Depth in two dimensional movies
Abstract - Stereoscopy is a technique that creates a perception of depth in two dimensional movies or images. This technique relies on the binocular vision in humans and the way a human brain perceives the images. Stereoscopy has a long history but it's only now that we realize its importance and is being implemented with a right approach. Stereoscopic content can be viewed in active or passive color filters. Active color filters are shuttered filter glasses, whereas passive color filters can be red-cyan or red-green glasses. Stereoscopy has entered the film industry and is also coming up in the gaming industry or for use at home. It has many advantages be it in the field of lenses or in the study of three dimensional molecular structures or for entertainment. Here we discuss this technique and its implementation in detail and list its advantages and applications in accordance with the current industry trends.
1. INTRODUCTION
Today the importance of gaming can be seen in the market trends. We are always surprised and overwhelmed by the developments in the graphics industry which is capable of producing lifelike images. We always demand more intense graphics which leads us to Nvidia and ATI which are the hardware graphics rendering leaders in the world today. Our inspiration for research in Stereoscopy dates back to our recent visit to Nvidia. Nvidia is currently working on giving the users an out of screen experience in gaming. This technology is based on the technique of stereoscopy. The very idea that an image or a movie could spring out of our television sets is what struck us hard and kept us wondering what kind of technology can create an illusion for the brain to make it look so. This and the fact that most of the movies these days seem to be released in 3 dimensional forms drove our curiosity to study more about Stereoscopy and ultimately lead us into writing this paper to share the knowledge we gained from it.

In this paper we discuss the concept of stereoscopy and its advantages and applications. In the 'History of Stereoscopy' section, we have provided a brief idea about stereoscopy and how it evolution over the years. The section 'How Stereoscopy works', explains the implementation of this technique. In 'Advantages of Stereoscopy', we talk about how stereoscopy is beneficial in the current world. The 'Applications of Stereoscopy' section lists some of its applications, which are currently in use in different industrial fields. Finally we conclude the paper where some issues of this technology are addressed.
2. HISTORY OF STEREOSCOPY
The characteristic of human eye is to perceive any object in three dimensions. Ever since the development of physics, scientists have worked on the concept of viewing an object in 3-D on paper or canvas. Later the aim changed to represent an object in 3-D on a viewport. The first attempt to make the images appear in 3-D was made by Sir Charles Wheatstone in 1832. He developed a device named as stereoscope, through which, one could see the images in three dimensions. 'Stereo' originates from greek language that means space. Images used in stereoscope create an impression of the third dimension as both the eyes are given a different image. Hence in 1849, Sir David Brewster invented a stereoscope that used images taken by a camera. Sir Brewster used two cameras at different angles to click images separately for each eye. The use of Stereoscopy was first made in the field of cinema in the year 1890 by William Greene a British filmmaker. Two films were projected side by side and the viewers used stereoscope to watch them. Late Greene developed the first "Stereoscopic motion picture system" which he got patented in 1893. Till 1922, the use of stereoscopic images had become common in film industry. In the beginning of the 21st century, LCD monitors and plasma televisions had taken place of analog screens and televisions. Hence, in 2001 a "Digital optic disc stereo camera" was used to compare stereographic images to the mono photographic images. This lead to the development of stereographic glasses that had different colored lenses for both the eyes and allowed people to see the stereographic images as 3D. Companies like Nvidia, Imax and View Master were among the first to develop stereoscopic glasses. Later in the decade the stereoscopy technique was digitized and stereoscopic helmets and digital stereoscopic frames were developed to see motion picture in 3D. In 2007, a technique named as "Arial Stereoscopy" was developed, through which, 3D images of the Earth's surface were taken from very high altitude. On the other hand, Nvidia is working towards implementing stereoscopic in todays digital cinema industry. The aim is to give the viewer a 3D view without actually having the movie created in 3D. Therefore our paper mainly emphasize on the major characteristic of stereoscopy and its use in todays world.
3. HOW STEREOSCOPY WORKS
Normal two dimensional pictures when viewed by the eyes explicitly, appear to be in three dimension. This technique of picture representation is known as Stereoscopy. Pictures of a view are taken in pairs for both the eyes but with a different angle. As the left eye view and the right eye view is perceived from different angles, stereoscopy is based on binocular vision. The difference of angle in a pair of image is equal to the difference of angle between the vision of both the eyes. The pair of images given each time to both the eyes are known as stereopairs. The stereopairs are when viewed by eyes using the stereoscope are combined in the brain and are interpreted in terms of depth of different distances to objects seen. However, to produce a stereoscopic effect in motion pictures, various techniques are used. Most of the techniques use simultaneous projection on the screen keeping different color patterns and polarization for both the eyes.

Ever since the development of the field of computer graphics, perspective projection is often confused with three dimensional viewing. As the presence of the third dimension in perspective projection is simulated, It is not the real 3D. Real three dimensional images or stereoscopic images require at least two pictures simulating both the human eyes. These pictures can either be taken using the traditional photography techniques i.e. by using at least two cameras for each view or by using a laser based technique, holography. Conventionally, three dimensional images could be viewed only by using a stereograph. But in todays, hi-tech world, these three dimensional images can be displayed on a computer screen too. However, a different techniques to display stereographic images is Anaglyph and Digital stereo projection. Anaglyph requires a pair of glasses, different in color for both the eyes. An anaglyph glass can be of either red-green color or red-blue color. Whereas, digital stereo projection uses polarized 3D glasses, passive in nature or LCD shutter glasses, active in nature. We can use any of the above techniques to view the three dimensional images but all of them are based on the basic concept of stereography. A normal stereograph used normal photographs as stereo pairs whereas, polarized glasses or shutter glasses use digital images or even motion pictures as stereo pairs.
3.1. Anaglyph
Anaglyph images give a stereoscopic effect when viewed from polarized or multicolored pair of glasses also known as "Anaglyph Glasses". The glasses used have lenses of opposite chromatic colors such as red and cyan or red and green. Anaglyph images are superimposed by two color layers. However, the depth effect is produced by an angular difference or an offset between the pair of images. The main technique of generating an anaglyph pair of images is to take the view or an object in center and shift the background and foreground in opposite directions laterally. When these distinct images are viewed from a pair of anaglyph glasses, a stereoscopic image is perceived by human eyes. Biologically, when these images are perceived as stereographic images, 'visual cortex' in human brain fuses this perception into a perception of three dimension scene. Anaglyph images got a new life after 2002 as images and videos were available easily over the internet and CD's, DVD's & Blue Ray disks created a digitized world of videos. Also, the filter material used in anaglyph glasses went cheaper as new plastic glasses and low cost paper frame glasses were introduced. These glasses make use of all the three primary colors with red colored filter on the left lens and cyan colored filter on the right lens. Hence, any one can see a video on a DVD or in a theatre with these glasses and enjoy the perception and perseverance of 3D. Projects such as "Mars Rover" and "STEREO - Solar Investigation" used two orbital cameras to take 3D pictures of the object. In medical industry, anaglyph images are used for a three dimensional ultra-sound of the cardiac region. As technology is growing prolifically, cross-view prismatic glasses are introduced that gives a wider view of images and videos on HD monitors.
3.2. Imaging Methods
A digital camera can be used to take stereo photos. If the object under consideration is not in motion, the camera can be moved slightly in a plane parallel to the object plane. This method of photography for stereo photos is known as the "Cha-cha" method. Generally, the sideways displacement of the camera is taken to be 1/30th of the distance between the object and the camera. In case of anachrome or color anaglyphs, the camera is displaced sideways by 1/60th of the distance between the camera and the object under consideration. To create the three dimensional effect, the camera can also be rotated in a slight angle so as the have the same elements in the picture as the original picture. This property is known as "toe in". In order for the picture to look three dimensional, the picture should consist of the same elements as were present in the original picture, else the missing elements have a semi-transparent ghostly effect.
4. APPLICATIONS OF STEREOSCOPY: -

4.1. Stereopsis: -
Stereopsis is the geometrical implementation of stereoscopy. Human eyes perceive each view in two separate images and the brain combines these perceived images into one. This integration of images lead to an important mathematical difference between images.

Consider the image above. A is the angle at which the eye perceives images, B is the distant point after which the clarity of image diminishes when perceived by an eye and C is distance between two eyes which is generally measured in centimeters. This distance "C" between the two eyes differs the angle of view for eye that causes three dimensional effect. However, this phenomenon works if the distance between eyes and the object is 8 feet to 18 feet. If the object is nearer to eight feet or farther than 18 feet, the human eyes cannot optimally judge the spatial changes of the particular object. Its is termed as a blind spot. Hence, when a digital stereoscopic, three dimensional view is created, to avoid the problem of blind spots, stereopsis is used. It uses a depth cue to enhance three dimensional spatial judgments at a longer distance. Also, as stereopsis uses stereoscopic images, it makes the task of surface inspection easier by adjusting the surface properties such as luster and sheen according to the distance. This helps brain in extracting images from interferences such as noise and blurriness when the distance between the object and eyes is more. Stereopsis works fine and optimally when all the properties are additively implemented. Another version of stereoscopy is known as "Stereo-acuity". In stereo-acuity, different depth cues are applied in each direction. This gives a clearer picture and brain can easily perceive objects in motion, distant from eyes. As multiple depth cues are used it is necessary that all these properties are applied cumulatively in a digital view.

As the technology develops, engineers are trying to create a human stereo vision supported by rapid changing display system. Companies like IMAX have developed three dimension cinema technology and Sharp has introduced stereoscopic televisions. On the other hand Companies like Nvidia is working towards development of stereoscopic goggles with high refresh rate that will work at approximately 90Hz of frequency. Also, Stereoscopic helmets are being developed by Stereoscopy Inc (founder of an informative website stereoscopy.com) in association with ATI Radeon Inc that will be using Fresnel Lenses over small LCD screens.
4.2. Wiggle Stereoscopy
This is a method of creating moving stereoscopic images. As the name suggests, Wiggle means to alternate between left and right images in a stereogram. In our daily routine we come across thousands of wiggle stereoscopic images over the internet. They are known as Graphics Interchange Format images or Gif images (file extension ".gif"). A realistic feature in these images is that, the objects in front seem to be moving and objects at farther distance seem to be static or stationary. Other than wiggle stereoscopy, all other techniques use a special hardware to make a use of stereoscopy.

However, in wiggle stereoscopy, the stereo-pair images are toggled one after another to give a dynamic view. As the depth cues aren't used, wiggle stereoscopy is not the best technique to analyze the image in terms of surface properties. Also the wiggle images cannot be printed. Earlier Gif's were created by two images or with a stereo-pair but the quality of motion was jerky. Later it was discovered that, to smoothen the image, multiple stereo-pairs or in some case multiple stereoscopic images should be used. Hence by using several intermediate images of a view, clicked from a different angle, gave a smoother wiggle image. Further improvement to the wiggle images was brought by reducing the time of display of each image. By this images were alternated much quickly and a smooth moving view was achieved. Also, this technique gave rise to another format for wiggle images in the digital world termed as Portable Networked Graphics or PNG (file extension ".png").

Although, wiggle images have helped designers in the creation of a digitized human stereo vision but they do not provide real three dimensional images. The only reason behind that is, not providing each eye wit different images at the same time. However, it is proven that, if the time of each wiggle is synchronized with amount of parallax to the processing done by the visual cortex of brain, an actual three dimensional stereoscopic effect can be produced. According to the researchers, binocular vision is produced by timing and phase disparities in visual cortex of brain. Hence a good parallax applied over three or five wiggle images can produce the same binocular effect on the visual cortex. If researchers optimize the parallax levels and synchronize it with each wiggle, gif's and png's will change the future of stereoscopy as no special hardware, even a multi filter glass would not be needed to experience the stereoscopic effect and the human stereo vision would be easily simulated and at very low cost.
4.3. Stereoscopic Microscopes: -
Unlike the normal microscopes, stereoscopic microscopes have two eyepieces. It means that one can use both the eyes to view an object and as, both the eyes are used to view an object, the appearance of the object to the eyes is three dimensional. This microscope is used in medical industry but it is majorly used in archeological surveys where archeologists analyze the tiny little excavated objects. As the microscope gives magnified three dimensional view, it becomes easier to analyze an object to the core. Conventional microscopes give a monocular view which reduces the depth perception and distorts the view. However, the stereoscopic microscope over comes this distortion by giving a binocular view.

In general, the stereoscopic microscope work as a compound or conventional microscope with eyepieces, body tube and stage but just because of a special feature of binocular vision, it is being integrated with a digital three dimensional human stereo vision. Stereoscopic microscopes also have a functionality to attach camera on top of the eyepieces. By this, the magnified image can be viewed digitally in three dimensions by a group.
4.4. Industrial Use: -
Stereoscopy is being used in various industries at a very large scale. Now days, film and gaming industry are making a full use of stereoscopic technique to simulate a real time three dimensional view at a cheaper cost.
4.4.1. Film Industry: -
Since 1922, stereoscopic is being used in film industry. As the technology developed and analog pictures and movies were transformed to the digital ones, stereoscopic techniques were integrated along with them. It was in early 1922, the first the first 3D movie "The power of Love" was shown. The movie was shot in the red/green anaglyph format using the dual-strip projection.

Later in 1939, Ewin H, Land discovered a technique named as Polaroid that gave an idea of reducing glare of an object by polarizing light. "In Tune With Tomorrow" was the first 3D movie shot using polaroid. Year 1952 is marked to be the start of golden era in 3D movie making as "Bwana Devil" was the first film shot using color stereoscopy. The technique of using stereoscopic imaging kept on improving and major giants of film industry such as Universal International and Disney Productions, invested on the technique to produce 3D cartoon movies. To present a stereoscopic motion picture, circular polarizing filters of opposite handedness are used. The viewers wear low cost eyeglasses containing analyzing filters of opposite handedness. Light that is left-circularly polarized is extinguished by the right-handed analyzer and vice versa. The result is similar to the stereoscopic viewing using linear polarized glasses except that the viewer can tilt one's head and still maintain the image. Till the end of 20th century, color 3D stereoscopy was fully developed but the organizations faced a big challenge to integrate this technique with the upcoming digital world. Hence, engineers found a way to integrate a High Definition camera to shoot stereoscopic shots and take stereoscopic images. In early 2003, "Ghosts of the Abyss" became the first film that was a High Definition 3D movie. In order to see these movies with a great experience, an american major IMAX, came with IMAX cinemas that had a huge screen and gave a view of 270 degrees. Hence that was the beginning of digital 3D era. Recently, a movie "Avatar" hit the theaters that is entirely shot using stereoscopic 3D. However, in Avatar, a special technique named as fusion camera system is used to fuse the images taken by the high definition cameras. Also for the movie Monster vs. Aliens, Dreamweaver developed a Stereoscopic Pipeline in collaboration with Autodesk Maya, the leading animation software.
4.4.2. Gaming Industry
In conventional computer systems, graphics were never given any preferences. It was in later 90's when a separate but integrated Graphics Processing Unit (GPU), was introduced in a personal computer. Companies like Nvidia and ATI are the world giants in GPU manufacturing. As it was clear that one day GPU will be a common feature and installed in every computer, Microsoft, a major software giant, proactively designed generic device drivers for stereoscopic use of GPUs. The drivers were named as directX drivers. In the mean time Nvidia and ATI also developed product specific directX drivers which supported almost every operating system on plant and supplied them online and that too free of cost. The current version of generic DirectX drivers is version9. These drivers get activated when any 3D game is installed and when the game is run, they produce 2or more images in each frame for a three dimensional effect using the GPU unit. As the GPU processes more images per frame, the refresh rate increases exponentially. In last six years, companies like Electronic Arts, have developed many such games that run on a computer only when a GPU is physically installed. The use of stereoscopy in game industry has revolutionize the way a view can be generated in three dimensions. Many games such as soccer and cricket feature actual 3D versions of famous players. It can be termed as creating a Tussaud's statue of a player but digitally. On the other hand companies like Intel and Dell are promoting this use of stereoscopic gaming and are creating computer's hardware specifically for gaming purpose. In fact, Dell has come up with an entire series of gaming laptops known as Alien-Ware.

Gaming industry took a dive of growth when 3D stereoscopy was used in it. However, this industry is related Animation industry. The representation of cartoon characters in three dimensions was first used by animation industry. Later the same technique was used to deploy characters in games. Animation industry has also been using stereoscopic images from a long time. Soft wares like Adobe Photoshop helps in rendering filters to polarize light and give a 3D view. Also, soft wares like Maya 3D help in creating an animation in 3D. Therefore, Stereoscopy is being used in both the gaming and animation industries at a great extent.
4.4.3. Nvidia - 3D Vision
In real life, taking 2 dimensional elements and converting it to three dimensional requires a lot of processing and yet the effects are not as convincing. However in the world of computer graphics and gaming, the graphics are rendered real time and only the processing methods need to be altered to create the illusion of depth. Nvidia has managed to convert most of today's 3D game engines to render 3D images. This conversion is achieved at the driver level. A game that is compatible to this technology is rendered with a stereoscopic 3D processing in addition to the standard drivers.

The slightly different views are displayed in alternating frames and with the help of game engine, the Z-buffer data is dynamically altered and thus the depth of the objects in the game is rendered to create a three dimensional effect. The rendering of the graphics is not the only thing, the way these rendered graphics are projected to the eye is what gives Nvidia the edge in today's date for 3D gaming experience. Nvidia uses Liquid Crystal shuttered glasses which flicker on and off at a frame rate of 60 Hertz.

This in effect halves the visible frame rate of the display device. So in order to render smooth graphics, it is necessary to have a frame rate greater than or equal to 120Hertz for the display device, which is twice the frame refresh rate of conventional display televisions.

Selected varieties of television sets provide a refresh rate of 120 Hertz or higher. Also the pricing of these television sets is much higher than those of the equivalent size for a lower refresh rate. Using a refresh rate less than 120 Hertz, causes eye strain and headaches. The Liquid Crystal shutter glasses synchronize with the output frame rate of the game engine with the help of infrared remote control in order to render smooth graphics. In addition to these, the computer system should have an Nvidia GeForce 8 series or higher Graphics Processing Unit. Besides these, the 3D vision kit requires the game to be played in a dark lighting condition. This requirement is triggered by the fact that the Liquid crystal shutter glasses are sensitive in terms of light as the user cannot recognize the already flickering shutters and the lights from the display device is the only thing required to synchronize and crate the 3D effect. A well lit condition can cause headaches on wearing the Liquid Crystal shuttered glasses. In my case, I experienced strain on the eyes and they started paining. The solution that Nvidia had for this problem is an adjustable depth which can vary the depth rendering of the Graphics Processing Unit. In terms of gaming compatibility, Nvidia 3D Vision is also backward compatible for games. Although Nvidia claims to support most of the games, it's a rather unconvincing fact, since the games were not developed with the intent to create a stereoscopic experience. Also some of the older games weren't specific with the Z-buffer utilization, this can make the game look 3D but most of the elements appear to be at same distance from the user. Nvidia also claims to use the 3D vision technology in research of atoms and molecules, like the study of a protein fold model. When this technology will be launched, the kits would also support passive stereoscopic red-cyan or red-green glasses.
5. ADVANTAGES
Stereography is used in various fields such as, medical industry, film industry and of course computer science and technology. Other than the industrial use, stereography has major advantages. One of the major advantages of stereography is that the images can be of very high resolution and can be viewed in full spectrum color. Also, stereography removes the problem of blurring while the any color filter is applied on them. This is possible because both the eyes are given slightly different images which are presented individually to the visual cortex of the brain, without mixing any views. As stereoscopy can be implemented using a magnifying lens, focal point of the view can be changed from a trivial distance in centimeters to approximately infinity and as the focal point of a view can be represented as infinity and the distinguished pair of images give a parallel sight, strain from the eyes is reduced to a great extent. In normal three dimension image, brain is stressed to to comprehend a two dimensional image as three dimensional. However, in case of stereoscopic images, different views given to both the eyes, reduces stress on the brain. Properties of a surface such as luster and sheen have a varying luminance and perseverance between the left and right retinas and cannot be viewed using a single image. Hence it can be easily implemented using a stereoscopic pair of images. Also, as the images can be magnified and viewed, minute details of an image can be easily examined. Stereoscopy has a major advantage for visually impaired people. People who have limited or no vision in one eye, can make a use of wiggle stereoscopy to view an image in three dimensions, without any use of special glasses. In medical industry, microscopes are of great use. A stereoscopic microscope gives an advantage of determining an observation point on minute objects by magnifying the view to a greater instinct. Also, stereoscopy can enhance three dimensional spatial judgments while measuring the molecular length. This side by side mode has made it possible to represent images on large LCD and plasma screens.
6. CONCLUSION
It's definitely an achievement that 3D stereoscopy has achieved today but, even great achievements do have certain issues. Binocular vision is a requirement to view stereoscopic images or movies, but even people with binocular vision can have depth perception problems. Some people also find it uncomfortable to view stereoscopic images. A common advice in this case is to take off the stereoscopic glasses and close the eyes for a while, but in certain extreme cases, people are advised to stop usage of stereoscopic glasses. Even for people who do not have any depth perception problems it is advisable to give their eyes some rest after 30 minute intervals.

Stereoscopy needs Binocular vision, so people who can view with only one eye or have depth perception problems are at a disadvantage here. This should be taken into consideration. Also the fact that our retina can view everything in 2D and yet people with monocular vision can differentiate between objects closer and far. This is a proof enough that depth perception can be brought about in monocular vision. Keeping this in view, the current technology can be altered a bit to support stereoscopy in monocular vision. But all in all this technology is a worthwhile experience and will become more interactive for the years to come as well as aid in research.
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