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Abstract. In this paper, the generalized predictive control with the fuzzy model
is developed. GPC has been developed to control linear time invariant plants.
So, for controlling the nonlinear process, fuzzy model is used as the base
model of the predictor. The fuzzy model predictive control is demonstrated by
application to the problem of balancing and swing-up of an inverted pendulum
on a cart.
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1 Introduction

Model-based predictive control (MBPC) is an advanced control strategy that has been
widely applied in industry [1][2].

The generalized predictive control (GPC) of Clarke et al. [4][5] is one of the most

popular MBPC algorithms. GPC is characterized by the prediction of a process model
output over a prediction horizon, the evaluation of the difference between the desired

and the predicted output for determining a sequence of controller outputs, and the
optimization of an objective function over the prediction horizon including this
difference and the control output. The optimization is repeated at every sample time
with the new available process data, and at each step only the first control action in
the calculated sequence is applied to the process (receding horizon principle).

The prediction is based explicitly on the model of the process to be controlled and
it is presented as the first step in the predictive control. The predictive control based
on the linear model works well for linear processes. However, the disadvantage of the
predictive control with linear model is that it represents only the linear model of the
process. Therefore, for nonlinear processes the predictive control would be
unsatisfactory, then linearized model for approximating nonlinear process is required.

Recently, neural network and fuzzy logic theories have attracted considerable
attentions to control nonlinear processes. Since, the predictive control requires the
parametric form of the nonlinear system, the specific model in fuzzy logic is used
based on Takagi-Sugeno's fuzzy model whose structure has a linear regression form
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Fig. 6. Angle response

controllers for each of the sub-models are computed using classical techniques of the

GPC algorithm and a global control action is subsequently computed as a

combination of the controls obtained for each rule, using a fuzzy controller
 model

similar to the fuzzy model of the process. A typical genetic algorithm is combined

with a GPC algorithm to optimize the design parameters (N2, N, and 2) online. The

designed methodology is illustrated by application to the problem of balancing and

swing-up of an inverted pendulum on a cart.
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