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(57) Abstract: The present invention includes methods, systems, devices
and associated processing logic for generating stereoscopic 3-dimensional
images and/or video from 2-Dimensional images or video. According to
some embodiments of the present invention, there may be provided a stereo-
scopic 3D generating system which may be adapted to extrapolate and
render 2D complementary images and or video from a first 2D image and/or
video, which complementary images and/or video, when combined with the
first image or video, or a second complementary image or video, create a
stereoscopic image of the scene captured in the first image or video. In other
words, the system may generate a complementary image or images, such
that when a viewer views the first image or a second complementary image
(shifted in the other direction from the first complementary image) with one
eye and the complementary image with the other eye, an illusion of depth in
the image is created.



WO 2012/098534 PCT/IB2012/050308

Methods, Systems, Devices and Associated Processing Logic
for Generating Stereoscopic Images and Video

Priority Claims

This Application is a continuation in part of:

U.S. Patent Application No. 11/572,958, titled “SYSTEM AND METHOD FOR 3D SPACE-
DIMENSION BASED IMAGE PROCESSING” (hereinafter “’958 Application”), filed in the
USPTO by the inventors of the present application on 05/01/207, which claims priority from
PCT/IL2005/000813 filed 7/31/2005 and which in turn claims priority from 60/592,136 filed
7/30/2004, all of which are hereby incorporated by reference into the present description in their

entirety.

This Application is a continuation in part of:

U.S. Patent Application No. 12/517,210, titled “APPARATUS SYSTEM AND METHOD FOR
HUMAN MACHINE INTERFACE” (hercinafter “°210 Application™), filed in the USPTO by
the inventors of the present application on 06/02/2009, which claims priority from
PCT/IL2007/000475 filed 4/15/2007, each of which are hereby incorporated by reference into

the present description in its entirety.

This application further claims priority from:

U.S. Provisional Patent Application No. 61/435,311, titled “2-D to 3-D Conversion”, filed in the
USPTO by the inventors of the present application on 01/23/2011, which is hereby incorporated

by reference into the present description in its entirety.



WO 2012/098534 PCT/IB2012/050308

Field of the Invention

[001] The present invention generally relates to the field of image processing. More specifically,
the present invention relates to methods, systems, devices and associated processing logic for

generating stereoscopic 3-dimensional images and video.

Background

[002] Conventional 3D-stereoscopic photography typically employs twin cameras having parallel
optical axes and a fixed distance between their aligned lenses. These twin cameras generally
produce a pair of images which images can be displayed by any of the known in the art
techniques for stereoscopic displaying and viewing. These techniques are based, in general, on
the principle that the image taken by a right lens is displayed to the right eye of a viewer and the
image taken by the left lens is displayed to the left eye of the viewer.

[003] For example, US Patent No. 6,906,687, assigned to Texas Instruments Incorporated,
entitled "Digital formatter for 3-dimensional display applications” discloses a 3D digital
projection display that uses a quadruple memory buffer to store and read processed video data for
both right-eye and left-eye display. With this formatter video data is processed at a 48-frame/sec
rate and readout twice (repeated) to provide a flash rate of 96 (up to 120) frames/sec, which is
above the display flicker threshold. The data is then synchronized with a headset or goggles with
the right-eye and left-eye frames being precisely out-of-phase to produce a perceived 3-D image.
[004] Stercoscopic motion pictures can be produced through a variety of different methods.
Though anaglyph was sometimes used prior to 1948, during the early "Golden Era" of 3-D
cinematography of the 1950s the polarization system was used for most feature length movies in

the United States. In the 21st century, polarization 3-D systems have continued to dominate the
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scene, though during the 60s and 70s some classic films which were converted to anaglyph for
theaters not equipped for polarization, and were even shown in 3-D on TV. In the years
following the mid 80s, some movies were made with short segments in anaglyph 3D. The
following are some of the technical details and methodologies employed in some of the more
notable 3-D movie systems that have been developed.

Anaglyph

[005] Anaglyph images were the earliest method of presenting theatrical 3-D, and the one most
commonly associated with stercoscopy by the public at large, mostly because of non theatrical
3D media such as comic books and 3D TV broadcasts, where polarization is not practical. They
were made popular because of the case of their production and exhibition. The first anaglyph
movie was invented in 1915. Though the earliest theatrical presentations were done with this
system, most 3D movies from the 50s and 80s were originally shown polarized.

[006] In an anaglyph, the two images are superimposed in an additive light setting through two
filters, one red and one cyan. In a subtractive light setting, the two images are printed in the same
complementary colors on white paper. Glasses with colored filters in each eye separate the
appropriate images by canceling the filter color out and rendering the complementary color
black.

[007] Anaglyph images are much casier to view than either parallel sighting or cross-cyed
stereograms, although the latter types offer bright and accurate color rendering, particularly in the
red component, which is muted, or desaturated with even the best color anaglyphs. A
compensating technique, commonly known as Anachrome, uses a slightly more transparent cyan
filter in the patented glasses associated with the technique. Process reconfigures the typical

anaglyph image to have less parallax.
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[008] An alternative to the usual red and cyan filter system of anaglyph is ColorCode 3-D, a
patented anaglyph system which was invented in order to present an anaglyph image in
conjunction with the NTSC television standard, in which the red channel is often compromised.
ColorCode uses the complementary colors of yellow and dark blue on-screen, and the colors of
the glasses' lenses are amber and dark blue.

[009] The anaglyph 3-D system was the carliest system used in theatrical presentations and
requires less specialized hardware.

[0010] Anaglyph is also used in printed materials and in 3D TV broadcasts where polarization is
not practical. 3D polarized TVs and other displays only became available from several
manufacturers in 2008; these generate polarization on the receiving end.

Polarization systems

[0011] The polarization 3-D system has been the standard for theatrical presentations since it was
used for Bwana Devil in 1952, though early Imax presentations were done using the eclipse
system and in the 60s and 70s classic 3D movies were sometimes converted to anaglyph for
special presentations. The polarization system has better color fidelity and less ghosting than the
anaglyph system.

[0012] To present a stereoscopic motion picture, two images are projected superimposed onto the
same screen through different polarizing filters. The viewer wears low-cost eyeglasses which
also contain a pair of polarizing filters oriented differently (clockwise/counterclockwise with
circular polarization or at 90 degree angles, usually 45 and 135 degrees, with linear polarization).
As each filter passes only that light which is similarly polarized and blocks the light polarized
differently, ecach eye sees a different image. This is used to produce a three-dimensional effect by

projecting the same scene into both eyes, but depicted from slightly different perspectives. Since
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no head tracking is involved, the entire audience can view the stercoscopic images at the same
time. Additionally, since both lenses have the same color, people with one dominant eye
(amblyopia), where one eye is used more, are able to see the 3D effect, previously negated by the
separation of the two colors.

[0013] In the case of RealD a circularly polarizing liquid crystal filter which can switch polarity
144 times per second is placed in front of the projector lens. Only one projector is needed, as the
left and right eye images are displayed alternately. Sony features a new system called RealD
XLS, which shows both circular polarized images simultaneously: a single 4K projector
(4096x2160 resolution) displays both 2K images (2048%858 resolution) on top of each other at
the same time, a special lens attachment polarizes and projects the images.

[0014] Thomson Technicolor has produced a system using a split lens which allows traditional
35mm projectors to be adapted to project in 3D using over/under 35mm film. This is a very cost-
effective way to convert a screen as all that is needed is the lens and metallic (silver) screen
rather than converting entirely to digital. A metallic screen is necessary for these systems as
reflection from non metallic surfaces destroys the polarization of the light.

[0015] Polarized stercoscopic pictures have been around since 1936, when Edwin H. Land first
applied it to motion pictures. The so called "3-D movie craze" in the years 1952 through 1955
was almost entirely offered in theaters using linear polarizing projection and glasses. Only a
minute amount of the total 3D films shown in the period used the anaglyph color filter method.
Linear polarization was likewise used with consumer level stereo projectors. Polarization was

also used during the 3D revival of the 80s.
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[0016] In the 2000s, computer animation, competition from DVDs and other media, digital
projection, and the use of sophisticated IMAX 70mm film projectors, have created an
opportunity for a new wave of polarized 3D films.

Eclipse Method

[0017] With the eclipse method, a shutter blocks light from each appropriate eye when the
converse eye's image is projected on the screen. The projector alternates between left and right
images, and opens and closes the shutters in the glasses or viewer in synchronization with the
images on the screen. This was the basis of the Teleview system which was used briefly in 1922.
[0018] A variation on the eclipse method is used in LCD shutter glasses. Glasses containing
liquid crystal that will let light through in synchronization with the images on the cinema, TV or
computer screen, using the concept of alternate-frame sequencing. This is the method used by
nVidia, XpanD 3D, and earlier IMAX systems. A drawback of this method is the need for each
person viewing to wear expensive, electronic glasses that must be synchronized with the display
system using a wireless signal or attached wire. The shutterglasses are heavier than most
polarized glasses though lighter models are no heavier than some sunglasses or deluxe polarized
glasses. However these systems do not require a silver screen for projected images.

Interference filter technology

[0019] Dolby 3D uses specific wavelengths of red, green, and blue for the right eye, and
different wavelengths of red, green, and blue for the left eye. Eyeglasses which filter out the very
specific wavelengths allow the wearer to see a 3D image. This technology eliminates the
expensive silver screens required for polarized systems such as RealD, which is the most

common 3D display system in theaters. It does, however, require much more expensive glasses
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than the polarized systems. It is also known as spectral comb filtering or wavelength multiplex
visualization

[0020] The recently introduced Panavision 3D system also uses this technology, though with a
wider spectrum and more "teeth" to the "comb" (5 for each eye in the Panavision system).
Panavision also claim that their glasses are cheaper to manufacture than those used by Dolby.
Pulfrich

[0021] The Pulfrich effect is based on the phenomenon of the human eye processing images
more slowly when there is less light, as when looking through a dark lens.

[0022] Imagine a camera which starts at position X and moves right to position Y. If a viewer
watches this segment with a dark lens over the left eye, then when the right eye sees the image
recorded when the camera is at Y, the left eye will be a few milliseconds behind and will still be
seeing the image recorded at X, thus creating the necessary parallax to generate right and left eye
views and 3D perception, much the same as when still pictures are generated by shifting a single
camera. The intensity of this effect will depend on how fast the camera is moving relative to the
distance to the objects; greater speed creates greater parallax. A similar effect can be achieved by
using a stationary camera and continuously rotating an otherwise stationary object. If the
movement stops, the eye looking through the dark lens (which could be either eye depending on
the direction the camera is moving) will "catch up" and the effect will disappear. One advantage
of this system is that people not wearing the glasses will see a perfectly normal picture.

[0023] Of course, incidental movement of objects will create spurious artifacts, and these
incidental effects will be seen as artificial depth not related to actual depth in the scene.
Unfortunately, many of the applications of Pulfrich involve deliberately causing just this sort of

effect and this has given the technique a bad reputation. When the only movement is lateral
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movement of the camera then the effect is as real as any other form of stereoscopy, but this
seldom happens except in highly contrived situations.

[0024] Though Pulfrich has been used often on TV and in computer games, it is rarely if ever
used in theatrical presentations.

Spectral Separation

[0025] ChromaDepth uses a holographic film in the glasses that creates an effect like a
dispersive prism. This causes redder objects to be perceived as near and bluer objects as farther
away.

Lenticular or Barrier Screens

[0026] Lenticular printing and parallax barrier technologies involve imposing two (or more)
images on the same sheet, in narrow, alternating strips, and using a screen that either blocks one
of the two images' strips (in the case of parallax barriers) or uses equally narrow lenses to bend
the strips of image and make it appear to fill the entire image (in the case of lenticular prints). To
produce the stereostopic effect, the person must be positioned so that one eye sees one of the two
images and the other sees the other. In this method, glasses are not necessary to see the
stereoscopic image.

[0027] Both images are projected onto a high-gain, corrugated screen which reflects light at
acute angles. In order to see the stereoscopic image, the viewer must sit within a very narrow
angle that is nearly perpendicular to the screen, limiting the size of the audience. Lenticular was
used for theatrical presentation of numerous shorts in Russia from 1940-1948 and in 1954 for the
feature length films Crystal, Machine 22-12 and The Pencil on Ice.

[0028] Though its use in theatrical presentations has been rather limited, lenticular has been

widely used for a variety of novelty items and has even been used in amateur 3D photography.
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[0029] All the above described methods share a common drawback — they all require
stereoscopic photography. This means that only images originally photographed/filmed with
specialized equipment may be viewed in 3D. It would therefore be desirable to create
stereoscopic images/video from conventional images/videos photographed/filmed using

conventional (e.g. single aperture) photographic equipment.
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Summary of the Invention

[0030] The present invention includes methods, systems, devices and associated processing logic
for generating stercoscopic 3-dimensional images and/or video from 2-Dimensional images or
video. According to some embodiments of the present invention, there may be provided a
stereoscopic 3D generating system which may be adapted to extrapolate and render 2D
complementary images and or video from a first 2D image and/or video, which complementary
images and/or video, when combined with the first image or video, or a second complementary
image or video, create a stercoscopic image of the scene captured in the first image or video.
The stercoscopic 3D generation system may generate a complementary image or images, such
that when a viewer views the first image or a second complementary image (shifted in the other
direction from the first complementary image) with one eye and the complementary image with
the other eye, an perception or illusion of depth in the image is created (e.g. a stereoscopic 3D
image). Two complimentary image frames may comprise a single stereoscopic frame.

[0031] According to further embodiments of the present invention, a stercoscopic 3D generation
system may be further adapted to extrapolate and render a series of 2D complementary images
from a first series of 2D images (a video), which series of complementary images, when
combined with the first series of images creates a series of stereoscopic images of the scenes
captured in the first series of images. The 3D generation system may generate a series of
complementary images, such that when a viewer views the first series of images with one eye
and the series of complementary images with the other eye, an illusion of depth in the series of
images is created (e.g. a stereoscopic 3D movie/video).

According to some embodiments of the present invention, a method for generating a stereoscopic

image may comprise: (1) receiving a first 2-dimensional (2D) image data set representing a 2D
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image of a scene; (2) identifying a first non-rigid object within the first 2D image data set; (3)
correlating a 3-Dimensional skeletal model with the first non-rigid object; (4) determining depth
data relating to the first non-rigid object based at least partially on the correlated skeletal model;
(5) calculating, based on the determined depth data relating to the first non-rigid object, a shift of
a position, within the scene, of the first non-rigid object, which shift corresponds to a second
viewing eye position and angle of the scene; (6) creating a complementary 2D image data set
depicting the scene from a second eye viewing position and angle, wherein said creating
comprises shifting the position of the first non-rigid object, within the scene, according to the
calculated shift; and (7) modifying, based at least partially on the first 3D skeletal model, the
appearance of the first non-rigid object, such as to represent the appearance of the first non-rigid
object from a second viewing angle and/or modifying the appearance of a rigid object within the
first image data set to correspond to a second viewing angle by copying the texture of one or
more pixels along the edge of the rigid object, to neighboring pixels.

According to further embodiments, the system may be adapted to identify a rigid object within
the first 2D image set and estimate a depth of the rigid object based on a spatial relationship
between the rigid object and the first non-rigid object. A stercoscopic image of the scene may be
generated by combining the complementary 2D image data set with the first 2D image set.
Optionally, a first image data set may be used to generate two separate complimentary image
data sets which when combined (presented together) form a stercoscopic image of the scene.
Both a first complementary 2D image data set and a second complementary 2D image set may be
generated using the above recited method for the first 2D image data set.

Optionally, the system and method may be applied to a series of images, which series of images

may comprise a video sequence.

11
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[0032] Optionally said method may be performed in real time.

According to further embodiments of the present invention, a system for gencrating a
stereoscopic image may be provided comprising: (1) a receiving module for receiving a first 2-
dimensional (2D) image data set representing a 2D image of a scene; (2) a discreet object
identifying module functionally associated with the receiving module for identifying a first non-
rigid object within the first 2D image data set; (3) a reference model correlator functionally
associated with the identifying module for correlating a 3-Dimensional skeletal model with the
first non-rigid object; (4) an object depth estimating module for determining depth data relating
to the first non-rigid object based at least partially on the correlated skeletal model; (5) a
horizontal shift calculator for calculating, based on the determined depth data relating to the first
non-rigid object, a shift of a position, within the scene, of the first non-rigid object, which shift
corresponds to a second viewing angle of the scene; and (6) a modified angle of view generator
for modifying, based at least partially on the first 3D skeletal model, the appearance of the first
non-rigid object, such as to represent the appearance of the first non-rigid object from a second
viewing angle and/or for modifying the appearance of a rigid object within the first image data
set to correspond to a second viewing angle by copying the texture of one or more pixels along
the edge of the rigid object, to neighboring pixels. There may also be provided a rendering
module for creating a complementary 2D image data set depicting the scene from a second eye
viewing position and angle, wherein creating comprises shifting the position of the first non-rigid
object, within the scene, according to the calculated shift.

According to further embodiments of the present invention, A method of gencrating a
stereoscopic image from a conventional two dimensional (2D) image dataset may be provided,

said method comprising: (1) Identifying one or more discrete objects within the two dimensional

12
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image dataset; (2) for at least one identified object selecting a reference model (which may be a
2D or 3D model) including at least one parameter characterizing at least one visible characteristic
of the identified object; (3) estimating a depth of the identified object within the two dimensional
image by comparing an appearance of the at least one visible characteristic of the identified
object within the image to the selected reference model; and (4) calculating, based on the
estimated depth, a horizontal shift between instances of the identified object within each a pair of
complimenting image frames of a stereoscopic image frame being generated.

[0033] According to further embodiments, selecting a reference model may include
consideration of metadata relating to the 2D image and/or sclecting a reference model for a
second identified object at least partially based on said reference model selection already
performed.

[0034] According to further embodiments, the 3D model may be a skeletal model including
spatial constraints between elements of the model and said estimating of depth may be at least
partially based on the skeletal model constraints.

[0035] According to embodiments, estimating depth information, absolute and/or relative, of at
least a portion of a non-rigid object, such as a human body, may be performed using a structure
identifier for identifying non-rigid structures of the non-rigid human body within an acquired 2D
image data set. A skeleton model insertion unit may be adapted to associate elements of a three-
dimensional skeleton model elements with corresponding structures identified structures within
the acquired 2D image, and may further be adapted to approximate depth information of at least
one structure of the human body in the 2D image by imposing as constraints onto the three-
dimensional skeleton model such that model defined spatial constrains between skeleton model

elements and spatial relations between identified non-rigid human body structures in the acquired
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2D image data set are used to fit the model to the 2D image data set and to approximate 3D
coordinates of at least one of said non-rigid structures of the non-rigid body.

[0036] Estimating depth or positional data of a human subject from a 2-Dimensional image may
include receiving 2-dimensional image data associated with an acquired image, which image
captures at least a portion of a human subject; computationally identifying anatomical structures
of the human subject within the 2-Dimensional data; matching 3-Dimensional skeletal model
clements with the identified structures within the 2-Dimensional data, wherein the skeletal model
defines spatial relational constraints between two or more anatomical structures of a human
body; and extrapolating positional information of at least one of the identified structures, which
positional information relates to the physical position of the structure at the time the acquired
image was captured, based on comparison of 2-dimensional projections of the matched skeletal
model clements to positions of the identified anatomical structures within the received image

data.
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Brief Description of the Drawings

[0037] The subject matter regarded as the invention is particularly pointed out and distinctly

claimed in the concluding portion of the specification. The invention, however, both as to

organization and method of operation, together with objects, features, and advantages thereof,

may best be understood by reference to the following detailed description when read with the

accompanying drawings in which:

Figure 1:

Figure 2:

Figure 3A:

Figure 3B:

Figure 4A:

is a flowchart of an exemplary process for generating stereoscopic image/video
from 2D images/video, in accordance with some embodiments of the present
invention;

is a block diagram of an exemplary system for generating stercoscopic
image/video from 2D images/video, in accordance with some embodiments of the
present invention;

is an illustration exemplifying horizontal shifts, between an image and a
complementary image, of an object at different depths, all in accordance with
some embodiments of the present invention;

is an illustration exemplifying horizontal shifts, between an image and a
complementary image, of an object at different depths, all in accordance with
some embodiments of the present invention;

is an illustration exemplifying horizontal shifts, between an image and a
complementary image, of an object at different depths, showing the effect of the
shifts when an object is located in the center of the view, all in accordance with

some embodiments of the present invention;

15
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Figure 4B:

Figure S:

Figure 6:

Figure 7:

Figure 8:

Figure 9A:

Figure 9B:

is an illustration exemplifying horizontal shifts, between an image and a
complementary image, of an object at different depths, showing the effect of the
shifts when an object is located in the center of the view, all in accordance with
some embodiments of the present invention;

is an illustration exemplifying horizontal shifts of different elements of an object,
located at different depths, between an image and a complementary image, all in
accordance with some embodiments of the present invention;

includes illustrations of exemplary modifications of angles of view, corresponding
to an image and a complementary image of an object, all in accordance with some
embodiments of the present invention;

includes illustrations of exemplary modifications of angles of view, corresponding
to an image and a complementary image of an object, and demonstrating the use
of previously stored 3D data relating to an object, all in accordance with some
embodiments of the present invention;

includes illustrations of an exemplary scene, a resulting image and generated
complementary images, all in accordance with some embodiments of the present
invention;

is an exemplary 2D image of a human, in accordance with some embodiments of
the present invention; and

is an exemplary 2D image of a human aside an exemplary complementary image

of the human, all in accordance with some embodiments of the present invention.

[0038] It will be appreciated that for simplicity and clarity of illustration, elements shown in the

figures have not necessarily been drawn to scale. For example, the dimensions of some of the
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elements may be exaggerated relative to other elements for clarity. Further, where considered
appropriate, reference numerals may be repeated among the figures to indicate corresponding or
analogous clements.

[0039] It should be understood that the accompanying drawings are presented solely to elucidate
the following detailed description, are therefore, exemplary in nature and do not include all the

possible permutations of the present invention.
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Detailed Description

[0040] The following description is presented to enable any person skilled in the art to make and
use the invention, and is provided in the context of particular applications of the invention and
their requirements. Various modifications to the disclosed embodiments will be readily apparent
to those skilled in the art and the general principles defined herein may be applied to other
embodiments and applications without departing from the scope of the present invention. Thus,
the present invention is not intended to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and features disclosed herein.

[0041] In the following detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by those
skilled in the art that the present invention may be practiced without these specific details. In
other instances, well-known methods, procedures, components and circuits have not been
described in detail so as not to obscure the present invention.

[0042] Unless specifically stated otherwise, as apparent from the following discussions, it is
appreciated that throughout the specification discussions utilizing terms such as "processing",
"computing"”, "calculating”, "determining”, or the like, refer to the action and/or processes of a
computer or computing system, or similar electronic computing device, including mobile phone
or any mobile device, that manipulate and/or transform data represented as physical, such as
electronic, quantities within the computing system's registers and/or memories into other data
similarly represented as physical quantities within the computing system's memories, registers or
other such information storage, transmission or display devices.

[0043] Embodiments of the present invention may include apparatuses for performing the

operations herein. This apparatus may be specially constructed for the desired purposes, or it
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may comprise a general purpose computer selectively activated or reconfigured by a computer
program stored in the computer or phone or any other computing device. Such a computer
program may be stored in a computer readable storage medium, such as, but is not limited to, any
type of disk including floppy disks, optical disks, CD-ROMs, magnetic-optical disks, read-only
memories (ROMs), random access memories (RAMs) electrically programmable read-only
memories (EPROMs), clectrically erasable and programmable read only memories (EEPROMs),
magnetic or optical cards, or any other type of media suitable for storing electronic instructions,
and capable of being coupled to a computer system bus.

[0044] The processes and displays presented herein are not inherently related to any particular
computer or other apparatus. Various general purpose systems may be used with programs in
accordance with the teachings herein, or it may prove convenient to construct a more specialized
apparatus to perform the desired method. The desired structure for a variety of these systems
will appear from the description below. In addition, embodiments of the present invention are
not described with reference to any particular programming language. It will be appreciated that
a variety of programming languages may be used to implement the teachings of the inventions as
described herein.

[0045] It should be understood that any topology, technology and/or standard for computer
networking (e.g. mesh networks, infiniband connections, RDMA, etc.), known today or to be
devised in the future, may be applicable to the present invention.

[0046] The present invention includes methods, systems, devices and associated processing logic
for generating stereoscopic 3-dimensional images and/or video from 2-Dimensional images or
video. According to some embodiments of the present invention, there may be provided a

stereoscopic 3D generating system which may be adapted to extrapolate and render 2D
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complementary images and or video from a first 2D image and/or video, which complementary
images and/or video, when combined with the first image or video, or a second complementary
image or video, create a stercoscopic image of the scene captured in the first image or video. In
other words, the stercoscopic 3D generation system may generate a complementary image or
images, such that when a viewer views the first image or a second complementary image (shifted
in the opposite direction from the first complementary image) with one eye and the
complementary image with the other eye, an illusion of depth in the image is created (e.g. a
stereoscopic 3D image).

[0047] According to further embodiments of the present invention, a stercoscopic 3D generation
system may be further adapted to extrapolate and render a series of 2D complementary images
from a first series of 2D images (a video), which series of complementary images, when
combined with the first series of images creates a series of stereoscopic images of the scenes
captured in the first series of images. In other words, the 3D generation system may generate a
series of complementary images, such that when a viewer views the first series of images with
one eye and the series of complementary images with the other eye, an illusion of depth in the
series of images is created (e.g. a stereoscopic 3D movie/video).

[0048] According to some embodiments of the present invention, the process of generating a
stereoscopic 3D image (shown in Figure 1) may be comprised of:

a. Receiving a first 2D image data set to be converted to a stereoscopic 3D image;

b. Identifving one or more discreet objects within the 2D image data set;

c. Characterizing the identified objects. Characterizing the objects may be a multi layered

process, in which objects are first sub-characterized as rigid or non-rigid objects and/or

stationary/moving objects, Human/non-human etc. and then further characterized within
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the sub-groups based on any visible characteristic of the identified objects.
Furthermore, characterization of one object may be influenced and/or assisted by the
characterization of another object within the same image (e.g. an object may be
characterized as a chair if it appears by an already characterized table, or a round object
appearing above an object characterized as a human torso may be characterized as a
head partially based on the torso characterization, or an object may be characterized as
a car if it appears in an image in which a traffic light has been characterized, etc.).
According to further embodiments, characterization may be further based on reference
models stored in associated database and/or provided by an exterior source by
correlating object parameters/characteristics to model parameters. This process is
discussed in detail in the ‘958 Application of which this application is a continuation in
part and all relevant descriptions described therein may be relevant to this process and
are hereby incorporated herein;

d. Correlating the characterized objects and/or object elements with reference models

where possible. According to some embodiments reference models may be 2D models
or may be 3D models (including but not limited to skeletal models as described in the
‘958 Application). According to further embodiments, for this purpose cloud based
object recognition may be implemented (i.e. exterior databases and object recognition
and modeling resources may be accessed via an appropriate data network);

¢. Inserting the correlated reference models into the objects identified within the Image

data set, based on the physical characteristics of the identified objects within the image
data set. This process may include distortion, translation and scaling of the correlated

reference models. This process is discussed in detail in the ‘958 Application of which
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this application is a continuation in part and all relevant descriptions described therein
may be relevant to this process, including the necessary modifications, and are hereby
incorporated herein;

f. Extrapolating and/or Estimating depth information relating to the identified objects and

elements of objects in relation to the imaging device which captured the first image, in
relation to a desired viewpoint and/or in relation to each other. Alternatively and/or in
parallel, the distance of each and/or a portion of the pixels within the image from the
imaging device which captured the first image and/or in relation to each other may be
determined. According to some embodiments, this process may be performed
separately for objects correlated to referenced models (modeled objects) and objects not
correlated to reference models (non-modeled objects):

i. Modeled objects — according to some embodiments, depth information relating to
modeled objects and object elements may be extrapolated based on a relationship
between the spatial characteristics of the object in the image data set and a known
parameter of the modeled object (e.g. if the modeled object is a ’54 mustang, the
distance between the imaging device and the object may be determined based on the
ratio between the size of the tire of the mustang in the image and the known size of a
tire of a ’54 mustang — similarly distances may be estimated in less specific cases as
the size of most tires of cars is similar, allowing such an estimation to be relevant to
any recognized car). According to further embodiments, depth information may be
extrapolated for non-rigid objects (e.g. a human) as described in detail in the ‘958
Application of which this application is a continuation in part and all relevant

descriptions described therein may be relevant to this process and are hereby
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incorporated herein. Further, depth information may be estimated for an object
based on the spatial relationship between the object and another object for which
depth information has already been determined (e.g. if a man sits on a chair within
an image, depth data relating to the chair may be similar to the depth data relating to
the sitting man). According to yet further embodiments, depth information relating
to an object may be determined based on the depth information relating to the same
object in a previous image of a series (e.g. in a video sequence). Furthermore, depth
information relating to an object may be determined based on the spatial location of
the object throughout a series of images (e.g. if the imaging device has been
determined to have moved a known distance between the images, or another object
within the image has moved a known distance simple triangulation may be used to
determine the depth of the object). It should be understood that any combination of
the above described methods may be used and/or an iterative process of the above
methods may be used. According to some embodiments, separate depth information
may be extrapolated for different elements of a modeled object based on the
appearance of the element within the image and/or its relation to the appearance of
other elements of the same object and/or its relation to other objects in the image
(e.g. a human hand may be determined to be closer to the imaging device than the
torso — as shown in figures 9A & 9B, one table leg may be determined to be closer
than another, one side of a cube may be closer than another — as shown in Figure 5
etc.).

ii. Non-modeled objects - in addition to any of the above mentioned methods, according

to some embodiments of the present invention determining distances of non-modeled
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objects may comprise estimating distances of these objects based on their spatial
relationships to modeled objects and/or based on their position and/or change of
position throughout a series of images (e.g. if camera location and/or position has
changed during the capture of the multiple images an appropriate calculation of
depth of stationary objects can easily be performed, similarly if a non-stationary
object for which depth information is available, has moved throughout a series of
images, stationary objects depth can be estimated based on the change in spatial
relationship between the stationary object and the object for which depth information
is available).

g. Calculating a horizontal shift to the right* for each object/object-element/pixel, based

on the determined distance from the imaging-device/desired-viewpoint of the
object/object-clement/pixel in the first image and epipolar geometry. In other words, a
horizontal shift may be calculated for each object/object-element/pixel, which shift is
necessary in order to achieve a second viewpoint, corresponding to the view that would
be viewed from the left eye if the original image was viewed from the right eye. i.c. a
horizontal shift of the object corresponding to the visible horizontal shift in the image
plane that would occur to the object if the imaging device had been moved from the
position of the right eye to the position of the left eye when capturing the image (in the
case where one complementary image is created to be combined with the original
image) — obviously on the basis of basic geometry, this shift is dependent on the
distance of the object from the imaging device (the farther the object the smaller the

shift and vice versa). Alternatively, if two complementary images are to combined, one
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for the left eye and one for the right, the shift may be from the center to the left eye for
one and from the center to the right eye for the second,

Figures 3A and 3B illustrate the above discussed horizontal shift. These figures show
two examples of an object (/00) at three different depths (4, B and C) in the field-of-
view (FOV) of the left eye and the right eye. The 3 cases represent three different
distances of the object (/00) from the viewer plane (/017). In both examples, the closer
the objects presentations are to each other within the ficlds-of-view of both eyes (i.e. the
smaller the horizontal shift of the object between the images presented to each eye), the
further the object appears to be from the viewer’s plane (/07). Conversely, the further
the objects presentations are from each other within the fields-of-view of both eyes, the
closer the object appears to be to the viewer’s plane (/01). If the object is at the same
place in the fields-of-view of both the left and right eyes, the object appears to be seen
at infinity. The farther left the object is presented in the field-of-view of the right eye,
relative to the presentation of the object in the field-of-view of the left eye, the closer to
the viewer plane it appears to be.

From figures 3A and 3B it can also be noticed that the further the object is from the
camera, the smaller its appearance in the field-of-view may be, and the closer the object
is to the camera, the larger its appearance may be in the field-of-view. For instance, in
figure 3A object (/00) in location 4 may appear smaller in the fields-of-view of both
eyes than the same object in location C which is closer to the camera (/02) than
location 4. The image of the object in location A4 is near the center of the field-of-view
of the left eye and the right eye which makes the object appear to be far away. The

object in location C is near the right edge of the field-of-view of the left eye and near
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the left edge of the field-of-view of the right eye which makes the object appear to be
close to the viewer.

Figures 4A and 4B demonstrate the effect a horizontal shift may have regarding
objects located directly in front of the imaging device (i.c. within the area between the
eyes). Such objects, as illustrated in figure 4B may appear in reverse (mirroring) order
in the complementary image as a result of the applied horizontal shift.

A further example of the calculation of a horizontal shift, in relation to elements of an
object located at different depths, is illustrated in figure S. In this example there is an
object (/20) which is captured by a camera and its 2D image is displayed to the left eye.
Object elements a, b, ¢, d, e, f of the object (/20) are identified and their depth
estimated such that object elements ‘c’, ‘d’, ‘e’, °f are determined to be closer to the
camera, and object clements ‘@’ and ‘b’ to be further away from the camera.
Accordingly, a shift to the left for each of the object elements is calculated - a shift of 2
is calculated for object elements ‘a’ and ‘A’ which are farther away from the camera (a
shift from x=23 to x=21 is calculated for object element ‘b’, and from x=11 to x=9 is
calculated for object element ‘a’). A shift of 4 is calculated for object elements ‘c’, ‘d’,
‘e’ and ‘f which are closer to the camera (object elements ‘¢’ and ‘£ are shifted from
x=26 to x=22, and object elements ‘c’ and ‘¢’ are shifted from x=10 to x=6). The result

renders a shifted image (/27) to be displayed to the right eye.

h. Calculating a modification of the angle of view (AOV) which may be applied to each

object/object-element.  This modification may be based on the position of the

object/object-clement within the first 2D image and the determined distance of each
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object and/or object element from: (1) the imaging device which captured the first
image, (2) a desired (virtual) viewing point and/or (3) in relation to each other. In other
words, based on the depth of each object from the desired viewing point, calculating the
modification of the angle from which the object would be viewed if the imaging device
had been moved from the position of the right eye to the position of the left eye (the
virtual viewing point) when capturing the image (in the case where one complementary
image is created to be combined with the original image). Alternatively, if two
complementary images are to combined, one for the left eye and one for the right, the
shift would be from the center to the left eye for one and from the center to the right eye
for the second. Obviously, on the basis of basic geometry, this modification is
dependent on the distance of the object from the imaging device (the farther the object
the smaller the modification and vice versa) and on its position within the frame.
Figures 5 and 6 illustrate exemplary modified AOV’s of objects;

i.  Generating the modified AOV for each object. According to some embodiments, for

modeled objects which have been correlated to 3D reference models, a modified AOV
(a virtual viewpoint) may be generated based on the matched 3D model of each
object/object element and an appropriate 2D projection of the model (a view of the
object/object element) from the desired angle (i.e. from the virtual viewpoint). This
process is discussed in detail in the ‘958 Application of which this application is a
continuation in part and all relevant descriptions described therein may be relevant to
this process and are hereby incorporated herein. According to some embodiments of
the present invention, 3D data relating to objects may be constructed from the objects

captured from multiple angels in multiple spatiotemporal frames and stored in memory.
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The 3D data may then be used to complement object elements which were hidden from
the camera in the 2D first image and which should be revealed in the 2D
complementary image. In other words, data from one image, relating to a portion of an
object not viewed in a second image, may be used to construct a modified AOV of the
second image when this data is needed**.

Figures 6-7 show exemplary modifications of AOV and their generation based on some
embodiments of the present invention. Figure 6a shows a model of a cubic object
which was captured from different angles and stored in memory. Figure 6b shows the
captured cubic object. The system may display the captured image to the field of view
of the left eye. Figure 6¢ shows a modified AOV which may be suitable for the field of
view of the right eye.

Figure 7 shows an exemplary illustration of a 2D complementary image generation
from an object image stored in the system memory.

Figure 7a shows an example of a 3D data set of an object which is stored in memory.
The object’s 3D data may be gathered by the system during multiple spatiotemporal
video frames which may capture images of the object from multiple angels as the object
and/or the camera move in relation to each other. Figure 7b shows an image of the
object described in Figure 7a as was taken by the camera, this image may be displayed
to the field-of-view of the left eye. Since 3D data of the object is stored in the system’s
memory, a 2D image of the object may be rendered from any given angle of view.
Figure 7c¢ shows the rendered image of the object of Figure 7a from a shifted angle
relative to the image of Figure 7b. The rendered image may be displayed to the field-

of-view of the right eye to create a sterecoscopic 3D image of the object.
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According to further embodiments, generating a modified angle of view of an object
may comprise copying or “stretching” pixels/texture of the edges of an object to create
an illusion of a different angle of view of the object, i.e. when data regarding portions
of the object which would be visible in the modified AOV is not available, this data
may be replaced with the texture from the closest visible edge of the object. In other
words, for objects for which 3D data is not available, the generation of a modified AOV
may be performed based on an estimation of the modified AOV involving basic
geometric calculations of the shape of the modified AOV wherein texture for the
“newly revealed” portions is copied from the apparent portions;

J. Generating complementary 2D image data representing the scene captured in the first

2D image, in which: (1) each object/object-element/pixel is shifted to the right* from its
position in the first 2D image based on the shift calculated for each object/object-
element/pixel and (2) the modified view generated of each object/object element is
presented,

Figure 8 illustrates an exemplary generation of complementary 2D image data
according to some embodiments of the present invention. Figure 8a illustrates an
exemplary scene including objects /71, 112 & 113 located at different depths. /102 A4, B
& C represent three different viewing angles of the scene, wherein /02B represents the
point from which the image was originally captured and /024 & 102C represent shifted
viewing angles of the left or right eye (respectively). Figure 8b illustrates the
generated complementary images, wherein B illustrates the original captured image, 4
illustrates a complementary image for the left eye and C illustrates a complementary

image for the right eye. As can be seen, the appearances of objects 771, 112 & 113
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have been horizontally shifted based on their relative depth and their AOV has been
modified accordingly (shifts and modification of AOV have been exaggerated for
demonstrative purposes).

k. Rendering the generated complementary 2D image data; and

1. Combining the rendered complementary 2D image to the first 2D image or to a second

complementary image to create a stereoscopic 3D image of the scene captured in the
first 2D image.
m. Saving the rendered stercoscopic 3D image.

[0049] Figures 9A and 9B show another exemplary illustration of generating a 3D stercoscopic
image from an original 2D image according to some embodiments of the present invention. In
this example (figure 9A) there is a 2D image of a person stretching his right arm (/05) towards
the camera. In this example the length of the left arm (/06) in the image is in anatomic
proportion to the person’s physical dimensions which may indicate that the left arm is
approximately at the same plane as the rest of the body, which is at the same distance in relation
to the camera. The image of the right arm (/035) is shorter than the image of the left arm (/06)
which may indicate that the right arm is pointing towards the camera or raised backwards away
from the camera. The palm and fingers of the right hand, however, are larger than the palm and
fingers of the left hand and disproportionately large in relation to the person’s physical
dimensions which may indicate that the arm is pointing towards the camera. The relative size of
the palm and fingers, and the length of the arm may indicate the relative distance of the right
palm compared to the distance of the body from the camera.
[0050] According to some embodiments of the present invention, a second image may be

extrapolated by shifting differently different parts of the body according to their relative distance
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from the camera. Parts of the body which are closer to the camera will be shifted more, and parts
of the body which are further away from the camera will be shifted less.

[0051] Figure 9B shows an example of the original image of the body of figure 9A which was
captured by the camera marked ‘a’, and the generated complementary image marked ‘b’. As can
be seen from the figure, all parts of the body which are at approximately the same distance from
the camera, were shifted equally to the left (marked “smaller shift”). The palm (/07) of the right
hand (/05) was shifted left more than the rest of the body (marked “the larger shift”). The arm
was shifted gradually to the left, from a shift equal to the rest of the body (marked the “smaller
shift”) near the shoulder, to the largest shift left near the palm (marked “the larger shift”). The
captured image (suffixed ‘a’) may be displayed to the left eye, and the shifted image (suffixed
‘b’) may be displayed to the right eye to create a 3D stereoscopic view of the person.

[0052] According to further embodiments of the present invention, the above described process
may be performed sequentially to a series of images (e.g. a video) in order to create a 3D
video/film. According to yet further embodiments of the present invention, when performing the
above described process on a series of images, data accumulated and calculations performed
regarding a given image within the series may then be utilized in the process performed for
sequential images (e.g. texture data regarding a portion of a given object collected from one
image may then be used to create a modified angle of view of the given object in a second image
in which the specific portion is hidden from view, depth information from one image may be
used for a second image — when a stationary object is being analyzed or when a trajectory and
velocity may be estimated, all as described in detail in the ‘958 Application,). Furthermore,
some calculations may be performed upon a series of images in combination (e.g. object

movement throughout a series of images may be used to ascertain data regarding the image).
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[0053] * throughout the current disclosure reference is made to a shift to the right of
objects, object elements and/or pixels to be performed in order to achieve a view to be
displayed to the left eye of a viewer. It should be understood that the reference to a shift to
the right is chosen arbitrarily for convenience and clarity of the text and may alternatively
be performed as a shift to the left in order to achieve a view to be displayed to the right eye
of a viewer. Accordingly, any reference within this reference to a shift to the right should
be considered to also refer to a shift to the left including the appropriate modifications of
the description. Furthermore, throughout this disclosure, reference is made to a generated
complementary image to be displayed to one eye while the original image is displayed to the
other eye in order to create stereoscopic vision. It should be understood that two
complementary images, shifted in opposite directions from the original image (one for the
right eye and one for the left) may equally be used to generate stereoscopic images and all
descriptions herein should be understood to include this option, including the necessary
modifications.

[0054] ** throughout the present disclosure reference is made to the Applicant’s U.S.
Patent Application No. 11/742,958, titled “SYSTEM AND METHOD FOR 3D SPACE-
DIMENSION BASED IMAGE PROCESSING”, which is hereby incorporated into the present
disclosure in its entirety. References within the present disclosure to skeletal 3D models of
objects, the correlation of such models to objects, the matching of such models to objects
and all calculations and extrapolations based on these models should be understood to refer

to the teachings of the ‘958 application.
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[0055] According to some embodiments of the present invention, a stereoscopic 3D generating
system for generating stereoscopic 3-dimensional images and/or video from 2-Dimensional
images or video (shown in Figure 2) may be functionally associated with or comprised of:

a. An apparatus for 3D representation of data as described in the ‘958 application.

b. A receiving module for receiving one or more and/or series of 2D image data sets,

including storage means and/or buffers for storing the received image data;

c. A 3D representing apparatus interfacing module for receiving: (1) depth information

relating to one or more objects appearing in the received images and/or (2) 3D models,
or correlations to such models stored in an associated database, corresponding to one or
more objects in the received images.

d. One or more discreet object identifving modules** which may be adapted to identify

discreet objects (e.g. a table) and/or object elements (c.g. a table leg) within the
received images;

¢. An object characterizer** which may comprise processing logic for performing the

processes described in par [0049] step ¢ above. An object characterizer may be
functionally associated with a distributed data network for communicating with exterior
services that may assist in its function;

f. A reference model correlator**, which may comprise processing logic for correlating

identified objects with appropriate reference models, as described above in par [0049]
step d. A reference model correlator may be functionally associated with appropriate
data storage containing models to be selected for this purpose and may further be
functionally associated with a distributed data network for communicating with exterior

services that may assist in its function (cloud based model correlation) and/or with a
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cloud based object recognition module which may be adapted to search an associated

data network to retrieve and correlate appropriate reference models;

g. A model insertion unit** comprising processing logic for adapting reference models

(including transforming, translating and scaling) to match the particular appearance of
identified objects within received image data. This component is discussed in detail
(skeletal insertion unit) in the ‘958 Application of which this application is a
continuation in part and all relevant descriptions described therein may be relevant to
this process, including the necessary modifications, and are hereby incorporated,

h. An gbject depth extrapolating/estimating module** comprising processing logic for
determining the distance of each object and object element from the imaging device
which captured the first image and/or in relation to each other and/or to a desired
viewing point (as described in par [0049] step f above). Alternatively and/or in parallel,
an object depth extrapolating/estimating module may comprise processing logic for
extrapolating/estimating the distance of each and/or a portion of the pixels within the
image from the imaging device which captured the first image and/or in relation to each
other. According to further embodiments, there may be provided a separate object
depth extrapolating/estimating module or separate processing logic for determining the
depth of modeled objects and non-modeled objects as described in par [0049] steps (i)
and f(ii) above;

i. A complementary image data calculator which may be comprised of: (1) a horizontal

shift calculator comprising processing logic for calculating a shift to the right* for each
object/object-element/pixel in an image, based on the determined distance of the

object/object-element/pixel in the image, which shift may be applied to each

34



WO 2012/098534 PCT/IB2012/050308

object/object-element/pixel, in order to achieve a second viewpoint which may be

viewed from the left eye (as described in par [0049] step g above); (2) a_modification

of AOV calculating unit for calculating a modification of the AOV which may be

applied to each identified object/object-element in an image, based on the position of
the object/object-clement within the image and the determined distance of each object
and object element from the imaging device which captured the image and/or in relation
to each other and/or in relation to the desired viewpoint (all as described in par [0049]
step h above);

J- A modified AQV generator** for gencrating a modified view of objects/object-

elements, which modified view is modified based on a calculation performed by a
complementary image data calculator. A modified AOV generator may comprise: (1)
processing logic for generating modified angles of view of objects based on 3D models
of the objects and different 2D projections of these models as described in the ‘958
Application of which this application is a continuation in part and all relevant
descriptions described therein may be relevant to this component and are hereby
incorporated herein. Furthermore, descriptions regarding the generation of modified
angles of view of non-rigid objects within the ‘958 Application, may also be relevant to
the present description relating to any object correlated to a 3D model, such that
according to the same principles, with the necessary modifications, a modified AOV of
any such object may be generated; and (2) processing logic for generating modified
angles of view of non-modeled objects and/or objects correlated to models not

containing the necessary data by copying or “stretching” pixels/texture of the edges of
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an object to create an illusion of a different angle of view of the object (as described in
par [0049] step i above).

k. A complementary image data generator which may comprise processing logic for

generating complementary 2D image data sets, representing a scene captured in a given
2D image, in which (1) each object/object-element/pixel is shifted to the right* from its
position in the given 2D image based on a shift calculated for each object/object-
element/pixel by a complementary image data calculator; and (2) a modified view of
cach object/object element is presented, which modified view is generated by a
modified viewing angle generator in accordance with calculations of a complementary
image data calculator;

l. A rendering module which may comprise processing logic for rendering image data

sets generated by a complementary image data generator;

m. A stereoscopic image generator adapted to combine rendered complementary 2D

images to the 2D images from which they were created or to second complementary 2D
images to create stercoscopic 3D images of scenes captured in the original 2D images;
and
n. Ancillary modules and hardware, such as displays, data storage, user interfaces,
controls and/or any other ancillary component which may assist in the operation of the
system.
[0056] According to some embodiments of the present invention, characterization of objects
and/or the subsequent correlation of reference models may include:
[0057] One or more matching/identification/recognition algorithms which may take into account

known characterization information relating to image content (e.g. metadata tags indicating
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various parameters of the content such as title, actors, etc.) and/or previous characterization
information when generating additional characterization information (e.g. metadata or
characterization parameters) about the content. The known characterization information may be
received with the content to be characterized, may be retrieved from an external database using
search terms based on the characterization data received with the content, or may have been
generated/derived by one of the one or more algorithms. Known characterization information
may be used to tune, weight and/or otherwise constrain a given matching/identification
/recognition algorithm according to some embodiments of the present invention.
Characterization information generated by one of the one or more algorithms may be categorized
as validated or unvalidated.

[0058] According to some embodiments of the present invention, unvalidated characterization
information may be generated by the one or more algorithms during an initial
matching/identification/recognition analysis iteration. The analysis during the initial iteration
may be tuned, weighted and/or otherwise constrained by characterization information received
with the content and/or retrieved from an external database. According to further embodiments
of the present invention, any characterization information generated at a first point in time of the
initial iteration may be used to tune, weight and/or otherwise constrain one or more algorithms at
a later point in time of the first iteration.

[0059] According to further embodiments of the present application, some or all of the one or
more algorithms may be used to perform a second iteration of analysis on the content, during
which second iteration unvalidated characterization information generated during the first
iteration may be either validated or invalidated. During the second iteration, some or all of the

characterization information received with the content, retrieved from external sources and/or
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generated during the first iteration may be used to tune, weight and/or otherwise constrain one or
more of the algorithms.

[0060] According to further embodiments of the present invention, content including more than
one scene or more than one scene segment (e.g. several camera locations during the same scene)
may be segmented such that boundaries between the scene/segments are defined and/or
otherwise marked. The first, the second or both iterations of algorithmic analysis for
characterization of the content may perform scene/segment segmentation and/or may take into
account scene/segment boundaries for tuning, weighting and/or otherwise constraining analysis
by one or more of the algorithms.

[0061] According to some embodiments of the present invention, there may be provided: (1) a
content receiving module adapted to receive multimedia content to be characterized; (2) a
metadata extraction module adapted to extract any tags or metadata characterizing the content
already present within the received content (e.g. title of movie or T.V. show, list of actors, titles
of any music in the content, etc.); (3) an external database query module adapted to search one or
more (external) database resources (e.g. google, flixter, etc.) for additional characterization
information relating to the received content (e.g. if only the title of a movie/show is known, a list
of characters and associated actors may be retrieved. Face images and voiceprints of known
actors/characters may be retrieved, etc.); (4) one or more clusters of processing logic engines
(e.g. processors) adapted to run one or more matching/identification/recognition algorithms
adapted for: (a) Sound movement tracking (estimate object position), (b) Face recognition (try to
match face to actors in the movie), (c) voiceprint recognition (i.c. speaker identification of who is
speaking), (d) Object tracking (movement, position), (¢) Speech recognition (speech to text

conversion), (f) Sound effect recognition (identify explosions, aircraft, helicopter, etc.), (g)
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Object recognition (bottles, cans, cars, etc.), (h) Motion recognition (character movement, object
movement, camera movements, etc); and (5) a data handling module adapted to receive
characterization data from and to provide characterization data to the one or more algorithms
(e.g. interface to database application including database with a database including tables to store
characterization data received with the content, received from the global database(s), and
generated by the one or more algorithms).

[0062] In other words, characterization of objects, according to some embodiments of the

present invention, may take into account contextual data relating to the given scene.

[0063] It should be clear that systems and methods, in accordance with different embodiments of
the present invention may include many different possible combinations of the above described
components, accordingly providing different combinations of features. It should also be
understood by one of skill in the art that some of the functions described as being performed by a
specific component of the system may be performed by a different component of the system in
other embodiments of this invention.

[0064] In the description and claims of embodiments of the present invention, each of the words,
“comprise” “include” and “have”, and forms thereof, are not necessarily limited to members in a
list with which the words may be associated.

[0065] Only exemplary embodiments of the present invention and but a few examples of its
versatility are shown and described in the present disclosure. It is to be understood that the
present invention is capable of use in various other combinations and environments and is

capable of changes or modifications within the scope of the inventive concept as expressed

herein.
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[0066] While certain features of the invention have been illustrated and described herein, many
modifications, substitutions, changes, and equivalents will now occur to those skilled in the art. It
is, therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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Claims

1. A method for generating a stereoscopic image comprising:

receiving a first 2-dimensional (2D} image data set representing a 2D image of a scene;
identifying a first non-rigid object within the first 2D image data set;

correlating a 3-Dimensional skeletal model with the first non-rigid object;

determining depth data relating to the first non-rigid object based at least partially on
the correlated skeletal model; and

calculating, based on the determined depth data relating to the first non-rigid object, a
shift of a position, within the scene, of the first non-rigid object, which shift
corresponds to a second viewing angle of the scene; and

generating a complementary 2D image data set depicting the scene from a second
viewing angle, wherein said generating comprises shifting the position of the first non-

rigid object, within the scene, according to the calculated shift.

The method according to claim 1, further comprising performing the steps of the
method according to claim 1 upon a series of images, which series of images comprise a

video sequence.

The method according to claim 1, further comprising creating a stereoscopic image of
the scene by combining the complementary 2D image data set and the first 2D image

set.
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4. The method according to claim 1, further comprising generating a stereoscopic image of
the scene by combining the complementary 2D image data set and a second
complementary 2D image set generated, according to the steps of the method of claim

1, from the first 2D image data set.

5. The method according to claim 1, further comprising modifying, based at least partially
on the first 3D skeletal model, the appearance of the first non-rigid object, such as to

represent the appearance of the first non-rigid object from a second viewing angle.

6. The method according to claim 1, further comprising identifying a rigid object within the
first 2D image set and estimating a depth of the rigid object based on a spatial

relationship between the rigid object and the first non-rigid object.

7. The method according to claim 1, further comprising modifying the appearance of a
rigid object within the first image data set to correspond to a second viewing angle by
copying the texture of one or more pixels along the edge of the rigid object, to

neighboring pixels.

8. The method according to claim 1, wherein said method is performed in real time.

9. A system for generating a stereoscopic image comprising:
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10.

11.

a receiving module for receiving a first 2-dimensional (2D) image data set representing a
2D image of a scene;

a discreet object identifying module functionally associated with said receiving module
for identifying a first non-rigid object within the first 2D image data set;

a reference model correlator functionally associated with said identifying module for
correlating a 3-Dimensional skeletal model with the first non-rigid object;

an object depth estimating module for determining depth data relating to the first non-
rigid object based at least partially on the correlated skeletal model; and

a horizontal shift calculator for calculating, based on the determined depth data relating
to the first non-rigid object, a shift of a position, within the scene, of the first non-rigid
object, which shift corresponds to a second viewing angle of the scene; and

a rendering module for generating a complementary 2D image data set depicting the
scene from a second viewing angle, wherein said generating comprises shifting the

position of the first non-rigid object, within the scene, according to the calculated shift.

The system according to claim 9, further comprising a modified angle of view generator
for modifying, based at least partially on the first 3D skeletal model, the appearance of
the first non-rigid object, such as to represent the appearance of the first non-rigid

object from a second viewing angle.

The system according to claim 9, further comprising a modified angle of view generator

for modifying the appearance of a rigid object within the first image data set to
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12.

correspond to a second viewing angle by copying the texture of one or more pixels

along the edge of the rigid object, to neighboring pixels.

A method of generating a stereoscopic image from a conventional two dimensional {(2D)
image dataset, said method comprising:

Identifying one or more discrete objects within the two dimensional image dataset;

for at least one identified object selecting a reference model including at least one
parameter characterizing at least one visible characteristic of the identified object;
estimating a depth of the identified object within the two dimensional image by
comparing an appearance of the at least one visible characteristic of the identified
object within the image to a parameter of the selected reference model; and
calculating, based on the estimated depth, a horizontal shift between instances of the
identified object within each a pair of complimenting image frames of a stereoscopic

image frame being generated.

13. The method according to claim 12, wherein selecting a reference model includes

consideration of metadata relating to the 2D image.

14. The method according to claim 12, further comprising selecting a reference model for a

second identified object at least partially based on said reference model selection

already performed.
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15. The method according to claim 12, wherein said reference model is a three dimensional

(3D) model.

16. The method according to claim 15, wherein said 3D model is a skeletal model including

spatial constraints between elements of the model.

17. The method according to 16, wherein said estimating of depth is at least partially based

on the skeletal model constraints.

18. The method according to claim 12, wherein selecting a reference model includes

consideration of a context relating to the 2D image.
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