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● In any small-scale application of stereographical viewing technology,
     a significant challenge is faced: the greater the parallax between 
     corresponding points on the images taken by the right and left 
     camera, the greater the depth effect, but simultaneously the greater 
     the chance that crosstalk and extreme ocular convergence angles will 
     prevent the viewer from comfortably interpreting the pair of stereo 
     images as a single, three-dimensional image. The parallax at the 
     viewer's point of focus must therefore constantly be kept within a 
     certain acceptable range. The most effective and unrestrictive way of 
     altering parallax is horizontal image translation, the process of simply 
     sliding the stereo pair towards or away from each other until the 
     parallax is at the desired value. While this process is trivial for static 
     images, it is highly complex in the case of a constantly-moving camera 
     in a dynamic 3D virtual world. Our aim is to permit use of the HIT 
     process on dynamic stereographical images by developing an 
     algorithm which determines the user's likely point of focus and 
     calculates the proper shift in the stereo images based on the depth of 
     that object at that point in time.

        ● If the images being adjusted are
         static (e.g., still photographs,)
         then a manual adjustment works
         best. However, if the images in
         question are dynamic, manual
         adjustment is not an option.

        ● One way to perform HIT on
         dynamic images is to
         experimentally determine the
 optimal number of pixels to translate the images in order 
 to create zero parallax at every possible depth setting. 
 These values can then be saved into a lookup table for 
 future use with other dynamic images.

● An algorithmic approach is also possible. This produces
 high-quality results quickly (like the lookup table
 method,) but does not require additional preparation
 time every time the virtual world settings are changed.

● The amount of horizontal image translation
 which is required in order to place the zero
 parallax setting at the front of a given virtual
 object can be mathematically determined
 from several known variables.

● The variables needed are as such:
 A: Interocular (between-camera) distance.
 B: Object depth.
 C: Object left/right position.
 D: Field of view.
 E: Object radius.
 F: Horizontal screen resolution. 
  (Not pictured.)

● First, the visible width of the virtual 
 world at the depth of the object must 
 be obtained. This is given by 
 2(tan(.5D)*(B-E)). 

● Next, the parallax of the focal object 
 must be expressed in terms of a 
 percentage of the width of the virtual 
 world at this depth. This is 
 A/(2(tan(.5D)*(B-E))).

● Last, the literal number of pixels that 
 the translation must take is calculated. 
 This is F(A/(2(tan(.5D)*(B-E)))). Each 
 image is shifted inward by half this 
 many pixels.

● We have found that using this 
 algorithmic method of calculating 
 the HIT works as effectively as the 
 lookup method, but has the 
 advantage of working no matter 
 what the size of the object, field of 
 view, and interocular distance values 
 are.

● We do not recommend that the 
 algorithm be used to keep the 
 primary object perpetually at the 
 zero parallax plane, as this would 
 weaken the stereographic effect, but 
 using it sparingly to keep focal 
 points at lower parallax values 
 results in a significant decrease of 
 interference from crosstalk.

Abstract Stereography

Acknowledgements

● Stereography is the art of recording depth information in
 a flat image and conveying that depth information to 
 human viewers.

● The process of creating stereo images is similar to the 
 process of creating stereo music. When recording music 
 in stereo, two microphones are used (representing the left 
 and right ear,) and the data from each is sent only to the 
 listener’s matching ear. In stereography, two cameras are 
 needed, and the images recorded by each are sent only to 
 the viewer’s matching eye.

● If the images from the two cameras are merely 
 superimposed and viewed, the result will simply be a  
 blurry, incomprehensible image. However, when the 
 image data is restricted to the appropriate eye, the 
 human brain is capable of “fusing” the two images 
 together into a 3-D image.

● When the left and right images are superimposed, the horizontal 
 distance between two corresponding points (points which depict 
 the same portion of the scene) is referred to as the parallax.

● All of the depth information of a pair of stereographic images is 
 contained in the parallax values of the images. The farther from a 
 chosen “focal plane” that a point is, the greater its parallax value 
 will be.

● Our stereographical projection system consists of two
 projectors stacked vertically, each receiving input from one
 virtual camera in a virtual 3D environment. In front of each
 lens is a polarizing filter. The images are projected through
 these and onto a silver screen, allowing the polarized light to
 reflect back to the viewers.

● Users of our system wear glasses with polarized lenses, limiting
 the light each eye receives to that coming from the appropriate
 virtual camera.

Crosstalk Horizontal Image Translation
● The HIT method of parallax management 
     involves shifting the pair of images toward 
     or away from each other along the 
     horizontal axis until the intended focal 
     points are directly superimposed. These 
     points now have zero parallax, and 
     therefore will not be affected by crosstalk.

● Performing HIT is said to adjust the “zero plane 
     setting,” which is the virtual depth from which all 
     visible points appear to the viewer to be at the level of 
     the screen, rather than behind or in front of it.

● There are multiple ways of applying the HIT method,
 but each has some drawbacks.

Algorithmic HIT

● Though crosstalk cannot be prevented, 
 its harmful effects can be minimized. 
 The greater the parallax of a point, the 
 more crosstalk will inhibit proper 
 fusion.

● For this and other reasons, it is often 
 desirable to keep the most important 
 portions of the scene at low parallax 
 values. Fortunately, the process of 
 horizontal image translation can be 
 employed to ensure this is always the 
 case.

● Certain colors are more affected by
 crosstalk than others, so careful
 selection of colors can also improve
 performance.

● To produce a high-quality 3-D result, it 
 is important that each of the viewer’s 
 eyes receive only image data from the 
 corresponding camera. In practice, 
 however, this is almost never achieved. 
 Inevitably, some of the visual data will 
 “leak” from one path into the other and 
 be perceived by the wrong eye. This 
 leaked data is known as “crosstalk.”

● Although our projection system uses a 
 special silver screen designed to 
 minimize the scattering of the light it 
 reflects, it is imperfect. Any light which 
 it scatters is no longer properly 
 polarized, and so is likely to be seen by 
 both eyes.
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