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T he history of photography, the
precursor to video, stretches
back less than two centuries.
Inventors took the first photo-
graph, a daguerreotype, in the

1820s. Between then and now, photog-
raphy acquired color, sound, and motion
to become the film and video media we
enjoy today. Yet, despite these strides,
both simple photography and film still
only provide passive viewing on a two-
dimensional screen. 

THE THIRD DIMENSION
Beginning in the 1950s, several re-

searchers and inventors attempted to add
the third dimension to film. Early exper-
iments with stereoscopic 3D included
movies such as Universal-International
Pictures’ 1954 film The Creature from
the Black Lagoon, which demanded that
the entire audience wear 3D glasses.
Studios quickly abandoned this primitive
technology when its novelty wore off.

IMAX technology (http://www.imax.
com/index2.shtml), which debuted in
1970, proved more enduring. Displayed
on a screen large enough to fill the
viewer’s peripheral vision and enhanced
with surround sound, IMAX films deep-
ened the viewer’s sense of immersion to
an unprecedented level.

Although these efforts have made
tremendous strides toward the realization
of 3D video, they’ve done nothing to
address the fundamental characteristic
that makes 3D objects and scenes inter-
esting: the ability to interact with them.
In this sense, holograms—another 1950s
technology—offer a more promising
starting point than film. A hologram’s
viewer can move around it and select a

vantage point from which to view the
image.

Blending the two technologies may
achieve the ultimate 3D video experience,
a true interactive 3D environment that

crosses a Hollywood movie with the Star
Trek holodeck. Viewers would enter a
room in which they could move about
freely, experiencing the action from any
point they chose while playing the role of
invisible observers. Although the tech-
nology doesn’t exist yet to record and play
back live 3D content in a holodeck envi-
ronment, the past several years have seen
exciting developments in this direction.

By imposing a few constraints on the
system, however, we can create and play
back limited 3D content right now.
Currently, three different systems provide
limited 3D interactive content: still-object
imagery, 3D freeze-and-rotate effects, and
true 3D video.

STILL-OBJECT IMAGERY
The advent of inexpensive digital com-

puters spawned electronic variants of the
hologram that enthusiasts can easily cre-
ate and transmit. Professionals and ama-
teurs commonly use either of two tech-
nologies to create “virtual holograms” of
still objects.

Digital-image sets
The first and simplest method, used by

products such as the QuickTime VR
object movie (http://www.apple.com/
quicktime/qtvr/), captures a large set of
digital images for a given object. The
application arranges the images, each
taken from a slightly different viewpoint,
then the user intuitively selects between
these views. View controls that include
panning and rotation along the horizontal
and vertical axes further the 3D illusion.

Although they are easy to create and
offer virtually perfect image quality,
QuickTime VR object movies can store
and display only a small number of dis-
crete views—otherwise, the file size
would become unmanageably large.

3D polygonal models
A second method uses range imaging

to build 3D polygonal models of objects,
then pastes texture maps onto these
objects’ surfaces. Companies such as
Viewpoint (http://www.viewpoint.com/)
and Geometrix (http://www.geometrix.
com/) offer these services.

These 3D polygonal models can be ren-
dered from arbitrary viewpoints, and file
size remains relatively small. However,
these models often look artificial or plas-
tic because the texture maps and limited
lighting effects don’t accurately represent
the surface appearance from all angles.
Optically complex surfaces such as glass
or metal exacerbate this problem. 

Synthesis
Zaxel Systems (http://zaxel.com/) has

developed 3D Still technology that seeks
to combine the strengths of digital-image
sets and polygonal models. This combi-
nation offers the simplicity and image
quality of QuickTime VR, small file size,
and the ability to render arbitrary inter-
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Figure 1. (a) The Virtual Viewpoint 3D video system uses evenly spaced cameras to capture an image from several different angles that create (b)
an array of virtual viewpoints from which the action can be viewed.

polated views of 3D polygonal models.
For example, a viewer could use 3D

Still to examine several rendered views
of a diamond ring. The viewer can rotate
and inspect the ring from any angle,
replacing two-dimensional photographs
with a three-dimensional viewing expe-
rience. Image quality is high, realistic sur-
face properties are portrayed from any
angle, and the file size is small.

3D FREEZE-AND-ROTATE EFFECTS
Recently, a dramatic new kind of spe-

cial effect has become popular in movies
and television shows: At a particularly sig-
nificant moment, the action freezes and the
viewpoint rapidly rotates around the
action’s centerpiece. Warner Brothers’
1999 film The Matrix first popularized this
technology, which has spread so rapidly it
is now seen in television commercials and
has even been used in other films. 

Camera arrays
Generally, filmmakers produce the

freeze-and-rotate effect by arranging
many still or film cameras, spaced at
close intervals, along the desired view-
point trajectory. Simply playing back the

images from each camera, one after
another, creates a limited 3D effect. 

To achieve smooth rotation, the cam-
eras must be precisely calibrated, either
by careful manual positioning or through
software calibration and image manipu-
lation afterward. Video and film have a
fixed frame rate of 30 and 24 frames per
second, respectively, so the number and
spacing of the cameras determines the
speed of the freeze-and-rotate effect.
Slowing the motion requires synthesiz-
ing and inserting interpolated images. 

Even when the cameras are positioned
closely together in such a system, syn-
thesizing interpolated images requires
vast processing power and long hours of
human intervention. From capture to fin-
ished product, it typically takes from sev-
eral days to several weeks to produce
each effect sequence. As the spacing
between the cameras increases, interpo-
lation becomes more difficult, requiring
more processing power to produce
results of similar quality.

Manex Visual Effects (http://www.
mvfx.com/fx.php) pioneered this tech-
nology, but other companies now pro-
vide it as well.

Taking 3D live
At this year’s Super Bowl, CBS

unveiled its EyeVision system, devel-
oped in cooperation with the Carnegie
Mellon Robotics Institute. EyeVision
attempts to produce at a live sporting
event the freeze-and-rotate effect seen 
in The Matrix. CBS’s system used 30
robotic camera mounts slaved to track
the motions of a single camera operator.
The cameras, spaced at roughly 8-
degree intervals, provided about 270
degrees of coverage around the playing
field. 

Precise calibration of 30 robotic cam-
era heads proved so difficult that the sys-
tem could not perfectly align the images.
Instead of attempting to produce inter-
polated images in real time during the
game, the system simply displayed each
camera’s image for several frames before
moving on to the next camera. Un-
fortunately, this method resulted in an
image distorted by vertical motion,
zoom-calibration errors, and repeated 8-
degree jumps as the viewpoint shifted to
each successive camera. Despite these
limitations, EyeVision received rave re-
views. 
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the scene, from what vantage point they
see the action, and how fast time passes.

The essential constraint in this scenario
is that the foreground content must be
physically separated from the back-
ground. Further, the background cannot
move or change color or brightness. For
this type of system, we space cameras
evenly around the capture space and cal-
ibrate them precisely, as Figure 1 shows.

As Figure 2 shows, separating the fore-
ground from the background in software
constrains the 3D structure of the scene
sufficiently to produce highly realistic
views, from any point in space, as the
action occurs.

The Virtual Viewpoint system allows
real-time capture of data at one location
while simultaneously viewing it at
another. The system can also broadcast
data from one location while viewers at
multiple locations each select their own
individual viewpoints. Virtual Viewpoint
also supports multiple audio streams.

Because the scene’s 3D structure is
known, the system can combine multiple
live or prerecorded 3D video streams in
real time and insert them into a CG-
based virtual environment. The system
can combine the video stream data with
other virtual reality technology, such as a

Deeper, smoother, faster
Zaxel has been working to refine 3D

video technology. Its 3D Replay aims to
add higher image quality, more zoom
depth, and smooth image rotation to a
discrete set of calibrated images captured
at a sporting event. A group of comput-
ers can automatically interpolate these
images just a few seconds after the action
occurs, which is ideal for freeze-and-
rotate instant replays.

As part of this interpolation process,
3D Replay automatically corrects any
small errors in camera positioning, pro-
ducing a smooth rotation effect that
approaches the quality of special effects
used in films and television. Zaxel’s 3D
Replay system, tested live at National
Basketball Association and National
Hockey League games, may become an
element of these sports’ televised cover-
age in the coming year.

TRUE 3D VIDEO
If we can tightly control studio condi-

tions, we can devise a more universal 3D
video system. For example, a viewer inter-
acting with Zaxel’s Virtual Viewpoint 3D
video system can move through the cap-
tured scene in both time and space.
Viewers choose how they move through

head-mounted display or a CAVE auto-
matic virtual environment system, to
insert humans directly into the virtual
environment. Because real video data
provides the basis for Virtual Viewpoint
content, the people and objects in this
environment appear real.

A s 3D video transitions from a pas-
sive medium to a truly interactive
one, the underlying technologies

have matured to the point of commercial
viability. We’ve yet to achieve the seam-
less virtual reality experience of the Star
Trek holodeck, but today’s virtual envi-
ronments indicate that it’s only a matter
of time until we do. ✸
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Figure 2. Because the Virtual Viewpoint 3D software can separate an image’s foreground from its background, this pitching sequence, shot in a
studio, can be seamlessly integrated with any number of backdrops—such as a prerendered or photographed ballpark.
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