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Abstract. Currently, the involvement of consumer requirements in the early stage 
of product development has become an important issue in product design.  The 
designer needs to correctly and immediately do customer requirement analysis and 
make decisions in the process of design alternative recommendation.  However, 
the designer is usually difficult to grasp customer requirements.  Fortunately, the 
enforcement of computer software and upgraded efficacy of computer hardware 
allow an embodiment representation of design alternatives to link customers with 
designers.  Therefore, the objective of this research is to develop a parametric 
product design system that can provide designers with an interactive interface to 
consider customer requirements in the early stage of product development.  The 
design of ear phones is used as a case to explore the applicability of the parametric 
product design system.  The function of parametric design in the CATIA software 
is also used to help construct design appearance for the generated ear phones. 

It is expected that the generation of parametric design incorporated with data 
mining system in the web site will enhance product design efficiency in grasping 
product design key factors and parameters at the initial stage.  Designers can not 
only generate products fast in the process of product development, but also get the 
appropriate forms of product quickly and match the demand and preference of 
consumers. 
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1. Introduction 

The progress of technology and competition of global market has made the product life 
cycle shortened.  Due to the significant improvement of digital technology and 
computer performance, product designers can use computers to generate solid 
modeling of design alternatives and make rapid revision and detailed design on the 
generated design alternatives.  The digital data can even be directly transferred to the 
department of engineering design and manufacturing.  As such, the introduction of 
computer-aided design and application of knowledge base have made product 
development more efficiently.  This application of computer information technology in 
the design process of generation of product design alternatives is no longer a bottle-
neck for designers [1].  However, involving customer requirements in the first stage of 
design process and making a quick analysis and decision become an important issue for 
designers.  To face this trend, the designer needs to improve the product development 
process and enhance the efficient collaboration design.  In the collaborative product 
design, customer requirements are involved to ensure the developed products can be 
closed to the expectation of the targeted market.  Researches showed that the cognition 
between designers and customers is still significantly different [2].  It might be because 
customers can not explicitly depict the expected product form and requirements in a 
representational media that make designers difficult to catch the voice of customers.  
To help reduce the sale loss of the developed new products that is incurred from 
communication obstacles between designers and customers, an efficient design 
assistance system is needed in the design process.  Currently, the enhancement of 
computer software functions and the improvement of computer hardware efficiency 
might provide designers with a friendly interface that can properly link customer 
requirements with designer ideas [3].  The objective of the proposed research is to 
construct a parametric product design system that can provide customers and designers 
with a communicative interface to help present different customer requirements and the 
corresponding product graphic representation.  In order to explain how the proposed 
approach is developed, the design of ear phones will be used as an example to illustrate 
the steps of the approach. 

2. The Development Procedure 

As mentioned before, an interactive interface will be designed in the parametric 
product design system to allow designers to involve specific customer requirements in 
the design process.  To help develop the system, the proposed approach also considers 
the data connections between customer requirements and customer attributes.  A 
relational database is developed and then the technique of data mining is used to 
explore some useful customer preference.  The identified customer requirements will 
proceed with product characteristics analysis, evaluation and design. 

In the procedure of parametric product design development, the designer conducts 
a systematic analysis on product structure to identify and set up the key product design 
parameters for the generation of graphic representation.  The parametric data are 
transformed into the construction of component characteristics of a product form.  Each 
generated component is then integrated into a complete product form.  The developed 
design data base can be stored for further analysis.  Data mining technique is also 
applied to product classification [4] and product design assessment to assist designers 
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to extract the customer-oriented product design for the specific customer category [5, 
6].  The approaches of this research include: (1) identification of product parameters for 
customer requirements, (2) decomposition of identified product parameters into several 
sections, (3) construction of product components and complete forms, (4) definition of 
the range of numeric data for each product component and (5) generation of design 
alternatives for a specific set of customer requirements.  The research uses ear phone 
design as a case to help explain the development procedure.  Note that a preliminary 
exploration of parametric product design is conducted as illustrated in Figure 1.  It will 
help designers to learn how to use simple geometric form, position of control points, 
proportional adjustment, numeric change, and even transformation of form such as 
reduce-enlarge, revolution, transfer, gradual change, transition and twist in the 
generation of a variety of product forms [7- ]. 

 
(a) An ashtray design 

 
(b) An iPod design 

Figure 1. General concept of parametric product design. 

3. Implementation of the Parametric Ear Phone Design 

Since customer requirements and product characteristics are two major parts in product 
design development, the research will focus on a parametric adjustment of product 
form in response to a specific set of customer requirements [5, 10, 11].  A six pronged 
procedure for the development of parametric product design system is employed.  In 
order to explain how the proposed approach is developed, the design of the ear phone 
will be used as an example to illustrate the steps of the approach. 
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3.1. Identification of Product Parameters for Customer Requirements 

After a collection and classification of 65 ear phone samples, the research targeted the 
design of one piece mould ear phones as illustrated in Figure 2.  In Figure 2, three 
design parameters are identified [10].  They are (1) head, (2) neck and (3) body. 

 
Figure . Characteristics of a one piece mould ear phone. 

3.2. Decomposition of Identified Product Parameters into Several Sections 

In developing the parametric product design system, the research uses computer 
software CATIA to construct ear phone images for graphic representation.  Based on 
the observation of the ear phone appearance shown in Figure 2, the research 
decomposed the ear phone design parameters into 5 composite sections [12].  The 
design parameter “Head” consists of the first, second and third sections, “Neck” 
consists of the fourth section and “Body” consists of the fifth section.  All sectional 
graphics are constructed with circles.  Note that the fourth section of the “Neck” 
defines two control points (above and under the neck) and the fifth section of the 
“Body” also defines two control points (above and under the body).  In the construction 
of a 3D one mould piece ear phone, the research first connects end points of the first, 
second and third sections, then connects the corresponding control points of the fourth 
and fifth sections [12].  A conceptual construction for a one mould piece ear phone 
graphic representation is shown in Figure 3. 

3.3. Construction of Product Components and Complete Forms 

To apply the numeric data in the CATIA software for the construction of product 
components and adjustment of control points to fit for a complete product form, the 
research identifies 18 graphic parameters, as illustrated in Figure 4.  The advantage of 
using parametric graphics includes: (1) product sample forms are constructed with 
numeric data to avoid subjective deviation of different designers in constructing 
graphics and (2) designers can do self control for some design factors based on the 
classification rules of samples. 
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Figure . Decomposition of a one piece mould ear phone characteristics. 

Figure . Decomposition of a one piece mould ear phone characteristics. 

3.4. Definition of the Range of Numeric Data for Each Product Component 

In constructing the one piece mould ear phone, the proposed approach uses the concept 
of line connection of circular contours.  To allow the developed samples can cover 
different characteristics of ear phones for customer requirements and assist designers to 
expeditiously generate recommended design alternatives, the research defines 
variations for graphic parameters.  It is noted that single variation such as radius, length, 
width and height is not enough to represent the characteristics of a product form.  As 
such the research transforms the identified graphic parameters into characteristics of a 
product form.  The characteristics of a product form are then transformed into numeric 
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definition.  Figure 5 illustrates the conceptual transformation of graphic parameters into 
characteristics of a product form and the corresponding numeric definition.  Based on 
the conceptual transformation shown in Figure 5, the range of numeric definition can 
then be determined as illustrated in Table 1.  Note that that numeric definition is based 
on the dimensional measurements of different types of marketed one piece mould ear 
phones. 

 
Figure . Conceptual transformations of graphic parameters into numeric definition. 

Table 1.  Determination of ranges of numeric definition for a one piece mould ear phone 
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3.5. Generation of Design Alternatives for a Specific Set of Customer Requirements 

According to the determination of the range of numeric definition, the research planned 
the generation of some experimental design alternatives.  Figure 6 shows an operational 
interface of the parametric product design system.  In Figure 6, an experimental design 
alternative is generated for a specific set of numeric data [13].  The research generated 
40 experimental design alternatives that will be forwarded to explore the close linkage 
between customer requirements and the recommended design alternative.  Figure 7 
illustrates the generation of 40 experimental design alternatives. 
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Figure . Operation Interface of the parametric product design system. 

Sample 1 Sample 10Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 Sample 9

Sample 31 Sample 40Sample 32 Sample 33 Sample 34 Sample 35 Sample 36 Sample 37 Sample 38 Sample 39

Sample 21 Sample 30Sample 22 Sample 23 Sample 24 Sample 25 Sample 26 Sample 27 Sample 28 Sample 29

Sample 11 Sample 20Sample 12 Sample 13 Sample 14 Sample 15 Sample 16 Sample 17 Sample 18 Sample 19

Figure . Generation of 40 experimental one piece mould ear phones. 
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4. Conclusions 

Product design is an activity that relies on experience, thought and knowledge of 
the designer.  Each designer might have his or her own subjective opinion, but the 
integration of knowledge, experience and customer requirements from designers of 
similar products will significantly improve the quality and reliability of product design.  
When the product designer or design team develops a product design using classical 
methods, the range of design alternatives that are developed is limited by the creativity 
of the designer or team members and the processes used in evaluating alternative 
designs may require a considerable amount of time.  The research that this document 
describes is to explore possible connection of the parametric product design system 
with customer requirements.  An evaluation of customer’s preference and analysis of 
market trend via internet network will be conducted for future development.  The 
evaluation will be conducted with an Internet survey type of questionnaire.  The 
technique of semantic differential method in Kansai engineering will be applied in the 
design of questionnaire.  In the questionnaire, a set of adjective vocabulary 
incorporated with the 40 experimental ear phone design alternatives is arranged to 
investigate the customers’ preference.  The stored data will be analyzed by the 
statistical software SPSS.  The result of the questionnaire will assist designers to 
identify a specific group of customers with a particular type of one piece mould ear 
phones.  When knowing different group of customer requirements, the parametric 
product design system can make a quick search for a most suitable interface and 
product type as shown in Figure 6.  The customer can then generate a preferable 
product form.  The development of the parametric product design system has shown 
the potential benefits that can be achieved with the involvement of customer 
requirements.            
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