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Putting the Reality in Virtual Reality

An Overvi ew of Apple's Qi ckTi ne VR Technol ogy

Wal ki ng through the corridors of the Louvre, you suddenly find yourself held in
the captivating gaze of the Mona Lisa herself... Toes in the shallow tide pool
your daughter picks up a bright orange starfish and turns it every which way
there is, to see what it's all about... Strolling down San Francisco's Lonbard
Street, you becone dizzy on what you are surely convinced is the world' s npst
crooked street... Your clients nod in approval after wal king down the corridors
of their planned office building fromthe confort of their own boardroom

And you do all of this fromyour personal conputer.

Wel cone to the new prom se of virtual reality. Thanks to an exciting new

sof tware technol ogy in devel opnent at Apple Conputer called QuickTime VR

real -worl d experiences |like these are now possible on an ordinary persona
conputer. They require no special hardware or accessories, nor any special
sof t war e

In this paper we explain the concept of virtual reality for the rest of us, and
i ntroduce the innovative new Qui ckTi ne VR software technol ogy that makes it
possi bl e.
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. QuickTime VR An Overview

Just what is Virtual Reality?

Virtual Reality describes a range of experiences that enable a person to
interact with and explore a spatial environment through a conmputer. These
environnents are typically artistic renderings of sinple or conplex computer
nodel s. More often than not, VR applications require specialized hardware or
accessories, such as high-end graphics workstations, stereo displays, 3D goggles
or gloves. As an alternative to virtual reality, video has been used to view
real world spaces.

Apple's QuickTime VR is systemsoftware that allows Mcintosh and Wndows users
to experience these kinds of spatial interactions using only a personal
conputer, with a nouse or trackball, and a keyboard. Furthernore, through an

i nnovative use of 360° panorani c photography, QuickTine VR enabl es these

i nteractions using real-world representations, as well as conmputer sinmulations.

Qui ckTi e VR has two conponents: a panoranic novie technol ogy that allows users
to explore spaces, and an object novie technology that allows users to exanine
obj ects close up and interactively.

Wth QuickTinme VR, viewers can explore "real" spaces and objects as if they were
there. As users change their view of a scene—turning left or right, |ooking up
or down, or zooming in or out—eorrect perspective is always maintained,
providing the effect of actually |ooking around. Users can al so nani pul ate

obj ects, looking at themfromthe front, back, top, bottom or any other angle
of interest.

The three defining characteristics of QuickTine VR are

1) it can use real-world i nages as well as conputer-generated i mages;
2) it does not require additional hardware; and

3) it is an extension of the QuickTine architecture.

I1. What You Can Do with QuickTinme VR

QuickTine VR is a technology that Apple is planning to license to third parties
inthe formof a runtinme engine and authoring tools. It enables content

devel opers, production conpani es and software devel opers to create exciting new
mul ti medi a products, typically in the formof CD-ROMtitles, in a w de range of
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mar kets. These opportunities can incl ude:

e Education -- An application that can allow students to explore Mayan
ruins, or the habitat of a beaver.
* Engineering -- Airplanes and buildings that have not been built yet
can be explored and anal yzed.
* Museuns -- Tour nuseuns in parts of the world you can't visit in
person, and see works not normally on public display.
e Kiosks -- Malls and thene parks can use QuickTine VR to provide

interactive, real-world directions to help orient a shopper
or visitor.

* Architecture -- QuickTinme VR can enable an interactive wal k-t hrough
of a new house or office building.
e Surrogate Travel -- If you can't go there on a tour, QickTine VR can
bring a tour of Venice to you.
e Ganes -- Exploration and nystery ganmes can use QuickTine VRto allow

people to go through a fun house or visit a crine scene.

I1l. The Advantages of QuickTine VR

The biggest difference between Qui ckTime VR and nost virtual reality systens is
its ability to use high-quality photographic representations of a space, in
addition to conputer-rendered representations. This, along w th other

i nnovations, results in significant advantages for both devel opers and users of
Qui ckTi me VR versus conpeting nultinedia formats.

Advant ages for Devel opers

Easy panoranic image capture Using only a standard 35nm canera and tripod, a
real -world 360° scene can be photographed in a few ninutes, elimnating the need
for expensive panoranmi c canmeras or |ong video-taping sessions. Because of the

i ncreased resolution that filmoffers over video, the inmges that QuickTime VR

uses will have richer colors and sharper details. Alternatively,
conput er - gener at ed scenes can be rendered using any of f-the-shel f rendering
package.

Faster performance QuickTinme VR incorporates a revolutionary new

conpr essi on/ deconpression algorithmthat for the first tinme delivers the
performance necessary to make the photographi c-based experience realistic. The
performance is independent of the conplexity of the scene. And since there are
no frame boundaries, QuickTinme VR allows for smoother panning as well.

Small file size The capture of a single 360° view of a real scene using video
techni ques, such as navi gable novies, would require tens of nmegabytes. The

Qui ckTime VR process can store the conplete 360° photographic representation in
| ess than one negabyte. The storage required for a conputer-rendered scene is
even snal |l er.

Flexible interaction QuickTinme VR provides built-in "hot spots” that enable the
content devel oper to nake any part of the 360° scene interactive. Wen the user
clicks on a hot spot, a wide variety of actions can be triggered, including the
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presentation of a photograph, an audio recording, display text, or another
Qui ckTi e VR scene.

Extension to the QuickTime famly QuickTinme is currently available for
Maci nt osh and W ndows personal conputers, and is al so bei ng devel oped for
consumer el ectronics devices, such as game players and interactive TV. Because
QuickTine VR is part of the QuickTinme family of products, it can be delivered on
nearly 10 nmillion QuickTi ne capabl e nachi nes worl dwi de, enabling QuickTine VR
aut hors to devel op content once and deliver it nmany tines.

In addition, QuickTime VR files can be enbedded in hundreds of applications that
support QuickTinme. A few exanples are multinedia authoring tools, presentation
packages, word processors, and databases.

Advant ages for Users

Real istic sinmulations Thanks to the use of panoram c photography, scenes built
wi th Qui ckTine VR enabl e users to experience 360° real-world sinulations. The
software provides correct perspective of every viewin a scene in real tineg,
giving the user the sense of being there and | ooking around. Simlarly,

Qui ckTine VR nmi ntains correct perspective with conpl ex rendered scenes.

Qui ckTinme VR al so offers the user the sinulated experience of turning an object
wi th their hand.

Intuitive usage Prior to QuickTime VR video has been used to capture rea
worl d spaces, with the limtation that the user nust view the scene in the
sequence in which the video was recorded. QuickTine VR frees the user to | ook
directly at any view of a scene or an object through a sinple, intuitive user
i nterface.

Accessibility |In contrast to nost virtual reality systens, which require

hi gh-end conputers or specialized hardware, QuickTinme VR runs on nost

Qui ckTi ne- capabl e Maci nt osh or W ndow conputers and requires no specialized
accessories, making it accessible to a much w der range of users. Qui ckTi me VR
requires a systemrunni ng Qi ckTinme 2.0, which nakes the VR files available to
any application that uses QuickTinme 2.0, and ensures that all VR files nay be
used with a wide variety of user applications.

I'V. Building QuickTine VR Applications

There are three discrete steps in creating a QuickTime VR file: capture, inage
i nput, and aut horing/conposition

For real -world representations of scenes, QuickTine VR uses 360 degree panoramc
phot ography. For rendered scene representations, standard, off-the-shelf
renderi ng packages are used.

A 360° panoram c phot ograph represents the view that one would see by standi ng
in a single spot and turning full circle. Until now, taking such a photograph
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requi red an expensive, special purpose canera. Wth QuickTinme VR authoring
tool s, that sanme 360° panoram c view can be captured using a standard 35mm
canera to take a series of adjacent photographs. In addition to enabling nmany
nore devel opers to create applications, the use of commercially avail able 35mm
canmeras allows for much greater exposure control over the 360° view The use of
standard caneras also pernmits a wi der range of effects due to the |arge nunber
of existing lenses and filters that may be enpl oyed. The actual nunber of
panor am ¢ phot ographs taken for a particul ar scene depends on the type of

experi ence the content devel oper wants to provide the end user. Capturing nore
panorami c i mages within a fixed space will yield a snoother navigationa
experience within that space, but will generate |arger storage requirenents.

For a 360° rendered view, the panorama may be created directly by the rendering
package, or by generating rendered scenes equivalent to the series of
phot ographs used in capturing a real-world panorana.

The representation of virtual objects requires that inmages of the object be
captured fromall viewpoints. These inages can be rendered or photographic.

Once the photographs have been taken, they are input into a personal computer
usi ng a Phot o- CD scanner or other standard, commercially available inmage input
devi ces.

Aut hor i ng/ Conposi tion

Qui ckTime VR authoring tools incorporate proprietary software that can
automatically stitch together a series of photographs to produce a single,

seanm ess di gital panoram c photograph on the Mcintosh. Devel opers can al so use
an interactive stitching node, for greater control. The source inages can be
phot ographi c or conputer rendered. Rendering applications that can output
panorami c views directly, bypass this step

Once the panoranic i nage has been created, it can be post-processed using
standard, commercially avail abl e painting applications.

Wth QuickTime VR s pixel-accurate "hot spot" technol ogy, the content devel oper
can enable certain objects within a scene to be interactive. This allows the
user to select the object for close up viewing, and view all sides of it by
turning it around using a standard pointing device such as a nouse. The

conbi nati on of scenes and objects sinulates to a very high degree the experience
of actually being there.

Qui ckTine VR objects can be used independently of the panoram c scene technol ogy
as well.

V. The Run-Tine Engi ne and Software Tool s

Apple is planning to license to third-party devel opers both the QuickTime VR
run-time software (for Macintosh and Wndows), and authoring tools
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(Maci nt osh-based). The availability and license structures for these tools is
anticipated to be disclosed before the end of 1994.

Qui ckTime VR will support 8-, 16-, and 24-bit video.

VI. Platform Requirenments for QuickTine VR

The m ni mum Maci nt osh systemrequired for the run-tinme software is
e QuickTine 2.0,

e System 7.1 or later,

* QUi ckTi ne- capabl e Maci ntosh with a 68030, 25 MHz processor,

* 8-bit video,

« 5 MB avail abl e RAM

Doubl e- speed CD-ROM i s recommended for CD- based software titles.

The mi ni mum Wndows systemrequired for the run-tinme software is
e QuickTine 2.0 for Wndows,
* Wndows 3.1,
e MPC 2 configuration:
- 80386, 33 Mz processor,
- 8-bit video,
. - 8 MB avail able RAM
Doubl e- speed CD-ROM i s recommended for CD based software titles.

VII. The State of the Software and Next Steps

In devel opi ng the QuickTinme VR software, Apple Computer worked closely with
Si non & Schuster Publishing to develop an interactive CD ROM application based
on "Star Trek: The Next Generation," released in the Fall of 1994.

As of this witing, QuickTime VR technology is in the final stages of

conpl etion. Mrre specific disclosures concerning the availability and
opportunities for evaluation and |icensing of QuickTime VR are anticipated prior
to the end of 1994,
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