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INtrODUctION

The situation and trends in the application of 
fuzzy logic to control multi-input/multi-output 
(MIMO) systems are analyzed. The basic steps in 
designing a control system are considered. Fuzzy 
control applications are either knowledge-based 
or model-based.

In model-based approaches, the first step is 
process modeling: Usually, interpolation and uni-
versal approximation are the two main features to 
be used in fuzzy MIMO systems in order to obtain 
a fuzzy function approximator which represents 

the controlled plant to a desired accuracy. For 
instance, the well known Takagi-Sugeno (T-S) 
model of the plant can be obtained. This leads 
to an integrated model which incorporates one 
“local behavior” in each fuzzy rule.

Another alternative is following a reasoning 
approach. In this case, a MIMO plant is treated 
as a whole, with as many variables as required, 
leading to a complex set of rules and knowledge. 
In this case, also an integral model of the plant 
is obtained.

The structure of the plant can be captured if the 
modeling approach deals with single input-output 
relationships and interactions among individual 
variables. In this case, a particular model can be 
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attached to any single relationship, being fuzzy 
or not. In many cases, if a suitable structural 
decomposition is found for a complex plant, 
control becomes much easier both in fuzzy and 
conventional approaches.

To design the control two main approaches 
can be considered:

(a)  The mimicking approach, trying to imple-
ment the control as explained by the experts. 
In this case, the MIMO structure implies a 
complex reasoning process with multiple 
antecedents and, probably, disconnected 
output requirements. In the same direction, 
the fuzzy approximation of standard MIMO 
control laws can be considered;

(b)  Alternatively, a model based control design 
can be considered. For integrated models, 
like the T-S or global models, some recent 
(but now standard) control design techniques 
can be used: Lyapunov, LMIs,...

Another alternative is the combination of clas-
sical control laws with fuzzy interpolation and 
refinement. This can be used for MIMO plants 
with multiple operational modes as well as those 
with well defined single-loop controls. Fuzzy 
techniques allow the smooth interpolation in the 
transfer between operational modes and to cope 
with uncertain interactions, leaving the “hard” 
control to standard controllers. Obviously, these 
controllers can be also approximated by fuzzy 
controllers if a unique fuzzy control environment 
is foreseen.

In the rest of the chapter, the available tech-
niques are reviewed, keeping in mind the specific 
features of MIMO systems.

The chapter structure can be outlined as fol-
lows: next section provides some background, 
definitions and characteristics of intelligent and, 
particularly, fuzzy approaches to process control. 
Also, issues arising in an integral plant-wide 
control project and where fuzzy systems may 
be helpful are discussed. The main focus of the 

chapter is split into the four next sections. First, the 
basic ideas behind reasoning approaches to fuzzy 
control (direct model-free controllers and fuzzy 
expert systems) are reported and a case study of a 
heuristic approach to control a reduction furnace 
is outlined. Next, an account of the function-
approximation approach to fuzzy modeling and 
control and some universal approximation ideas 
are discussed. Then, the popular Takagi-Sugeno 
approach to model nonlinear systems, including 
the recently proposed fuzzy polynomial systems, is 
presented. Last, control design techniques for this 
class of systems are briefly outlined, pointing out 
controversies and problems. All these problems 
and advantages, as well as future research direc-
tions are summarized in the next section. Finally, 
some concluding remarks close the chapter.

bAcKGrOUND

Given a plant and a general knowledge about its 
operation, and some goals and constraints, a con-
trol problem can be defined, in the more general 
setting, as how to design and tune the control 
subsystem to be connected to the plant in such a 
way that the whole system achieves the goals with-
out violating the constraints. Within this general 
framework, a control problem can be formulated 
as the regulation or tracking of some signals, the 
monitoring and supervision of the controlled plant 
operation, the optimization of some criteria, to 
guarantee the operation under faulty conditions 
or with many other different objectives.

In control research, the statement of the control 
problem is frequently limited to a particular issue, 
assuming the perfect operation of the rest of activi-
ties. For instance, to compute an optimal control, 
abnormal disturbances or failures, the start-up, 
as well as the shutting down of the plant are not 
considered. Also, the goals and constraints are 
assumed to be well defined. Under those not-too-
realistic settings, specific techniques have been 



 

 

30 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/perspectives-multivariable-fuzzy-control/46460

Related Content

Performativity in Practice: An Actor-Network Account of Professional Teaching Standards
Dianne Mulcahy (2011). International Journal of Actor-Network Theory and Technological Innovation (pp. 1-

16).

www.irma-international.org/article/performativity-practice-actor-network-account-professional-teaching-standards/54188

‘Stacked' Actor-Networks and Their Computer Modelling: The Problem of Identity
Peter Kopanovand Ivan Tchalakov (2016). International Journal of Actor-Network Theory and

Technological Innovation (pp. 52-69).

www.irma-international.org/article/stacked-actor-networks-and-their-computer-modelling/182682

From Intermediary to Mediator and Vice Versa: On Agency and Intentionality of a Mundane

Sociotechnical System
Antonio Díaz Andrade (2010). International Journal of Actor-Network Theory and Technological Innovation

(pp. 21-29).

www.irma-international.org/article/intermediary-mediator-vice-versa/47531

Institutionalisation of the Enterprise Architecture: The Actor-Network Perspective
Tiko Iyamu (2013). Social and Professional Applications of Actor-Network Theory for Technology

Development (pp. 144-155).

www.irma-international.org/chapter/institutionalisation-enterprise-architecture/70836

Knowledge Redundancy, Environmental Shocks, and Agents’ Opportunism
Lucio Biggiero (2011). Knowledge-Based Intelligent System Advancements: Systemic and Cybernetic

Approaches  (pp. 252-282).

www.irma-international.org/chapter/knowledge-redundancy-environmental-shocks-agents/46459

http://www.igi-global.com/chapter/perspectives-multivariable-fuzzy-control/46460
http://www.irma-international.org/article/performativity-practice-actor-network-account-professional-teaching-standards/54188
http://www.irma-international.org/article/stacked-actor-networks-and-their-computer-modelling/182682
http://www.irma-international.org/article/intermediary-mediator-vice-versa/47531
http://www.irma-international.org/chapter/institutionalisation-enterprise-architecture/70836
http://www.irma-international.org/chapter/knowledge-redundancy-environmental-shocks-agents/46459

