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Studies on the Capability and Learning Methods for Fuzzy Inference Systems
Name: Hirofumi Miyajima

Fuzzy inference systems (FIS) are one of computational tools for soft computing and known as a model
processing ambiguous and incomplete knowledge. A lot of FIS have been proposed, but few FIS with high
accuracy and interpretability are known. In this thesis, theoretical capability, accuracy and interpretability of
the conventional and generalized FIS are clarified first. Further, new FIS consisted of two phases are
proposed as one of the models with high accuracy and interpretability and the effectiveness of them is
shown.

In Chapter 1, theoretical history and engineering background of fuzzy set and FIS are described. Further,
recent works for FIS, the content and organization of the thesis are also described.

In Chapter 2, the conventional FIS and their learning methods based on the steepest descent method are
introduced and the effectiveness of them is shown. Further, the capability for TS and Mamdani types of FIS
is shown.

In Chapter 3, FIS with high interpretability are proposed and their capability of FIS is shown. It is known
that FIS with high accuracy have low interpretability and FIS with high interpretability have low accuracy.
In this chapter, FIS with high accuracy and interpretability are proposed and their effectiveness is shown.
Further, the universal capability of the proposed FIS is shown.

In Chapter 4, FIS with vector quantization and their learning methods are proposed and the effectiveness
is shown. It is known that the conventional FIS need the large number of rules in learning of the problems
with high (input) dimension and the use of vector quantization for FIS leads to the reduction of fuzzy rules.
In this chapter, FIS with vector quantization are proposed and the effectiveness of them is shown.

In Chapter 5, FIS with meta-heuristics and their learning methods are proposed. It is known that obvious
drawbacks of learning methods based on the steepest descent method are its large computational complexity
and getting stuck in a shallow local minimum. Therefore, hybrid learning methods combining FIS with
meta-heuristic are proposed and the effectiveness of them is shown.

In Chapter 6, SNIRMs (Small Number of Input Rule Modules) models are proposed and the effectiveness
of them is shown. SIRMs (Single Input Rule Modules) models are known as one of simple FIS with high
interpretability. It is known that SNIRMs models as one of generalized SIRMs models are introduced and
the capability of them is shown. It is shown that SNIRMs model is superior in accuracy and interpretability,
and is inferior in the number of rules and accuracy to SIRMs and the conventional models, respectively.

In Chapter 7, SIRMs model with linear transformation of input variables consisted of two phases; the first
is a linear transformation of input to  intermediate variables and the second is to use SIRMs model is
proposed. It is shown that the proposed model has the same capability as the conventional FIS and does not
need parameters so much in learning. Further, it can be applied to classification problems with high
dimension and obstacle avoidance problem as an application to control problems. As a result, it is shown
that the proposed model is superior in accuracy and the number of parameters to the conventional FIS.

In Chapter 8, conclusions and the future works are described.



