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Global Finite Time Tracking for a General Class of Nonlinear Systems
Using Nonsingular Adaptive-Terminal Sliding Mode Control

Ali Abooee, Masoud Moravej Khorasani, Mohammad Haeri

Abstract: In this paper, the global finite time tracking problem of desired trajectories for a wide group of nonlinear systems
subjected to unbounded disturbances and uncertainties is addressed. The considered class for nonlinear systems, containing a
chain of interacting double integrator subsystems, can describe and model variety of practical systems. To tackle the
mentioned problem, the adaptive control approach is incorporated with a nonsingular terminal sliding mode control and a
new control method is suggested. Finite time adaptation laws are designed to estimate unknown constant coefficients of
upper bound of uncertainties and disturbances within a finite time. Analytical studies demonstrate that by applying the
proposed control scheme, tracking errors will converge to zero exactly after a tunable finite time. Also, a relation is
presented for calculating an upper bound for the mentioned time which depends on initial conditions of the states and some
arbitrary parameters. The convergence rate of the tracking errors could be tuned by proper choice of these parameters.
Finally, analytical results are simulated on two practical systems including thrust active magnetic bearing (TAMB) and two-
link robot manipulator to demonstrate the effectiveness of the suggested control technique.

Keywords: Global finite time stability, Finite time tracking, Nonsingular adaptive-terminal sliding mode control, Finite
settling and reaching time.
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°® MEMS gyroscope

0 Recursive neural network

U Single input-double integrator nonlinear system
%2 Single input-canonical nonlinear system

* Homogenous nonlinear system

' Terminal sliding mode control
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! Finite settling time

2 Global finite time stability

% Bhat

* Lyapunov-like lemma

® Finite time consensus and formation of multi-agent systems
® Thrust Active Magnetic Bearing (TAMB)

" Finite time guidance of missile’s autopilot

8 Unmanned aerial vehicles
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15 Singularity

16 Nonsingular terminal sliding mode control

17 Second order sliding mode control

18 Second order nonsingular terminal sliding mode control
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