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Abstract 

 

In this day and age when 3D cinema is ever increasing in popularity and 3D 

television sets on the verge of becoming a reality in our homes, the media 

production companies are interested in looking at how they can start producing 

stereoscopic format media for this exciting medium. This thesis proposes a solution 

to parts of the stereoscopic production pipeline by examining and proposing the 

extent of the requirements of a plug-in to aid in the setting up and rendering of 

stereo pairs and ultimately proposing such a plug-in and modifying it to suit the 

proposed requirements. With a high emphasis on ensuring that the plug-in is capable 

of producing enjoyable stereoscopic content, the plug-in is tested by rendering a 

demanding scene previously used in factual production work. The findings of these 

tests ultimately lead to the evaluation of the plug-ins usefulness as a tool for not only 

the production studio involved but for anyone interested in generating material for 

this exciting medium.   

Keywords: stereoscopic, stereoscopy, plug-in, 3Ds Max, three dimension (3D) 
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1 Introduction 

Stereoscopic imaging is a technique older than the art of photography itself and with 

three dimension (3D) cinemas popping up left and right, 3D television sets and 

stereoscopic broadcasts being launched at the time of this writing, and the impending 

football world cup of the summer of 2010, this seems every bit as appealing to us now 

as it did in the past. Or does it? There are reasons why this method of shooting and 

displaying movies has been attempted to be commercialized as a form of 

entertainment beyond the small scope of specialized venues, such as IMAX theatres or 

theme parks in the past, these attempts have failed.  

 

Straining the audiences and causing them nausea or discomfort has always troubled 

the medium of stereoscopy. Now that another attempt at bringing stereoscopy to the 

mass audiences of cinema viewers and football enthusiasts exist, there is an impending 

threat of history repeating itself. Many factors contribute to stereoscopy and many 

solutions have been attempted in the past, however it is only now with the introduction 

of consistently digital display and production tools that the commercialization might 

finally become an accepted form of entertainment.  

 

Still, there are many problems that can potentially spoil the viewers‟ experience, 

whether it is ghosting or binocular asymmetry issues. Great care within the production 

of stereoscopic material must be taken if they are to be avoided. With my research, I 

propose a solution to a small part of this problem: I will assist Magoo 3D Studios to 

find a solution that helps set up and produce enjoyable stereoscopic renders from the 

software 3Ds Max. [16] 

 

1.1 Case Study 

This research concerns Magoo 3D Studios in Söderhamn, Sweden. They have decided 

to investigate the field of stereoscopic rendering to determine the viability of 

producing material in this format should a customer request it from them in the future. 

I will work with Magoo‟s Chief Executive Officer Anders Törnquist conducting this 

stereoscopic research. [23] 

 

To help them determine future decisions concerning their abilities in this area, my plan 

is to  review software resources by investigating the necessary components needed in 

a solution for creating stereoscopic material using 3Ds Max with the goal of finding or 

creating a solution that meets the standards needed to produce an enjoyable 

stereoscopic movie. The plug-in software solution will be tested by rendering one of 

the movies created by Magoo 3D Studios in stereoscopic 3D using the application and 

analyzing the resulting images focusing on problems that could lead to viewer fatigue. 
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1.2 Proposed Solution 

Through my research, I intend to shed some light on the inherent problems involved in 

making stereoscopic moving images that does not cause the audience discomfort with 

the goal of helping Magoo 3D Studios create or choose a stereoscopic plug-in for 3Ds 

Max that is able to produce stereoscopic material which is as enjoyable as possible. 

This plug-in shall automate the elimination process of the issues that might spoil 

viewer experience to as high a degree as possible, therefore the artists may easily 

produce enjoyable stereoscopic renders with little effort. 

 

Today, the digitalized display systems employed to present stereoscopic media are of 

such high standard and present the stereoscopic material with such precision that the 

problems previously related to the presentation in terms of unsynchronized projectors, 

poor brightness of the image and similar issues have all but been reduced. Exceptions 

of this are of course present as cinema theatres might be tempted for example to invest 

in a cheaper, underperforming, silver projection screen. Generally, the techniques used 

to display stereoscopic material today are proven to provide enjoyable entertainment 

not only in laboratory conditions but also in practice. 

  

This would mean that any discomforting effects caused by the images are the result of 

poor production of the images. By choosing to rely solely on a 3D software 

environment for the research process, many of the problems otherwise associated with 

the recording of stereoscopic footage will be eliminated as the environment will be 

extremely controlled by it being a mathematical construct.  Furthermore, the use of 

consistently digital tools and media concerning both the production and editing, as 

well as displaying of the material, conducted by seasoned artists at an established 3D 

production studio, will ensure that the end result seen will correspond to the edited 

material. 

 

In order to verify the success of the plug in, I plan on assisting Magoo 3D Studios to 

render and produce a stereoscopic movie with the plug-in. This completed movie will 

serve to measure the functionality of the plug-in and to see that it successfully follows 

the norms and prerogatives involved in producing enjoyable stereoscopic material. 

 

1.3 Constraints 

Throughout this research, the aim will be to create a plug-in with minimal adjustments 

in terms of software used currently to produce the stereoscopic material. Therefore, 

this means that I will constrain myself to researching different plug-ins for the 

software currently being utilized by Magoo 3D Studios, and plug-ins that enable and 

or facilitate the production of stereoscopically rendered media. I am mentioning this 

note for many 3D software programs other than 3Ds Max already have stereoscopic 

support built into their software. Examples of this is found in one of Autodesk's other 

3D software package Maya 2010 in which both stereoscopic rendering, as well as 

stereoscopic preview functions are integrated tools in the program. [14] 
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The choice to attempt to use 3Ds Max was taken with consideration to both the costs 

of purchasing new software, as well as the reduction of potential learning curves for 

the artists. The underlying speculation here is that the artists should be able to 

concentrate on creating material of high quality as possible for a new format, as they 

are not hampered by struggling to learn unfamiliar tools. Furthermore, this also insures 

backwards compatibility with the large number of scenes previously created by 

Magoo 3D Studios using 3Ds Max. 

 

1.4 Limitations 

Issues concerning the actual work process, background concept, and the layout 

changes needed to make use of the full potential of a third dimension in the material 

produced will not be covered. Therefore, questions such as whether the exact same 

movie would be as effective in conveying its message if re-rendered stereoscopically 

or if some changes to its content would have to be made, will not be addressed.  

 

However, I will be investigating usability in areas such as the plug-ins ability to 

present the artist with a preview of the stereoscopic effects while he or she is working, 

instead of making them wait to see the results only after the twin images have been 

rendered and composited before any adjustments needed could be noticed. The 

usability of such a tool for the artists is easy to see and the focus will be on usable 

functionality of plug-ins, not how one produces a convincing stereoscopic movie. 

 

1.5 Expectations 

When researching, I hope to find many of the tools needed available in open-source 

format, especially concerning the plug-ins for 3Ds Max, which is a software that has a 

large following online. This online community is something that I hope will facilitate 

the realization of stereoscopic rendering and workflow using 3Ds Max. It could be 

either in the form of an existing plug-in that meets the needed requirements or as a 

tutorial on how to create such a tool. The information from an active community could 

provide knowledge and troubleshooting which will also substantially aid me in my 

research. 

 

2 Theoretical Background 

For those not familiar with the terms such as stereoscopy, binocular asymmetry or 

ghosting, a brief background on the subjects in question will be stated. Segments of 

this information has been acquired from Mike Seymour's article “Art of 3D 

Stereoscopic Film” where he provides a survey of the production involved in making a 

3D film. [1] Although, I will only look at the creation of purely digital production 

techniques, the same problems and guidelines discussed in his article still apply. Other 

sources of great values was Lenny Lipton with his blog on stereoscopy [22], the 

information in the video tutorials by Louise Marcoux [9], and the Stereoscopic 
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Filmmaking Whitepaper on the business and techniques involved in stereoscopic 

filmmaking. [13] 

 

2.1 Stereoscopy  

The majority of people go through life observing their surroundings with the help of 

two eyes set some distance apart. Seymour refers to this distance as interoccular 

distance and writes that it is approximately 65 mm for men and 63 mm for women, 

however that it is averaged to be 64 mm for production purposes. [1] The interoccular 

distance is important because when viewing a stereoscopic image on for example a 

movie screen, the mind assumes that just as our eyes are set roughly 64 mm apart that 

the cameras are too, and perceives the scale of the objects in view accordingly. The 

cameras used to obtain the stereo image pair could be set wider than 64 mm apart to 

make the surroundings appear smaller than is actually the case. This can be set to such 

an extent that a mountain range can appear to be little more than miniature sets for the 

difference between the two points of view is much greater than the normal 64 mm. 

Because of this, scale becomes particularly important to take into consideration when 

producing computer generated content as there are no limits as to how much a scene 

or object can be scaled up or down relative to how near or far the cameras can be set 

apart. 

 

The interoccular distance is also important because it presents the brain with two, 

slightly offset points of view; so called binocular disparity first observed by Charles 

Wheatstone in 1838 when he as Professor of Experimental Philosophy at Kings 

college Britain became the first to publish a paper on the stereoscopic phenomena. [6] 

Thanks to the binocular disparity and based on the offset or turning of an object from 

one eye or camera image to the next, called parallax, the mind is able to approximate 

the distance to an object in view. 

 

However, the mind is use to the fact that it is usually presented with two views of the 

world which is a part of the depth it perceives, which also consists of several other 

means to determine distances and depth, such as if something is in front of something 

else. However, it is this part that stereoscopic images in media mimic to provide a 

sense of depth in a film or image. In other words, it is not actually 3D that is seen, 

merely a pair of 2D images, each seen only by one eye. Therefore, the mind creates 

depth or perceivable 3D from the stereoscopic image pair the same as with the twin 

images normally presented from the eyes. 

 

2.2 Parallax 

Parallax is noted in the Whitepaper by Autodesk to be the offset of the orientation of 

an object from one image to the next, or in stereoscopy the difference in orientation of 

an object in between the stereo pair, as well as its relative offset in position in between 

the two images. This is the binocular disparity that the eyes use when estimating the 

distance to the different objects in view. [1] 
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One scenario is that the object is offset horizontally to the left in the right image and to 

the right in the left image. This will cause the object to appear to be situated at a point 

in front of the screen when viewed binocularly as the eyes must cross in order to look 

at the object, as seen in Figure 1. This is called Negative Parallax, the object is offset 

closer together, or outside stereo. [1] 

 

 

 

 

 

 

 

 

 

Figure 1: Negative Parallax. 

 

Another possible scenario would be the object is offset to the right in the right image 

and to the left in the left image which will lead to it being perceived as being at a 

distance beyond the screen. This is referred to either as Positive Parallax: the objects 

relative position horizontally inbetween the two images has increased, or as inside 

stereo as seen in Figure 2. [1] 

 

 

 

 

 

 

 

 

Figure 2: Positive Parallax. 

 

Lastly, the object can be in the same place horizontally (and of course vertically) in 

both the images making up the stereo pair. The viewer will then perceive it to be at the 

same distance as the screen where it is viewed, as seen in Figure 3. This is called Zero 

Parallax and is the point at which the stereo effect is the most prominent, comfortable 

and effective. Past this point, it will diminish, as well as in front of it. [1] 

 

 

 

 

 

 

 

 

Figure 3: Zero Parallax. 
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The biological factor behind how we perceive the distance to an object based on the 

object‟s parallax is the method that the eyes are forced to converge or diverge to view 

an object in either Negative or Positive Parallax within a stereoscopic image pair. 

When observing something in close proximity, the eyes converge in order to focus on 

it and the closer it is to the viewer the more „cross-eyed‟ we become. The muscles that 

make the eyes converge can be strained if outside stereo is used for prolonged periods 

of time. Therefore, the outside screen effects are best used in moderation to produce 

awe inspiring effects. [1] 

 

2.3 Maximum Image Separation 

As already stated, biological factors come into play when viewing stereoscopic 

material. One of these biological factors that need to be taken into account when 

creating stereoscopic material is the eyes inability to diverge beyond being parallel to 

one another. This never occurs naturally, however it can easily happen in stereoscopic 

images if the pixel separation is too great. 

 

We are unable to look „outward‟ with our eyes to any larger extent. The problem can 

arise in stereoscopy when the Positive Parallax within a stereo image pair on a screen 

is set at a wider distance apart on the screen than the eyes can comfortably diverge to 

focus upon. We must therefore keep within the maximum image separation distance if 

our images are to be comfortable to watch. Marcoux proposed the formula to be used 

when calculating this maximum image separation distance to be as seen in Figure 4. 

[9] 

 

 

 

 

 

 

 

 

 

Figure 4: Formula for calculating the maximum parallax shift in pixels allowed. 

 

2.4 Different Camera Setups 

There are two methods to set up a pair of cameras when shooting in order to obtain a 

stereo image pair for use as a stereoscopic image. These are the converging camera 

setup and the parallel camera setup. Within the industry, Seymour claims there is hot 

debate over which version to use when filming material for use in a stereoscopic film. 

Each of the methods has its own advantages and disadvantages while both having 

been used successfully to make stereoscopic movies. 
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2.5 Converging Camera Setup 

The converging camera setup is when two cameras are placed at a slight angle looking 

in towards each other, this is also known as „toe-in.‟ Figure 3 depicts this situation and 

this method closely resembles the method in which our eyes work in real life. Other 

than that, this approach has several values, one being that the point of Zero Parallax is 

decided upon while the images are captured, unlike the parallel setup where 

adjustments need to be made in post-production. This technique of shooting stereo is 

also preferable when the cameras are at a very short distance to the object being shot. 

The converging cameras would easily frame such an object, where as cameras locked 

in a parallel rig would struggle to do so. That is however a problem that is associated 

with actual real world shooting and one that is of little concern if the images are to be 

computer generated. Furthermore, the objects close to the camera tend to appear more 

round than they would if shot with a parallel rig and lastly this is the technique that 

director James Cameron used to shoot his movie Avatar. [7]  

 

However, Seymour, Lipton and Marcoux claim that there are several technical issues 

when generating stereoscopic images using converging cameras. Other than the 

absoluteness of the resulting images (no adjustments can be made to the depth in post-

production) one of these is the problem with Vertical Parallax that arises when the 

cameras are angled in towards each other. This Vertical Parallax is illustrated in 

Figure 5 and is caused by the image planes that the images are projected onto being 

orthogonal to the cameras and, because of this, there are two image planes within the 

same stereoscopic image. 

 

This indicates that along the center axis of the image, the stereoscopy works fine, 

however it becomes more distorted towards the edges of the stereoscopic image. A flat 

surface filmed using a toe-in setup will appear curved, both concave and convex at the 

same time as it points toward the edges of the image which are offset in parallax from 

the points along the central axis. It can be eliminated when generating the images 

using the computer as it allows for the view frustum to be made asymmetrical in order 

to conform the two image planes, as seen in Figure 6. Note, the image planes are 

orthogonal to the direction of the camera in Figure 5, however in Figure 6 this is not 

the case as a result of the asymmetrical view frustum. 

 

Another serious issue concerns the extreme parallax that converging cameras can 

generate in the background parts of a stereo image. This problem is easily illustrated 

by looking at a finger held at a 30 centimeter distance from the eyes. Therefore, it can 

be observed that the background is so severely separated and differing between the 

two eyes that the mind cannot fuse it together into one coherent background. The same 

problem can occur when shooting objects using converging cameras 

 

Marcoux states that the converging camera rig also requires great care to be taken 

when generating the images as far as keeping the objects within the area of effective 

stereoscopy. There is an area in front of the cameras where the stereoscopic effect is 

most prominent, and most effective. It is not linear however, and depends on the 

distance between the cameras. It can be generalized that if the cameras are close 

together the parallax differences within view become smaller and that as a result of 
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this the area of effective stereoscopy becomes larger. The point where the stereoscopic 

effect is the most effective is located around the zero parallax point where the two 

angled cameras converge and it is perceived to be located at the same distance as the 

screen when viewing the final stereoscopic image. If objects are located at a point that 

is beyond the area of effective stereoscopy, the relative distances between those 

objects become harder to tell and if a point is instead located in front of the area of 

effective stereoscopy. It leads to the audience getting cross-eyed and nauseous as they 

try and focus on the object. The area of effective stereoscopy as presented by Marcoux 

is illustrated in Figure 7. This area also affects images generated using parallel 

cameras, however it is less of an issue as the depth in the stereoscopic images can 

successfully be altered during the post production editing. [9] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Example of a converging camera setup. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: A depiction of a converging camera setup with asymmetric view frustum. 
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Figure 7: The area of effective stereoscopy illustrated when using a converging camera setup. 

 

2.6 Parallel Camera Setup 

The other method of obtaining stereo views can be seen in Figure 8 and consists of 

setting up the two cameras parallel to each other. With the two cameras and the image 

planes parallel, the technical issues that arise when using a converging camera setup 

are avoided.  

 

However, there is some editing needed in post-production when dealing with stereo 

image pairs generated using parallel cameras. Firstly, the image planes need to be 

trimmed to the area where they overlap in order to produce a stereoscopic image when 

the two images cover the same area. Secondly, they must also be offset horizontally as 

the use of parallel cameras creates a scene that in entirely set in Negative Parallax or 

outside stereo as the point where the cameras converge, or Zero Parallax point, is 

located at infinity. This can be easily amended by moving the images closer together 

and by doing this shifting the parallax and the location of the Zero Parallax point 

within the stereo image. 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 8: A depiction of a parallel camera rig. 
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2.7 Short History 

The concept of stereoscopy dates back to the middle of the 19
th
 century and the 

discoveries of Charles Wheatstone on the then new phenomena of binocular vision. 

[6] This discovery was made before the camera was invented and has accompanied the 

media associated with cameras since the beginnings of photography, as well as 

cinematography. As far as the latter is concerned, several earlier attempts to 

commercialize 3D cinema have been made throughout the last century. However, 

these attempts previously have been unsuccessful in their striving to establish 

stereoscopic cinema as an accepted form of media. Lipton reviews this in his paper 

„the Stereoscopic Cinema: From Film to digital Projection.‟ [2] Below the attempts are 

addressed based upon the decade that they appeared in: the 1930's, the 1950's and the 

1980's.   

 

2.7.1 Sereoscopic Cinema - 1930’s 

Stereoscopic cinema in the late 1930's consisted of a few films which were presented 

using monochrome Anaglyph Displaying Method (see Display Methods, Anaglyph), 

making the image appear in black and white. Towards the beginning of the 40‟s 

technological advances led to display methods that also included color culminating in 

the 1950's when many theatres showed films in 3D. [2] 

 

2.7.2 Sereoscopic Cinema - 1950’s 

The display method used was based upon the polarization of the light (see Display 

Methods, RealD, Polarization) in order to create the stereoscopic effects. The 

technique at the time was centered on the use of two projectors which had to run 

parallel to each other and in perfect sync in order to avoid causing the audience 

discomfort. Achieving this was very difficult, however and audiences soon tired of the 

eye-straining experiences.  

 

Lipton notes that only if operated by an experienced projectionist and with absolutely 

synchronized projectors can an enjoyable experience be ascertained. This method has 

since long been in use in amusement parks and other specialist venues but failed in the 

more public theater setting. Not until the 1980's, with the introduction of methods 

allowing for stereoscopy to be displayed using only a single projector would 

stereoscopic cinema return. [2] 

 

2.7.3 Sereoscopic cinema - 1980’s 

The method used during the commercialization attempt in the 80‟s relied on a single 

projector method where two sub-frames appearing in each frame of the film. However, 

Lipton pointed out that this method suffered from problems with the presented image 

being darker than the dual projector method, as well as the film could by mistake be 

fed into the projector half a frame too far by an inexperienced projectionist. When this 

happened, the projected image would contain two halves of two frames instead of the 

two sub frames that made up the stereoscopic image. This would lead to the audience 
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feeling severely discomforted as the two images projected where not synchronized and 

did not belong to the same image. Not until the introduction of digital projection 

methods were these problems eliminated and the projected stereoscopic images were 

made clear and easy to view. [2]  

 

2.8 Display Methods 

When media is displayed stereoscopically, there are many different methods available 

to make one eye only see one image when there are two images simultaneously 

displayed. In his paper on stereoscopic cinema, Lipton covers the most prominent 

ones. [2] Universally, the display methods available for showing stereoscopic images 

on screen rely on the viewer wearing selection eyewear, a pair of glasses that filters 

out the images intended for the other eye. This is the key to creating a sense of depth 

and making things either appear in front of or behind the screen as explained by 

Seymour who is also responsible for the descriptions of the functionality of the 

different methods. [1]  

 

The display methods which were taken up previously will be reviewed, as well as the 

ones that Magoo 3D Studios would be able to produce compatible material with 

various plug-ins.  

 

2.8.1 Anaglyph 

This display method uses complementary colored images together with glasses using 

similar complementary colored lenses. For instance, an image could consist of one of 

the images in red and the other in green which would correspond to the selection 

eyewear consisting of one green lens, removing the green colored image, and over the 

other eye a red one, removing the red colored image, resulting in a monochrome 

stereoscopic image. This display method needs only one projector and an ordinary 

film screen in order to function and work, however the head happens to be tilted while 

watching. [1] 

 

A refined version of the Anaglyph display method exists in the Dolby 3D system 

which, unlike its anaglyph successors, also can display the images in color by filtering 

away different parts of the red green and blue channels rather than one of them 

altogether. [3] The benefits of using this method over the RealD display method, 

which is close to becoming standard, is the effect is equally bright no matter where the 

theater seat is located and that it requires no changes to either the screen or the 

projector used for displaying ordinary movies. The downside to this method is that the 

glasses are more expensive and that the colors are affected by the filters. [1] 

 

2.8.2 Polarization 

The polarization method of displaying stereoscopic images relies on polarizing plastic 

sheets that polarizes the light from the projector so that the image can be excluded or 

allowed to be seen through similar polarizing sheets in the selection eyewear. This 

display method requires that the polarization of the light is maintained after it has been 
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reflected off the screen and uses a special silver screen. The screen reflects the 

polarized light whilst keeping most of its polarization where the polarized glasses can 

remove the correspondingly polarized image from each eye and achieve stereoscopy. 

The polarized glasses have the adverse effect of dimming the brightness of the screen, 

as well as the colors as they work by removing some of the light eminating from it. In 

older versions, this was especially true if one had a seat towards the edges of the 

theater. [22] 

 

RealD is the most popular method to show stereoscopic movies at the cinema in the 

world currently. For instance, it can be deduced from their website where RealD is 

used in many of Svensk Filmindustri‟s (SF) 3D cinemas, and is an example of the 

polarization method of displaying stereoscopic movies. [4] RealD was developed with 

Lipton as Chief Technology Officer and went from the older polarizing methods that 

required two projectors (one for each of the polarizing sheets) to using a ZScreen that 

polarize every other frame: a different method to use with a single projector. RealD 

also polarizes the light into circular waves instead of parallel/vertical ones which 

allows the viewer to tilt his/her head and not suffer any diminished viewing quality as 

was the case with the older polarization techniques. [2] 

 

2.8.3 Eclipse 

This is one of the more straight forward principles of making one eye only see every 

other image by simply blocking it when it is the other eyes turn to see a frame of the 

movie. In the earliest attempts, this was achieved by a fan spinning interlocked with 

the projector in front of the viewer alternately blocking each eye from viewing the 

screen. [5] The flickering of the glasses need to be matched to the flickering of the 

screen, however usually created by using infrared transmitters. The glasses are going 

to need to be battery-powered in order to operate. 

 

This technique is prominently used wherever a projector is not used to show 

stereoscopic images (for example television or computer screens) and where the other 

methods are unfeasible due to the domed nature of the screen, such as the IMAX 

theatres or its Swedish counterpart Cosmonova. The cost of the liquid crystal shutter 

glasses however is great. Therefore, it is a display method that has yet to reach a point 

of commercial interest in a field such as 3D cinema. [2] 

 

2.8.4 Separate Channels 

This display method is not one that is used to any larger commercial extent today. 

However, it is interesting nonetheless for its ability to circumvent the known issues of 

stereoscopy that the other display methods are troubled with through its use of a 

stereoscope. Separate channels means that one image is viewed with one eye only, 

without the interference of another image being displayed at the same time. This is 

accomplished by the images being physically set some distance apart on for instance a 

piece of paper that is viewed either freely or using a stereoscope, such as the 

ViewMaster in Figure 8. A stereoscope uses accommodating lenses to help the eyes 

focus on the images (see Accommodation and Convergence) and created the illusion 
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of looking at a single image when in fact there are two images set some distance apart. 

Aside from the focus helping lenses, the images also being truly separated from each 

other eliminates the risk of them bleeding over into each other causing ghosting 

effects, something that Lipton proclaims is present to varying degrees in all of the 

other selection eyewear oriented display methods. [2] 

 

 

 

 

 

 

 

Figure 8: The ViewMaster is an example of a stereoscope. 

  

2.9 Known Medical Problems and Requirements 

The stereoscopic media has always been troubled by the audience feeling nauseated, 

suffering from having strained their eyes or having headaches as a result of viewing 

stereoscopic images. Aside from individual persons experiencing the stereoscopic 

effect to different degrees (some not at all), Lipton acknowledges some of these issues 

that are known to occur in relation to stereoscopic media in his paper about the 

stereoscopic cinema history. Two of these appear as a result of bad production of the 

media itself. One is due to technical limitations or low-quality equipment and the last 

issue is inherent with the human physiology and the minds ability to adapt to its 

surroundings. [2] 

 

2.9.1 Ghosting, or Cross Talk 

Ghosting effect can be compared to a photo taken of something in motion using a slow 

shutter time. The objects seem transparent at the edges and are trailed by a ghost of 

themselves. This problem is present in all the selection eyewear display methods but 

can appear unusually strong when using polarizing light and lenses. The light, having 

been reflected from a imperfect silver screen, does not retain perfectly its starting 

polarity. And, the glasses created from high quality polarizer sheets are still letting 

some light into the wrong eye which causes some of the images to bleed over onto 

each other producing Cross Talk. Lipton assesses this one to be the most severe of the 

known issues that he addresses, in all likelihood due to the widespread use of realD in 
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3D cinemas across the globe. And since realD utilizes the polarization display method, 

care must be taken as to not cause Cross Talk inbetween the two images. [2] 

 

2.9.2 Parallel Requirements 

In addition to the existence of ghosting problems, the images have to align perfectly in 

the parallel plane in order to achieve a stereoscopic effect without severely 

discomforting the audience. This problem is one that is caused either by the cameras 

used to shoot the film being unparallel or using unparallel projectors to show the 

images. Today, it is of little concern in 3D cinemas as most cinemas use a single 

digital projector where the majority of the productions being carried out are using 

computer generated content. [2] 

 

2.9.3 Symmetry Requirements 

Not only are the images needed to be parallel, but also color wise and symmetrically 

match each other. If there are slight variations to the color of the images, the 

perception of them as being different view representations of the same thing starts to 

falter. The illusion is rejected and our minds start to see two separate images instead of 

one, straining as it tries to fit them together into something that makes sense. The 

same goes for symmetry, an object cannot appear to be in slightly different places in 

the two images in order to prevent similar rejections of the illusion. 

 

2.9.4 Accommodation and Convergence 

This is one known problem that is going to keep downgrading the experience of 

stereoscopy for parts of the population regardless of technological advances that are 

made in the field of stereoscopy. Only actual 3D can help with this one. When looking 

at a stereoscopic movie, the body struggles to unlearn the optical relationships of the 

real 3D experienced daily from our surrounding world for the illusion of the same 

stereoscopy but with the difference that it is merely superimposed upon a flat screen.  

 

Our eyes are capable of pointing towards each other becoming so called cross-eyed (a 

muscular movement of the eyeballs which is called convergence), as well as focusing 

on objects that are at differing distances from us by adjusting the shape of the eyes 

lenses (accommodation). From observing the surroundings, the eyes are adapted, 

when viewing something close to us, to converge, as well as accommodate the eyes at 

the same time in order to look at the object and put it in focus. [2] 

 

When viewing a stereoscopic image, there is no need to accommodate as the eyes 

need to stay focused on a flat surface set at a fixed distance from the viewer in order 

for the object that is close to the viewer to remain in focus. However, the adapted 

behavior to converge the eyes remains. Therefore, the eyes need to unlearn a 

connection of converging, as well as accommodating the eyes that has been until that 

point not to mention un-learning it when we leave the cinema. This known issue 

affects everyone that takes in stereoscopic media without the accommodating lenses of 
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a stereoscope, however the ability to cope with accommodation and convergence 

varies depending upon the individual viewing. 

 

2.10 Magoo 3D Studios 

The company for which I am conducting this research is a Swedish company called 

Magoo 3D Studios. They employ circa sixteen people, have offices in as diverse 

locations as Söderhamn and New York, and specialize in 3D Animation and Visual 

Effects. They are currently looking into the prospects of outputting media in 

stereoscopic formats and what changes to their production that they would need to 

make in order to accomplish this act. [23] 

 

The company has no past experience concerning the creation of stereoscopic material, 

however they have had plans to look into it for some time, emanating in the creation 

of this thesis. They usually deal with video and 3D content creation for advertisements 

or titles for television, such as the idents for Swedish Channel Five, and in some cases 

special effects for shorter films, such as „Carousel‟ a film about a heist frozen in time 

by Adam Berg for Phillips. [8] 

 

3 Methods 

The methods that I employed in my striving to find a plug-in that aids the artists in 

creating enjoyable stereoscopic content was based upon a list of specifications that I, 

together with Magoo 3D Studios, derived from the background research carried out on 

the subject matter. I found a  plug-in that not only closely matched the demands on 

features and functionality that I had specified but also originated from a reliable 

source in that it was created by an employee at Autodesk and was featured on the 

Samples DVD for 3Ds Max 2010. [16] There was however one function that the plug-

in was lacking: namely support for using a parallel camera setup. This led me to 

modify it and add the option of using a parallel camera rig, thus allowing for a greater 

diversity concerning what work processes the plug-in was capable of being 

incorporated into. Using this edited version of the plug-in, I rendered a movie in order 

to showcase the functionality of the plug-in. 

 

3.1 Choosing a Suitable Plug-in 

The goal of this thesis was to present a solution to Magoo 3D Studios that is both 

capable of producing comfortable stereoscopic images while still being intuitive in its 

process. In order to achieve this, I needed something that a potential plug-in could be 

measured against, therefore a list was organized over the features that would do well 

to be met by a plug-in that was to be able to produce comfortable stereoscopic 

material. The following list was heavily rooted in my literature review and each bullet 

point will be addressed in turn where its background can then be fully and conceivably 

explained. 
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A plug-in in question would do well to: 

 

1. Accept input on physical screen size. 

2. Hide the necessary mathematics from the artist. 

3. Interactively display; the area of effective stereoscopy inside the viewport. 

4. Present the Artist with the option to choose between having a parallel or a 

converging camera rig. 

5. Have an asymmetric view frustum on the converging rig option. 

6. Provide a quick method to preview the final stereoscopic effect. 

 

The following list contains my arguments and motivations behind the corresponding 

posts in the list of features above. 

 

1. The size of the actual image being presented to the viewer, as well as the 

distance from him or her to the screen are two vital measurements when 

making stereoscopic material. They are needed where the maximum image 

separation is not exceeded and the convergence of the eyes is kept within 

comfortable limits, as well as to ensure that the computer generated 

converging camera rig corresponds in terms of scale and proportion to the real 

life measurements of the viewers position and the size of the screen. 

2. There are no reasons for why the artist should ever want or need to change the 

the mathematics behind the stereoscopic cameras. These should therefore be 

hidden and automated so that the artist can focus on the practical 

implementation of the stereo camera rig.  

3. The area of effective stereoscopy is very important to acknowledge when 

rendering stereoscopic images using converging cameras. Likewise, it is of the 

same importance when dealing with a parallel rig. However as the final 

stereoscopic depths of parallel camera material are decided upon while 

compositing the images, this is not important until the project is in the post-

production stage. The area of effective stereoscopy is where the stereoscopic 

effects are the most prominent and is explained in greater detail in the 

converging camera rig section of the theoretical background. 

4. The choice between using a converging or parallel camera rig is paramount as 

it relates to to how an image will have to be composited and edited later. The 

two choices both have their virtues, however the artist should be able to 

choose which one is more suiting for the project or scene at hand.   

5. The benefits of having an asymmetric view frustum when using a converging 

camera rig are great. This allows the stereoscopic images to be without the 

problems areas that otherwise appear towards the edges of the image should 

the frustum be symmetrical and thus removes the need for editing these 

problems away. 

6. There is a large amount of trial and error involved with finding a parallax 

setting that works and this requires the users of the plug-in to be able to 

preview the depth they are creating. When doing this, the artists should not be 

forced to create renders and compose a stereo image each time they want to 

see how the depth is working in the scene. It should be created for them 

automatically in order that the work process can be sped up and these 

unnecessary steps can be eliminated. 
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3.2 Plug-in for 3DsMax 

A plug-in that I found and the one that I eventually decided upon using for my test, as 

well as to present to Magoo 3D Studios is a 3Ds Max modifier called Stereo Camera. 

[9] It is created by Louis Marcoux who according to his blog works as a Technical 

Specialist in 3D Animation and Visual Effects for Autodesk. [10] There are many 

reasons why I choose this plug-in and I will address these over the following 

paragraphs.  

 

The Plug-in that I chose had the functions needed to make it fulfill all of the 

requirements that I thought was necessary. However many of the features seemed to 

already be in place judged on how the Stereo Camera modifier works. The script is an 

addition to the functionality of the 3Ds Max software package and works by adding a 

new modifier to the list of modifiers inside the software. The Stereo Camera modifier 

is applicable (and only applicable) to a free camera object and adds stereoscopic 

functionality to that camera by creating two additional cameras, one on either side of 

it. The modified camera is supplied with a number of options concerning the distance 

between the two new cameras used for rendering the stereoscopic image, as well as 

input devices for real-world data. The Stereo Camera plug-in is depicted in use in 

Figure 9, a print screen rendered by the author. [9] 

 

The two additional cameras created are hidden from the user while the original camera 

is used as a mid point between the two for use when the artist is composing and 

otherwise setting up the shot which is to be rendered by the other two cameras. This is 

complemented with a real-time interface that defines the area of effective stereoscopy 

inside the scene where the artist can easily determine what parts of the scene fall 

within this area and how the changes made to the camera settings affect this. In 

addition to this, the plug-in also has a button that generates an anaglyph preview of the 

stereoscopic image to be rendered using snapshots from the currently selected 

viewport. [9] 
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Figure 9: The Stereo Camera plug-in in use. 

 

Aside from its fulfillment of nearly all of the features that were listed, the Stereo 

Camera plug-in also has several additional surrounding features that made me 

consider it to be something that could be of value to my research. To a large extent 

this had to do with how well the plug-in was featured by Autodesk and how well 

renowned a lecturer its creator appears to be.  

 

The plug-in first appeared on the Samples DVD for 3Ds Max 2010, although it is not 

supported by Autodesk. This is something that was weighed in favor of the script for 

Autodesk deemed it to be good enough to be something that is safe to promote to 

curious users, as well as something they are willing to associate with their brand. The 

version that was used is a newer version than the one that was featured on the DVD 

and was downloaded from the website The Area and Louis Marcoux‟s blog. [9] 

Although, the version used differs from the one featured on the DVD, assuming that it 

retains the same functionality and is an extension and improvement rather than a 

completely new piece of software. However, this needs to be confirmed as I have not 

been able to access the Samples DVD for 3Ds Max 2010 to confirm this assumption.  

 

The creator of the Stereo Camera plug-in is Louis Marcoux who works as a Technical 

Specialist in 3D Animation and Visual Effects for Autodesk has held numerous 

masterclasses at the Autodesk University conference and exhibition in Las Vegas, 
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where he was awarded Best Speaker 2009, as well as creating numerous tutoring 

videos available through his blog on the The Area web page. [10] [11] 

 

One post in his blog contains the material used in a masterclass for Autodesks 

December 3
rd
 event; an event where six masterclasses where taught and discussed for 

free through Autodesks web page The Area. [12] The masterclass he taught was 

concerned with the creation of stereoscopic 3D through the use of the 3Ds Max 

software. Through the use of video tutorials, Marcoux explains the basic concepts 

needed to create stereoscopy, as well as how to use the Stereo Camera plug-in he 

created [9]. The availability of these videos also contributed to the decision to use this 

plug-in. Having the video learning resources readily available to the artists at Magoo 

3D Studios meant that the plug-in could be introduced to the artists with minimal 

effort as to providing documentation on the use of the plug-in itself: the underlying 

concepts and how to practically use it inside the software 3Ds Max. 

 

3.3 Adding Parallel Camera Functionality 

From the early testing of the Stereo Camera plug-in, it seemed that the only item on 

the feature list that the plug-in did not incorporate was the option to set the cameras to 

be converging or parallel to each other. The plug-in originally only used a pair of 

cameras sitting parallel to each other, as in Figure 8, but with a Skew modifier applied 

to them that warped their picture planes where they no longer were orthogonal to the 

axis of the camera. Therefore, it produced a converging camera rig with asymmetric 

view frustums as seen in Figure 6.  

 

The plan was to add the option of choosing between using parallel or converging 

cameras for the stereoscopic images by appending and changing the MAXScript code 

that made up the plug-in. MAXScript is the scripting language that is native to 3Ds 

Max and contains methods and functions that corresponds to the functionality of the 

software. [15] Using this script, three new buttons was created on the camera 

modifiers user interface. One of the buttons made the two cameras to be used for 

stereo parallel, one made them converge with asymmetric view frustums, and finally 

one which organized a renderer using the cameras. The entire user interface of the 

Stereo Camera plug-in is depicted in Figure 10. 

 

The first and second buttons created had to work with the Skew modifier that Marcoux 

used to obtain the converging cameras with asymmetric view frustum. [9] Since the 

cameras were originally parallel, the button that made the cameras parallel had to 

temporarily disable the Skew modifier, thus returning the converging cameras to being 

parallel. The Skew modifier would then be re-enabled when the user pressed the 

second button turning the cameras again into being converged. 
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Figure 10: Depiction of the Stereo Camera user interface. 

 

However, the new functionality was not entirely beneficial: it had created a new set of 

problems. The new issues led to the creation of the third button that also set up a batch 

render using the two stereo cameras that otherwise where hidden in the scene. The 

problem created by the parallel cameras had to do with their synchronization with the 

original free camera that was applied to the Stereo Camera modifier. If the resolution 

on this camera changed, then so did the resolution of the hidden two cameras and vice 

versa.  

 

The problem posed by the new functionality is that when the cameras are parallel the 

horizontal resolution for each of them must be adjusted to be greater than the 

horizontal resolution of the original camera in order for them to capture the same 

space that can be seen in the original camera in the horizontal area where the two 

cameras image planes overlap. However due to the fact that their resolution was 

synchronized, this had to be accomplished just before the images were rendered in 

order that the original camera could be used by the artist when he or she composed the 

shot.  

 

The render button solves this problem by adjusting the resolution of the cameras if 

they are parallel and whether this is the case or not opening up the batch render 

window and adding the two stereo cameras as views to be rendered within the batch 

render window. This button ensures that everything the artist has composed to be in 
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view of the original camera will be present in the overlapping area of the parallel 

cameras. It also helps the artist by adding the stereoscopic cameras (whether parallel 

or converging) to the batch render interface in order that the artist does not have to 

look for these hidden cameras to first unhide them and then add them individually to 

the batch render list. This batch render functionality was something I presumed would 

be of great help when testing the plug-in by rendering a stereo shot with it. 

 

4 Results 

In order to test the plug-in as to measure its functionality in terms of eventual 

usefulness to artists involved with an actual project and in order to estimate its success 

as a tool involved with demanding and varied productions, a project provided and 

created by Magoo 3D Studios was rendered. This was completed using my modified 

version of the Stereo Camera plug-in. The initial small scale experimentation with the 

plug-in will be described, as well as the work with setting up and troubleshooting the 

demanding scene that was provided. The Stereo Camera plug-in was found to be very 

capable of producing stereoscopic material that is comfortable to watch, provided that 

it is set up properly. I also discovered that a successful set up was very demanding in 

terms of time spent in a trial and error process, however that this process could 

theoretically be automated based upon theories employed by photographers where the 

trial and error process could potentially be shortened.  

 

Additionally, the process of adjusting the pixel separation within the images and 

making choices concerning the balance between creating a stereoscopic image with 

clear and interesting depth and an image that is comfortable to watch was addressed. 

Lastly, the issues encountered when trying to render the images will be expressed, 

most of which originated from my own lack of experience with the 3Ds Max, V-Ray 

and Backburner software, as well as issues related to the difficulties always associated 

with dealing with a project created and organized by someone else. [17] [18] 

 

4.1 Small Scale Experiments 

I started my research project with the evaluation of the Stereo Camera plug-in by 

conducting a series of small tests inside 3Ds Max. These tests consisted of basic 

geometry in the form of an assortment of cubes, cylinders and spheres positioned on a 

plane that was rendered stereoscopically. The camera used was a free camera 

emulating a 35mm camera inside 3Ds Max with the Stereo Camera modifier applied 

to it. The rendered images where composited into anaglyph stereoscopic images using 

Photoshop for viewing with red-cyan selection eyewear. [19] One of the resulting 

anaglyph images can be seen in Figure 11. 
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Figure 11: Depiction of one of the test renders. 

 

The basic geometry used for these tests was spaced very tightly in depth, there was 

only a short distance between the object that was closest to the camera (the sphere) 

and the object that was the furthest away from it (the tall cylinder). In retrospect, I 

recognize this as a spacing that was fitting for the generation of stereoscopic images 

and one that differs from the spacing in the main project. This is an important factor as 

the tight spacing means that it is easier to accommodate the objects to be rendered 

inside the area of effective stereoscopy, as seen in Figure 7. Therefore, the resulting 

images will have a clearer difference between what is close respectively far from the 

camera than images resulting from a scene with greater spacing. 

 

The compositing work necessary to create the anaglyph image was performed in 

Photoshop. The production consisted of removing the green and blue color from the 

RGB channels of the left image, leaving only the red, and removing the red channel 

and keeping the blue and green in the right image thus making it cyan. If the images 

composited were the results of a parallel camera setup, they were also offset in the X 

direction to determine the Zero Parallax point. The two images then had to be layered 

on top of one another with an additive multiplier applied onto the uppermost one 

where the two images‟ color channels were added together creating one Anaglyph 

stereoscopic image.  

 

A technique which was experimented with and implemented after a recommendation 

from one of the employees at Magoo 3D Studios, was concerning the cropping of each 

image, where only the area in view of both cameras was visible in the final picture. In 

order to describe the problem that the cropping solves, the stereoscopic image can be 

perceived as a window located at the Zero Parallax point of the scene. The two 

cameras are observing the scene through this window. However, one of the cameras is 

positioned a little bit to the right of the normal orthogonal to the window and the other 

is positioned to the left. Therefore, the camera positioned to the left would see more of 

the scene to the right behind the window and the camera positioned to the right would 

see more of the scene to the left of the window. There are parts of the scene visible in 
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the edges of each image that are not visible in the other and these elements are 

somewhat confusing for the perceiving mind as it cannot see these parts with both of 

eyes leading to strain and fatigue in the viewer. This is why these parts of the images 

need to be cropped so that the view of the scene is consistent and the same are is 

depicted in the two images. 

 

When the tests had been completed and numerous renders were created of the objects 

using various settings for the Stereo Camera Modifier, I concluded that the results 

were satisfactory. It was based upon the resulting images being without Vertical 

Parallax issues, symmetrical in color and shape and most importantly with a depth that 

corresponded to the interface of the area of effective stereo displayed interactively 

inside the software used when setting up the render. This meant that the objects that 

were beyond the Zero Parallax plane displayed inside 3Ds Max were also perceived as 

inside stereo in the final rendered and composited stereoscopic image. 

 

The real world measurements also seemed to correspond with the resulting renders 

where the eyes never were forced to diverge past the point of them being parallel 

when viewed on the screen used for the measurements and at the specified distance. It 

should be noted that the divergence of the eyes only ever came close to making them 

parallel when the settings used were extreme and no regard was taken to the area of 

effective stereoscopy.  

 

4.2 The Main Project 

Having conducted the small scale experiments and found them to be a success, a 

solution was proposed to Magoo 3D Studios to solve a scene provided by them. The 

scene featured a soccer ball being kicked by a girl scout and would prove to have 

some characteristics beneficial to stereoscopic production and others detrimental to it. 

Some workarounds had to be accomplished in order to enable the use of the Stereo 

Camera modifier inside the scene and a great deal of issues surfaced when the images 

were to be rendered. The resulting images were to be examined for issues that could 

lead to viewer fatigue and would be a final determiner as to the effectiveness of the 

plug-in. An Anaglyph image from the resulting animation is depicted in Figure 12. 

 

4.3 Description 

The project that was handed over for stereoscopic rendering with the Stereo Camera 

plug-in featured a soccer ball being shot through the net of a soccer goal continuing 

straight through the scoreboards behind a helpless goalie by a girl scout. The shot 

begins with only the soccer ball against a clear sky in view. The ball drops towards the 

grass of the pitch while the camera moves back and to the right while the goalie, goal 

and scoreboard comes into view behind the ball. The left leg of a girl scout comes into 

view from the left as the camera moves further back and to the right. This is followed 

up by her right foot passing closely by the camera to send the ball through the net and 

scoreboard making a hole in the scoreboard.  
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4.4 Detrimental Characteristics 

This scene proved to be problematic to convert into a stereoscopic production in that it 

was created without the concept of there being several cameras present and without 

thought of some of the conventions that apply to the creation of stereoscopic material. 

The problems had to do with the different depths in the scene, as well as the method 

that the right foot of the girl scout came into view. Of these two, the depth of the shot 

would prove to be the most difficult challenge to overcome.  

 

The scene starts with the view of the soccer ball. This was to prove problematic as the 

ball was very close to the cameras and it would be preferable to have it as the base for 

the Zero Parallax plane making it appear just inside of the screen. To have it determine 

where the Zero Parallax plane should be beneficial to the viewing experience as a 

large portion of the shot consisted of the ball and should it be put in negative parallax, 

this would make the final movie more difficult to watch, as well as harder to get into. 

The concept of starting the movie with having the audience looking at the image 

cross-eyed in order for them to see the ball would be less than pleasurable. This 

brought about the need for a very small distance between the cameras in order to make 

the area of effective stereoscopy cover as much of the scene beyond the soccer ball as 

possible. However, it also meant that I had to sacrifice some of the depth effect as the 

differences in parallax within the stereo image would become smaller. 

 

The conventions associated with the use of outside stereo presented issues with the 

foot of the girl scout. Objects, or parts of objects, that appear in Negative Parallax 

must not get clipped by the edge of the screen as it disrupts the illusion of them 

existing at a depth closer to the viewer than the screen. This is based on the 

philosophy of thinking of the screen as a window that has things at variable depths 

inside it and occasionally some things appearing in front of this window. If something 

comes into outside stereo view from the side, the illusion of the window is lost as it 

was invisible outside the edges of the screen. This was the case of the right foot, which 

the girl scout used to kick the ball. The foot came into Negative Parallax space from 

the side and was severely clipped by the side of the screen. The solution was to 

manipulate the graphs of the animated camera so that the cameras were positioned so 

far away that no portion of the foot was in front of the Zero Parallax plane. The 

composition of the scene was compromised as the area framed in the scene now 

differed from what the artist had created as the cameras were moved. 

 

The problems encountered illustrate the necessity of using a pipeline that is aimed at 

producing stereoscopic content through the entire production process. A stereo 

adapted pipeline would do well to take the depth of each scene into account from the 

storyboard stage through mock-up and dailies and into compositing and post-

production thus eliminating issues such as those described here. 
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4.5 Beneficial Characteristics 

There were some positive characteristics of the shot such as the Anaglyph friendly 

colors present, as well as the method that the action portrayed the depth of the scene.  

 

The project was approached with the intent of producing an Anaglyph image from its 

content which would allow it to be viewed with selected eyewear that was available 

and provided the quickest method to present my results. The scene was set at sundown 

and many of the colors presented were orange or purple, incidentally these are the 

colors that turn out the best in color Anaglyph stereo. Stereoscopic images presented 

in Anaglyph rely on the colors to do the separation of the images which meant if the 

soccer ball had been pure red it would only be visible to one eye. Therefore,  the 

colors that lend themselves best to this kind of display methods are those that lie in 

between cyan and red, namely purple and orange.  

 

It is usually best to desaturate the images before creating the Anaglyph image as it 

ensures that nothing disappears and that there are no other complications concerning 

the colors of the image. The end result is a black and white stereoscopic image. 

However, the desaturation was not needed in this case as the prominent colors used in 

the scene where orange and purple and thus safe to preserve resulting in an enjoyable 

color Anaglyph. 

 

The action happening in the depth of the scene and the continuous horizontal 

movements of the camera are two things that would prove to lend themselves very 

well to a stereoscopic movie. The action of the ball flying into the scene is a typical 

example of a good technique to guide the eyes of the audience into the image and 

display the stereoscopic effect of it, similar to the method in which perspective lines 

draw the eyes of a viewer into a piece of art.  

 

The horizontal movement of the camera is another thing that helps the viewer with 

determining the depth of the scene in view. As briefly mentioned in the Theoretical 

Background section of this thesis, the mind has methods other than the interoccular 

distance to approximate the distance to objects in view. One of these depth cues has to 

do with the fact that horizontal movement of the eyes cause different amounts of 

movements on the objects of our surroundings depending on how far away or close 

they are. With the presence of horizontal movement in the cameras in the scene, it 

helps to further clarify the different depths present and provides the viewer with a 

more comfortable and clearer viewing experience. 

 

4.6 The Created Plug-in 

When work began on the implementation of the Stereo Camera modifier, it was 

discovered that the implementation of the Stereo Camera Modifier had to be 

conducted using a work around as the provided scene was set-up using a non 

supported camera type. Over these paragraphs, it will also be explained how the real-

world data was used to set up the plug-in, as well as how it affects the stereoscopy. 
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The scene presented provided had been created with an animated Target Camera as 

the main camera inside 3Ds Max. This meant that the Stereo Camera modifier, that 

can only be applied to a Free Camera, had to be implemented working around the 

problem of having an animated Target Camera in the scene. The difference between a 

Target Camera and a Free Camera is that a Target Camera is attached to a target that it 

keeps in view allowing an artist to animate both the position of the camera and the 

position of the target in order to control what the camera has in view. A Free Camera 

has no target and must instead be rotated in order to adjust what is in view but is the 

only type of camera that is compatible with the Stereo Camera modifier. In order to 

preserve the animation and framing of the Target Camera, a Free Camera needed to be 

created and parented to the Target Camera so that it followed the Target Cameras 

animation. After this was created, the Stereo Camera modifier could be applied to the 

Free Camera allowing me to set up the stereoscopy. This workaround is recommended 

by Marcoux and is even presented in the error message received from the plug-in 

when trying to apply the Stereo Camera modifier to a Target Camera. [9] 

 

When creating stereoscopic materials, it is imperative to consider the setting and 

circumstances at the time the material is to be viewed. The settings required and the 

nature of the resulting stereoscopic images will vary greatly between images meant to 

be seen on a big cinema screen from many seats away and images intended to be 

viewed on a monitor from 70 cm away. This has to do with how the interoccular 

distance, viewer distance and screen size relates to the distance between the cameras 

and the distance to and width of the image plane and is implemented in order to ensure 

that the viewers‟ eyes should never be forced to diverge past the point of being 

parallel. Considering this, I measured the width of my monitor at my workstation and 

found the screen to measure 52 cm horizontally across and also a suitable distance to 

view the screen, 90 cm.  

 

Having inputted the data into the Stereo Camera modifier ensured that the audience 

would not be forced to strain their eyes when observing the objects with maximum 

image separation in the scene. I was now free to scale the resulting relationship 

between the distance and width of the image plane and the distance between the 

cameras up or down using the interface of the plug-in. Once the scale was set, what 

remained was to adjust the distance between the cameras where the scene was covered 

by the area of effective stereoscopy. 

 

4.7 Compositing 

The images from the right camera and the images from the left camera were 

composited in Fusion and an anaglyph version to be viewed on the computer screen, 

as well as a side-by-side version to be presented with a dual projection system was 

created. [20] Fusion had features that fully supported anaglyph presentation of the 

images, which greatly reduce the time spent doing post-production work. 
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Figure 12: Anaglyph image of the project. 

 

4.8 Balancing Pixel Separation 

The most arduous and time consuming part of creating the stereoscopic version of the 

project turned out to be the evaluation of the distance needed between the cameras. 

This affects the stereoscopy of an image more than anything else as it is the influence 

of the final value of the maximum pixel separation within the stereoscopic image. The 

further apart the cameras are placed the greater the difference will be between near 

and far objects in the stereo image, therefore making the different depth of these 

objects clearer to the viewer, but at the same time more difficult to view. Therefore if 

the cameras are close to one another, it causes the rendered stereoscopic image to be 

easier to watch, however at the same time lessens the actual stereoscopic effect.  

 

There are several surrounding circumstances taken into consideration when 

determining the distance between the cameras prior to rendering the scene. The first of 

the circumstances was the framing of the ball in the opening sequence of the shot. As I 

have mentioned earlier, I decided to put the ball and everything behind it in Positive 

Parallax which resulted in that the distance between the cameras must be made very 

small in order to accommodate as much of the scene as possible within the area of 

effective stereoscopy. 

 

Another deciding factor as to determining the distance between the cameras was the 

intent on using the resulting images to create an anaglyph image. This concept 

occurred after learning from Marcoux that the Anaglyph display method is known to 

have ghosting issues, which was a phenomena experienced first hand during the 

experiments. [9] The background to these issues comes from the fact that the selection 

method itself is very straining upon the eyes as only extremes of the color spectrum 

are received by the retina, instead of the normal flow of colors. Another source of the 

ghosting is the calibration of the screen where the image is viewed. This needs to be 

calibrated so that the channels that the screen outputs (red for one eye and green/blue 

for the other) match precisely the channels that the selection eyewear filters out where 
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no ghosting occurs. This is very hard work and the results are sufferable at best as the 

Anaglyph selection method is very imprecise. These issues necessitate that the 

distance between the cameras be reduced, in order that the maximum image separation 

does not become so great as to causing the mind to reject the illusion of depth in the 

image due to ghosting and see only two different images.  

 

Even taking all of these circumstances into account the determining of a distance 

between the cameras that results in a stereoscopic image where the pixel separation is 

balanced proved to be very much a trial and error process. This process consisted of 

rendering the frames over and over with varying distances between the cameras, 

compositing the images and observing the resulting Anaglyph images. Then 

determining whether to increase or decrease the distance before rendering the next 

stereo image pair. Several times I reconsidered and revised the distance on account of 

comments made by artists in the studio or new insights gained from looking at the 

images with new eyes the following day. In the end, the cameras were set to be used 

for the stereo renders at a distance of 5 mm from each other. This very small number 

takes into account all of the circumstances mentioned above and should also result in 

an image that also could be viewed on a projection screen if required.   

 

4.9 Results and Improvements 

The images that resulted from the processes described above where analyzed, focusing 

on problems that could lead to viewer fatigue. The investigating of the rendered movie 

concentrated on such issues as Vertical Parallax, image symmetry, pixel separation 

and Cross Talk but found none of them to be occurring to any higher degree. 

 

I propose a solution to the time consuming trial and error process encountered when 

determining a suitable distance between the cameras to be implemented into the Stereo 

Camera plug-in. This approximation is based upon the book Stereo Photography by F. 

Waack. In his book, Waack proposes that the distance to be set between the cameras is 

equal to one thirtieth of the distance to the nearest object in view (where the cameras 

are also set to converge). [21] This would ensure that the entire scene is rendered into 

Positive Parallax space and that the distance between the cameras be suitable for the 

final image. If this solution is implemented inside the user interface of the plug-in, I 

believe that the trial and error process could be shortened.  

 

4.10 Encountered Issues 

Several issues had to be addressed during the production of the movie. Some of these 

problems had to do with Autodesks Backburner renderfarm software or 3Ds Max 

itself. Others were related to the plug-in and some had to do with working on an 

unfamiliar project using unfamiliar software. They were all however, related to 

rendering in one way or another; the exception being the massive amount of data in 

the scene file which brought about 30 second delays when updating the camera 

positions or making similar adjustments resulting in having to update the viewport. 
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4.11 Plug-in Related Issues 

The problems relating to the Stereo Camera modifier had to do with the Anaglyph 

preview button. This button was supposed to create an Anaglyph preview from the 

currently selected viewport, however this functionality was found to be nonexistent at 

the time of calibrating the distance between the cameras even though it had worked 

during earlier tests. 

 

4.12 Other Issues 

As the stereoscopic movie was produced, I came across numerous issues concerning 

things other than the Stereo Camera plug-in, many because of my own inexperience 

and others as a result of software errors.  

 

One of the more upsetting problems encountered had to do with the batch render 

function in 3Ds Max and the Backburner renderfarm software. [17] When the renders 

were prepared, the render button was used that was built into the plug-in. It created 

two cameras to be batch rendered and in the Batch Render dialog box, I made my 

specifications and sent it to Backburner to be rendered. However, the job sent to 

Backburner did not contain the settings which was made in the Batch Render dialog 

box, but only the ones present in the render settings for the 3Ds Max project. I rule out 

the possibility of the problem being caused by my code as I had been able to use the 

render button inside the plug-in when accomplishing batch renders locally and can 

only see that it would have to be solved in another manner. This is important as it 

relates to the parallel camera functionality of the modified version of the Stereo 

Camera plug-in. 

 

5 Discussion 

The evaluation of the solution proposed by me for rendering stereoscopic images 

using 3Ds Max indicated that the Stereo Camera plug-in meets the standards needed to 

produce an enjoyable stereoscopic movie. This was based on the problem areas of 

Vertical Parallax, image symmetry, pixel separation and Cross Talk being virtually 

nonexistent in the images generated using the plug-in. It can be argued that since the 

images were computer generated the problems of Vertical Parallax and image 

symmetry would be extremely rare occurrences. However, I would then point to the 

issues that are brought up in the section about converging cameras and assure that an 

asymmetric view frustum is paramount in order to create comfortable stereoscopic 

images.  

 

The results gathered from the tests were helped by the video tutorial support available 

for referencing and the sincere author behind the plug-in in my decision to recommend 

the modified version of the Stereo Camera plug-in to Magoo 3D Studios for use in 

their future stereoscopic productions. This is especially true as Marcoux also provides 

background information about stereoscopy in general, as well as the conventions 

involved in creating computer generated stereoscopic content in his videos. [9] 
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However, there were some notable complications that may require attention if the full 

potential of the plug-in is to be made available. The instability of the Anaglyph 

preview function and the settings that 3Ds Max provides the Backburner software are 

inconveniences to its use.  

 

A function that would benefit the plug-in, should it be implemented, is the button 

discussed that would set a distance between the cameras that produces successful pixel 

separation based upon the distance to the nearest object in view. This would not 

always provide the ultimate solution concerning the audience‟s perceived scale of the 

objects, however it is my belief that it would greatly help in shortening the trial and 

error process involved in making decisions concerning the pixel separation. 

 

For Magoo 3D Studios, this research has meant that they now feel more confident in 

their knowledge of the stereoscopic field and very capable of producing enjoyable 

content in this new format. The tools used during the research are scheduled for 

further testing and use within the company and are deemed to be a solution for quickly 

setting up stereo renders with the capacity to produce enjoyable stereoscopic content. 

Of further interest for them is the demanding field of stereoscopic compositing where 

the rendered images are put together and enhanced to produce the final movie. With 

stereoscopic content, this is a much more painstaking and thorough process with every 

production step having to be done twice and with a minute attention to detail making 

the image pair match each other perfectly in addition to the demands of compositing 

normal content. 

 

5.1 Further Research 

I deem that further research on the subject of computer generated stereoscopic studio 

production is still very viable and something that would be of interest to a great deal of 

the 3D production studios both in Sweden and abroad. The market for stereoscopic 

material is renewed, therefore I expect that the demand for stereoscopic productions 

will increase greatly as 3D television sets become more common and stereoscopic 

cinema becomes even more commonplace.  

 

Possible focus areas of such research could be how the workflow must be adjusted to 

accommodate the different methods used in the display of stereoscopic images. Is 

there for instance a difference in creating material for the RealD polarization display 

technique compared to producing the same material for a different display method? 

There could be differences both in the amount of stereo depth, or maximum image 

separation, allowed for comfortable viewing within the display method, as well as 

practical differences in necessary steps that need to be taken during the compositing 

process of the material. The need for different approaches as to workflow and 

techniques is addressed briefly within the Autodesk Whitepaper on the subject of 

stereoscopic 3D, however it is not covered in depth. [13] 

 

Considering what could be accomplished to further enhance the plug-in that I have 

been researching and creating, there are several features that I would have liked to 

implement in addition to the ones that currently exist within the Stereo Camera plug-
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in. Two of these stand out as especially interesting and useful for the end users; 

namely the ability to automatically set the distance between the two cameras and a real 

time Anaglyph stereoscopy function inside the viewports of 3Ds Max.  

 

There is also plenty of research to be accomplished as far as what tools and hardware 

needs to be available in order for artists to create stereoscopic material. Does the work 

benefit from the artists being able to preview the work in stereoscopy, and if so what 

hardware/software is necessary or favorable? Should a studio invest in a polarizing 

display system or one based on liquid crystal shutter glasses? There are many methods 

in which stereoscopic material can be previewed. A review of them together with 

some form of experimentation to determine their strength and weaknesses and also 

determining if there is a necessity for them altogether is needed.  

  

6 Conclusions 

The aim of my research was to provide Magoo 3D Studios with a solution to set up 

and produce enjoyable stereoscopic renders from the 3D software 3Ds Max. Through 

the use of earlier research created by Lipton and Marcoux (amongst others), I have 

established some criteria that a solution for stereoscopic renders would do well to 

meet in order to ease the creation of comfortable stereoscopy.  

 

The plug-in which I propose for this task is a version of Marcoux‟s Stereo Camera 

modifier tailored to add the option of using a parallel camera setup in addition to the 

converging asymmetric view frustum option originally available. The Stereo Camera 

plug-in was tested by rendering a scene provided by Magoo 3D Studios and performed 

admirably leading to my endorsement of its usefulness.  

 

This research has been concerned only with very software oriented questions, other 

areas interesting to investigate could concern the workflow and pipeline adjustments 

needed for stereoscopic production or an investigation as to the elements that make up 

a successful stereoscopic composition and the differences compared to regular 2D 

composition.  
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