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Abstract

The addition of behaours, animation and sound to Virtual Reality
Modelling Language has created interesting/ mpportunities to
market products on the Internet. This papevestigates these
opportunities and illustrates their potential through a case study in
promoting electronic bagpipes.It also reports on anvaluation

into 3D naigation in VRML2.0 that gposes problems usersviea
with current naigational interbces in VRML2.0 browsers and
suggests a way in which such problems mayveecome.

! http://calligraphix.co.uk/bagpipes/index.html
nickb@cee.hw.ac.uk, ackb@cee.hw.ac.uk, hamish@cee.hw.ac.uk



1. Introduction

Recently there has been a marked increase in the use of the Internetyor man
business activities. One of the main reasons for this is the ease with which
multi-media documents can be constructed for the World Wide Web (Web or
WWW). It is naw possible to by anything eer the Web from military
equipment to Italian sausages. Estate agents becess to a wild-wide
customer base, trade associations are using the Interne¢patteir members
informed with up to date information and so ohhe richness of Web page
content has impraed dramatically It was not long ago that itag only possible

to display text and monochrome pictur@sow that it is possible to include
colour pictures, sound, movies, 3D animation and intemagtbgrams, there is
much greater potential for mating products. One of the more interesting
recent deelopments in Web technology has beersion 2.0 of the Mual
Reality Modelling Language (VRML2.0) [1]. VRML2.0 is a scene description
language that enables the construction of inter@cnimated 3D objects and
environments on a Web page.

This paper imestigates the possible use of VRML2.0 to enhance tled-W
based marketing of manufactured objects using inteeaatid animated solid
models [2]. The work was carried out in conjunction with Calligrafia rrulti-
media and Internet service provider in the Scottish BordEng intention \v&s

to develop a Web-based virtual shopping mall within which products could be
displayed for purchasever the Internet. It soon became apparent that the
limitations of VRML2.0 wuld restrict the attrasteness of such a virtual
shopping mall and it was decided tovestigate the marketing potential of
VRML2.0 for producing Web-based 3D models of a product instead.

Rather than choosing a well kmo product it was decided to focus on
something neel that would be amenable to 3D modelling. The promotion of
an electronic bagpipe seemed suitable as a case study since its sisape w
regular and the requirement for sound added extra interest.

Any technology for marketing a product on the Web, must:
. attract and maintain a potential custorsettention

. be easy to use by inexperienced computer users

2 http://calligraphix.co.uk



. be capable of providing useful information about the product
. be wst-effectve b employ

Hypertext mark-up language (html) is the technology most commonly used to
construct Web pages.elt and 2D pictures can coay a geat deal of
information about a productubboth are static and are limited to what thelwW
page author chooses to present.duld be rather more useful, when metikg

a manufactured product, if a potentialuyer were able to interact with an
animated 3D model of the product. This would engage tlyers dtention

better and would comey information about the product that could otherwise
only be gained from real experience of it. It is just such an enhancement that is
expected from the use of VRML2.0.

There are a number of Web technologies that offer 3D and interaction and these
are discussed briefly in section 2. Sectionv@gan werview of the aspects of
VRML2.0 that were pertinent to this case studyd section 4 discusses the
construction of the 3D models used. The strengths and weaknesses of
VRML2.0 for marleting a product on the Web are discussed in section 5.
Section 6 describes arperiment that was conducted in order to gauge users’
reaction to the problems of 3D\ngation. Section 7 discusses problems with
the user intedce controls on some of the VRML2.0 browsers and describes a
prototype custom interface for object manipulation in VRML2.0 that attempts
to rectify some of these problems.

2. Existing Technologies

At present there are a number of technologies that promise 3D and animation
on the WebOf these the most interesting are;

. Java
. Macromedia Shockave
. QuickTime VR

. Virtual Reality Modelling Language

2.1 Java

Java is a general purpose object-oriented programming languageaped by
James Gosling of Sun Microsystems back in 1990. It is (almost) platform



independent due to thadt that the source code is compiled into host computer
Java @n be used to produce stand-alone applications. It can also be embedded
in Web pages, where it is referred to as an 'applet’. Applets proxsri@ble
content for Web pages. Since May 1995, whera Jeas first loosed on the
Internet’ [3], numerous 'applets’ lia gopeared which hee alded animation,
both 2D and 3D, to b pages. Some of these, such astibker tape’ applet,
quickly become irritating.A more interesting example of 3Dv#aanimation is

the 'Virtual Rubik’s Qube’ [4] which can be found at the 'Applet Arcade’ [5].
An example of an interag 3D environment written in Ja&a is the game
'Dungeon Disaster’ [6] which has some similarities to the wellwkno
computer game 'Doom’. The twprevious examples demonstrate thatal#

quite capable of prading both 3D and interaction in a Web environment, b
the amount of delopment required to produce such applets (as evidenced by
the aailable source code) would not neakt cost efective for marleting
products. Another problem is that applets which are more than just trpeal e
catchers can t&ka bng time to load into a Web bwser and this is not
attractve for business use.

2.2 Shockwae

Macromedia Shockawveis a 'plug-in’ for the Netscape &9 bravser A plug-

in is a piece of third party sofawe that is used in conjunction with the
Netscape Web browser to add functionalithe Shockwave plug-in allovs
Netscape to run Macromedia Director multi-media presentations. These are
interactve pesentations with clickable utons, video and sound.A
disadwantage with Shockaveis that it doesr’allow the user to explore a 3D
environment by navigating in and around it.

2.3 Quicktime VR

Quicktime VR is softwre that displays an interacti panorama on the &b.

The panorama is derd from photographs of real scenes and users can
navigate around the panorama by clicking on the particular point thatisé

to visit. Quicktime VR is good for architectural applications such as displaying
the interior of lildings, and a nice example of this can be seen at the
Calligrafix Web site [7]. Naigation in Quicktime VR is restricted to jumping
between pre-arranged weoints. Itdoes not hee the flexibility required to
allow potential customers towestigate a product as thehoose.



2.4 VRML2.0

VRML, as its name suggests, is a modelling language that allows unrestricted
virtual environments to be built. In other words the geometry of a virtadtw

in VRML is not constrained to be orthogonal (as it is fgaraple in the
popular game 'Doom’). The viewer of a VRML virtualv@mnment, usually
described as an vatar’, is similarly unrestricted in the direction of e
through the environment. This makes VRML rathexibike. VRML(2.0) added
interaction, animation and sound to the solid modelling andgaton
capabilities of the original VRML, making it more promising for netnkg
solid manufactured objects on theelVThe case study suggests that although
VRML2.0 has considerable potential for marketing, there areraleproblems
with its use at the moment pemting it from being acceptable in a real
business environment.

3. VRML2.0 Concepts

It is important to understandei cwncepts of VRML2.0 to appreciate vaot
can be used as a marketing aid. This section explaingamel& RML2.0
concepts.

3.1 Overview

VRML is a 3D scene description language in ASCII file format. &bW
browser requires a VRML2.0 plugin or helper application to render the 3D
scene described by a VRML2.0 file. A user mayigate in and around a
VRML2.0 scene and may interact with it, causing it to display certain animated
behaiours. A VRML2.0 scene can contain links to other VRML2.0 scenes and
to html-based Web pages.

3.2 Basics

Conceptually a VRML world consists of a scene graph in which each entity is a
node. Each node has a type name, fields and in some oasds,tlkat it can
receve a send. The eents carry information among nodes to allanimation

and interactivity within a VRML2.0 wrld. A scene graph consists of Group
nodes and Leaf nodes in a hierarchical struct@eoup nodes are containers

for child nodes, which can be group or leaf nodes. Transform nodes are the
most useful group nodes. Thalow their children to be transformed or rotated

in the co-ordinate system of their parent. If a transform node is at the top of the
scene graph (i.e. it has no parent) then its children will be transformed or



rotated with respect to theond’s m-ordinate system. Leaf nodes describe the
components that makup a 3D werld, for example: shape, lighting, colour
sound and 2D t¢. VRML2.0 has the cube, cone, cylinder and sphere as its
elementary shapes. Complehapes can be built up from a combination of
elementary shapes, or thean be described by 'inded face sets’. An indexd

face set is defined by a number of points in 3D space. These points are joined
up to form polygons (usually triangles) which combine to enak he compl&
surface or shape. Figure (1) shows a simple example of axethfiee set.

VRML2.0 allows authors to defin@iéwpoints’ or locations in 3D space from
which a user may we the world in a pre-set direction. A number of
viewpoints may be defined and then madailable for a user to select using a
browser interface control. Extens use of viewpoints makes it easy for a user
to investigate a 3D world without having to grapple with the vser's
navigation controls.

3.3 Interaction

VRML2.0 provides a number of different ways in which users can interact with
a xene. A user canwastigate a 3D world by mang among its viewpoints or

by navigating into it using the VRML2.0 bwesers interface controls. A user
can also treerse hyperlinks that connect parts of the scene to other VRML2.0
scenes or to html documents. Finally a user can initiate vimehra or
animation in a VRML2.0 scene using the mouse while the cursoversao
variety of 'sensors’. Sensors are not visiblat lare used to detect user input.
Geometry sensors generateerd@s based on user actions. Theu@hSensor
generates anvent when the cursor isver an dject and the user clicks the
mouse htton. Threeof the geometry sensors; CylinderSepnddaneSensor
and SphereSensor generatents if the cursor is clickd and dragged when
ove an dject. The dragging nvement is translated into a translation of the
object (in the case of the PlaneSensor) or a rotation (in the case of the other tw
sensors). ime sensors generatgeats depending upon the relagivalues of
their start time and stop time fieldank sensors are used in conjunction with
geometry sensors to sequenegfilame animation.

3.4 Animation

VRML2.0 supports ky-frame animation. When a user triggers a geometry
sensor it generates anvent which causes a time sensor to start. The time
sensor then generates a stream of (timehts at rgular intervals, and these



are sent to an interpolatofhe interpolator calculates data values for each
moment in time and sends these data values to the node containing the
object(s) to be animated. Depending on the type of datavedcehe objects

will be translated, rotated, or change colaize or shape. Animations can be
programmed to run once only or to repeat theneselFigure (2) illustrates the
process.

Key-frame animation is suitable for simple linear animation. If more cample
animation is required, for example opening a door if it is shut and closing it if
open, then scripting is required. Scripting opens up VRML2.0 to the
computational power of languages such asSeript and Jea.

4. Authoring the 3D Models

At the time that the case studysvconducted VRML2.0 authoring tools were
not yet aailable. Models could be authored in VRML1.0 tools and then
translated to VRML2.0, or could be authored from scratch by hand. The
electronic bagpipe (or mini-pipe), is played by touching a number of finger
pads that are set into a halltube known as a chantéwuthoring the model by

the first approach required the use of sophisticated amtwuch as 'Alias
Animator’ to craft the comple shape of the holes in the chantend this
presumed familiarity with the use of such safte. Inaddition the translation
software was in beta release, the VRML mailing list reported that itesed

from bugs, produced huge files and still required hand crafting in order to
implement VRML2.0 specific features such as animation. The second approach
(authoring the models by hand) required the tedious calculation of poants

in 3D space to define inged face sets for shapes that could not be represented
by VRML2.0 primitives. The second approach was judged to be the egtick
and was adopted. Three objects were modelled; the mini-pipe itself, a PP3
battery and a set of earphones. Figures (3) to (8y #® 3D models.

4.1 Complex Shapes

More than a thousand points were used to model the chanter section of the
mini-pipe. Figure (8) shows a close up of one of the finger pads set onto a hole
in the chanter tube. These cut-out holes were the maésultipart of the mini-

pipe to model. The difficulty as caused by having to represent the material
thickness of the chanter tube. Solid models in computer graphics are
represented by closed surfaces and are not actually 'solid’. This is true whether
the objects are modelled using polygon mesh surfaces [8] as in VRML, or



constructve lid geometry (CSG) [9] (which is used in some ray tracing
systems). It is possible to represent a hole in a non-black plareeswf an
object, by positioning a black object on that aad. This technique was used

to model the earphone socket hole and the Wwabkarts of the battery terminals,

but it is not very realistic as the holes do not appear telany @pth. It was

not possible to use this technique to model the finger-pad holes in the chanter
as the finger pads had to be recessedibitle outer surface of the chanter tube

as can be seen in Figure (8).

4.2 Animation

Two components of the mini-pipe were animated; the lid of the battery
compartment and the volume control kndlhe battery and earphones were
also animated. In all cases itas necessary to control the animation using
scripts. The battery compartment lid opens and closes and the battery will go
into the battery compartment or come out of it only if the lid is open. The
volume control knob turns up or down and the earphones plug themselves into
the ear-phone socket. The models wergeldped for the Cosmo Player
browser which meant that the scripting languages WRMLScript, (a sub-set

of JavaScript). The biggest problem with the animation was working out 3D
co-ordinates for objects that were simultaneously rotating and translating. The
local co-ordinate system rotates with each incremental rotation of the object,
which means that the direction of translation along a particular axis also
changes each time. The problem is compounded if rotation (with respect to the
world co-ordinates) is required about more than one axis. A compromise
solution is to complete srotation before starting a translation, and thesw

the approach used for the battery compartment lid and earphone animations.
The battery animation used simultaneous rotation and translation and required
a geat deal of trial and error to determine the path of the battEgefully
VRML 2.0 authoring tools that simplify this process will becomvailable

soon. Animations acknowledged to be one of the most difficult aspects of VR
authoring.

5. Strengths and Weaknesses of VRML2.0 for Product Marketing

5.1 Strengths



5.1.1 Web-based

Nowadays, Vb browsers arevailable on virtually all platforms and are used
by mary people with a broad range of computer expertiseyvi@isly
information about a product which can be displayed on Welwdais will
reach a wide audience with the minimum of distributidoref Thereis no real
alternatve © VRML on the VWb for the widespread dissemination of
interactve 3D information.

5.1.23D

With so much informationvailable on the Web, one of the main concerns of
Web authors is to attract users to their page. People finda3birfating, and if
there is sufficient user interaction built in to a 3viebonment, this will not
only attract interest but maintain it as well.

5.1.3 Relatvely easy to create

VRML2.0 is a scripting language. It is not necessary tonkamything about
computer graphics in order to produce interesting 3D scenes. Thissmak
VRML2.0 attractve o content producers who will be coming more from an
artistic than a computer science background.

5.1.4 Demonstration of product behaviour

It is possible to demonstrate the functionality of a manufactured product using
video embedded in a Web page. As far as thevarias concerned this is a
passve ativity. Engaging a uses dtention through interaate invdvement

with the 3D environment mak VRML2.0 more attracte. The user and not

the computer is in control!

5.2 Weaknesses

5.2.1 More than one biowser required

Additional software in the form of a plug-in or helper application is required in
order to viev VRML2.0 scenes. VRML2.0 was supposed to be a standeard b
unfortunately during the negotiation of the scripting part of the VRML2.0
specification there was a language waplving Javascript and J&a. The result

is that some bresers only support Yascript and other browsers only support

Java. VRML2.0 content authors tend tovdop for a particular browser and



their files will not work in all of the VRML2.0 browsers. It is to bepected
that bravsers of the future will support bothvaacript and Je, but at the
moment it is a real problem that most do not.

A Web bravser will display a VRML2.0 scene in its own wivdan order to
allow VRML2.0 scenes to be embedded within, and controlled from an html
file, the Jsa External Authoring Interface (EAI) [10], & deeloped.
Unfortunately not all the bwsers support the EAI, so it is quite common to
download a VRMLZ2.0 file and find that it doeswork in a particular braser.

The lack of portability across VRML2.0 hwsers dramatically reduces the
potential audience that authors can expect to reach anesiv&ML2.0 much
less attractie for the marketing of products.

5.2.2 Unacceptable file download time

A number of factors contribute to the size of VRML2.0 files. First, it is an
ASCII file format. Second, complicated shapes maae lzahgh polygon count.
Third, textures tend to require adar amount of specification. Fourth, sound
files tend to be lge. The result is that if you Y& packaged your complicated
product in a virtual environment with realisticxteres, enhanced with sound,
the user may he o wait 20 minutes for the scene to load. If your VRML2.0
scene contains mgrinks to Web pages or VRML2.0 scenes that alse hla

be downloaded, your potential customer is going to lose interest quickly.

5.2.3 Slov rendering of complex scenes

VRML2.0 scenes are rendered in real time by the VRML plug-in or helper
application. This can result in unsatisfory animation due to the current
limitations in the processing pe@r of typical end-user computingehicles.

One of the worst effects is the loss okttees that can occur if a scene is
changing rapidly If a scene relies heavily on texture-mapping to \ayn
'photo-realism’ it is unacceptable for these textures to be replaced by minimal
wire-frame outlines whilst the scene isvimg. It is hardly surprising that the
rendering capability of VRML2.0 is limited when you consider that each frame
in the computer-generated filmdy Sory’ took up to 15 hours to render
Nevertheless peopls’ expectations are high, largely due to thecalent
graphics quality in modern computer games. For users who do wetaha
appreciation of the technical difficulty of rendering 3D scenes in real time, the
results seem to be crude and not 'state of the art’.
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5.2.4 Time to author complex shapes and behaviours

Simple shapes that can be built up from the elemental shapes can be authored
quickly and eficiently. More compl& shapes, requiring inded-face sets, are
time consuming to author by hand. Authoring packages\aklle nav that
make the task of modelling compteshapes easigibut there are still areas
where a certain amount of hand tweaking is required. One of the mfasildif
shapes to model is a hole punched through a solid object. Simypfeakne
animation is likwise relatvely straight forward to achie and is aailable on
at least one of the VRML2.0 authoring packages. Comahemation on the
other hand, requires a lot of hand craftingr Fhexpensve poducts the cost of
authoring a marketing aid using VRML2.0 is going to be prokibditor some
time to come.

5.2.5 Wide colour variation across platforms

The rendering of colour in VRML2.0 scenes varies so much from platform to
platform that a working group has been set up to try and address the problem.
In some cases, forxample 3D games, obtaining the correct absolute colours
may not be critical, although the aesthetic appeal of a scene maydreedylv
affected. For mankting products such as pictures, textiles or clothing, it is
essential that the colours created by the VRML2.0 author are reproduced
faithfully in the browsers of potential customers.

5.2.6 Awkward 3D navigation

The main reason whVRML2.0 should be such anfe€tive marketing aid is

that it promises potential customers the abilityxplere a virtual product. The
interface controls on VRML2.0 bwesers are based on the concept of avere

(or avatar), who naigates in and around a virtual environment, but the controls
are so wkward to operate that wmmgating a VRML2.0 environment is
frustrating. Not at all the situation that will encourage users to stay at a site. In
addition there is no Wlt-in interface that will allv users to manipulate
individual objects within the 3D scene. This functionality has to be
programmed into the VRML2.0 fileThe next section reports on a study that
was aarried out to gauge users’ reactions to VRML2.0 navigation [2].

6. 3D Navigation Experiment

The purpose of this studyas to ascertain the attitude of usersamls 3D
navigation in VRML2.0. An experiment was conducted in which subjects were
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timed as thg navigated a 3D road circuit, (Figure (9)). The main obyectf

the experiment @s to ensure that each subject had a similar experience of 3D
navigation in VRMLZ2.0 prior to forming a judgement about its suitability for
navigating virtual shopping malls. Also of interest was the degree of
improvement (if any) between a subjexcffirst and second lap of the course.
Fdlowing the experiment the subjects were askednwadgestions relating to

the system thehad just used.They were also askd to choose a preferred
ervironment for naigating a virtual shopping mall, from: VRML2.0, a 2D map
and a list of shops or products.

6.1 Subjects

Ten volunteers took part in the stydgeven male and three female, ranging in
age from 15 years to 47 years ol@uF of the subjects were of school age (15
to 17 years old), three were between 20 and 40 years old and threeverere o
forty years old. Of the ten subjects, onlyotwsed a computer less than once a
week, three used a computer arerage once a week anddivsed a computer
evay day Two o the subjects were not British but spdkuent English.

6.2 The Experiment

Every subject was gen the same task. Thevere asked to mégate around a
VRML2.0 road circuit and then after a pause of about one minuyewtbee
asled to naigate around it agn. The time taken for each completeigation
of the road circuit was recorded. No subject hgokeience of the 3D course or
VRML2.0 prior to the experiment.

6.3 Materials

Elonex 486/66 PC with 16Mb RAM, running Windows 95
Cyber Passage V2 beta 2 (SayRML2.0 Browser)
Netscape 2.02

VRML2.0 file 'drive/main.wrl’ from Sory Picturevorks

6.4 Results

Figures (10) and (11) summarise the preferredgagion method. Results for
the navigation experiment are summarised in Figure (12).
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6.5 Assessment of Results, 3D Navigation

Figure (10) shows that a majority of subjects rejected 3gaaon. This vas

not a statistically significant result as the Chi-squaakies in Figure (11)

shawv. The observed Chi-square was 2.6 which is much less than the calculated
value of 4.61 (for an alpha of 0.1). It is necessary to go to an alpha of 0.5 to get
a @lculated Chi-square less than the obsérvalue. This can be explained by

the small number of people in the sample, (for example if the ratio of
preferences was kept at 1:4:5 but 100 people had been sampled instead of 10,
the observed Chi-square wouldvedeen about 26.

The object of the study was to get a feel for pespiitudes rather than to
prove a heory so te statistical significance of the result was not a prime
consideration. Initially tw subjects chose 3D as their preferredvigation
method, both were in the youngest age group and did so becayskeaight

that it was fun. One changed after reflecting on the questiog (ten't
initially related it to shopping). It is interesting that the only subject who stayed
with 3D as a preferred mmation "because it was fun”, declined theitiation

to do a second lap. May be it wasihiat much fun!

The results for impneement of lap time from the first to the second lap were
also not significant. Figure (12) shows that the measuredlue was 1.71
compared to a calculatechlue of 1.75 (with an alpha of 0.1A possible
reason for this is that some subjects tried to use the 'in-screen’ controls on the
first lap and went wildly dfthe course, (one started going the wrongyw
round the track). These subjectyarted to the safer 'arw’ controls for the
second lap. The standard deviation for the first lap was 1.36 which is high
compared to a mean lap time of 3.98 minutes. The second lap had a much more
acceptable standard deviation of 0.73 with a mean lap time of 3.1 minutes.

Conceptually the nagation controls were straightforward which isy@yber
Passage ws used in preference to Cosmo Playerpractice the controls
proved to be avkward and frustrating to use as is illustrated by the viotig
selection of comments;

Subject 2: "I certainly couldnt use the controls on the screen, dwid get
lost. | was glad there were twtypes of control. Is too slav for
shopping malls"

Subject 3: "This is difficult" (twice). "I wouldn’t havethe patience, | wuld
find it very irritating".
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Subject 5:  "It5 not doing what | wanted it to do, | ddriknow where | am, Oh
here we are". (This subject went completeliytbe road a couple
of times).

Subject 9:  "Your concentration is on the navigation and not where you are".

The comments and results discussedvabeinforce the belief that building a
virtual shopping mall in VRML2.0 wuld not be beneficial, at least without a
major improvement in the nagation interface(s) offered by VRML2.0
browsers. The situation will impxe@ when the appropriate render ing saite

is implemented in hardware. A binary file format for VRML2.0 [11] is being
developed, and this should impre download times.It is not just speed though
which needs to be addressed, the basic usability of the controls has to be
improved. For marketing products it is desirable that potential customers can
manipulate objects directly rather thanvigating around them. The xie
section describes a prototype interface for this purpose.

7. VRML2.0 Browser Interfaces

There is a need for a VRML2.0 intade aimed at object manipulation rather
than 3D navigation. A prototype object manipulation interface is described.

7.1 Design of Custom Interface

The interbice consists of four icons which represent four modes of object
manipulation; translation in the plane of the computer screen, translation in a
vertical plane going into the computer screen, rolling about an arbitrary point
and spinning about a single axis. In addition to the iconic representation of
each mode, a xéual description appears when the cursor is passedtioe

icon and disappears when the cursor i¥edwff agan. An icon is highlighted

to shav that it has been selecte@nce an icon has been selected, objects may
be manipulated by clicking the mouse when the cursoves the object and
then dragging the mousé&.he dragging meement of the mouse is coarted

into movement of the object according to whielee mode is current. The
standard browser interface is st¥Madable if required or it can be switched .of
Figures (13) and (14) depict the custom irgeef within a sample VRML2.0

file.

Ideally the architecture of a VRML2.0 system should vallan interface
implementation to be separated from the file that is being viewed. At the time
of the project not enough information wasa&able to allav a sparate
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interface to be desloped. The interface was therefore programmed into a
VRML2.0 world. It is possible to define an intack as a VRML2.0 Prototype
that can be re-used and adapted. Thauld be an impreement wer the
present situation but it would still be an interface in a file.

The icons used in the interface are themselves VRML2.0 prevdabjects and

in order to get them to stay stationary with respect to theevié is necessary

to position them within the front half of th@ame occupied by the wer’s
imaginary &atar, i.e. at the current wepoint. Theicons must be in the front
half of the aatar to ensure that tigeare not clipped when the browser renders
the scene. In order taekp the icons tracking the viewpoint (eet@r position)

a proximity sensor must be attached to the icons. The proximity sensor should
be large enough to eer the entire virtual world so that the viewpoint will
always be inside it. As the viewpoint mes aound inside the proximity sensor
the sensor sends position information to the icomah3form node to enable it
to move the icons in synchronisation with the viewpoint. Figure (15) illustrates
this concept.

The icon design attempts to e@y the type of meement associated with each
mode. The translation icons depict the plane in whictlement occurs and the
rotation icons depict an object whose rotational behaviour is similar to the
rotation of the objects, for example a ball and a cylinder.

A small red bar appears at the top of an icon tonstiat it has been selected.
Selecting an icon is achied by dicking on it with the mouse.

In order for objects to respond in the appropriate manner rinest hae a
range of geometry sensors attached to them. The translation behaviours of the
first two modes are achved with a PlaneSenso&deways mozement of the
mouse is coverted into sidevays object mwement for the first mode and
object m@ement in or out of the screen for the second moélescript node
detects which mode is current and routes the translation information to the X or
Z co-ordinate of the objects rdnsform node accordinglyUp or down
movement of the mouse is cearted into up or down mament of the object

in both cases. df the rotational modes, mement of the mouse is coarted

into rotation of the object. In the case of theLR mode the rotation may be
about an arbitrary axis. The axis of the SPIN mode is fixed.

A Switch node actiates the appropriate icon and de-zates all others.A
further switch node causes an appropriakt teessage to be displayed when
the cursor is wer a particular icon. When the cursor v&s df the icon the tet
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message is remred.

8. Conclusions

A case study has shown that VRML2.0 has the potential to enhance the
marketing of products on the &4, havever at the present time there are too
mary problems for its use to be of real benefit. The main advantage that
VRML2.0 has woer rival technologies is that it allows themoration of a 3D
environment with meement in all degrees of freedom, Thivef a ptential
customer the sense of being in control. In addition the interaction and
animation capabilities of VRML2.0 can oc@y nmuch information about a
products functionality What limits VRML2.05 wsefulness as a marketing aid

IS that it is not cost-&ctive for inexpensve products, it is non-standard across
VRML2.0 brawvsers and platforms, the rendering of colour varies unacceptably
it is slow and the browser interfaces are not user-friendly.
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Figure 2: Key-Frame animation
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Figure 3: The Mini-Pipein use

Figure 4. VRML2.0 model of Mini-Pipe

Figure5: VRML2.0 model of Mini-Pipe
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Figure 6: VRML2.0 model of pp3 9V battery

Figure 7: VRML2.0 model of ear-phones

Figure 8: Close-up of finger pad on chanter
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Figure 10: Summary of navigation preference for shopping mall

Sample Size 10
Degrees of freedom 2
Chi-souare (observed) 2.8
Chi-square (tabulated, alpha =0.1) 461
Chi-sguare (tabulated, alpha =0.5) 1.39

Figure 11: Chi-square for navigation preference

Lap 1 Lap 2 Combimed

Sample Size g g 18
Mean Lap Tine (mims) 398 3l

Sum of Squares 14,86 422

WVanance 1.86 0.53 1.1%8
Standard Dewation 1.36 073

Sed - - 0.52

t (measured) 1.71

t (tabulated, alpha=10.1} - - 1.75
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Figure 12: Summary of navigation experiment results

Figure 13: Object manipulation interface, mouse over first icon

Figure 14. Object manipulation interface, cylinder moved
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Figure 15: Object manipulation controls inside imaginary avatar volume
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