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New Advances in Intelligent Signal Processing, 2011
ISBN 978-3-642-11738-1

Vol. 373. Oleg Okun, Giorgio Valentini, and Matteo Re (Eds.)
Ensembles in Machine Learning Applications, 2011
ISBN 978-3-642-22909-1

Vol. 374. Dimitri Plemenos and Georgios Miaoulis (Eds.)
Intelligent Computer Graphics 2011, 2011
ISBN 978-3-642-22906-0

Vol. 375. Marenglen Biba and Fatos Xhafa (Eds.)
Learning Structure and Schemas from Documents, 2011
ISBN 978-3-642-22912-1

Vol. 376. Toyohide Watanabe and Lakhmi C. Jain (Eds.)
Innovations in Intelligent Machines – 2, 2011
ISBN 978-3-642-23189-6

Vol. 377. Roger Lee (Ed.)
Software Engineering Research, Management
and Applications 2011, 2011
ISBN 978-3-642-23201-5

Vol. 378. János Fodor, Ryszard Klempous, and
Carmen Paz Suárez Araujo (Eds.)
Recent Advances in Intelligent Engineering Systems, 2011
ISBN 978-3-642-23228-2

Vol. 379. Ferrante Neri, Carlos Cotta, and
Pablo Moscato (Eds.)
Handbook of Memetic Algorithms, 2011
ISBN 978-3-642-23246-6

Vol. 380.Anthony Brabazon, Michael O’Neill, and
Dietmar Maringer (Eds.)
Natural Computing in Computational Finance, 2011
ISBN 978-3-642-23335-7

Vol. 381. Rados�law Katarzyniak, Tzu-Fu Chiu,
Chao-Fu Hong, and Ngoc Thanh Nguyen (Eds.)
Semantic Methods for Knowledge Management and
Communication, 2011
ISBN 978-3-642-23417-0

Vol. 382. F.M.T. Brazier, Kees Nieuwenhuis, Gregor Pavlin,
Martijn Warnier, and Costin Badica (Eds.)
Intelligent Distributed Computing V, 2011
ISBN 978-3-642-24012-6

Vol. 383. Takayuki Ito, Minjie Zhang,Valentin Robu,
Shaheen Fatima, and Tokuro Matsuo (Eds.)
New Trends in Agent-Based Complex Automated
Negotiations, 2012
ISBN 978-3-642-24695-1

Vol. 384. Daphna Weinshall, Jörn Anemüller,
and Luc van Gool (Eds.)
Detection and Identification of Rare Audiovisual Cues, 2012
ISBN 978-3-642-24033-1

Vol. 385.Alex Graves
Supervised Sequence Labelling with Recurrent Neural
Networks, 2012
ISBN 978-3-642-24796-5

Vol. 386. Marek R. Ogiela and Lakhmi C. Jain (Eds.)
Computational Intelligence Paradigms in Advanced Pattern
Classification, 2012
ISBN 978-3-642-24048-5

Vol. 387. David Alejandro Pelta, Natalio Krasnogor,
Dan Dumitrescu, Camelia Chira, and Rodica Lung (Eds.)
Nature Inspired Cooperative Strategies for Optimization
(NICSO 2011), 2011
ISBN 978-3-642-24093-5

Vol. 388. Tiansi Dong
Recognizing Variable Environments, 2012
ISBN 978-3-642-24057-7

Vol. 389. Patricia Melin
Modular Neural Networks and Type-2 Fuzzy Systems for
Pattern Recognition, 2012
ISBN 978-3-642-24138-3



Patricia Melin

Modular Neural Networks and
Type-2 Fuzzy Systems for Pattern
Recognition

123



Author

Prof. Patricia Melin
Tijuana Institute of Technology
Division of Graduate Studies, Tijuana, Mexico
Mailing Address
P.O. Box 4207
Chula Vista CA 91909, USA
E-mail: pmelin@tectijuana.mx

ISBN 978-3-642-24138-3 e-ISBN 978-3-642-24139-0

DOI 10.1007/978-3-642-24139-0

Studies in Computational Intelligence ISSN 1860-949X

Library of Congress Control Number: 2011939329

c© 2012 Springer-Verlag Berlin Heidelberg

This work is subject to copyright. All rights are reserved, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilm or in any other
way, and storage in data banks. Duplication of this publication or parts thereof is
permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from
Springer. Violations are liable to prosecution under the German Copyright Law.

The use of general descriptive names, registered names, trademarks, etc. in this
publication does not imply, even in the absence of a specific statement, that such
names are exempt from the relevant protective laws and regulations and therefore
free for general use.

Typeset & Cover Design: Scientific Publishing Services Pvt. Ltd., Chennai, India.

Printed on acid-free paper

9 8 7 6 5 4 3 2 1

springer.com



Preface 

We describe in this book, hybrid intelligent systems using type-2 fuzzy logic and 
modular neural networks for pattern recognition applications. Hybrid intelligent 
systems combine several intelligent computing paradigms, including fuzzy logic, 
neural networks, and bio-inspired optimization algorithms, which can be used to 
produce powerful pattern recognition systems. The book is organized in three 
main parts, which contain a group of chapters around a similar subject. The first 
part consists of chapters with the main theme of theory and design algorithms, 
which are basically chapters that propose new models and concepts, which can be 
the basis for achieving intelligent pattern recognition. The second part contains 
chapters with the main theme of using type-2 fuzzy models and modular neural 
networks with the aim of designing intelligent systems for complex pattern 
 recognition problems. The third part contains chapters with the theme of evolu-
tionary optimization of type-2 fuzzy systems and modular neural networks in in-
telligent pattern recognition, which includes the application of genetic algorithms 
for obtaining optimal type-2 fuzzy integration systems and ideal neural network 
architectures. 

In the part of theory and algorithms there are 4 chapters that describe different 
contributions that propose new models and concepts, which can be the considered 
as the basis for achieving intelligent pattern recognition. The first chapter offers an 
introduction to the areas of type-2 fuzzy logic and modular neural networks for 
pattern recognition applications. The second chapter describes the basic concepts 
of type-2 fuzzy logic applied to the problem of edge detection in digital images. 
The third chapter describes a general methodology for applying type-2 fuzzy logic 
on improving the recognition ability of modular neural networks. The fourth chap-
ter describes the use of type-2 fuzzy systems for improving the performance of  
response integration in modular neural networks. 

In the part of type-2 fuzzy systems and modular neural networks for pattern 
recognition applications there are 4 chapters that describe different contributions 
on achieving human recognition using hybrid systems based on type-2 fuzzy logic. 
The first chapter describes the use of a modular neural network with fuzzy re-
sponse integration for human recognition based on the iris biometric measure. The 
second chapter deals with the design of modular neural network architecture with 
fuzzy integration using the ear biometric measure as information for recognition. 
The third chapter describes the design of a type-2 fuzzy modular neural system for 
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signature recognition. The fourth chapter describes the application of type-2 fuzzy 
logic and modular neural networks for achieving efficient face recognition.  

In the part of evolutionary optimization of type-2 fuzzy systems and modular 
neural networks there are 5 chapters that describe different contributions of new 
algorithms for optimization and their application to designing optimal type-2 
fuzzy logic response integrators and ideal modular neural network architectures. 
The first chapter describes the optimization of type-2 fuzzy response integrators 
and modular neural networks using genetic algorithms for achieving human rec-
ognition based on the face, fingerprint and voice biometric measures. The second 
chapter deals with an approach for the optimization of number of rules and mem-
bership functions for type-2 fuzzy response integrators of modular networks with 
hierarchical genetic algorithms for human recognition based on face, fingerprint 
and voice. The third chapter describes the application a general method for design-
ing type-2 fuzzy systems based on genetic algorithms that can be used as response 
integrators in modular neural networks. The fourth chapter describes the optimal 
design of the modular architecture and fuzzy response integrator based on genetic 
algorithms for achieving human recognition based on the iris biometric measure. 
The fifth chapter describes the application of a hierarchical genetic algorithm for 
designing optimal fuzzy response integrators and the modular neural network ar-
chitecture for human recognition based on the ear biometric information. 

In conclusion, the book comprises chapters on diverse aspects of type-2 fuzzy 
logic and modular neural networks with evolutionary models for achieving intelli-
gent pattern recognition for different applications, including human recognition. 
The combination of evolutionary optimization methods with type-2 fuzzy logic 
and modular neural networks can be considered as a hybrid approach for obtaining 
efficient and accurate solutions to complex pattern recognition problems. 
 
 
July 21, 2011 Patricia Melin 

Tijuana Institute of Technology 
Mexico 
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