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a b s t r a c t
A review of the applications of interval type-2 fuzzy logic in intelligent control has been
considered in this paper. The fundamental focus of the paper is based on the basic reasons
for using type-2 fuzzy controllers for different areas of application. Recently, bio-inspired
methods have emerged as powerful optimization algorithms for solving complex
problems. In the case of designing type-2 fuzzy controllers for particular applications,
the use of bio-inspired optimization methods have helped in the complex task of ﬁnding
the appropriate parameter values and structure of the fuzzy systems. In this review, we
consider the application of genetic algorithms, particle swarm optimization and ant colony
optimization as three different paradigms that help in the design of optimal type-2 fuzzy
controllers. We also mention alternative approaches to designing type-2 fuzzy controllers
without optimization techniques.
Ó 2014 Elsevier Inc. All rights reserved.

1. Introduction
Uncertainty affects decision-making and emerges in a number of different forms. The concept of information is inherently
associated with the concept of uncertainty [112,117]. The most fundamental aspect of this connection is that the uncertainty
involved in any problem-solving situation is a result of some information deﬁciency, which may be incomplete, imprecise,
fragmentary, not fully reliable, vague, contradictory, or deﬁcient in some other way. Uncertainty is an attribute of information [168]. The general framework of fuzzy reasoning allows handling much of this uncertainty and fuzzy systems employ
type-1 fuzzy sets, which represent uncertainty by numbers in the range [0, 1]. When an entity is uncertain, like a measurement, it is difﬁcult to determine its exact value, and of course type-1 fuzzy sets make more sense than traditional sets [168].
However, if we have a higher degree of uncertainty in the problem, in this case another type of fuzzy sets that are able to
handle this higher degree of uncertainty could be used, the so called type-2 fuzzy sets [26]. The amount of uncertainty in
a system can be reduced by using type-2 fuzzy logic because this logic offers better capabilities to handle linguistic
uncertainties by modeling vagueness and unreliability of information [149,162]. A higher degree of uncertainty in control
applications means that there is noise in the control process mainly due to a changing environment for the plant or when
information is transmitted (like in the feedback process in the control loop). Of course, there is always some degree of this
uncertainty, but if this is in a low level then type-1 fuzzy logic may be sufﬁcient to manage it. However, in many real
situations the noise or dynamically changing environment can be viewed as with a higher degree of uncertainty and then
we can expect that type-2 fuzzy logic can do a better job in handling it.
⇑ Corresponding author. Tel.: +52 6646236318.
E-mail address: pmelin@tectijuana.mx (P. Melin).
http://dx.doi.org/10.1016/j.ins.2014.04.015
0020-0255/Ó 2014 Elsevier Inc. All rights reserved.

616

O. Castillo, P. Melin / Information Sciences 279 (2014) 615–631

Type-2 fuzzy models have emerged as an interesting generalization of fuzzy models based upon type-1 fuzzy sets [26,57].
There have been a number of claims put forward as to the relevance of type-2 fuzzy sets being regarded as generic building
constructs of fuzzy models [47,140,152]. Likewise, there is a record of some experimental evidence showing some improvements in terms of accuracy of fuzzy models of type-2 over their type-1 counterparts [31,48,104]. Unfortunately, no systematic and comprehensive design framework has been provided and while improvements over type-1 fuzzy models were
evidenced, it is not clear whether this effect could always be expected. Furthermore, it is not demonstrated whether the
improvement is substantial enough and fully legitimized given the substantial optimization overhead associated with the
design of this category of models. There have been a lot of applications of type-2 in intelligent control [22,27,57,60,113],
pattern recognition [119], intelligent manufacturing [48,115,170], and others [9,30]. Similarly, optimization methods have
also been applied in the design of optimal type-1 fuzzy systems in diverse areas of application [5,13–15,41,63,65,73,136].
However, no general design strategy for ﬁnding the optimal type-2 fuzzy model has been proposed, and for this reason
bio-inspired algorithms have been used to try in ﬁnd these optimal type-2 models.
In general, the methods for designing a type-2 fuzzy model based on experimental data can be classiﬁed into two categories. The ﬁrst category of methods assumes that an optimal (in some sense) type-1 fuzzy model has already been designed
and afterwards a type-2 fuzzy model is constructed through some sound augmentation of the existing model. The second
class of design methods is concerned with the construction of the type-2 fuzzy model directly from experimental data. In
both cases, an optimization method can help in obtaining the optimal type-2 fuzzy model for the particular application.
Recently, bio-inspired methods have emerged as powerful optimization algorithms for solving complex problems [46]. In
the case of designing type-2 fuzzy controllers for particular applications, the use of bio-inspired optimization methods have
helped in the complex task of ﬁnding the appropriate parameter values and structure of the fuzzy systems. In this review, we
consider the application of genetic algorithms, particle swarm optimization and ant colony optimization as three different
paradigms that help in the design of optimal type-2 fuzzy controllers. We also mention some hybrid approaches and other
optimization methods that have been applied in problem of designing optimal type-2 fuzzy controllers in different domains
of application. The main thing that a reader can learn from this review is the importance of using bio-inspired optimization
methods in designing optimal type-2 fuzzy logic controllers. Of course, the use of type-2 fuzzy logic in the area of control has
been receiving recently considerable attention, but the main problem is the difﬁculty in the designing the type-2 fuzzy
controllers because these controllers have more parameters than their type-1 counterparts. For this reason the use of
bio-inspired optimization techniques has been gaining popularity in solving the problem of designing optimal type-2 fuzzy
controllers, which is the main theme of the paper.
2. Type-2 fuzzy logic systems
In this section, a brief overview of type-2 fuzzy systems is presented. This overview is intended to provide the basic
concepts needed to understand the methods and algorithms presented later in the paper [23,26].
If for a type-1 membership function, we blur it to the left and to the right, as illustrated in Fig. 1, then a type-2 membership function is produced. In this case, for a speciﬁc value x0 , the membership function (u0 ), takes on different values, which
are not all weighted the same, so we can assign membership grades to all of those points.

Fig. 1. Type-2 membership function as a blurred type-1 membership function.

