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Abstract: The proper work of model based controller such as LQG or GPC one depends on its right setting expressed by so called tuning knobs. It is often difficult to set these knobs well, mainly for non–experts, especially in MIMO case where the number of knobs rapidly increases. Accurate tuning is hardly possible using trial and error method. A sophisticated algorithm has to be developed for successful use of these controllers. The classical methods for controller settings can not be precise enough for this kind of systems and it is expected the controller function can be improved considerably if they are better tuned.
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1. INTRODUCTION

The LQG controller design depends on several penalization variables called tuning knobs. It is difficult to guess these variables directly, because they do not correspond to the user’s re​quirements placed on the controller. The user usually defines the requirements as constraints placed on the signals on the controlled system. The proper tuning knobs setting fits the con​troller into the constraints. The constraints can be placed on system input value, system input differences, overshoot or the time to reach a desired state. For the task of tuning it is required to find a dependency of the controller quality on the tuning knobs setting e.g. to calculate the system input range when particular values of the tuning knobs are set.

The tuning, as a minimization of system constraints violation, is an optimization problem. Only the samples of the controller quality—objective function can be evaluated, no gradients

are available. For each sample a simulation must be performed.

The tuning would be easily solvable by standard optimization routines but the stochastic na​ture of the simulation results moves the problem to a stochastic optimization.

The task of LQG controller quality and its tuning was concerned in (Rojíček, 1998). Tuning

was designed only for SISO system where simple optimization methods were sufficient.
2. TUNING ALGORITHM

Tuning knobs are represented by parameters Q. They express typically penalization weights. For example in case of LQG controller the tuning knobs are coefficients in its quadratic criterion, but user requirements express usually some constraints of system quantities. For example value of an actuator input must not exceed some bounding interval, there is a maximum value of output overshoot or maximum input difference is limited.

For each value of a tuning knobs Q we can evaluate an error in sense of user requirements by creating a controller using given tuning knob values. Then a simulation of the closed loop is performed. From results of the simulation, simulated data D, we can say how much the requirements were violated. This violation is measured by a loss function Z(D). Aim of the tuning is to make the loss function zero or at least minimal to satisfy the requirements exactly or as much as possible. The proper choice of the loss function is also important and will be discussed in this paper.

2.1 Model description

Simulated model is a linear one, which can be completely estimated using available Bayesian tools. The model is described using an outer model probability density function (pdf) 
[image: image6.wmf], where y is process output, u process input, ' is regressor vector and _ describes model parameters. Quantity ( is a random variable and its probability density function f(() is known as result of a previous identification process.

2.2 Loss function distribution

Data D composed of the system input—output quantities recorded during simulation depends on tuning knobs settings Q and on model parameters pdf f( = f((). Pdf of the data can be written as
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Measure of the user requirement violation is a loss function Z(D) depending on data. Distribution 
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of the loss function can be formally found by transforming through the mapping D ! Z.

Our goal is to find best tuning knob setting. In the ideal situation there is a distribution of tuning knobs 
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 conditioned by loss function Z and distribution f_, which would assign optimal tuning knob values to given loss function definition. In real situation it is hardly possible to compute such pdf directly, because the relationship between the loss function and tuning knobs is usually nonlinear and it is not possible to find it analytically. So that, optimization of its characteristics is quite involved.

2.3 Adaptive control simulation algorithm

Tuning will be performed by using an optimization technique. For the optimization we need to get a real number instead of pdf. A function which maps the pdf to a real number has to be used. It can be the expected value approximated as a sample mean. Other advisable choice is such value, for which the user requirements satisfied are with given probability.
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Fig. 1: Typical shape of the loss functions
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Tab. 1: Typical shape of the loss functions
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