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VR: QUICKTIME'S 

\ rlRTUAL REALITY-THE GOGGLES-A: ·o-GLOVES T ECHNOLOGY THAT IMM ERSES 

you in photo-real istic three-dimensional worlds that you can explore-n:quircs 

more computing horsepower and hardware than a personal computer prm•ides. 

Apple's QuickTime VR tech nology brings the best parts o f virtual realit:y- uscr­

conrrol led exploration and exam ination-to Macs and \Vi ncl ows computers. 

QuickTime VR doesn't demand goggles or gloves; you view a virnial wodd on 

the computer's screen and move around using your mouse or keyboard . Qu ick­

Time VR doesn't provide the tota l immersion of true virtua l reality, but neirhcr 

does it impose virnial reality 's hardware requ irements. Think of it as virnia l YR. 

A softwa re supplement to QuickTime 2.0, Q ui ck T ime VR is the bra inchil d of 

two gifted progra mmers in Apple's Advanced Tech nology Group: E ri c C hen, 

who invented the technology back in 199 1, and fan Small , who's been responsib le 

for refining it for release. Together with Quick T ime VH senior content engi nee r 

Ted Casey and program manager Eric Zarakov, Chen and Small gave me <l cby­

long QuickTime VR introduction. 



Apple's QuickTime VR brings t he best of virtual reality to 
personal computers 

by Jim HeidNEW EDGE 
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VR: QUICKT IME' S NEW EDGE 

STAR TREK: YOU ARE THERE 


The Quicklime VR Experience 
Initially, QuickTime VR wilJ find its way 
into multimedia CD-ROM titles, where it 
v..;11 join images, sounds, text, and con ­
ventiona l QuickTime movies. Q ui ck­
Time VR adds a unique benefit: the abil ­
ity to explore scenes and objects for 
yourself. A developer who uses Quick­
Time VR creates a virtua l world that you 
can control instead of simply observe. 

A conventional QuickTime movie is 
viewed from a single perspective. You can 
watch it from start to finish or skip arou.n I 
within it, but your view of the subject­
say, an orchestra on a stage-was cast in 
stone when tl1e origina l video wa shot. 

With a VR movie, you can change 
your view by dicking and dragging witl1­
ill tl1e movie or by using me keyboard's 
left- and right-arrow keys. For example, 
dragging to me left causes the view to 
change as if you were rurning your head 
to tile left, while dragging up is me equiv­
alent of looking up (see "Star Trek: You 
Are There"). ot only can you ee tl1 e 
orchestra, but you can also turn ar0tmcl 
to see who's sitting in the row behind you. 
You can zoom in on the orchestra for a 
closer look, or zoom out to see the big 
picture. Apple calls a VR movie that pro­
vides this freedom of navigation a 
pnnornmic movie. 

vVhen creating a panoramic movie, a 
developer uses Apple's QuickTime VR. 
autlloring software to create a 360-degree 
image; it's this image that y u navigate. 
Because tl1e panoramic movie is actually 
a single stiU image, it can't contain motion 
-you can see tile orchestra and audience, 
but you can't see the conductor' blur ­
ring baton or the latecomers scurrying to 
their sea ts. This is QuickTime VR's 
biggest disadvantage compared with gog­
gles-and-gloves vi rtual reality. 

QuickTime VR movies can also con­

tai n hot spots-areas on which you can 
click to perform an action, such as display 
some texr, play a sound, or most com­
monJy, switch to a different VR movie. 
Our VR 1110\'ie of the concert hall might 
have a hot spot below tl1e exit sign- click 
on it to move to the lobby. 

There's a key difference between 
QuickTime VR hot spots and the hot 
spots in non-VR. CD-ROM titles: a 
Qu.ickTime VR hot spot is embedded in 
the movie itself, a.nd moves along with its 
object as you move a1·otmd in the pano­
ramic. In non-VR CD-ROM titles, hot 
spots are just static points on me screen; 
tlley aren't part of QuickT ime movies. 

Clicking on a VR hot spot might also 
allow you to examine a specific object 
from different angles by clicking and 
dragging- it's the QuickTirne VR equiv­
alent to picking up an object and rurning 
it arotmd. T his killd of exploration is pro­
vi led by a different type of QuickTime 
VR movie, me object movie. 

Fortunately, as with linea r Quick­
T im e movies, QuickTim e VR. movies' 
consumer hardware requirements are 
modest. App le recommends a 25MI-Iz 
68030 or faster Mac witl1 SMB of mem­
ory, or a 33.MFlz 386 V\Tindows machi.ne 
with 8MB of memo1y. And QuickTime 
VR movies themselves are remarbbly 
compact-one panoramic movie uses 
onJy about SOOK of disk space. 

Unfortunately, QuickTime V'R mov­
ies are expensive and complex to create. 

pple's QuickTime VR authoring tools, 
me only software avai lable for ma.ki ng VR 
movies, cost$2000 and are cLifficult to use. 
("You've got to be a wirehead to get tl1is 
stuff to work," one Qu.ickTime VR devel­
oper told me.) They also require a fast 
Mac wim 40lv1B of memory. The autllor­
ing landscape may change over time, but 
initi ally, most of us will be QuickTime 

VR consumers, not producers. 
Here's a look at me process and t11e 

technology that developers use (see t11c 
diagram, "How Apple Makes QuickTime 
VR Feel Real," for other details on creat­
ing uickTime VR movies). 

From Pictures to Panorama 
If you' re a shutterbug, you've probably 
experimented wicl1 panoramic pictures: 
snap a picture, turn, snap anocl1er, a.nd so 
on, until you've photographed a vista coo 
gra nd for a single picture. Then you 
arrange tl1e photos on a tabletop, align ­
ing them where tl1ey overlap. 

T he first steps in creating a Quick­
T ime VR panoramic movie are simiJar. 
Mount a camera on a tripod, orienting it 
vertic.11ly tO caprure as much of tl1e sub­
ject's height as possible. To avoid distor­
tion, tl1e camera must be level and aJigned 
so that it rotates around its optical center. 
Becau ea camera's tripod mount is on tl1e 
camera body and not on the lens, a tripod ­
motmted camera will not rotate around its 
optica l center unless you offset the cam ­
era sli ghtly. Creating this offset today 
means using a heavy-duty tripod and an 
array of brackets and tripod heads con ­
taining levels (see "Photographing for 
QuickTime VR"). Apple is working with 
third-party developers to create simple 
low-cost brackets tl1at would enable tl1e 
use f lightweight tripods. 

T he number of pictures required for 
a full panorama depends on t11e camera 
and lens. App le recommends using a 
35mm camera with a 15mm lens. (A fish­
eye lens won't work.) Apple also recom­
mends that each image have 2 5 to 40 per­
cent overlap with tile adjacent images. 
That's more overlap than you'd use for 
tabletop pa.noramics, but it leads to a bet­
ter panoramic movie. 

You can also take 360-degree images 

100 Ju l y 1 995 MACWORLD 

http:machi.ne


Quicklime VR lets you explo re locations usi ng the mouse or t he keyboard 's arrow keys. 

The scenes shown here are from the first CD-ROM to use Quicklime VR, Simon & Schus­

ter lnteractive's Star Trek: The Next Generation Interactive Technical M an ual. 

Left: We're on the bridge of the USS Enterprise. We 

can look left and right or zoom in and out If we want, 

but In this screen, we're abou t to jump to a different 

bridge location-the helm station. (The arrow point­

er means the mouse is over a hot spot that leads to 

a different location.) Middle: We've arrived at the 

helm station and we're in the process of turning to 

the right, as indicated by the right-pointing arrow. 

Right: We've turned almost 180 degrees to look at 

where we came from . The mouse is over the hot 

spot that. if clicked, will return us to our original lo­

cation. (For information on this $69.95 CD, call 

212/698·7000.) 

using panoramic cameras, which contain 
motorized mechanisms and special shut­
ters for capturing a 360-degree image i11 
one fell swoop. One drawback, however, 
is that panoramic cameras are expensive, 
ranging in price from $1000 to over 
$15 ,000. Another drawback is that the 
resulting image is likely to have areas that 
are poorly exposed-for example, in a 
panoramic of a sunrise scene, the area 
opposite the sun will be too dark. By com­
parison, ifyou take individual photos and 
adjust the exposure for each, the Quick­
Time VR software can blend adjacent 
images to provide a smooth dynamic 
range across the panorama. 

You'll snap a dozen or so photos to 
capture a 3 60-degree scene. Your next job 
is to get them into digital form by scan­
ning them or ha,~ng them transferred to 
Kodak Photo CDs. Many Quick Time VR. 
developers prefer the Photo CD ap­
proach-Photo CD scanners yield better 
images than most desktop scanners, the 
Photo CD supplier does tJ1e grunt work 
behind scanning tJ1e images, and tJ1e discs 
are an ideal archiving medium. 

The previous descriptions assu me 
you're working with photographs, but 
you can also create a VR movie from a 
series of images generated by a 3-D ren­
dering program- a prospect Like ly to lead 
to a new generation of Myst-like adven­
ture titles. 

Stitching Time 
The job of combining indi,~dual images 
into a 360-degree panorama falls to a pro­
gram ca ll ed the Stitcher, part of the 

QuickTime VR authoring kit. The 
Stitcher i tJ1e most important component 
of QuickTime YR-without it, creating 
a photographic QuickTime VR movie 
would require one of those expensive and 
inflexible panoramic cameras. 

The Stitcher combines multiple 
images illto a single file. That's the sim­
ple description. The Stitcher performs 
what computer graphics gurus call envb"o­
mapping-mapping, or projecting, an 
environment (such as a concert hall) onto 
the inside of a shape, such as a cube or 
sphere. In QuickTime VR's case the 
shape is a cylinder. vVhen you navigate a 
QuickTime VR movie, you are in essence 
moving wimin a verticalJy oriented tube 
whose inner walls contain tJ1e panoramic 
image. The Stitcher distorts tJ1e original 
images-which were intended to appear 
on a flat surface-then combines them 
into a seamless panoramic image. 

The Stitcher usualJy performs its 
magic automatically by comparing the 
pixels in each image to locate the points 
where tJ1ey overlap. If the images don't 
overlap neatly-perhaps one was scanned 
crookedly or the tripod moved during the 
photo session-you can use a manual­
stitching mode, which lets you use the 
keyboard's arrow keys and number pad 
to move and resize iniages. But according 
to Apple, 80 to 90 percent of properly 
photographed panoramics can be stitched 
automatically. On a Power Mac 8 100, 
automatic stitching takes about 5 minutes; 
on a Quadra 900, it takes about 40. Exact 
stitching times depend on the resolution 
and quantity of tl1e images. 

s it combines images, the Stitcher 
blends the intensity levels of each one to 
compensate for differences in lighti ng or 
exposure. The more the images overlap, 
me smootJ1er the blends. 

Painting Hot Spots 
T he Stitcher's end product is a PICT fi le 
containing the complete panoramic. 
When opened in an imaging program 
such as Adobe Photoshop, the PICT file 
appears warped and distorted. But the 
scene is clearly recognizable, and you 
won 't find a single seam that gives away 
the image's past as a dozen separate 
images. 

At this stage, you can use any image­
manipula tion program to correct color 
balance, retouch a flaw, or remove an 
unwanted object. You can also create hot 
spots that will cause things to happen, 
such as a text description to appear or an 
object movie to be displayed. 

Ifyou've created hot-spot buttons in 
an autJ1oririg package such as HyperCard 
or Macromedia Di rector, you're probably 
used to using a click-and-drag rool to 
select tile area to be made hot. Quick­
Time VR approaches hot spots different­
ly: you actually paint them using an im­
aging program. For example, to create a 
hot spot for a sculpture, you paint over 
the sculpture witJ1 a solid color. To cre­
ate another hot spot for another sculp­
ture, choose a different color and then 
paint it. By giving each hot spot a unique 
co lor, you enable QuickTime VR to 
distingu ish between hot spots. 

After painting hot spots, erase me rest 
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of the image and then use the Save As 
command to create a new image file con­
tain.ing onJy the hot spots. During a later 
phase of the development process, a 
QuickTime VR authoring tool combines 
this hot-spot image with the origina l 
panoramic. The painted hot spots don't 
appear on the screen when the VR movie 
is playing, but QuickTime VR knows 
where they are. When the mouse pointer 
moves over a hot spot, its shape changes 
to tell the viewer that he or she can click 
on the spot to make something happen. 

T he painting approach to creating 
hot spots is more laborious than an 
authoring program's draw-a-selection 
approach, but it has unique advantages. Ir 
allows you to create extremely precise hot 
spots-right down to the single-pixel 

level. And this makes possible dramatic 
on-screen effects, such as everyth ing 
except the hot-spot object di appearing 
when you click on the object. 

From One Place to Another 
An important part of the QuickTime VR 
experience involves moving between loca­
tions. Making this experience possible 
requires creating a separate panoramic for 
each location, or node, and then using 
QuickTime VR's HyperCnrd-based 
scene editor to link the locations. 

Making a conventional Qu ickTime 
movie means th.inking like a movie direc­
tor; making a muJtinode QuickTime VR 
movie means thinking like a tour plan­
ner. You must address such issues as 
where a user is looking and where the user 

can go from a given location. Multimedia 
developers have always had to think about 
navigation, but because a VR movie can 
display any portion of a 360-degree 
panoramic, developers must decide which 
portion of a panoramic should be visible 
when a user jumps to it. That view would 
vary depending on where the user came 
from. For instance, in my concert hall 
example, when you click on the exit- ign 
hot spot to jump to the lobby, you'd 
expect to be looking out at the lobby 
when you arrive there. It wouldn't make 
sense to click on the exit sign and then 
find yourself looking at the lobby door 
that leads back into the concert hall. 

The scene editor helps you plan a vir­
tual tour by enabling you to draw a top 
view of the entire scene and then add 

HOW APPLE MAKES QUICKTIME VR FEEL REAL 

Apple's latest foray Into you-are-there technology. the Qulckllme VR movie, sets you In the midst of a navigable, 360-degree scene and lets you explore 
the virtual environment. Apple's VR approach overcomes various problems Inherent In patching together a series of flat images and projecting them onto a 
cylinder to create a three-dimensional feel. While competing technologies require the use of special, expensive, panoramic cameras, VR developers can use 
an ordinary camera to capture a scene that surrounds you and lets you pan up, down, and side to side. 

Capturing the Scene 

You capture a scene by shooting a series of overlapping photos. Mounting the camera on 
a tripod lets you keep the same center point as you swivel the camera; the tripod also keeps 
the whole series on a level plane, ensuring that the first and last shots in the sequence will 
line up. 

Making the Movie 
You might think you co~ld create a scene by simply 
butting pictures taken with a conventional camera up 
against each other (A). But unless taken with a panoramic 
camera, the pictures won't noonally match up. Quickllme 
VR compensates for misalignment by distorting or warp-

Why Qulckllme VR Emulates Panoramic Photography 

A conventional camera exposes a whole rectangle of fllm 
all at once, and on ly the center of the frame faces the 
scene straight on. Toward the sides, the scene is exposed 
at an increasingly oblique angle, creating distortion. A 
high-end panoramic camera pans around a scene, ex­
posing the film through a narrow slit. At any given 
moment, the camera captures a thin slice at the center 
of the camera's view, and the incoming ligh t for each 
exposure hits the film straight on and without distortion. 

Cam<ras vi- from above 

Rim 

Panoramic camera 

Film I- 0- -i­

lens 



nodes corresponding to each of the 
panoramics you've created. You can draw 
hot spots on a given panoramic that, when 
clicked, will display other panoramics. 
You can speci~' what part of a panoramic 
wiU be displayed when a user jumps to it. 

The scene editor generates a series of 
PICT files containing the hotspots along 
with a file containing information that 
tells QuickTime VR what part of a pano­
ramic to display. Another utility in the 
QuickTime VR authoring kit combines 
these files into a finished QuickTime VR 
movie-a single file containing as many 
locations as you defined. 

The Bigger Picture 
Most QuickTime v'R movies are built 
into multimedia productions that also 

ing (B) each image so that it appears as if it were 
taken by a panoramic camera. Once warped, images 
will match when they overlap (C). QuickTrme VR then 
analyzes the areas of overlap and blends, or stitches 
the images together (D) . 

Viewing the Scene 
Now that you ' re done making the movie, you'll want 
to view It on a flat medium . As you might suspect, 
simply projecting a series of slices from the cylindrical 
image onto your monitor won't create a realistic view. 
To compensate for distortion caused by warping, and 
to heighten the realism, QuickTrme VR manipulates 
the image. instantaneously, as you pan around the 
movie. 

contain text, sound, still graphics, and 
linear QuickTime movies. Apple has cre­
ated a series of externa l commands 
(XCMDs) that enable developers to ac­
cess Quick Time VR movies within Direc­
tor or HyperCard. The XCMDs extend 
Director's and HyperCard's capabi li­
ties, letting them open QuickTime VR 
movies, scale them to a specific size (most 
CD-ROM titles display QuickTime VR 
movies at tl1e quarter-screen resolution of 
320 by 240 pixels), and display a specific 
portion of a movie at a specific zoom set­
ting. For developers, integrating finished 
QuickTime VR movies into a production 
is similar to integrating linear movies. 

The QuickTime VR XCMDs also 
enable QuickTime VR to communicate 
with the authoring program by sending 

Once all the images. including the first and last, are 
stitched together into a virtual cylinder, the panorama 
is complete (E). Because QuickTrme VR treats the 
scene as a single image wrapped inside a cylinder, 
you can pan around the image (instead of sliding 

QuickTime VR com ­
presses the image In the 

, 
center. This compres­

;~ -~ tt-l ·, . ;j""' ''""' ~- - .: I 
sion makes objects in­

j . . . 
crease in size as theyI .cd move toward the edge 

'ii . of a view, giving side­
to-side panning a more 
realistic feel. I 811 

messages when various events take place. 
These messaging features enable a pro­
duction to display text or pictures when 
so~neone clicks on a VR movie's hot spot. 

'Developers can also use the messages 
to play sounds-indeed, this is the only 
way the first release of QuickTime VR 
can work with sound. Future versions are 
likely to have more sophisticated sound 
features tlrnt will enhance the virtua l real­
ity experience. Imagine a virtual walk in 
the woods, where a babbling brook 
becomes louder as you approach it; imag­
ine exploring a hotel room and hearing 
traffic noise increase as you approach the 
window. For now, you have to imagine 
these things, because the current incar­
nation of QuickTime VR is geared 
toward the eyes, not the ears. 

along it as you would when it's flat). You can even 
pan up and down and continuously from side to side 
in either direction. 

To Increase the realism 
of a vertical pan, Quick­
Trme VR brings data in 
from the sides of the 
image at the top (as 
you pan up) or bottom 
(as you pan down). This 
simulates the sensation 
that your field of vision 
broadens as you look 
up or down. as it does 
in real life. 



VR : QUICKT I ME ' S N EW EDGE 

PHOTOGRAPHING 

FOR QUICKTIME VR 
To avoid optical disto rti on when creating a photographic 

panoramic, you must mount the camera so that it rotates 

The camera on the far left uses an array of brackets (available at photo 

dealers) to offset the camera from the tripod head. Small levels attached 

to the camera's flash mount enable you to adjust the tripod head so 

thal the camera is level-if it Isn't, the last photograph in the panoram­

ic will not match up to the flrsl. A simplified mounting bracket (near 

left) is being developed by Peace River Studios (617/491 -6262). Rube 

Goldberg tripod mounts aren't all you need for Quicklime VR devel­

opment. You also need a fast M ac wi th at least 40MB of RAM to run 

Apple's $2000 Quicklime VR authoring tools software. And don't 

expect click-and-drag movlemaking; the authoring tools, wh ich rely 

on Apple's Macintosh Programmer's Workshop (MPW) programming 

environment, use a crude text-based interface. They're ex tremely pow­

erful. but the learning curve Is steep. 

around its optical center. 

The Last Word 
The future of QuickTime VR looks aus­
picious. Apple has already demonstrated 
enhanced versions ofQuickTime VR that 
enab le Power Macs to display fu ll-screen 
VR movies. And there's no reason that 
Quick.Time VR couldn't be made to work 
with the ine:qJensive video-game gloves 
and television glasses availab le today. 
Low-cost periphera ls like these wou ld 
help make QuickTime VR more like gog­
gles-and-gloves virtua l reality. 

In the near term, though, consumers 
wi ll encounter QuickTime VR on their 
video monitors, and primari ly in CD­
ROM titles. That's roo bad-you've 
probably thought up a few fun ways to use 
QuickTime VR already, and if you're an 
architect, real estate agent, teacher, or 
travel agent, you can probab ly imagine 
some genuinely valuable ways to put it to 
work. For now, we' ll explore QuickTime 
VR movies instead of creating them. 

As for developers, there are definite­
ly content and marketing advantages to 
catching the QuickTime VR bandwagon, 
bur d1e cost of ridership is high. In addi­
tion to the mountainous learning curve 
of the QuickTime VR authoring tools, 
there's the price: besides the $2000 it 
charges for me authori ng tools, Apple 
requires a royalty of 40 to 80 cents per 
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unit on CD-ROMs containing Quick­
Time VR movies. (The amount varies 
depending on how many \'R movies a 
titl e has; there are no royalties for non­
commercial app lications.) 

Pioneering Q uickTime \'R develop­
ers I talked to were not pleased with we 
idea ofpaying pple roya lties in perpetu­
ity. Some have halted their efforts in the 
hopes that Apple's po licy will change. 
Peter Black, president of Xiphias, whose 
titles include a CD-ROM based on th e 
Mighty Morp hin Power Rangers, ex­
pressed similar frustrations: "The tech­
nology and its visual effect are extniordi ­
narily powerfu l, but Apple has treated it 
as if it were a crown jewel . . . I've seen this 
at Apple before-it's very frusm1ting." 

What's more , QuickTime VR has 
competition- and wou ldn ' t you know, 
it's from Microsoft. At we \i\finrer 1995 
Consumer E lectronics how, Microsoft 
announced Surround Video, wh ich pro­
vides fu ll-screen panoramic movies fo r 
486 or faster Windows machine . Sur­
round Video has serious limitations com­
pared with QuickTime VR, sta rting with 
th e fact d1at it's ,·aporware: it won't be 
av;ii lable until W tndows 95 ships. Also, 
you ca n't zoom in and our on urround 
V ideo movies, and developers must use a 
panoramic camera to . hoot scenes­

there's no equivalent to the QuickTime 
VR Stitcher. (This impacts not only 
costs but also qua lity: panoram ic cam­
eras typica lly have a smaller vertical field 
of view than the camera configuration 
App le recommends fo r QuickTime VR 
movies.) But the Surround Video devel ­
opment tools will be free, and Microsoft 
will not charge roya lties on Surround 
Video titles. 

QuickTime VR is an impressive 
achievement that reinforces Apple's role 
as the in novator in persona l computer 
mu ltimedia. But Apple's zea l ro turn 
QuickTime VR into a profit center may 
slow its initial"adoption and perhaps even 
relegate it to the backseat of Microsoft's 
limousine. As d1is issue went to press, 
Apple was reconsidering its requirement 
that developers pay royalties on titles that 
incorporate QuickTime VR. As well it 
shoul d. vVhed1er we're ta lking about 
QuickTime VR or the Macintosh Oper­
ati ng System itself, Apple needs to make 
its technology more accessible in order to 
gain the marker share it needs. There's 
nothing virtua l about that reality. !!! 
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