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(57) Abstract: Disclosed herein are a system and a method that use a background model to determine and to segment target con-
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REPLACEMENT OF A PERSON OR OBJECT IN AN IMAGE

BACKGROUND

{0001}  There are many applications in which a user may want {o
segment a persen or cbject from an image and replace them with other content.
For example, the user may want o replace a person or an object {including an
animal) in an image with different content, such as bul not limited to another
version of the same person, a different person, a different object, or a virtual
character.

[0002]  Examples of technigues for segmenting a person or an object
from an image include a Bayesian matting and a Poisson matting, where a rough
mask of the object to be segmented, called a trimap, is used. See, e.g., Y.
Chuang et al., 2001, “A Bayesian Approach to Digital Matting,” CVPR 2: 264-
271; .1 Sun et al,, 2004, "Poisson matling” ACM Trans. Graph., 23(3). 315-321.
Generating a trimap may require a lot of user interaction. In Lazy snapping, a
user draws strokes o specify example area of the foreground and background for
the segmentation. Y. Li et al,, 2004, "Lazy snapping” ACM Transacfions on
Graphics (TOG), 23: 303 ~ 308. In GrabCut, instead of a user-specified example
area, a bounding box is used {o indicate where the object to be segmented might
be and the algorithm can infer the salient area within the bounding box to be the
foreground. C. Rother et al., 2004, "GrabCul: Interactive foreground exiraction
using iierated graph cuts,” ACM Trans. Graph., 23: 308-314. In SofiScissors, a
user moves a stroke along the boundary of an object to facilitate segmenting the
object, and may requires a lof of user interaction. J. Wang st al,, 2007, “Soft
scissors: an interachive tool for real-ime high quality matling,” ACM Trans. Graph.
28(3): 9. In flash Matling, two images {one caplured with a flash and one without
a flash) are used (o segment an object. A special device Tor capturing, which is
not realistic in many praclical applications. J. Sun et al., "Flash Cul: Foreground
Exiraction with Flash and No-flash Image Pairs,” CVPR 2007.
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DESCRIPTION OF DRAWINGS

100031 FiG. 1 is a block diagram of an example of an image
compaositing system for replacing an object or person in an image with different
content.

{00047  FiG. 2A shows a flow chart of an example process for
generating a composite image.

100057 FIG. 2B shows a flow chart of an example process for
generating a background model and using the background model to identify
target conient.

{00061 FIG. 3 iliustrates an example target content model constructed
based on a face detection box.

10007] FIGS. 44 and 4B show example images that include {arget
content from a predetermined area.

10008; FIGS, 5A-C Hllustrate an example generation of a composite
image.

{000g] FIG. 6 is a block diagram of an example of a computer that

incorporates an example of the image compositing system of FIG. 1.

DETAILED DESCRIPTION

100013 In the following description, like reference numbers are used to
identify like elements. Furthermore, the drawings are intended to illustrate major
features of exemplary embodiments in a diagrammatic manner. The drawings
are not intended to depict every feature of actual embodiments nor relative
dimensions of the depicted elements, and are not drawn 1o scale.

{00021  An “image” broadly refers to any type of visually perceptible
content that may be rendered on a physical medium {e.g., a display monitor or a
print medium). Images may be complete or partial versions of any type of digital
or electronic image, including: an image that was captured by an image sensor
{e.g., a video camera, a still image camera, or an oplical scanner) or a processed
{e.g., fillered, reformatted, enhanced or otherwise maodified) version of such an
image; a computer-generated bifmap or vector graphic image; a texiual image

{e.9., & bitmap image containing text); and an iconographic image.
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{00037  The term “imags forming slement” refers {o an addressable
region of an image. In some examples, the image forming elements correspond
o pixels, which are the smallest addressable units of an image. Each image
forming element has at least one respective “image valug” that is represented by
one or more bits. For example, an image forming element in the RGE color
space includes a respective image value for each of the colors (such as but not
imited {o red, green, and blue), where each of the image values may be
represenied by one or more bits.

{00047 A “computer” is any machine, devics, or apparatus that
processes data according to computer-readable instructions that are slored on a
computer-readable medium sither temporarily or permanently. A “software
application” {also referred to as scftware, an application, computer software, a
computer application, a program, and a compuier program) is a sei of instructions
that a computer can interpret and execute to perform one or more specific tasks.
A “data file” is a block of information that durably slores dataforuse by a
software application,

[G005] The term “computer-readable medium” refers to any medium
capable storing information that is readable by a machine (e.g., & computer).
Storage devices suitable for tangibly embodying these instructions and data
include, but are not limited to, all forms of non-volatile computer-readabls
memory, including, for example, semiconducior memory devices, such as
EFROM, EEPRCOM, and Flash memory devices, magnetic disks such as internal
hard disks and removabie hard disks, magnelo-optical disks, DVD-ROM/RAM,
and CO-ROM/RAM.

{00061  As used herein, the term "includes” means includes but not
fimited io, the term “including” means including bui not limited {o. The term
“hased on” means based at least in part on.

{0007} The examples that are described herein provide a system and a
method for segmenting a person or an object from an image and replace them
with other content. In one example, a system and a method are provided for

replacing a person or an object {including an animal) in an image with different
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content, such as but not limited {o a different version of the same person or the
same object, a different person, a different object, or a virtual character.

{00087 A systemn and a method provided herein uses background
modeling, face detection, skin detection and cloth detection to segment a person
or object of interest from an image. The system and method use information
oblained with a targst content model {such as a person model). The system and
method can greatly reduce the amount of user interactions required to segment a
person or object of interest. The system and method use background modsling
o facilitate the image segmentation. The system and method can be used (o
segment a person or an object {including an animal) from an image and replace
them with different content. Examples of different content include a different
version of the same person or the same object, a different person, a different
object, or a virtual character. In any of the systems and methods disclosed
herein, an object can be an animal. in any of the systems and methods disclosed
herein, an image can be modsled as having image lavers, where one or more of
the image layers are components of a foreground corresponding to the person or
object to be removed or replaced, and one or more other ones of the image
lavers are components of a background corresponding to parts of the image that
are outside of the image area that correspond {o the person or object {0 be
removed or replaced.

(0009]  FIG. 1 shows an example of an image compositing system 10
that generates a composite image 12 from an image 14. In particular, the image
compositing system 10 can be used {0 segment a person or an object from an
image 14 and replace them with other content {o provide a composite image 12
that is a composite image. The image compositing system 10 uses background
modeling to facilitate the image segmentation. In one example, the image
compaositing system 10 can segment a person or an object from an image 14 and
manipulate and blend a different content into the segmented image 14
substantially at a location that correspond o the removed person or object o
provide the composite image 12.

{00107 in another example of the process, the image compositing

systemn 10 can use background models that are generated based on several
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images of the predetermined area that correspond to different times of a day.
The background model is generaled based on images of the predetermined area
in the absence of traversing content. “Traversing content” herein refers to image
content that is determined o traverse a predetermined area, as capiured in one
or more images of a set of images of the predetermined area. For exampls, the
background models can be based on stored images of the predetermined area in
the absence of traversing content taken at or corresponding o, e.g., 30 minute
intervals, 1 hour, or 2 hour intervals. The traversing content includes the person
or object of interest. In another exampie, the background modsls can be based
on stored images of the predetermined area in the absence of traversing content
taken at or corresponding to shorter time intervals, e.g., time intervals of 30
seconds or less, 1 second, 0.03 second, or less. The time intervals can be
determined hased on the expecied use of the background model. For example,
shorter time intervals {on the order of minules, seconds, or fractions of a second)
can be used for background modeis to be used with images in which traversing
content moves on a timescale on the order of minules or saconds, for example
but not limited to, an amusement park ride or a motor vehicle thal moves quickly
through image frames. In ancther example, images of the predetermined area
taken at combinations of short and long time infervals can be used for deriving
background models, where bursis of images are separated by long lime intervals.
For example, § or 10 images can caplured within fractions of a second (e.g., half
a second), and 2 hours later, 5 or 10 more images can caplured within fractions
of a second, and so on.

{0011}  The image compositing system 10 can segment a person or an
object (target content} from an image 14, and in-paint the area after the person or
object is removed with image pixels that substantially correspond o the time of
day of image 14 based on the background model. The different conlent
{including a different version of the same person or the same object, a different
person, a different object, or a virtual characler) can be inserted into substantially
the original location of the person or gbject that was removed to provide the

composiie image 12 that is a composite image.
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i0012]  In other examples of the process, the image compositing system
10 can perform further adjusimenis in order to make the new person or object
being inserted appear coherent with the rest of image 14. The different content
o be inserted can be scaled to conform {o the size and/or gesture/body position
of the removed object. For example, the different content o be inserted can be
scaled 1o a size similar to the original person or object in image 14. Inan
example, image compositing system 10 can scale the face of a virtual character
face to a size similar to the original person or object that is removed.

i0013]  In ancther example, image compaositing system 10 can adjust
the color tone of the new (different) content to be inserted according 1o the time of
the day of image 14 and the person or object being replaced. For example,
image compositing system 10 can adjust the color tone of a virtual character, or
ancther person, or an animal, or another object, or other content, {0 be inserted
into image 14.

{0014} in another example, image compositing system 10 can
compensate for pose and skin-tone differences between the different confent to
be inseried and the person or object removed (the larget content), can warp the
different content {o be inserted io fit into the space and pose of the removed
person or object, and can embed the different content seamilessly into the
segmented image 14 {o provide composite image 12 that is a composite image.

100157 FIG. 2A shows a flow chart of an example process for
generaling a composite image. in block 20, a background model of a
predetermined area is compared o image data representing a set of captured
images of the predelermined area. “Image data” herein includes data
representative of image forming elements of the image and image values. The
background model can be generated based on image data representing images
of the predetermined area in the absence of traversing conient. In block 22,
based on the comparison, portions of the one or more image of the set of images
that differs from the background model are determined as the traversing content.
In block 24, a target content model is used {0 determine target content present in
the traversing content. In block 26, the larget content determined in the images

is replaced with different content to provide a composite imags.
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{00161  The sel of images can be from a collection of images of the
predeiermined area. The colleclion of images can include images of the
predetermined area captured over different periods of ime. The collection can
include images captured by a fixed instrument that captures images of the
predetermined area once a sensor or other device delects if an object or person
has entered the predelermined area.

00177 An example source of images 12 in the collection of images is
images captured by an image sensor of, e.g., entertainment or sports celebrities,
or reality television individuals. The images can be taken over a short span of
fime (minutes), or can have lime stamps that exiend over several days or weeks.
An sexample of images that span a short space of ime is images taken of one or
more members of a Tamily near an attraction at an amusement park, images
taken of performers during a performance {e.g., a concert), or images taken at a
retail store or kiosk. In an example use scenario, a system and method disclosed
hersin is applied {o images in a database of images, such as but not imited {o
images of an area captured from imaging devices {(such as but not limited to
surveillance devices, or film footage) loccated at an airport, a stadium, a
restaurant, a mall, outside building, etc., as described herein. In another example
use scenario, a system and method disclosed herein is applied to images in a
database of images, such as but not imited o images caplured using imaging
devices (such as but not limited {o surveillance devices, or film footage) of an
area located al an airport, a stadium, a restaurant, a mall, cuiside an office
building or residence, efc. In another example use scenario, a system and
method disclosed hersin is applied to images of an advertisement traversing a
web page, e.¢., during a fransitioning of the advertisement, including across a
screen or a web page, to modify the advertisement, so that image dataof a
persons or objects of interest, including virtual characiers, can be addedto it or
removed from the adverlisement. In yet another example use scenario, a system
and method disclosed herein is applied {0 frames of video, including a film,
television program, or music videg, o replace target content with image data of a
persons or objects of interest, including virtual characters, including on a screen-

by-screen, frame-by-frame, or pixel-by-pixel basis. In another example use
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scenario, a system and method disclosed herein is applied to images of an
advertisement, including advertisement traversing a screen or a web page. In yel
another example use scenario, a system and method disclosed herein is applied
o frames of video, including a film, television program, or music video, to replace
content traversing an area. An example implementation of a method disclosed
herein is applying image compositing system 10 io images captured by an image
capture device installed in a monitored location for replacing target content in any
of the images with different content (including an image of an individual, and
object, or a virtual character), {0 provide a composiie image. In another example
use scenario, a system and method disclosed hergin can be used for generating
compaosite images in a real-world environment and in real-lime, since the
background model disclosed herein can be used instead of a fixed backdrop, a
blue-screen, a green-screen, or other artificial or staged environment. It will be
appreciated that other uses are possible.

{0C18] FIG. 2B shows a flow chart of an example process for
generating a background model and using the background model and a target
content model to identify target content. The operation of block 30 involves
identifying images of the predetermined area from the collection of images that
do not include traversing content. In block 32, a background model of the
predetermined area is determined based on image data representing at least one
image of the predetermined area in the absence of traversing content. In block
34, the background model is compared {¢ image datia representing a set of
images from the collection of images of the predetermined area o identify
fraversing content. In block 38, a target content model is used {o determine any
target content present in the fraversing confent.

{00191  These images of the predetermined area that do not include
traversing content can be images captured at a time when the predelermined
area is known to be devoid of traversing content. The images can be captured
over intervals of time when the predetermined area is known 1o be devoid of
fraversing content, to provide a subset of images representative of the
predeiermined area al different periods of time. For example, the background

model developed to model an area during the morning can differ from the
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background model developed o model the area at mid-day, since lighting levels,
positions of shadows, wind conditions, and other conditions, can vary throughout
a given day. Similarly, different background models can be developed to provide
a model of the area at different times in the afterncon and in the evening.

100201  In an example, mulliple candidates of the new (different) content
0 be inseried, having different gestures or body positions or object orientations
or shapes, can be made available for insertion. Gesture, position, or orientation
detection of the person or object {o be segmented is performed, and the different
content with a similar gesture, position or orientation as the segmented person or
object is selected from among the mulliple candidates for replacement. The
muitiple candidates of the different content can be stored, e.g., in a database,
that is searched to provide the different content with a similar gesture, position or
orientgtion as the segmenied person or object,

0021 in an example where the person or object is replaced with a
virtual character, mulliple candidates of the same virtual character with different
gestures or body positions can be made available for insertion. Gesture/body
position detection of the persen to be segmented is performed, and a virtual
character with a similar gesture as the segmented person or object is selecled for
replacement.

100223 Using any of the systems and methods disclosed herein, image
compositing system 10 can provide a fully automated process for replacing a
person or object in an image with different content, including a different version of
the same person or the same cbject, a different person, a different object, or a
virtual character. in some examples, the image compositing system 10 outputs
the composite image 12 (8 compaosiie image) by sioring it in a data storage
device {8.g., in a dalabase), rendering it on a display {e.g., in a user interface
generated by a software application program), or rendering it on a print medium
{e.g., paper).

{00231  In general, image 14 can be any type of image, including
amateur and professional photographs and commercially produced images. In
one example use scenario, a user provides the image 14 in the formof a

personal photograph that shows a person or an object against a backdrop, and a
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content provider provides the different content that is o be inserted into image
14. In this example use scenario, the image 14 can include images of a
predetermined area for which the content provider has multiple images at
different times of the day. The image composiling system 10 can be used {o
process the image 14 and outputs the compaosite image 12 (a composite image),
according to any of the methods disclosed herein.

0024]  Segmentation of objecis or persons in an image has many
applications in image processing. In an exampie, this can be performed by blue
screen matiing. In blue screen matling, foreground objecis are captured in front
of a fixed colored backdrop, usually blue or green, and then are separated from
the backdrop using simpie techniques that take advantage of the known
backdrop color. The simplicity of these technigues enables rapid foreground
separgtion. However, in many real applications, the desired foreground
information may be in a cluttered backdrop or area. A sysiem that can
automatically cut out a person or object and replace them with different content,
such as but not limited to, a different version of the same person or the same
object, a different person, a different object, or a virtual character, would be
beneficial.

10025]  Provided hersin are a system and method for removing a person
or object from an image captured from a fixed camera of a fixed area with known
content. The removed person or object can be replaced with different content,
such as but not imited to, a different version of the same person or the same
object, a different person, a different object, or a virtual character. A system and
method are provided that can combine motion segmentation via background
modeling (to determine fraversing content) and face detection/skin detection to
build a robust person/object segmentation system (fo determine target content).
Face detection is applied o detect at least one face region in the images, for
example, using a face detection algorithm. The face delection can be applied {o
image data, including the image forming elementis of an image. Skin region can
be segmented based on information obtained from the detected face region. The

skin tone of the delected face region can be exiracted, for exampile, by clustering
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image data of pixels densely sampled in the skin regions. The extracted skin
ione is used to remove skin regions from an image.

{0026} An example system for performing a method disclosed herein
can inciude a database of a sequence of images of a scene {in some of which a
person or an obiect appears), and a background modeling module that can use a
sequence or set of these or other images of the scene for building a background
model of the scene. The background modeling module can generale the
background model(s} without having to move the person or object {0 be removed
from the scene. As described above, different background models can be
generated to model the area or scene at different imes of the day. The
background maodsl(s} can be stored in the database. The example can include a
processor for performing instructions to compare a background mode! {o some
images o determine the traversing content present. In some examples, the
example system includes a fixed camera to caplure a sequence of images of a
scene where a person or an object may appear. Other example components of
the example system include a component for selecting an imags from a
sequence of images such that the target content (such as a person) is facing the
camera, or an object has a desired orientation, for example, at the center of the
image area or the center of the image taken, and a traversing object detector that
uses the {earned background model to determing traversing objects {that may
contain the foreground target person or object to be replaced) in a new image. A
processor of a component of the system can be used to execute an image
selection algorithm that selects an image from the image sequence such thai the
target content {e.g., a person or object) is at a specific location, orlentation or
pose (this selected image can be used for person or object replacement}, andfor
a target segmentation algorithm {such as but not limited o a person
segmentation algorithm) that can segment a person or object from a background
automatically (this person is usually not a part of the background), and/or a target
replacement algorithm (such as but not limited to a person replacement
algorithm) that can render a different content to replace the person or object to
provide the composite image, including a different version of the same person or

the same object, a different person, a different object, or a virtual character.
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{00271 Following is a description of an example fixed camera capture
system and an example of background modeling. The example system can
include a fixed camera pointing {0 a scene where the person or abject of interest
(i.e., the person or object {0 be removed) may move in. Before capturing the
image(s) of the person or object, the camera may capiure a sequence of images
of the scene without any traversing content (lo provide mulliple candidate images
for construction of the background model). These image sequences can be used
o build a background model of the scene using an adaptive background mixiure
model. See, e.g. C. Stauffer ef al., 19898 "Adaptive Background Mixture Models
for Real-time Tracking,” CVPR I 246-252. An example method for adaptive
background modeling includes averaging the images over time, and creating a
background model approximation that is similar to the current stalic scene except
where motion occurs. In the adaplive background mixture model, the values of
each pixel in an image {(or scene) over time are considered as a "pixel process”.
The “pixel process” is a time series of pixel values, e.q. scalars for gray values or
vectors for color images. A Gaussian mixture model can be used to model the

pixel values:

P(Xy= 3 wN(X. .5 (1)

7
i=ltaK

where K is the number of Gaussians to model each pixel (normally setto 310 8},

" is the weight for each Gaussian, N is a Gaussian probability density function

1 = )y

b3 ,
N{X, 0, 7) WB Jand T oare the mean and covariance
2y nT

malrix of each Gaussian distribution.

{00287  After the background modsl is learned, the system can
determine fraversing objects in a new image. For example, the background
model can be learned using the adaptive background modeling method described
above. A system and method herein includes determining the traversing content
in an image as those portions of the image that differ from the background model,
based on a comparison of the image o the background model. In this manner,
the system and method provides for fraversing object determination, including a
person traversing a selected (predetermined) area. Each image caplured when

traversing content enters and moves in a predetermined area can differ from the
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background model at the portions of the images where the traversing content is
present. Delermination of the traversing object (including a person) can be done
on a pixel-by-pixel basis. When a new image is analyzed, each pixel of the new
image is analyzed {0 determine whether it is a "lraversing” pixsl (i.e., if the pixsl
differs from the corresponding background model pixel to indicate the presence
of target contert). If a pixel is in a foreground, since a fixed camera is used, the
appearance of the pixel can be very different from ifs corresponding background
model pixel. More specifically, every new pixel value of the new image, X, is
checked against the existing K Gaussian distributions corresponding to its
background modsl for that pixel, until a match is found. A match can be defined
as a pixel value within 2.5 standard deviations of a distribution. The determined
traversing content area may contain different foreground objects, for example the
person or object of interest. The determined traversing content area may also
contain other traversing objects, for example the seat the person is sitting on,
such as but not imited to, in a rollercoaster in an amusement park, or in a motor
vehicle, e.g., a car or van.

{00291 Also described is an example method for selection of an image
from a sequence of images for processing. After a sequence of images are
captured, one or more candidate images are selected for the person or objsct
replacement. In one example, face detection is applied to each image of the
sequence o detect the face of the person to be replaced and the images that
have face detection arcund a pre-defined area are sslected. The predefined area
can be the area at or near the center of an image. Additional image quality
measures can be used o further select the best candidate image. Such
measures include: image quality assessment and face expression analysis.

{00307  Person/object segmeniation can be performed to determine the
target content in the traversing content and segmaent the target content from an
image. For the detecied foreground area, the person or object of interest is
located, and segmented out of the image. In one example, the person/object
segmentation can be performed in a four step process. First, the person/object is
located based on a target content model (such as a person model). The target

content model can be construcied as follows. Face detection can used (o locate
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the face of the person or object of interest in an image. A rough model of the
person/object is buill to locate the person/object in the image. For example, a
rough target content model! (such as a person or object model) can be built to
segment the body of the person or object. As another example, a target content
model {such as a person or object model) is constructed based on a face
delection box of size w x h. Fig. 3 Hustrates an example target content model 50
constructed based on a head 52 localed within a box of dimensions 1.6w x 2h
centered at the face detection box center. Fig. 3 shows an example computation
of the dimensions of a bounding area 54 that can be part of the target content
modei for a person model, computed based on the dimensions of the face
detection box. In the example of Fig. 3, the bounding area 54 is computed with
dimensions 3h x 3w. A target content model {o use for an object, such as an
animal, can be similarly constructed using the dimensions of a head delection
box for the animal, and a bounding area of related dimensions. Foreground
motion detection can be combined with the target content model. Skin detection
and cloth segmentation, where applicable, can be used o give a rough mask of
the person or ohject of interest, and this mask can be provided {o a segmentation
algorithm {o segment the person or object of interest from the background. For
example, a Graphcut segmentation algorithm can be used. Figs. 44 and 4B
show example images with predstermined argas 60,62 that one or more
background models can be used o model, and aiso show examples of traversing
content 64,66 that can be delermined in predetermined areas 60,62, Target
content can be determined from the traversing content 64,66, For example, in
Fig. 4B, the target content can be determined as the child but not the ball. The
systems and methods described herein can be applied {o the images of Figs. 4A
and 48,

{00317 If a user does not obtain the desired result from the image
segmentation, an inferactive refinement process can be performed {o enable the
user to obtain a more accurate segmentation. The interactive refinement process
can be performed using two types of strokes: a foreground siroke and a
background stroke. A system can be provided with a foreground stroke for use if

some foreground area is incorrectly identified as background in the background
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model. The foreground strokes can be used o correct them and label this and
possibly other similar areas as a foreground. A sysiem can be provided with a
background stroke for use if some background area is misidentified as
foreground by the segmentation algorithm. The background strokes can be
provided {0 use to clear them. A user can edit using only the foreground siroke,
only the background siroke, or any mixture of the foreground stroke and the
background siroke.

{0032] The different content can be inserted into the segmented image
as follows. After the person or object of interest is segmented out of an image, a
different version of the same person or the same cbject, a different person, a
different object, or a virtual character can be inserted. For example, a virtual
character {(such as a cartoon character} can be inserfed to replace the removed
person or object. First, the area of the image left after the person or object is
removed is in-painted with the background pixels (based on a pertinent
background model). The background model can be selected based on the time
of day. For example, since the background scene may have a different
appearance at different imes in a day, several different background models
corresponding to different times of a day can be stored. For example, images of
the predetermined area stored at, e.g., 2 hour intervals (or other time intervals as
described herein) can be used (o build background models. The different content
can be inserted into the original position of the person or object that is removed.
To make the new content (i.e., the inserted different content} appear coherent
with the remainder of the image, several adjustment can be performed. The
different content can be scaled to conform to the size of the person or object that
is removed. In one example, the face of a virtual character, or a different person
o be inserted, can be scaled to conform {0 a size similar to that of the original
person or object removed from the image. The color tone of the different content
o be inserted can be adjusted according o the time of the day and the person or
object being replaced. Mulliple candidates of different content, having different
gestures, orientations, or body positions may be made available for evaluation
and selection of a candidate for insertion. In an example where the person or

object is repiaced with a virtual character, the same virtual character with different
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gestures, orientations, or body positions may be made available for evaluation
and selection of a candidate for inserlion. An example method for detecting the
gesture and/or body position of the segmented from the image is disclosed in
Nickel et al., 2003, “Pointing gesture recognition based on 3D-fracking of face,
hands and head orientation”, ACM Special Interest Group. In one sxampls, a
virtual character with a gesture or orientation most similar o the segmented
person or object is selecied for replacement. In another example, a different
person or object with a gesture or orientation most similar to the segmented
person or object is selected for replacement.

{0033} An example system and method that can be used for
segmentation of a person or object from an image is described as follows. The
image composiiing system 10 can be used o segment the person or ohject from
the image. The image compositing system 10 can segment the person or object
from the image 14 based on a model of the image as a mixiure of at lsast two
image layers, where one or more of the image layers are components of a
foreground corresponding o the person or object {0 be replaced and one or mors
other ones of the image layers are components of a background corresponding (o
parts of the image outside the person or object {o be replaced. In some

examples, the source image (1) is modeled as a convex combination of K image

layers F'o., FRin accordance with equation (2
= ok
L= X“i F, (2)
k=1

k
where the K vectors {; are the matting components of the source image that

specily the fraclional contribution of each layer o the final color of each pixel of
the source image. The alpha matle is delermined from the matting components
based on a specification of the particular ones of the matling components that are
part of the foreground. For example, if ... .o are designated as foreground
components, then the alpha matie is oblained simply by adding these

components together (Le., a=a* +. .+ o'
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i0034]  In some of these examples, the source image (k) is modeled as
a mixiure of two images (i.e., a foreground image F and a background image &)

in accordance with equation (3):
103 = algF g + {1 - alxiBx) {3

where x is a pixel location and a € [0, 1] is an alpha matie that quantifies the
mixture. In a typical initialization map, ¢ is either 0 or 1 rather than laking
intermediate values. Such an initialization map performs “hard” classification of
pixels either fully belonging {o the foreground or the background.

{0035]  The image compaositing system 10 can initially determine an
inttialization map that identifies regions of the image 14 that comrespond {o the
foreground and that identifies regions of the image 14 that correspond to the
background. The initialization map is designed o provide rough designations of
both foreground and background regions, whers regions of the image 14 that are
highly likely to be parts of a face are marked as the foreground (8.9, "white”} are
regions that are highly likely to be non-facial areas are marked as the background
{e.g., "black”). The remaining unmarked regions of the image 14 are left as
currently unknown; these regions will be laheled as foreground or background in
the subsequent alpha malle generation process. The image compositing system
10 typically determines the initialization map by identifying regions of facial image
content and regions non-facial image content {e.g., hair image content) in the
image 14 based on locations of respeclive ones of the facial fealures.

{0038]  The identified foreground and background regions in the
initialization map are used as initial seed points 1o get an enhanced initialization
map. In some examples, the identified foreground and background regions in the
initialization map are used as initial seed poinis for a k-means clustering
algorithm which ouipuis an enhanced iniialization map.

{00371  The image composiiing sysiem 10 derives the aipha malte from
the enhanced initialization map. As explained above, the alpha matte specifies
respective contributions of the image lavers (o the foreground component and
background component. The image compositing system 10 refines the enhanced

initialization map by applying the enhanced initialization map as a tri-map in an
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image matting process that generates the alpha-map, which conveys the desired
segmeniation of the source head image. The image matling process classifies
the unknown regions of the enhanced initialization map as foreground or
background based on color statistics in the known foreground and background
regions. In general, a variety of different supervised image matling processes
may be used {0 generate the alpha malle from the enhanced initializalion map,
including Poisson matling processes (see, .9., J. Sun et al., “Poisson Matting,”
ACM SIGGRAPH, 2004} and spectral matling processes {see, e.g., A Levin et
al., “Speciral Matting,” IEEE Transactions PAMI, Oct 2008}, Image matting
processes of these fypes are able to produce high quality segmentation maps of
fine details of head image, such as regions of hair.

{00381  An example system and method that can be used for color tone
adjustment of the different content (lo be inserted) is described as foliows. The
different content can be a different person (i.e., different from the person
removed) or a virfual character. The color tone adjustment can be performed
based on a skin tone detected for the person removed from the image. The
image compositing system 10 can generate a source skin map that segments
skin areas from other areas in the image 14. In some examples the source skin
map includes for each pixel of the input image a respective skin probability value
indicating a degree {0 which the pixel corresponds to human skin, A
characteristic feature of the source skin map is that all pixels of the image 14
having similar values are mapped {0 similar respective skin probability values in
the skin map. As used herein with respect o pixel values, the term “similar”
means that the pixel values are the same or nearly the same and appear visually
indistinguishable from one ancther. This feature of the skin map is important in,
for gxampis, pixels of certain human-skin image paiches that have colors cutside
of the standard human-skin tone range. This may happen, for example, in
shaded face-paiches or allernatively in face highlights, where skin segments may
sometimes have a false boundary between skin and non-skin regions. The skin
map values vary continuously without artificial boundaries even in skin paiches

trailing far away from the standard human-skin tone range.
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{0039]  The image compositing system 10 may ascertain the skin
probability values indicating the degrees to which the input image pixels
correspond o human skin in a wide variely of different ways.

{30401  In some examples, the image compositing system 10 computes
the pixel intensily distributions of skin areas using the facial featurs poinis.
Samples from areas such as cheek or forehead are selected as those points that
are guaranteed o be skin areas. From those sampies, the image compositing
system 10 estimates conditional densities p(l |skin} where | is the pixel intensity.
The image compositing system 10 then obtains the posterior probability

_ p{iskinyp(skin}  p(I|skin}

siskin | Y= «©
pistan 1 o) TR @

where p(l} is obtained from the histogram of the pixel intensilies for the given
image. This posierior probability is used as a mulliplier to the skin color
compensation such that only the pixels that are likely {o be from the skin pixels
are modified while non-gkin pixels are not changed. In some of these examples,
the image compositing system 10 delerming the skin map by thresholding the
posterior probabilities

p{skin | I} with an empirically determined threshold value.

{00411  in other examples, the image compaositing system 10 ascertains
the per-pixel human-skin probability values from human-skin tone probabiiity
distributions in respective channels of a color space (e.g., RGB, YCC, and LCH).
For example, in some examples, the image compositing system 10 ascertains the
per-pixel human-skin fone probability values from human-skin tone probability
distributions in the CIE LCH color space (L., P(skinjL}, P{skin|C), and P{skin{H)).
These human-skin tone probability distributions are approximated by Gaussian
normal distributions {(i.e., G{p,u.&)) that are obtained from mean (i) and standard
deviation (&) values for each of the p=L, C, and H color channels. In some
examples, the mean (y) and standard deviation (&) values for each of the p=L, C,
and H color channels are obtained from O. Martinez Bailac, "Semantic retrieval of
memory color contert”, PhD Thesis, Universilat Autonoma de Barcelona, 2004,

The image compaositing system 10 ascertains a respective skin probability value
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for each pixel of the image 14 by converting the image 14 into the Clk LCH color
space (if necessary), determining the respective skin-tone probability vaiue for
gach of the L, C, and H color channels based on the corresponding human-skin
tone probability distributions, and computing the product of the color channel

probabilities, as shown in equation (5}
Piskin | L,C,H) = G(L, uL, &0)*G(C, e, e G{H, uy, &y) (5}

100423 In some of these other examples, the skin map values are
computed by applying to the probabiiity function P{skin | L,C,H) a range
adaptation function that provides a clearer distinction between skin and non-skin
pixels. In somse of these examples, the range adaptation function is a power

function of the type defined in equation {8):
M g, (5,7} = Plskin | L)L CLL HGN (6)

where ¥ >0 and M., (x, v} are the skin map values at location {x,y ). Inone
example, ¥ =32. The skin map funclion defined in equation (B) attaches high
probabilities to a large spectrum of skin fones, while non-skin features typically
attain lower probabilities.

i0043] Based on the skin maps, the image compaositing system 10 can
color-adjusts the different content to be inserted.

{00443 FIGS. 5A-C Hiustrate an example application of a system and
method herein for generation of a composite image. Fig. 5A shows an example
images with predetermined area 100 that one or more background models can
be used o model. The example traversing content 102 that can be delermined in
predetermined area 100. As described herein, the one or more background
models can be generated based on images of the predetermined area 100 in the
absence of traversing content 102, The image of Fig. SA is compared to a
background model that models the predetermined area 100, and the traversing
content 102 is determined as the portions of Fig. 5A that differs from the
background model. A target content model can be used to determine the target

content in the traversing content 102, A person model, such as the model
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depicied in Fig. 3, can be used {o determine the targst content. in the example of
Fig. A, the target content is defermined to be the same as the traversing content
102. However, in another example, the target content can differ from the
fraversing content. For example, the traversing content can be a vehicle or
amusement ride with a person sitting inside, while the targe! content is the
person. Fig. 5B shows an exampie result of image segmeniation performed to
remove the determined target content from an image. Fig. 5C shows a
composite image generated from replacing the target content determined in
image Fig. 5A with different content 104 {in this example, a graphic of an action
figure} at a location in the image that corresponds to the location of the target
content. Portions of the composite image that the different content does not
cover can be replaced with portions of the background model. For example, the
poriions in Fig. 5A and 5B where the extended arm of the target content occupied
can be replaced with portions of the background model since, as shown in Fig.
5C, the different content (the graphic of the aclion figure) does not present an
extended arm,

[0045]  In general, the image compositing system 10 typically includes
one or more discrele data processing components, each of which may be in the
form of any one of various commercially available data processing chips. in
some implemeniations, the image compaosiling system 10 is embedded in the
hardware of any one of a wide variety of digital and analog computer devices,
including deskiop, workstation, and server computers. In some examples, the
image compositing system 10 execules process instructions {e.g., machine-
readable code, such as computer software) in the process of implementing the
methods that are described hersin. These process instructions, as well as the
data generated in the course of their execution, are stored in one or more
computer-readable media. Storage devices suitable for tangibly embodying
these instructions and data include all forms of non-volatile computer-readable
memory, including, for example, semiconductor memory devices, such as
EPROM, EEPROM, and flash memory devices, magnetiic disks such as infernal
hard disks and removable hard disks, magneio-optical disks, DVD-ROM/RAM,
and CO-ROM/RAM.
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{0046} FIG. 6 shows an example of a computer system 140 that can
implement any of the examples of the image composiiing system 10 that are
described herein. The computer system 140 includes a processing unit 142
(CPU), a system memory 144, and a system bus 146 that couples processing
unit 142 to the various componsents of the computer system 140. The processing
unit 142 typically includes one or more processors, gach of which may be in the
form of any one of various commercially available processors. The sysiem
memory 144 typically includes a read only memory (ROM) that stores a basic
input/output systermn (BIOS) that contains start-up routines for the computer
system 140 and a random access memory (RAM). The system bus 146 may be
a memory bus, a peripheral bus or a local bus, and may be compatible with any
of a variety of bus protocols, including PCIL, VESA, Microchannel, ISA, and EISA
The computer system 140 also includes a persistent storage memory 148 (e.g., a
hard drive, a floppy drive, a CD ROM drive, magnetic tape drives, flash memory
devices, and digital video disks} that is connecled {o the sysiem bus 146 and
contains oneg or more computer-readable media disks that provids non-volatile or
persistent siorage for data, data structures and computer-executable instructions.

[0047] A user may interact {e.g., enter commands or data} with the
computer system 140 using one or more input devices 150 {e.q., a keyboard, a
compuier mouse, a microphone, joyslick, and touch pad). information may be
presented through a user interface that is displayed {o a user on the display 151
{implemented by, e.9., a display monitor}, which is controlied by a display
controller 154 (implementad by, .., a video graphics card). The computer
system 140 also typically includes peripheral output devices, such as speakers
and a printer. One or more remote computers may be connected o the computer
system 140 through a network interface card (NIC) 156.

i0048]  As shown in Fi(z. 6, the system memory 144 also stores the
image composiling system 10, a graphics driver 158, and processing information
160 that includes input data, processing data, and output data. in some
examples, the image compositing system 10 inferfaces with the graphics driver
158 to present a user interface on the display 151 for managing and controliing

the operation of the image compaositing system 10.
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10049} Many maodifications and variations of this invention can be made
without departing from ils spirif and scope, as will be apparent to those skilled in
the art. The specific exampies described herein are offered by way of example
only, and the invention is to be limifed only by the terms of the appended claims,
along with the full scope of equivalents {o which such claims are entitied.

00507 As an illustration of the wide scope of the sysiems and methods
described herein, the systems and methods described herein may be
implemented on many different fypes of processing devices by program code
comprising program instructions that are executable by the device processing
subsystemn. The software program instructions may include source code, object
code, machine code, or any other siored data that is operable {o cause a
processing system {o perform the methods and operations described herein.
Other implementations may also be used, however, such as firmware or even
appropriately designed hardware configured {o carry out the methods and
systems described herein.

10051} it should be undersiood that as used in the description herein

55 G

and throughout the claims that follow, the meaning of "a,” “an,” and “the” includes
plural reference unless the context clearly dictates otherwise. Also, as used in
the description herein and throughout the claims that follow, the meaning of “in”
includes “in” and “on” unless the context clearly dictates otherwise. Finally, as
used in the description herein and throughout the claims that follow, the
meanings of “and” and “or” include both the conjunctive and disjunctive and may
be used interchangsably unless the context expressly dictates otherwise; the
phrase “exclusive or” may be used to indicate situation where only the disjunctive
meaning may apply.

{00521  All references cited herein are incorporated herein by reference
in their entirety and for all purposes o the same extent as if each individual
publication or patent or patent application was specifically and individually
indicated {0 be incorporated by reference in its entirety herein for all purposes.
Discussion or citation of a reference herein will not be construed as an admission

that such reference is prior art to the present invention.
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WHAT IS CLAIMED 1S:

1. A method performed by a physical computing system (140)
comprising at least one processor {142) for generating a composite image (12},
said method comprising:

comparing {20} a background model {0 image data representing a set of
images from a collection of images of a predeiermined area using the physical
computing syslem (140), wherein the background model is generated based on
image data representing the predetermined area in the absence of traversing
content;

determining (22) as traversing content portions of an or each image of the
set of images that differ from the background model using the physical computing
system {140}, based on the comparing;

using {24) a target content model to determing target content in the
traversing content using the physical computing system (140); and

generating at least one composite image using the physical computing
system {140}, wherein the generaling (26} comprises repiacing the target content
determined in the or each image of the set of images with different corntent at a
location in the or each image that corresponds o the location of the target

content.

2. The method of claim 1, further comprising defermining the
background maodel by averaging image data from at least two imagss of the

predetermined area in the absence of lraversing content.

3. The method of claim 1, comprising determining the background
mode! by modeling, using a Gaussian mixture model, image data from at least

one image of the predetermined area in the absence of traversing content.

4, The method of claim 1, wherein the traversing content is
determined as portions of an or each image in a predetermined region of the

predetermined area that differ from the background model.
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5, The method of claim 1, wherein the different contentis a
different version of the target conlent, or an image of & person, a different object,

or a virtual character.

o

8. The method of claim 1, wherein replacing the target content with
different content comprises:

using the target content model 1o segment the target content from the or
each image of the sel of images using the physical computing system (140},
based on a model of the or each image of the set of images as a mixiure of at
least two image layers, wherein one or more of the image layers are components
of a foreground component corresponding 1o the target content and one or mors
other ones of the image layers are components of a background component
corresponding to paris of the or each image of the sel of images ouiside the
target content; and

compositing the different content into the or each image of the set of

images at the location of the target content.

7. The method of claim 6, wherein the segmenting comprises
determining an initialization map identifying regions of the or each image of the
set of images corresponding to the foreground component and identifving regions
of the or each image of the set of images corresponding io the background

component.

8. The method of claim 7, wherein the segmenting further
comprises deriving from the inifialization map an alpha matte that specifies
respective contributions of the image layers {0 the foreground component and the

background compaonent.

9. The method of claim 8, wherein the composiiing comprises
performing a weighted blending of the different content into the or each image of

the set of images in accordance with the alpha matie.
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10. Apparatus, comprising:

a memory (148} storing computer-readable instructions; and

a processor (142) coupled to the memory, to execute the instructions, and
based at least in part on the execution of the instructions, to perform operations
comprising:

comparing {20} a background model (o image dala representing a sef of
images from a collection of images of a predetermined area, wherein the
background model is generated based on image data representing the
predelermined area in the absence of traversing content;

determining (22} as fraversing content portions of an or each image of the
set of images that differ from the background modsl, based on the comparing;

using {24) a target content model to determing target content in the
traversing content; and

generating at least one composite image, wherein the generating (26)
comprises replacing the target content determined in the or each image of the set
of images with different content at a location in the or each image that

corresponds o the location of the target content.

11. The apparatus of claim 10, comprising determining the
background modsl by averaging image data from at least two images from the

collection of images that does not comprise the traversing content.

12. The apparatus of claim 10, comprising determining the
background modael by modeling image dala from at least one image from the

collection of images using a Gaussian mixiure model.

13. At least one computer-readable medium storing computer-
readable program code adapied {o be executed by a computer to implement a
method comprising:

comparing {20} a background model to image data representing a set of
images from a collection of images of a predetermined area, wherein the
background modsl is generated based on image data representing the

predetermined area in the absence of traversing content;
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determining (22) as traversing content portions of an or each image of the
set of images that differ from the background model, based on the comparing;

using (24} a target content model {0 determine target content in the
fraversing content; and

generating {28) at least one composite image, wherein the generating
comprises replacing the {arget content determined in the or each image of the sst
of images with different conient at a location in the or each image that

corresponds o the location of the target content.

14. The at least one computer-readable medium of claim 13,
comprising determining the background model by averaging image data from at
least two images from the coliection of images that does not comprise the

fraversing content.

15. The at least one computer-readable medium of claim 13,
comprising determining the background model by modeling image data from at

least one image from the collection of images using a Gaussian mixture model,



WO 2011/152841

PCT/US2010/043206

1/5
)\
L12
Image .
image Compusiting C?E:»;:ne
System
141
FIG. 1
System Memory . v 140
Image
0
10 Compositing
System 151
144 N Display
138 N Graphics Driver 54 T
§ Display Controller
input Data,
160 Processing Data 190 E
& Output Data (%,
148
142 Persistent Storage
CPU > Memory
150 156 <_
ol W]

FIG. 6

RECTIFIED SHEET (RULE 91)



WO 2011/152841 PCT/US2010/043206

2/5

20

Compare A Background Model To Image Data
Representing A Set Of Images Of A Predetermined Area

I

N
N

Determine As Traversing Content Portions Of An Or Each Image Of The Set Of
Images That Differ From The Background Model, Based On The Comparison.

24
Using A Target Model To Determine Target /
Content In The Traversing Content.

Replace The Target Content Determined In The Or Each Image Of The Set Of Images
With Different Content At A Location In The Or Each Image That Corresponds To The
Location Of The Target Content To Generate A Composite Image

\26
=G, 2A

30

Identify Images Of The Predetermined Area From The
Collection Of Images That Do Not Include Traversing Content

/32

Generate A Background Model Based On Image Data Representing At Least
One Image Of The Predetermined Area In The Absence Of Traversing Content.

Compare The Background Model To Image Data Representing
A Set Of Images From The Collection Of images Of The
Predetermined Area To Identify The Traversing Content

34

Using A Target Model To Determine Target
Content In The Traversing Content. \
36
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