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of one or more stereograms applied to a
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has been derived from the imagery or from
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that eliminates parallax for some points
and reduces it in others. The methods
offered can be (conservatively) 400 times
more efficient at representing complex
surfaces than conventional modelling
techniques, and also provide for independent
control of micro and macro parallaxes in
a stereoscopically-viewed scene, whether
presented in a VR environment or in stereo
film or television.
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TITLE: Stereoscopic Imaging
FIELD OF THE INVENTION

The invention pertains mainly to the fields of photogrammetry, stereoscopic 1maging, three-

dimensional interactive computer graphics, and virtual reality (VR) systems.
BACKGROUND OF THE INVENTION

Substantial prior art exists with regard to the general fields of photogrammetry, stereoscopic
imaging, 3D computer graphics technology, and virtual reality systems. The author does not intend to
provide a complete review of the extensive prior art related to these areas, but rather seeks to provide a
background sufficient to allow an understanding and appreciation of the proposed invention’s various
components, methods, and functions, as well as the advantages it provides with respect to conventional
techniques.

Since humans normally experience and understand the world in three dimensions, there has always
been the need to communicate in a visual and three-dimensional way. For most of the past four thousand
years, the principal method of spatial and visual three-dimensional communication has been the use of
physically built three-dimensional models. The idea of manipulating two-dimensional data to create an
illusion of three dimensionality, by presenting slightly different left and right images to the left and right
eyes of the viewer, seems to date back at least to the 16th century, when hand-drawn stereograms appeared.

In the 19th century, photographic stereograms of exotic locations and other topics of interest were
widely produced and sold, along with various hand-held devices for viewing them. A century later, the
concept of the stereogram was extended to “moving pictures,” and millions of movie-goers watched
monsters or aliens “jump” out of the screen as they sat in theaters wearing specially colored cardboard
glasses that restricted the left view to the left eye and the right view to the right eye.

Although much has changed in the last 400 years, certain fundamental limitations of stereograms
remain. The first is the need for a specialized viewing apparatus, although much research and development
has occurred in this area. Improved forms of stereo eyewear, such as CrystalEyes™ liquid crystal shutter
glasses, are widely available, and the recently developed autostereoscopic displays (e.g. US Patent
6,118,584), though still very expensive, completely eliminate the need for special glasses. The most
significant limitations, however, arise from the ways in which artificial stereo viewing differs from natural
stereo viewing. Prolonged viewing of stereo imagery, whether static images or film/video, can cause eye
strain and headaches, as the brain is forced to resolve degrees of parallax which exceed its normal
thresholds (Lipton 1991).

In Victorian times, stereograms were usually taken with a fairly small base separation between the
cameras — about 2.5”, replicating the distance between human eyes. However, current practitioners often
increase the range of parallax within the image in order to increase the three-dimensional effect, even

though this can cause serious eye strain and discomfort to the viewer after a fairly short period of time. In
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order to present stereo imagery safely, so that it can be viewed for many hours, the apparent range of depth
needs to be very mild, resulting in an artificially flattened appearance — thereby largely negating the
purpose of having a 3D stereoscopic display. Now that the technology for a glasses-free delivery system
has been developed, it is perhaps this issue of viewer comfort which, more than any other, hampers the
commercial viability of stereo film and television (Mulkins 2002).

In the 20th century, interest in three-dimensional communication has once again turned to the three-
dimensional model — built not in physical space but in “virtual” space. A “virtual reality” system may be
defined as a computer graphics hardware and software system capable of producing real-time rendered
perspective left and right views (displayed using an appropriate stereo viewing apparatus) to enable the
stereoscopic perception of depth from a modelled scene or environment.

In a standard 3D computer graphics system, a model consists of: a set of vertices with xyz
coordinates; sets of instructions for organizing the vertices into polygons, and the polygons into larger
geometries; and sets of instructions for shading and rendering the geometries (e.g., lighting, shading, fog,
reflection, texture and bump mapping, etc.). The basic task carried out by 3D graphics hardware and
software 1s to draw geometrically modeled, projected, and shaded polygons to a view screen or display.

In order to determine the view that should be presented to the user, a “virtual camera” is invoked,
with a mathématically defined perspective center and view plane. The camera is oriented with respect to
the model, and various rays are mathematically projected from the surface of the object through the
perspective center of the virtual camera and onto the 2D view plane. The basic process for converting these
mathematically calculated projections and transformations into pixels on a screen 1s called rendering.
Hardware and software systems do this by determining what color each screen pixel should be, based on
the final summation of all of the various instructions for that point, such as lighting, shading, texturing, etc.

Some systems can render fast enough (about 30 frames per second) that a user with a joystick or
other input device can change the viewpoint of the virtual camera, giving the effect of the viewer moving
within the space. Interactive computer gaming is a good example of this type of system. A true VR system
uses two virtual cameras, side by side, to present separate left and right perspective views to the user, via
an appropriate stereo viewing device (Vince 1995).

However, graphics hardware 1s limited (by processing speed and bandwidth) to rendering a finite
maximum number of polygons per second. No matter what the current capability of graphics processing
hardware and software, there is always the need to be able to process more and more shaded polygons per
second. The ultimate goal for many applications is to present interactive scenes modeled to a density and
fidelity equivalent to our natural visual experience. However, for real-time systems there is huge gap
between the number of shaded polygons required to effect a life-like representation of complex scenes and
objects, and the number of polygons that can practically be rendered in a given time.

Quite often the main task for preparing various 3D data sets for VR visualizations is to devise ways
of reducing the number of polygons used to describe a surface, so that a particular frame rate of rendering
can be maintained. Even when techniques such as texture mapping are used, which apply various images
to the surfaces of the geometrical substrate, VR models still tend to appear artificial or overly simplified.

Many techniques and methods have been incorporated into the basic graphics rendering pipeline to make
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the rendering of various geometries and polygons as efficient as possible. However, the generally
considered solution to the limitations of graphics hardware in representing complex objects is to just wait
for faster, cheaper and more capable hardware to be developed which can process larger numbers of
polygons in less time.

Attempts to incorporate 2D photographic stereograms into 3D VR environments have to date met
with limited success, due to inherent issues of incompatibility. Conventional 3D VR environments
comprise explicitly modeled geometries, with known spatial data, whereas stereograms present apparent
3D features that are perceptually deduced by the viewer. This general incompatibility i1s highlighted by
McDowell et al, US2002/0030679 A1, where a stereogram is inserted into a VR scene, but is only visible
through a window or portal which provides an explicit boundary between the two forms of representation.

One of the most advanced and active application areas for digital three-dimensional recording and
modelling systems has been in recording historic buildings and archaeological sites. For such applications,
large sites need to be three-dimensionally recorded to spatial resolutions of the order of Imm across the
entire surface of a site. The goal of many recording projects has been to provide off-line or real-time
visualizations of the various surfaces of historic sites that are spatially accurate and are able to display very
fine and complex features pertaining to the state of preservation of the site. Although there is a strong need
1n many fields for such capabilities, attempts at recording complex surfaces over a proportionately large
arca at sufficiently high resolutions have 1n general proved to be impractical, expensive, and time-
consuming, and often do not fulfill the expected requirements.

Although there are many techniques for recording large complex surfaces, there are two primary
methods used to effect a high density of digital 3D recording on a large scale. One involves the use of
various “machine vision”- based photogrammetric techniques (Gruen 1998) to automatically extract three-
dimensional information from overlapping photos (often, but not always, stereograms). The second
method involves the use of various laser scanning systems to generate a high density of three-
dimensionally sampled points. Both methods tend to impart a high degree of signal noise that is difficult to
separate from the intended surface (Fangi 2002; WO 03/046472AZ). Various smoothing algorithms can be
used on these data sets, but they tend to remove most of the small or fine three dimensional features that we
are interested in representing. There 1s also a relatively high incidence of grossly incorrect three-
dimenstional values for various point positions (Lingua 2002; Schouteden 2002).

Consequently much of the dense data sets that are generated by these two key processes require
extensive manual editing to create natural-looking representations (Kern 2002). Many further processes are
needed to turn these data sets into acceptable polygonal surfaces and VR models, all requiring extensive
manual intervention. These so-called “automated” techniques therefore create a great deal of manual work
and are very time consuming and expensive to implement. Each 100% increase in desired resolution
results 1n a 400% increase 1n the amount of data generated, and the number of man-hours required to
implement it. There are also fully manual techniques for the extraction of three-dimensional points from
photogrammetric stereograms that can achieve a very high precision and accuracy, but these processes are
slow and are not able to achieve the density of recording required. The 1 mm resolution required for the

three-dimensional recording of a large architectural or archaeological site therefore presents an amount of
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data that 1s impractical to process using conventional or current technology.

[t 15 a basic assumption and expectation of many practitioners of conventional 3D recording systems
1s that it will one day be possible to automatically record very high densities of three-dimensional data over
large areas, through progressively improved accuracy and resolution of various laser scanning devices, or
through the improvement of various machine vision algorithms, coupled with on-going improvements in
computer processing power. However, much research has gone into various automated 3D point extraction
algorithms (from photographs) over the past 25 years, with only marginal improvements (Schenk 1996).
Laser scanning techniques, especially scanners designed to work on an architectural scale, are generally
limited by basic physical and mechanical phenomena that are very difficult to overcome or improve upon.

In summary, great technical advances have occurred in recent years with regard to various methods
of capturing, processing, and presenting three-dimensional information. However, there are fundamental
problems 1n each approach which have yet to be overcome. These include: limitations in the ability of
current hardware and software to process the number of polygons necessary to produce realistic three-
dimensional models; viewer discomfort caused by unnatural levels of parallax in stereoscopically viewed
media; and the inaccuracy and inefficiency of many automated 3D data extraction systems.

The current invention offers a solution to each of these problems by supplying methods for
processing and presenting stereoscopic three-dimensional models which are vastly more efficient than
conventional techniques and which also allow parallax in stereo imagery to be optimized within safe
ranges, thus enabling extended viewing, with very little reduction in the perception of three-dimensional

detail.
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LIST OF FIGURES

Figure 1 shows a system for stereo recording of a complex object using left and right cameras.

Figure 2 is a top-down sectional view of a stereo-recorded object, showing the relationship between object
points and image points.

Figure 3 shows the stereo projection and viewing of left and right images of a stercogram.

Figure 4 illustrates the apparent depth in the projected stereogram perceived by the viewer.

Figure 5 is a top-down sectional view of the apparent depth in the projected stereogram perceived by the
viewer.

Figure 6 illustrates the surface parallax for various pairs of image points.

Figure 7 shows a screen positioned so as to eliminate surface parallax for the image points corresponding
to an apparent point (B). ‘

Figure 8 shows the positioning of three individual screens to eliminate surface parallax for three specified
pairs of corresponding image points.

Figure 9 illustrates a theoretical “perfect” substrate positioned to eliminate surface parallax for all
corresponding pairs of image points.

Figure 10 shows the theoretical intersection points for three pairs of mathematically projected stereo rays.
Figure 11 illustrates the elimination of surface parallax by calculation of zero parallax points, and the
generation of an apparent residual parallax surface.

Figure 12 1s a perspective view of the relationship between the substrate and the stereogram, where
selected pairs of stereo ray intersection points have been mapped to the vertices of the substrate.

Figure 13 illustrates the principal of textural dominance, whereby the viewer perceives only the apparent
surface and not the substrate.

Figure 14 compares the effects of reducing overall depth (macro parallax) in conventional models and in
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coherently stereo-textured models.

Figure 15 1llustrates the plotting of apparent stereoscopic features using a stereo cursor.

Figure 16 illustrates the stereo-photographic recording of a fragment of a complex surface.

Figure 17 shows the progression of steps for stereo-plotting left and right flat polygonal meshes.

Figure 18 illustrates the relationship between the vertices of the flat meshes with their respective image
coordinate values.

Figure 19 represents the calculation and construction of a three-dimensional substrate from the stereo
corresponding left and right flat meshes.

Figure 20 illustrates the relationship between stereo plotted image coordinates, the left and right flat
meshes, and the left and right sets of texture mapping coordinates.

Figure 21 shows the projective mapping of a single (monoscopic) texture image map onto a three-
dimensional polygonal substrate.

Figure 22 shows the projective mapping of a corresponding pair of (stereoscopic) texture image maps onto
a three-dimensional polygonal substrate.

Figure 23 illustrates the relationship between rendered screen space, 3D VR object space, true object
space, and 2D texture image space.

Figure 24 illustrates the process of correctly sampling texture data.

Figure 25 shows the progression of various user specified spatial deformations of a coherently stereo-
textured model.

Figure 26 1illustrates the spatial relationship between a coherently stereo-textured model with an image-
derived substrate and one using an arbitrary substrate.

Figure 27 illustrates a method of extracting true 3D measurements from the apparent surface of a
coherently stereo-textured model.

Figure 28 shows the photogrammetric relationships and parameters for stereo recording of a 3D object.
Figure 29 presents the basic processes in the creation of a coherently stereo-textured model using data

dertved from the stereo images.

STATEMENT OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a method for forming a
stereoscopic representation of a three-dimensional object, comprising the steps of: (a) providing a
stereogram comprising first and second views of the object; (b) selecting a plurality of pairs of
corresponding image points from the first and second views which represent a basic shape of the object; (c)
providing a substrate; and (d) applying the first and second views to the substrate such that surface parallax
is substantially eliminated for each selected pair of corresponding image points, and residual surface
parallax occurs for at least some nonselected pairs of corresponding image points.

In this way, a stereoscopic representation of an object (hereinafter referred to as a “coherently
stereo-textured model” of an object) may be provided which, as explained below, offers many important

advantages over stereoscopic representations produced in accordance with techniques previously known in
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the art.

The three-dimensional object to be represented (hereinafter referred to as the “stereo-recorded
object”) may be one of a plurality of objects forming a scene or may be a single isolated object. The three-
dimensional object may also be a three-dimensional surface of an object. For example, the three-
dimensional object may be a textured surface (e.g. textured surface of an oil painting or the like).

The object may be a real (e.g. physical or tangible) object or a virtual (e.g. digital or computer-
generated) object. The first and second views of the object may be produced using any conventional
recording technique. For example, in the case of a real object, the stereogram may be recorded by a device
or system capable of recording patterns of radiant energy (e.g. light) in any spectra or wavelength (e.g. a
real camera). In the case of a virtual object, the stereogram may be produced by a system capable of
producing computer-rendered stereo imagery of a computer-modelled scene or object (e.g. a virtual
camera).

The plurality of pairs of corresponding image points (hereinafter referred to as “left and right stereo-
corresponding image points”) may represent any visible part of the object. The left and right stereo-
corresponding image points may be selected using any known manual or automated plotting or selection
techniques or a combination thereof. In the case of a stereogram recorded using non-digital methods, the
stereogram may be digitized to allow selection or plotting of pairs of left and right stereo-corresponding
image points.

The density of selected left and right stereo-corresponding image points chosen (each point being
hereinafter referred to as a “left or right plotted image point™) to represent the basic shape of the stereo-

recorded object will depend upon the level of detail required. However, as described below, impressive

~ stereoscopic images may be achieved without a high density of image points.

The substrate may be a real substrate (e.g. a tangible entity existing in physical space) or may be a
virtual substrate (e.g. a digital or computer-generated entity). The stereogram may be applied to the
substrate using any suitable technique. For example, the stereogram may be projected onto (or from) the
substrate, or rendered, mapped or printed onto the substrate. For example, the method may further
comprise physically printing the stereogram onto the substrate.

Whilst surface parallax for each pair of selected left and right stereo-corresponding image points is
eliminated, some or all of the remaining pairs of nonselected left and right stereo corresponding image
points will result in residual surface parallax which creates an apparent three-dimensional surface
corresponding the three-dimensional features of the stereo-recorded object.

In order to be correctly viewed, the coherently stereo-textured model is displayed such that the first
(e.g. left) image of the stereogram applied to the substrate is apparent only to a first eye of a viewer (e.g.
left eye) and the second (e.g. right) image of the stereogram applied to the substrate is apparent only to a
second eye of a viewer (e.g. right eye).

The substrate may be a three-dimensional substrate representing the basic shape of the object, the
substrate having a surface (e.g. nonplanar surface) defining a set of coordinates in three-dimensional space,
each coordinate being associated with a respective pair of corresponding image points; and the first and

second views may be applied to the substrate with each pair of corresponding image points applied to their
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respective coordinates. The nonplanar surface of the substrate may be a crude approximation of the object.
For example, the nonplanar surface of the substrate may be based on a low density set of left and ri ght
stereo-corresponding image points or on a subset of thereof.

The substrate may comprise a plurality of discrete surface elements. At least one discrete element
may be planar. In the case of a substrate comprising a three-dimensional or nonplanar surface, the substrate
may comprise a plurality of non-coplanar planar elements. At least one discrete surface element may
comprise a vertex. At least one discrete surface element may be a polygon. At least one coordinate in the
set may be located at a vertex of a discrete surface element. For example, the surface may comprise a
plurality of polygonal surface elements each having at least three vertices, with each coordinate of the set
located at a vertex of a polygonal surface element.

The surface of the substrate may be created by virtue of deliberate undersampling of the continuum
of available three-dimensional data derived from the stereogram or from the object itself. The step of
providing a substrate may comprise determining a perspective centre of each of the views of the
stereogram (e.g. rear nodal point of a camera lens used to each image of the stereogram).

The substrate may be created using data derived from the stereogram. For example, the substrate
may be created by: a) determining a set of points in three-dimensional space at which pairs of
mathematically projected rays passing respectively from each pair of corresponding image points, and
through their respective perspective centers, intersect in three-dimensional space; and (b) using the
determined set of points in three-dimensional space to create the surface of the substrate, whereby the
determined set of points on the surface correspond to the set of coordinates.

The substrate may also be created using data derived directly from the object. For example, the step
of selecting a plurality of pairs of corresponding Image points may comprises (a) determining the position
and orientation of the substrate with respect to the perspective center of each of the first and second views:
and (b) selecting the plurality of pairs of corresponding image points by mathematically projecting rays
from each of the coordinates defined by the surface of the substrate and through the respective perspective
centers of the first and second views. In this way, the substrate may be a scale model of the object (e.g. a
scale mode of a basic shape of the object). The object may be measured using any standard surveying
techniques, laser scanning or the like and may have a three-dimensional reference system. If the camera
position relative to the object is known when the stereogram is created, the relationship between the
substrate and the cameras may be calculated by finding a common reference system. For example, this may
be based on GPS coordinates or visible targets which were placed on or around the object and recorded in
the stereogram. In another embodiment, the relationship is determined by finding common points in a laser
scan and 1n both views of the stereogram, and using these points to determine an angle and position of the
cameras. In this way, the spatial relationship between the cameras and the substrate may be calculated
without need to reference the object.

The object may be a virtual object (e.g. digital or computer-generated entity). The stereogram may
be created (e.g. generated) by rendering (e.g. synthetic rendering) of the first and second views. The object
may be rendered using 3D modelling software of the type known in the art which features a virtual camera

(sometimes referred to as a “viewing frustum”). The location of the virtual camera determines the view a
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user will see of the stereoscopic representation. The stereoscopic representation may be rendered by using
two virtual cameras simultaneously or by using one virtual camera to render a first view and then moving
the virtual camera by a designated base separation and rendering a second view.

The substrate may be tangible entity existing in physical space (e.g. a real entity). The substrate may
be formed using any conventional technique and using any conventional materials.

The substrate may be configured to present a stereoscopic representation of the object to a user
without using stereoscopic eyewear. For example, the substrate may comprise material configured for such
a purpose. In one embodiment, the substrate may comprise a lenticular screen.

The substrate may be a virtual substrate (e.g. digital or computer generated substrate). The method
may further comprise the step of providing a set of user controls allowing a view to adjust the base
separation between the rendered left and right views. For example, the stereogram provided may have a
first base separation (e.g. the base separation of cameras recording the stereogram); and the method may
further comprise the step of digitally rendering the stereoscopic representation of the object using first and
second virtual cameras having a second base separation. In this way a user may adjust the base separation
of the rendered left and right views to a value which is different to the first base separation.

The stereogram may be one of a plurality of stereograms of a given view of the object (e.g. one of a
plurality of stereograms showing a substantially similar view of the object), each stereogram of the
plurality having a different base separation; and the method may comprise further providing a set of image
coordinates for applying each sterecogram of the plurality to the substrate. The method may further
comprise the step of providing a set of user controls allowing a viewer or user to select which of the
stereograms should be applied to the substrate.

The stereogram may be provided with a first base separation which exceeds a range of parallax
normally considered comfortable for human viewing; and the method may further comprise the step of:
applying the stereoscopic representation of the object using first and second application means (e.g.
cameras) having a second base separation which produces a range of parallax considered comfortable for
human viewing. For example, the stereoscopic representation of the object may be digitally rendered using

first and second virtual cameras having a second base separation which produces a range of parallax

- considered comfortable for human viewing. The stereoscopic representation of the object may then be

recorded as a new stereogram. The new stereogram may be stored (e.g. for later viewing). In this way, there
is provided a method of forming a stereoscopic representation which provides film and video makers with
the ability to shoot a film with a wide base separation to provide fine detail and texture, and then resample
the footage by creating stereoscopic representations of the footage with a lower macro parallax value. As a
result of the residual surface parallax (e.g. micro parallax) in the stereoscopic representation, surface
complexity recorded in the footage 1s substantially retained.

The method may further comprise displaying the stereoscopic representation of the object using a
system allowing selection of at least one additional pair of corresponding image points. The at least one
additionally selected pair of corresponding image points may be used to create a new coordinate on the
surface of the substrate to further define the surface of the substrate. The at least one additionally selected

pair of corresponding 1mage points may also be used to derive measurements from points on the substrate
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corresponding to surface features of the object.

The method may further comprise the step of displaying the stereoscopic representation of the
object using a system allowing at least one of manipulation and annotation of the stereoscopic
representation in the three dimensions.

The method may further comprise the steps of: (a) providing a first set of image coordinates for
applying the first view of the stereogram onto the substrate; and (b) providing a second set of image
coordinates for applying the second view onto the substrate. In one embodiment, the stereoscopic
representation 1s rendered such that the first set of coordinates is used to apply the first view to the
substrate when the first view is displayed, and the second set of coordinates are used to apply the second
view to the substrate when the second view is displayed. In another embodiment, the substrate comprises
first and second substrate components, each substrate component representing a basic shape of the object
and having a surface defining a set of coordinates in three-dimensional space, and the step of applying the
first and second views of the stereogram to the substrate comprises applying the first view to the first
substrate component (e.g. using the first set of image coordinates) and applying the second view to the
second substrate component (e.g. using the second set of image coordinates).

In another embodiment, the second view is manipulated (e.g. warped and mapped) such that each
selected image point is made to coincide positionally with its corresponding image point in the first view; a
set of image coordinates is provided for applying the first view of the stereogram onto the substrate; and
the stereoscopic representation is rendered such that both the first view and the warped second view are
applied to the substrate using the image coordinates of the first view.

Where necessary, the method may further comprise repeating as necessary any steps for real-time
rendering using a simulation loop.

The substrate may have an arbitrary shape. For example, the substrate may have a shape bearing no
spatial correlation to the basic shape of the object. For example, the substrate may comprise a planar
surface. The first and second views of the stereogram may be mapped onto the substrate to force the
creation of zero-parallax points on the surface of the substrate. For example, the method may further
comprise the step of providing a set of image coordinates for applying the first and second views of the
stereogram onto the substrate such that surface parallax is substantially eliminated for each selected pair of
corresponding image points.

The substrate may be subjected to a spatial transformation to provide a new shape.

In accordance with a second aspect of the present invention, there is provided a method for forming
a series of temporally sequenced stereoscopic representations of an object, comprising the steps of* (a)
providing a plurality of stereoscopic representations each formed in accordance with any of the previously
defined method embodiments of the first aspect of the inventing; and (b) arranging the plurality of
stereoscopic representations in a sequence for viewing at a specified frame rate.

A single substrate may be used for forming a plurality of representations (e.g. for use in scenes in
which a view of an object does not change or does not change substantially over a series of frames).

In accordance with a third aspect of the present invention, there is provided a stereoscopic

representation of an object made in accordance with any of the previously defined method embodiments.
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In accordance with a fourth aspect of the present invention, there is provided a computer program
comprising program instructions for causing a computer to perform any of the previously defined method
embodiments.

The computer program may be embodied on one or more of: a record medium, a computer memory,
a read-only memory and an electrical carrier signal.

According to a fifth aspect of the present invention, there is provided apparatus for forming a
stereoscopic representation of an object, comprising: (a) means for generating a stereogram comprising
first and second views of the object; (b) means for selecting a plurality of pairs of corresponding image
points from the first and second views which represent a basic shape of the object; (c) means for generating
a substrate; and (d) means for applying the first and second views to the generated substrate such that
surface parallax 1s substantially eliminated for each selected pair of corresponding image points, and
residual surface parallax occurs for at least some nonselected pairs of corresponding image points.

Apparatus embodiments of this aspect of the invention may comprise features associated with
previously defined method embodiments.

In accordance with a sixth aspect of the present invention, there is provided apparatus for forming a
stereoscopic representation of an object, comprising: (a) a stereogram comprising first and second views of
the object; (b) a substrate; and (c) means for applying the first and second views to the substrate such that
surface parallax is substantially eliminated for pre-selected pairs of corresponding image points from the
first and second views which represent a basic shape of the object, and residual surface parallax occurs for
at least some other pairs of corresponding image points.

Apparatus embodiments of this aspect of the invention may comprise features associated with

previously defined method embodiments.

SUMMARY OF THE INVENTION

The mvention consists of a new type of three-dimensional stereoscopic entity, to be referred to as a
coherently stereo-textured model (CSTM), and the process by which the CSTM is created, rendered, and
displayed, to be referred to as coherent stereo-texturing. The basic components of the CSTM are (1) one or
more stercograms, (2) a three-dimensional substrate, and (3) a set of coordinates, here referred to as zero
parallax points, which determine (in whole or in part) the structure of the substrate and the relationship
between the substrate and the imagery which is applied to it.

A stereogram 1s a related pair of images, which have been captured or created in such as way as to
give the appearance of depth when seen through an appropriate stereo viewer. The term substrate, as it is
used here, refers to the digital or analog surface onto which the stereo imagery is mapped, rendered or
projected. A CSTM can consist of a single stereogram-plus-substrate, or a series of stereograms and
substrates that fit together to form a larger model. Multiple temporally-sequenced CSTM:s can be also be
created, using imagery generated by processes such as stereo film and videography, time-lapse stereo
photography, stop motion animation sequences filmed in stereo, etc.

The 1nvention has a number of embodiments, both digital and analog, but the one which may find
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the most widespread application is the use of CSTMs in interactive computer graphics systems capable of
stereo rendering and display — i.e., true “virtual reality” (VR) systems. Due to the unique way in which
the substrate is generated and the imagery is applied to it, coherent stereo-texturing can be (conservatively)
400 times more efficient than conventional techniques, in terms of computational processing time, at
representing complex three-dimensional surfaces. Furthermore, this technique can significantly reduce the
eye strain and discomfort which often accompanies prolonged stereo viewing.

The CSTM is especially suited to the recording and representation of real-world objects, but can
also be applied to synthetically-generated models (i.e., those produced by 3D modelling software and/or
particle rendering systems). CSTMs are capable of rendering a broad range of objects and surfaces,
including non-solid complex surfaces such as hair and fur, as well as complex particle-based phenomena
such as fluids, gases, fire, explosions, etc. It can also represent surfaces that are transparent or opalescent
and can be constructed from stereo imagery recorded in nonvisible spectra such as x-rays, ultraviolet, and

infrared.

GENERAL DESCRIPTION OF THE INVENTION

A conventional stereogram, when viewed with an appropriate stereo viewer, creates an illusion of
three-dimensionality even though the component i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>