wo 20097146407 A1 I A A0KO OO OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

/AIV .;-;\
¥
d”Ik

(10) International Publication Number

WO 2009/146407 A1l

ey
3 December 2009 (03.12.2009) PCT
(51) International Patent Classification:
GO6K 9/00 (2006.01)
(21) International Application Number:
PCT/US2009/045604
(22) International Filing Date:
29 May 2009 (29.05.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
12/129,775 30 May 2008 (30.05.2008) US
(71) Applicant (for all designated States except US): GEN-
ERAL INSTRUMENT CORPORATION [US/US];
101 Tournament Drive, Horsham, PA 19044 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): MAREACHEN,

Russell, D. [US/US]; 27 W 126 Sycamore Lane, Win-
field, IL 60190 (US). SUPER, Boaz, J. [US/US]; 1412
Manchester Ave., Westchester, IL 60154 (US). CHAI,
Sek, M. [US/US]; 420 Merry Oaks Road, Streamwood,
IL 60107 (US). YU, Tianli [CN/US]; 1000 Foster City
Blvd, Apt. 5408, Foster City, CA 94404 (US). TANG,
Bei [US/US]; 436 East Thornhill Lane, Palatine, IL
60074 (US).

(74) Agents: CULLEN, Lawrence, T. et al.; 1303 East Algo-
nquin Road, Schaumburg, IL 60196 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: REPLACING IMAGE INFORMATION IN A CAPTURED IMAGE

00
] OBTAIN AN IMAGE OF A SCENE P‘Oa

I

OBTAIN A DEPTH MAR OF THE SCENE

|

HDENTIFY PORTION OF THE IMAGE THAT
CORRESPONDS WITH SELECTED
OBIECT INTHE SCENE

FIG. 1

o

12

COORDINATES IN THE DEPTH MAF

DEFINE & DEFTH SURFACE WITH AT
LEAST TWO DIFFERENT DEPTH VALUES

k-

MAP IDENTIFIED PORTION TO A SET OF }/f 14

DETERMINE BA"KC‘ROL NS AND
FOREGROUND FORTIONS BASED ON
THE DEPTH MAP AND THE DEPTH
SURFACE

I

REPLACE (MAGE INFORMATION IN THE
OBTAINED IMAGE BASED ON THE
BACKGROUND AND FOREGROUND

PORTIONS AND THE DEPTH SURFAGE.

| 18

ac

(57) Abstract: Described herein are systems and methods for expanding upon the single-distance-based background denotation to
seamlessly replace unwanted image information in a captured image derived from an imaging application so as to account for a se-
lected object's spatial orientation to maintain an image of the selected object in the captured image.



WO 2009/146407 PCT/US2009/045604

REPLACING IMAGE INFORMATION IN A CAPTURED IMAGE

[0001]BACKGROUND

[0002] Videoconferencing, or video calling, has been used to supplement, and
in some instances, to replace the traditional face-to-face meeting between people
from different physical sites or locations. When properly implemented,
videoconferencing can reduce real and opportunity costs to businesses because it
cuts down on the travel time and cost required to bring personnel from different
locations together for a face-to-face meeting.

[0003] As known in the art, videoconferencing or video calling includes the
transmission of captured video images between the parties involved. Typically, a
captured video image includes two portions: a) a foreground portion that shows the
intended object of interest, such as a person or a business presentation involved in
the videoconference; and b) a background portion that shows the surrounding
environment, such as an office or a location, in which the object of interest is
situated. In some instances, videoconferencing parties may be concerned about the
improper disclosure of their surrounding environment for security and/or aesthetic
reasons. There is also a technology concern of having to maintain an expensive
video image transmission bandwidth that may be wasted in transmitting unnecessary
background information in a captured image or risk a slow down in the image
transmission that may affect the quality of a videoconferencing session.

[0004] To remedy the aforementioned problems of capturing unwanted
background image information for transmission, typical videoconferencing or video
communication systems employ a single distance threshold or color distributions to
determine where the background and foreground portions of video images are. The
background portion of each video image is then replaced as desired. However, with
the use of a single distance threshold, there are instances where one or more parties
involved in an imaging application, such as a videoconference or a video call, may
be considered part of the background and removed from the video image of the
video call. For example, consider a scenario where a person is sitting in a reclining

chair while participating in a video call, and a single distance threshold is set behind
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the chair. Then the resulting virtual depth surface partitioning a transmitted
foreground portion and an image-removal background portion of the image would
typically be a plane perpendicular to the floor and ceiling, behind the chair. If the
person reclines in the chair at a 45-degree angle to the floor, the resulting video
image presented to other remote parties involved in the video call would include only
the part of the chair and the part of the person that is in the transmitted foreground
portion in front of the capture plane. The rest of the chair and the person would be
replaced with alternative image information.

[0005] Likewise, with the use of color distributions to determine where the
where the background and foreground portions of video images are, if the person
involved in the video call happens to wear clothing with a color distribution that
matches the color distribution of the background, a part or an entire image of the
person may be replaced with alternative image information.

[0006] Accordingly, there is a desire to effectively replace the background of
images in an imaging application, such as a video call, while allowing a call
participant to move freely about the camera without the risk of blending the call
participants into the background portion and partly or completely eliminating such call

participants from the ongoing video image in the video call.

[0007] BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Embodiments are illustrated by way of example and not limited in the

following figure(s), in which like numerals indicate like elements, in which:

[0009] FIG. 1 illustrates a process for replacing information in an imaging
application.
[0010] FIGs. 2-5 illustrate various exemplary scenarios for replacing unwanted

image information in a captured image.

[0011] DETAILED DESCRIPTION
[0012] For simplicity and illustrative purposes, the principles of the
embodiments are described by referring mainly to examples thereof. In the following

description, numerous specific details are set forth in order to provide a thorough
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understanding of the embodiments. It will be apparent however, to one of ordinary
skill in the art, that the embodiments may be practiced without limitation to these
specific details. In other instances, well known methods and structures have not
been described in detail so as not to unnecessarily obscure the embodiments.
[0013] Described herein are systems and methods for expanding upon the
traditional single-distance-based background denotation to seamlessly replace some
or all of the background (foreground, or any other area) of an ongoing video call (or
any other obtained image) so as to account for a call participant’s spatial orientation
to maintain a video image of the call participant in the video call. Instead of a single-
distance-threshold background plane, a virtual replacement surface is used whereby
such a background replacement surface may be contoured as desired, with different
depth values at different sections of such a surface, to allow the camera to capture
foreground information on different distances and at different angles to the camera.
Furthermore, the virtual replacement surface may be contiguous or non-contiguous
(i.e., having multiple separate zones or sections) to provide replacement of
background of far away surfaces, surfaces near objects or subjects intended for
video imaging and transmission, and surfaces at an angle to the camera. Thus, for
example, users of different distances and angles from their respective cameras may
participate in a video call with a modified background that maintains images of the
users as foreground information for the duration of the video call.

[0014] In one embodiment, to accomplish virtual replacement surface
thresholds in an environment to be captured for video transmission, object tracking
and/or training of surfaces in such an environment is performed to build an accurate
background distance template. The accuracy of the depth resolution and,
consequently, the quality of the background replacement is dependent on the
accuracy of the imaging and depth mapping systems employed. For example, when
a stereo camera is employed for both imaging and depth mapping, it may be set up
with desired lenses, such as standard lenses or fisheye lenses, with lens-corrected
stereo overlapping regions of interest. A number of methods may be used to
generate a background map. For example, an initial room-mapping training method

may be used, wherein a stereo-based video imaging system (e.g., a video telephony
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system) is set up in a desired environment to enable the system to document the
environment. The system is operable to obtain or create a distance-based image
map that acts as a default background field, which takes into account immovable
physical boundaries, such as walls, doors, furniture, and allows the object of the
video capture, such as a video call participant, to traverse the room freely. In
another example, an object-tracking training method may be used, wherein a stereo-
based video imaging system (e.g., a video telephony system) is used in an object-
tracking mode. While in this mode, the system operates to distinguish the object of
the video capture, such as a video call participant, via tracking methods implemented
within a processing unit or component in the cameras or external to them Such
tracking methods are known in the arts of computer vision and image processing.
Simultaneously, a background map is created that excludes the tracked object.
Alternative embodiments are contemplated wherein a combination of the above two
methods may be used together to achieve greater accuracy in the prediction of user
location and background.

[0015] FIG. 1 illustrates a process 100 for replacing information in an imaging
application, in accordance with one embodiment. As referred herein, an imaging
application is any application that involves obtaining still and/or video images, for
example, by image or video capture. Examples of an imaging application include but
are not limited to video calling or videoconferencing, home video recording, movie
filming, and still-picture taking. The process 100 enables a defining or description of
an arbitrary virtual contiguous or non-contiguous surface in a scene captured by a
video image using depth information and a replacement of at least portions of the
image with selected image information.

[0016] The process 100 begins at 108, wherein an image of a physical scene
or environment is first obtained. The obtained image may be a still or video image,
depending on the imaging application employed. As referred herein, a physical
scene or environment is an actual volumetric or three-dimensional scene or
environment, wherein the volumetric or three dimensions refer to the physical
coordinates (height x, width y, and depth z) of the scene or environment. FIG. 2

.illustrates an exemplary scenario, wherein the video imaging application is a
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videoconferencing or video calling application that employs an imaging system 240
operable to obtain an image of a physical scene or environment 210 by capturing still
and/or video images of such a physical environment through an optional imaging
viewport 220. The imaging system 240 may be stationary or in motion as it operates
to capture images of the physical environment 210. Likewise, if used, the imaging
viewport 220 also may be stationary or in motion as the imaging system 240
operates (stationary or in motion) to capture images of the physical environment 210.
The physical environment 210 may be a conference room, an office, a room in a
home, or any desired imaging area. The imaging system 240 may include any
device capable of capturing still and/or video images in its view. Examples of the
imaging system 240 include known types of still and video cameras.

[0017] At 110, a depth map of the same physical environment 210 is obtained.
In one embodiment, depth mapping may be dynamically generated in instances
where either or both the imaging system 240 and the imaging viewport 220 are in
motion during image capturing, which results in changes to the scene or environment
210 and changes in the depth mapping. It should be noted that changes or
movements of objects in the scene 210 may also result in changes in the depth
mapping. Hence, as described herein, depth mapping is dynamically generated. A
depth map provides a three-dimensional mapping of an image, wherein the
information contained in the image indicates depths or distance values to parts of the
scene. For example, a depth map of a physical environment may be a digital image
in which each pixel contains a value that indicates the depth or distance to a portion
of the physical environment that is captured in the image pixel of a digital image
registered with the depth map. The depth map may be generated in a manner
known in the art also by the imaging system 240, which may be a stereo camera (still
or video) system, an imaging system that mates a normal still or video camera with
an optical or laser rangefinder, or any other imaging system that is operable to
measure the depth or distance of objects in a desired image capturing area, such as
the physical environment 210. Thus, it should be noted that obtaining an image
(e.g., by a normal camera) at 108 may be performed independently from generating

a depth map of such an image, e.g., by a rangefinder, a lidar (light detection and
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ranging), or a radar (radio detection and ranging) at 110 so that these two steps do
not constrain one another. Furthermore, various types of optical lenses may be used
in an optical/vision system for capturing an image, with computational compensation
provided in the depth-map generation for the type of lenses used. Examples of
viable optical lenses include but are not limited to normal lenses, wide angle lenses
such as fisheye lenses, telephoto lenses, and macro lenses.

[0018] Once obtained, the depth map of the physical scene 210 is used to
define a depth surface that has at least two different depth values at 112-114. That
is, at 112, a portion of the obtained image that corresponds to an object of interest in
the scene is identified. For example, referring to the exemplary scenario illustrated in
FIG. 2, a chair 230 in which a videoconferencing participant may sit is the object of
interest, and a portion of the obtained image that corresponds to the chair 230 is
identified. The object of interest may be selected manually (e.g., a user may select a
desired object from the depth map or an image) or automatically (e.g., the camera
system selects an object in the center of the physical environment or an object
closest to the camera view port).

[0019] At 114, the identified portion of the obtained image is mapped to a set
of three-dimensional coordinates in the depth map so as to calculate or determine
the location of the selected object in the physical environment. The selected object
may be stationary or in motion, which affects the dynamic mapping of such an object
as understood in the art. For example, referring to the exemplary scenario illustrated
in FIG. 2, an image pixel representing an object center of the selected object, i.e.,
the chair 230, in the identified portion of the obtained image is initially mapped to a
point identified by three-dimensional coordinates (x,y,z) in the depth map. The
coordinates (x,y,z) of this center point or pixel in the depth map are then stored.
Next, image pixels in the neighborhood of the object center that also belong to the
selected object are similarly mapped to three-dimensional coordinates in the depth
map, and such coordinates are also stored. This is repeated until all image pixels
that belong to the selected object are mapped to coordinates in the depth map and

such coordinates are stored.



WO 2009/146407 PCT/US2009/045604

[0020] In general, the steps 112-114 may be performed by the imaging
system 240 or other image processing devices using one or more methods for
generating a background map as noted earlier. For example, the imaging system
240 may use an initial room mapping training method to map static objects in the
physical environment 210, an object-tracking training method (e.g., facial recognition
method) to dynamically identify and map a moving object in the physical environment
210, or both the initial room mapping training and object-tracking training methods to
map one or more static and moving objects in the physical environment 210 or to
achieve greater accuracy in mapping a single object.

[0021] At 116, a surface model with three-dimensional physical coordinate
variables (x,y,z) is fitted to the three-dimensional coordinates of the selected object,
as mapped in the depth map at 114, to define a desired depth surface based on a
surface of the selected object. The desired depth surface is a virtual replacement
surface that may be defined from values of the mapped three-dimensional
coordinates that represent the surface of the selected object, approximated values of
such coordinates, predetermined offsets from the actual coordinate values (e.g., to
shift the object surface away from the selected object while contouring the object
surface to the surface of the selected object), or any combination thereof. In one
embodiment, this surface model may be extended two-dimensionally along an entire
width direction (i.e., x direction) and an entire height direction (i.e., y direction) of the
physical environment, as mapped in the depth map, to define or generate a three-
dimensionally traversing depth surface (having at least two different depth values)
that is fitted to the surface of the selected object or an approximation thereof. For
example, referring to the exemplary scenario illustrated in FIG. 2, a depth surface
250 is surface fitted to the surface of the chair 230 and extended horizontally along
the entire x direction and vertically along the entire y direction of the physical
environment 210, as mapped in the depth map. In another embodiment, the depth
surface 250 may be extended a predetermined distance along the width and/or
height direction, such as along the width and height of the chair 230, for piecewise
image replacement of, for example, only image information that is directly behind the

chair 230. As illustrated, the depth surface 250 includes a plane that is not parallel
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to the principal plane of the image as obtained or captured by the imaging system
240, whereby the principal plane of the image is perpendicular to the optical axis of
the imaging system. Also as illustrated, the depth surface 250 includes a
representation of at least a portion of the surface of the chair 230, namely, the
seating area and the back-support area of the chair 230.

[0022] Known methods for parametric or non-parametric surface modeling
may be employed to generate or define the three-dimensional surface model for the
depth surface 250. For example, with parametric surface modeling, the surface
model may include one or more parameterized surface equations (i.e., with known
coefficients or parameters) that are used to fit one or more selected objects based
on their mapped three-dimensional coordinates in the depth map or approximations
thereof. One surface equation may be sufficient for the surface model if the depth
surface 250 is contiguous. However, multiple surface equations may be included in
the surface model if the depth surface 250 is non-contiguous so as to define non-
contiguous zones of such a surface. As referred herein, a non-contiguous surface
includes multiple separate surfaces that do not abut one another. When
parameterized surface equations are not used or otherwise not available to define
the depth surface 250, non-parametric surface modeling may be employed to fit one
or more selected objects to generate the depth surface 250. For example, a
contiguous or non-contiguous depth surface 250 may be represented by an un-
predetermined number of local surface patches that are used to fit to three-
dimensional coordinate points of one or more selected objects. In another example,
a contiguous or non-contiguous depth surface 250 may be represented by sampled
three-dimensional coordinate points of the vertices of a triangular tessellation of the
surface of one or more selected objects. In general, any known non-parametric
modeling techniques may be employed here to define or generate the depth surface
250.

[0023] Accordingly, unlike the typical single depth or distance threshold, a
depth surface 250 comprising multiple depth or distance values is determined and
used here. Furthermore, unlike the single value of distance threshold, the depth

surface 250 may be dynamically calculated to take into account the movement of the
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selected object so as to move with the selected object. That is because the
determination of the depth surface 250 may be based on the dynamic mapping of
the selected object.

[0024] At 118, background and foreground portions of the captured image are
determined based on the obtained depth map and depth surface 250. The
background portion is determined as those pixels in the captured image that have
depth values (i.e., in the z direction) greater than those of corresponding points of
the depth surface. The foreground portion is determined as those pixels in the
captured image that have depth values (i.e., in the z direction) less than those of
corresponding points of the depth surface. Pixels in the captured image that have
depth values equal to those of corresponding points of the depth surface may be
classified as foreground, background, or neither foreground nor background. For
example, referring to the exemplary scenario illustrated in FIG. 2, the portion of the
captured image that represents the volumetric region 260 behind the depth surface
250 is considered as the background portion or region; whereas, the portion of the
captured image that represents the volumetric region 270 in front of the depth
surface 250 is considered as the foreground portion or region.

[0025] At 120, once the foreground region, the background region, and the
depth surface are determined, any part thereof may be replaced with other selected
image information as desired. For example, referring to the exemplary scenario
illustrated in FIG. 2, pixels in the background region 260 (i.e., pixels in the depth map
that have greater depth than the depth surface 250) may be replaced with
background pixels that have desired information such as blue pixels to form a blue
screen, pixels that form some desired graphic design, such as a company logo, or
pixels from another image or video frame. Alternatively or additionally, normal or
texture image information may be mapped to the depth surface 250. Thus, a call
participant sitting in the chair 230 would appear to be sitting in a formal setting
instead of in a physical environment 210, which may be an informal setting, such as
a bedroom or kitchen in the participant's home. FIGs. 3-5 illustrate various scenarios
for image replacement in the foreground region, background region, and the depth

surface.
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[0026] FIG. 3 illustrates an exemplary scenario wherein a background
replacement is performed over a desired background replacement surface 310
behind the depth surface 250, i.e., within the background region 260. The
background replacement surface 310 is a virtual replacement surface that may be
contiguous or non-contiguous. It may be defined or generated by parametric or non-
parametric surface modeling as described earlier such that the depth (i.e., in the z
direction) of the background replacement surface 310 is greater than the depth of the
depth surface 250. Then, pixels in the obtained image that have a greater depth
based on corresponding values in the depth map than the background replacement
surface 310 may be replaced with background pixels of desired image information.
Alternatively or additionally, normal or texture image information may be mapped
onto the background replacement surface 310. The background replacement
surface model may be defined by one or more objects in the obtained image that are
located behind or in front of the object of interest, e.g., the chair 230. Alternatively,
the background replacement surface model may be arbitrarily selected so as to form
a desired shape for the background replacement surface 310, such as a curved
background replacement surface as illustrated in FIG. 3. Furthermore, a line
equation 320 on the background replacement surface 310 may be derived or
calculated to map desired background information thereon such that information may
be transformed or contoured (rotated, scale, translated) with respect to the direction
of the line equation. For example, a ticker tape image displaying current news or the
stock market may be presented on background replacement surface 310 along the
line equation 320. It should be understood that a line equation may be used to form
desired information on the depth surface 250 as well.

[0027] FIG. 4 illustrates an exemplary scenario wherein a foreground
replacement is performed over a desired foreground replacement surface 410 in
front of the depth surface 250, i.e., within the foreground region 270. As with the
background replacement surface 310, the foreground replacement surface 410 is a
virtual replacement surface that may be contiguous or non-contiguous. It may be
defined or generated by parametric or non-parametric modeling as described earlier

such that the depth (i.e., in the z direction) of the foreground replacement surface
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410 is less than the depth of the depth surface 250. Then, pixels in the obtained
image that have less depth, based on corresponding values in the depth map, than
the foreground replacement surface 410 may be replaced with foreground pixels of
desired image information. Alternatively or additionally, normal or texture image may
be mapped to the foreground replacement surface 410. In one embodiment, the
replacing pixels that are mapped to the foreground replacement surface 410 may be
translucent or otherwise of a color that is sufficient to allow pixel data behind the
foreground replacement surface 410 to be partially visible. The foreground
replacement surface model may be defined by one or more objects that are located
in front of the object of interest, e.g., the chair 230. Alternatively, the foreground
replacement surface model may be arbitrarily selected so as to form a desired shape
for the foreground replacement surface 410, such as the bent foreground
replacement surface as illustrated in FIG. 3. Furthermore, a line equation 420 on the
foreground replacement surface 410 may be derived or calculated to map desired
background information thereon such that information may be transformed or
contoured (rotated, scale, translated) with respect to the direction of the line
equation. For example, a ticker tape image displaying current news or the stock
market may be presented on foreground replacement surface 410 along the line
equation 420.

[0028] FIG. 5 illustrates an exemplary scenario wherein image replacement
mapping on various replacement surfaces, such as the background replacement
surface 310 and the foreground replacement surface 410, may be scaled to create
the illusion of depth (e.g., darker colors look more distant) and to blend into the final
composite image presented to viewer at the receiving end of the imaging system
240. In one embodiment, brightness, gamma, contrast, transparency, and/or other
visual properties may be scaled based on the depth and/or position of the surface
from the imaging system 240 or based on the distance and/or direction to the depth
surface 250. Thus, properties of the selected image information used to provide
image replacement may be modified based on depth and/or position of the virtual
replacement surfaces. For example, as illustrated in FIG. 5, if the foreground

replacement surface 270 ranges from 3 feet to 2 feet to 4 feet away from the imaging
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system 240, then the portion of the image mapped to the foreground replacement
surface 270 is transformed to have a brightness gradient increasing from the left side
to the ‘crease’ in the surface, and then decreasing to the right side, where the
brightness gradient on the left side is less than the brightness gradient on the right
side because the magnitude of the slope of the left side from 3 feet to 2 feet is less
than the magnitude of the slope on the right side from 4 feet to 2 feet. The image
gradient also may follow the curvature of the mapped surface, such as the bent
arrow 420 in the foreground replacement surface 410 (or the curved arrow 320 on
the background replacement surface 310 if mapped thereto). This is done by
calculating the distance between two surfaces at predetermined traversing intervals.
It will be understood by those skilled in the art that the above example is for
illustrative purposes only, and that the image property modified is not limited to
brightness, and that the mapping from depth or depth slope to gradient of any image
property is not limited to the mapping described in the example.

[0029] In another exemplary scenario, image replacement mapping on various
replacement surfaces, such as the background replacement surface 310 and the
foreground replacement surface 410, may be scaled based on the previous gradient
of the replaced pixels. That is, pixel brightness, gamma, contrast, and/or other visual
properties on the replacement surfaces may be scaled based on the gradient of the
pixels to be replaced on such surfaces before replacement. Thus, gradient matching
may be done to maintain the color consistency in the composite image. For
example, referring again to FIG. 5, on the left side of the foreground replacement
surface 410 that ranges from 3 feet to 2 feet the gradient of brightness, gamma, and
contrast may be calculated and then applied to the new pixels that are to be mapped
onto the left side. In addition to gradient, relative scaling may be done with respect
to a starting corner (or any designated location) of a replacement surface. That is,
for example, if the original pixel luminance is Y=50 at a starting corner that is to be
replaced by the replacement surface, and the new pixel value is Y=100 for the
starting corner of the replacement surface, the new pixel value may be scaled by 0.5
before gradient scaling is applied. This may be done to visually blend in the

replacement surface with the rest of the captured image. Otherwise, as noted in the
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example, the replacement surface may exhibit a higher luminance than that of the
rest of the captured image and cause a visual discrepancy between the replacement
surface and the captured image, especially at the boundaries between the two.
[0030] In still another exemplary scenario, image replacement mapping on
various replacement surfaces 310, 410 may be scaled based on relative distances
between the replacement surfaces 310, 410 to the depth surface 250, or the depth
surface 250 to the imaging system 240. That is, pixel brightness, gamma, contrast,
and/or other visual properties on the replacement surface may change based on a
selected object 230 which defines the depth surface 250. This is useful, for example,
to create textures such as shadows on the replacement surfaces 310, 410 that
dynamically change based on movement of object 230.

[0031] Accordingly, as described above, the process 100 may be used to
generate or determine a depth surface 250, a background replacement surface 310,
and/or a foreground replacement surface 410 that are contiguous or non-contiguous.
The process 100 as illustrated in FIG. 1 and exemplified above may be implemented
in a general, multi-purpose or single purpose processor. Such a processor will
execute instructions, either at the assembly, compiled or machine-level, to perform
that process. Those instructions can be written by one of ordinary skill in the art
following the descriptions of FIGs. 1-6 and stored or transmitted on a computer
readable medium. The instructions may also be created using source code or any
other known computer-aided design tool. A computer readable medium may be any
physical medium capable of carrying those instructions and include a CD-ROM,
DVD, magnetic or other optical disc, tape, silicon memory (e.g., removable, non-
removable, volatile or non-volatile), or any transmission medium such as packetized
or non-packetized wireline or wireless transmission signals.

[0032] Accordingly, the systems and methods as described herein are
operable to modify the background and/or foreground of a video call, or any video
capturing and transmission application, based on the use of an imaging system and
knowledge about the physical environment at which the imaging system is directed.
As a result, an object of the video call, such as a call participant, may move freely

around the video capturing environment, such as a videoconference room, without
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concern of the image of objects in the room being transmitted to other participants of
the video call.

[0033] What has been described and illustrated herein are various
embodiments along with some of their variations. The terms, descriptions and
figures used herein are set forth by way of illustration only and are not meant as
limitations. Those skilled in the art will recognize that many variations are possible
within the spirit and scope of the subject matter, which is intended to be defined by
the following claims—and their equivalents—in which all terms are meant in their

broadest reasonable sense unless otherwise indicated.
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What is claimed is:
1. A method for replacing image information in an image comprising:
obtaining an image of a scene;
obtaining a depth map of the scene;
defining a depth surface in the depth map, wherein the depth surface includes
at least two different depth values;
defining at least one portion of the image based on the depth surface; and
replacing the at least one portion of the image with selected image

information.

2. The method of claim 1, wherein the step of defining the depth surface
COMpIises:

identifying a portion of the obtained image that corresponds to a selected
object in the scene; and

mapping the portion of the obtained image that corresponds to the selected

object in the scene to a set of coordinates in the depth map.

3. The method of claim 2, wherein the set of coordinates in the depth map are
three-dimensional coordinates, and the step of defining the depth surface further
COMpIises:

defining the depth surface based on at least one of: the three-dimensional
coordinates, an approximation of the three-dimensional coordinates, and an offset

from the three-dimensional coordinates.

4, The method of claim 1, wherein the step of defining the depth surface
comprises at least one of:
determining a parametric surface model for the depth surface; and

determining a non-parametric surface model for the depth surface.

5. The method of claim 1, wherein the depth surface includes a plane that is not

parallel to a principal plane of the obtained image.
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6. The method of claim 2, wherein the depth surface comprises a representation

of at least a portion of a surface of the selected object.

7. The method of claim 2, wherein the step of defining the depth surface
COMprises:

determining a surface of the selected object based on the mapping of the
portion of the obtained image; and

fitting a surface model to the determined surface of the selected object.

8. The method of claim 7, wherein the step of defining the depth surface further
COMprises:

forming the depth surface by extending the surface model along an entire
width direction and an entire height direction of the scene as mapped in the depth

map.

9. The method of claim 2, wherein:

the step of mapping the portion of the obtained image includes dynamically
mapping the portion of the obtained image that corresponds to the selected object as
the selected object moves about in the scene; and

the step of defining the depth surface includes dynamically defining the depth

surface based on the dynamic mapping of the selected objected in the scene.

10.  The method of claim 1, wherein:
the step of defining the depth surface includes dynamically defining the depth
surface based on changes in at least one of the obtained image, the obtained depth

map, and the scene.

11.  The method of claim 1, wherein the step of obtaining the image of the scene

COMprises:
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obtaining the image of the scene with an imaging system that includes one of

a normal lens, a wide-angle lens, a telephoto lens, and a macro lens.

12. The method of claim 1, wherein the step of defining at least one portion of the
image comprises:

determining a background portion of the image by identifying pixels in the
captured image that have depth values greater than depth values of the depth
surface; and

determining a foreground portion of the image by identifying pixels in the
captured image that have depth values less than the depth values of the depth

surface.

13.  The method of claim 1, further comprising:

defining a virtual replacement surface.

14. The method of claim 13, further comprising:
modifying properties of the selected image information based on depth values

of the virtual replacement surface.

15.  The method of claim 13, further comprising:
modifying properties of the selected image information based on distances of

the virtual replacement surface to the depth surface.

16.  The method of claim 1, further comprising:
modifying properties of the selected image information based on depth values

of the depth surface.

17. The method of claim 1, further comprising:
modifying properties of the selected image information so as to match a
gradient of the selected image information to a gradient of the at least one portion of

the image.
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18.  The method of claim 1, wherein the image obtained is a video image.

19.  The method of claim 1, wherein the steps of obtaining the image of the
physical scene and obtaining the depth map of the physical scene are performed

using a stereo camera.

20. The method of claim 1, wherein the depth surface includes non-contiguous

Zones.

21.  The method of claim 13, wherein the virtual replacement surface includes

non-contiguous zones.

22. A system to replace image information in an image comprising:

means for obtaining an image of a scene;

means for obtaining a depth map of the scene;

means for defining a depth surface in the depth map, wherein the depth
surface includes at least two different depth values;

means for defining at least one portion of the image based on the depth
surface; and

means for replacing the at least one portion of the image with selected image

information.

23. A computer readable medium on which is encoded machine-executable
instructions that are executable to:

obtain an image of a scene;

obtain a depth map of the scene;

define a depth surface in the depth map, wherein the depth surface includes
at least two different depth values;

define at least one portion of the image based on the depth surface; and

replace the at least one portion of the image with selected image information.
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