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Abstract

With the steady increase in the maturity of autostereoscopic LCD display technology and
a correlating reduction in its cost to consumers, many (but not all) of the barriers to
widespread adoption of such displays for use with personal computers have been
removed. As such, | explore the possibilities of utilising the technology for the creation of
truly three-dimensional, stereoscopic websites. | outline the display hardware that would
needed to be run such websites, briefly examining the methods used to create the illusion
of a 3D image, and consider the problems that the lack of a single dominant method for
delivering autostereoscopic images presents. Next, | review the possible advantages of
stereoscopic websites over traditional 2D online environments, drawing upon previous
research by Microsoft and others on the advantages to end users of 3D graphical user
interfaces. Finally, | explore some initial ideas for the final implementation of
stereoscopic websites, and outline a plan for the development of my final project over the
next year.

Introduction

The evolution of the World Wide Web in its first decade has seen the emphasis of online
content creators move from the largely text based offerings of the early 1990s to the
visually rich, and image reliant websites that we often see today. With the marked
increase in the capabilities of personal computers, coupled with the recent rapid adoption
of broadband by Internet users in developed countries, web designers have increasingly
utilised still and moving images to complement text based content and allow their users
to interact with their sites in new ways. However it is the recent advances in
autostereoscopic LCD display technology, enabling the user to perceive a 3D image
without the need for glasses, or any other additional hardware, that present web
developers with a potentially radical new arena in which to engage with their users.

While the cost of autostereoscopic LCD displays has dropped substantially in recent
years, to the sub-£300 level in one notable instatioe plethora of unique, high quality,
andeasily accessible stereoscopic content needed to drive wider adoption of the
technology has been conspicuous by its absence. There has been no stereoscopic Okiller
app.O The ability to browse for stereoscopic content online in a manner that most have
become accustomed to with traditional 2D content would perhaps interest many.
However it is the potential for innovative 3D methods of presenting and navigating the
traditional text and image data that most of us visit every day online (whether it be news,
sport, academic journals or train times) that | shall particularly focus on during my
research. It is this, coupled with OenchantingO nature of stereoscopic imagery, which
would arguably present the manufacturers of autostereoscopic displays with the mass-
marketraison d’étre that could truly excite a large enough number of people to drive

! As of 2F' April 2006 the Sharp LL151 3D display was available from http://store.sharpsystems.com for
$449.00 (£252.23, with exchange rates correct as of the same day).
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adoption of autostereoscopic displays to levels that the manufacturers years of innovative
research deserves.

Autostereoscopic Displays

As | have touched upon, one of the fundamental barriers to mass adoption of stereoscopic
displays has traditionally been the need for viewers to wear glasses to view the image in
3D. In addition to feeling self-conscious about their appearance while wearing the
glasses, many viewed them as generally uncomfortable and cumbersome. It is the recent
advances in autostereoscopic display technology, allowing the user to perceive a 3D
image without the need for glasses or additional hardware, which therefore raise the
possibility of more widespread adoption in the future.

A number of manufacturers now offer autostereoscopic displays, with many using widely
varying technologies to create the illusion of three dimensions. However there is one
particular manufacturer, Sharp, that have brought to market the most affordable range of
autostereoscopic displays which, crucially, can be switched between 2D and 3D modes at
the touch of a button. The ability to switch between 2D and 3D modes is important in this
context, as dedicated autostereoscopic displays are naturally rendered useless when
viewing 2D content. The ability to easily switch between the two modes would therefore
enable such hardware to become a users primary computer display.

Since 2003 the company have launched a range of products, including standalone
autostereoscopic displays and notebooks with the technology built-in, however it is the
consumer-orientated LL151-3D model which has recently seen its price fall below the
£300 level for the first time, truly placing the technology in the reach of average
consumers.

SHARP
Fig 1: SharpOs LL151-3D autostereoscopic LCD display.
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SharpOs autostereoscopic displays use a filter array (OParralax BarrierQ), which redirects
light from odd and even pixel columns to the viewers left and right eyes respectively, to
create the illusion of three dimensions. The filter can be switched on and off at the switch
of a button, allowing the display to return to its OnormalO, 2D state.

LCD Pixels

Parallax Barrier -- . - -

# Right eye image shown in 0

» Left eye image shown in [

/1 Viewing Di“amnnds

Fig 2: Demonstrating the viewing area (Oviewing diamonds®) in which the Sharp displayOs output is
perceived as being three dimensional.

While this approach is cost effective, it has its limitations. The figure above demonstrates
the restricted Oviewing diamondsO in which a user has to be seated to perceive the
projected image in three dimensions. While other manufacturers using filter array
technology have overcome this limitation with the use of eye tracking devices which
adjust the angle of the array to suit the users current posisibthe price point likely to

enable widespread adoption of the technology, this limitation will perhaps remain for the
foreseeable future. In addition, when considering creating content for such monitors, it is
important to note that despite the Sharp displayOs featuring standard resolutions of
1024x768, this is effectively halved once the 3D mode has been activated, as the monitor
is now dividing the output of the columns of pixels between two eyes.

Coupled with the specific problems associated with this particular display noted above, is
the general lack of standards that is a feature of the still-young autostereoscopic industry.

2 Diagram from: http://www.sharp3d.com/technology/howsharp3dworks/
8 Qunctional Principle C-i / C-s Display’
http://www.seereal.com/en/technology/functional_principle_ci.php

Panek 4



Mark Lusted

Displays employing different methods to create the illusion of stereoscopy - or even
monitors using the same method but of different sizes - can output stereoscopic content in
markedly different ways. The depth of perception of the 3D image produced, for instance,
can vary, and is also influenced both by the distance that a person is sitting from the
display, and the size of the monitor. Indeed, on some autostereoscopic displays the 3D
image appears to exist inwards, inside the display, rather that projecting outward. This
has resulted in manufacturers often, understandably, producing software solutions that are
tailored to produce stereoscopic output that OfitsO their monitor perfectly. The abundance
of differing technologies is, therefore, an important consideration when assessing the
viability of online stereoscopic projects that aim to mimic the universal nature of the

World Wide Web as it exists today.

Indeed, relating that final point, In the UK tBeésability Discrimination Act compels web
designers to create sites which are accessible by all. However deciphering the three
dimensional image on all autostereoscopic displays necessitates having comparably good
vision in both eyes. Those with poor eye sight simply may not view the 3D image. | am
unsure how this could be resolved.

Despite these problems, the potential for increased uptake of the technology in the future
clearly exists, and increasing standardisation would likely follow, potentially decided by
the pressures of market competition, if nothing else. The home entertainment market, for
instance, could be a catalyst for future growth beyond the niche sectors that have already
found use for the technology (medical, industrial design, etc). Hundreds of computer
games titles are already compatible with autostereoscopic di$ptagslearly worth

noting the potential for many more homes in the future to have displays capable
displaying stereoscopic content, and those in creative industries should arguably be
exploring possible ways to enhance their future digital offerings to take advantage of the
new technology.

Why Stereoscopic Websites?

It is clear that in terms of hardware, a basis for future growth in the consumption of
stereoscopic content has been created. However the question arises as to whether enough
people are really interested in the technology to make a Ostereoscopic webO a reality?
Indeed it is notable that despite many companies devoting resources to the creation of 3D
user environments, very little of their research has been implemented in the public,
commercial domain.

Despite this, | have identified two areas in which stereoscopic websites could perhaps

find an enthusiastic user base. Firstly, is the ability to display 3D still image and video
content to the user from within a browser interface, allowing for a level of accessibility to
stereoscopic content that simply does not exist at the current time. Secondly, and of more
interest to me in this project, is the potential for presenting OtraditionalO 2D online content

“ List of PC games compatible with the Sharp 3D LCD technology when used with an NVIDIA graphics
card can be found at: http://www.sharp3d.com/entertainment/games/list/

Panek R



Mark Lusted

in innovate, 3D forms, which take advantage of the extra dimension that the designers
would have to engage with their users.

On the first point, N. Holliman has noted that Oas a visual effect, it clearly fascinates the
majority of people when they see a 3D picture.O However he goes on to note that
stereoscopic images provide 5 primary advantages over monocular®vision:

1. Relative depth judgement B enabling the user to judge accurately the depth
between objects.

2. Spatial localisation D allowing the brain to focus on a certain depth while placing
less emphasis on its objects at other depths.

3. Breaking camouflage B binocular vision has proved adept at allowing the
beholder to pick out camouflaged objects more easily.

4. Surface material perception B binocular vision is a prerequisite for the accurate
perception of a materialOs surface.

5. Judgement of surface curvature B there is evidence that binocular vision allows
for more accurate interpretation of an objects curvature.

Out of the above points, it is the first two that are of particular interest to me in the
context of my project. Designing websites that seem innately natural or logical to the user
is centred on understanding, and taking advantage of, the emphasis that our brain seems
to naturally place on certain objects when viewed in relation to others. The added
opportunities for web designers that would accompany their users accurately perceiving
depth through their computerOs display could, for instance, include harnessing spatial
localisation to quickly and intuitively emphasise the importance of different elements of a
web site. The most common distinction needed is that between navigational tools and
actual content. Beyond simply displaying impressive, and often OenchantingO stereoscopic
images and videos, it is the possibilities for organising traditional data in new ways that
could be of more lasting use to the computing world.

| have previously presented on the topic of Gestalt theory, and its relevance to website
design? and feel that it would become even more pertinent in this context. With an added
dimension in which to present information to a user, the temptation may be to fill this
extra space with additional content. However retaining Oclarity of faon(® become

even more important in this new environment, and designers would arguably have to
utilise three-dimensional space in the same way as theyidospace in 2D design.

3D Environments

Much research has taken place in the computing domain into the possibilities of creating
3D Graphical User Interfaces. Microsoft, Sun Microsystems, and an array of open source

®>N. Holliman, ‘3D Displays, A practical technology ?’, Department of Trade and Industry, Public Service
Review, Issue 7, February 2005, p.2.

® OGestalt theory and webdesignO B http://iwww.gold.ac.uk/~hs201mijl/Presentation1.ppt

" Ibid, slide 3.
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projects have sought to redefine the way we interact with our computers and move us in
some sense to envisage our desktops as a three dimensional space. The O3DO spaces in
these instances would be Ovirtual,d in that they would in actual fact be displayed on a
traditional OmonoscopicO displays. However despite over a decade of research, such
interfaces are notable for their absence in commercial software.

Two projects, which are in many ways similar, Microsoftdgect Gallery and SunOs

Project Looking Glass, have focussed on creating 3D environments that seek to rearrange
existing 2D content in a new, 3D context. Existing programOs can be run as normal in the
respective environments, however they, along with documents and other windows, are
now arranged in a nominal 3D Ospace.O Microsoft employs the metaphor of an art gallery,
with the user effectively walking through and browsing for the window or application

that they require in a similar way to how you would look for a specific painting on a wall

in the National Galler§.Sun does not employ such a metaphor, and instead utilises a
completely abstract space for their interface.

The crucial point to note here is that with regards to the actual functions of the programOs
that are opened, these are still firmly within the realm of two dimensions. Indeed the
original creator oProject Looking Glass, Hideya Kawahara, makes clear that Owe aren't
moving the desktop into a 3D world per se, we are trying to enhance the view of a 2D
world by adding 3D functionality where it makes serise.O

Fig 3: Screenshots from the O3D environmentO of the Sun Microsystems
sponsoredProject Looking Glass.™

The strong distinction in both of these projects between the:@ivnment, and the 2D
content, is one that | feel is of some relevance to my project. KawaharaOs assertion that
3D functionality should only be added Owhere it makes sense,O while obviously a very
subjective statement, does seem to point in the right direction. The hallmark of a well
designed website is the ability for the user to quickly perceive how to find the content
that they are looking for, and adding barriers to this with needless 3D metaphors would

8 Jask Gallery’ - hitp:/Iresearch.microsoft.com/adapt/taskgallery/

° Will Iverson, Behind The Scenes of Project Looking Glass’, Interview with Hideya Kawahara
http://today.java.net/pub/a/today/2004/07/06/3ddesktop.html

19 Screenshots from: http://www.sun.com/software/looking_glass/details.xml
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clearly undermine the value of my final project. Simplicity is the key, and avoiding
complicated and arguably indulgent interfdte$ some previous 3D GUIOs will be a
clear guiding principle when considering appropriate forms for stereoscopic websites.

Design Considerations for Stereoscopic Websites

Having considered the experiences of the projects listed above, my previous research into
Gestalt theory, and the generally accepted principles of good website désigne

concluded that a layered approach to the design of stereoscopic websites would be one
way of utilising the advantages of spatial localisation, while at the same time retaining a
simple navigational metaphor for end users.

Fig 4: demonstrating a layered approach to organising content on a stereoscopic website.

The figure above illustrates a blank website with three layers. While in its current form

the user would see nothing but a single square, the illustration demonstrates the canvases
that designers could work with, and the means in which a user could control navigation of
the site. The mouse cursor would exist on one layer at a time, and switching the layer that
it exists on could be enacted through turning the scroll wheel that exists on most modern
mice (or, failing that, a Ohot keyO on the keyboard). While not wedded to this concept, |
feel that it forms a good starting block for me to formulate more complex ideas on.

A mechanism for organising content into layers, the Z-index, was incorporated into
HTML several versions ago, and in relation to possible methods of implementing a client
program to view stereoscopic websites, | will examine the possibility of adapting current
browser technology to instead project different layers in stereoscopy. The ability to create

" The often highly conceptual interfaces employed byCtheyuet Project are innovative, however | feel
would be inappropriate to my project. An example can be found at:
http://www.croquetproject.org/about_croquet/screenshots/images/slideshow29b.jpg

12 J. Nielsen, Designing Web Usability (Indianapolis: New Riders Publishing, 2000) provides a
comprehensive overview on the subject.
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a simple HTML web browser in Java already exists, so that is one possible avenue |
could explore in this context. If | am unable to produce an associated browser technology,
| will explore other programmes that | could utilise to create a Omock upO of how the
stereoscopic website would appear.

Again, given that the displays that would initially likely exist at a price-point low enough

to entice a large number of users would likely have a reasonably low resolution when
switched to 3D mode (such as the Sharp LL151-3D given as an example earlier), | shall
limit my design of a stereoscopic website to fit such resolutions. A Olowest common
denominatorO approach would need to be adopted to keep the ethos of global accessibility
that has been central to the development of the World Wide Web. Indeed most of the
major websites still cater for users with resolutions of 800 x 600 on traditional displays,

so this limitation in resolution would not, in fact, be something alien to most web

designers.

Conclusion

As demonstrated, the technological basis for mass-market adoption of autostereoscopic is
now in place, however the lack of stereoscopic content for such displays has clearly
crippled its take up amongst consumers. If implemented in innovative way, showing
tangible benefits to the user, a OsisterO world wide web existing in a three-dimensional
space could, perhaps, fill the stereoscopic content vacuum that clearly exists at the
present time.

The central challenge to the future viability of this project as a general concept lies within
the hardware itself, and the lack of standards for presenting the stereoscopic image to the
user. At present, stereoscopic content can appear markedly different depending on what
type of autostereoscopic display it is being outputted on. When thinking of future
implementations, the impact of differing depths of perception of different
autostereoscopic displays could perhaps be minimalised if the browser included the
ability to recognise a OprofileO of the display, and adjust the stereoscopic output
accordingly. This would, however, would be reliant on a standard global system of
autostereoscopic display OprofilesO containing the displayOs range of perceived depth, etc,
that simple does not exist at the present time, as far as | am aware. As such, and as | am
building a Oproof of conceptO stereoscopic website, it will be optimised for the variables
of a single display.

In terms of the design of the stereoscopic website itself, | feel | have outlined a sound
basis for further research. Drawing upon the previous experiences of Microsoft and Sun
amongst others, | feel that the Olayered® metaphor is a simple, yet effective, way of
partitioning the 3D space. Control of the space could be harnessed with existing mice and
keyboards. | will continue exploring other ideas for the design of stereoscopic websites
over the summer, and will finalise my final design plan by the end of the year. | have
outlined a more general plan for the development of my project overleaf.
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Plan
Summer 2006

* Familiarise myself with the display technology and gain hands on experience of
using commercially available autostereoscopic displays. In particular | wish to
gain an appreciation of the depth of perception created by the displays, as this will
inform the viability of the OlayeredO approach that | have outlined.

* Examine in greater depth the research that has already taken place into 3D
graphical user interfaces by others and draw up a list of the features/concepts that
| feel are of relevance to my project.

* Create illustration examples of the form in which | envisage stereoscopic websites
would exist.

* Look into possibilities of acquiring a Sharp LL151-3D display.

Winter 2006/2007

* Focus on technical aspects of implementing the ideas that | develop over the
summer.

* Explore the possibility of adapting current browser technology in Java to project
the z-index layers that are part of the HTML standard in stereoscopy.

* |f the Java browser is not possible, find another technology capable of displaying
my final stereoscopic website output.

* Finalise and report my final design intentions for the website.

Spring 2007
* Begin work on creating my working example of a stereoscopic website in the
chosen technology.
Summer 2007

* Finalise my working example of a stereoscopic website and write the
accompanying final report.

» Test the final project against the criteria of ease of use and Onatural feel® expressed

earlier.
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