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The thene of this Special Issue is on Analytical Theory of Fuzzy
Control with Applications. The theoretical devel opment covered in
this Issue is focused on nathematical analysis and rigorous design
met hods for fuzzy control systens.

Introduced in 1974, fuzzy control, as an energing technology
targeting industrial applications, has added a prom sing di nension
to the existing domain of conventional control engineering. It is
a common belief that when a conplex physical system does not
provide a precise or reasonably accurate nathematical nodel,
particularly when the system description requires certain human
experience in vague terns, fuzzy control nethodology has sone
salient features and distinguished nerits over many other
appr oaches.

Fuzzy control nethods and algorithns, including nany specialized
software and hardware available on the nmarket today, may be
cat egori zed as intelligent contr ol si nce fuzzy contr ol
incorporates sone kind of human expertise into its conponents
(fuzzy sets, fuzzy logic, and fuzzy rule base). Using hunman
knowl edge in controller design is not only advantageous but
of tentimes necessary. Even cl assi cal controller desi gn
i ncor porates human know edge since what type of controller to use
and how to determine the controller structure and paraneters are
| argely depending on the decision and choice of the designer. The
relatively new fuzzy control technology tends to be an
alternative, rather than a replacenent, of the existing control
techniques such as «classical <controls and other intelligent
controls (neural networks, expert systens, etc.). Together, they
supply the control systenms community with a nore conplete tool box
to deal with the conplex, dynamc, and uncertain world. Fuzzy
control technology is one of the nmany tools that are devel oped not
only for elegant mathematical theories but, nore inportantly, for
various practical problens with technical challenges.

Conpared with conventional approaches, fuzzy control utilizes nore
information from domain experts and relies |less on mathemati cal
nodel i ng about a physical system On one hand, fuzzy contro
theory can be heuristic and sonmewhat ad hoc. This sonetines is
preferable, especially when |owcost and easy-operations are
i nvolved, for which mathematical rigor is not the main concern.



Choosing a fuzzy set or a fuzzy rule base nay seem to be rather
subj ective, where the human know edge about the underlying

physi cal systens conmes into play. However, this is just |Ilike
choosing a mathematical nodel in determnistic control (Linear or
nonlinear? If linear, what order should be used? What kind of

optimality criterion should be chosen? Wat kind of norm should be
adopted for robustness neasure?) and choosing a distribution
function in stochastic control (Gaussian or non-Gussian noise?
White noise or just unknown but bounded uncertainty?), to nane a
few On the other hand, fuzzy control theory can be rigorous and
fuzzy controllers can have precise and analytic structures wth
guaranteed cl osed-loop system stability, if such characteristics
are desired. In this direction, the ultinate objective of the
current fuzzy control research is appealing: the fuzzy control
technology is noving toward a solid foundation as part of the
nodern control theory. The trend of a rigorous approach to fuzzy
control, starting from the mddle of 1980s, has produced many
exciting and promsing results. For instance, sone analytic
structures of fuzzy controllers and their relationship wth
correspondi ng conventional controllers are much better understood
today. Nunerous analysis and design nethods have been devel oped

whi ch have turned the earlier "art" of building a working fuzzy
controller to "science" of systematic design. Another inportant
aspect is that analytical control theory has nade the fuzzy
control practice safer, nore efficient, and nore cost-effective.

This Special Issue represents a continued effort of sone forenost
researchers involved in the long-term pursuit of analytic theory
and rigorous design for fuzzy control systens. Eight papers are
i ncluded; all of which contain original and new research results,
representing to sonme extent the state-of-the-art developnents in
the field. Sonme applications of the reported new schenes and
nmet hods are also illustrated.

Acconplishments notw thstanding, there is still a long journey
ahead for the fuzzy control engineers as well as the contro
community as a whole, which, in hope, wll lead the field to

become a rigorous and conplete engineering and scientific
discipline in the new m | ennium
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