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(57) Abstract: In a particular embodiment, a method includes evaluating, at a mobile device, a first area of pixels to generate a first
result. The method further includes evaluating, at the mobile device, a second area of pixels to generate a second result. Based on
comparing a threshold with a difference between the first result and the second result, a determination is made that the second area
of pixels corresponds to a background portion of a scene or a foreground portion of the scene.
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DEVICE AND METHOD FOR AUGMENTED REALITY APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Patent Application No.
61/699,615 filed on September 11, 2012 and entitled “DEVICE AND METHOD FOR
AUGMENTED REALITY APPLICATIONS FOR MOBILE DEVICES,” and claims
priority from U.S. Non-Provisional Patent Application No. 13/651,098 filed on October
12, 2012 and entitled “DEVICES AND METHODS FOR AUGMENTED REALITY
APPLICATIONS,” the contents of each are incorporated herein in their entirety.

FIELD

[0002] The present disclosure is generally related to augmented reality applications for

mobile devices.

DESCRIPTION OF RELATED ART

[0003] Advances in technology have resulted in smaller and more powerful computing
devices. For example, there currently exist a variety of portable personal computing
devices, including wireless computing devices, such as portable wireless telephones,
personal digital assistants (PDAs), and paging devices that are small, lightweight, and
casily carried by users. More specifically, portable wireless telephones, such as cellular
telephones and internet protocol (IP) telephones, can communicate voice and data
packets over wireless networks. Further, many such wireless telephones include other
types of devices that are incorporated therein. For example, a wireless telephone can
also include a digital still camera, a digital video camera, a digital recorder, and an
audio file player. Also, such wireless telephones can process executable instructions,
including software applications, such as a web browser application, that can be used to
access the Internet. As such, these wireless telephones can include significant

computing capabilities.

[0004] Some electronic devices use augmented reality applications to add computer-
generated images to reality-based images or video. For example, when a camera of a

mobile device is pointed at a target area, a game might reproduce an image of the target
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area on a display of the mobile device while augmenting the image by adding a
computer-generated “virtual” object. Such applications may consume significant
processing resources of the electronic device and may present challenges for detection

of interaction between the user and the virtual object.

[0005] Some electronic devices utilize “markers” to enable location detection. For
example, a user of a mobile device may print an image having a size and pattern
recognizable by an application of the mobile device. When a camera of the mobile
device is pointed at the marker, the application may “view” the marker to estimate the
distance between the marker and the mobile device. However, using such markers may
be inconvenient and bothersome for users. In addition, because the mobile device may
be moving with respect to the marker while the application is being processed, the
mobile device may need to repetitively reevaluate the marker to re-estimate the location

of the ground or other surface.
SUMMARY

[0006] A mobile device in accordance with the present disclosure may utilize one or
more techniques to enable efficient processing of augmented reality applications. In at
least some embodiments, the one or more techniques enable interactions between a user
and a “virtual object” without utilizing a marker. For example, the mobile device may
use an integral image technique to efficiently segment (e.g., subtract) a background
associated with an image to be displayed. As another example, the mobile device may
utilize sensor data to determine a location of a ground surface relative to the mobile
device, thus enabling placement of virtual objects on a ground surface without use of a
marker. As another example, the mobile device may use a stereo camera to determine
depth information (e.g., a depth profile) associated with a scene of interest. The depth
information may be used to determine a position of the virtual object (e.g., whether the

virtual object is displayed in front of or occluded by a foreground object).

[0007] In a particular embodiment, a method includes evaluating, at a mobile device, a
first area of pixels to generate a first result. The method further includes evaluating, at
the mobile device, a second area of pixels to generate a second result. Based on

comparing a threshold with a difference between the first result and the second result, a
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determination is made that the second area of pixels corresponds to a background

portion of a scene or a foreground portion of the scene.

[0008] In another particular embodiment, a mobile device includes an evaluator
configured to evaluate a first area of pixels to generate a first result. The evaluator is
further configured to evaluate a second area of pixels to generate a second result. The
mobile device further includes logic configured to determine that the second area of
pixels corresponds to a background portion of a scene or a foreground portion of the
scene based on comparing a threshold with a difference between the first result and the

second result.

[0009] In another particular embodiment, a mobile device includes means for evaluating
a first area of pixels to generate a first result and further for evaluating a second area of
pixels to generate a second result. The mobile device further includes means for
determining that the second area of pixels corresponds to a background portion of a
scene or a foreground portion of the scene based on comparing a threshold with a

difference between the first result and the second result.

[0010] In another particular embodiment, a computer-readable non-transitory medium
stores instructions executable by a processor of a mobile device to evaluate, at the
mobile device, a first area of pixels to generate a first result and to evaluate, at the
mobile device, a second area of pixels to generate a second result. The instructions are
further executable by the processor to determine that the second area of pixels
corresponds to a background portion of a scene or a foreground portion of the scene
based on comparing a threshold with a difference between the first result and the second

result.

[0011] In another particular embodiment, a method includes determining, using a sensor
of a mobile device, an angle of a longitudinal extent of the mobile device with respect to
a ground surface. The method further includes estimating a first distance with respect to
the ground surface. The first distance is associated with a first projection from a center
of the mobile device to the ground surface, where the first projection is perpendicular to
the longitudinal extent of the mobile device. A second distance is estimated based on

the angle and the first distance. The second distance is associated with a second



WO 2014/042795 PCT/US2013/054423

_4-

projection from the center of the mobile device to the ground surface, where the second

projection is perpendicular to the ground surface.

[0012] In another particular embodiment, a mobile device includes a sensor configured
to determine an angle of a longitudinal extent of the mobile device with respect to a
ground surface. The mobile device further includes an estimator. The estimator
estimates a first distance associated with a first projection from a center of the mobile
device to the ground surface, where the first projection is perpendicular to the
longitudinal extent of the mobile device. The estimator further estimates, based on the
angle and the first distance, a second distance associated with a second projection from
the center of the mobile device to the ground surface. The second projection is

perpendicular to the ground surface.

[0013] In another particular embodiment, a mobile device includes means for
determining an angle of a longitudinal extent of the mobile device with respect to a
ground surface. The mobile device further includes means for estimating a first distance
and for estimating a second distance based on the angle and the first distance. The first
distance is associated with a first projection from a center of the mobile device to the
ground surface, where the first projection is perpendicular to the longitudinal extent of
the mobile device. The second distance is associated with a second projection from the
center of the mobile device to the ground surface. The second projection is

perpendicular to the ground surface.

[0014] In a particular embodiment, a computer-readable non-transitory medium stores
instructions executable by a processor of a mobile device to determine, using a sensor of
the mobile device, an angle of a longitudinal extent of the mobile device with respect to
a ground surface. The instructions are further executable by the processor to estimate a
first distance and to estimate a second distance based on the angle and the first distance.
The first distance is associated with a first projection from a center of the mobile device
to the ground surface, where the first projection is perpendicular to the longitudinal
extent of the mobile device. The second distance is associated with a second projection
from the center of the mobile device to the ground surface. The second projection is

perpendicular to the ground surface.
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[0015] One particular advantage provided by at least one of the disclosed embodiments
is efficient identification of foreground and background portions of an image. For
example, according to at least one illustrative embodiment, a mobile device uses a pixel
intensity sum technique, such as an integral image technique, to efficiently identify
foreground and background portions of the image. Further, at least some of the
disclosed embodiments enable use of augmented reality applications that do not require
use of a marker, thereby making the augmented reality applications more convenient for

UScCrs.

[0016] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a diagram of a particular embodiment of a scene and a mobile device to

generate an image of the scene;

[0018] FIG. 2A is a block diagram of a particular embodiment of the mobile device of
FIG. 1;

[0019] FIG. 2B is a block diagram of another particular embodiment of the mobile
device of FIG. 1;

[0020] FIG. 2C is a block diagram of another particular embodiment of the mobile
device of FIG. 1;

[0021] FIG. 3A is a flow diagram of a particular embodiment of a method of operation

of the mobile device of one or more of FIGS. 1 and 2A-2C, or a combination thereof;

[0022] FIG. 3B is a flow diagram of another particular embodiment of a method of
operation of the mobile device of one or more of FIGS. 1 and 2A-2C, or a combination

thereof;

[0023] FIG. 4 is a block diagram of a particular embodiment of a mobile device to

estimate a location of a ground surface;
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[0024] FIG. 5 is a flow diagram of a particular embodiment of a method of operation of

the mobile device of one or more of FIGS. 1, 2A-2C, and 4, or a combination thereof;

[0025] FIG. 6 is a block diagram of a particular embodiment of a mobile device to

genecrate an image based on a depth profile associated with stereo camera data;

[0026] FIG. 7 is a block diagram of a particular example illustrating increasing

resolution of a portion of the image of FIG. 6 based on the stereo camera data;

[0027] FIG. 8 is a flow diagram of a particular embodiment of a method of operation of
a mobile device, such as the mobile device of one or more of FIGS. 1, 2A-2C, 4, and 6,

or a combination thereof; and

[0028] FIG. 9 is a block diagram of a particular embodiment of a mobile device, such as

the mobile device of one or more of FIGS. 1, 2A-2C, 4, and 6, or a combination thercof.

DETAILED DESCRIPTION

[0029] FIG. 1 depicts a particular illustrative embodiment of a mobile device 104 and a
scene 108. In the particular example of FIG. 1, the mobile device 104 includes a camera
110, an evaluator 120, a background/foreground analyzer 140, and a display 150. The
scene 108 may include a background object 160, a foreground object 170, and a location
180. The location 180 may correspond to a virtual object to be displayed at the display
150, for example in connection with an augmented reality application, as described
further below with reference to operation of the display 150. For example, the display

150 may display an image 152 that corresponds to the scene 108.

[0030] In operation, the camera 110 may capture images of the scene 108. For
example, the camera 110 may generate a first area of pixels 112 (e.g., a plurality of
pixels, such as a matrix or a table) at a first time. As another example, the camera 110
may generate a second area of pixels 114 at a different time than the first time (e.g., ata
second time subsequent to the first time). The first area of pixels 112 may be associated
with an orientation (e.g., positioning) of the mobile device 104 and the scene 108 at the
first time. The second area of pixels 114 may be associated with an orientation (e.g.,
positioning) of the mobile device 104 and the scene 108 at the second time. In at least

one embodiment, the areas of pixels 112, 114 are each used to determine a background
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portion of the image 152 corresponding to the background object 160, as described
further below with reference to at least FIG. 2A. In at least another embodiment, one or
more of the areas of pixels 112, 114 are used to determine a foreground portion of the
image 152 corresponding to the foreground object 170, as described further below with

reference to at least FIGS. 2B and 2C.

[0031] The evaluator 120 may evaluate the first area of pixels 112 according to an
operation to gencrate a first result 122. In at least one embodiment, the operation is a
pixel intensity sum operation that sums pixel intensities of the first area of pixels 112.
For example, the operation may be an integral image operation (also known as a
summed area operation) and the first result 122 may be an integral image (also known
as a summed area table) associated with the first area of pixels 112. The integral image

at position (m, n) of the first area of pixels 112 may be:

2(x, )

B

[0032]

x<m,; y<n

[0033] where I(x, y) is a pixel intensity value having position (x, ¥) in the first area of
pixels 112. Accordingly, the integral image operation may generate a plurality of values
(e.g., a table) in which each value has a position corresponding to a particular pixel of
the first area of pixels 112 and indicates a sum of those pixel intensity values of the first
area of pixels 112 “up and to the left” of the particular pixel (including the particular
pixel). To further illustrate, examples of particular integral image operations are
described further with reference to FIGS. 2A-2C. The evaluator 120 may also evaluate
the second area of pixels 114 according to the operation to generate a second result 124.
The second result 124 may be an integral image associated with the second area of

pixels 114.

[0034] The background/foreground analyzer 140 may be responsive to the evaluator
120. In a particular embodiment, the background/foreground analyzer 140 compares
results, such as the results 122, 124, to generate one or more of a background portion of
the image 152 and a foreground portion of the image 152. For example, the
background/foreground analyzer 140 may compare the results 122, 124 to determine a

difference between the results 122, 124. In at least one embodiment, the
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background/foreground analyzer 140 compares the difference to a threshold (e.g., a
predetermined threshold) to determine whether the result 124 corresponds to one or
more of the background object 160 and the foreground object 170. In at least one
embodiment, the threshold used is a percentage (e.g., a percentage difference between

the results 122, 124).

[0035] The threshold used by the background/foreground analyzer 140 may be
determined by the particular context and application (e.g., may be determined
experimentally). In at least one embodiment, the threshold is “adaptive” relative to the
images being captured. For example, when a background and a foreground are more
different (e.g., when the foreground and background are of different colors), then the
threshold may be increased. When the background and foreground are less different
(e.g., when the background and foreground are of similar colors), then the threshold
may be decreased. In a particular illustrative embodiment, the threshold is variable
between a “minimum” value and a “maximum” value, such as between 1 and 255 (e.g.,
the threshold may be set to 20). Accordingly, the background/foreground analyzer 140
may track differences between foregrounds and backgrounds and adjust the threshold
accordingly. The background/foreground analyzer 140 may also utilize multiple
thresholds, such as a first or “background” threshold used for determining a background
portion of the image 152 and a second or “foreground” threshold for determining a
foreground portion of the image 152, as described further with reference to FIGS. 2A-
2C.

[0036] To further illustrate by way of a particular example, if the first area of pixels 112
corresponds to a first region of the scene 108 (e.g., one of a plurality of regions of an
image captured by the camera 110) at a first time and the second area of pixels 114
corresponds to the first region of the scene at a second time, then if the difference is
determined to be low (e.g., does not exceed the threshold), the first region of the scene
may be determined to be relatively stationary or stable between the first time and the
second time. The first region of the scene 108 may be a selected portion of a captured
image and the selected portion may be changed during operation to evaluate each
portion of the captured image. Accordingly, the first region may be identified as a
background portion (e.g., as a portion of the background object 160) of the scene 108.
An example of such a stationary object may be the sun depicted in FIG. 1. If the
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difference is determined to be high (e.g., exceeds the threshold), then the first region of
the scene 108 may be determined to have moved or changed between the first time and
the second time. Accordingly, the first region may be identified as a foreground portion
(e.g., as a portion of the foreground object 170) of the scene 108. A user engaged in a
game of “virtual soccer” (e.g., in connection with an augmented reality game) is an
example of an application in which a foreground object may exhibit movement that may

exceed the threshold.

[0037] The foregoing technique to identify foreground and background portions of an
image described with reference to the first region may also be applied to one or more
additional regions of the scene, serially or in parallel, to identify foreground and
background portions of the entire scene. In at least one embodiment, each region of a
captured image of the scene 108 may be compared to a corresponding region of at least
one prior captured image of the scene 108 in order to identify background and/or

foreground portions of a captured image.

[0038] The display 150 may be responsive to the background/foreground analyzer 140
to display the image 152. The image 152 may correspond to the scene 108. For
example, in the particular illustration of FIG. 1, the image 152 includes a background
portion (i.e., the sun) corresponding to the background object 160, a foreground portion
(i.e., a user) corresponding to the foreground object 170, and a virtual object (i.e., a ball
generated in connection with an augmented reality application, such as a game)
corresponding to the location 180. Example operations of the mobile device 104 are

described further with reference to FIGS. 2A-2C.

[0039] It will be appreciated that the foregoing techniques described with reference to
FIG. 1 may enable simplified background/foreground analysis for the mobile device
104. For example, object motion may be determined based on a degree of change of
pixel intensities in a region of an image. By use of the above method, the mobile device
104 may avoid repetitively reevaluating orientation and location data while the mobile
device 104 is in motion and is processing an augmented reality application.

Accordingly, computational efficiency of background/foreground analysis is improved.

[0040] FIG. 2A depicts a particular illustrative embodiment of the mobile device 104

described with reference to FIG. 1. Various components and functionalities of the
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mobile device 104 of FIG. 2A may be described with reference to FIG. 1. For example,
the mobile device 104 of FIG. 2A may include the camera 110, the evaluator 120, the
background/foreground analyzer 140, and the display 150. In the particular example of
FIG. 2A, the evaluator 120 includes a circuit 204 to perform an operation, such as an
integral image operation, as explained further below. Further, in the particular example
of FIG. 2A, the background/foreground analyzer 140 includes a comparison circuit 130,
which may be configured to determine a background model 212 based on comparing at
least one difference between successive integral images to a background threshold, as

explained further below.

[0041] In operation, the evaluator 120 may be responsive to a first area of pixels 112A
and to a second area of pixels 114A each generated by the camera 110. For example,
the circuit 204 may perform an operation based on the areas of pixels 112A, 114A to
generate a first result 122A and a second result 124A, respectively. In at least one
embodiment, the arecas of pixels 112A, 114A and the results 122A, 124A correspond to
the areas of pixels 112, 114 and the results 122, 124 of FIG. 1, respectively. In at least
one embodiment, the operation performed by the circuit 204 is an integral image
operation, the first result 122A is an integral image associated with the first area of
pixels 112A, and the second result 124A is an integral image associated with the second
area of pixels 114A. To illustrate, if the first area of pixels 112A is represented by a
matrix of pixel intensity values, the integral image at position (m, ) of the first area of

pixels 112A is

[0042] Z](X’ Y ) ,

X<m;y<n

[0043] where I(x, y) is a pixel intensity value having position (x, y) in the matrix of

pixel intensity values. For example, for a matrix of pixel intensity values

3 51
[0044] 1 21
4 2 4
[0045] that is input to the circuit 204, the circuit 204 may determine the corresponding

integral image to be:
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[0046] 4 11 13
8 17 23
[0047] In at least one embodiment, the background/foreground analyzer 140 is

responsive to results (e.g., the results 122A, 124A) output by the circuit 204 to generate
the background model 212. According to one example, the comparison circuit 130 may
determine a difference between the results 122A, 124A. If the difference does not
exceed a threshold associated with determining background models (i.e., a “background
threshold™), then a determination may be made that the areas of pixels 112A, 114A
represent a substantially “stable” or “steady” image of a scene (e.g., the background
object 160 of the scene 108 of FIG. 1). Upon acquiring the substantially “stable” or
“steady” image, one or more of the areas of pixels 112A, 114A and the results 122A,
124 A may be used to construct the background model 212, to render a background
portion at the display 150 using the background model 212 (e.g., in connection with an

augmented reality application), or a combination thereof.

[0048] In at least one embodiment, the background model 212 is stored at the mobile
device 104 (e.g., stored by the background/foreground analyzer 140, as depicted in the
example of FIG. 2A) and used in subsequent calculations, as described further with
reference to at least FIGS. 2B and 2C. For example, the result 124A may be stored at
the mobile device 104 (e.g., as part of a background model, such as the background
model 212) and is used to determine a foreground portion of an image, as described
further with reference to at least FIGS. 2B and 2C. According to further embodiments,
background models may be sent and received by mobile devices, such as the mobile
device 104 of FIG. 2A. According to still further embodiments, alternatively or in
addition to the foregoing techniques, background models may be generated based on a

“user designation” technique, as described further with reference to FIG. &.

[0049] If the difference exceeds the threshold, then a determination may be made that
the areas of pixels 112A, 114A do not represent a substantially “stable” or “steady”
image of the scene, and additional images of the scene may be captured (e.g., by
sending a signal to the camera 110 (or to a camera controller associated with the camera

110, as described further with reference to FIG. 9), and the additional images analyzed



WO 2014/042795 PCT/US2013/054423

S12 -

until a substantially “stable” or “steady” set of pixels (e.g., background model) is

obtained.

[0050] In a particular embodiment, in response to the background/foreground analyzer
140 determining that the difference is greater than or equal to the threshold, the
background/foreground analyzer 140 may determine that the second area of pixels 114A
corresponds to a foreground portion. Determination of foreground portions is described

further with reference to at least FIGS. 2B and 2C.

[0051] It will be appreciated that the integral image technique described with reference
to FIG. 2A is computationally robust and may enable simplified background/foreground
analysis for the mobile device 104. For example, object motion may be determined
based on a degree of change of pixel intensities in a region of an image (e.g., whether
the degree of change exceeds a threshold) instead of based on a location and position of
a marker. Because the mobile device 104 of FIG. 2A may avoid repetitively
reevaluating orientation and location of the marker while the mobile device is in motion
and while processing an augmented reality application, computational complexity of

generating the background model 212 may be reduced.

[0052] FIG. 2B depicts a particular illustrative embodiment of the mobile device 104
described with reference to FIG. 1. Various components and functionalities of the
mobile device 104 of FIG. 2B may be described with reference to FIGS. 1 and 2A. For
example, the mobile device 104 of FIG. 2B may include the camera 110, the evaluator
120, the background/foreground analyzer 140, and the display 150. In the particular
example of FIG. 2B, the evaluator 120 includes the circuit 204 of FIG. 2A. Further, in
the particular example of FIG. 2B, the background/foreground analyzer 140 includes the
comparison circuit 130 of FIG. 2A, which may be configured to determine a
foreground/background portion by comparing a difference between an integral image

and a background model to a foreground threshold, as explained further below.

[0053] In operation, the evaluator 120 may be responsive to a first area of pixels 112B
and to a second area of pixels 114B, each generated by the camera 110. For example,
the circuit 204 may perform an operation based on the areas of pixels 112B, 114B to
generate a first result 122B and a second result 124B, respectively. In at least one

embodiment, the areas of pixels 112B, 114B and the results 122B, 124B correspond to
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the areas of pixels 112, 114 and the results 122, 124 of FIG. 1, respectively. In at least
one embodiment, the operation performed by the circuit 204 is an integral image
operation, the first result 122B is an integral image associated with the first area of
pixels 112B, and the second result 124B is an integral image associated with the second

area of pixels 114B.

[0054] In at least one embodiment, the comparison circuit 130 of FIG. 2B is configured
to compare results of operations (e.g., the results 122B, 124B) to the background model
212 to determine foreground models. For example, according to a particular illustrative
embodiment, the comparison circuit 130 may compare the first result 122B to the
background model 212 (or to a portion of the background model 212) to determine a
first difference (e.g., a difference between two image integrals). If the first difference
does not exceed a threshold associated with foreground models (i.c., a “foreground
threshold™), then the background/foreground analyzer 140 may determine, based on the
first difference, that the first result 122B does not correspond to a foreground portion of
a scene (e.g., the foreground object 170 of the scene 108 of FIG. 1, or a portion thereof).
That is, because the first difference indicates that the first result 122B is “similar” to or
substantially “matches” the background model 212, the background/foreground analyzer
140 may determine that the first area of pixels 112B does not correspond to a
foreground object of the scene (e.g., does not correspond to a “dynamic” object, such as

a user in motion, or a portion thereof).

[0055] Continuing with the foregoing example, in response to determining that the first
result 122B does not exceed the foreground threshold, the background/foreground
analyzer 140 may cause the camera 110 to capture the second area of pixels 114B. The
comparison circuit may be responsive to the second result 124B generated by the circuit
204 based on the second area of pixels 114B. The comparison circuit 140 may compare
the second result 124B to the background model 212 to generate a second difference. If
the second difference exceeds the foreground threshold, then the
background/foreground analyzer 140 may determine, based on the second difference,
that the second result 124B does not substantially “match” or is not “similar” to the
background model 212. The background/foreground analyzer 140 may thus determine
that the second area of pixels 114B corresponds to a foreground object of the scene

(e.g., corresponds to a “dynamic” object, such as a user in motion, or a portion thereof).
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One or more of the second area of pixels 114B and the second result 124B may be used
to render a representation of the foreground object at the display 150, for example in

connection with an augmented reality application.

[0056] It will be appreciated that the techniques described in connection with FIG. 2B
may enable simplified foreground model generation for a mobile device. For example,
object motion may be determined based on a degree of change of pixel intensities in a
region of an image (e.g., whether the degree of change exceeds a threshold) instead of
based on a location and position of a marker. Because the mobile device may avoid
repetitively reevaluating orientation and location of the marker while the mobile device
is in motion and while processing an augmented reality application, computational

complexity of background/foreground analysis may be reduced.

[0057] In at least one embodiment, in response to determining that the first difference
does not exceed the threshold, the first result 122B may also be “subdivided” into
portions (e.g., sub-blocks). One or more of the subdivided portions may be compared to
the background model 212. Such techniques are described further with reference to at

least FIG. 2C.

[0058] FIG. 2C depicts a particular illustrative embodiment of the mobile device 104
described with reference to FIG. 1. Various components and functionalities of the
mobile device 104 of FIG. 2C may be described with reference to FIGS. 1, 2A, and 2C.
For example, the mobile device 104 of FIG. 2C may include the camera 110, the
evaluator 120, the background/foreground analyzer 140, and the display 150. In the
particular example of FIG. 2C, the evaluator 120 includes the circuit 204 of FIGS. 2A
and 2B and further includes a storage device 216. The background/foreground analyzer
140 may include the comparison circuit 130 of FIGS. 2A and 2B and may further
include a fast integral image calculator 220. The fast integral image calculator 220 may
include circuitry configured to perform a “fast integral image operation” using one

addition operation and two subtraction operations, as described further below.

[0059] In operation, the camera 110 may capture images of a scene, such as the scene
108 of FIG. 1. For example, a first area of pixels 112C may correspond to an image of
the scene captured at a first time. The circuit 204 may perform an operation on the first

area of pixels 112C to generate a first result 122C. The first area of pixels 112C and the
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first result 122C may correspond to the first area of pixels 112 and the first result 122 of
FIG. 1, respectively.

In a particular embodiment, the first area of pixels 112C corresponds to pixels of
an entire image captured by the camera 110 and the first result 122C corresponds to an
integral image associated with the entire image (e.g., the first result 122C may be a
“high-level” integral image). The background/foreground analyzer 140 may be
responsive to the high-level integral image generated by the circuit 204. In at least one
embodiment, the fast integral image calculator 220 may divide the first result 122C into
portions (e.g., sub-blocks) and calculate a respective integral image associated with each

of the portions.

As an illustrative, non-limiting example, if the first area of pixels 112C is a four-

by-four matrix:

_— R = W
— N DN
i e
—_ = = =

then the circuit 204 may compute the first result 122C to be a “high-level”

integral image associated with the four-by-four matrix:

3 8 9 10
4 11 13 15
& 17 23 26
9 19 26 30

The background/foreground analyzer 140 may compare the first result 122C to
the background model 212 using an appropriate technique, such as one or more of the
techniques described with reference to FIGS. 1, 2A, and 2B (e.g., using a threshold), to
determine whether the first result 122C “matches” the background model 212. If the
comparison circuit 130 does not determine that the first result 122C “matches” the
background model 212, the fast integral image calculator 220 may generate one or more
sub-portions or “sub-integral images” (e.g., an integral image of a subset of pixels of the

first area of pixels 112C) based on the first result 122C and may compare the one or
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more sub-integral images to the background model 212. In a particular embodiment, the
fast integral image calculator calculates the one or more sub-integral images according

to:
[0066] atd-b-c

[0067] where d is the bottom-right value associated with a portion of the first result
122C for which a sub-integral image is to be calculated and a, b, and ¢ are boundary
values “outside” the portion of the first result 122C to the upper-left, upper-right, and
lower-left of the portion, respectively. To further illustrate, continuing with the

previous illustrative, non-limiting example, if the first result 122C is

3 8 9 10
4 11 13 15
[0068]
8 17 23 26
9 19 26 30
[0069] then four two-by-two sub-integral images can each be determined based on the

first result 122C, namely: 11+0-0-0=11,15+0-0-11=4,19+0-11-0=8,
and 30 + 11 — 15 — 19 = 7 for the upper left, upper right, lower left, and lower right sub-

integral images, respectively.

[0070] One or more such sub-integral images may be compared to the background
model 212 to determine a “match.” In a particular embodiment, the sub-integral images
are compared to “neighbor portions” (e.g., portions within a predetermined range of the
sub-integral images) of the background model 212. As an example, the “upper left”
two-by-two sub-integral image may be compared the “upper left” two-by-two portion of
the background model 212. If one or more of the sub-integral images match the
background model 212, then the one or more sub-integral images may be determined to
correspond to background. If none of the sub-integral images matches the background
model 212, then the first result 122C can be further subdivided into smaller sub-integral
images. As described further with reference to FIG. 3B, if none of the portions is
determined to “match” the background model 212, then the first result 122C may be

determined to correspond to a foreground portion (e.g., a “dynamic” object in motion).
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[0071] It should be appreciated that the techniques described in connection with
FIG. 2C may enable fast comparison of pixels (e.g., the first area of pixels 112C) with a
background model (e.g., the background model 212). For example, in at least one
embodiment, only a “high-level” integral image is stored (e.g., stored at the storage
device 216), which may be used to generate any sub-integral images, such as using the
fast integral image calculator 220. According to a particular illustrative embodiment,
after generating the first result 122C, the first area of pixels 112C is not used for
additional integral image generation (e.g., since sub-integral images may be generated
based instead on the high-level integral image). Accordingly, due to the
computationally efficient techniques described with reference to FIG. 2C (e.g., sub-
integral image generation using one addition operation and two subtraction operations),
augmented reality applications may be processed and results rendered (e.g., at the
display 150) more rapidly, thus providing users of the mobile device 104 a more

realistic augmented reality experience.

[0072] Referring to FIG. 3A, a particular illustrative embodiment of a method of
operation of the mobile device 104 of one or more of FIGS. 1, 2A, 2B, and 2C is
depicted and generally designated 300. The method 300 includes evaluating, at the
mobile device 104, a first area of pixels (e.g., the first area of pixels 112) to generate a
first result (e.g., the first result 122), at 304. The method 300 further includes
evaluating, at the mobile device, a second area of pixels (e.g., the second area of pixels

114) to generate a second result (e.g., the second result 124), at 308.

[0073] At 312, based on comparing a threshold with a difference between the first result
and the second result (e.g., a difference determined by the comparison circuit 130), a
determination is made that the second area of pixels corresponds to a background
portion of a scene (e.g., the background object 160 of the scene 108) or a foreground
portion of the scene (e.g., the foreground object 170 of the scene 108). In at least one
embodiment, the determination is made based on whether the difference exceeds or does

not exceed a threshold.

[0074] Referring to FIG. 3B, another particular illustrative embodiment of a method of
operation of the mobile device 104 of one or more of FIGS. 1, 2A, 2B, and 2C is
depicted and generally designated 350. The method 350 includes capturing a plurality
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of initial images of a scene, at 302. The initial images may include the arecas of pixels
112, 114. The scene may be the scene 108. The initial images may be captured by the

camera 110.

[0075] At 306, based on at least one difference between the plurality of initial images
not exceeding a first threshold, a determination is made that at least one of the plurality
of initial images corresponds to a background portion of the scene. For example, a
determination may be made that the plurality of initial images corresponds to a “stable”
image (e.g., a background portion of an image, such as the background object 160). In
at least one embodiment, the comparison circuit 130 determines that the at least one
difference does not exceed the first threshold using one or more techniques described

with reference to FIG. 2A.

[0076] At 310, a background model (e.g., the background model 212) is generated
based on at least one of the plurality of initial images. The background model may
include a first integral image associated with the scene. According to further
embodiments, the background model may be generated according to user input, as

described further with reference to FIG. 8.

[0077] The method 350 further includes capturing (e.g., by the camera 110) a second
image associated with the scene and determining a second integral image associated
with the second image, at 314. The second integral image may be any of the results

122B, 124B, and 122C described with reference to FIGS. 2B and 2C.

[0078] At 318, the second integral image is partitioned (e.g., divided) into one or more
portions having a size » and each of the one or more portions is compared to neighbor
portions (e.g., portions within a predetermined range) of the first integral image. The
size n may be a length (e.g., number of columns) of the one or more portions, a height
(e.g., a number of rows) of the one or more portions, or a combination thercof. As an
illustrative, non-limiting example, if the second integral image is a four-by-four matrix,
then the second integral image may be partitioned into one or more two-by-two
portions. In at least one embodiment, the second integral image is partitioned according
to the “fast integral image” technique described with reference to FIG. 2C. For
example, the one or more portions may be the “sub-integral images” described with

reference to FIG. 2C and may be each generated using one addition operation and two
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subtraction operations, such as according to a + d — b — ¢, as described with reference to

FIG. 2C.

[0079] At 322, a determination is made whether any of the one or more portions
“matches” the first integral image. The determination may be made according to one or
more techniques described with reference to FIGS. 1 and 2A-2C, such as by comparing
the one or more portions to a second threshold to generate a second difference and
determining whether the second difference exceeds a second threshold. If any of the
one or more portions matches the first integral image, then a determination may be
made that the portion corresponds to a background portion of the scene (e.g.,

corresponds to the background object 160, or a portion thereof, of the scene 108).

[0080] If none of the one or more portions matches the background model, then #» may
be reduced, at 330, and the second integral image may be re-partitioned, at 318. That is,
smaller (e.g., “finer”) portions of the second integral image may be generated and
compared to neighbor portions of the first integral image. In at least one embodiment,
the first integral image may be partitioned according to the “fast integral image”
technique to generate the neighbor portions. In the particular embodiment of FIG. 3B, if
a match cannot be determined between portions of the first and second integral images
and # has been reduced to a predetermined floor value m (e.g., m = 1), at 334, then the
second integral image may be determined to correspond to a foreground portion of the
scene (e.g., corresponds to the foreground object 170, or a portion thercof, of the scene
108), at 338.

[0081] Although for convenience of illustration the foregoing partitioning techniques
have been described in terms of “symmetrical” partitioning (e.g., partitioning a four-by-
four matrix into four two-by-two portions), in at least some applications integral images
may be partitioned “non-symmetrically” (e.g., where a “remainder” portion has a size
that is different than the size # of one or more other portions). It should be appreciated
that such a “remainder” portion may be “matched” against a background model

according to the techniques described with reference to FIG. 3B.

[0082] FIG. 4 depicts a particular illustrative embodiment of a mobile device 404
configured to estimate a location of a ground surface 408. The mobile device 404 may

be the mobile device 104 of one or more of FIGS. 1 and 2A-2C (or another mobile
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device). The mobile device 404 may include a display, such as the display 150 of
FIGS. 1 and 2A-2C. The mobile device 404 may further include a camera 402 (e.g., a
sterco camera), a sensor 412, an indication 416 of a height of a user of the mobile device
404, and an estimator 420. In at least one embodiment, the camera 402 is the camera
110 described with reference to FIG. 1. The camera 402 may include an autofocus
feature 424 (e.g., logic to cause the camera 402 to automatically focus on objects within
a field of view of the camera 402). The sensor 412 may be a sensor configured to detect
position and/or motion of the mobile device 404, such as a gyroscope, an accelerometer,
a motion sensor, or a combination thereof. As shown in the example of FIG. 4, a
longitudinal extent 428 of the mobile device 404 may be positioned according to an
angle & relative to the ground surface 408 (e.g., while the mobile device 404 is being

handled by the user).

[0083] In operation, the sensor 412 may determine the angle & of the longitudinal extent
428 relative to the ground surface 408. The estimator 420 may generate a first estimate
444 of a first distance L; associated with a first projection 432 from a center 436 of the
mobile device 404 (or from a center of the camera 402) to the ground surface 408. The
first projection 432 is perpendicular to the longitudinal extent 428. The first estimate
444 may be generated using stereo camera data provided by the camera 402 of the
mobile device 404, using the autofocus feature 424 of the mobile device, or a

combination thereof.

[0084] The estimator 420 may further generate, based on the angle & and the first
estimate 444, a second estimate 448 of a second distance L, associated with a second
projection 440 from the center 436 of the mobile device 404 to the ground surface 408.
The second projection 440 is perpendicular to the ground surface 408. In at least one
embodiment, the estimator 420 generates the second estimate 448 according to £, =
Li(cos(6)). Alternatively or in addition, the estimator 420 may generate the second
estimate 448 based on the indication 416 of the height of the user of the mobile device
404, and the first estimate 444 may be determined based on the second estimate 445%.
For example, for a mobile device that does not include a stereo camera (not shown in
FIG. 4), the second estimate 448 may be generated based on the indication 416 of the
height of the user of the mobile device 404 and the first estimate 444 may be determined
according to L,/(cos(6)).
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[0085] The estimator 420 may generate an estimated location 452 of the ground surface
408. The display 150 may be responsive to the estimated location 452 and may display
an image 456 that includes a ground surface portion that is based on the estimated

location 452 of the ground surface 408.

[0086] It will be appreciated that the techniques described with reference to FIG. 4 may
enable generation of the estimated location 452 of the ground surface 408 without
utilizing a marker. For example, generating the second estimate 448 according to L, =
Li(cos(6)) may be performed without use of a marker. Hence, operation of augmented
reality applications may be simplified and made more convenient for users of the mobile

device 404.

[0087] Referring to FIG. §, a flow diagram of a method of operation of the mobile
device 404 of FIG. 4 is depicted and generally designated 500. The method 500
includes determining, using a sensor (e.g., the sensor 412) of the mobile device, an
angle (e.g., the angle &) of a longitudinal extent (e.g., the longitudinal extent 428) of the
mobile device (e.g., the mobile device 404) with respect to a ground surface (e.g., the

ground surface 408), at 504.

[0088] The method 500 further includes estimating a first distance (e.g., the first
distance L;) associated with a first projection (e.g., the first projection 432) from a
center (e.g., the center 436) of the mobile device to the ground surface, at 508. The first
projection is perpendicular to the longitudinal extent of the mobile device. The first
distance may be estimated using a stereo camera of the mobile device, an autofocus

feature (e.g., the autofocus feature 424) of the mobile device, or a combination thereof.

[0089] Based on the angle and the first distance, a second distance (e.g., the second
distance L,) is estimated, at 512. The second distance is associated with a second
projection (e.g., the second projection 440) from the center of the mobile device to the
ground surface. The second projection is perpendicular to the ground surface. The
method 500 may further include determining a location of a virtual object based at least
in part on the estimated second distance, at 516. For example, based on distance and
location of the ground surface, the virtual object can be rendered as being on the ground

(e.g., a ball at rest) or as being above the ground (e.g., the ball after being kicked).
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[0090] Referring to FIG. 6, a particular embodiment of a mobile device configured to

generate images based on stereo camera depth data is depicted and generally designated
600. The mobile device 600 may include a stereo camera 610 and a depth evaluator 620
coupled to the stereo camera 610. The stereo camera 610 may include multiple lenses,
such as a first lens 616 and a second lens 614. The depth evaluator 620 may include a
detail generator 622. It should be appreciated that one or more features and operations
of the mobile device 600 of FIG. 6 may be described with reference to the features and
operations described with reference to FIGS. 1-5. For example, although not shown in
FIG. 6 for clarity of illustration, the mobile device 600 may include the display 150 of
FIGS. 1, 2A-2C, and 4.

[0091] In operation, the stereo camera 610 may generate image depth data 612 related
to a scene (e.g., the scene 108 of FIG. 1). The image depth data 612 may indicate object
depths. The depth evaluator 620 may be responsive to the image depth data 612 to
generate a depth profile 624. The depth profile 624 may include depth information
related to one or more images (e.g., related to one or more of the areas of pixels 112,
114 of FIG. 1). In at least one embodiment, the depth evaluator 620 is configured to
determine, based on the depth profile 624, whether a foreground portion 632 is to be
rendered in front of or behind virtual objects. For example, as shown in FIG. 6, the
depth evaluator 620 may determine, based on the depth profile 624, that a virtual object
634 is to be rendered in front of the foreground portion 632. As another example, the
depth evaluator 620 may determine, based on the depth profile 624, that a virtual object
636 is to be occluded by the foreground portion 632.

[0092] In at least one embodiment, the detail generator 622 may be configured to
increase or decrease resolution of objects in the image 630 based on the depth profile
624. For example, in response to the depth profile indicating that an object has a large
depth relative to the mobile device 600, the detail generator 622 may determine that the
object corresponds to image background and is to be rendered as a background portion
638. As another example, in response to the depth profile indicating that the object has
a small depth relative to the mobile device 600, the detail generator 622 may determine
that the object corresponds to image foreground and is to be rendered as a foreground
portion 642. In at least one embodiment and as described further with reference to

FIG. 7, a boundary of the foreground portion 642 (e.g., a boundary of the foreground



WO 2014/042795 PCT/US2013/054423

-23 -

portion 642 relative to the background portion 638) may be determined based on the
depth profile 624. In addition, and as described further with reference to FIG. 7,
resolution of a portion of the image 630 (e.g., a portion corresponding to the boundary
of the foreground portion 642) may be increased in response to determining the

boundary of the foreground portion 642 based on the depth profile 624.

[0093] It will be appreciated that the techniques described in connection with FIG. 6
enable efficient generation of depth information. For example, in the example of
FIG. 6, use of the stereo camera 610 may enable generation of depth information
without analyzing a location and position of a marker. Further, as described further
with reference to FIG. 7, the depth information can be used to selectively change image
resolution and quality. That is, as described further with reference to FIG. 7, once a
boundary of a foreground object of an image has been determined (e.g., using the stereo
camera 610), portions outside the foreground object can be reduced in resolution and
portions within the boundary can be increased in resolution. Thus, in at least one
embodiment, additional processing resources can be allocated to portions of more
interest (e.g., foreground portions) rather than to other portions (e.g., background

portions).

[0094] Referring to FIG. 7, a portion of the image 630 of FIG. 6 prior to and subsequent
to selectively changing image resolution based on the depth profile 624 is depicted and
generally designated 630A and 630B, respectively. As shown in FIG. 7, the portion
630A includes the background portion 638 and the foreground portion 642. The
foreground portion 642 includes a boundary 712. The boundary 712 may be determined
based on the depth profile 624. In at least one embodiment, the boundary 712 is
determined based on a depth difference between the foreground portion 642 and the
background portion 638 exceeding a threshold.

[0095] In response to determining the boundary 712, resolution of the foreground
portion 642 may be selectively changed. For example, a first portion 716 of the
foreground portion 642 may be decreased in resolution, or reclassified as a background
portion, based on the boundary 712. A second portion 720 of the foreground portion
642 may be increased in resolution based on the boundary 712. For example, in at least

one embodiment, the second portion 720 is improved from a block-based resolution to a
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pixel-based resolution (e.g., from coarse resolution to fine resolution). In at least one
embodiment, one or more low resolution image portions are generated based on a high-
level integral image stored at the storage device 216, as described with reference to
FIG. 2C. Accordingly, selectively changing resolution of the foreground portion 642
based on the boundary 712 may improve contrast of the foreground portion 642 relative

to the background portion 638, thus improving image quality.

[0096] Referring to FIG. §, an example operation of a mobile device is depicted and
generally designated 800. The operations 800 may be performed by the mobile device
104 of one or more of FIGS. 1 and 2A-2C, the mobile device 404 of FIG. 4, the mobile

device 600 of FIG. 6, or a combination thereof.

[0097] For example, images may be captured at a camera of the mobile device, at 804.
The camera may be the camera 110 of one or more of FIGS. 1 and 2A-2C, the camera
402 of FIG. 4, the stereo camera 610 of FIG. 6, or a combination thercof. The images

may correspond to the areas of pixels 112, 114.

[0098] The operations 800 further include generating a virtual object, at 808. The
virtual object may be the virtual object 634 of FIG. 6, the virtual object 636 of FIG. 6,
or a combination thercof. The virtual object may be a computer-generated virtual object
that is generated using a processor of the mobile device, as described further with

reference to FIG. 9.

[0099] The operations 800 further include generating a background model of an image
to be displayed, at 812. In at least one embodiment, the background model is generated
based on user input. For example, according to a particular example, a user may point
the camera 110 at a background object (e.g., the background object 108) to designate the
background model, for example in connection with an augmented reality game. Such a
background model may also be sent and received between mobile devices, for example
in connection with the augmented reality game. The background model may include a
ground surface portion generated according to the techniques described with reference
to FIGS. 4 and 5. The background model may be generated prior to generating the first
result 122 as described with reference to FIGS. 1 and 2A-2C.
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[00100] At 816, the background model is updated according to a pixel intensity sum
technique (e.g., the integral image technique described with reference to FIGS. 1-3).
For example, the pixel intensity sum technique may be utilized to determine that data
corresponds to a foreground portion (e.g., the foreground portion 632 of FIG. 6, the
foreground portion 642 of FIG. 6, or a combination thereof) based on whether a

difference exceeds a threshold.

[00101] The operations 800 further include inserting the virtual object into the image to
be displayed, at 818. For example, the virtual object may be inserted in front of or
behind the foreground portion based on the depth profile 624 of FIG. 6. The operations
800 further include detecting collisions, user input, or a combination thereof, at 820.
For example, a collision between a foreground object (e.g., a user) and a location (e.g.,

the location 180 of FIG. 1) corresponding to a virtual object may be detected.

[00102] The operations 800 may further include performing sequence recognition, at
824, and performing segmentation, depth recovery, shape recognition, or a combination
thereof, at 828. At 832, an output is generated. For example, an image (e.g., the image
152 of FIG. 1, the image 630 of FIG. 6, or a combination thercof) may be displayed at
the display 150 of one or more of FIGS. 1, 2A-2C, and 4.

[00103] As will be appreciated, operating a mobile device based on the operations 800 of
FIG. 8 may enable efficient processing of augmented reality applications. Further, the
augmented reality applications may be processed without utilizing a marker, which may

provide convenience and improved performance for users.

[00104] Referring to FIG. 9, a block diagram of a particular embodiment of a mobile
device is depicted and generally designated 900. In the particular example of FIG. 9,
the mobile device 900 includes a processor 910 (e.g., a digital signal processor) that
includes the evaluator 120 of FIG. 1, the comparison circuit 130 of FIG. 1, the
background/foreground analyzer 140 of FIG. 1, the estimator 420 of FIG. 4, and the
depth evaluator 620 of FIG. 6. Each of the evaluator 120, the comparison circuit 130,
the background/foreground analyzer 140, the estimator 420, and the depth evaluator 620
may include hardware, instructions executable by the processor 910, or a combination

thereof.
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[00105] FIG. 9 further depicts a memory 932 coupled to the processor 910. The memory
932 is a computer-readable non-transitory (e.g., tangible) medium configured to store
instructions 954 and data 956. The instructions 954 may include image processing
instructions, such as instructions executable by the processor 910 to perform one or
more operations described with reference to FIGS. 1-8. The instructions 954 may
include an augmented reality application (e.g., an application including instructions
executable by the processor 910 to generate virtual objects). The data 956 may include
the areas of pixels 112, 114 of one or more of FIGS. 1 and 2A-2C, the results 122, 124
of one or more of FIGS. 1 and 2A-2C, the depth profile 624 of FIGS. 6 and 7, or a

combination thereof.

[00106] The mobile device 900 may include a display, such as the display 150 described
with reference to one or more of FIGS. 1, 2A-2C, and 4. The mobile device 900 may
further include a camera 946 coupled to a camera controller 990. The camera 946 may
be the camera 110 of one or more of FIGS. 1 and 2A-2C, the camera 402 of FIG. 4, the

stereo camera 610 of FIG. 6, or a combination thereof.

[00107] FIG. 9 also shows a display controller 926 that is coupled to the processor 910
and to the display 150. A coder/decoder (CODEC) 934 can also be coupled to the
processor 910. A speaker 936 and a microphone 938 can be coupled to the CODEC
934. FIG. 9 further indicates that a wireless controller 940 can be coupled to the
processor 910 and to transceiver 950. The transceiver 950 may be coupled to an

antenna 942.

[00108] In a particular embodiment, the processor 910, the display controller 926, the
camera controller 990, the memory 932, the CODEC 934, the wireless controller 940,
and the transceiver 950 are included in a system-in-package or system-on-chip device
922. In a particular embodiment, an input device 930, a power supply 944, and a sensor
(e.g., the sensor 412 of FIG. 4) are each coupled to the system-on-chip device 922.
Moreover, in a particular embodiment, as illustrated in FIG. 9, the display 150, the input
device 930, the speaker 936, the microphone 938, the antenna 942, the power supply
944, and the sensor 412 are external to the system-on-chip device 922. However, each

of the display 150, the input device 930, the speaker 936, the microphone 938, the
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antenna 942, the power supply 944, and the sensor 412 can be coupled to a component

of the system-on-chip device 922, such as an interface or a controller.

[00109] In conjunction with the disclosed embodiments, a mobile device is described
that includes means for evaluating (e.g., the evaluator 120) a first area of pixels to
generate a first result and further for evaluating a second area of pixels to generate a
second result. The mobile device further includes means for determining (e.g., the
background/foreground analyzer 140) that the second area of pixels corresponds to one
of a background portion of a scene and a foreground portion of the scene based on

comparing a threshold with a difference between the first result and the second result.

[00110] In conjunction with the disclosed embodiments, a mobile device is described
that includes means for determining (e.g., the sensor 412) an angle (e.g., the angle 8) of
a longitudinal extent (e.g., the longitudinal extent 428) of the mobile device with respect
to a ground surface (e.g., the ground surface 408). The mobile device further includes
means for estimating (e.g., the estimator 420) a first distance (e.g., the first distance L)
and for estimating a second distance (e.g., the second distance L,) based on the angle
and the first distance. The first distance is associated with a first projection (e.g., the
first projection 432) from a center (e.g., the center 436) of the mobile device to the
ground surface, where the first projection is perpendicular to the longitudinal extent of
the mobile device. The second distance is associated with a second projection (e.g., the
second projection 440) from the center of the mobile device to the ground surface. The

second projection is perpendicular to the ground surface.

[00111] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. Various illustrative components, blocks,
configurations, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware or
software depends upon the particular application and design constraints imposed on the
overall system. Skilled artisans may implement the described functionality in varying
ways for each particular application, but such implementation decisions should not be

interpreted as causing a departure from the scope of the present disclosure.
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[00112] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or
any other form of storage medium known in the art. An exemplary non-transitory (e.g.
tangible) storage medium is coupled to the processor such that the processor can read
information from, and write information to, the storage medium. In the alternative, the
storage medium may be integral to the processor. The processor and the storage
medium may reside in an application-specific integrated circuit (ASIC). The ASIC may
reside in a computing device or a user terminal. In the alternative, the processor and the
storage medium may reside as discrete components in a computing device or user

terminal.

[00113] The previous description of the disclosed embodiments is provided to enable a
person skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope
possible consistent with the principles and novel features as defined by the following

claims.
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WHAT IS CLAIMED IS:

1. A method comprising:

evaluating, at a mobile device, a first area of pixels to generate a first result;

evaluating, at the mobile device, a second area of pixels to generate a second
result; and

determining that the second area of pixels corresponds to one of a background
portion of a scene and a foreground portion of the scene based on
comparing a threshold with a difference between the first result and the

second result.

2. The method of claim 1, wherein the first area of pixels and the second area of

pixels are evaluated by summing pixel intensity values.

3. The method of claim 2, wherein the first result is a first integral image
comprising a first table of pixel intensity value sums, and wherein the second result is a

second integral image comprising a second table of pixel intensity value sums.

4. The method of claim 1, further comprising:

generating a computer-generated virtual object; and

displaying an image of the scene on a display device of the mobile device,
wherein the image includes the foreground portion, the background portion, and

the virtual object.

5. The method of claim 4, wherein the virtual object is associated with an

augmented reality application of the mobile device.

6. The method of claim 1, further comprising:
estimating a location of a ground surface relative to the mobile device; and
based on the estimated location of the ground surface, determining a location of

a virtual object.

7. The method of claim 6, wherein estimating the location of the ground surface
includes:
determining, using a sensor of the mobile device, an angle of a longitudinal

extent of the mobile device with respect to the ground surface;
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estimating a first distance associated with a first projection from a center of the
mobile device to the ground surface, wherein the first projection is
perpendicular to the longitudinal extent of the mobile device; and

based on the angle and the first distance, estimating a second distance associated
with a second projection from the center of the mobile device to the
ground surface, wherein the second projection is perpendicular to the

ground surface.

8. The method of claim 1, further comprising:
prior to generating the first result, capturing a plurality of initial images; and

generating an initial background model based on the plurality of initial images.

9. The method of claim 8, further comprising:

partitioning the first result into a plurality of portions; and

comparing the plurality of portions to the initial background model to determine
whether any of the plurality of portions matches the initial background

model.

10. The method of claim 9, wherein each of the plurality of portions is

generated using one addition operation and two subtraction operations.

11. The method of claim 1, further comprising;

generating a depth profile associated with a scene using a stereo camera of the
mobile device; and

determining a boundary of the foreground portion, the boundary determined

based on the depth profile.

12. The method of claim 11, further comprising increasing resolution of at least

some of the foreground portion in response to determining the depth difference.

13. A mobile device comprising:

an evaluator configured to evaluate a first area of pixels to generate a first result
and further configured to evaluate a second area of pixels to generate a
second result; and

logic configured to determine that the second area of pixels corresponds to one

of a background portion of a scene and a foreground portion of the scene
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based on comparing a threshold with a difference between the first result

and the second result.

14. The mobile device of claim 13, wherein the first area of pixels and the

second area of pixels are evaluated by summing pixel intensity values.

15. The mobile device of claim 14, wherein the first result is a first integral
image comprising a first table of pixel intensity value sums, and wherein the second
result is a second integral image comprising a second table of pixel intensity value

sums.

16. The mobile device of claim 13, further comprising a display configured to
display an image that includes the foreground portion, the background portion, and a

virtual object.

17. The mobile device of claim 16, wherein the virtual object is associated with

an augmented reality application of the mobile device.

18. The mobile device of claim 13, further comprising:

a sensor configured to determine an angle of a longitudinal extent of the mobile
device with respect to a ground surface; and

an estimator configured to estimate a first distance associated with a first
projection from a center of the mobile device to the ground surface,
wherein the first projection is perpendicular to the longitudinal extent of
the mobile device and further configured to estimate, based on the angle
and the first distance, a second distance associated with a second
projection from the center of the mobile device to the ground surface,

wherein the second projection is perpendicular to the ground surface.

19. The mobile device of claim 13, further comprising a camera configured to
capture a plurality of initial images, wherein the logic is further configured to generate

an initial background model based on the plurality of initial images.

20. The mobile device of claim 19, wherein the logic is further configured to

partition the first result into a plurality of portions and to compare the plurality of
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portions to the initial background model to determine whether any of the plurality of

portions matches the initial background model.

21. The mobile device of claim 20, wherein the logic is further configured to
generate each of the plurality of portions using one addition operation and two

subtraction operations.

22. The mobile device of claim 13, further comprising;
a stereo camera configured to generate depth data associated with a scene; and
a depth evaluator configured to determine a boundary of the foreground portion,

the boundary determined based on the depth profile.

23. The mobile device of claim 22, wherein the depth evaluator is further
configured to increase resolution of at least some of the foreground portion in response

to determining the depth difference.

24. A mobile device comprising:

means for evaluating a first area of pixels to generate a first result and further for
evaluating a second area of pixels to generate a second result; and

means for determining that the second area of pixels corresponds to one of a
background portion of a scene and a foreground portion of the scene
based on comparing a threshold with a difference between the first result

and the second result.

25. The mobile device of claim 24, wherein the first area of pixels and the

second area of pixels are evaluated by summing pixel intensity values.

26. The mobile device of claim 25, wherein the first result is a first integral
image comprising a first table of pixel intensity value sums, and wherein the second
result is a second integral image comprising a second table of pixel intensity value

sums.

27. The mobile device of claim 24, further comprising a display configured to
display an image that includes the foreground portion, the background portion, and a

virtual object.
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28. The mobile device of claim 27, wherein the virtual object is associated with

an augmented reality application of the mobile device.

29. The mobile device of claim 24, further comprising:

a sensor configured to determine an angle of a longitudinal extent of the mobile
device with respect to a ground surface; and

an estimator configured to estimate a first distance associated with a first
projection from a center of the mobile device to the ground surface,
wherein the first projection is perpendicular to the longitudinal extent of
the mobile device and further configured to estimate, based on the angle
and the first distance, a second distance associated with a second
projection from the center of the mobile device to the ground surface,

wherein the second projection is perpendicular to the ground surface.

30. The mobile device of claim 24, further comprising a camera configured to
capture a plurality of initial images, wherein the means for determining is configured to

generate an initial background model based on the plurality of initial images.

31. The mobile device of claim 30, wherein the means for determining is further
configured to partition the first result into a plurality of portions and to compare the
plurality of portions to the initial background model to determine whether any of the

plurality of portions matches the initial background model.

32. The mobile device of claim 31, wherein the means for determining is further
configured to generate each of the plurality of portions using one addition operation and

two subtraction operations.

33. The mobile device of claim 24, further comprising:
a stereo camera configured to generate depth data associated with a scene; and
a depth evaluator configured to determine a boundary of the foreground portion,

the boundary determined based on the depth profile.

34. The mobile device of claim 33, wherein the depth evaluator is further
configured to increase resolution of at least some of the foreground portion in response

to determining the depth difference.
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35. A computer-readable non-transitory medium storing instructions executable
by a processor of a mobile device to:

evaluate, at the mobile device, a first area of pixels to generate a first result;

evaluate, at the mobile device, a second area of pixels to generate a second
result; and

determine that the second area of pixels corresponds to one of a background
portion of a scene and a foreground portion of the scene based on
comparing a threshold with a difference between the first result and the

second result.

36. The computer-readable non-transitory medium of claim 35, wherein the first
area of pixels and the second area of pixels are evaluated by summing pixel intensity

values.

37. The computer-readable non-transitory medium of claim 36, wherein the first
result is a first integral image comprising a first table of pixel intensity value sums, and
wherein the second result is a second integral image comprising a second table of pixel

intensity value sums.

38. The computer-readable non-transitory medium of claim 35, further
comprising instructions executable by the processor to:

generate a computer-generated virtual object; and

display an image of the scene on a display device of the mobile device,

wherein the image includes the foreground portion, the background portion, and

the virtual object.

39. The computer-readable non-transitory medium of claim 38, wherein the

virtual object is associated with an augmented reality application of the mobile device.

40. The computer-readable non-transitory medium of claim 35, further
comprising instructions executable by the processor to:

estimate a location of a ground surface relative to the mobile device; and

based on the estimated location of the ground surface, determine a location of a

virtual object.
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41. The computer-readable non-transitory medium of claim 40, wherein
estimating the location of the ground surface includes:

determining, using a sensor of the mobile device, an angle of a longitudinal
extent of the mobile device with respect to the ground surface;

estimating a first distance associated with a first projection from a center of the
mobile device to the ground surface, wherein the first projection is
perpendicular to the longitudinal extent of the mobile device; and

based on the angle and the first distance, estimating a second distance associated
with a second projection from the center of the mobile device to the
ground surface, wherein the second projection is perpendicular to the

ground surface.

42. The computer-readable non-transitory medium of claim 35, further
comprising instructions executable by the processor to:
prior to generating the first result, capture a plurality of initial images; and

generate an initial background model based on the plurality of initial images.

43. The computer-readable non-transitory medium of claim 42, further
comprising instructions executable by the processor to:
partition the first result into a plurality of portions; and
compare the plurality of portions to the initial background model to determine
whether any of the plurality of portions matches the initial background

model.

44. The computer-readable non-transitory medium of 43, wherein each of the
plurality of portions is generated using one addition operation and two subtraction

operations.

45. The computer-readable non-transitory medium of claim 1, further
comprising instructions executable by the processor to:
gencrate a depth profile associated with a scene using a stereo camera of the
mobile device; and
determine a boundary of the foreground portion, the boundary determined based

on the depth profile.
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46. The computer-readable non-transitory medium of claim 45, further
comprising instructions executable by the processor to increase resolution of at least

some of the foreground portion in response to determining the depth difference.

47. A method comprising:

determining, using a sensor of a mobile device, an angle of a longitudinal extent
of the mobile device with respect to a ground surface;

estimating a first distance associated with a first projection from a center of the
mobile device to the ground surface, wherein the first projection is
perpendicular to the longitudinal extent of the mobile device; and

based on the angle and the first distance, estimating a second distance associated
with a second projection from the center of the mobile device to the
ground surface, wherein the second projection is perpendicular to the

ground surface.

48. The method of claim 47, wherein the first distance is estimated using a

stereo camera of the mobile device.

49. The method of claim 47, wherein the first distance is determined using an

auto-focus feature of the camera of the mobile device.

50. The method of claim 47, wherein the second distance is estimated further

based on a height of a user of the mobile device.

51. The method of claim 47, further comprising displaying, at a display of the
mobile device, an image having a ground surface portion rendered at a location

determined at least in part by the estimated second distance.

52. The method of claim 47, further comprising:

evaluating, at the mobile device, a first area of pixels to generate a first result;

evaluating, at the mobile device, a second area of pixels to generate a second
result; and

determining that the second area of pixels corresponds to one of a background
portion of a scene and a foreground portion of the scene based on
comparing a threshold with a difference between the first result and the

second result.
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53. The method of claim 52, wherein the first area of pixels and the second area

of pixels are evaluated by summing pixel intensity values.

54. The method of claim 53, wherein the first result is a first integral image
comprising a first table of pixel intensity value sums, and wherein the second result is a

second integral image comprising a second table of pixel intensity value sums.

55. The method of claim 52, further comprising:

generating a computer-generated virtual object; and

displaying an image of the scene on a display device of the mobile device,
wherein the image includes the foreground portion, the background portion, and

the virtual object.

56. The method of claim 55, wherein the virtual object is associated with an

augmented reality application of the mobile device.

57. The method of claim 52, further comprising:
prior to generating the first result, capturing a plurality of initial images; and

generating an initial background model based on the plurality of initial images.

58. The method of claim 57, further comprising;:

partitioning the first result into a plurality of portions; and

comparing the plurality of portions to the initial background model to determine
whether any of the plurality of portions matches the initial background

model.

59. The method of claim 58, wherein each of the plurality of portions is

generated using one addition operation and two subtraction operations.

60. The method of claim 52, further comprising;

generating a depth profile associated with a scene using a stereo camera of the
mobile device; and

determining a boundary of the foreground portion, the boundary determined

based on the depth profile.
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61. The method of claim 60, further comprising increasing resolution of at least

some of the foreground portion in response to determining the depth difference.

62. A mobile device comprising:

a sensor configured to determine an angle of a longitudinal extent of the mobile
device with respect to a ground surface; and

an estimator configured to estimate a first distance associated with a first
projection from a center of the mobile device to the ground surface,
wherein the first projection is perpendicular to the longitudinal extent of
the mobile device and the estimator further configured to estimate, based
on the angle and the first distance, a second distance associated with a
second projection from the center of the mobile device to the ground
surface, wherein the second projection is perpendicular to the ground

surface.

63. The mobile device of claim 62, wherein the first distance is estimated using

a stereo camera of the mobile device.

64. The mobile device of claim 62, wherein the first distance is determined

using an auto-focus feature of the camera of the mobile device.

65. The mobile device of claim 62, wherein the second distance is estimated

further based on a height of a user of the mobile device.

66. The mobile device of claim 62, further comprising a display of the mobile
device configured to display an image having a ground surface portion rendered at a

location determined at least in part by the estimated second distance.

67. The mobile device of claim 62, further comprising:

an evaluator configured to evaluator a first area of pixels to generate a first result
and further configured to evaluate a second area of pixels to generate a
second result; and

logic configured to determine that the second area of pixels corresponds to one
of a background portion of a scene and a foreground portion of the scene
based on comparing a threshold with a difference between the first result

and the second result.
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68. The mobile device of claim 67, wherein the first area of pixels and the

second area of pixels are evaluated by summing pixel intensity values.

69. The mobile device of claim 68, wherein the first result is a first integral
image comprising a first table of pixel intensity value sums, and wherein the second
result is a second integral image comprising a second table of pixel intensity value

sums.

70. The mobile device of claim 67, further comprising display configured to
display an image of the scene, wherein the image includes the foreground portion, the

background portion, and the virtual object.

71. The mobile device of claim 70, wherein the virtual object is associated with

an augmented reality application of the mobile device.

72. The mobile device of claim 67, further comprising a camera configured to
capturing a plurality of initial images, and wherein the logic is further configured to

generate an initial background model based on the plurality of initial images.

73. The mobile device of claim 72, wherein the logic is further configured to
partition the first result into a plurality of portions and to compare the plurality of
portions to the initial background model to determine whether any of the plurality of

portions matches the initial background model.

74. The mobile device of claim 67, wherein each of the plurality of portions is

generated using one addition operation and two subtraction operations.

75. The mobile device of claim 67, further comprising;
a stereo camera configured to generate depth data associated with the scene; and
a depth evaluator configured to determine a boundary of the foreground portion,

the boundary determined based on the depth profile.

76. The mobile device of claim 75, wherein the depth evaluator is further
configured to increase resolution of at least some of the foreground portion in response

to determining the depth difference.
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77. A mobile device comprising:

means for determining an angle of a longitudinal extent of the mobile device
with respect to a ground surface; and

means for estimating a first distance associated with a first projection from a
center of the mobile device to the ground surface, wherein the first
projection is perpendicular to the longitudinal extent of the mobile device
and for estimating, based on the angle and the first distance, a second
distance associated with a second projection from the center of the
mobile device to the ground surface, wherein the second projection is

perpendicular to the ground surface.

78. The mobile device of claim 77, wherein the first distance is estimated using

a stereo camera of the mobile device.

79. The mobile device of claim 77, wherein the first distance is determined

using an auto-focus feature of the camera of the mobile device.

80. The mobile device of claim 77, wherein the second distance is estimated

further based on a height of a user of the mobile device.

81. The mobile device of claim 77, further comprising a display configured to
display an image having a ground surface portion rendered at a location determined at

least in part by the estimated second distance.

82. The mobile device of claim 77, further comprising:

an evaluator configured to evaluator a first area of pixels to generate a first result
and further configured to evaluate a second area of pixels to generate a
second result; and

logic configured to determine that the second area of pixels corresponds to one
of a background portion of a scene and a foreground portion of the scene
based on comparing a threshold with a difference between the first result

and the second result.

83. The mobile device of claim 82, wherein the first area of pixels and the

second area of pixels are evaluated by summing pixel intensity values.



WO 2014/042795 PCT/US2013/054423

4] -

84. The mobile device of claim 83, wherein the first result is a first integral
image comprising a first table of pixel intensity value sums, and wherein the second
result is a second integral image comprising a second table of pixel intensity value

sums.

85. The mobile device of claim 82, further comprising a display configured to
display an image of the scene, wherein the image includes the foreground portion, the

background portion, and the virtual object.

86. The mobile device of claim 85, wherein the virtual object is associated with

an augmented reality application of the mobile device.

87. The mobile device of claim 82, further comprising a camera configured to
capturing a plurality of initial images, and wherein the logic is further configured to

generate an initial background model based on the plurality of initial images.

88. The mobile device of claim 82, wherein the logic is further configured to
partition the first result into a plurality of portions and to compare the plurality of
portions to the initial background model to determine whether any of the plurality of

portions matches the initial background model.

89. The mobile device of claim 88, wherein each of the plurality of portions is

generated using one addition operation and two subtraction operations.

90. The mobile device of claim 82, further comprising;
a stereo camera configured to generate depth data associated with the scene; and
a depth evaluator configured to determine a boundary of the foreground portion,

the boundary determined based on the depth profile.

91. The mobile device of claim 90, wherein the depth evaluator is further
configured to increase resolution of at least some of the foreground portion in response

to determining the depth difference.

92. A computer-readable non-transitory medium storing instructions executable

by a processor of a mobile device to:
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determine, using a sensor of the mobile device, an angle of a longitudinal extent
of the mobile device with respect to a ground surface;

estimate a first distance associated with a first projection from a center of the
mobile device to the ground surface, wherein the first projection is
perpendicular to the longitudinal extent of the mobile device; and

based on the angle and the first distance, estimate a second distance associated
with a second projection from the center of the mobile device to the
ground surface, wherein the second projection is perpendicular to the

ground surface.

93. The computer-readable non-transitory medium of claim 92, wherein the first

distance is estimated using a stereo camera of the mobile device.

94. The computer-readable non-transitory medium of claim 92, wherein the first

distance is determined using an auto-focus feature of the camera of the mobile device.

95. The computer-readable non-transitory medium of claim 92, wherein the

second distance is estimated further based on a height of a user of the mobile device.

96. The computer-readable non-transitory medium of claim 92, further
comprising instructions executable by the processor to display, at a display of the
mobile device, an image having a ground surface portion rendered at a location

determined at least in part by the estimated second distance.

97. The computer-readable non-transitory medium of claim 92, further
comprising instructions executable by the processor to:

evaluate, at the mobile device, a first area of pixels to generate a first result;

evaluate, at the mobile device, a second area of pixels to generate a second
result; and

determine that the second area of pixels corresponds to one of a background
portion of a scene and a foreground portion of the scene based on
comparing a threshold with a difference between the first result and the

second result.
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98. The computer-readable non-transitory medium of claim 97, wherein the first
area of pixels and the second area of pixels are evaluated by summing pixel intensity

values.

99. The computer-readable non-transitory medium of claim 98, wherein the first
result is a first integral image comprising a first table of pixel intensity value sums, and
wherein the second result is a second integral image comprising a second table of pixel

intensity value sums.

100. The computer-readable non-transitory medium of claim 97, further
comprising instructions executable by the processor to:

generate a computer-generated virtual object; and

display an image of the scene on a display device of the mobile device,

wherein the image includes the foreground portion, the background portion, and

the virtual object.

101. The computer-readable non-transitory medium of claim 100, wherein the

virtual object is associated with an augmented reality application of the mobile device.

102. The computer-readable non-transitory medium of claim 97, further
comprising instructions executable by the processor to:
prior to generating the first result, capture a plurality of initial images; and

generate an initial background model based on the plurality of initial images.

103. The computer-readable non-transitory medium of claim 102, further
comprising instructions executable by the processor to:
partition the first result into a plurality of portions; and
compare the plurality of portions to the initial background model to determine
whether any of the plurality of portions matches the initial background

model.

104. The computer-readable non-transitory medium of claim 103, wherein each
of the plurality of portions is generated using one addition operation and two subtraction

operations.
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105. The computer-readable non-transitory medium of claim 97, further
comprising instructions executable by the processor to:
generate a depth profile associated with a scene using a stereo camera of the
mobile device; and
determine a boundary of the foreground portion, the boundary determined based

on the depth profile.

106. The computer-readable non-transitory medium of claim 105, further
comprising instructions executable by the processor to increase resolution of at least

some of the foreground portion in response to determining the depth difference.
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Background/Foreground Analyzer

FIG. 2C
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300

Vs 304

Evaluate, at a mobile device, a first area of pixels (e.g., by summing pixel
intensities of a first image of a scene captured at a first time) to generate a first
result (e.g., a first integral image)

e 308

Evaluate, at the mobile device, a second area of pixels (e.g., by summing pixel
intensities of a second image of the scene captured at a second time) to generate
a second result (e.g., a second integral image)

/312

Determine that the second area of pixels corresponds to a background portion of
the scene or a foreground portion of the scene based on comparing a threshold
with a difference between the first result and the second result

FIG. 3A
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350

Vs 302

Capture a plurality of initial images of a scene

l Ve 306

Based on at least one difference between the plurality of initial images being
less than a first threshold, determine that at least one of the plurality of initial

images corresponds to a background portion of the scene

l

/310

Generate a background model based on at least one of the plurality of initial
images (e.g., a background model that includes a first integral image)

l

314

Capture an image of the scene and determine a second integral image
associated with the image of the scene

l

/318

Partition the second integral image into one or more portions having a size n
(e.g., according to a “fast integral image” technique using one addition
operation and two subtraction operations, such as by determininga+ d — b —¢)
and compare each of the portions to neighbor portions of the first integral image

A
322
YeS « Match?
l Vs 326 No
330 Yes
Determine that the C 334
portion corresponds Reduce n > m?
to a background (e.g., by n/2)
portion of the scene No

l r 338

Determine that the
portion corresponds

to a foreground
portion of the scene

FIG. 3B
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Camera (e.g., Estimator Display
Stereo Camera)
r 424 > / 444 - 456
Autofocus Feature L .
Estimate 452 Image with
_L, Ground Surface
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S - 448 on Estimated
ensor(s) —> Location of
416 Estﬁrﬁate Ground Surface
-
Height of User  |—»

FIG. 4
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500

504

Determine, using a sensor of a mobile device, an angle of a longitudinal
extent of the mobile device with respect to a ground surface

Ve 508

Estimate (e.g., using a stereo camera of the mobile device, an autofocus feature of

the mobile device, or a combination thereof) a first distance associated with a first

projection from a center of the mobile device to the ground surface, where the first
projection is perpendicular to the longitudinal extent of the mobile device

/512

Based on the angle and the first distance, estimate a second distance associated
with a second projection from the center of the mobile device to the ground
surface, where the second projection is perpendicular to the ground surface

/516

Determine a location of a virtual object based at least in part
on the estimated second distance

FIG. 5
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624
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r622 614
-
Detail
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/630
Image
f638
Background Portion
Foreground |~ 632
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Virtual Object Occluded Virtual Object in Front of Boundary
by Foreground Object Foreground Object based on
\636 \634 Depth Profile
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FIG. 6
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AW
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FIG. 7



PCT/US2013/054423

WO 2014/042795

11/12

uoniubooa.

aouanbas wJouad

8 "OId

174%] J
,Foogocw UONEUIqUIOD anbiuysa) wns Ausuajul
B 10 ‘uoniubooau
) |[oxid e 0] Buipiodoe [9pow |-
adeys ‘Aianodal yidep UnouBsoea UL 5120d
‘uoneuswbas wlioped P MOEq SL) 81epdn
8ze - alg -
A J
joaisty . (801r0p 939“._ . 90IA8P 3|IqOW B JO BJaWIRD
uoljeulquiod e Jo ‘indul | ajiqow ayy Jo Aeidsip e e Jasn uo paseq “6°9) |ppowl |a—
‘ R e 1e sebewi ainden
Jasn ‘su0Is|||02 19919 6-9) 1ndjno ue sjeIBUDS punoJbyoeq e ajelausn)
028~ ze8 218~ y08 -
(apyoud (109lgo jenuiA pajelsusb
yidep e uo paseq “6'9) . o CR
-191ndwod e “6°9) ¢
199[qo |enuIA pajessusb
109[qO |BNLIA B 91BISUSL)
-191Nndwo9 ay) Lasuy|

818~

808 J

008




PCT/US2013/054423

WO 2014/042795

12/12

ANOHJOHDIN

8c6-

d3IMV3AS

96~

VH3NVO

6 Old Alddns
pve-]  dIMOd
_
H3TI0Y1INOD
HINITOSNVHL
v, wwm_.Wm_>> Jojenjeng
0G6 06 — | 930090
(uoneoidde 10jeWRsS
A[ea) (¥29 siyoid Sle
. yidap Jo/pue 0zZv / uosiedwon
pejuswibne ‘vzl ‘TT) J J/
. Jo/pue SINSO1 DL L Joeniens ocl ¥€6
suoponJsul 211 sjaxid yideqg JazAleuy || d971041NOOD
Buissaooud 10 SonIe J_ d v, punoibaloy VI3INYO
obew ~69) “6'9) E1EQ 029 /punoiboeg 066 -~
suoloNJISU| ovr\\
yog - 956 || ¥371041NOD
AMOWAN HOSSI00Ud 5 AV1dSId
c5 016~ 926
226~ ! _
(S)JOSN3S 30IA3A LNdNI AV1dsId
215 0g6” osL-

cv6
JAN

96~




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings

