, Terminal sliding mode control (TSMC), Robust finite-time tracking, Interconnected double

integrator subsystems.

1-  Short Introduction

A lot of practical plants (such as industrial robot manipulators, autonomous underwater vehicles, autonomous marine vessels, and unmanned aerial
vehicles) are described by a class of nonlinear systems containing interconnected double integrator subsystems and, in consequence, the trajectory issue
regarding this type of nonlinear systems has become a challenging research field in control engineering. Over time, several outstanding control strategies
have been introduced to deal with the aforementioned problem and many references only have guaranteed the global asymptotic stability while the
trajectory control objective for the mentioned practical systems should be accomplished within a finite time. Furthermore, numerous relevant papers
have not considered the effect of uncertainties and, in consequence, their proposed control strategies are not robust.

2-  Proposed Work and Methodology

In this work, the robust finite-time nonlinear control inputs (based on nonsingular terminal sliding mode control) are introduced to tackle the finite-time
trajectory tacking problem for a class of nonlinear systems (comprising interconnected double integrator subsystems) in the presence of external
disturbances and uncertainties. Compared to relevant papers, this work possesses two remarkable novelties summarized in the following: (a) The
trajectory tracking objective is established in a finite time and the global finite-time stability of the closed loop nonlinear system is guaranteed. (b) The
suggested control scheme is robust against uncertainties and disturbances.

3-  Conclusion

Based on the nonsingular terminal sliding mode control (NTSMC), innovative nonlinear control inputs were designed and proposed to accomplish the
robust finite-time tracking objective for a group of uncertain nonlinear systems (represented by interconnected double integrator subsystems) in the
presece of unbounded disturbances. By utilizing the Lyapunov stability theorem, the global finite-time stabilization of the aforementioned closed-loop
nonlinear system was proven mathematically. Eventually, by using MATLAB software, a numerical simulation carried out in order to demonstrate the
suggested control scheme is able to provide the desired finite-time tracking objective appropriately.
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