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a b s t r a c t

In this paper we present a rule-based system by using interval type-2 fuzzy sets (IT2-FS) for
solving problems of spatial analysis. This system is encapsulated in a Geographical Infor-
mation System (GIS) by performing numerous tests for evaluating their reliability.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

A problem of spatial analysis [6,7,10] lacks reliability in its final results because of the uncertainty introduced via the deci-
sion process which concerns that problem. In many cases the expert’s decisions can be modeled by using fuzzy rule-based
systems. Many authors (see, e. g., [1,5–12,29–32,40]) present spatial analysis frameworks in which a fuzzy rule-based system
is encapsulated in a Geographical Information System (GIS). Generally speaking, in a fuzzy rule-based system (see, e.g., [13–
20,24–28,33–39,41,42]) a fuzzy implication can be expressed as an IF-THEN statement, where the IF (resp., THEN) term in
the rules forms the antecedent (resp., consequent). The terms in the rules are linguistic labels represented from fuzzy sets
like, for instance, in the following:

IF \max temperature ¼ Very high" AND \humidity ¼ Very high" THEN \chance of rain ¼ High"

The terms ‘‘max_temperature = Very high’’, ‘‘humidity = Very high’’ and ‘‘chance_of_rain = High’’ are type-1 (that is,
classical) fuzzy sets. The knowledge of the domain expert is encoded in a fuzzy rule set which is used for making decision,
starting by crisp input data. The expert creates a fuzzy partition of the input and output domains by assigning a linguistic
label to each fuzzy set. The AND implication in each rule is modeled using a triangular norm, usually the operator min.
Indeed, if the antecedent of a rule is ‘‘IF (x1 = Ah) AND (x2 = Ak)’’, the degree of the input matching x = (x1, x2) in the rule is
given as lR ¼ minðlAh

ðxnÞ;lAk
ðx2ÞÞ: This value is called the firing level of the rule R. The components of a type-1 fuzzy

rule-based system are shown in Fig. 1.
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The component, called fuzzifier, performs the fuzzification of the input crisp data; this component uses the fuzzy parti-
tions of the domain of the input variable determining the membership value of a crisp data to each fuzzy set. Generally, this
component verifies also the presence of noise in the input data.

The fuzzy inference engine performs the inference process; the most used inference models are due to Mamdani [23] and
Sugeno [35]. In Fig. 2 an example of Mamdani inference model is applied on a fuzzy rule-based system formed from the two
rules. By applying the max–min composition operator, we obtain the output fuzzy set B0.

The component, called defuzzifier, performs the defuzzification process, i.e. the reconversion of the output fuzzy set B0 in a
crisp form. The most used defuzzification tools are the centroid and the center average methods.

In order to create the fuzzy rules, the expert creates a fuzzy partition of the variable domains. Each fuzzy set is defined via
a linguistic label and the related membership function: generally, the expert uses triangular or semi-trapezoidal type-1 fuzzy
sets. The membership function of a triangular type-1 fuzzy set is characterized from the lower L, central M and upper R val-
ues defined on the x-axis (L, M, R are distinct between them). The membership function of a left (resp., right) semi-trapezoi-
dal type-1 fuzzy set have L = M < R (resp., L < M = R) on the x-axis. Formulae (1)–(3) give the membership functions for
triangular, left and right semi-trapezoidal type-1 fuzzy sets, respectively. The above type-1 fuzzy sets can be represented
by a triple (L, M, R). For example, we consider a fuzzy partition of the domain ‘‘Max Temperature’’ in Fig. 3.

Fig. 1. Components of a type-1 fuzzy rule-based system.

Fig. 2. Example of Mamdani model applied to type-1 fuzzy rules.
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