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57 ABSTRACT

A computer implemented method for incorporating a repre-
sentation of a participant into a virtual 3D environment sub-
stantially in real-time is provided. An image including a par-
ticipant is captured by a camera. A contour of the participant
is automatically determined. Depth data is automatically
associated with the participant contour. A first virtual 3D
representation of the participant is automatically generated
by extruding the participant contour based on the associated

Caparica (PT) depth data. An interaction between the first virtual 3D repre-

sentation of the participant and a second virtual 3D represen-
(21) Appl. No.: 12/364,122 tation of a second object is displayed.
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SYSTEMS AND METHODS FOR
SIMULATING THREE-DIMENSIONAL
VIRTUAL INTERACTIONS FROM
TWO-DIMENSIONAL CAMERA IMAGES

TECHNICAL FIELD

[0001] The present disclosure relates generally to graphics
processing techniques and more particularly to the use of a
single camera in three dimensional graphics applications.

BACKGROUND

[0002] Three-dimensional (3D) graphics processing and
display are powerful technologies for capturing and retaining
a person’s attention. This is because 3D video productions
and holographic displays capture a degree of realism or
invoke greater perceived familiarity that a two-dimensional
(2D) production or display simply cannot match. A prime
application of 3D processing is in the areas of augmented
reality (AR) and augmented virtuality (AV). These two dif-
ferent terms generally describe approaches to integrating
information or context from a real environment with a virtual
(or computer generated) one, but in AR the real elements
predominate while in AV the virtual ones predominate. Simi-
lar to AR, many special effects in television programs and
movies incorporate virtual images with computer generated
ones. Alternatively, primarily animated programs that occa-
sionally incorporate images, video, or the motions (e.g., ani-
mating a computer generated character based on the observed
motions of an actor) of real actors or scenes are closer to AV.
AR and AV differ from movies and most television in that they
are typically performed in real-time with live participants.
[0003] Theterm participant is used in the present disclosure
because AR and AV applications are generally interactive in
nature such that a person captured by the camera or cameras
of such a system is invited to participate in some activity or
experience. The real-time interface allows a participant to
interact with a virtual scene or virtual 3D object and see those
interactions as they happen. For the purposes of the present
disclosure, the term AR will be used inclusively to refer to
augmented reality and augmented virtuality applications.
[0004] Existing techniques for capturing information about
a participant and the participant’s environment and then reg-
istering that information in 3D typically require specialized
hardware components and/or complex setups of hardware
components. The term registration is used to describe direct
capture or inference of the 3D position and volume of a
participant. The registration process is analogous to an archi-
tect adding a realistic model of an existing building to a 3D
model of a downtown block to show a model of a planned
building design in the context of'its intended location. In this
analogy, the entire model represents the virtual 3D scene with
3D representations of existing real buildings and a 3D repre-
sentation of a purely virtual building. Registration in the
context of AR includes direct measurement of a participant
and entry of the participant’s measurements, and also
includes inferences based on one or more observations of the
participant.

[0005] Inoneexample of a system for registering a partici-
pant in a virtual 3D scene, two or more cameras may be used
in a carefully positioned arrangement (e.g., a stereoscopic
camera rig) to enable computerized depth perception. Alter-
natively, a specialized time-of-flight camera provides a simi-
lar level of depth perception using special sensor and/or light-
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ing elements. In yet another setup, a laser range-finder or
radar setup may provide this depth information to augment
video captured by a camera. Finally, additional information
may be gathered from the scene by projecting (typically inter-
mittently) a uniform grid across the camera’s field of view
(much like a high end digital camera auto focuses its lens) or
by using fiducial markers (easily recognized reference mark-
ers) attached to the participant. The latter technique is used in
medical imaging and studio production of movies and televi-
sion.

[0006] Each of these techniques has limitations such as a
requirement for specialized hardware or complex arrange-
ments of hardware, significant computer processing require-
ments that make real-time interaction expensive and difficult,
and/or require a participant to first attach tags or markers to
their body and/or clothing before participating in the AR
environment.

SUMMARY

[0007] Inaccordance with the teachings of the present dis-
closure, disadvantages and problems associated with the use
of'specialized hardware, complex arrangements of hardware,
and undesirable participant constraints in virtual and aug-
mented reality applications have been reduced.

[0008] In certain embodiments, a computer implemented
method for incorporating a representation of a participant into
a virtual 3D environment substantially in real-time is pro-
vided. An image including a participant is captured by a
camera. A contour of the participant is automatically deter-
mined. Depth data is automatically associated with the par-
ticipant contour. A first virtual 3D representation of the par-
ticipant is automatically generated by extruding the
participant contour based on the associated depth data. An
interaction between the first virtual 3D representation of the
participant and a second virtual 3D representation ofa second
object is displayed.

[0009] In certain embodiments, software embodied in tan-
gible computer-readable media is provided. The software is
executable by a processor to: receive an image captured by a
camera, the image including a participant; determine a con-
tour of the participant; associate depth data with the contour
of'the participant; generate a first virtual 3D representation of
the participant by extruding the contour based on the associ-
ated depth data; determine an interaction between the first
virtual 3D representation of the participant and a second
virtual 3D representation of a second object based at least on
the extruded contour; and cause a display of the interaction
between the first virtual 3D representation of the participant
and the second virtual 3D representation of a second object
based at least on the extruded contour. The computer software
is operable to perform such functions substantially in real-
time.

[0010] In certain embodiments, a computing system
includes a processor, memory coupled to the processor, and
an interactive media subsystem. The interactive media sub-
system is enabled to receive an image captured by a camera,
the image including a participant; automatically determine a
contour of the participant; automatically associate depth data
with the contour of the participant; automatically generate a
first virtual 3D representation of the participant by extruding
the contour based on the associated depth data; determine an
interaction between the first virtual 3D representation of the
participant and a second virtual 3D representation ofa second
object based at least on the extruded contour; and automati-
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cally cause a display of the interaction between the first vir-
tual 3D representation of the participant and the second vir-
tual 3D representation of a second object based at least on the
extruded contour. The interactive media subsystem operates
substantially in real-time.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A more complete understanding of the present
embodiments and advantages thereof may be acquired by
referring to the following description taken in conjunction
with the accompanying drawings, in which like reference
numbers indicate like features, and wherein:

[0012] FIG. 1 illustrates an interactive media system for
capturing a video image of a participant and displaying a
virtual 3D scene that incorporates a virtual 3D representation
of the participant, according to an example embodiment of
the present disclosure;

[0013] FIG. 2 illustrates representative elements of an
image captured by a camera, including a contour of a partici-
pant, according to certain embodiments of the present disclo-
sure;

[0014] FIG. 3 is a side view of the system of FIG. 1 illus-
trating various geometric relationships between certain ele-
ments of the system, according to certain embodiments of the
present disclosure;

[0015] FIG. 4illustrates a 3D view of an example extrusion
of participant contour by a uniform depth to generate a solid
volume, according to one embodiment of the present disclo-
sure;

[0016] FIG. 5 illustrates an example virtual 3D scene
including a virtual 3D participant and a virtual ball, according
to an example embodiment of the present disclosure;

[0017] FIG. 6 illustrates a top-down view illustrating vari-
ous extrusion techniques for generating a virtual 3D partici-
pant and their impact on interactions between the generated
virtual 3D participant and other virtual objects in a virtual 3D
scene, according to certain embodiments of the present dis-
closure;

[0018] FIG. 7 illustrates a side view of a curved, non-uni-
form depth, bidirectional extrusion of a participant contour,
according to certain embodiments of the present disclosure;
[0019] FIG. 8 illustrates an example method for generating
a virtual 3D participant from a 2D camera image, generating
a 3D virtual scene including the virtual 3D participant, and
managing interactions between the virtual 3D participant and
other virtual objects, in accordance with certain embodiments
of the present disclosure;

[0020] FIG. 9 illustrates an example 3D virtual scene
including various types of interactions between virtual 3D
elements, according to certain embodiments of the present
disclosure;

[0021] FIG. 10 illustrates the display of an example 3D
virtual scene including several virtual 3D participants inter-
acting with one external virtual 3D object, according to cer-
tain embodiments of the present disclosure; and

[0022] FIG. 11 illustrates the display of an example 3D
virtual scene including several virtual 3D participants inter-
acting with one external virtual 3D object, according to cer-
tain embodiments of the present disclosure.

DETAILED DESCRIPTION

[0023] Preferred embodiments and their advantages are
best understood by reference to the figures below. However,
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the present disclosure may be more easily understood in the
context of a high level description of certain embodiments.

System Overview

[0024] In general, the present disclosure describes systems
and methods for recording a participant (e.g., a person) using
a video camera, and generating and displaying a virtual 3D
representation of the participant in real time. In certain
embodiments, an image of a participant is captured by a
single camera, the participant’s contour (e.g., outline) is
determined, depth data is associated with the contour, a 3D
solid representation of the participant is generated by extrud-
ing the contour according to the depth data, and the generated
3D solid representation of the participant is introduced into a
virtual 3D scene that may be displayed to the participant. In
certain embodiments, the virtual 3D representation of the
participant interacts with other virtual elements in the virtual
3D scene (e.g., as determined by a physics engine), and the
interactions are displayed to the participant.

[0025] One example embodiment includes an interactive
media system including a video camera, a computer and a
display. The system may be designed to capture and retain the
attention of a person (referred to herein as a participant) in the
field of view of the video camera. The video camera captures
a series of images (e.g., frames) that include the participant.
For each image, and in real-time, the system determines a 2D
contour (e.g., outline) of the participant, extends the 2D con-
tour into a 3D volume, and inserts that 3D representation into
a virtual 3D scene. This virtual 3D scene may also include
virtual 3D representations of other participants and/or other
virtual 3D objects. For example, the virtual 3D scene may be
a room with a virtual bubble machine throwing virtual
bubbles into the air to float down to the floor and pop, and the
3D representation of the person inserted into the virtual 3D
scene may interact with the virtual bubbles. The virtual 3D
scene is displayed to the person in real time such that the
participant move around within the field of view of the camera
to interact with the virtual bubbles. The processing time from
image capture to display of the virtual 3D scene may be
substantially in real-time such that the participants can coor-
dinate their movements relative to the virtual bubbles.
[0026] In some embodiments, a true, real-time scheduling
environment is utilized such that processing of the virtual 3D
scene is guaranteed to occur as least as fast as the input frame
rate from the camera. The input frame rate may be the camera
frame rate or a selected subset of frames captured by the
camera (e.g., only processing every fourth frame from the
camera, which is capturing sixty frames per second, gives an
input frame rate of 15 frames per second). In other embodi-
ments, processing is performed substantially in real-time
(e.g., through the use of a sufficiently high performance com-
puter system 120) wherein an occasional, intermittent inabil-
ity to timely process an incoming camera frame may not
interfere with a participant’s interaction with the system. This
occasional inability to process a frame in time is much like a
dropped frame on a digital video stream of a sporting event,
where the viewer might notice the dropped frame, but he can
still see the progress of the game. In all cases, some time lag
between the participant moving and the display reflecting the
new position of the participant will exist, but if minimized this
lag will not interfere with the participant’s ability to interact
with one or more virtual 3D objects.

[0027] In this example “virtual bubble” scenario, various
interactions are possible between the virtual 3D representa-
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tion of a participant—retferred to herein as a “virtual partici-
pant”—and a virtual bubble in the displayed virtual scene. For
example, contact between the virtual participant and a virtual
bubble may cause the virtual bubble to stick to the virtual
participant, bounce, or pop. As another example, a virtual
bubble may pass in front of or behind the virtual participant.
If a virtual bubble passes in front of the virtual participant, it
may completely or partially obscure the displayed view of the
virtual participant and may cast a shadow on the virtual par-
ticipant. Alternatively, a virtual bubble may distort a part of
the image of the virtual participant rather than obscure it. If a
virtual bubble passes behind the virtual participant, the virtual
bubble may disappear on one side of the virtual participant
and then reappear on the other side. As yet another example,
if there are two or more virtual participants, a virtual bubble
may pass between two of the virtual participants or pass by
one and collide with another. The system may enforce the
laws of physics—or some approximation to allow real-time
processing of each captured image—to give the scene a more
realistic appearance. For example, the system may include a
physics engine to determine and manage interactions
between virtual participants and other virtual 3D objects in
the virtual 3D scene.

[0028] As discussed above, a virtual participant is gener-
ated based on a 2D contour of a participant extracted from a
captured video image. In some embodiments, the 3D position
of'the virtual participant is estimated based on an assumption
that the participant is standing on the ground. With this
assumption combined with some system calibration, the rela-
tive position of the participant’s contour within the camera
image can be converted into a 3D position. However, the
single camera alone cannot capture the depth—the third
dimension—of the participant. Thus, the system generates
depth data for the participant, e.g., based on a system of depth
rules. In some embodiments, the system assumes that each
participant has a uniform depth and extrudes the contour to
that depth.

[0029] An analogous process would be to convert a picture
of'a person into a life-size, cardboard cut-out; make a dupli-
cate cut-out; space the original and duplicate cut-outs a few
inches apart; and enclose the space between the two cut-outs
to form a 3D approximation of a person. The approximation
is crude, but grossly captures the general dimensions of that
person.

[0030] In other embodiments, the system generates a non-
uniform depth for the participant based on a particular algo-
rithm or other depth rules. For example, the system may
generate a tapered depth or a curved or rounded depth for a
participant.

[0031] As used herein, the term “participant” refers to a
person or other physical object in the field of view of the video
camera that is inserted into a virtual 3D scene, e.g., as dis-
cussed below. This term broadly includes, e.g., humans, ani-
mals, plants, machines, and any other moving or stationary
objects. For example, if a person is pushing a cart through the
video camera’s field of view, the cart may be treated as a
participant and inserted into a virtual 3D scene for causing
interactions with other virtual 3D objects.

[0032] Although certain example embodiments are
described in detail below, it should be understood that various
changes, substitutions and alterations can be made to the
embodiments without departing from their spirit and scope.
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[0033] Preferred embodiments and their advantages are
best understood by reference to FIGS. 1 through 11, wherein
like numbers are used to indicate like and corresponding
parts.

Example System

[0034] FIG. 1 illustrates an interactive media system 100
for capturing a video image of a participant and displaying a
virtual 3D scene that incorporates a virtual 3D representation
of'the participant, according to an example implementation of
the present disclosure. System 100 includes a video camera
101, a display 110, and a computer system 120. A participant
(here, aperson) 130 is standing on the ground (with point 131
representing a point of contact between participant 130 and
the ground), and is facing generally in the direction of camera
101. System 100 may also include one or more reference
markers, e.g., reference markers 140 and/or 141. Display 110
displays a view of a virtual 3D scene 190 that includes a
virtual participant 155 (which is a virtual 3D representation of
participant 130) holding a virtual ball 156.

[0035] System 100 may include the hardware and software
components embodying the present disclosure. System 100
may be situated in a public place (e.g., a shopping mall, a
public sidewalk, or a store) or in a private place (e.g., in a
home, a classroom, or a conference room). System 100 may
be an interactive advertisement, a game, or a conferencing
setup, for example. System 100 may be in communication
with one or more other systems 100 to allow shared elements
in virtual scenes 190 (e.g., a virtual tennis match where the
shared elements include the net and ball). In some embodi-
ments, camera 101, display 110, and computer system 120
may be incorporated into a single kiosk or other integrated
structure while in others they may be physically separated
components coupled via wires and/or wirelessly. In some
embodiments, multiple cameras 101 and displays 110 may be
used with one or more computer system 120. In the displayed
example, camera 101 is located above and in close proximity
to display 110. Alternatively, camera 101 may be located to
the side or, below, behind, remote from, or in any other
location relative to display 110. As another example, camera
101 may be installed directly above or directly below partici-
pant 130 (e.g., aimed through a mesh or glass floor). As
another example, if display 110 includes a projection screen
or a collection of display panels, camera 101 may be located
within the overall boundary of the screen or collection of
display panels.

[0036] Camera 101 may be any type of video camera or
other camera configured to capture a stream of images, e.g.,
an analog video camera, a security camera, a webcam, or a
point and shoot digital camera. Camera 101 provides a stream
of images or video data to computer system 120. For the
purposes of this disclosure, video data is treated as a series of
images, even though actual video data is typically encoded (to
save space and/or bandwidth) into a repeating sequence of a
full frame (a full image) followed by several partial frames
indicating changes to the full frame. This treatment is appro-
priate because it is possible to decode such a repeating
sequence of full and partial frames into a series of full frames
by applying the indicated changes to the full frame and stor-
ing the results in memory (e.g., memory 122 of computer
system 120). If image or video data is provided by the camera
as analog data, system 100 may include an analog-to-digital
converter to enable input of image or video data into computer
system 120. In some embodiments, camera 101 is a high
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resolution digital camera capable of capturing accurate and
high-fidelity images of the scene including participant 130 for
greater realism. In other embodiments, camera 101 is a low
resolution, monochrome, or infrared digital camera, which
may reduce the processing complexity and/or provide alter-
native visual effects. Camera 101 may be a time-of-flight
camera or other specialized 3D camera, but the approach of
the present disclosure does not require the additional 3D
information captured by such a camera.

[0037] As shownin FIG. 1, camera 101 is aimed along ray
102 and captures a field of view 103. Optical distortion caused
by one or more lenses of camera 101 may be corrected for or
may be ignored. While camera 101 is a physical object incor-
porating having a volume and including various components
(e.g., one or more lenses, one or more light sensor arrays, and
an enclosure), camera 101 is treated as a single point in space
for the purposes of the geometric calculations discussed
herein.

[0038] Display 110 includes any suitable system or device
for displaying virtual scene 190. For example, display 110
may be a monitor, a flat-panel display, or a projector and
projection screen or wall. In the example embodiment shown
in FIG. 1, display 110 is located just below camera 101 such
that virtual 3D participant 155 in virtual scene 190 appears to
participant 130 as a near mirror image view of participant
130. Alternatively, display 110 may be oriented away from
the field of view of camera 101 to enable other applications.
For example, participant 130 (in field of view 103) may be
asked to navigate a virtual maze based on verbal instructions
from an observer viewing display 110 or based on audible
feedback indicating proximity to or collision with a maze
wall. In contrast, if display 110 is placed remote from camera
101, participant 130 may see, e.g., a top, bottom, or a side-
view of himself on display 110, which may cause perceptual
dissonance for participant 130.

[0039] A wearable or portable display 110 (e.g., 3D
goggles, a tablet computer, or a video-enabled cell phone)
coupled to a fixed camera may cause a similar perceptual
dissonance if worn or held by the participant. This perceptual
dissonance may be desirable in some cases (e.g., an art sys-
tem). Further, a wearable or portable display 110 can be used
with a similarly portable camera 101. For example, in some
embodiments, portable display 110 is integrated with camera
101 and computer system 120 (e.g., in a camera phone, or a
laptop computer with webcam) while in other embodiments
portable display 110 and portable camera 101 are each
coupled to a remote computer system 120. In these embodi-
ments, system 100 may include additional elements for pro-
viding regularly updated position and orientation information
regarding camera 101 and/or participant 130. For example, a
set of reference markers 140 and/or 141 may be placed around
a room such that one or more is always within field of view
103; or camera 101 may be coupled to one or more sensors for
determining the position and orientation of camera 101 rela-
tive to objects in the camera’s field of view.

[0040] Computer system 120 may be any type of general
purpose or specialized computer system incorporating at least
one processor 121 and at least one memory 122. Processor
121 executes instructions retrieved from memory 122 to pro-
cess received image data from camera 101, generate virtual
3D participant 155, generate virtual 3D scene 190, and output
virtual scene 190 to display 110. In certain embodiments,
computer system 120 may be a personal computer running an
operating system from APPLE, MICROSOFT, or one of the
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various distributions of UNIX. In these embodiments, pro-
cessor 121 may be, for example, an X86 compatible processor
connected to memory 122 including volatile random access
memory (RAM) and non-volatile program and/or data stor-
age (e.g., hard drive, flash drive, or solid-state storage). Some
embodiments may also include a video graphics processor,
which may further include video memory usable as memory
122. In other embodiments, computer system 120 may be a
laptop computer, a video game console, an embedded system,
a cell phone, a personal digital assistant, or any other type of
computing device. Memory 122 may store software or firm-
ware instructions for performing some or all of the data pro-
cessing steps of the present disclosure.

[0041] Reference markers 140 and 141 are reference
objects (e.g., fiducial markers) designed to be automatically
recognized by computer system 120 when observed in an
image captured by camera 101. Reference marker 140 may be
a planar fiducial marker located on the floor within field of
view 103. Marker 140 may include at least four distinct,
recognizable points, e.g., as known in the field of AR appli-
cations. Reference marker 140 is shown in FIG. 2 with exag-
gerated perspective distortion, for illustrative purposes. The
at least four recognizable points allow computer system 120
to determine the orientation of the marker regardless of the
camera perspective even if only one marker 140 is in field of
view 103. Based in part on this determination, computer
system 120 can also determine the position and orientation of
camera 101. Multiple markers may still be useful, e.g., where
participants may occasionally obscure all or part of a marker
140, or where camera 101 is moveable. Reference marker 140
may have additional features that enable computer system
120 to determine and counteract optical distortions intro-
duced by the focusing system of camera 101.

[0042] Reference marker 141 is an alternative reference
object, particularly a shaped object (e.g., the letter “X”” drawn
on the floor or on a wall or other object, or a three dimensional
object such as a sphere or box) or a regularly repeating,
automatically recognizable point. In some embodiments,
computer system 120 may be able to determine the position
and orientation of camera 101 automatically, e.g., by analyz-
ing four or more markers 141 in field of view 103.

[0043] FIG. 2 illustrates representative elements of an
image 200 captured by camera 101, including a contour 201
of participant 130, according to certain embodiments of the
present disclosure. Image 200 may be a still image or video
stream frame captured by camera 101. Image 200 is a 2D
picture including at least one participant 130 located within
the camera’s field of view 103. Image 200 may be compressed
oruncompressed, color or monochromatic, data representing
the camera’s field of view 103. Image 200 is comprised of
pixels, each represented by one or more bits of data further
representing monochrome darkness or color information.
[0044] Image 200 includes a participant contour 201 and a
background image 202 (partially obscured by participant
contour 201). Participant contour 201 represents the outer
contour, or outline, of participant 130 in image 200, and may
be determined by computer system 120 in any suitable man-
ner, as described below. Participant contour 201 contacts a
ground plane 250 at one or more ground contact points 260.
The topmost point on participant contour 201 is represented
by a top contour point 261. Image 200 may include any
number of reference markers, e.g., markers 140 and/or 141.
[0045] FIG. 3 is a side view of system 100 illustrating
various geometric relationships between certain elements of
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system 100, according to certain embodiments of the present
disclosure. Camera 101 is located at camera reference point
301, located at height h above ground level 250. The camera’s
field of view 103 is bounded by lines 1034 and 1035. Camera
101 is oriented along ray 102, which is angled at ¢ degrees
from vertical. In this side view, participant contour 201
appears as a vertical line extending upward from ground
plane 250. Participant contour 201 is located at a horizontal
distance b from the edge of the field of view 1034, and located
at a horizontal distance b plus distance x from camera refer-
ence point 301. Lines 305a and 3055 represent a cone origi-
nating at camera reference point 301 and intersecting the
topmost and bottommost visible points—points 261 and 260,
respectively—of participant contour 201. One or more refer-
ence points, e.g., markers 140 and/or 141, may be located
along ground plane 250 within the field of view ofthe camera.

System Calibration

[0046] Various aspects of system 100 may be calibrated in
order to determine location and/or dimension data regarding
a participant in field of view 130 (e.g., participant 130 shown
in FIGS. 1-3) such that participant 130 may be accurately
modeled in 3D in virtual 3D scene 190. Such calibrations may
include any or all of the following:

[0047] (a) determining a physical location and/or orienta-
tion of camera 101;

[0048] (b) generating or accessing one or more formulas
and/or look-up tables for determining a 3D physical location
of a participant 130 based on the location (e.g., pixel) of the
participant 130 within an image 200 captured by camera 101;
[0049] (c) generating or accessing one or more formulas
and/or look-up tables for determining a height ofa participant
130 based on (a) aspects of the participant contour 201 (e.g.,
the distance between the bottom and topmost points 260 and
261 of contour 201) and/or (b) the location of participant
contour 201 within image 200;

[0050] (d) generating or accessing one or more formulas
and/or look-up tables for determining a depth (e.g., dimen-
sion a shown in FIG. 3) for which to extrude participant
contour 201 to generate a virtual 3D representation of partici-
pant 130 (e.g., virtual 3D participant 155 shown in FI1G. 1) for
use in virtual 3D scene 130; and/or

[0051] (e) any other suitable calibrations for determining
any location and/or dimension data regarding participant 130
or other aspect of system 100.

[0052] Any or all of calibrations (b), (¢), and (d) may be
based at least in part on calibration (a), the physical location
and/or orientation of camera 101. Conversely, any or all of
calibrations (b), (c), and (d) may be determined without using
camera location and/or orientation data. Each of the calibra-
tion types (a)-(d) are discussed below.

[0053] A.Calibrating Physical Location and/or Orientation
of Camera 101.
[0054] The physical location and/or orientation of camera

101 may be calibrated manually, semi-automatically, or auto-
matically. In a manual calibration, the location of one or more
physical reference points (e.g., visual markers 140 and 141 or
other reference points) relative to camera 101 may be manu-
ally measured (e.g., using a measuring tape), and the mea-
surements then manually input into computer system 120. In
a semi-automatic calibration method, a graphical user inter-
face may display an image 200 (or background image 202),
and allow a user to select physical reference points on the
image and enter manually determined distances/locations for
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the selected physical reference points. In an automatic cali-
bration method, computer system 120 may automatically
identify one or more visual markers 140 and/or 141, extract
information from visual markers 140 and/or 141, and apply
one or more geometric algorithms to determine the physical
position and/or orientation of camera 101.

[0055] In some embodiments, if a planar fiducial marker
140 is used, the well-known size and layout of the graphical
elements in the marker allow computer system 120 to pre-
cisely determine the perspective of camera 101. Alternatively,
this approach works with several fiducial markers 141 of
known size set out in the field of view 103.

[0056] In other embodiments, system 120 may automati-
cally determine the configuration of camera 101 using one or
more sensors incorporated into system 100 or used by an
operator. For example, camera 101 may include a digital level
or a sensor to determine the height of camera 101. In such
embodiments, the height of the camera and the angle of the
camera from vertical may be combined into a mathematical
function for determining the location of any observed contact
with the ground plane (or other reference point) based on the
relative position within the captured image. In certain
embodiments, a POLHEMUS tracking system may be used to
determine configuration of the camera.

[0057] B. Calibrating Camera Image 200 for Determining
3D Locations of Participants.

[0058] As mentioned above, system 100 may generate or
access one or more formulas and/or look-up tables for deter-
mining a 3D physical location of a participant 130 based on
the location (e.g., pixel) of the participant 130 within an
image 200 captured by camera 101. For example, system 100
may generate an algorithm or look-up table to convert each
pixel of background image 202 to a 3D physical location,
which algorithm or look-up table may be used to determine
the 3D physical position of a participant contour 201 (e.g.,
based on the location of ground contact point 260 within
image 200). Alternatively, system 100 may generate an algo-
rithm or look-up table to convert a distance (in pixels) from an
edge of image 202 to 3D physical locations, which algorithm
or look-up table may be used to determine the 3D physical
position of a participant contour 201 (e.g., by measuring the
distance in pixels between ground contact point 260 of par-
ticipant contour 201 and an edge of image 200). Alternatively,
system 100 may generate an algorithm or look-up table to
convert a distance (in pixels) from a reference marker (e.g.,
marker 140 or 141) to 3D physical locations, which algorithm
or look-up table may be used to determine the 3D physical
position of a participant contour 201 (e.g., by measuring the
distance in pixels between ground contact point 260 of par-
ticipant contour 201 and the reference marker).

[0059] The algorithms or look-up tables discussed above
may be generated based on particular geometric relationships
shown in FIGS. 2 and FIG. 3. For example, computer system
120 may generate an algorithm or look-up table to determine
the ground-level distance to a participant 130 (e.g., distance b
or distance b+x shown in FIG. 3) based on the pixel distance
V (FIG. 2) between ground contact point 260 and the lower
edge of image 200.

[0060] Similarly, computer system 120 may generate an
algorithm or look-up table to determine the lateral location of
aparticipant 130 based on the pixel distance between ground
contact point 260 (or other point on participant contour 201)
and the left or right edge of image 200.
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[0061] In other embodiments, computer system 120 may
generate an algorithm or look-up table to determine both (a)
the ground-level distance to a participant 130 (e.g., distance b
or distance b+x shown in FIG. 3) and (b) the lateral location
of the participant 130 based on the pixel location of ground
contact point 260 (or other point on participant contour 201)
within image 200, accounting for both the vertical and hori-
zontal location of such pixel.

[0062] C. Calibrating Camera Image 200 for Determining
Participant Height.

[0063] As mentioned above, system 100 may generate or
access one or more formulas and/or look-up tables for deter-
mining a height of a participant 130 based on (a) aspects of the
participant contour 201 (e.g., the distance between the bottom
and topmost points 260 and 261 of contour 201) and/or (b) the
location of participant contour 201 within image 200. For
example, system 100 may generate an algorithm or look-up
table to convert a vertical dimension of a participant contour
201 (e.g., the distance between ground contact point 260 and
top contour point 261) into a height of participant 130. Such
algorithm or look-up table may be generated based on par-
ticular geometric relationships shown in FIG. 3, or based on
assumptions about participant height as a matter of distance
between ground contact point 260 and top contour point 261
given the position and orientation of camera 101 (or based on
a typical camera position and orientation).

[0064] In some embodiments, the participant height cali-
bration is performed after the participant location calibration.
Similar to the participant location calibration, the participant
height calibration may be manual, semi-automatic, or fully
automatic. An example of semi-automatic calibration is pro-
vided as follows. A pole having a camera-recognizable mark-
ing at a known height on the pole may be held vertically at
various ground locations in the camera’s field of view 103. At
each location, computer system 120 may generate an image
202, determine the 3D location of the pole on the ground (e.g.,
using a location algorithm or look-up table discussed above),
and determine the height (in pixels) of the marking on the
pole. System 100 may use data collected in this manner to
generate an algorithm or look-up table to convert a measured
height (in pixels) of a participant contour 201 to an actual or
relative height based on the 3D physical location of the par-
ticipant contour 201.

[0065] D. Calibrating Participant Depth.

[0066] As mentioned above, system 100 may generate or
access one or more formulas and/or look-up tables for deter-
mining a depth (e.g., dimension a shown in FIG. 3) for which
to extrude participant contour 201 to generate a virtual 3D
representation of participant 130 (e.g., virtual 3D participant
155 shown in FIG. 1) for use in virtual 3D scene 130. This
extrusion depth may be determined based on various factors.
For example, system 100 may determine the extrusion depth
for a particular participant 130 based on any one or more of
the following factors:

[0067] (a) the physical location of the participant (e.g., as
determined using a location algorithm or look-up table dis-
cussed above);

[0068] (b) the height of the participant (e.g., as determined
using a height algorithm or look-up table discussed above);
[0069] (c) a width or other dimension of the participant
(e.g., as determined using an algorithm or look-up table simi-
lar to those discussed above);
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[0070] (d)thetype ofparticipant (e.g., person, animal, cart,
etc.) identified by camera 101 (e.g., by comparing the partici-
pant contour with a number of pre-defined reference con-
tours);

[0071] (e) the orientation of the participant (e.g., whether a
human participant 130 is facing camera 101 directly or side-
ways, which system 100 may determine automatically by
comparing the participant contour with a number of pre-
defined reference contours corresponding to various orienta-
tions); and/or

[0072] (f) any other suitable factors.

[0073] Inother embodiments, the extrusion depth may be a
standard pre-determined depth for all participants 130.
[0074] In some embodiments computer system 120 may
apply certain assumptions in generating particular algorithms
or look-up tables. Generally, the more assumptions used in
generating a particular algorithm or look-up table, the less
precise the algorithm or look-up table. However, certain
assumptions may reduce the complexity of various calcula-
tions, resulting in faster processing, which may be desirable
in certain applications or depending on the processing power
of' the relevant system 100.

Identifying a Participant Contour

[0075] Once calibrated, system 100 may be used to capture
camera images 200 of a participant 130, identify a contour
201 of the participant 130, determine location and/or dimen-
sional data regarding the participant 130, extrude the partici-
pant contour 201 to generate a virtual 3D representation of the
participant 130 (i.e., virtual 3D participant 155) in a virtual
3D scene 190, and identify and manage interactions between
the virtual 3D participant 155 and other virtual 3D objects in
the virtual 3D scene 190.

[0076] A participant contour 201 (e.g., as shown in FIG. 2)
may be a continuous curve or polygon(s) representing the
outline of a participant 130. Participant contour 201 may be
used as a basis for developing a virtual 3D representation of
participant 130 (i.e., virtual 3D participant 155), as discussed
below. Participant contour 201 may be determined by com-
puter system 120 in any suitable manner. In one embodiment,
participant contour 201 is determined using background sub-
traction. In this technique, an image of the background is
captured before participant 130 enters the camera’s field of
view 103 (see FIG. 1). This captured image, referred to as
background image 202, may be stored in memory 122 (see
FIG. 1) for later access. To determine participant contour 201,
image 200—which includes participant 130—may be com-
pared pixel by pixel with background image 202. For
example, matching pixels may be identified as background
pixels and grouped into contiguous clusters. In certain
embodiments, a pixel match threshold may be set or adjusted
to account for, e.g., variations in lighting conditions and to
prevent shadows from being identified as primary objects.
Computer system 120 may identify a cluster of non-matching
pixels (between image 200 and background image 202) as
participant 130.

[0077] Each identified cluster may then be traced with a
closed polygon line to form participant contour 201. The
number of vertices may vary depending on the level of reso-
Iution desired. Further, computer system 120 may apply line
smoothing and/or contour adjustment, e.g., where there is a
concern that some clothing elements may resemble the back-
ground (within the pixel matching threshold level) and cause
the detected contour of the participant to have a jagged edge
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that inaccurately describes the participant’s contour. Partici-
pant contour 201 may also be represented as a series of
curves. Participant contour 104 can be determined using vari-
ous other techniques including, e.g., the use of Sobel filters,
Canny edge-detection, and color segmentation.

[0078] Computer system 120 may also determine partici-
pant contours 201 for multiple participants 130 within field of
view 103. If image 200 includes multiple participants 131 in
contact with each other or partially obscuring each another,
computer system 120 may identify a single cluster corre-
sponding to the multiple participants 131 and generate a
single participant contour for the multiple participants 130. In
other embodiments, computer system 120 may recognize that
there are multiple contacting/overlapping participants 130 in
image 200 and apply a suitable algorithm for estimating a
separate participant contour for each participant 130. Ifimage
200 includes multiple participants 130 that do not overlap
each other, computer system 120 may identify each of par-
ticipants 130 and generates a separate participant contour for
each identified participant 130.

Determining the Participant’s Location and/or Dimensions
[0079] Computer system 120 may combine the participant
contour 201 with location and/or dimension data regarding
participant 130 to generate a virtual 3D representation of
participant 130 (i.e., virtual 3D participant 155) in virtual 3D
scene 190. Such participant location and/or dimension data
may include, e.g., any one or more of the following: (a) a 3D
location of participant 130, (b) a height of participant 130, (c)
a width of participant 130, (d) a depth of participant 130, and
(e) any other physical location, dimension, and/or shape of
participant 130.

[0080] Computer system 120 may determine each type of
participant location and/or dimension data in any suitable
manner. For example, computer system 120 may determine
various participant location and/or dimension data based on
the location of one or more points on participant contour 201
in image 200. Computer system 120 may apply any suitable
algorithms and/or look-up tables for determining participant
location and/or dimension data based on such point(s) on
participant contour 201, including, e.g., any one or more
algorithms and/or look-up tables that may be generated by
system 100 as discussed above in the “System Calibration”
section. In particular, computer system 120 may access one or
more algorithms and/or look-up tables stored in memory 122,
and apply such accessed algorithms and/or look-up tables to
the relevant point(s) of participant contour 201 using proces-
sor 121.

[0081] Participant contour 201 may include one or more
points used for determining a various location and/or dimen-
sion data of participant 130. In this example, participant con-
tour 201 includes a ground contact point 260 and a top con-
tour point 261. Ground contact point 260 represents the point
where participant 130 touches the ground plane 250, typically
the lowest point on participant contour 201. Ground contact
point 260 may be used in determining various information,
e.g., a 3D location of participant 130, the distance between
camera 101 and participant 130, the height of participant 130,
etc. Top contour point 261 represents the topmost point on
participant contour 201, here the top of the participant’s head.
Top contour point 261 may be used along with ground contact
point 260 to determine an approximate height of participant
130. Example uses of ground contact point 260 and top con-
tour point 261 for determining various location and/or dimen-
sion data of participant 130 (which may then be used by

Aug. 5, 2010

computer system 120 for generating virtual 3D participant
155 in virtual scene 190) are described below in greater detail.
[0082] Ground contact point 260 and/or top contour point
261 may be used in various ways for determining various
location and/or dimension data of participant 130, depending
on the embodiment.

Extruding the Participant Contour to Generate a Virtual 3D
Participant

[0083] System 100 may extrude participant contour 201 to
generate a solid volume 306 for a virtual 3D representation of
the participant 130 (i.e., virtual 3D participant 155) in virtual
3D scene 190.

[0084] System 100 may extrude participant contour 201 by
a uniform depth (e.g., as shown in FIGS. 3, 4, and 6) or
non-uniform depth (e.g., as shown in FIGS. 6 and 7). The
extrusion depth may be determined in a suitable manner. For
example, system 100 may apply a standard extrusion depth
for all participants 130. Alternatively, system 100 may deter-
mine an extrusion depth for a particular participant 130 based
on various factors, e.g.,

[0085] (a) the physical location of the participant (e.g., as
determined using a location algorithm or look-up table dis-
cussed above);

[0086] (b) the height of the participant (e.g., as determined
using a height algorithm or look-up table discussed above);
[0087] (c) a width or other dimension of the participant
(e.g., as determined using an algorithm or look-up table simi-
lar to those discussed above);

[0088] (d)thetype ofparticipant (e.g., person, animal, cart,
etc.) identified by camera 101 (e.g., by comparing the partici-
pant contour with a number of pre-defined reference con-
tours);

[0089] (e) the orientation of the participant (e.g., whether a
human participant 130 is facing camera 101 directly or side-
ways, which system 100 may determine automatically by
comparing the participant contour with a number of pre-
defined reference contours corresponding to various orienta-
tions); and/or

[0090] (f) any other suitable factors.

[0091] FIG. 3 illustrates a side view of an example extru-
sion of participant contour 201 by a uniform depth to generate
a solid volume 306, according to one embodiment of the
present disclosure. The extruded volume 306 is illustrated as
atrapezoid with a uniform extrusion depth of a bounded at the
top and the bottom by the cone represented by lines 3054 and
3055.

[0092] System 100 may attempt to select an extrusion depth
that approximates the actual depth of participant 130. How-
ever, the extrusion depth selected by system 100 may be
greater than or less than the actual side view depth of partici-
pant 130. The trapezoidal shape of extruded volume 306
results from an extrusion of the participant contour 201
orthogonal to the ground 250. The plane of extrusion may also
be orthogonal to ray 102, which may in some instances reduce
distortion when applying textures to the resulting 3D virtual
3D participant 155.

[0093] FIG. 4illustrates a 3D view of an example extrusion
of participant contour 201 by a uniform depth to generate a
solid volume 306, according to one embodiment of the
present disclosure. In this embodiment, participant contour
201 is extruded at the top along the upper cone boundary
3055, and at the bottom by ground plane 250, rather than
lower cone boundary 305q (in contrast to the extrusion shown



US 2010/0194863 Al

in FIG. 3). Such extrusion may be desirable in certain appli-
cations, e.g., to prevent a physical interference between the
bottom region of virtual 3D participant 155 and the virtual
ground or floor.

Generating 3D Virtual Scene 190 Including Virtual 3D Par-
ticipant and Interactions

[0094] Computer system 120 may generate a 3D virtual
scene 190 including virtual participant 155 generated accord-
ing to the techniques discussed herein in virtual 3D scene 190,
and determine and manage various interactions between vir-
tual 3D participant 155 and other virtual elements, e.g., one or
more external virtual 3D objects, one or more other virtual 3D
participants 155 within the camera’s field of view 103, a
background (reality-based or virtual), and/or any other virtual
elements (e.g., light, fog, wind, etc.). Computer system 120
may incorporate a 3D graphics framework and real-time
physics engine for generating 3D virtual scene 190 and iden-
tifying and managing interactions between virtual objects.
[0095] “External virtual 3D objects” may refer to any vir-
tual 3D objects generated independent from camera image
200. For example, external virtual 3D objects may include
pre-defined virtual 3D objects accessed from system memory
122 (e.g., generated by a system designer or operator). Exter-
nal virtual 3D objects may include objects that a participant
130 can only interact with virtually via virtual 3D scene 190,
e.g., a virtual ball, virtual bubbles, a cartoon character, a
talking parrot, a birthday present, a product offered for sale,
etc. External virtual 3D objects may be generated based on
real, physical objects, or may be fictional objects. As an
example of the former, virtual 3D objects may include a
virtual 3D representation of a participant 130 (e.g., a live
person) captured by a camera of a different system (i.e., other
than system 100).

[0096] Computer system 120 may determine and manage
various interactions between virtual objects including, for
example:

[0097] (a) a shadow cast by virtual participant 155 onto
another virtual 3D object;

[0098] (b) ashadow cast by a virtual 3D object onto virtual
participant 155;
[0099] (c) a collision or contact between virtual participant

155 and another virtual 3D object;

[0100] (d) a partial or total occlusion of virtual participant
155 by another virtual 3D object; and

[0101] (e) a partial or total occlusion of a virtual 3D object
by virtual participant 155; and/or

[0102] (f) any other type of interactions between virtual
participant 155 and one or more other virtual 3D objects.
[0103] FIG. 5 illustrates an example virtual 3D scene 190
including a virtual 3D participant 155 generated according to
the techniques discussed herein, and an external virtual ball
object 156, according to an example embodiment of the
present disclosure. Virtual 3D scene 190 includes a view of
3D virtual participant 155 bound by participant contour 201,
and a view of virtual 3D ball 156. Computer system 120 may
import the portion of 2D camera image 200 bounded by
participant contour 201 into the contour of virtual participant
155. Alternatively, computer system 120 may apply a virtual
image (e.g., an avatar) to the contour 210 of virtual 3D par-
ticipant 155, e.g., in an online gaming environment. Alterna-
tively, computer system 120 may apply some combination of
captured camera image data and virtual image data (e.g., a
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picture of participant 130 wearing a virtual costume) to the
contour 210 of virtual 3D participant 155.

[0104] Computer system 120 may generate the view of
virtual 3D scene 190 using various different techniques. In
some implementations, computer system 120 may generate
the view of virtual 3D scene 190 by (a) importing the captured
camera image 200 (including participant 130 and background
image 202) and (b) introducing virtual 3D objects in the
camera image 200, e.g., by overlaying visible portions of such
virtual 3D objects onto the camera image 200. In other imple-
mentations, computer system 120 may generate the view of
virtual 3D scene 190 by (a) creating a virtual image including
all virtual elements, e.g., a virtual background and any virtual
3D objects (other than virtual 3D participant 155), and (b)
introducing virtual 3D participant 155 into the virtual image,
e.g., by overlaying visible portions of virtual 3D participant
155 onto the virtual image. In other implementations, com-
puter system 120 may generate the view of virtual 3D scene
190 by (a) combining reality-based objects (e.g., virtual 3D
participant 155 and/or background scene 202) with virtual
elements (e.g., a virtual background and/or any virtual 3D
objects, such as virtual ball 156) in a 3D model, and (b)
requesting a view of the 3D model from a particular vantage
point, e.g., camera reference point 301. In each of such
example implementations, the view of virtual 3D participant
155 may appear identical and may appear to participant 130
as a mirror image of himself.

[0105] Virtual ball 156 is shown as a non-limiting example
of an external virtual 3D object generated by computer sys-
tem 120 and introduced into virtual 3D scene 190. A physics
engine may control the position and/or movement of virtual
ball 156, including any interactions with virtual 3D partici-
pant 155. For example, as virtual ball 156 rests on the partici-
pant’s hand, physics engine 123 may apply an upward force
on the ball from the participant’s hand to counter the gravita-
tional force on virtual ball 156. Thus, if the participant moves
his hand away from virtual ball 156, physics engine 123 (still
applying the gravitational force) may cause the ball to fall
toward the ground. Furthermore, supposing computer system
120 introduces a virtual wind into virtual 3D scene 190,
physics engine 123 may apply the force of the wind to the ball,
which may for example cause the ball to fly out of the par-
ticipant’s hand. Likewise, if another external 3D virtual
object (e.g., another virtual ball or a virtual person) were to
move across virtual 3D scene 190 and strike virtual ball 156,
physics engine 123 would control the collision and subse-
quent movement of virtual ball 156 accordingly to the rules of
physics.

Example Contour Extrusion Techniques

[0106] FIGS. 6 and 7 illustrate example extrusion tech-
niques for extruding a participant contour 201, according to
certain embodiments of the present disclosure.

[0107] FIG. 6 illustrates a top-down view illustrating vari-
ous extrusion techniques for generating a virtual 3D partici-
pant and their impact on interactions between the generated
virtual 3D participant and other virtual objects in a virtual 3D
scene, according to certain embodiments of the present dis-
closure. Camera reference point 301 is represented with cam-
era field of view boundaries 103.

[0108] Three participant contours 601, 602, and 603 are
illustrated as lines representing the top-down view of such 2D
contours. A different extrusion technique is applied to each
participant contour 601, 602, and 603, though the illustrated
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techniques only represent examples and are not meant to be
limiting. Participant contour 601 is extruded straight back
away from camera reference point 301 to form a first virtual
3D participant 155a defined by 3D solid 631. Participant
contour 602 is extruded away from camera reference point
301, but with beveled side 642 to form a second virtual 3D
participant 1555 defined by 3D solid 632. And, participant
contour 603 is extruded both toward and away from camera
reference point 301 by a non-uniform depth to form a third
virtual 3D participant 155¢ defined by 3D solids 634 and 633.
[0109] FIG. 6 also illustrates the result of such different
extrusions on interactions between the resulting virtual 3D
participants 1554, 1555, and 155¢ and other virtual objects in
a virtual 3D scene. To illustrate such different interactions,
three virtual 3D objects 611, 612, and 613 are shown. Virtual
3D objects 611, 612, and 613 are moving along initial vectors
V1, V,, and V;, respectively, toward virtual 3D participants
155a, 1555, and 155c¢, respectively. After colliding with vir-
tual 3D participants 155a, 15556, and 155¢, virtual 3D objects
611, 612, and 613 are directed along resultant vectors V., V.,
and V5, respectively, as discussed below. These interactions
may be controlled by physics engine 123.

[0110] The extrusion of participant contour 601 into solid
631 is illustrated as a straight-back extrusion, but could also
be a conical extrusion as illustrated in FIGS. 3 and 4 with
substantially similar results. This technique may provide the
simplest approach to generating a 3D representation from a
2D contour. Additionally, computer system 120 may offset
the extruded solid 631 (e.g., by placing solid 631 slightly
closer to or further from camera reference point 301) to
account for various assumptions about a participant’s center
of mass relative to the participant’s point of contact with the
ground as viewed by the camera. If computer system 120
determines that the participant is relatively thin (e.g., by ana-
lyzing the participant’s contour), system 120 may begin the
extrusion at the contour and extrude away from the camera. If
computer system 120 determines that the participant is rela-
tively fat, system 120 may offset the extrusion some defined
distance towards the camera and extrude further away from
the camera than for a thin participant. In either case, this
simplistic extrusion technique may result in a virtual 3D
participant including square or nearly square edges. When
virtual 3D object 611 (e.g., a ball) traveling along vector V,;
comes into contact with 3D solid 631, physics engine 123
detects the contact and redirects object 611 away along vector
V,' at an angle that is more severe than if 3D solid 631
embodied the actual 3D shape of the participant.

[0111] The extrusion of participant contour 602 into solid
632 is illustrated as a straight-back extrusion, but with bev-
eled rear edges 642. As with the prior technique, the extrusion
may be offset to account for the participant’s estimated center
of'mass. This technique introduces some additional complex-
ity, but provides a measured advance in realism in some
instances. Here, virtual 3D object 612 traveling along vector
V, contacts solid 632 and deflects at a relatively slight angle
illustrated by resulting vector V', which may be more real-
istic (as compared to the non-beveled extrusion of solid 631)
given the rounded shape of an actual human body. While solid
632 is illustrated with only one bevel per side, system 120
may apply additional bevels as appropriate. The addition of
multiple levels of beveling combined with bidirectional
extrusion may approximate the next technique.

[0112] The extrusion of participant contour 603 into solids
633 and 634 is illustrated as two curved surfaces more closely
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resembling the actual body shape of a person. While solid 634
is shown extruded toward the camera, the pair of solids 633
and 634 may be offset toward or away from the camera as
discussed above. In this example, virtual 3D object 613 trav-
eling along vector V; collides with solid 634 and is redirected
along new vector V' in front of solid 631. In contrast, if
extrusion 634 had been omitted, object 613 may be redirected
on a course behind solid 631. This technique may be approxi-
mated using discrete facets and/or bevels rather than imple-
menting an actual curved surface.

[0113] FIG. 7 illustrates a side view of a curved, non-uni-
form depth, bidirectional extrusion of a participant contour,
according to certain embodiments of the present disclosure.
Camera 101 is illustrated to provide a reference point and is
aimed along ray 102. The camera’s field of view is bounded
by lines 103a and 1035 originating at camera reference point
301. A cone bounded by lines 305a and 3055 intersects the
top and bottom of participant contour 201 (shown in this side
view as a vertical line). Extruded solid 306 is shown with a
curved, non-uniform depth extending a first distance d, from
participant contour 201 away from camera reference point
301 and extending a second distance d, from participant con-
tour 201 toward camera reference point 301.

[0114] This extrusion technique may more accurately rep-
resent certain classes of participants. For example, if a par-
ticipant is a beach ball or other inflatable object, extruded
solid 306 may be adjusted to more closely resemble the actual
shape than a solid extruded by a uniform depth. The extrusion
in the amount of distances d, and d, may be straight towards
or away from the camera (along ray 102) or in any other
direction. Because extruded solid 306 is curved, the concern
of visual anomalies due to extrusion in a direction other than
along the line of the camera perspective may be reduced or
eliminated.

Example Method of Operation of System 100

[0115] FIG. 8 illustrates an example method performed by
system 100 for generating a virtual 3D representation of a
participant (i.e., a virtual 3D participant) from a 2D camera
image, generating a 3D virtual scene including the virtual 3D
participant, and managing interactions between the virtual
3D participant and other virtual objects, in accordance with
certain embodiments of the present disclosure.

[0116] At step 802, various aspects of system 100 are cali-
brated. Such calibration may include, for example, any one or
more of the following:

[0117] (a) determining camera configuration data, e.g., a
physical location and/or orientation of the camera;

[0118] (b) generating or accessing one or more formulas
and/or look-up tables for determining a 3D physical location
of a participant based on the location (e.g., pixel) of the
participant within an image captured by the camera;

[0119] (c) generating or accessing one or more formulas
and/or look-up tables for determining a height ofa participant
based on (a) aspects of the participant’s contour (e.g., the
distance between the bottom and topmost points of the con-
tour) and/or (b) the location of the participant’s contour
within the camera image;

[0120] (d) generating or accessing one or more formulas
and/or look-up tables for determining a depth for which to
extrude a participant contour to generate a virtual 3D repre-
sentation of the participant (i.e., a virtual 3D participant) for
use in a virtual 3D scene; and/or
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[0121] (e) any other suitable calibrations for determining
any location and/or dimension data regarding a participant or
other aspect of the system.

[0122] At step 804, a camera captures an image and com-
municates data representing the image to a computer system
for analysis. The captured image may be, for example, a full
image or data from a video stream from which a full image
may be reconstructed. The image may be color or mono-
chrome and may represent visible light or other sensory data
(e.g., infrared light or x-ray transmission). The camera or the
computer system may reduce the resolution and/or color
depth of the captured image to enhance aspects of the sys-
tem’s performance (e.g., processing speed).

[0123] At step 806, the computer system may identify a
participant contour from the received camera image, e.g.,
according to any of the techniques described above with
respect to FIG. 2. The computer system may store either (a) a
representation of the contour outline or (b) a representation of
the contour outline including the image data contained in the
contour. The former representation may be more useful in the
computational aspects of determining the participant’s loca-
tion, while the latter may be mapped to the surface of the
extruded participant contour so that participants may see their
own images displayed as augmented reality (at step 826).
[0124] In some instances, the computer system may iden-
tify multiple participants from the captured camera image.
The computer system may process all identified participant
contours, or select one or more particular participant contours
for processing (e.g., by applying any suitable selection rules).
In some embodiments, system operators may wear computer-
system-recognizable markers to indicate to the computer sys-
tem that they should be ignored. Alternatively, people wish-
ing to participate with system 100 may be required to wear
markers indicating that they should be included. In some
embodiments, system operators may wear special clothing
(e.g., solid blue coveralls) such that the computer system
automatically ignores the system operators, e.g., using a suit-
able contour detection algorithm. This special clothing may
allow the system operators to remain invisible on the 3D
virtual display and incapable of interacting with any virtual
objects in 3D virtual display.

[0125] At step 808, the computer system may identify one
or more points of interest on the participant contour that may
be used (e.g., at step 816) for determining the location and/or
dimensional aspects of the participant. For example, the com-
puter system may identify the lowest point on the contour as
a primary reference point defining where the participant is in
contact with the ground. Alternatively, the primary reference
point may be a point where the participant is touching a wall
or some other predetermined contact point. For example,
participants may be informed that to appear in the augmented
reality experience, they must first touch a spot on the wall or
on a railing. As another example, the computer system may
identify the top point on the contour, which may be used (e.g.,
at step 816) for determining a height of the participant.
[0126] Atstep 810, if camera configuration data needed for
determining the location and/or dimensional aspects of the
participant (at step 816), the method may proceed to step 812.
If not, the method may proceed to step 816.

[0127] At step 812, the computer system may determine
whether the camera has physically moved since some prior
time (e.g., a previous iteration of method 800). If so, the
computer system may recalibrate one or more aspects of the
system at step 814, including, e.g., determining updated cam-
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era configuration data (e.g., an updated physical location
and/or orientation of the camera), and/or any algorithms or
look-up tables that depend on the current camera configura-
tion.

[0128] Alternatively, if the computer system determines
that the camera has not moved, the method may proceed to
step 816. At step 816, the computer system determines the
location and/or dimensional aspects (e.g., height, width,
stance) of the participant based on (a) the point(s) of interest
identified at step 808, and/or (b) camera configuration deter-
mined at step 802 and/or 814, and/or (¢) any other relevant
data. The computer system may use any of the techniques
described herein, e.g., the various techniques described with
reference to FIGS. 2 and 3.

[0129] At step 818, the computer system determines depth
data for extruding the participant contour. The computer sys-
tem may use any of the techniques described herein. For
example, the system may apply a standard extrusion depth for
all participants. Alternatively, system may determine a uni-
form or non-uniform extrusion depth for the participant based
on one or more factors, for example:

[0130] (a) the physical location of the participant (e.g., as
determined at step 816);

[0131] (b) the height of the participant (e.g., as determined
at step 816);
[0132] (c) a width or other dimension of the participant

(e.g., as determined at step 816);

[0133] (d)thetype of participant (e.g., person, animal, cart,
etc.);
[0134] (e) the orientation of the participant (e.g., whether

the participant is facing camera directly or sideways); and/or
[0135] (f) any other suitable factors.

[0136] In some embodiments, depth data may be deter-
mined using a formula that incorporates multiple factors. For
example, the system may apply a formula to compare the
relative width and height of the participant contour to deter-
mine whether the participant is standing sideways or facing
the camera. If the system determines that the participant is
facing sideways, the system may select a greater depth than if
the participant is determined to be facing the camera. In
another example, the system may recognize (based on the size
and/or shape of the contour) that the contour likely includes
two or more people partially obscuring each other—and thus
appearing to the system as a single participant. In such situ-
ation, the system may assign the contour a depth correspond-
ing to a single person. In some embodiments, the system may
attempt to classify the participant and generate an extrusion
depth accordingly. For example, the system may identify a
participant as a ball, and accordingly assign a depth equal to
the width of the ball.

[0137] At step 820, the computer system may extrude the
participant contour to generate a 3D solid for a virtual 3D
representation of the participant (i.e., a virtual 3D partici-
pant). The system may extrude the participant contour in a
uniform or non-uniform manner based on the depth data
determined at step 818. Where multiple participants are iden-
tified from the camera image, the system may apply the same
extrusion technique and/or depth data for all participant con-
tours or may apply different extrusion techniques and/or
depth data for different participant contours, based on some
classification of each participant. Examples of extrusion tech-
niques are described above, especially in reference to FIGS.
3,4,6,and 7.
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[0138] At step 822, the computer system may incorporate
the virtual 3D participant generated at step 820 into a 3D
virtual model. The 3D virtual model may include the virtual
3D participant and one or more other virtual elements, e.g.,
one or more external virtual 3D objects, one or more other
virtual 3D participants within the camera’s field of view 103,
a background (reality-based or virtual), and/or any other vir-
tual elements (e.g., light, fog, wind, etc.). The computer sys-
tem may utilize any suitable 3D rendering framework, e.g.,
OpenGL™ or DirectX™.

[0139] At step 824, the computer system may determine
interactions between the virtual 3D participant and one or
more other virtual elements in the 3D virtual model. Example
interactions may include:

[0140] (a) a shadow cast by the virtual participant onto
another virtual 3D object;

[0141] (b) a shadow cast by a virtual 3D object onto the
virtual participant;

[0142] (c) a collision or contact between the virtual partici-
pant and another virtual 3D object;

[0143] (d) a partial or total occlusion of the virtual partici-
pant by another virtual 3D object; and

[0144] (e) a partial or total occlusion of a virtual 3D object
by the virtual participant; and/or

[0145] (f) any other type of interactions between the virtual
participant and one or more other virtual 3D objects.

[0146] Specific example interactions are described above
with reference to FIGS. 5 and 9 (e.g., casting shadows, col-
liding, deflecting, and obscuring).

[0147] In some embodiments, computer system utilizes a
3D rendering framework (e.g., OpenGL™ or DirectX™) to
determine and visualize these interactions. In some embodi-
ments, computer system utilizes a real-time physics engine
(e.g., Open Physics Abstraction Layer, Bullet, or Simulation
Open Framework Architecture) to control the movement and
physical interactions of virtual 3D objects in the 3D virtual
model. For example, the real-time physics engine may apply
gravity forces to virtual objects, and control deflections,
deformations, cleaving, sticking, or other interactions result-
ing from collisions between virtual 3D objects.

[0148] At step 826, the computer system may display the
interactions between the virtual 3D participant and other vir-
tual element(s) determined at step 824. In some embodi-
ments, the computer system may display a 3D virtual scene
that displays the virtual 3D participant and other virtual 3D
elements in the 3D virtual model, as well as interactions
between such virtual 3D elements. In other embodiments, the
3D virtual scene may include only portions of the virtual 3D
participant, or an indirect or abstracted representation of the
virtual 3D participant. In other embodiments, the 3D virtual
scene may display indirect or abstracted interactions between
the virtual 3D participant and other virtual element(s). For
example, suppose an implementation in which a participant
can operate a hula hoop. The system may display the hula
hoop but not the participant (i.e., the hula hoop may appear to
be floating in space). A virtual 3D participant is generated for
the participant. As the participant moves her hips, the virtual
3D participant interacts with the hula hoop, causing the hula
hoop to move in circles. The interaction—i.e., the movement
of'the hula hoop caused by the participant moving her hips—
is displayed to the participant.

[0149] In some embodiments, the system may include a
large screen or monitor for displaying the 3D virtual scene in
view of the participant. This allows the participant to see the
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interactions and respond accordingly. For example, in the
virtual bubble room scenario, a participant may want to catch
or pop a virtual bubble, but can only see the virtual bubble in
the 3D virtual scene displayed on the screen. In this embodi-
ment, the 3D virtual scene may appear to the participant as a
mirror augmented with virtual elements.

[0150] The method may then return to step 804. The
method of steps 804-826 may be repeated any number of
times and at any frequency. Steps 804-826 may be performed
in real time or substantially in real time such that a participant
may view her movements and/or interactions with virtual
objects in a displayed 3D virtual scene in real time or sub-
stantially in real time.

Example 3D Virtual Scenes with Virtual Interactions

[0151] FIG. 9 illustrates the display of an example 3D vir-
tual scene 190 including various types of interactions
between virtual 3D elements, according to certain embodi-
ments of the present disclosure. Virtual scene 190 may be
viewed on any suitable display 110. In this example, the
system provides a game allowing participants to shoot virtual
basketballs into a virtual basketball goal. A virtual light
source 1002 casts a bright light on various virtual 3D element
including virtual 3D participants 1004 and 1006, virtual bas-
ketballs 1008 and 1012, and virtual basketball goal 1010.
Various example interactions are illustrated as follows. Vir-
tual basketball 1008 rests on the hand of virtual 3D participant
1004 at 1022. Basketball goal 1010 is obscured by the arm
and foot of virtual 3D participant 1004 at locations 1046.
Virtual 3D participant 1004 casts a shadow on virtual 3D
participant 1006 at 1040; on virtual basketball 1012 at 1042;
and on the virtual ground at 1030. Finally, virtual basketball
1012 obscures part of the arm of virtual 3D participant 1006
and may be deflected by the same at 1044. These example
interactions are discussed more fully as follows.

[0152] Virtual basketball 1008 rests on the hand of virtual
3D participant 1004 at 1022. In some embodiments, a real-
time physics engine 123 applies a downward gravitational
pull on purely virtual basketball 1008. Here, a portion of the
virtual 3D participant 1004 counters that force and prevents
the ball from dropping. In some embodiments, the physics
engine 123 may provide a measure of adhesive force (e.g.,
“stickiness”) to interactions between virtual basketballs 1008
and 1012 and the participants’ hands to make it easier for the
participants to hold the virtual basketballs (e.g., as it is diffi-
cult to actually determine whether a participant’s hand is
sufficiently large and level (or cupped) to prevent a virtual ball
from rolling off).

[0153] As mentioned above, virtual 3D participant 1004
casts a shadow on virtual 3D participant 1006 at 1040; on
purely virtual basketball 1012 at 1042; and on the virtual
ground at 1030. The shadow may be formed by extending
virtual rays of light from virtual light source 1002 across the
virtual 3D scene. Where the rays of light intersect with a
virtual 3D object, e.g. virtual 3D participant 1004, the inter-
section point may have an increased brightness (possibly
from complete darkness if virtual light source 1002 is the only
light source in the virtual 3D scene). Portions of virtual 3D
objects further from virtual light source 1002 along the same
ray, which is blocked by virtual 3D participant 1004, will
accordingly not be brightened.

[0154] Finally, virtual basketball 1012 obscures the arm of
virtual 3D participant 1006 and may be deflected by the same
at 1044. This deflection may also cause a visible deformation
of virtual basketball 1012. If virtual basketball 1012 is trans-



US 2010/0194863 Al

lucent, it may not completely obscure the arm of virtual 3D
participant 1006 at 1044, but may instead alter the arm’s
appearance by blurring and/or altering its color.

[0155] FIG. 10 illustrates the display of an example 3D
virtual scene including several virtual 3D participants inter-
acting with one external virtual 3D object, according to cer-
tain embodiments of the present disclosure. Virtual scene 190
may include multiple participants 130a and participant 1305
(5 total participants are illustrated in this example). The par-
ticipants 130a and 1304 are interacting with external virtual
3D object 156 (e.g., a virtual flag). Participants 130a may be
people with their arms stretched upward to hold up virtual flag
156. Participant 1305 may be a person with arms stretched
outward, rather than upward, with virtual flag 156 resting on
participant 13056 ’s head. One corner of the flag (the upper
right-hand corner of FIG. 10) is unsupported by any partici-
pant and may sag accordingly.

[0156] In some embodiments, computer system 120 may
use a physics engine to apply a gravitational force on virtual
flag 156 forcing the flag downward until supported by a
participant or the ground. In such an embodiment, the physics
engine would cause the unsupported corner to fall to the
ground and cause the corner supported by participant 1305 to
be lower than the portions of virtual flag 156 supported by
participants 130a with upward stretched hands. The physics
engine may employ a modified set of physics rules to prevent
all of the edges of virtual flag 156 from hanging limply, as
might be the case with areal, textile flag held up by five people
in the same arrangement. Alternatively, virtual flag 156 may
be modeled as having physical characteristics resembling a
sturdier material such as poster board to achieve the same
effect. In other embodiments, computer system 120 may plot
a 3D contour based on the top points of participants 130a and
1305 to visualize the shape of virtual flag 156, thereby obvi-
ating the need for a physics engine.

[0157] FIG. 11 illustrates the display of an example 3D
virtual scene including several virtual 3D participants inter-
acting with one external virtual 3D object, according to cer-
tain embodiments of the present disclosure. Virtual scene 190
may include participant 130a and participants 1305 (3 total
participants are illustrated in this example). Participant 130a
is a radio controlled car, e.g., one set into the field of view by
aperson and driven around on the ground. Participant 130a is
drive around participants 1305, e.g., semi stationary barrier
blocks made of foam or cardboard in a race course. The race
course may be painted or marked with tape or may only
appear on the display of the virtual 3D scene. External virtual
3D object 156 is a virtual race car driving through the same
course.

[0158] In some embodiments, computer system 120 may
use a physics engine to apply inertial forces to virtual car 156
when virtual car 156 collides with remote controlled car 130a
or barriers 1305. For example, if remote controlled car 130a
attempts to overtake virtual car 156, computer system 120
may cause virtual car 156 to lurch forward, upward and to the
side before spinning out. While systems may exist to alter the
position, speed, direction, level, and or other physical char-
acteristics of remote controlled car 130a as a result of the
same interaction, such a system is not part of this specific
example. Furthermore, if remote controlled car 130a were to
collide with barrier 1305, barrier 1305 may move as a result
(i.e., the car physically strikes and moves the barrier).
Because barrier 1305 is a participant, computer system 120
will recognize the new position of barrier 1305 and reflect that
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position in the 3D virtual representation maintained inter-
nally and displayed. In other embodiments, a physics engine
is not employed and collisions may be displayed as overlap-
ping 3D virtual objects, much like old video games some-
times did.

[0159] In some embodiments, barriers 1305 may be spe-
cifically colored, shaded, or lighted. In such an embodiment,
computer system 120 may distinguish between the contour of
remote controlled car 130a and the contour of barrier 1305
when remote controlled car 1304 is between the camera and
barrier 1305 and is partially obscuring barrier 1305. In these
embodiments, barriers 1305 are still recognizable to com-
puter system 120 and may interact with the 3D virtual repre-
sentation of remote controlled car 130a and virtual car 156.
[0160] As stated above, although the disclosed embodi-
ments are described in detail in the present disclosure, it
should be understood that various changes, substitutions and
alterations can be made to the embodiments without depart-
ing from their spirit and scope.

What is claimed is:

1. A computer implemented method for incorporating a
representation of a participant into a virtual 3D environment,
comprising:

receiving an image captured by a camera, the image includ-

ing a participant;

automatically determining a contour of the participant;

automatically associating depth data with the contour of

the participant;

automatically generating a first virtual 3D representation

of the participant by extruding the contour based on the
associated depth data;

determining an interaction between the first virtual 3D

representation of the participant and a second virtual 3D
representation of a second object based at least on the
extruded contour; and

automatically causing a display of the interaction between

the first virtual 3D representation of the participant and
the second virtual 3D representation of a second object
based at least on the extruded contour,

wherein the computer implemented method is performed

substantially in real-time.

2. The computer implemented method of claim 1, further
comprising:

the image captured by the camera including multiple par-

ticipants;

for each of the multiple participants:

automatically determining a contour of the participant;

automatically associating depth data with the contour of
the participant; and

automatically generating a virtual 3D representation of
the participant by extruding the contour based on the
associated depth data.

3. The computer implemented method of claim 1, further
comprising:

analyzing the location of a point on the contour of the

participant relative to one or more reference points
defined by the captured image; and

automatically determining a position of the participant

based at least on the analysis of the location the point on
the contour of the participant relative to the one or more
of reference points defined by the captured image.

4. The computer implemented method of claim 3 further
comprising:
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receiving camera configuration data indicating at least a
position and an orientation of the camera, wherein
receiving camera configuration data includes at least one
of:
receiving user-determined data via a user input,
receiving data automatically, and
analyzing the image to determine a location of a physical

marker in the image; and

determining the position of the participant based at least on
(a) the analysis of the location of a point on the contour
of'the participant relative to one or more reference points
defined by the captured image; and (b) the received
camera configuration data.

5. The computer implemented method of claim 1 wherein
determining the interaction between the first virtual 3D rep-
resentation of the participant and a second virtual 3D repre-
sentation of a second object based at least on the extruded
contour is performed at least in part by a real-time physics
engine.

6. The computer implemented method of claim 1, further
comprising:

mapping at least a portion of the image corresponding to
the participant onto the first virtual 3D representation of
the participant; and

automatically causing a display of the virtual 3D represen-
tation of the participant, which includes the mapped
portion of the image corresponding to the participant.

7. The computer implemented method of claim 1 wherein
the interaction between the first virtual 3D representation of
the participant and the second virtual 3D representation of the
second object comprises at least one of:

a shadow cast by the first virtual 3D representation of the
participant onto the second virtual 3D representation of
the second object;

a shadow cast by the second virtual 3D representation of
the second object onto the first virtual 3D representation
of the participant;

acollision or contact between the first virtual 3D represen-
tation of the participant and the second virtual 3D rep-
resentation of the second object;

at least a partial occlusion of the first virtual 3D represen-
tation of the participant by the second virtual 3D repre-
sentation of the second object; and

at least a partial occlusion of the second virtual 3D repre-
sentation of the second object onto the first virtual 3D
representation of the participant.

8. The computer implemented method of claim 1 further

comprising:

determining a vector representing a viewpoint and a direc-
tion of the camera, wherein extruding the contour by an
amount corresponding to the associated depth com-
prises at least one of:

a conical extrusion of uniform depth extending away
from the viewpoint of the camera;

an extrusion of uniform depth extending straight-back
from the camera;

an extrusion away from the camera and including at least
one beveled edge; and

an extrusion of non-uniform depth.

9. Software embodied in tangible computer-readable
media and, when executed by a processor, operable to:

receive an image captured by a camera, the image includ-
ing a participant;

determine a contour of the participant;
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associate depth data with the contour of the participant;

generate a first virtual 3D representation of the participant
by extruding the contour based on the associated depth
data;

determine an interaction between the first virtual 3D rep-
resentation of the participant and a second virtual 3D
representation of a second object based at least on the
extruded contour; and

cause a display of the interaction between the first virtual
3D representation of the participant and the second vir-
tual 3D representation of a second object based at least
on the extruded contour;

wherein the computer software is operable to run substan-
tially in real-time.

10. The software of claim 9 further operable to:

analyze the location of a point on the contour of the par-
ticipant relative to one or more reference points defined
by the captured image; and

automatically determine a position of the participant based
at least on the analysis of the location the point on the
contour of the participant relative to the one or more of
reference points defined by the captured image.

11. The software of claim 10 further operable to:

receive camera configuration data indicating a position and
an orientation of the camera, wherein the camera con-
figuration data includes at least one of:
user entered user-determined data,
automatically determined data, and
data determined by analyzing the image to determine a

location of a physical marker in the image; and
determine the position of the participant based at least on
(a) the analysis of the location of a point on the contour
of'the participant relative to one or more reference points
defined by the captured image; and (b) the received
camera configuration data.

12. The software of claim 9 operable to determine the
interaction between the first virtual 3D representation of the
participant and a second virtual 3D representation ofa second
object based at least on the extruded contour using, at least in
part, a real-time physics engine.

13. The software of claim 9, further operable to:

map at least a portion of the image corresponding to the
participant onto the first virtual 3D representation of the
participant; and

automatically cause a display of the virtual 3D representa-
tion of the participant includes the mapped portion of the
image corresponding to the participant.

14. The software of claim 9 wherein the interaction
between the first virtual 3D representation of the participant
and the second virtual 3D representation of the second object
based at least on the extruded contour comprises at least one
of:

a shadow cast by the first virtual 3D representation of the
participant onto the second virtual 3D representation of
the second object;

a shadow cast by the second virtual 3D representation of
the second object onto the first virtual 3D representation
of the participant;

a collision or contact between the first virtual 3D represen-
tation of the participant and the second virtual 3D rep-
resentation of the second object;

at least a partial occlusion of the first virtual 3D represen-
tation of the participant by the second virtual 3D repre-
sentation of the second object; and
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at least a partial occlusion of the second virtual 3D repre-
sentation of the second object onto the first virtual 3D
representation of the participant.

15. The software of claim 9 further operable to:

determine a vector representing a viewpoint and a direction
of'the camera, wherein the extrusion of the contour by an
amount corresponding to the associated depth com-
prises at least one of:

a conical extrusion of uniform depth extending away
from the viewpoint of the camera;

an extrusion of uniform depth extending straight-back
from the camera;

a conical extrusion of uniform depth wherein the exte-
rior edges of the conical extrusion that are furthest
from the contour are beveled, thereby reducing the
volume of the conical extrusion; and

an extrusion of non-uniform depth.

16. A computing system comprising:

a processor;

a memory coupled to the processor; and
an interactive media subsystem enabled to:

receive an image captured by a camera, the image
including a participant;

automatically determine a contour of the participant;

automatically associate depth data with the contour of
the participant;

automatically generate a first virtual 3D representation
of the participant by extruding the contour based on
the associated depth data;

determine an interaction between the first virtual 3D
representation of the participant and a second virtual
3D representation of a second object based at least on
the extruded contour; and

automatically cause a display of the interaction between
the first virtual 3D representation of the participant
and the second virtual 3D representation of a second
object based at least on the extruded contour;
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wherein the interactive media subsystem operates substan-

tially in real-time.

17. The computing system of claim 16, wherein the inter-
active media subsystem is further enabled to:

analyze the location of a point on the contour of the par-

ticipant relative to one or more reference points defined
by the captured image; and

automatically determine a position of the participant based

at least on the analysis of the location the point on the
contour of the participant relative to the one or more of
reference points defined by the captured image

18. The computing system of claim 17 further operable to:

receive camera configuration data indicating a position and

an orientation of the camera, wherein the camera con-

figuration data includes at least one of:

user entered user-determined data,

automatically determined data, and

data determined by analyzing the image to determine a

location of a physical marker in the image; and

determine the position of the participant based at least on

(a) the analysis of the location of a point on the contour

of'the participant relative to one or more reference points

defined by the captured image; and (b) the received

camera configuration data.

19. The computing system of claim 15 enabled to deter-
mine the interaction between the first virtual 3D representa-
tion of the participant and a second virtual 3D representation
of a second object based at least on the extruded contour
using, at least in part, a real-time physics engine.

20. The computing system of claim 15, further enabled to:

map at least a portion of the image corresponding to the

participant onto the first virtual 3D representation of the
participant; and

automatically cause a display of the virtual 3D representa-

tion of the participant includes the mapped portion of the
image corresponding to the participant.
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