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ABSTRACT  
 
This paper presents an overview of the creative process and the technical challenges involved in the creation of the 
digital 3D presentation of the film Bolt, by Walt Disney Animation Studios. 
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1. INTRODUCTION 
 
Walt Disney Animation Studios' latest Animated feature film, Bolt (figure 1), represents another milestone for the studio 
in its integration of stereoscopic 3D into their creative process and production pipeline.  Disney led the charge into 
digital 3D exhibition in 2005 with its release of Chicken Little in Disney Digital 3D.  Chicken Little was done as a post 
conversion of the monoscopic film through an outside vendor.  Disney supplied the CG scene geometry and monoscopic 
cameras as well as the rendered image levels that were used to create the final composited images.  The vendor then 
created the alternate eye cameras with which they shot the reprojected image data, performing any required "in-painting" 
to fill gaps in the image data that were exposed by the parallax.  Little attempt was made to make creative use of the 
stereoscopic depth.  The primary goal in this process was to provide a comfortable viewing experience for the audience, 
and toward this end, the dynamic range of the parallax was clamped at very conservative limits.  
 
 

 
Fig. 1:  Disney's latest animated feature, Bolt, which was produced simultaneously as both a 2D and 3D film.  Image is the property of 

Walt Disney Studios. 
 
 
Disney's next animated feature, Meet the Robinsons, released in March 2007, pushed the integration of stereoscopic 3D 
deeper into the studio's creative process.  Although Robinsons also originated as a 2D film, and was converted to 3D by 
an outside vendor, the Studio kept the creation of the alternate eye cameras, the stereoscopic layout process, in-house in 

Stereoscopic Displays and Applications XX, edited by Andrew J. Woods, Nicolas S. Holliman,
John O. Merritt, Proceedings of SPIE-IS&T Electronic Imaging, SPIE Vol. 7237, 72370F

© 2009 SPIE-IS&T · CCC code: 0277-786X/09/$18 · doi: 10.1117/12.823927

SPIE-IS&T/ Vol. 7237  72370F-1



order to maintain creative control of the 3D depth.  This enabled the depth to be scripted in a manner that would support 
and enhance the narrative of the film.  Rather than use fixed interaxial settings, or default parallax limits, the depth was 
varied dynamically to mirror the emotional content of the film from shot to shot. 

Following Meet the Robinsons, Disney embarked upon a CG animated short film, Glago's Guest, which debuted in June 
of 2008.  Although Glago, like the preceding films, began as a monoscopic only project, given the studio's commitment 
to stereoscopic 3D, the Glago team decided to hedge their bets, correctly wagering that the project would eventually be 
green lighted for stereoscopic treatment.  In anticipation of this, as the stereoscopic supervisor for the studio, I was called 
in to consult on the layout process in which the film's cinematography is designed, in order to make sure that lens 
choices and other camera decisions would not create a problem down the line for the stereography.  When the decision to 
create a 3D version was eventually made, the stereoscopic layout process went much more smoothly as a consequence.  
The alternate eye images for the stereoscopic release were rendered in-house, and not done primarily as a post 
conversion as on the previous films, the production pipeline having been modified to accommodate both monoscopic 
and 3D versions. 

The latest step in the integration of the stereoscopic process at the studio is represented by the animated feature, Bolt.  
Bolt is the story of a Hollywood dog, unaware that he is starring in a television series about a canine superhero, having 
been led to believe his adventures and powers are real.  When Bolt is accidentally transported across the country he must 
try to make his way home with the help of an alley cat and hamster, while coming to grips with the fact that he is a real 
dog.  Bolt, released November 21, 2008, was from its inception, produced for both 2D and 3D theatrical exhibition. 

1.1 PROJECT PHILOSOPHY 
 
Stated simply, our philosophy on Bolt was to optimize the 3D experience for both its immersive effect and the comfort 
of the viewer, while using depth as a storytelling tool.  It seems that cinema, and for that matter, storytelling in general, 
has had a history of innovations that tend toward higher and higher degrees of immersion.  Storytelling has evolved from 
the spoken word of the raconteur huddled around the fire, to the stage performance, to the cinema of today.  Cinema in 
turn has evolved from silent black and white, to talkies, color, widescreen and surround sound, each advance attempting 
to place the audience more squarely within the thick of the story.  Film emulsions and now digital display technologies 
have advanced in resolution and dynamic range to make the alternate reality being presented by the filmmaker a more 
compelling illusion.  Even non-display related film innovations such as the zoom lens or the steadycam represent a 
technology aimed at pulling the viewer deeper into the experience. 

Each innovation appears to pass through three stages of development, having to clear two distinct hurdles as it has 
matured.  The first has been the technological hurdle.  Are we capable of producing a full color emulsion that has 
workable characteristics at a reasonable cost?  Can we build a lens that can smoothly transition between focal lengths 
with a reasonable form factor?  When the answer is yes, each technology begins to be embraced by filmmakers, ushering 
in its second developmental stage.  This phase tends to be characterized by an unmoderated usage of the technology, 
tending toward gimmickry, that has a negative effect on both the immersiveness and the comfort.  By all accounts the 
first color films had such garish use of color that it hurt the eyes.  Some films shot in the late 1960's and early 1970's at 
the dawn of the zoom lens were almost comical in their use of the technique.  My impression of one such film that I 
watched not too long ago could be characterized as follows:  Character A enters frame.  Upon this cue we proceed to 
zoom through the full range of the lens, ending in a close up, only to be followed by the entrance of Character B and yet 
another gratuitous zoom.  

The next hurdle that must be overcome is the artistic mastery of the technology.  Art is the filtering of reality.  It is 
characterized more by what is left out rather than what is put in.  A controlled rather than random usage of a technique is 
what allows it to convey meaning and support the narrative of the film.  Once filmmakers no longer felt compelled to 
unleash a blinding avalanche of saturated colors to prove they had a color film, we were able to get to the point where art 
directors could create a color script, narrowing down the color palate, and guiding the colors used per shot or per 
sequence so that color began to take on meaning.  After cinematographers had exorcised their zoom lens demons we 
began to see the transparent use of zooms, buried within a pan or other camera moves, which rather than pulling the 
audience out of the moment could help draw them in.  This is the third phase, characteristic of a mature technology. 
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Although the stereoscopic cinema is not new, its history has been characterized by a series of false starts, arguably 
because it had failed to fully clear the technological hurdles that would make it a viable medium.  Embarking on Bolt, we 
decided to take the leap of faith that the advent of digital 3D had signaled the beginning of the second phase of 
stereoscopic film technology.  We were now free to indulge our whims for gratuitous 3D gimmicks.  But what if instead 
we were to put down the paddle ball aimed at the camera, and ponder what a 3D film might be like today if perhaps one 
of those false starts had taken root and were currently standing on the shoulders of decades of 3D filmmakers?  Our goal 
was to try to make the type of film, exhibiting a restrained and story-serving use of stereoscopic depth that one might 
imagine. 

2. MANAGING DEPTH 
 
In the stereoscopic layout process the task of the 3D cinematographer can be distilled to managing depth effectively.  For 
the management of depth to be effective, the process had to be aligned with the twin prongs of our philosophy for 
making a 3D film, enhanced storytelling and comfortable viewing. 

2.1 THE DEPTH SCORE 
 
The commitment to using stereoscopic depth as a storytelling tool dictated that there must be a consistent plan for the 
application of depth that somehow would mirror the narrative content of the film, a depth score, analogous to a musical 
score in how it is orchestrated to reflect the emotional content over time.  In order to guide the application of depth 
throughout the score in a consistent fashion, I adhered to the use of two somewhat literal visual metaphors.  The first was 
that the emotional impact of the film's content was proportional to the stereoscopic depth being presented.  The second 
was that the emotional distance we feel from what we see transpiring on the screen is proportional to our separation from 
it in 3D space.  Of particular significance to the emotional distance is the relationship of the subject to the point of zero 
parallax, the screen.  At this depth, the frameline defines a window into the scene that can be likened to the proscenium 
arch of the theater.  The perceived proximity to the audience is much greater when a character crosses the frame line and, 
at the risk of carrying the analogy too far, is "on the audience's side".  Following these two rules provided the framework 
for a consistent 3D style for the film.  These rules may or may not have unassailable psychological validity, but it is my 
belief that the audience will unconsciously learn to ascribe associated meanings to the particular stylistic choices made 
throughout the course of a film, provided that they are presented in consistent fashion. 

2.1.1 DISPLAY SPACE STEREO PARAMETERS 
 
One of the techniques that were invaluable in orchestrating stereoscopic depth to follow our depth score was the 
adaptation of our 3D rig to work within "display space" parameters, the actual disparities that would ultimately be 
presented to the viewer.  Rather than concerning themselves with conventional stereographic parameters such as 
interaxial distance and convergence angle, the camera operators could work in the same language being employed by the 
depth script.  Only the display space parameters of near parallax, far parallax and screen position were needed to 
configure the stereo rig.  Software would automatically map these parameters to camera space distances and then 
configure the interaxial distance and convergence angle to conform to this mapping. 

2.2 THE DEPTH BUDGET 
 
In order to assure audience comfort we adopted limits for the positive and negative parallax range throughout the film.  
Our limits for negative parallax were far more lenient due to the relatively minor discomfort associated with vergence-
accommodation discrepancy compared to that caused by the divergent lines of sight forced by having a large disparity in 
the positive parallax region.  Acknowledging the temporal nature of these effects, we attempted to utilize higher 
disparities for shorter periods of time.  Toward this end our depth score was useful, since it assigned depth according to 
emotional impact, thus reserving the greater depths for the big moments in the film and letting the audience rest their 
eyes a bit in between. 
 
With depth as its currency, I like to think of an economy of sorts being created by the dynamics of supply and demand 
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intrinsic to 3D.  Human physiology and comfort factors have dictated a finite supply of stereoscopic depth in the positive 
and negative parallax regions.  On the demand side we have two forces that drive the thirst for stereoscopic depth.  The 
first is the amount of depth dictated by our depth score, which assigns greater depth, or lesser depth based upon the 
narrative content of a shot.  The second is what I think of as the dynamic depth range of the shot, which is a consequence 
of scene and lens geometry.  By dynamic depth range, I refer to the gamut within the camera frustum from small, very 
close elements to distant, very large elements.  As we push arbitrarily close to the camera, into the point of the frustum, 
even the elements tiny enough to occupy this region will begin to display greater parallax than the larger elements in the 
broader regions.  Thus, increased range will quickly soak up available stereoscopic depth.  We naturally want every 3D 
scene that we create to be populated with elements and characters that display the type of full, believable stereoscopic 
volume that we encounter in everyday life.  This may require assigning greater parallax than is called for in the depth 
score since the two factors are uncorrelated.  As a result our depth budget can rapidly swing out of balance.  Our method 
of balancing the depth budget is to borrow depth from the negative parallax region, where comfortable depth is more 
plentiful, by shifting the entire scene forward stereoscopically. 

3. CHALLENGE 1 - FRAMELINE ISSUES 
 
There are two undesired consequences to "borrowing" negative parallax. The first is that we have now diverged from the 
stereoscopic distance called out in our score, changing the relationship of our subject to the screen.  The second is that in 
shifting the scene forward we may have created an unwanted stereoscopic artifact, the "window violation". 

3.1 WINDOW VIOLATIONS 
 
A window violation, also known as the "paradoxical stereo window effect"1, refers to the conflict of depth cues that 
occurs when an element that in terms of stereopsis lies in front of the screen, nevertheless is being occluded by the 
vertical surround of the frameline, which lies behind it at screen depth.  Window violations tend to detract from the 3D 
viewing experience, creating a perceived instability in the image due to the retinal rivalry caused by unequal portions of 
the object that caused the violation being visible in each eye.  An overall flattening in the perception of the image also 
results, as the viewer mentally pins the cause of the violation back in an attempt to reconcile the conflicting cues.  In 
utilizing more negative parallax, these violations will be encountered more frequently.  Fortunately, we have a simple 
technique at our disposal that can solve both of these problems at once, the "floating window". 

3.1 THE FLOATING WINDOW 
 
The floating window, or stereo window, is a solution to the paradoxical stereo window effect that is generally attributed 
to Raymond and Nigel Spottiswoode, although they have claimed the technique predates them by a century2.  This 
technique solves the paradox by creating a black masking at the framelines of both left and right eye images with a 
disparity that give the masking a stereopsis that places the frameline in front of the element being occluded, thus 
resolving the conflict in depth cues.  The floating window, as used in the Spottiswoodes' film The Black Swan, was kept 
at a static depth, roughly halfway to the viewer.  The floating window technique was resurrected by Disney for use in 
Meet the Robinsons in a new more dynamic incarnation.  In its modern form the floating window is being varied from 
shot to shot and animated within shots.  Rather than limiting the floating window to an orientation that is parallel to the 
screen, its depth is being controlled independently at all four corners.  The floating window is no longer confined to 
being in front of the screen. By applying positive parallax to the masking, this technique is being used to push the 
perceived location of the screen backwards. 
 
The floating window also provides a method for us to regain control of the relationship of subject to frameline, 
independent of how the shot has been mapped to the positive/negative parallax continuum.  The fact that we are 
manipulating the perception of the screen location tends to remain largely invisible to the audience, possibly because one 
of the ground truths that their minds build upon in reconstructing a scene from the binocular data being presented is the 
physical screen location, and other depths are gauged relative to this position.  This allows us to borrow that extra depth 
in front of the screen and successfully shift it behind the screen where it is in short supply. 
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Shifted - Window Violations
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fig. 2: Top Left - A 2D Composition.  Top Right - The same composition viewed in 3D.  Bottom Left - The composition shifted 
forward in depth, resulting in window violations.  Bottom Right - The window violations repaired with a floating window. 
 

4. CHALLENGE 2 - LENS CHOICE 

The 2D cinematographer has at their disposal a wide variety of lenses, ranging from the fish eye to the telephoto, and an 
equal variety of excellent reasons for using them, from the practical to the stylistic.  The stereographer, however, has the 
additional consideration of the effect on depth when evaluating focal length choices.  This sometimes proved challenging 
as there was often a compelling 2D filmmaking justification for using a long lens, which could play havoc with the 3D 
results. 

 
4.1 LENS CHOICE AND THE CARDBOARD EFFECT 

The very compression of the visual field for which long lenses are so often used, tends to sandwich in large amounts of 
negative space within the camera frustum relative to a similar composition achieved with a wider lens.  Adhering to the 
same parallax limits for each composition will result in a more diluted distribution of parallax in the long lens shot.  As a 
result, the internal volume of each element in the scene will be less.  As this effect becomes more pronounced, the 
stereoscopic images begin to resemble cardboard silhouettes arranged in discrete planes.  Hence, this is often termed the 
cardboard effect. 
 
In order to ensure that we would be able to achieve the pleasing, immersive compositions that we desired for Bolt, I 
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Lens Choice and "Cardboard Effect"

impressed upon the layout department the importance of not using a longer lens than was needed to realize a 
composition.  One of the big advantages to making the 2D and 3D films simultaneously was the ability to influence lens 
choices to help create a better stereoscopic film. 

 
fig. 3: A diagram illustrating how lens choice can result in the cardboard effect. 

 
4.2 QUANTIFYING CHARACTER VOLUME 

 
In fighting the cardboard effect, while dealing with film sequences that were shot with a variety of shots of disparate 
lenses, some not very stereo-friendly, it is useful to have a metric by which to quantify it.  Conveniently, characters tend 
to have heads that can somewhat be represented by a sphere, meaning that their heads tend to present a roughly equal 
depth towards the camera regardless of their orientation.  Also, conveniently, they tend to be the elements that we are 
most concerned with as a viewer.  Taking advantage of these facts, we were able to create a tool that could quantify 
character volume by automatically computing a "roundness" factor for every character rig contained in a shot.  A 
character was judged to be 100 percent round when its head had sufficient parallax to make a sphere, occupying an 
equivalent fraction of the camera angle of view, appear subjectively to be round.  This roundness factor allowed us to 
establish minimum acceptable levels for character volume, and thus fight the cardboard effect as well as ensure 
consistency from shot to shot in the face of widely varying focal length. 

4.3 CONFLICTING 2D AND 3D LENS CHOICES 
 
I believe that from the beginning of the project one of the strong points of Bolt was the cute and appealing presence of its 
leading dog.  Despite being cute from the onset, his appeal was deemed so critical to the film that, at one point early on, 
following a high level review of the work to date, it was mandated that an all out effort be made across multiple 
departments to ensure that we had achieved maximum cuteness.  This effort, termed Boltapalooza, involved iterations of 
tweaks to the model, modifications to the character rigging, posing and acting studies by the animation team, and screen 
tests by the layout department. 

The end result of the Boltapalooza was that the already cute canine protagonist had become impossibly adorable.  
Unfortunately, however, the campaign had resulted in some collateral damage for the stereoscopic effort.  The screen 
tests of Bolt had produced an assortment of camera angles and lens choices with which to shoot our star for maximum 
appeal, however, the beauty lenses all turned out to be somewhat longer than my optimum picks for 3D.  Fortunately I 
had my strategy of borrowing negative parallax, as well as some other techniques, to still deliver good character volume 
at comfortable depths, however, more effort was required to do so.  This was one of the instances where choices made 
for the 2D film tended to hamper 3D efforts, since I'm not certain that the longer lens made as much of a difference for 
the character in stereo.  
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Jean-Jacques Annaud3, the director of Seven Years in Tibet and Enemy at the Gates, who has had a turn at 3D Imax 
filmmaking, commented on the difference between 2D and 3D screen appeal.  "What we call 'photogenic' has to do with 
the 2D rendering of a face. That's why you need screen tests for 2D.  In 3D, actors look the same as in real life, which, as 
anyone knows who has met a movie star in person, is often a disappointment. IMAX 3D is often a quite frightening 
experience for actors, because they don't look the same as in 35mm. If someone looks terrific with your eyes, this is an 
IMAX 3D star." 

4.4 TECHNIQUES FOR MITIGATING THE CARDBOARD EFFECT 

The roundness factor gave us a means of knowing when a shot demanded more depth, yet there wasn't always sufficient 
depth in the budget to avoid the cardboard effect.  As great a feeling as it may be to know precisely how flat your 
cardboard is, it is even better if there is something that you can about it.  Fortunately we had two methods at our disposal 
with which to restore roundness. 

4.4.1 COMP SHIFTING 
 
The first technique leveraged off of the fact that intrinsic to the Bolt pipeline was multiple layer rendering.  This 
approach had been adopted at the studio because of the flexibility it afforded in controlling the look of the final 
composited image.  What this meant for 3D was that we were able to adjust the placement in depth of individual render 
layers through a horizontal offset in the final composite.  This allowed us to take a shot that had been composed with a 
telephoto lens and set the parallax well beyond our comfort limits.  Using comp shifting we could then slide the layers 
together, excising the negative space that had been sandwiched in by the long lens, and bringing the overall parallax 
back within the desired margins. 

4.4.2 MULTI-RIGGING 
 
The second technique was a bit more complicated, but also relied upon a multi-layered rendering.  The comp shift 
worked well when the shot was composed such that all layers responded well to the same increase in camera interaxial 
distance.  This was not always the case, however, and for such shots we employed a multi-rigging technique.  The multi-
rigging technique involved the creation of one or more additional right eye cameras with independently controlled 
interaxial settings, and a camera-linking editor that allowed individual elements within a scene to be associated with 
specific right eye cameras.  The multiple stereo bases allowed us to dial in exactly the amount of depth that we wanted 
for each element or group of elements in a shot and avoid the cardboard effect.  The elements, all placed within our 
desired parallax limits, were then stacked back together in the final composite image. 

5. CHALLENGE 3 - DEPTH OF FIELD 
 
In live action cinematography the effects of limited depth of field arise as a natural artifact of photography.  As the art of 
photography matured, depth of field was harnessed for creative use by controlling subject distance, focal length and 
aperture size.  The selective focus arising from this phenomenon can provide a means of filtering extraneous information 
from the viewer and help guide the eye.  The fact that the degree of blur or defocusing is related to depth has been used 
as a means of adding back the third dimension to monoscopic photography, essentially making depth of field a type of 
synthetic depth cue.  By controlling the effect within a shot the rack focus was created, simulating with sharp focus the 
depth plane where the viewer's eyes would be converged.  The use of depth of field has become such a standard part of 
the grammar of film that even in computer graphics and animation where we are free from the physical constraints of 
real lenses, depth of field is often simulated in order to provide these photographic depth cues to the viewer. 
 
In stereoscopic cinema the effect of depth of field has a somewhat different aesthetic.  In 3D we are actually providing 
the varying depth planes being hinted at by the selective focus.  The significant difference is that the ability to converge 
upon one of these planes is not under the physical control of the filmmaker.  The best that they can do is to use mise-en-
scène, the design of the shot, to influence where the eyes are drawn.  To the extent that they succeed in guiding one's 
eyes with techniques other than selective focus, the effect of depth of field will be successful.  It is when the eyes rebel 
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and look outside the region of focus, and the normal physiological parity of vergence and accommodation breaks down, 
that the effect fails.  In these circumstances the paradoxical discrepancy between vergence and focus can become 
somewhat of a distraction, actually drawing our eyes to where we weren't intended to look and achieving the exact 
opposite of the intent. 
 
Limited depth of field is successful in 3D to the extent that it mimics what our eyes want to do naturally.  Our eyes are 
drawn to regions of greater visual weight, motion, brightness, high contrast and proximity.  If we are presented with a 
3D scene that has something looming very close in the foreground, such as shoulder in an over-the-shoulder shot, as our 
eyes saccade through the visual field they will be attracted to it's proximity. If we are able to resolve it into focus and 
deem it of little interest we can move on to the subject of the shot.  If it remains egregiously out of focus we will find it 
an attractive nuisance.  Thus, foreground depths of field effects are more of an issue for 3D than background effects.  A 
rack focus will only work in 3D when it is mirroring what our eyes seek to do.  If a new subject enters frame and the 
camera's focus is pulled to that subject with timing that approximates our own physiological response time, the effect 
will work.  If we are watching a two-shot and the camera shifts focus from one subject to the other in order to force a 
shift in our attention, our eyes will tend to rebel. 
 
Bolt, being an animated feature, intrinsically had no depth of field in its photography, but the effect was simulated 
frequently throughout the film as part of the 2D art direction.  Fortunately, the depth of field was not rendered in camera, 
but was added in the compositing as a 2½D "cheat" based upon z-buffer and camera data.  This allowed the effect to be 
removed, or the degree lessened, for the stereoscopic version of the film.  This was done fairly frequently, and of course 
necessitated the generation of a unique left eye image, being one of those cases where 2D and 3D aesthetics diverged. 
 

 
Fig. 4:  Rhino the hamster creates a diversion.  The image on the left is a frame from the 2D version of the film containing simulated 
depth of field.  The image on the right is a left eye frame from the 3D version of Bolt, with the depth of field simulation removed.  
Images are the property of Walt Disney Studios.

 
6. PIPELINE OVERVIEW 

   
One of the primary design criteria for the Bolt pipeline was that we would be delivering two versions of the film, one for 
monoscopic exhibition and one for stereoscopic exhibition.  To optimize for storage and rendering requirements, a goal 
was established to use the main, or monoscopic, camera as the left eye of the stereo camera rig for the majority of shots.  
For shots where the needs of 2D and 3D could not be reconciled, a unique left eye would be built for the stereo pair.  
Such dichotomies between the two versions of the film were occasioned by depth of field adjustments, which required 
the generation of a new left eye image with matching focus, or when to reduce rivalry, we were forced to paint out a 
feature appearing in only the left eye. 
 
The pipeline begins in the story department where story sketches are created.  These sketches are cut together with sound 
to form the story reel for a sequence.  Approved story reels are then turned over to the layout department where a CG 
animatic is created to explore the cinematography, blocking and cutting for the sequence.  At this stage, the work is done 
monoscopically, but with an eye towards preventing problems for 3D.  Layout iterates with the editorial department until 
an approved animatic is arrived at.  This animatic reflects the official shot breaks for the sequence.  The animatic may 
now be broken out into discrete shots, and the shot based layout work can begin. 
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From this point on, at the inception of each shot, the Bolt pipeline is stereoscopic. Stereoscopic rigs are built for each 
scene and configured according to the depth score for the film.  The layout artists, working in Maya, have an anaglyph 
stereo viewport that allows them to visualize the shots in 3D at their workstations.  Anaglyph viewing works well for the 
front end departments since no color work is being done at this point.  After being approved at the workstations, 
hardware rendered shots are submitted to our in-house 3D digital review system where they are projected through the 
Real D system in our theater to be viewed in continuity.  The stereoscopic parameters may be adjusted based upon notes 
arising from continuity issues or based upon how the shots play on the big screen after having been composed on a 
workstation monitor.  From layout, the shots pass downstream to the animation department along with the stereo camera 
rig, allowing the animators to interact with their work in 3D.  
 
From animation the shot returns to the layout department for layout finaling.  Camera and stereo settings prior to this 
point have been based upon rough blocking done for the layout animatic.  At this point the camera and stereoscopic 
settings can be modified to work with the actual performance and blocking coming out of the animation department.  
The layout finaling department also produces a software render of the shot with default lighting, but with final look 
materials applied.  These shots are reviewed in 3D in the theater in continuity.  Besides notes arising from the animation 
contained in the shot, seeing the shot with look data applied may result in camera adjustments due to the retinal rivalry 
that is made evident. 
 
After layout finaling, the shots are passed to the shot finaling department.  Here the final lighting and compositing of the 
shot is performed.  The work is done monoscopically, and approvals are made based upon half resolution, 1k, renders.  
The approved shots next pass to the 2K render team for the final left and right eye renders.  At this point, 2D paint fixes 
and rotos from the left eye are offset to match the right eye images and work is done to eliminate any retinal rivalry in 
specular highlights and reflections.  Paint fixes are sometimes performed to reduce retinal rivalry at the framelines, and 
if the paint fix required happens to be in the left eye, a unique left eye image may be created.  At this point simulated 
depth of field that was added for the 2D film may be reduced or eliminated due to the differing aesthetic for 3D.  This 
too will require a unique left image.  Full resolution, 2K images are rendered and composited to be reviewed in 3D in the 
theater.  Once any notes are addressed the shots become final. 
 

 
Fig. 5:  The left and right eye images of a frame from the 3D film depicting our hero, Bolt, and his feline friend Mittens in a 
predicament.  The left eye image is a reuse of the main camera image from the monoscopic film.  Images are the property of Walt 
Disney Studios. 
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8. CONCLUSION 
 
Through the use of the techniques that I have outlined, I believe that we succeeded in crafting Bolt into a stereoscopic 
film that delivered a satisfying, immersive 3D experience, yet avoided the eyestrain that is too often associated with the 
medium.  The fact that every shot was 3D from the inception helped me immeasurably toward this end.  Being able to 

SPIE-IS&T/ Vol. 7237  72370F-9



make modifications to the main camera before they were set in stone allowed the type of tweaks that stayed true to the 
essence of the 2D shot, but had huge payoffs in 3D.  Raising a camera from one inch above the ground plane to two 
inches above the ground plane is imperceptible in the monoscopic film, but in stereo it made the difference between 
looking like a flat paper theater from the 1800's, and a scene that you feel as if you could step into.  By not being too late 
in the process to give animation notes, equivalent 3D gains were made at no cost to 2D.  
 
Where do we go from here?  I suppose that there are some things that will change when we reach the tipping point when 
there are enough stereoscopic screens that more audiences will be viewing our films in 3D than 2D.  There were a 
myriad of benefits on Bolt to building shots in 3D from the ground up.  What if we were to extend 3D to the pre-
production process?  Our scripts might be written with 3D in mind.  The story department could board out sequences 
intended for 3D, possibly even making 2½D story reels.  The layout department would plan their cinematography for 3D 
with stereoscopic CG animatics.  The editorial department would surely begin to edit in 3D, possibly resulting in a 
different cutting style.  As with all advances, however, the key will be to use it with restraint for better storytelling.  The 
same 2D pre-production process that may have added a certain amount of effort to getting the 3D results I wanted also 
helped me to reign in gratuitous 3D gimmicks.  All the "3D moments" in Bolt happened organically because of not being 
designed for 3D, but rather to tell the story.  Stereographers may yet come to miss their 2D ballast. 
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