Patricia Melin, Janusz Kacprzyk, and Witold Pedrycz (Eds.)

Bio-inspired Hybrid Intelligent Systems for Image Analysis and
Pattern Recognition



Studies in Computational Intelligence, Volume 256

Editor-in-Chief

Prof. Janusz Kacprzyk

Systems Research Institute
Polish Academy of Sciences

ul. Newelska 6

01-447 Warsaw

Poland

E-mail: kacprzyk@ibspan.waw.pl

Further volumes of this series can be found on our
homepage: springer.com

Vol. 235. Reiner Onken and Axel Schulte
System-Ergonomic Design of Cognitive Automation, 2009
ISBN 978-3-642-03134-2

Vol. 236. Natalio Krasnogor, Belén Melian-Batista, José A.
Moreno-Pérez, ]. Marcos Moreno-Vega, and David Pelta
(Eds.)

Nature Inspired Cooperative Strategies for Optimization
(NICSO 2008), 2009

ISBN 978-3-642-03210-3

Vol. 237. George A. Papadopoulos and Costin Badica (Eds.)
Intelligent Distributed Computing III, 2009
ISBN 978-3-642-03213-4

Vol. 238. Li Niu, Jie Lu, and Guangquan Zhang
Cognition-Driven Decision Support for Business Intelligence,
2009

ISBN 978-3-642-03207-3

Vol. 239. Zong Woo Geem (Ed.)

Harmony Search Algorithms for Structural Design
Optimization, 2009

ISBN 978-3-642-03449-7

Vol. 240. Dimitri Plemenos and Georgios Miaoulis (Eds.)
Intelligent Computer Graphics 2009, 2009
ISBN 978-3-642-03451-0

Vol. 241.Janos Fodor and Janusz Kacprzyk (Eds.)

Aspects of Soft Computing, Intelligent Robotics and Control,
2009

ISBN 978-3-642-03632-3

Vol. 242. Carlos Artemio Coello Coello,

Satchidananda Dehuri, and Susmita Ghosh (Eds.)
Swarm Intelligence for Multi-objective Problems in Data
Mining, 2009

ISBN 978-3-642-03624-8

Vol. 243. Imre J. Rudas, Jdnos Fodor, and

Janusz Kacprzyk (Eds.)

Towards Intelligent Engineering and Information Technology,
2009

ISBN 978-3-642-03736-8

Vol. 244. Ngoc Thanh Nguyen, Rados law Piotr Katarzyniak,
and Adam Janiak (Eds.)

New Challenges in Computational Collective Intelligence,
2009

ISBN 978-3-642-03957-7

Vol. 245. Oleg Okun and Giorgio Valentini (Eds.)
Applications of Supervised and Unsupervised Ensemble
Methods, 2009

ISBN 978-3-642-03998-0

Vol. 246. Thanasis Daradoumis, Santi Caballé,
Joan Manuel Marqués, and Fatos Xhafa (Eds.)
Intelligent Collaborative e-Learning Systems and
Applications, 2009

ISBN 978-3-642-04000-9

Vol. 247. Monica Bianchini, Marco Maggini, Franco Scarselli,
and Lakhmi C. Jain (Eds.)

Innovations in Neural Information Paradigms and
Applications, 2009

ISBN 978-3-642-04002-3

Vol. 248. Chee Peng Lim, Lakhmi C. Jain, and
Satchidananda Dehuri (Eds.)

Innovations in Swarm Intelligence, 2009
ISBN 978-3-642-04224-9

Vol. 249. Wesam Ashour Barbakh, Ying Wu, and Colin Fyfe
Non-Standard Parameter Adaptation for Exploratory Data
Analysis, 2009

ISBN 978-3-642-04004-7

Vol. 250. Raymond Chiong and Sandeep Dhakal (Eds.)
Natural Intelligence for Scheduling, Planning and Packing
Problems, 2009

ISBN 978-3-642-04038-2

Vol. 251. Zbigniew W. Ras and William Ribarsky (Eds.)
Advances in Information and Intelligent Systems, 2009
ISBN 978-3-642-04140-2

Vol. 252. Ngoc Thanh Nguyen and Edward Szczerbicki (Eds.)
Intelligent Systems for Knowledge Management, 2009
ISBN 978-3-642-04169-3

Vol. 253. Akitoshi Hanazawa, Tsutom Miki, and
Keiichi Horio (Eds.)

Brain-Inspired Information Technology, 2009
ISBN 978-3-642-04024-5

Vol. 254. Kyandoghere Kyamakya, Wolfgang A. Halang,
Herwig Unger, Jean Chamberlain Chedjou,

Nikolai F. Rulkov, and Zhong Li (Eds.)

Recent Advances in Nonlinear Dynamics and
Synchronization, 2009

ISBN 978-3-642-04226-3

Vol. 255. Catarina Silva and Bernardete Ribeiro
Inductive Inference for Large Scale Text Classification, 2009
ISBN 978-3-642-04532-5

Vol. 256. Patricia Melin, Janusz Kacprzyk, and

Witold Pedrycz (Eds.)

Bio-inspired Hybrid Intelligent Systems for Image Analysis
and Pattern Recognition, 2009

ISBN 978-3-642-04515-8



Patricia Melin, Janusz Kacprzyk,
and Witold Pedrycz (Eds.)

Bio-inspired Hybrid Intelligent
Systems for Image Analysis and
Pattern Recognition

@ Springer



Prof. Patricia Melin

Tijuana Institute of Technology
Department of Computer Science
P.O. Box 4207

Chula Vista CA 91909

USA

E-mail: epmelin@hafsamx.org

Prof. Janusz Kacprzyk
Polish Academy of Sciences
Systems Research Institute
Newelska 601-447 Warszawa
Poland

E-mail: kacprzyk@ibspan.waw.pl

ISBN 978-3-642-04515-8

DOI 10.1007/978-3-642-04516-5

Studies in Computational Intelligence

Prof. Witold Pedrycz

University of Alberta

Dept. Electrical and Computer Engineering
Edmonton, Alberta T6] 2V4

Canada

E-mail: pedrycz@ee.ualberta.ca

e-ISBN 978-3-642-04516-5

ISSN 1860-949X

Library of Congress Control Number: 2009936207

© 2009 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 in acid-free paper
987654321

springer.com



Preface

We describe in this book, new methods bio-inspired models and applications of
hybrid intelligent systems using soft computing techniques for image analysis and
pattern recognition. Soft Computing (SC) consists of several intelligent computing
paradigms, including fuzzy logic, neural networks, and evolutionary algorithms,
which can be used to produce powerful hybrid intelligent systems. The book is
organized in four main parts, which contain a group of papers around a similar
subject. The first part consists of papers with the main theme of introductory
concepts and models, which are basically papers that propose new fuzzy and bio-
inspired models to solve general problems. The second part contains papers with
the main theme of modular neural networks in pattern recognition, which are
basically papers using bio-inspired techniques, like modular neural networks, for
achieving pattern recognition in different applications. The third part contains
papers with the themes of modular neural networks and other soft computing
models in time series prediction, which are papers that apply hybrid intelligent
systems to the problem of time series analysis and prediction. The fourth part
contains papers that deal with bio-inspired models in optimization and robotics
applications.

In the part of Introductory Concepts and Models there are 3 papers that describe
different contributions on fuzzy logic and bio-inspired models with application in
image analysis and pattern recognition. The first paper, by Humberto Bustince et
al., deals with a survey of applications of the extensions of fuzzy sets to image
processing. The second paper, by Cecilia Leal-Ramirez et al., deals with an
interval type-2 fuzzy cellular model applied to the dynamics of a uni-specific
population induced by environment variations. The third paper, by Gustavo
Olague and Leonardo Trujillo, studies a genetic programming approach to the
design of interest point operators in images.

In the part of Modular Neural Networks in Pattern Recognition there are 5
papers that describe different contributions on achieving pattern recognition using
hybrid intelligent systems. The first paper, by Ricardo Munoz et al., describes
modular neural networks with fuzzy logic integration for face, fingerprint and
voice recognition. The second paper, by Monica Beltran et al., deals with modular
neural networks with fuzzy response integration for human signature recognition.
The third paper, by Magdalena Serrano et al., proposes an intelligent hybrid
system for person identification using biometric measures and modular neural
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networks with fuzzy integration of responses. The fourth paper, by Denisse
Hidalgo et al., describes the optimization of modular neural networks with type-2
fuzzy integration using a general evolutionary method with application in
multimodal biometry. The fifth paper, by Miguel Lopez et al., deals with a
comparative study of fuzzy methods for response integration in ensemble neural
networks for pattern recognition.

In the part of Neural Network Models and Time Series Prediction there are 4
papers that describe different contributions of new neural network models and
their application in solving time series prediction problems. The first paper by
Martha Pulido et al., describes a hybrid model based on ensemble neural networks
and fuzzy logic for aggregation of results for time series prediction in the Mackey-
Glass problem. The second paper, by Gerardo Mendez and Angeles Hernandez,
deals with the prediction of the MXNUSD exchange rate using a hybrid interval
type-2 fuzzy logic system as a forecasting tool. The third paper, by Eduardo
Gomez-Ramirez et al., describes a process for discovering universal polynomial
cellular neural networks through genetic algorithms. The fourth paper by Mario
Chacon et al., describes an EMG hand burst activity detection study based on hard
and soft thresholding.

In the part of Optimization and Robotics several contributions are described on
the application of bio-inspired methods for achieving optimization and robotics
applications. The first paper, by Fevrier Valdez et al.,, describes a new
evolutionary method combining particle swarm optimization and genetic
algorithms using fuzzy logic, and its application in optimizing the architecture of
modular neural networks. The second paper, by Cynthia Solano-Aragon and
Arnulfo Alanis, describes a new multi-agent architecture for controlling
autonomous mobile robots using fuzzy logic and obstacle avoidance with
computer vision techniques. The third paper, by Ricardo Martinez-Marroquin et
al., deals with the Optimization of type-1 and type-2 fuzzy logic controllers of
autonomous mobile robots using particle swarm optimization.

In conclusion, the edited book comprises papers on diverse aspects of bio-
inspired models, soft computing and hybrid intelligent systems. There are
theoretical aspects as well as application papers.

June 30, 2009 Patricia Melin
Tijuana Institute of Technology, Mexico

Janusz Kacprzyk
Polish Academy of Sciences, Poland

Witold Pedrycz
University of Alberta, Canada
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