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IMPLEMENTATION OF A STABLE INDIRECT FUZZY CONTROLLER
Omar Sanchez, Anibal Ollero
(Invited paper)

In this paper, the application of stability indices to design a stable MIMO fuzzy controller is presented. A selective adaptation mechanism based on the
overlap ratio is applied to obtain an adequate distribution of the membership functions of the fuzzy plant model and the controller. The control law is

obtained by using a stability supervisor applied to the design of an indirect MIMO controller.

CHAOTIC TIME-SERIES PREDICTION USING WAVELET DESCRIPTORS-BASED NEUROFUZZY NETWORKS
L.J. Nunes, I.M.G. S4 da Costa

Wavelet analysis techniques have seen an almost exponential increase over the last few years. Most of this work is related to signal processing, and data is
invariably processed in blocks, with a size equal to some power of two. Wavelets have also gained an increasing interest in the areas of systems modelling
and control. However, this work uses mostly infinite wavelet series, and fails to address the power of data de-correlation that is present in fast discrete
wavelet transforms. This paper presents a novel approach, in which the coefficients of the discrete transform more exactly, the discrete wavelet packet
transform are treated as signal descriptors. These descriptors are used as a pre-image for a neurofuzzy function approximator, with a particular architecture
that can be used both for pattern recognition or regression problems. Because of the analogies - and differences - of the neurofuzzy network with previous
work, it has been deemed a WANFIS network (Wavelet-based Neuro-Fuzzy Inference System).

Session continues on next page.
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Abstract: In this paper, the application of stability indices to design a stable MIMO fuzzy
controller is presented. A selective adaptation mechanism based on the overlap ratio is
applied to obtain an adequate distribution of the membership functions of the fuzzy plant
model and the controller. The control law is obtained by using a stability supervisor
applied to the design of an indirect MIMO controller. Copyright © 2002 IFAC
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1. INTRODUCTION.

The application of the stability indices (Aracil, et. al,
1989) has demonstrated interest for the design of
fuzzy control systems (Ollero, ef al, 1995; Wang, L.
1997). Stability and robustness indices were
formulated to analyze conventional fuzzy control
systems with rules defining linguistic control actions
obtained from the process heuristic knowledge. The
indices quantify how far the system is from the
stability loss.

The adequate distribution of the membership
functions (MFs), particularly around the equilibrium
point (Ollero, et al, 1995), is important to analyse the
local indices and to facilitate the Jacobian
computation. The above is fulfilled by means of a
method to adjust the distribution of MFs in the
universe of discourse, based on the overlap ratio
(Sénchez, et al., 1998).

In this paper the stability indices are used embedded
on a stability supervisor where the plant model and
the controller are obtained using a modified
adaptation mechanism to assure the fuzzy
knowledge. The indirect method (Narendra, er al,
1990) of controller design is applied to obtain a
stable MIMO fuzzy controller.

2. THE STABILITY INDICES APPLIED TO A
MIMO SYSTEM.

Consider the control structure shown in Figure 1.
The equivalent TS fuzzy plant model can be
represented by the following set of rules:
R:TFx is A4 and,...; and x, is 4, and,
.,andx, is 4, and %, is B, and,
.,and %, is B, and,..,and u, is B, (1)
THEN x(X)=a,x +.+a, x, +

Aa]x +bu + +bu + + b u,
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Figure 1.- Design of a stable fuzzy logic controller
based on stability indices.

where r=/..M is the rule number, j=l.m is the
number of control laws, i=k=1.n is the number
of the states variables of a n-order system,

X = Xj,., X, X, 18 the state space vector defined in
a region Q, of the state space, X/ (x)is the output of
the 7" rule in the Takagi-Sugeno (TS) fuzzy plant
model, 4,,.,4, .4, and B/ . .B/S . B, are the
MFs of ‘the precedent part; and a,’,.a, ..a, ,
by,..b},.b,, are the TS coefficients of the consequent
part.

A set of rules such as (1) using center average
defuzzifier, product inference engine and singleton






