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ARTICLE INFORMATION ABSTRACT
Original Research Paper Magnetic levitation systems are widely used in various industries. These kinds of systems are usually
Received 22 January 2017 open-loop unstable and are described by highly nonlinear differential equations which present additional
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- ) difficulties in controlling these systems in the presence of disturbance and sensor noise. We consider the
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stabilization and the tracking problems of a magnetic levitation system. In this paper an adaptive
fractional order Backstepping sliding mode control schemes is proposed. Backstepping algorithm is

K ds: . . . . LY

Megﬁ;icsmvitaﬂon system (maglev) based on the Lyapu_nov the_or_y. The proposed controller'ln this paper is designed by a combination of a
Sliding mode control theorem Backstepping algorithm, sliding mode control and fractional calculus to make more degree of freedom
Backstepping algorithm and robustness. The stability of the closed loop system is investigated by using the Lyapunov stability

Fractional order control theorem and the new extension of Lyapunov stability theorem for fractional order systems. Simulations

are performed to confirm the theoretical results of the proposed controller for the magnetic levitation
system. The proposed controller is able to reject the sensor noise and disturbance with a chattering free
control law. Finally, the simulation results of the proposed controller are compared with the adaptive
fast terminal sliding mode control.
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® Equivalent control law
" Adaptive fractional order Backstepping sliding mode control (AFOBSMC)
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! Proportional—Integral-Derivative (PID)

2 feed forward technique

® Feed forward linearization control

* piecewise linearization technigque

® state-dependent autoregressive with eXogenous variable
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Fig. 1 Block diagram of proposed adaptive fractional order
Backstepping sliding mode control
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Fig. 3 Control law (coil voltage) in the magnetic levitation system with
AFOBSMC and AFTSMC controllers
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Fig. 2 Ball position in the magnetic levitation system with AFOBSMC
and AFTSMC controllers
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Fig. 7 Control law (coil voltage) in the magnetic levitation system with
AFOBSMC (a) and AFTSMC (b) controllers under external
disturbance and noise
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