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With globalization, more and more companies are becoming m
tisited. Efficient and timely collaboration and communicati
among the development team members become critical for p
uct success. This paper proposes a web-based virtual environ
for mobile phone customization, named VMPDS (Virtual Mob
Phone Design Space). The features of this system include the
bination of web technology and VR (Virtual Reality) technolo
the ability to deal with and extend the product model databa
adequate interaction for three-dimensional product model c
tomization, and usefulness for the examination and evaluatio
product concept design. The system is implemented by using
dard open technologies to assure accessibility and platform in
pendence. @DOI: 10.1115/1.1818685#

Keywords: Virtual Reality, VRML, Concept Design, Mob
Phone

1 Introduction
In order to stay competitive and profitable, many mobile pho

companies are becoming multisited, operating with partners
customers on a global market. The fact is that the increased c
petition is driving manufacturing away from mass productio
where the manufacturer tells the customer what to buy, and tow
mass customization, where the customer decides what the m
facturer will make@1#. In this case, effective collaboration an
communication among designers and customers play a crucial
for the success of mobile phone products.

Many factors influence the success of mobile phone produ
such as technological advance, product price, attractive des
rich functionality, marketing, etc. Customer preference is one
the most important factors. As a result, collecting and identify
customer needs and understanding their preferences are ess
tasks in the development of new mobile phone products. H
ever, it is demanding and challenging for designers to tran
customer-implicit preferences into product design specificatio
Chuang et al. investigated perceptual factors underlying user p
erences about the product form of mobile phones@2#. In this paper
we propose a web-based interactive three-dimensional~3D! vir-
tual mobile phone design environment, called VMPDS. It
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mainly based on the technologies of VRML~Virtual Reality Mod-
eling Language! @3#, Java, EAI~External Authoring Interface! @4#,
and the Internet. There have been some applications using t
technologies@5–12#. However, most of them were real-time
walk-through simulations. Compared to these existing syste
the main innovations of VMPDS are:~i! the product is accurately
modeled using CAD software, not just a simple, rough or conc
tual representation;~ii ! this system has scalability due to the com
bination with a product database;~iii ! the dynamic I/O operation
on VRML scenes is achieved; and~iv! VMPDS is a complete
system, not only a 3D visualization. In VMPDS, users are
volved in the product design activities and can submit their pr
erences on mobile phone style to the database, which will serv
the product design benchmark to help designers adopt a pr
design for the intended end users. The network communicatio
accomplished by a browser/server structure using HTTP proto
A Java-enabled web browser together with a VRML plug-in is t
only requirement for the execution of VMPDS on an ordina
desktop PC.

2 Development Tools and System Architecture
One important criterion that influences the choice of devel

ment tools is that we want this application to use as low ba
width and hardware sources as possible in order to be acces
even through the dial-up manner. To achieve this goal, three o
standards—VRML, Java, and JavaScript—and EAI, are e
ployed. VRML is used to create the 3D virtual environment. Bo
Java and JavaScript are used in the URL fields of Script no
Two approaches are used to connect VRML files with exter
Java programs, as shown in Fig. 1. One is SAI~Script Authoring
Interface!, which uses JavaScript to communicate with Scr
nodes of VRML files. Another is EAI, which is an applicatio
interface for Java. We use EAI as a channel to connect the VR
world with HTML pages through Java applets that control t
VRML scene dynamically.

Without using special hardware, such as high performa
graphic acceleration cards, VMPDS allows any user to enter i
visiting its homepage. There are four subsystems in VMPDS: u
registration, virtual mobile phone design space, product libra
and product specification.

3 User Interface
In order to be accessible for various users, some of whom h

no significant computer expertise, an intuitive user interface
proposed in VMPDS. The I/O operations are performed throu
the Java applet buttons namedClear, Save, Import, andEvaluat-
ing, etc. In addition, as a virtual-reality application, VMPDS pe
mits a virtual phone call by clicking the digital and function
keys. The LCD screen of the mobile phone model will display t
input content together with sound response. Figure 2 shows
user interface.

3.1 Function Analysis of Control Panel. The control
panel, on the left of the window, consists of two parts, giving t
user access to the full functionality of the system. One is i
mersed in the VRML scene and accesses a collection of butt
Another is some Java applet buttons and pull-down lists, as sh
in Fig. 2. We divide mobile phone products into a few bas
classes according to their essential appearance and character
With regard to a certain class, users can choose various s
through selecting items from the pull-down lists to get differe
combinations of the cover, the LCD screen, the back, etc.
basic functionality of the control panel includes viewing fro
among predefined viewpoints, playing rotation animation or st
ping animation at any time, resetting the scene to the default s
and eliminating all the modifications, switching the product sty
~Fig. 3 shows a snapshot of switching to another style when
cover3, LCD3, back1, and slot2 are selected!, selecting colors of
phone components, and customizing 3D design environment,
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3.2 Mobile Phone Model Visualization and Fine-Control
Sliders. In order to make effective interactions and modific
tions, mobile phone models consist of ten parts: upper b
~cover!, back, digital keys~from 0 to 9!, functional keys~includ-
ing #, * , etc.!, antenna, battery, brand slot, LCD screen, text, a
lid. All of these parts can be modified individually, correspondi
to user input. In addition, VMPDS allows users to detach a
assemble the model by using the mouse to drag the cover. Fi
4 shows the upper body detached from the model body. In
way users can have a close look at the element and the int
structure separately.

Moreover, for every product style, users can customize th
preferred appearance attributes quantitatively using four group
control sliders on the right of the window. By dragging the slide
up and down, the colors can be changed. Users can play with
transparence, shininess, and ambient intensity to customize
sirable product. Every modification is displayed at the top of
corresponding slider in the form of data ranging from 0.00 to 1.
Fine-control sliders provide users with more optimization capa
ity in an intuitive and quantitative way.

3.3 InputÕOutput Operation. VMPDS features extensibil-
ity and scalability. The following three operations are designed
this purpose. After clicking theClear button, the user removes th
whole model from the scene. TheImport button is linked to a
HTML interface that is embedded with a Java applet connecte
the model database. Furthermore, the user can save the cu

Fig. 1 Communication channels

Fig. 2 User interface

Fig. 3 Snapshot of switching to another style
68 Õ Vol. 5, MARCH 2005
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ized model by clicking theSavebutton, which is also linked to the
HTML interface. Because VRML dose not provide functions
direct data input and output, it is difficult to save the modified 3
model in real time. In VMPDS, the task of input/output is pe
formed with the help of Java applets and EAI. Figure 5 descri
the saving interface. If theOK button is pressed, all the custom
ized information will be sent to the database in the server. Oth
wise, the clicking on theCANCELbutton leads to returning to the
3D virtual environment for further modification. Of course, on
the designers and selected users, who are carefully selected
given passwords for access to the database, have permissi
work with the database. The user registration system is desig
not only for security checks, but also for collecting us
information.

In addition, VMPDS is developed for analyzing, evaluatin
and communicating. As shown in Fig. 2, users can submit th
evaluations by clicking theEvaluatingbutton and jumping to the
HTML file where they can input their comments and rate t
product’s conceptual design. After some analyzing and statist
processing, the company can have good insight into custo
preferences. Moreover, by clicking theSpecificationbutton, users
will access the product specifications where product introductio
prices, component materials and weights, sizes, technological
tures, as well as the company website are given in the form
text and 2D images. Finally, we intend to provide an interact
tool for real-time video information through a ‘‘Meeting Room
to aid the communication between designers and users. This
of the work is underway.

4 Exchange and Optimization of 3D Model Data
There are two main methods for creating VRML 3D mode

One is to directly use the geometry nodes defined inside VRM
The resultant file is very compact. But it is difficult to crea
realistic and complex models using only these primitive nodes

Fig. 4 Snapshot of the detaching operation

Fig. 5 Snapshot of the saving interface
Transactions of the ASME
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VMPDS the second method is used. The mobile phone mod
created accurately using computer-aided design~CAD! software
packages, then the CAD model is exported to VRML format. D
signers and users can create their own models by using any
of CAD software. We predefine three datum planes and alignm
axes as well as size units. The back part of the mobile phon
selected as the base part, and other elements are integrate
this base. Following these rules will make new components
VMPDS and achieve easy assembly. Considering the diversit
user software platforms, it is necessary to store the 3D model
in VR format and other compatible and neutral CAD formats, li
STEP and IGES, to ensure quick, easy, reliable, and flexible s
ing and exchanging of product data information among des
teams.

In our case, the models are built using Pro/Engineer~Parametric
Technology Corp.! and then exported to 3DS Max®~Autodesk
Int.!, where they are edited and optimized further. The conve
VRML files from CAD software packages tend to be very b
The main reason is that VRML uses polygons instead of nonlin
free-formed surfaces, such as NURBS, to describe 3D obje
The more accurate the model, the more polygons have to be u
As a result, a compromise between realistic fidelity and rende
speed has to be made. Since the mobile phone is a cons
product, attractive appearance is crucial for the success of pro
design. Thus, a high-quality 3D model is necessary. On the o
hand, VMPDS aims at being available on ordinary desktop P
through the Internet without using special high-performance ha
ware. In this case, we optimize the 3D model through such m
ods as using some software to reduce the polygon number,
plifying less important parts, using as few texture maps
possible, compressing the VRML file, etc.

The possibility of changing the geometric shapes dynamic
and quantitatively depends on the complexity of the object.
simple geometries, like box, cone, sphere, etc., and their com
nations, the interactive modification is easy. For geometries
can be described using some mathematical equations and
approaches, the quantitative changing is also possible. Figu
explains the quantitative modification process. But for comp
geometries that are converted from CAD software, the quan
tive modification is difficult and time consuming. The first reas
is that the converted object in VRML consists of huge numbers

Fig. 6 Quantitative modification process

Fig. 7 Match relation between the points
Journal of Computing and Information Science in Engineering
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points inside a set of IndexedFaceSet nodes, and the spatial
cal relations among these points are nonlinear. Another reaso
that, as shown in Fig. 7, it is difficult to find the match betwe
the point on the 3D model and its corresponding point in
VRML file. As a result, every basic element in VMPDS, such
the back, the LCD screen, the cover, etc., is considered as
minimum unit for modification.

5 Network and Database Structure
In VMPDS, a browser/server architecture and the stand

HTTP protocol are adopted, as shown in Fig. 8. Although suc
structure could be a bottleneck for networks with low bandwid
we intend to use this solution because it is a comparatively sim
approach and because the whole size of VMPDS is controlle
little as possible.

In the product database, models are arranged according to
specialties. Two product libraries exist in VMPDS. One is t
basic product library maintained by designers and accessible
for designers and lead users. Another is the public product libr
that is a subset of the basic product library and accessible for
user. The second library stores the models that will be evalua
and customized by customers.

6 Conclusions
This paper presents a web-based interactive virtual mo

phone design system called VMPDS. VMPDS provides intuit
and effective means for designers and unsophisticated use
manipulate, modify, evaluate, comment on mobile phone prod
conceptual designs, and communicate with each other. VMP
can be applied in the earlier and more creative phase of the de
process rather than a walkthrough of final design, offering a
tential for large cost savings. Moreover, using VMPDS to ident
customer needs has obvious advantages over traditional i
views or other media. With VMPDS, companies can have m
information to go on when developing new products, and the
sign team can get optimal design solutions from a large numbe
user-customized alternatives. We believe that in the future c
tomers could order their own mobile phones through such a
tem as VMPDS, just like the practice in the automobile indus
today.

VMPDS is implemented and tested on Windows NT4.0, W
dows XP, and Windows 98 using IE 6.0 and IE 5.5 as web bro
ers. The VRML plug-ins used are Cortona 4.0~Parallel Graphics
Ltd.! and CosmoPlayer 2.0~Silicon Graphics Inc.!. The tech-
niques described here can be applied to other web-based vi
product design.
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