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Abstract

Pareto Optimum Design of Sliding Mode Controller With Variable Boundary Layer
Using Predictive Control Method.

Vahid Majdabadi Farahani

Designing optimized controller for uncertain systems is one of the most important tasks in
control engineering. For this purpose Sliding Mode Control (SMC) or Variable Structure Control
(VSC) is known as one of the methods with good performance due to its fundamental property of
robustness and invariance to model parametric uncertainties. But the conventional SMC results
in a discontinuous control signal with chattering.

The use of boundary layer in SMC has been a common technique to reduce chattering of the
control signal which can be assumed time varying to increase the performance of such controller.
To do this saturation function is used in a neighborhood of sliding surface to avoid chattering and
omit discontinuity of control signal, as done in this work. Many different methods such as fuzzy
logic and differential equations have been used to reach this goal in recent years.

In this thesis the idea of Model Predictive Control (MPC) is used for designing a time variable
boundary layer for SMC, which is the novelty of the work. The proposed method omits
chattering in control signal along with preserving the pleasant properties of SMC mentioned
above. In fact the method of MPC uses an optimization procedure to predict the value of the
boundary layer in proceeding time steps (prediction horizon) in order to prepare a desirable
performance for the system at the time being. Boundary layer thickness is assumed as design
variable in order to minimize the system’s tracking error. At the end of each prediction step the
predicted values form a boundary layer vector. The first member of this vector is kept only and
applied to the system to obtain the new control signal which determines the system response for
the present time step. This value is used for next step of MPC prediction algorithm and the
procedure goes on in the same way.

To prove the performance of this method it is proposed to two nonlinear uncertain systems. In
each case graphs of tracking error, sliding surface and control signal are presented and also
compared with the results of previous controls done. Simulation results show the prominence of
the proposed control in comparison with previous controls used.

Coefficients of proposed controller for inverted pendulum are also optimized by the use of
Genetic Algorithm as a well known and performable multi-objective optimization method, in
which error coefficient in first sliding surface (c;), sliding condition coefficient (k), maximum
value of the transfer coefficient (z,) and second sliding surface thickness (®z) are design
variables and maximum value of control signal (Max|u|) and integral absolute value of sliding
surface ([ |s|dt) construct the two objective functions. Results obtained from optimization also
show decrease in tracking error & better performance of the proposed control. At the end, the
robustness of the proposed control method to uncertainties of system parameters is shown using
a Hamersley sampling method.

Key words :
Sliding mode control, model predictive control, nonlinear systems, multi objective optimization,
Genetic Algorithm
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