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Towards Modern Collaborative Knowledge, 2012
ISBN 978-3-642-27445-9

Vol. 402. Theodor Borangiu, Andre Thomas, and Damien
Trentesaux (Eds.)
Service Orientation in Holonic and Multi-Agent
Manufacturing Control, 2012
ISBN 978-3-642-27448-0

Vol. 403. Kit Yan Chan, C.K. Kwong, and Tharam S. Dillon
Computational Intelligence Techniques for New Product
Design, 2012
ISBN 978-3-642-27475-6



Kit Yan Chan, C.K. Kwong, and Tharam S. Dillon

Computational Intelligence
Techniques for New Product
Design

123



Authors
Kit Yan Chan
Curtin University of Technology
Digital Ecosystems and Business

Intelligence Institute
Perth
Australia

C.K. Kwong
The Hong Kong Polytechnic

University
Department of Industrial and

Systems Engineering
Kowloon
Hong Kong SAR

Tharam S. Dillon
Curtin University of Technology
Digital Ecosystems and Business

Intelligence Institute
Perth
Australia

ISSN 1860-949X e-ISSN 1860-9503
ISBN 978-3-642-27475-6 e-ISBN 978-3-642-27476-3
DOI 10.1007/978-3-642-27476-3
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2012930480

c© Springer-Verlag Berlin Heidelberg 2012
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief ex-
cerpts in connection with reviews or scholarly analysis or material supplied specifically for the purpose
of being entered and executed on a computer system, for exclusive use by the purchaser of the work.
Duplication of this publication or parts thereof is permitted only under the provisions of the Copyright
Law of the Publisher’s location, in its current version, and permission for use must always be obtained
from Springer. Permissions for use may be obtained through RightsLink at the Copyright Clearance
Center. Violations are liable to prosecution under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publi-
cation 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.
While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



 

Preface 

Over the recent years, applying computational intelligence techniques for product 
design is a fast-growing and promising field. In this book, a wide range of compu-
tational intelligence techniques including fuzzy systems, evolutionary computa-
tions and neural network are discussed. How to implement these computational  
intelligence techniques for product design is the core topic addressed in this book. 
Fundamental concepts and essential analysis on computational intelligence tech-
niques are presented to offer systematic and effective tools for product design.  
This book discusses common issues on product design including identification of 
customer requirements in product design, determination of importance of cus-
tomer requirements for product design, determination of optimal design attributes 
in new products, relating design attributes of new products and customer satisfac-
tion, integration of marketing aspects into product design, affective product de-
sign, as well as quality control of new products. Approaches for enhancement of 
computational intelligence techniques which include hybridization of various 
computational intelligence techniques and integration of statistical methods into 
computational intelligence techniques are discussed. Case studies of product de-
sign in terms of development of real-world new products are included to illustrate 
the design procedures, as well as the effectiveness of the computational intelli-
gence techniques. This book is organized as follows: 

• Chapter 1 discusses fundamental concerns of product design, current is-
sues and needs for product design, as well as roles of product designers. 
Existing problems in manufacturing new products and marketing the new 
products are introduced. How and why computational intelligence methods 
can help address these issues in terms of product design is discussed. 

• Chapter 2 introduces commonly used computational intelligence methods 
including evolutionary computation, swarm optimization, neural networks 
and fuzzy systems etc, in order to address product design issues. 

• Chapter 3 discusses a fuzzy weighting method to determine importance 
weights of customer requirements of a new product. It intends to overcome 
the limitation of the existing weight methods that ignore fuzziness for new 
product design. A case study of a bicycle splash guard design is used to 
evaluate the effectiveness of the fuzzy weighing method. 

• Chapter 4 discusses a new fuzzy weighing method which is an enhanced 
version of the method discussed in Chapter 3. It intends to improve the im-
precise ranking of customer satisfaction inherited from the previous works 
based on the existing weight methods. A case study of hair dryer design is 
presented in order to evaluate the effectiveness of the approach. 
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• Chapter 5 presents a genetic programming method in order to develop a 
functional model which relates design attributes to customer requirements 
for new products. It is intended to overcome the two main limitations of 
previous modeling approaches: i) ignore nonlinearity of design attributes of 
new products, which are unavoidable; and ii) are able to generate only 
black-box models which are not preferred by product development terms. 
A case study of digital camera design is used to evaluate the effectiveness 
of the genetic programming approach. 

• Chapter 6 introduces a hybrid fuzzy and genetic programming approach to 
developing customer satisfaction models that relates customer requirements 
to the design attributes of a new product. It is intended to address the fuzzy 
nature of customer survey data, which are unavoidable. A case study of the 
affective design of mobile phones is used to evaluate the effectiveness of 
the hybrid fuzzy and genetic programming approach. 

• Chapter 7 discusses a hybrid algorithm which integrates the mechanism of 
fuzzy regression and generalized least square regression. The hybrid algo-
rithm intends to address the uncertainties of the development of house of 
quality which contains both human fuzziness and randomness inherent in 
the survey. A case study of packing machine design is used to evaluate the 
hybrid algorithm. 

• Chapter 8 presents an enhanced neuro-fuzzy approach for developing  
customer satisfaction models to link customer requirements with design at-
tributes of a new product. The approach overcomes the limitation of the ex-
isting neural-fuzzy approaches that are implicit in nature. A case study of a 
notebook computer design is used to demonstrate the operations of the en-
hanced neuro-fuzzy approach. 

• Chapter 9 introduces a hybrid simulated annealing process which inte-
grates the mechanisms of experimental design methods to maximize cus-
tomer satisfaction of a new product by optimizing the design attributes of 
the new product. A case study involving the optimization of a packing-
machine design is presented to demonstrate the effectiveness of the  
approach. 

• Chapter 10 discusses a hybrid evolutionary algorithm which is integrated 
with a statistical method, namely orthogonal design, to optimize customer 
satisfaction with a new product. A case study of the optimization of a car 
door design is used to illustrate the effectiveness of the hybrid evolutionary 
algorithm. 

• Chapter 11 presents a hybrid algorithm which integrates the mechanisms 
of fuzzy regression and genetic programming to develop models for manu-
facturing processes in order to improve the quality of the manufactured 
product. It overcomes the existing fuzzy regression approaches which can-
not address the nonlinearity of manufacturing processes. A case study of a 
solder paste dispenser is used to demonstrate the effectiveness of the hybrid 
algorithm. 
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• Chapter 12 discusses a rule-extraction-based genetic algorithm approach 
which aims to extract information in rule format from non-informative data 
(Kwong et al. 2009b). It allows engineers to understand the behaviors of 
the manufacturing systems, in order to enhance the quality of the manufac-
tured products. A case study of an epoxy dispensing process is used to 
demonstrate the operations and procedures of the rule extraction approach. 

• Chapter 13 summarizes the research on computational intelligence meth-
ods and product design issues. It also provides several suggestions for  
future research in these areas. 
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