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plurality of candidate geometrical arrangements. This method also in-
cludes, by at least one processor, and in response to the selecting, identi -
fying at least one digital image, among a plurality of digital images, that
depicts the plurality of selected objects arranged according to the selected
candidate geometrical arrangement.



WO 2015/095762 A1 AT 00N 0RO A

31

84)

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

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,

GM, KF, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:

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

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2015/095762 PCT/US2014/071606

1=

SYSTEMS, METHODS, AND APPARATUS FOR IMAGE RETRIEVAL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority from commonly owned U.S. Provisional
Patent Application No. 61/919,627 filed on December 20, 2013, U.S. Provisional Patent
Application No. 62/036,502 filed on August 12, 2014, U.S. Provisional Patent
Application No. 62/063,498 filed on October 14, 2014, and U.S. Non-Provisional Patent
Application No. 14/576,006 filed on December 18, 2014, the contents of which are

expressly incorporated herein by reference in their entirety.

FIELD

[0002] The present disclosure is generally related to image retrieval.

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.

SUMMARY

[0004] A method of image retrieval according to a general configuration includes
obtaining information identifying a plurality of selected objects and selecting one
among a plurality of candidate geometrical arrangements. This method also includes,
by at least one processor, and in response to said selecting, identifying at least one
digital image, among a plurality of digital images, that depicts the plurality of selected

objects arranged according to the selected candidate geometrical arrangement.
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Computer-readable storage media (e.g., non-transitory media) having instructions that

cause a machine executing the instructions to perform such a method are also disclosed.

[0005] An apparatus for image retrieval according to a general configuration includes
means for obtaining information identifying a plurality of selected objects and means
for selecting one among a plurality of candidate geometrical arrangements. This
apparatus also includes means for identifying at least one digital image, among a
plurality of digital images, that depicts the plurality of selected objects arranged

according to the selected candidate geometrical arrangement.

[0006] An apparatus for image retrieval according to another general configuration
includes a discriminator configured to obtain (A) information identifying a plurality of
selected objects and (B) a selection of one among a plurality of candidate geometrical
arrangements. The method also includes a search engine configured to identify at least
one digital image, among a plurality of digital images, that depicts the plurality of

selected objects arranged according to the selected candidate geometrical arrangement.

[0007] One particular advantage provided by at least one of the disclosed embodiments
is an improved user experience using image tracking and frame retrieval on mobile
devices. 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

[0008] FIG. 1 is a block diagram that depicts an clectronic device.

[0009] FIG. 2A s a block diagram that depicts a particular illustrative embodiment of

an object and detection module.

[0010] FIG. 2B is a block diagram that depicts a particular illustrative embodiment of a

processor implement components within the object and detection module of FIG. 2.

[0011] FIG. 3 is a flowchart of a particular illustrative embodiment of a method for

performing motion-based tracking and object detection.

[0012] FIG. 4 is a flowchart of a particular illustrative embodiment of a method for

performing motion-based tracking.
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[0013] FIG. 5 is a flowchart of a particular illustrative embodiment of a method for

estimating a tracking error in motion-based tracking based on forward-backward error.

[0014] FIG. 6 is a flowchart of a particular illustrative embodiment of a method for

performing object detection.

[0015] FIG. 7 is a particular illustrative embodiment of an image window having

different window sizes.

[0016] FIG. 8 is a block diagram that depicts a particular illustrative embodiment of an

object tracking and detection module.

[0017] FIG. 9 is a block diagram that depicts a particular illustrative embodiment of a

smoothing module.

[0018] FIG. 10 is a flowchart of a particular illustrative embodiment of a method for

smoothing jitter in motion tracking.

[0019] FIG. 11A shows a flowchart of a method M100 of generating metadata

according to a general configuration.
[0020] FIG. 11B shows a flowchart of an implementation M 110 of method M100.
[0021] FIG. 11C shows a flowchart of an implementation M120 of method M100.

[0022] FIG. 11D shows a flowchart of an implementation M 130 of methods M110 and
M120.

[0023] FIG. 12 shows an example of a sequence of user actions to select three objects.

[0024] FIG. 13 shows another example of a sequence of user actions to select three

objects.

[0025] FIG. 14 shows examples of objects within frames and enhanced display of the

objects.

[0026] FIGS. 15A-C show examples of using an orientation-sensitive device to

manipulate a selection point.

[0027] FIG. 16 shows an example of a discrepancy between distances among images

of objects compared to actual distances.
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[0028] FIG. 17A shows an example of projecting a center of mass of an object onto a

bottom bounding line of the object to obtain a corresponding determined position.

[0029] FIG. 17B shows an example of a projection of a linked point to a determined

position in the ground plane.

[0030] FIGS. 18A and 18B show a correspondence between distances in the pixel

coordinate space and distances in the ground plane.

[0031] FIG. 19A shows a top view of a basketball court, and FIG. 19B-D show several

examples of a non-uniform division of a location space of the court.

[0032] FIG. 20 is another particular embodiment depicting video processing using
object tracking,

[0033] FIG. 21 depicts particular embodiments of a screen of a mobile device that is

used to retrieve frames based on clustering.

[0034] FIG. 22 is another flowchart of a particular illustrative embodiment of a video

processing method using object tracking.

[0035] FIG. 23 depicts flowcharts of particular illustrative embodiments of a video

processing methods using object tracking.

[0036] FIG. 24 depicts a particular embodiment of encoding metadata for an object

location using rectangular coordinates.

[0037] FIG. 25 depicts a particular embodiment of encoding metadata for an object

location using polar coordinates.

[0038] FIG. 26 is a flowchart of a particular illustrative embodiment of a method for

encoding metadata.

[0039] FIG. 27 is another flowchart of a particular illustrative embodiment of a video

processing method using object tracking.

[0040] FIG. 28 is another particular embodiment depicting video processing using
object tracking,

[0041] FIG. 29 is another flowchart of a particular illustrative embodiment of a video

processing method using object tracking.
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[0042] FIG. 30A shows a block diagram of an apparatus A100 according to a general

configuration.

[0043] FIG. 30B shows a block diagram of an implementation A110 of apparatus
A100.

[0044] FIG. 30C shows a block diagram of an implementation A120 of apparatus
A100.

[0045] FIG. 30D shows a block diagram of an implementation A130 of apparatus A110
and A120.

[0046] FIG. 31 is a block diagram of a wireless device including components operable

to perform video processing techniques.

[0047] FIG. 32A shows a block diagram of an apparatus MF100 according to a general

configuration.

[0048] FIG. 32B shows a block diagram of an implementation MF110 of apparatus
MF100.

[0049] FIG. 32C shows a block diagram of an implementation MF120 of apparatus
MF100.

[0050] FIG. 32D shows a block diagram of an implementation MF 130 of apparatus
MF110 and MF120.

[0051] FIGS. 33A shows an example of a set of templates, and FIG. 33B shows

examples of modifications to a template.

[0052] FIG. 34A shows examples of different formations of selected objects.
[0053] FIG. 34B shows examples of non-unique mappings.

[0054] FIG. 34C shows unique formations of selected objects.

[0055] FIG. 35 shows an example of a set of decision metrics.

[0056] FIG. 36 shows another example of a set of decision metrics.

[0057] FIG. 37A shows a flowchart of an implementation M200 of method M200.
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[0058] FIGS. 37B-D show flowcharts of implementations M210, M220, and M230 of
methods M 110, M120, and M130, respectively.

[0059] FIG. 38A shows a block diagram of an apparatus A100 for generating metadata

according to a general configuration.

[0060] FIG. 38B shows a block diagram of an implementation A110 of apparatus
A100.

[0061] FIG. 38C shows a block diagram of an implementation A120 of apparatus
A100.

[0062] FIG. 38D shows a block diagram of an implementation A130 of apparatus A110
and A120.

[0063] FIG. 38E shows a block diagram of an implementation A200 of apparatus
A100.

[0064] FIGS. 38F, 38G, and 39A show block diagrams of implementations A210,
A220, and A230 of apparatus A110, A120, and A130, respectively.

[0065] FIG. 39B shows a block diagram of an implementation A300 of apparatus
A100.

[0066] FIGS. 39C and 39D show block diagrams of implementations A310 and A330
of apparatus A200 and A230.

[0067] FIG. 40A shows a block diagram of an apparatus MF100 for generating

metadata according to a general configuration.

[0068] FIG. 40B shows a block diagram of an implementation MF110 of apparatus
MF100.

[0069] FIG. 40C shows a block diagram of an implementation MF120 of apparatus
MF100.

[0070] FIG. 40E shows a block diagram of an implementation MF200 of apparatus
MF100.

[0071] FIGS. 40F, 40G, and 41A show block diagrams of implementations MF210,
MF220, and MF230 of apparatus MF110, MF120, and MF130, respectively.
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[0072] FIG. 41B shows a block diagram of an implementation MF400 of apparatus
MF100.

[0073] FIG. 41C shows a block diagram of an implementation MF300 of apparatus
MF100.

[0074] FIGS. 41D and 41E show block diagrams of implementations MF310 and
MF330 of apparatus MF200 and MF230.

[0075] FIG. 42 shows a particular embodiment depicting video processing using object

tracking,

[0076] FIG. 43 shows a particular embodiment of encoding metadata for an object

location.

[0077] FIG. 44 shows a flowchart that illustrates a particular embodiment of a video

processing method.

[0078] FIG. 45A shows a flowchart of a method M500 according to a general

configuration.

[0079] FIG. 45B shows a block diagram of an apparatus A500 according to a general

configuration.

[0080] FIG. 45C shows a block diagram of an apparatus MF500 according to a general

configuration.

DETAILED DESCRIPTION

[0081] A wireless telephone or other mobile device may capture video streams with a

camera and/or receive video streams from another device and/or via a network. New

and/or improved features for tracking objects within the video streams may be desired.

[0082] Unless expressly limited by its context, the term “signal” is used herein to
indicate any of its ordinary meanings, including a state of a memory location (or set of
memory locations) as expressed on a wire, bus, or other transmission medium. Unless
expressly limited by its context, the term “generating” is used herein to indicate any of
its ordinary meanings, such as computing or otherwise producing. Unless expressly
limited by its context, the term “calculating” is used herein to indicate any of its

ordinary meanings, such as computing, evaluating, estimating, and/or selecting from a
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plurality of values. Unless expressly limited by its context, the term "obtaining" is used
to indicate any of its ordinary meanings, such as calculating, deriving, receiving (e.g.,
from an external device), and/or retrieving (e.g., from an array of storage elements).
Unless expressly limited by its context, the term "selecting” is used to indicate any of its
ordinary meanings, such as identifying, indicating, applying, and/or using at least one,
and fewer than all, of a set of two or more. Where the term “comprising” is used in the
present description and claims, it does not exclude other elements or operations. The
term “based on” (as in “A is based on B”) is used to indicate any of its ordinary
meanings, including the cases (i) “derived from” (e.g., “B is a precursor of A”), (ii)
“based on at least” (e.g., “A is based on at least B”) and, if appropriate in the particular
context, (iii) “equal to” (e.g., “A is equal to B”). Similarly, the term “in response to” is

used to indicate any of its ordinary meanings, including “in response to at least.”

[0083] Unless indicated otherwise, any disclosure of an operation of an apparatus
having a particular feature is also expressly intended to disclose a method having an
analogous feature (and vice versa), and any disclosure of an operation of an apparatus
according to a particular configuration is also expressly intended to disclose a method
according to an analogous configuration (and vice versa). The term “configuration”
may be used in reference to a method, apparatus, and/or system as indicated by its

k13

particular context. The terms “method,” “process,” “procedure,” and “technique” are
used generically and interchangeably unless otherwise indicated by the particular
context. The terms “apparatus” and “device” are also used generically and
interchangeably unless otherwise indicated by the particular context. The terms
“element” and “module” are typically used to indicate a portion of a greater
configuration. Unless expressly limited by its context, the term “system” is used herein

to indicate any of its ordinary meanings, including “a group of elements that interact to

serve a common purpose.”

[0084] Unless otherwise indicated, the term “series” is used to indicate a sequence of
two or more items. Unless initially introduced by a definite article, an ordinal term
(e.g., “first,” “second,” “third,” etc.) used to modify a claim element does not by itself
indicate any priority or order of the claim element with respect to another, but rather

merely distinguishes the claim element from another claim element having a same name
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(but for use of the ordinal term). Unless expressly limited by its context, each of the
terms “plurality” and “set” is used herein to indicate an integer quantity that is greater

than one.

[0085] Referring to FIG. 1, a block diagram illustrating an electronic device 102 is
shown. The electronic device 102 may also be referred to as a wireless communication
device, a mobile device, a mobile station, a subscriber station, a client, a client station, a
user equipment (UE), a remote station, an access terminal, a mobile terminal, a terminal,
a user terminal, a subscriber unit, etc. Examples of electronic devices include laptop or
desktop computers, cellular phones, smart phones, wireless modems, e-readers, tablet
devices, gaming systems, etc. Some of these devices may operate in accordance with

one or more industry standards.

[0086] The electronic device 102, such as a smartphone or tablet computer, may
include a camera. The camera may include an image sensor 114 and an optical system
118 (e.g., lenses) that focuses images of objects that are located within the field of view
of the optical system 118 onto the image sensor 114. The electronic device 102 may
also include a camera software application and a display screen. When the camera
application is running, images of objects that are located within the field of view of the
optical system 118 may be recorded by the image sensor 114. The images that are being
recorded by the image sensor 114 may be displayed on the display screen. These
images may be displayed in rapid succession at a relatively high frame rate so that, at
any given moment in time, the objects that are located within the field of view of the
optical system 118 are displayed on the display screen. Although the embodiments are
described in terms of captured frames (e.g., video frames), the techniques discussed
herein may be used on any digital image. Therefore, the terms “frame” and “digital

image” may be used interchangeably herein.

[0087] A user interface 120 of the camera application may permit one or more objects
that are being displayed on the display screen to be tracked. The user of the electronic
device 102 may be permitted to select the object(s) that is/are to be tracked. Further, the

selected object(s) may be used as a reference for later detecting the object.

[0088] In one configuration, the display is a touchscreen 116 that receives input from

physical touch, e.g., by a finger, stylus or other tool. The touchscreen 116 may receive
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touch input defining a target object to be tracked. For example, if the electronic device
102 is capturing a nature scene that includes an animal of interest, a user may draw a
bounding box around the animal indicating a desire that the animal be tracked, or
detected, if necessary. Target objects may be selected in any suitable way. For example,
facial recognition, pedestrian recognition, etc., may be used to select a target object that
is to be tracked, detected, or both. In one configuration, multiple objects may be
tracked. A user interface 120 may allow a user to interact with an object tracking and
detection module 104, e.g., to select (i.e., define) one or more target objects. The
touchscreen 116 may include a viewfinder 131. The viewfinder 131 may refer to the
portion of the touchscreen 116 that displays a video stream or a live feed. For example,
the viewfinder 131 may display the view obtained by a camera on the electronic device
102.

[0089] The electronic device 102 may include an object tracking and detection module
104 for tracking a selected object and/or detecting the object in a video frame. The
object tracking and detection module 104 may include a motion tracker 106 for tracking
one or more objects. The motion tracker 106 may be motion-based for tracking a
motion of points on an image (e.g., a video frame) from frame to frame to estimate the
location and/or change of location of a target object between a previous video frame and

a current video frame.

[0090] The object tracking and detection module may also include an object detector
108 for detecting an object in a video frame. The object detector 108 may use an object
model, rather than a motion-based model, to detect an object by comparing all or a
portion of a current video frame to a selected object or portion of a captured previous
video frame 112 (e.g., in a sequence of video frames). The object detector 108 may be

used for detecting multiple objects within a video frame.

[0091] The object tracking and detection module 104 may also include a memory
buffer 110. The memory buffer 110 may store one or more captured frames and data
associated with the captured video frames. In one example, the memory buffer 110 may
store a previous captured video frame 112. The object tracking and detection module
104 may use data provided from the memory buffer 110 about a captured previous video

frame 112 in performing motion-based tracking and/or object detection. Data may be
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provided to the motion tracker 106 or object detector 108 via feedback from the
memory buffer 110 in order to tailor motion-based tracking and object detection to more
accurately track and/or detect a target object. For example, the memory buffer 110 may
provide location and window size data to the motion tracker 106 and the object detector
108 to provide the motion tracker 106 and object detector 108 with one or more
parameters that may be used to more accurately pinpoint a location and size of an object

when tracking or detecting the object.

[0092] As stated above, the electronic device 102 may perform motion-based tracking.
Motion-based tracking may be performed using a variety of methods. In one example,

tracking is performed by a median flow method in which the motion tracker 106 accepts

a pair of images I, It+1 (e.g., video frames) and a bounding box Bt and outputs a
bounding box Bt+1. A set of points may be initialized on a rectangular grid within the
bounding box Bt and the points may be tracked to generate a sparse motion flow

between It and It+1. A quality of the point prediction may be estimated and each point

assigned an error. A portion (e.g., 50%) of the worst predictions may be filtered out
while the remaining predictions are used to estimate the displacement of the whole
bounding box. The motion tracker 106 may perform motion-based tracking on each
video frame captured by the electronic device 102. In a similar method, motion-based
tracking may be performed by calculating one or more gradients (e.g., x and y gradients)
and using the difference between a pair of frames to calculate a time gradient and using
the multiple gradient values to accurately track a target object within a current video

frame. Further details regarding motion-based tracking are provided below.

[0093] When performing motion-based tracking, the motion tracker 106 may
determine a tracking confidence value based on a calculated or estimated accuracy of
the motion-tracking method. In some configurations, the tracking confidence value may
be a real number between 0 and 1 corresponding to a likelihood or probability that a
target object falls within a current video frame or a defined window of the video frame.
The tracking confidence value may be compared to a tracking threshold. If the tracking
confidence value is greater than the tracking threshold, the likelihood may be high that

the target object is found within the current video frame. Alternatively, if the tracking
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confidence value is less than or equal to a tracking threshold, the likelihood may be low
or uncertain whether the target object is found within the current video frame. Various
methods for determining a tracking confidence value may be used. In one
configuration, the tracking confidence value is determined by calculating a normalized
cross correlation (NCC) between a tracked window (e.g., a tracking patch window) in a
current video frame and previously stored image patches from previously captured
video frames. Further details regarding determining a tracking confidence value are

provided below.

[0094] The electronic device 102 may also perform object detection. Object detection
may be performed using a variety of methods. In one configuration, object detection is
performed using a sliding window method in which the content of multiple subsets of
windows within a video frame are viewed to determine whether a target object is found
in a current video frame or within a particular window or subset of windows of the
current video frame. All or a subset of all possible window locations and sizes may be
searched in a video frame. For example, each window may correspond to pixels of data
and the object detector 108 may perform one or more computations using the pixels of
data to determine a level of confidence (e.g., a binary indicator) that the target object is
within a particular window or sub-window. Based on the level of confidence associated
with one or more windows, a detector confidence value may be obtained for a current
video frame. Further, additional techniques may be used for increasing the accuracy or

efficiency of the object detection. Some of these techniques are explained below.

[0095] In some configurations, the motion tracker 106 and object detector 108 may
operate sequentially rather than in parallel. For example, the electronic device 102 may
perform motion-based tracking of a selected object (e.g., target object) and sequentially
perform object detection of the selected object based on a tracked parameter. In one
configuration, the electronic device 102 may perform motion-based tracking on a
current video frame. The electronic device 102 may then perform object detection on
the current frame based on a tracked parameter. In one configuration, the tracked
parameter may be based on a comparison between a confidence value and a threshold.
For example, if a tracking confidence value is below a tracking threshold, the electronic

device 102 may perform object detection. Alternatively, if a tracking confidence value
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is above a tracking threshold, the electronic device 102 may skip object detection for a
current video frame and continue performing motion-based tracking on a next video
frame based on the motion tracking results of the current video frame. In other words,
object detection may be performed only when the motion-based tracking is not very
good, e.g., tracking confidence value is below a tracking threshold. Other tracked
parameters may be used when considering whether and/or how object detection is
performed. Examples of tracked parameters may include a region of a target object, a
window location, a window size, a scale level, a target size, a tracking and/or detection
confidence value, or other parameters that may be used to facilitate efficient tracking

and/or detection of a target object.

[0096] Sequentially performing motion-based tracking and object detection based on a
tracked parameter may enable the electronic device 102 to track and/or detect a target
object within a video frame without performing extensive computations. Specifically,
because motion-based tracking may be less computationally intensive than object
detection, an electronic device 102 may skip performing object detection where motion-
based tracking may be used to accurately track a target object within a current video
frame. For example, if an electronic device 102 determines that a tracking confidence
value exceeds a specific target threshold, the electronic device 102 may determine that
object detection is not needed on a current video frame to accurately determine the
location or presence of a target object within the current video frame. Further, because
object detection may be beneficial in many cases, the electronic device 102 may
determine cases in which object detection may be used to more accurately detect a
target object or to perform object detection in cases where motion-based tracking is

inadequate based on a comparison to a tracking threshold value.

[0097] In some configurations, rather than skipping object detection on a current video
frame, the results of the motion-based tracking and/or additional information provided
by the memory buffer 110 may be used to narrow or tailor the process of performing
object detection. For example, where a target object cannot be accurately tracked using
a motion-based tracking method, the electronic device 102 may still estimate or obtain
information about the location, window scale or other tracked parameter associated with

a target object that may be used during object detection to more accurately detect an
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object using less computational power than without the parameters provided via motion-
based tracking. Therefore, even in cases where the motion-based tracking does not
provide a tracking confidence value exceeding a tracking threshold, the results of the

motion-based tracking may be used when subsequently performing object detection.

[0098] The viewfinder 131 on the electronic device 102 may include a first tracking
area 133 and a second tracking area 135. Both the first tracking area 133 and the second
tracking area 135 may be specified by a user using the touchscreen 116. For example, a
user may drag a focus ring on the touchscreen 116 to the desired locations of the first
tracking area 133 and the second tracking area 135. Although not required, one of the
tracking arcas may be stationary. For example, the first tracking area 133 may track an
object (e.g., a person walking) and the second tracking area 135 may cover a stationary
tree. In one configuration, the second tracking area 135 may cover the entire

touchscreen 116 on the electronic device 102.

[0099] The electronic device 102 may include a video processing module 137. The
video processing module 137 may include an overlap 143. The overlap 143 may reflect
the amount of overlap between the first tracking area 133 and the second tracking area
135. For example, the overlap 143 may be 0% if the first tracking area 133 and the
second tracking area 135 do not overlap each other at all. Likewise, the overlap 143
may be 100% if the first tracking area 133 completely overlaps the second tracking area
135 (or if the second tracking area 135 completely overlaps the first tracking area 133,
depending on which tracking area is larger). The video processing module 137 may
include a threshold 145. The overlap 143 may be compared with the threshold 145 to
determine whether video processing should be performed, as described with respect to

FIG. 13.

[00100] The video processing module 137 may also include a screen partition 147
function. For example, the screen partition 147 may partition the viewfinder 132 into
multiple windows to display individual video streams associated with the first tracking
arca 133 and the second tracking area 135, as described with respect to FIGs. 11, 13, 15,
and 21. The video processing module 137 may also include a geometry tracking 149
function. For example, the geometry tracking 149 function may track a geometry

between the first tracking area 133 and the second tracking area 135, as described with
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respect to FIGs. 17 and 18. The geometry may be displayed on the viewfinder 131. The
video processing module 137 may also include a cluster formation 151 function. The
cluster formation 151 function may generate clusters based on at least one parameter
(e.g., a center of mass) associated with the geometry. For example, each cluster may
include video frames that have a substantially similar geometry between the first
tracking area 133 and the second tracking area 135, as described with respect to FIGs.

17 and 18.

[00101] Referring to FIG. 2A, a block diagram illustrating an object tracking and
detection module 204 is shown. The object tracking and detection module 204 may be
implemented within an electronic or wireless device. The object tracking and detection
module 204 may include a motion tracker 206 having an optical flow module 226 and a
tracking confidence value 228. The object tracking and detection module 204 may also
include an object detector 208 having a scanner locator 230, scanner scaler 236,
classifier 238 and a detection confidence value 240. The memory buffer 210 may store
data associated with a captured previous video frame 212 that may be provided to the
motion tracker 206 and object detector 208. The object tracking and detection module
204, motion tracker 206, object detector 208 and memory buffer 210 may be
configurations of the object tracking and detection module 104, motion tracker 106,

object detector 108 and memory buffer 110 described above in connection with FIG. 1.

[00102] The motion tracker 206 may be used to perform motion-based tracking on a
current video frame (N) 224. For example, a previous video frame (N-1) 222 and a
current video frame (N) 224 may be received (e.g., by the electronic device 102). The
previous video frame (N-1) 222 may immediately precede a current video frame (N)
224 in a sequence of video frames. Additional video frames may be obtained and
processed by the object tracking and detection module 204. The previous video frame
(N-1) 222 may be provided to a motion tracker 206. Further, the memory buffer 210
may store data associated with the previous video frame (N-1) 222, referred to herein as
a captured previous video frame 212. In some configurations, the memory buffer 210
may obtain information about the previous video frame (N-1) 222 directly from the
electronic device 102 (e.g., from the camera). The memory buffer 210 may also obtain

tracking results about the previous video frame (N-1) 222 from the fusion module 260
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which may specify where an object was tracked and/or detected in the previous video
frame (N-1) 222. This information about the previous video frame (N-1) 222 or other

previously captured video frames may be stored in the memory buffer 210.

[00103] The motion tracker 206 may subsequently receive a current video frame (N)
224 in a sequence of video frames. The motion tracker 206 may compare the current
video frame (N) 224 to the previous video frame (N-1) 222 (e.g., using information
provided from the memory buffer 210). The motion tracker 206 may track motion of an
object on the current video frame (N) 224 using an optical flow module 226. The
optical flow module 226 may include hardware and/or software for performing motion-
based tracking of an object on a current video frame (N) 224. By comparing the
previous video frame (N-1) 222 and the current video frame (N) 224, the motion tracker
206 may determine a tracking confidence value 228 associated with the likelihood that a
target object is in the current video frame (N) 224. In one example, the tracking
confidence value 228 is a real number (e.g., between 0 and 1) based on a percentage of
certainty that the target object is within the current video frame (N) 224 or a window

within the current video frame (N) 224,

[00104] The object detector 208 may be used to detect an object on a current video
frame (N) 224. For example, the object detector 208 may receive a current video frame
(N) 224 in a sequence of video frames. The object detector 208 may perform object
detection on the current video frame (N) 224 based on a tracked parameter. The tracked
parameter may include a tracking confidence value 228 corresponding to a likelihood
that a target object is being accurately tracked. More specifically, a tracked parameter
may include a comparison of the tracking confidence value 228 to a tracking threshold
250. The tracked parameter may also include information provided from the memory
buffer 210. Some examples of tracked parameters that may be used when detecting an
object include a region, a window location, a window size, or other information that
may be used by the object detector 208 as a parameter when performing object

detection.

[00105] The object detector 208 may include a scanner locator 230. The scanner locator
230 may include a window location selector 232 and a randomizer 234. The window

location selector 232 may select multiple windows within a video frame. For example,
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a video frame may include multiple windows, each with an associated location and size.
In one configuration, each video frame is divided into multiple (e.g., approximately
10,000) overlapping windows, each including a fraction of the total pixels in the video
frame. Alternatively, there may be any suitable number of windows and they may not
overlap. The window location selector 232 within the scanner locator 230 may select
the location of a window in which to attempt to identify a target object. The randomizer
234 may randomly select windows of varying sizes and locations for detecting an
object. In some configurations, the randomizer 234 randomly selects windows within a
video frame. Alternatively, the randomizer 234 may more precisely select windows
based on one or more factors. For example, the randomizer 234 may limit the selection
of windows based on a region, size or general location of where an object is most likely
located. This information may be obtained via the memory buffer 210 or may be
obtained via the motion-based tracking that, while not accurate enough to be relied on
entirely, may provide information that is helpful when performing object detection.
Therefore, while the randomizer 234 may randomly select multiple windows to search,
the selection of windows may be narrowed, and therefore not completely random, based

on information provided to the object detector 208.

[00106] The object detector 208 may also include a scanner scaler 236, which may be
used to draw or select a window of a certain size. The window size may be used by the
scanner locator 230 to narrow the sizes of windows when detecting an object or
comparing a selection of windows to an original image to detect whether an image is
within a specific window. The scanner scaler 236 may select one or more windows of
certain sizes or scale levels initially when defining an object or, alternatively, draw one
or more windows of certain sizes or scale levels based on information provided from the

memory buffer 210.

[00107] The classifier 238 may be used to determine whether some or all of a target
object is found in a specific window. In some configurations, the classifier 238 may
produce a binary value for each window to indicate whether a target object is detected
within a specific window or sub-window. This classification (e.g., binary classification)
may be performed for cach window searched by the object detector 208. Specifically,

the classifier 238 may generate a binary 1 for each window in which the object is
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detected and a binary 0 for each window in which the object is not detected. Based on
the number or a combination of 1s and Os, the object detector 208 may determine a
detection confidence value 240 indicating a likelihood that the target object is present
within a current video frame (N) 224. In some configurations, the detection confidence
value 240 is a real number between 0 and 1 indicating a percentage or probability that

an object has been accurately detected.

[00108] The object detector 208 may perform object detection according to a variety of
tracked parameters, including a region, target size, window size, scale level, window
location and one or more confidence values. Once the windows of a video frame or a
subset of windows are searched and the object detector 208 obtains a binary value for
cach searched window, the object detector 208 may determine window size as well as a
location or region on the current video frame that has the highest confidence. This
location and window size may be used in subsequent tracking and detecting to more

accurately track and/or detect a target object.

[00109] Various techniques may be used by the object detector 208 in detecting a target
object. In one configuration, detecting a target object may include performing a binary
classification for windows at every possible window location and every possible
window size. However, searching every possible window is resource intensive. Thus,
in another configuration, the object detector may search a subset of window locations
and sizes, rather than all possible windows in a video frame. For example, the object
detector 208 may search 1% of all possible windows. Then, if detection is unsuccessful
(e.g., the detection confidence value 240 is less than a detection threshold 252), a higher
percentage of window locations may be searched in a subsequent captured frame, e.g.,
2%. The step in percentage of window locations searched may be uniform, non-
uniform, slow or fast, i.c., consecutive frames may have 1%, 2%, 3%, 4% or 1%, 2%,
4%, 8%. In one configuration, the percentage of searched frames may be set very high
(e.g., 80%, 90%, 100%) in response to a high detection confidence value, i.e., to ensure
that the target object is a next video frame. For example, the percentage of searched
frames may jump to at least 80% in response to a detection and tracking confidence
value that exceeds a detection and tracking threshold value 256. Alternatively, the

percentage may jump to 60%, 70%, 90%, etc. Additionally, any suitable value for the
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detection and tracking threshold value may be used, e.g., 0.6, 0.65, 0.7, 0.75, 0.8, 0.85,
etc. Furthermore, the percentage of windows searched may be determined randomly,
based on a randomizer 234 (random number generator), e.g., a random percentage of
windows between 1% and 15% may be searched in a captured frame. By searching a
subset of all the window locations, the object detection may use fewer resources in the

electronic device 102.

[00110] The techniques described herein may search a subset of window sizes for each
location. Each window size may be referred to herein as a scale level, each scale level
corresponding to a specific window size. For example, there may be 20 possible scale
levels. Rather than searching all 20 scale levels, a subset of scale levels or window

sizes may be searched at each window location.

[00111] The techniques described herein may also use feedback from the memory
buffer 210 to tailor the window locations and sizes searched. In other words, the
location and size of the last captured video frame in which the target object was
successfully detected and/or tracked may be used as a starting point for searching a
current video frame (N) 224. For example, if the target object was detected and tracked
in a recent video frame (i.e., the detection and tracking confidence value 256 for a
recent captured video frame is above a detection and tracking threshold), the scanner
locator may start searching a current captured frame at the location and size associated
with the recent frame. For example, where a target object moves out of the field of view
of an optical system or disappears at a distance, the target object may be more likely to
reappear at the same size as when the target object left the field of view of the optical
system or disappeared at a distance. Thus, a size or range of sizes may be predicted for
detecting the target object in subsequent video frames when performing object

detection.

[00112] The search range of window locations and window sizes searched in the
captured video frame (N) 224 may be limited to those similar to the window location
and window size associated with the target object in a recent video frame (e.g., the
previous video frame (N-1) 222). As used herein, the term “search range” refers to the
set of candidate window locations or candidate window sizes (or both) that may be

utilized when detecting and/or tracking a target object in a video frame. For example,
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the subset of the window locations searched may be selected from within a portion of
the current video frame (N) 224 based on where the target object was found in a recent
video frame, e.g., one of the quadrants or halves of the current video frame (N) 224. In
other words, the search space may be limited to nearby where the target object was last
tracked or detected. Similarly, the sizes of frames searched for each window location
may be limited based on the size of the window in which the targeted object was found
in a recent video frame. For example, if the object was detected in a recent frame using
a window with a scale level of 8, the scanner scaler 236 may select only window scale
levels for the current video frame (N) 224 of 8, plus or minus 3, i.e., scale levels 5-11.
This may further eliminate low probability searching and increase the efficiency of
object detection. Alternatively, if a recent (non-current) video frame did not detect the
target object (i.e., the detection and tracking confidence value 256 for the recent video
frame is below a detection and tracking threshold), the object detector 208 may expand
the search space (window locations) that is searched, e.g., a wider range of an image or

the whole image may be subject to search.

[00113] The object tracking and detection module 204 may include a fusion module 260
to merge multiple windows to form a single window. There are initially two confidence
values: a detection confidence value 240 from the object detector 208 and a tracking
confidence value 225 from the motion tracker 206. The fusion module 260 may
combine the two confidence values (e.g., pick the one that is larger) into a detection and
tracking confidence value 256. The detection and tracking confidence value 256 may
indicate whether the target object was identified on a video frame. In one configuration,
the detection and tracking confidence value 256 may be a real number between 0 and 1,
where 0 indicates the lowest possible confidence that the target object was identified in
a particular video frame and 1 indicates the highest possible confidence that the target
object was identified in a particular video frame. In other words, the detection and
tracking confidence value 256 may serve as an overall indication of the likelihood that a
target object was found. Further, the detection and tracking confidence value 256 may
be a parameter used for determining a window location, a window size, or a percentage
of windows to search in a next video frame. The fusion module 260 may be used to
provide information about a current video frame (N) 224 to the memory buffer 210. In

one example, the fusion module 260 may provide information about the tracked window
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242 (e.g., window location 244, window size 246, etc.) and a detection and tracking
confidence value 256 to the memory buffer 210. The fusion module 260 may use the
tracking results (e.g., bounding boxes) from the motion tracker 206 and object detector
208 to form a combined tracking result (e.g., bounding box) and calculate the detection

and tracking confidence value 256.

[00114] The memory buffer 210 may store one or more values associated with the
previous video frame (N-1) 222, the current video frame (N) 224 or other captured
video frames. In one configuration, the memory buffer 210 stores a captured previous
video frame 212, which may include information corresponding to the previous video
frame (N-1) 222. The captured previous video frame 212 may include information
about one or more windows 242, including the location 244, window size 246 and a
binary decision 248 (e.g., from the classifier 238) for each window 242. The captured
previous video frame 212 may also include a tracking threshold 250, detection threshold
252 and a detection and tracking threshold 254. The tracking threshold 250 may be
provided to the motion tracker 206 or circuitry on the object tracking and detection
module 204 (e.g., confidence level comparator) to determine 258 whether the tracking
confidence level is greater than the tracking threshold 250. The detection threshold 252
may be provided to the object detector 208 or other circuitry on the object tracking and
detection module 204 to determine whether the detection confidence value 240 is
greater than the detection threshold 252. The detection and tracking threshold 254 may
be a combined value based on the tracking threshold 250 and the detection threshold
252. The detection and tracking threshold 254 may be compared to a detection and
tracking confidence value 256 to determine a combined confidence value for the
motion-based tracking and the object detection. Each of the thresholds may be based on
a likelihood that a target object is located within a video frame. The object tracking and
detection module 204 may perform motion-based tracking and/or detection on a current
video frame (N) 224 until a specific detection and tracking confidence value 256 is
obtained. Further, the motion-based tracking and object detection may be performed on

each video frame in a sequence of multiple video frames.

[00115] Performing motion-based tracking and object detection may include

sequentially performing motion-based tracking followed by object detection based on a
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tracked parameter. In particular, the present systems and methods may implement a
two-step tracking and detection approach. Since motion-based tracking is based on the
relative motion of a scene, rather than actual object identification as used object
detection, the motion-based tracking may be less resource-intensive in an electronic
device than performing object detection. Accordingly, it may be more efficient to use
the motion tracker 206 instead of the object detector 208, where a target object may be

accurately tracked without also performing object detection.

[00116] Therefore, rather than using the motion tracker 206 in parallel with the object
detector 208, the object tracking and detection module 204 only uses the object detector
208 where the motion tracker 206 is insufficient, i.e., the motion tracking and object
detection (if performed at all) are performed sequentially instead of in parallel. For each
video frame on which tracking is performed, the motion tracker 206 may produce a
tracking confidence value 228, which may be a real number between 0 and 1 indicating

a likelihood that the target object is in a current video frame (N) 224.

[00117] In one configuration of the two-step tracking and detection approach, the
motion tracker 206 may first perform motion-based tracking on a current video frame
(N) 224. The motion tracker 206 may determine a tracking confidence value 228 based
on the motion-based tracking process. Using the tracking confidence value 228 and a
tracking threshold 250 provided by the memory buffer 210, circuitry within the object
tracking and detection module 204 (e.g., a confidence level comparator) may determine
258 whether the tracking confidence value 228 exceeds a tracking threshold 250. If the
tracking confidence value 228 is greater than the tracking threshold 250, the object
tracking and detection module 204 may skip performing object detection and provide
the tracking result to a fusion module 260 to produce an output 262. The output 262
may include an indication that a target object is within a current video frame (N) 224.

Further, the output 262 may include additional information about the target object.

[00118] If the tracking confidence value 228 does not exceed the tracking threshold 250,
the object detector 208 may subsequently perform object detection on the current video
frame (N) 224. The object detection may be performed on all or a subset of windows
within the current video frame (N) 224. The object detector 208 may also select a

subset of windows, window sizes or other detection criteria based on results of the
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motion-based tracking and/or information provided from the memory buffer 210. The
object detection may be performed using a more or less robust process based on one or
more tracked parameters provided to the object detector 208. The object detector 208
may determine a detection confidence value 240 and compare the detection confidence
value 240 to a detection threshold 252. If the detection confidence value 240 is above a
detection threshold 252, the object detector 208 may provide the detection result to the
fusion module 260 to produce an output 262. The output 262 may include an indication
that a target object is within a current video frame (N) 224 and/or include additional

information about the detected object.

[00119] Alternatively, if the detection confidence value 240 is less than or equal to a
detection threshold 252, the object detector 208 may perform object detection again
using a more robust method, such as searching a greater number of windows within the
current video frame (N) 224. The object detector 208 may repeat the process of object
detection until a satisfactory detection confidence value 240 is obtained. Once a
satisfactory detection confidence value 240 is obtained such that a target object within
the current video frame is identified, the object tracking and detection module 204 may

be used to perform tracking and detection on a next video frame.

[00120] Referring to FIG. 2B, a particular illustrative embodiment of a processor 264
implementing components within the object tracking and detection module 204 is
shown. As shown in FIG. 2A, the object tracking and detection module 204 may be
implemented by a processor 264. Different processors may be used to implement
different components (e.g., one processor may implement the motion tracker 206,
another processor may be used to implement the object detector 208 and yet another

processor may be used to implement the memory buffer 210).

[00121] Referring to FIG. 3, a flowchart of a particular illustrative embodiment of a
method 300 for performing motion-based tracking and object detection is shown. The
method 300 may be implemented by an electronic device 102, e.g., an object tracking
and detection module 104. The electronic device 102 may perform 302 motion-based
tracking for a current video frame (N) 224 by comparing a previous video frame (N-1)
222 and the current video frame (N) 224. Tracking an object may be performed using a

median flow method by tracking points between pairs of images. Other methods of
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motion-based tracking may also be used. Additionally, the motion-based tracking may
be performed for a current video frame (N) 224 using information about a captured

previous video frame 112 provided via a memory buffer 110.

[00122] The electronic device 102 may determine 304 a tracking confidence value 228.
The tracking confidence value 228 may indicate a likelihood or certainty that a target
object has been accurately tracked. The electronic device 102 may determine 306
whether the tracking confidence value 228 is greater than a tracking threshold 250. If
the tracking confidence value 228 is greater than the tracking threshold 250, the
electronic device 102 may perform 308 motion-based tracking for a next video frame.
Further, the electronic device 102 may skip performing object detection on the current
video frame (N) 224 based on the result of the motion-based tracking, In other words,
object detection may be performed for the current video frame (N) 224 only when the
motion tracking is not very good, i.e., if the tracking confidence value 228 is not greater
than a tracking threshold 250. If, however, the tracking confidence value 228 is not
greater than the tracking threshold 250, the electronic device 102 may perform 310
object detection for the current video frame (N) 224. The electronic device 102 may
perform the object detection in sequence to the motion-based tracking. In some
configurations, the object detection may be performed multiple times with varying

robustness to obtain a higher detection confidence value 240.

[00123] Referring to FIG. 4, a flowchart of a particular illustrative embodiment of a
method 400 for performing motion-based tracking is shown. The method 400 may be
implemented by an electronic device 102, e.g., an object tracking and detection module
104. The electronic device 102 may identify 402 a target object using a bounding box.
Identifying 402 an object may be performed manually using a touchscreen 116 or other
input method in which an object of interest is selected. Multiple objects may be
identified in a similar way. Further, other input methods may be used to identify an
object to be tracked. In one example, an object is identified by manually drawing a

bounding box around the target object.

[00124] The electronic device 102 may initialize 404 points on a grid within the
bounding box. The points on the grid may be uniformly spaced throughout the

bounding box. Further, the points may be tracked 406 on the grid between two images
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(e.g., previous video frame (N-1) 222 and current video frame (N) 224). In one
example, the points are tracked by a Lucas-Kanade tracker that generates a sparse
motion flow between images. The electronic device 102 may estimate 408 a tracking
error between the two images (e.g., a previous video frame (N-1) 222 and a current
video frame (N) 224). Estimating 408 a tracking error may include assigning each point
of the tracked points an error value. Further, estimating 408 a tracking error may be
performed using a variety of methods, including forward-backward error, normalized
cross correlation (NCC) and sum-of-square differences, for example. The estimated
tracking error may be used to obtain a tracking confidence value 228 and ultimately
determining a likelihood that a target object is in a current video frame (N) 224. In one
configuration, the tracking confidence value 228 may be obtained by calculating a
normalized cross correlation (NCC) between a tracked window in a current video frame
(N) 224 and a previous video frame (N-1) 222. The tracking error may also be
estimated using additional techniques, including a forward-backward error estimation
described in more detail below in connection with Figure 5. Further, the electronic
device 102 may filter 410 out outlying point predictions. For example, the electronic
device may filter out 50% of the worst predictions. The remaining predictions may be

used to estimate the displacement of the bounding box.

[00125] The electronic device 102 may update 412 the bounding box. Updating 412 the
bounding box may be performed such that the updated bounding box becomes the new
bounding box for the next video frame. The motion-based tracking process may then be
repeated for a next video frame or, if a tracking confidence value 228 is less than or
equal to a tracking threshold 250, the motion-based tracking process may be
discontinued for a next video frame until a target object may be accurately tracked. In
some configurations, where the motion-based tracking for a current video frame (N) 224
does not provide a satisfactory result, the electronic device 102 may perform object
detection on the current video frame (N) 224 to obtain a higher level of confidence in
locating a target object. In some configurations, where motion-based tracking cannot
produce satisfactory results (e.g., when a target object moves out of range of a video
frame), object detection may be performed on any subsequent video frames until a

target object is detected.
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[00126] Referring to FIG. 5, a flowchart of a particular illustrative embodiment of a
method 500 for estimating a tracking error in motion-based tracking based on forward-
backward error is shown. The method 500 may be implemented by an electronic device
102 (e.g., an object tracking and detection module 104). In some configurations, the
electronic device 102 may calculate a normalized cross correlation (NCC) between
tracked windows. The normalized cross correlation (NCC) may be used to determine a
tracking confidence value 228. The electronic device 102 may also use various tracking
error estimation techniques complementary to normalized cross correlation (NCC) (e.g.,
forward-backward error, sum-of-square difference). In an example using forward-
backward error estimation, an electronic device 102 may perform 502 forward tracking
between a previous video frame (N-1) 222 and a current video frame (N) 224 to
determine a forward trajectory. Forward tracking may include tracking an image

forward for k steps. The resulting forward trajectory may be equal to (x;, X741, Xz 4

), where xt is a point location in time and k indicates a length of a sequence of images.

The electronic device 102 may perform 504 backward tracking between a current video
frame (N) 224 and a previous video frame (N-1) 222 to determine a backward trajectory.

The resulting backward trajectory may be equal to ( Xy, X;41,..., X+ f ), where
Xpvk = Xe+k-

[00127] The electronic device 102 may determine 506 a forward-backward error
between the forward trajectory and the backward trajectory. The forward-backward
error may be defined as the distance between the forward trajectory and the backward
trajectory. Further, various distances may be defined for the trajectory comparison. In
one configuration, the Euclidean distance between the initial point and the end point of
the validation trajectory may be used when determining the forward-backward error. In
one configuration, the forward-backward error may be used as the tracking error, which

may be used to determine a tracking confidence value 228.

[00128] Referring to FIG. 6, a flowchart of a particular illustrative embodiment of a
method 600 for performing object detection is shown. The method 600 may be
implemented by an electronic device 102 (e.g., an object tracking and detection module

104). The electronic device 102 may perform 602 object detection and motion-based
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tracking on a current video frame (N) 224 by searching a subset of the window locations

and sizes in the current video frame (N) 224,

[00129] The electronic device 102 may determine 604 a detection and tracking
confidence value 256. The detection and tracking confidence value 256 may provide a
level of confidence of whether the target object is found in a current video frame (N)
224 or within a particular window. The electronic device 102 may also determine 606
whether the detection and confidence value 256 is greater than a detection and tracking
threshold 254. If the detection and confidence value 256 is greater than a detection and
tracking threshold 254, the electronic device 102 may perform 608 object detection on a
next video frame using the subset (e.g., the same subset) of windows and sizes in the
next video frame. Alternatively, if the detection and confidence value 256 is less than a
detection and tracking threshold 254, the electronic device 102 may perform 610 object
detection on a next video frame using a larger subset of the window locations and sizes
in the next video frame. In some configurations, where the confidence value 256 is less
than a detection and tracking threshold 254, the electronic device 102 may perform 610
object detection on a next video frame using the entire search space and/or all windows

of the next video frame.

[00130] Referring to FIG. 7, a particular embodiment of an image window 700 having
different window sizes 766 is shown. Specifically, Figure 7 illustrates a set of ten
possible window sizes 766a-j. Each window size 766 may correspond to a scale level
(e.g., 1-10). Although shown herein as rectangular, the windows that are searched may
be any shape, e.g., square, rectangular, circular, elliptical, user-defined, etc.
Furthermore, any number of window sizes 766 or scale levels may be available, e.g., 5,

15, 20, 30, etc.

[00131] The secarch range may be denoted by a subset of window sizes used for a
particular location, e.g., the window sizes that are searched in the current video frame
(N) 224 may be limited to those similar to the window location and window size
associated with the target object in the recent frame. For example, without feedback,
the object detector 208 may search all ten window sizes 766a-j for each selected
window location. However, if the object was detected in a recent (non-current) video

frame using a window with the fifth window size 766e, the scanner scaler 236 may



WO 2015/095762 PCT/US2014/071606

_08 —

select only window sizes for the current captured frame of 5, plus or minus 3, i.e.,
window sizes 2-8. In other words, the windows with the first window size 766a, ninth
window size 7661 and tenth window size 766j may not be searched based on feedback
from a recent or previous video frame (N-1) 222. This may further eliminate low
probability searching and increase the efficiency of object detection. In other words,
using feedback from a recent video frame may help reduce computations performed.
Alternatively, if a recent video frame did not detect the target object (i.c., the detection
and tracking confidence value 256 for the recent captured frame is less than a detection
and tracking threshold 254), the object detector 208 may not limit the search range by

using a subset of size levels.

[00132] Referring to FIG. 8, a particular illustrative embodiment of an object tracking
and detection module 804 is shown. The object tracking and detection module 804
illustrated in FIG. 8 may include similar modules and perform similar functionality to
the object tracking and detection module 204 illustrated in FIG. 2. Specifically, the
object detector 808, motion tracker 806, scanner locator 830, window location selector
832, randomizer 834, scanner scaler 836, classifier 838, fusion module 860, memory
buffer 810, captured previous video frame 812, window 842, location 844, size 846,
binary decision 848, tracking threshold 850, detection threshold 852, detection and
tracking threshold 854, detection confidence value 840, tracking confidence value 828
and detection and tracking confidence value 856 illustrated in FIG. 8 may correspond
and have similar functionality to the object detector 208, motion tracker 206, scanner
locator 230, window location selector 232, randomizer 234, scanner scaler 236,
classifier 238, fusion module 260, memory buffer 210, captured previous video frame
212, window 242, location 244, size 246, binary decision 248, tracking threshold 250,
detection threshold 252, detection and tracking threshold 254, detection confidence
value 240, tracking confidence value 228 and detection and tracking confidence value

256 illustrated in FIG. 2.

[00133] The object tracking and detection module 804 may include a smoothing module
861 that is used to reduce the jittering effect due to target motion and tracking error. In
other words, the smoothing module 861 smooth the tracking results, causing a search

window to have a smoother trajectory in both location (x, y) 844 and size (width,
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height) 846. The smoothing module 861 can be simple moving average (MA) filters or
auto regression (AR) filters. The smoothing degree for the location 844 and size 846
can be different. Predictive filters, such as a Kalman filter may also be suitable for
location 844 smoothing. Therefore, the smoothing module 861 may receive an
unsmoothed location 863 and an unsmoothed size 865 as input and output a smoothed

location 867 and a smoothed size 869.

[00134] Referring to FIG. 9, a particular illustrative embodiment of a smoothing module
961 is shown. The smoothing module 961 may be used to reduce the jittering effect due
to target motion and tracking error, i.c., so the tracking results (bounding box) have a
smoother trajectory in both location(x, y) and size(width, height). In one configuration,
the location smoothing filter 971 and the size smoothing filter 973 are implemented
using an auto regression (AR) model to receive an unsmoothed location 963 and an
unsmoothed size 965 as input and output a smoothed location 967 and a smoothed size

969.

[00135] In an auto regression (AR) model, assume X is the variable to be smoothed,
cither the location or the size. Furthermore, let X’ be the output of X by the object
tracker. In this configuration, the smoothed filtering of X at time t, X, can be described

according to Equation (1):

X¢ = WXt + (1-W)*X¢.1 (1)

where X’ is the tracker output of X at time t, Xt-1 is the smoothed result of X at time t-
1, and W (0<=W<=1) is a smoothing weight that controls the smoothing effect. For

example, X't may be a window location or window size selected for a current video

frame (N) 224 and Xt-1 may be a window location or window size used for a previous

video frame (N-1) 222.

[00136] A different smoothing weight, W, can be used for the location smoothing filter

971 and the size smoothing filter 973. For example, in one implementation, Wigcation =

0.8 and Wsize= 0.4 so that there is less smoothing effect on the window location but
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stronger smoothing effect on the window size. This selection of smoothing weights will

produce both less tracking delay and less jittering.

[00137] The selection of smoothing weight may also be reduced when the detection and
tracking confidence value 856 falls below a certain threshold (e.g., the detection and
tracking threshold 854). This may cause stronger filtering when potential tracking or
detection errors are high. For example, in response to low tracking confidence (e.g., the

detection and tracking confidence value 856 is below the detection and tracking

threshold 854), the smoothing weights for location and size may be set to Wiocation =

0.65 and Wiize= 0.2, respectively. In other words, one or both of the weights may be

decreased, which may cause the window location and size selection to lean more
heavily on window locations and sizes of previous video frames than those of a current

video frame.

[00138] The weighting may be based on a tracking confidence value 828 or a detection
confidence value 840 rather than a detection and tracking confidence value 856. For
example, the smoothing weights, Wigcation and Wsize, may be decreased in response to

a tracking confidence value 828 falling below a tracking threshold 850, i.e., stronger
filtering may be used in response to poor motion tracking. Alternatively, the smoothing
weights may be decreased in response to a detection confidence value 840 falling below
a detection threshold 852, i.c., stronger filtering may be used in response to poor object

detection.

[00139] In another configuration, Kalman filtering may be used to smooth the window

location. In such a configuration, the filtering may be defined according to Equations

2)-(7):

Xk = FiXk-1 + Wk (2)

zk = Hxk-1+ vk (3)

where xk-1 is the previous state at time k-1, xk is the current state defined by xk =[x, y,

X, ¥], where (x,y) are the bounding box center location, (%, y) are the velocity in each
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direction. Furthermore, the state transition model, Fk, and the observation model, H,

may defined by Equations (4)-(5), respectively:

1, 0, 4¢t, 0]
0,1, 0, Atl
Fr= | 4)
0, 0, 1, 0]
o, 0 o, 1l
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"=1o.1.0 o] (5

where At is a tunable parameter. Additionally, wk is process noise that is assumed to be
drawn from a zero mean multivariate normal distribution with covariance Q (i.e., wx

~ N(0, Q)) according to Equation (6):
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where o1 is a tunable parameter. Similarly, wk is observation noise that is assumed to

be zero mean Gaussian white noise with covariance R (i.e., vi ~ N(0, R)) according to

Equation (7):
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where 62 is a tunable parameter.

[00140] Referring to FIG. 10, a flowchart of a particular illustrative embodiment of a
method 1000 for smoothing jitter in motion tracking results is shown. The method 1000
may be performed by an electronic device 102, e.g., an object tracking and detection
module 804 in an electronic device 102. The electronic device 102 may determine 1002
one or more window locations and one or more window sizes associated with a current

video frame 224, ¢.g., an unsmoothed location 863 and unsmoothed size 865. The
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clectronic device 102 may also filter 1004 the one or more window locations and the
one or more window sizes to produce one or more smoothed window locations 867 and
one or more smoothed window sizes 869. For example, this may include using a
moving average filter, an auto regression filter or a Kalman filter. In one configuration,
in response to low tracking confidence (e.g., the detection and tracking confidence value
856 is below the detection and tracking threshold 854), the smoothing weights for
location and size may be reduced. Alternatively, the smoothing weights may be reduced
based on the detection confidence value 840 or the tracking confidence value 828. The
clectronic device may also detect 1006 a target object within the current video frame
224 using one or more windows defined by the one or more smoothed window locations

867 and the one or more smoothed sizes 869.

[00141] In the context of a scene being imaged, the term “object” refers to a physical
object within the scene. In the context of a video stream, the term “object” refers to a
representation, within the video stream, of an object (e.g., images of the object in frames
of the video stream). The term “mobile device” as used herein includes devices in any
of the following form factors: holdables (e.g., smartphones), drivables (e.g., vehicles or
robots), wearables (e.g., clothing or accessories), and flyables (e.g., drones). A mobile
device may include one or more screens (e.g., a touchscreen) and/or one or more image-

capturing devices (e.g., a camera).

[00142] A digital image (e.g., a frame of a video stream) depicts a scene that may
include one or more objects. Typically the objects are physical and tangible objects
(e.g., people). In FIG. 12, for example, the objects in the scene include three people, a

star, and a tree.

[00143] It may be desirable to produce, from one or more digital images (e.g., frames of
a video stream), an associated stream or file having information that represents locations
of selected objects over time within the one or more images. In one example, such
information includes an absolute location of a point of interest (e.g., a center of mass of
the selected objects), which may change over time. In another example, such
information includes locations of the selected objects relative to a location of a point of
interest (e.g., a center of mass of the selected objects), which may change over time.

The location of a point of interest (e.g., the location of a selected object, or of a center of
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mass of multiple objects) may be encoded as metadata (e.g., one or more indices, such

as codewords, into one or more respective location codebooks).

[00144] FIG. 11A shows a flowchart of a method M100 of generating metadata
according to a first configuration that includes tasks T100 and T300. Task T100 uses at
least one digital image to select a plurality of objects, wherein the video stream depicts
the objects in relation to a physical space. Based on information indicating positions of
the selected object in a location space, task T300 produces metadata that identifies one
among a plurality of candidate geometrical arrangements of the selected objects. Tasks
T100 and T300 may be performed, for example, by the electronic device 102 of FIG. 1,
the object tracking and detection module 204 implemented by the processor 264 of FIG.
2B, the object tracking and detection module 804 of FIG. 8 implemented by a processor,
the smoothing module 961 of FIG. 9 implemented by a processor, or any combination

thereof.

[00145] Task T100 uses at least one digital image to select a plurality of objects,
wherein the at least one digital image depicts the objects in relation to a physical space.
The selection may be performed in response to a direct action by a user. In such a case,
a screen may be used to display the at least one digital image to the user, and the user
may enter an indication to select the particular desired objects among the objects that
appear in the display. FIG. 11B shows a flowchart of an implementation M110 of
method M 100 which includes a task T50 that displays the at least one digital image. If
the display is performed on a touchscreen, the user may indicate a selection by touching

the screen to select a point within a desired object.

[00146] The at least one digital image may be one or more frames of a video stream. A
video stream describes a series of frames, where each frame represents an image in a
pixel coordinate space. A video stream typically includes other information that may be
used to recover the frames from the stream (e.g., a corresponding frame start code or
packet and frame end code or packet for each frame). A video stream may also include
embedded data (e.g., metadata), which may be associated with a particular frame. A
video stream may be produced by a camera or other imaging device (which may be
sensitive to visible and/or other wavelengths), streamed from another device, or

produced by a decoder (e.g., from information stored on a magnetic or optical medium),
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and may be in compressed or uncompressed form. A video stream may include depth
information, such as a video stream based on images captured by a structured light
imager or other depth camera (e.g., Microsoft Kinect). Such a video stream may be
displayed on a touchscreen by, for example, mapping the depth value of each pixel to a
corresponding color. A video stream may be live, delayed, or retrieved from storage

(e.g., pre-recorded).

[00147] A video stream is a time sequence of digital images (“frames”). In one example,
the sequence of images is captured at a particular frame rate (e.g., for presentation at the
same frame rate). A video stream may include information that indicates the beginning
and end of each frame. In one example, the video stream includes a frame start code
before the first pixel of each frame and a frame end code after the last pixel of each
frame. In another example, the video stream includes one or more data signals, which
carry the pixel information of the frames of the video stream, and one or more
synchronization signals, which indicate the start and end of each frame of the video
stream. Depending on the particular format of the primary video stream, the primary
video stream may include additional information (e.g., headers, metadata). It is also
possible for the primary video stream to include data other than the frame data (i.e., the
pixel values) between the frame start and end codes. Such other data may include, for

example, sensor configuration details and/or image statistics values.

[00148] Parsing of a video stream includes extracting frames of the video stream (e.g.,
using the frame start and end information) and making them available for processing.
For example, parsing may include storing each frame to a corresponding specified
location, such as a buffer. FIG. 11C shows a flowchart of an implementation M120 of
method M100 which includes a task T30 that parses the video stream to produce the at
least one digital image. Alternatively, another process may execute to parse the video
stream (e.g., for display), such that one or more frames of the video stream are available
to method M100 (e.g., in a buffer in memory) at any time. FIG. 11D shows a flowchart
of an implementation M 130 of methods M110 and M120.

[00149] Such a buffer (e.g., memory buffer 110) is typically capable of storing at least
one full frame at a time. Parsing of the primary video stream may be configured to

alternate between multiple frame buffers. For example, one such frame buffer may
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store a full frame for processing, while the following frame in the sequence is extracted
and stored to another frame buffer. Alternatively, task T30 or the parsing process may
be configured to store the parsed frames to a circular buffer, such that the buffer is

updated (and old frames are overwritten) as new frames are extracted.

[00150] Parsing the primary video stream may include a demultiplexing operation to
separate the primary video stream from one or more associated audio streams and/or
metadata streams. Alternatively, such an operation may be performed upstream of task
T30 or the parsing process (e.g., the primary video stream may be provided by a

demultiplexer).

[00151] FIG. 12 shows an example of a sequence of user actions to select three objects.
Panel A shows a scene as displayed on a touchscreen of a device. The device may be
manipulated by the user to initiate a selection mode. For example, the touchscreen may
be configured to enter the selection mode when the user touches an appropriate icon.
Panel A shows an example of a selection tool icon in the upper right corner of the frame.
In panel B, the user touches the selection tool icon to initiate the selection mode. In
panel C, the tool icon is highlighted in response to the touch action to indicate that the
device is in the selection mode, and the user touches the first object to select it. In panel
D, the first object is highlighted (e.g., silhouetted as shown, or outlined) in response to
the touch action to indicate that the object is selected, and the user touches the second
object to select it. In panel E, the second object is highlighted in response to the touch
action to indicate that the object is selected, and the user touches the third object to
select it. In panel F, the third object is highlighted in response to the touch action to
indicate that the object is selected, and the user touches the selection tool icon again to
terminate the selection mode. The device may be configured to de-sclect a selected

object if the user touches it again in the selection mode.

[00152] FIG. 13 shows another example of a sequence of user actions to select three
objects. In this case, the device operates differently in the selection mode than as shown
in FIG. 12. In panel A, the user touches the selection tool icon to initiate the selection
mode. In panel B, the tool icon is highlighted in response to the touch action to indicate
that the device is in the selection mode, and the user touches the first object to select it.

In panel C, the first object is highlighted in response to the touch action to indicate that
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the object is selected, and in response to the selection, the selection mode is terminated
and the highlighting is removed from the tool icon. The user touches the selection tool
icon again to initiate the selection mode, and in panel D, the tool icon is highlighted in
response to the touch action to indicate that the device is in the selection mode, and the
user touches the second object to select it. In panel E, the second object is highlighted
in response to the touch action to indicate that the object is selected, and in response to
the selection, the selection mode is terminated and the highlighting is removed from the
tool icon. The user touches the selection tool icon again to initiate the selection mode,
and in panel F, the tool icon is highlighted in response to the touch action to indicate

that the device is in the selection mode, and the user touches the third object to select it.

[00153] In another example, the touchscreen may be configured to enter the selection
mode in response to a two-action selection: a first action selects a menu mode (e.g., the
user touches a designated area of the screen to display a menu) and a second action
selects a selection mode from the menu. In a further example, the touchscreen may be
configured such that the user selects an object by touching and holding a selection tool
icon, dragging the icon to the desired point on the screen, and then releasing the icon to
select the point. Alternatively, the user may manipulate the touchscreen to indicate a
selection by selecting an area of the image that includes at least a portion of the desired
object (e.g., a bounding box or ellipse or a lasso). In such case, the user may select the

desired objects individually and/or as a group.

[00154] It may be desirable to allow the user to manipulate a field of view being
displayed during selection mode (e.g., to perform a pinch action to widen the field of
view, and a zoom action to narrow the field of view). Besides manipulation of a
touchscreen, other possible modalities for direct user selection include actuating one or
more buttons or other switches and/or gesture recognition. As an alternative to such
direct action by a user, task T100 may perform the selection automatically by applying
one or more predetermined criteria to information from the at least one digital image
(e.g., one or more frames of a video stream). Such criteria may include, for example,
recognition of a player’s jersey number, face recognition, and/or velocity detection (e.g.,

to identify a fast-moving object, such as a ball in an athletic event).
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[00155] Method M100 may be implemented to track an object in response to its
selection in task T100. For example, a position-determining task T200 as described
below may be implemented to also track one or more selected objects within the video
stream (e.g., as described above with reference to object tracking and detection module
204 and/or object tracking and detection module 804). Alternatively, object tracking
may begin prior to task T100. In such case, task T100 may be implemented for
selection from among a set of tracked objects. For example, the user may select from
among a display of tracked objects. Examples of algorithms that may be used for such
object tracking (e.g., by task T200) include the Lucas-Kanade method (and variants,
such as the Kanade-Lucas-Tomasi tracker) and mean-shift tracking. Tracking of an
object may include segmenting the object from the rest of a frame of the primary video
stream, although object tracking may also be performed in the absence of such

segmentation.

[00156] Segmentation of an object from the rest of a digital image (e.g., frame of a
video stream) may be used to support enhanced display of the object relative to the rest
of the frame (e.g., silhouetting or outlining). Segmentation may be performed (e.g., by
display task T50) in response to selection of an object in task T100. Such segmentation
may be used to provide visual feedback to a user by confirming the object’s selection.
Segmentation may also be performed before selection begins. In such case, selection in
task T100 may be made from among a set of objects that are already segmented (e.g., a

display in which the segmented objects are enhanced).

[00157] The left-hand panels in FIG. 14 show two examples of frames from video
streams that depict scenes which include objects. Enhanced display of an object may be
performed (e.g., by display task T50) before selection in task T100 or in response to
such selection. One example of enhanced display is a silhouette of the object, which
may be displayed in a color that contrasts with the background (e.g., black or yellow, as
shown in the center panels of FIG. 14). This contrasting color may be the same for all
objects or may differ between objects (e.g., in order to contrast with the local
background of each object). Other examples of enhanced display (which may likewise

be done in a contrasting color) include outlining of the object and displaying a graphical
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element at, within, or around the object (e.g., a triangle at the apex or centroid of the

object, an ellipse around the object as shown in the right-hand panels of FIG. 14, etc.).

[00158] Using a display of a video stream as a context for direct selection of objects by
a user may be appropriate for slow-moving objects. Such an arrangement may be
frustrating for a user, however, if any of the desired objects are moving quickly within
the display. In cases of such quick movement, it may be desirable instead to display a
single frame of the video stream as a context for direct selection of objects by a user. As
described above, selection may be made from a display in which the objects in the
frame are segmented and enhanced. If stream-display selection and frame-display
selection are both supported, selection among these display modes may be performed by
a user and/or automatically. For automatic selection, a degree of motion in the stream
may be quantified using a measure such as, e.g., optical flow, motion vectors, pixel
differences between frames, etc. In such case, a frame-display mode may be selected
when the value of the measure is above a threshold, and a stream-display mode may be

selected when the value of the measure is below the threshold.

[00159] Based on information indicating positions of the selected objects in a location
space, task T300 produces metadata that identifies one among a plurality of candidate
geometrical arrangements of the selected objects. The location space may be a pixel
coordinate space of the at least one digital image (e.g., of the video stream), such as an
(%, y) Cartesian coordinate space of a digital image (e.g., frame of the video stream).
The origin of a pixel coordinate space of a digital image (e.g., video frame) is typically
designated as the upper left or lower left corner of the image. The position of a selected
object may be, for example, the location at which the user touched the screen to select
the object. Alternatively, the positions of the selected objects may be provided by an
object tracker, such as object tracking and detection module 204 or 804 as described

herein.

[00160] A geometrical arrangement is an arrangement in space of the selected objects.
For example, a geometrical arrangement may be a shape that is described by positions
of the selected objects (e.g., as vertices of a polygon). Task T300 may be implemented
to identify an appropriate one of the candidate geometrical arrangements by applying

one or more metrics to the object positions. In such case, task T300 may use a decision
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tree to select the candidate according to the metric values. The produced metadata may
also include additional information, such as any among the following: a scale factor
and/or aspect factor to be applied to the candidate, an orientation direction for the
candidate, and a mirror flag indicating whether the candidate is to be flipped around an

axis.

[00161] Task T300 may be implemented to determine which among the plurality of
candidate geometrical arrangements is most similar to a shape described by the
positions of the selected objects. FIG. 35 shows one example by which task T300 may
be implemented to match a shape described by three positions A, B, C to one of a set of

29 <&

three candidate geometrical arrangements, labeled “equidistant,” “near-far-far”, and

“near-far-far”.

[00162] In this example, the three distances between the points (i.e., AB, BC, and AC)
are calculated and sorted by magnitude to determine the minimum, middle, and
maximum among them. The minimum distance is compared to a value that is two-
thirds of the maximum distance. If the minimum distance is greater, then task T300
selects the candidate “equidistant”, as indicated by the box at the top left of FIG. 35. If
the minimum distance is lesser, then the middle distance is compared to a value that is
one-half the sum of the minimum and maximum distances. If the middle distance is
greater, then task T300 selects the candidate “near-far-far”, as indicated by the box at
the bottom of FIG. 35. If the middle distance is lesser, then task T300 selects the

candidate “near-near-far”, as indicated by the box at the top right of FIG. 35.

[00163] FIG. 35 also shows the three cases that fall on the decision boundaries, which
may be assigned by task T300 to either of the adjacent candidates as desired. In this
case, the metadata identifying the appropriate candidate may be a parameter having one
of three possible values, each indicating a corresponding one of the three candidate
geometrical arrangements. The metadata may also indicate an orientation to be applied
to the candidate (e.g., as a rotation). In one example, the orientation is indicated as the
direction of a line from the center of the geometrical arrangement through the point
opposite the minimum distance. In another example, the orientation is indicated as the
direction of a line from the center of the geometrical arrangement through the point

corresponding to a particular one of the selected objects.
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[00164] FIG. 37A shows a flowchart of an implementation M200 of method M200 that
includes task T200, which obtains the information indicating positions of the selected
objects in the location space. Task T200 may be implemented to execute in response to
the selecting in task T100. The location space may be a pixel coordinate space of the at
least one digital image (e.g., of the video stream), such as an (x, y) Cartesian coordinate
space of a digital image (e.g., frame of the video stream). The origin of a pixel
coordinate space of a digital image (e.g., video frame) is typically designated as the
upper left or lower left corner of the image. FIGS. 37B-D show flowcharts of
implementations M210, M220, and M230 of methods M110, M120, and M130,
respectively, that include task T200.

[00165] The pixel coordinate space of the display may be the same as the location
space, or the location space may include the pixel coordinate space of the display. For
example, a frame of the display may include only a portion of a corresponding frame of
the video stream (e.g., in response to a zoom action to narrow the field of view).
Alternatively, the pixel coordinate space of the display may include the location space.
For example, the video stream may be displayed in a window of the display that is
smaller than a frame of the display, with other content being displayed in another

window of the display.

[00166] Task T200 may be implemented to determine a position of a selected object as a
position of an image of the selected object in the pixel coordinate space. For example,
the determined position may be a center of mass of the object. The center of mass is the
same as the centroid if constant density is assumed, but differences in density may also
be indicated by, for example, differences in color and/or transparency. Other examples
of the determined position include the top or bottom pixel of the object, a vertical
projection of the center of mass of the object to the top or bottom of the object, or a
position of a particular feature of the object. FIG. 17A shows an example of projecting
a center of mass C10 of an object onto a bottom bounding line of the object to obtain a

corresponding determined position DP10.

[00167] Alternatively or additionally, task T200 may be implemented to determine a
reference position of a formation of multiple objects. For example, task T200 may be

implemented to calculate a reference position as a position of a formation of the selected
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objects. In such case, the determined reference position may be a center of mass of the
formation (with different objects having the same or different densities), the top or
bottom pixel among the objects, a vertical projection of the center of mass of the
formation to the top or bottom of the formation, or a position of a particular one of the
objects. In such case, task T200 may determine the positions of the selected objects as
positions relative to the reference position (e.g., to use the reference position as an

origin).

[00168] The selected objects may be physically separate from one another, such that
they are not parts of a common object. For example, at least one of the objects may be
capable of moving independently of the others. In a particular example, one or more of

the objects are different people, animals, and/or vehicles.

[00169] The pixel coordinate space of the video stream or display may be two-
dimensional or three-dimensional. Examples of three-dimensional displays include
stercoscopic (e.g., left/right) and volumetric displays. User selection of an object in
such a location space may include manipulating a selection point in three dimensions
using, for example, a glove, a gesture (e.g., tilting an orientation-sensitive device), or a

pressure-sensitive touchscreen.

[00170] Alternatively, the location space may be the physical space (e.g., the scene
space). In one such example, the determined reference position is based on at least one
point selected using a video stream that includes depth information, such as a video
stream from a structured light imager or other depth camera (e.g., Microsoft Kinect).
Such a video stream may be displayed on a touchscreen by, for example, mapping the
depth value of each pixel to a corresponding color. The determined reference position
may be based on a position of an image of each selected object in the physical space, or
may be a position of a formation of the selected objects, as in the examples above (e.g.,
center of mass). User selection of an object in such a location space may include
manipulating a selection point in three dimensions using, for example, a glove, a gesture

(e.g., tilting an orientation-sensitive device), or a pressure-sensitive touchscreen.

[00171] FIGS. 15A-C show examples of using an orientation-sensitive device to
manipulate a selection point in a depth dimension of a displayed scene. Such an

orientation-sensitive device may be, for example, a mobile device having one or more
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orientation sensors that indicate an orientation of the device relative to a gravitational
axis (e.g., an axis through the device and the center of the earth). Such one or more
orientation sensors may include, for example, one or more inertial sensors (e.g.,
gyroscopes and/or accelerometers) and/or one or more magnetic field sensors (e.g.,

magnetometers).

[00172] In each of FIGS. 15A-C, the left panel indicates a display of the same digital
image on a screen of the orientation-sensitive device, and the right panel indicates a
corresponding orientation of the device (shown in cross-section through a vertical line
of the display, which is indicated in bold) relative to a gravitational axis g. The scene as
displayed in each of these figures includes an object in the foreground (i.e., closest to
the capturing device), an object in the middle ground, and an object in the background
(i.e., farthest from the capturing device). In each of these examples, the degree of tilt is
indicated by a slider at the left of the display. When the device is vertical to the ground
as shown in FIG. 15A, the degree of tilt is low and the foreground object is selected (as
indicated by the highlighting in the left panel). When the device is horizontal to the
ground as shown in FIG. 15C, the degree of tilt is high and the background object is
selected (as indicated by the highlighting in the left panel). When the device is at a
forty-five-degree angle to the ground between these orientations, as shown in FIG. 15B,
the degree of tilt is at midpoint, and the object in the middle ground is selected (as
indicated by the highlighting in the left panel).

[00173] In another example, the position of an object in the physical space may be
indicated by information from one or more position sensors in or on the object (e.g.,
GPS sensors). For example, the object may include one or more such sensors (e.g., a
ball) or be wearing one or more such sensors (e.g., a person or animal). Linking of'a
user-selected position in the pixel coordinate space of a display to the sensed position of
the object in physical space may be performed using position and/or orientation sensors
in the touchscreen device and/or recognition of object features (e.g., color, jersey

number).

[00174] Additionally or alternatively, the position of an object in the physical space may
be projected from a position of an image of the object in the pixel coordinate space.

The spatial relation between positions of object images in a display plane may not
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correlate well to the spatial relation between positions of the corresponding objects in
the physical space. Such discrepancy may be highest when the display plane (e.g., the

focal plane during capture of the video stream) is perpendicular to the ground plane.

[00175] FIG. 16 shows an example of a discrepancy between distances among images
of objects in a 2-D pixel coordinate space compared to the distances among the actual
objects in the scene space. The top panel A shows a digital image (e.g., a frame of a
video stream), and the bottom panel A shows the distances among the centroids of the
three people at the left of the scene as depicted. These distances indicate that the
leftmost person is farther from each of the other two people than they are from each
other. The top panel B shows the same scene as viewed from directly above, and the
bottom panel B shows that the middle person is actually much farther away from the
other two than they are from each other, such that the distance relationship indicated in
the bottom panel A is inaccurate with respect to the actual distance relationship in the

scene space.

[00176] The physical space may be a two-dimensional space, such as a ground plane in
the scene space. In one such example, the location space is a ground plane in the scene
space, and a point in the pixel coordinate space is projected to a corresponding point in
the ground plane. The ground plane may be, for example, an athletic field of play, such
as a basketball court as shown in panel C of FIG. 16. It may be desirable to use such a
location space to support consistency in object positions among video streams of similar
events in the same or similar space that have different fields of view and/or are captured

from different viewpoints.

[00177] Associating a point in a pixel coordinate space of the digital image to a
corresponding point in the ground plane may be performed by projecting a linked point
in the scene space (e.g., as indicated by data from one or more sensors and/or a depth
camera) downward into the ground plane (or projecting the linked point upward into the
ground plane, if appropriate). FIG. 17B shows an example of such projection of a
linked point LP10 (which may be indicated by a GPS sensor and/or other position
sensor on the object as discussed above) to a determined position DP20 in the ground

plane.
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[00178] Alternatively, associating a point in a pixel coordinate space of the digital
image to a corresponding point in the ground plane may be performed by projecting the
point from the pixel coordinate space to the ground plane as shown in FIGS. 18A and
18B, which show cross-sections through the focal axis of the capturing device in a plane
orthogonal to the ground plane). Such projection may be performed directly if the
orientation angle a of the capturing device relative to the ground plane is known (e.g.,
from one or more orientation sensors as described above). Alternatively, orientation
angle a may be inferred from fiducial information in the video frame, such as ground
plane fiducials (e.g., boundary lines of an athletic field), the horizon (indicated, e.g., by
a difference in light), horizontal features bounding the objects (e.g., lines indicating the
front and rear of a performance stage), or at least a rear bounding horizontal feature. As
shown in FIG. 18B, the ratio between distances r and s in the ground plane is related, by
orientation angle a, to the ratio between corresponding distances p and q in the focal
plane. It may be assumed that field-of-view angle b is known, and that the ratio
between the distances p and q in the focal plane is equal to corresponding distances as
imaged in the display space (i.e., as those distances appear, relative to each other, along

a vertical line in the pixel coordinate space of the display).

[00179] In one such example, task T200 is implemented to use the orientation of a
capturing device and/or image fiducial information to map the display plane to the
ground plane (e.g., as described above). In this implementation, task T200 determines
the position of each selected object in the display plane by projecting the object’s center
of mass downward in the display plane to the bottom of the object (e.g., as shown in
FIG. 17A), and determines the object position in the location space by mapping this
display position to a corresponding position in the ground plane. In this case, task T200
may be implemented to calculate the determined reference position as an average of the
object positions in the ground plane, or as a position of a formation of the object

positions in the ground plane, according to any of the examples described above.

[00180] Task T300 may be implemented to associate the metadata with the at least one
digital image (e.g., with the video stream). Such metadata may also include other
information regarding the tracked objects, such as labels for selected objects (e.g., a

person’s name), identification of a geometrical arrangement among the selected objects,
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etc. Additionally or alternatively, the metadata may include information (e.g., camera
settings, camera orientation, sensor characteristics, time and/or location of capture) that
may be obtained from other elements of the device and/or from metadata in the at least

one image or video stream as received.

[00181] Such an implementation of task T300 may encode the metadata into a desired
format, such as any among XML (eXtensible Markup Language), KLV (Key-Length-
Value), *.srt (SubRip file format), and *.vtt (Web Video Text Track format). In some
formats, at least some of the metadata may be included within the digital image or video
stream (e.g., within a portion of the frame data that is reserved for embedded data).
Alternatively, task T300 may be implemented to package the metadata as a separate file

or as a metadata stream that is synchronized with the video stream.

[00182] It may be desirable to implement method M100 to include repeated instances of
task T300 (e.g., repeated instances of tasks T200 and T300) on a video stream: for each
frame of the video stream, for example, or for each n-th frame (where n is an integer
greater than one), or upon a specified event (e.g., detection by a tracking task that a
selected object has moved). In such case, items of metadata within a metadata file or
stream may be timestamped to indicate a desired association between such an item and a
corresponding frame of the video stream. In such case, task T300 may also include
multiplexing the video and metadata streams (possibly with one or more audio streams

as well).

[00183] For a case in which a stream containing the metadata is to be transmitted and/or
stored, other information and/or formatting may be performed to comply with a
particular stream format (e.g., the metadata and/or the stream may be packetized into a
header-plus-payload format). Task T300 may be implemented to provide a stream
containing the metadata to a compressor or other encoder, which may be configured to
encode the stream. Examples of storage file formats that may be used to store such a
stream include any of the following video container formats: AVI, WMV, MOV, MKV,
MPG, and MP4.

[00184] In some applications, the geometrical arrangement of the selected objects may
be a distribution of numerous selected objects in the location space (e.g., a crowd of

people in a public space, a large group of animals, a large group of airborne or
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waterborne vehicles or other objects). It may be unnecessary for task T300 to produce
metadata indicating a position for each individual object, and the exact total number of

the selected objects may also be unnecessary.

[00185] In such case, task T300 may be implemented to determine which among the
plurality of candidate geometrical arrangements is most similar to a distribution of the
selected objects in the location space. For example, it may be desirable to implement
task T300 to determine the candidate that most closely approximates a given (e.g.,
observed) distribution of the selected objects relative to a reference position (e.g., the

position of a speaker in a crowd).

[00186] FIG. 36 shows one example by which task T300 may be implemented to match
a distribution of numerous objects relative to a reference position, which is indicated at
the center of each of the ten candidates on the right side of the figure. In this case, a

circular location space is divided into sixteen regions as shown in the figures on the left

side of the figure, and the number of objects in each region is determined.

[00187] The four large figures to the left of FIG. 36 illustrate one example of a set of
four decision metrics that may be used for this selection: (A) a ratio between the number
of objects in the inner regions and the number of objects in the outer regions, (B) a ratio
between the number of objects in the most-populated half and the number of objects in
the other half (alternatively, a ratio between the number of objects in the most-populated
half and the total number of objects), (C) a ratio between the number of objects in the
most-populated quarter and the number of objects in the opposite quarter, and (D) a
ratio between the number of objects in the most-populated opposing quarters and the
number of objects in the other two quarters (alternatively, a ratio between the number of

objects in the most-populated opposing quarters and the total number of objects).

[00188] Even when the number of selected objects is large, the values of these four
metrics for a particular distribution of objects in the location space may be calculated at
very low computational complexity. A decision tree may then be used to select among,
for example, the ten candidate geometrical arrangements at the right side of FIG. 36
according to the values of these metrics for the given distribution. In such case, task
T300 may be implemented to produce metadata identifying the selected candidate and

indicating the total number of the selected objects. To reduce the size of the metadata
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even further, task T300 may be implemented to produce the metadata to indicate an
approximation of the total number of the selected objects (e.g., by dividing the total

number by a specified quantization factor and rounding the result to the nearest integer).

[00189] Task T300 may also be implemented to perform any of the additional examples
of selecting among geometrical arrangements as described below with reference to
FIGS. 33A, 33B, 34A-C and the associated discussion of formations, formation data,
and formation codebooks. Implementations of method M100 as described herein may
be used to provide metadata (e.g., during capture of a video stream) to permit frames
indexed as depicting a match to a particular geometrical arrangement among the
selected objects to be easily identified for retrieval by searching the metadata, thus

avoiding a need to review the entire video stream.

[00190] Referring to FIG. 20, a particular embodiment depicting video processing using
object tracking is shown. The video processing techniques described with respect to the
embodiment depicted in FIG. 20 may be performed by the electronic device 102 of FIG.
1, the object tracking and detection module 204 implemented by the processor 264 of
FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00191] FIG. 20 shows a digital image 1700 that depicts a scene as captured at a first
time instance. For example, image 1700 may correspond to a video stream to be
displayed on a screen of a mobile device. The mobile device may be configured to
capture the stream (e.g., with a camera of the mobile device) or to receive it from
another device. The scene depicted in frame 1700 includes a first object 1702, a second
object 1704, a third object 1706, and a star. In the illustrated embodiment, first object
1702 may correspond to a first person, second object 1704 may correspond to a tree, and
third object 1706 may correspond to a second person. In another embodiment, at least
one of first object 1702 and third object 1706 may correspond to a robot that is

controlled via the mobile device.

[00192] FIG. 20 also shows a display 1710 of image 1700 on a screen of the mobile
device. The screen of the mobile device (e.g., a touchscreen) may correspond to a

viewfinder. Display 1710 may include a user selection mechanism 1711 that enables a
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user to select objects for tracking (e.g., by task T200). For example, the user may
perform task T100 by touching the user selection mechanism 1711 on the screen and
dragging a first focus ring 1712 around first object 1702 to select and enable tracking of
first object 1702. In response to such placement of first focus ring 1712, the mobile
device may select first object 1702 in frame 1700 for tracking. In a similar manner, the
user may also touch user selection mechanism 1711 on the screen and drag a second
focus ring 1714 and a third focus ring 1716 around second object 1704 and third object
1706 to select and enable tracking of second object 1704 and third object 1706,
respectively. In response to such placement of second focus ring 1714 and third focus
ring 1716, the mobile device may select second object 1704 and third object 1706,

respectively, for tracking.

[00193] FIG. 20 also shows an image 1720 that depicts the scene as captured at a
second time instance (e.g., subsequent to the first time instance). In image 1720, the
position of each object 1702-1706 has changed with respect to the corresponding
positions in image 1700 depicting the scene at the first time instance. For example, in
image 1720 first object 1702 and third object 1706 have moved. Although second
object 1704 (e.g., the tree) is a stationary object, second object 1704 may appear to have
moved. For example, the position of the mobile device (or other capturing device) may

move, which in turn, may create the illusion that second object 1704 has moved.

[00194] The mobile device may monitor one or more spatial relations (also called
“geometry”) among the selected objects 1702-1706. For example, the mobile device
may track and measure a first distance between first object 1702 and second object
1704, a second distance between second object 1704 and third object 1706, and a third
distance between third object 1706 and first object 1702. In a particular embodiment,
tracking the geometry between each selected object 1702-1706 (e.g., by task T200) may
initiate upon a trigger event. As a non-limiting example, tracking the geometry between
cach selected object 1702-1706 may initiate upon first object 1702 crossing second
object 1704. In other embodiments, tracking the geometry between each selected object
1702-1706 may initiate upon a user input. As a non-limiting example, tracking the
geometry between cach selected object 1702-1706 may initiate upon user selection of

two or more of the objects 1702-1706. As another example, tracking the geometry
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between each selected object 1702-1706 may initiate upon the user selecting to initiate a

tracking mode.

[00195] FIG. 20 also shows a display 1730 of image 1720 on the screen of the mobile
device (e.g., by display task T50). The mobile device may include an indication of the
geometry on display 1730. For example, a first indication (Li2) of the first distance
between first object 1702 and second object 1704 may be included in display 1730. The
first distance may be determined based on a location of first object 1702 in image 1720
and a location of second object 1704 in image 1720. For example, the mobile device
may track the location of first object 1702 and the location of second object 1704 to
generate the first indication (L12). A second indication (L23) of the second distance
between second object 1704 and third object 1706 may be also included in display
1730. The second distance may be determined based on a location of second object
1704 in image 1720 and a location of third object 1706 in image 1720. For example,
the mobile device may track the location of second object 1704 and the location of third
object 1706 to generate the second indication (L23). A third indication (L;3) of the third
distance between first object 1702 and third object 1706 may also be included in display
1730. The third distance may be determined based on a location of first object 1702 in
frame 1720 and a location of third object 1706 in frame 1720. For example, the mobile
device may track the location of first object 1702 and the location of second object 1704

to generate the third indication (Li3).

[00196] The mobile device may also track the composite geometry of the objects 1702-
1706 (e.g., a geometrical arrangement of the selected objects). For example, in the
illustrated embodiment, the geometrical arrangement of the objects 1702-1706 may be
characterized as a triangle formed by each indication (Li2, L2, L13). At least one
parameter of the geometry between each object, or at least one parameter of the
composite geometry may be used to cluster images (e.g., frames of one or more video
streams). As a non-limiting example, particular images may be clustered based on a
distance (e.g., the first distance, the second distance, and/or the third distance) between
two particular objects 1702-1706. As another non-limiting example, particular images
may be clustered based on a center of mass (Cw2) of multiple objects 1702-1706. For

example, the mobile device may determine the center of mass (Cwp) of the triangle



WO 2015/095762 PCT/US2014/071606

—50—

formed by each indication (L12, L»3, L13) for each image. In a particular embodiment,
the center of mass (Caz) may be calculated, indexed, and displayed on the screen 1730.
In another embodiment, the center of mass (Cwmz) may only be calculated and indexed.
Frames that have a substantially similar center of mass may be clustered together and
indexed into a memory. During such tracking, it may be desirable to control a display
translation operation such that the center of the display coincides with the center of
mass. Additionally or alternatively, it may be desirable to control an optical and/or
digital zoom operation of the camera such that all of the selected objects remain visible

within the display.

[00197] In a particular embodiment, the mobile device may track the geometry between
each object 1702-1706 and/or the composite geometry for each frame (e.g., track the
geometries on a frame-by-frame basis). In other embodiments, the mobile device may
track the geometry between each object 1702-1706 and/or the composite geometry at
non-consecutive intervals (e.g., track the geometries at non-consecutive frames).
Tracking the geometries at non-consecutive frames may reduce an amount of power
consumed at the mobile device (e.g., prolong battery life) and reduce an amount of
memory used for indexing information associated with the geometries and/or clustering

information.

[00198] For example, in a particular embodiment, the mobile device may track each
object 1702-1706 (e.g., three objects) at every frame. During tracking, each object
1702-1706 may be represented by at least three values associated with the position of
the object 1702-1706 and the size of the object 1702-1706. For example, one value may
correspond to an x-coordinate of the object 1702-1706, one value may correspond to a
y-coordinate of the object 1702-1706, and another value may correspond to a size (e.g.,
a bounding box) of the object 1702-1706. Each value may correspond to a 32-bit (e.g.,
4 byte) number. Thus, at least 288 bits of data (3 objects * 3 values/object * 32-
bits/value) may be collected and logged into memory for each frame during tracking.
Assuming that the mobile device captures 30 frames per second, to track and index three
objects 1702-1706 on a frame-by-frame basis for an hour (e.g., 3600 seconds), at least
3,888,000 bytes of data is collected and logged into memory.
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[00199] However, tracking the geometries at non-consecutive frames may relax memory
requirements. As a non-limiting example, tracking and indexing each object 1702-1706
at every interval of 15 frames for an hour may yield a 93.33% savings in memory space.
Tracking the geometries at non-consecutive frames may be particularly beneficial in
scenarios where there is a relatively small amount of movement associated with the
objects 1702-1706. The mobile device may determine the frequency at which to track
and index the frames based on user input (e.g., user preference) and/or may vary the
frequency based on, for example, a user indication and/or a degree of change over time

in a position of each of one or more of the selected objects.

[00200] Each object 1702-1706 may also have an individual center of mass
corresponding to the object’s 1702-1706 location on the screen 1730. For example, the
first object 1702 may have a center of mass (Co1) at the location of the first object 1702,
the second object 1704 may have a center of mass (Co2) at the location of the second
object 1704, etc. The center of mass for each object 1702-1706 may also be a geometric

parameter that the mobile device tracks.

[00201] FIG. 20 also shows an image 1740 that depicts the scene as captured at a third
time instance (e.g., subsequent to the second time instance). In image 1740, the position
of each object 1702-1706 has changed with respect to the corresponding positions

depicted in image 1720 at the second time instance.

[00202] FIG. 20 also shows a display 1750 of image 1740 on the screen of the mobile
device (e.g., by display task T50). The mobile device may display an indication of the
geometry in display 1750. For example, the first indication (L12) of the first distance
between first object 1702 and second object 1704 may be included in display 1750, the
second indication (L23) of the second distance between second object 1704 and third
object 1706 may be included in display 1750, and the third indication (Li3) of the third
distance between first object 1702 and third object 1706 may be included in display
1750. Additionally, the mobile device may also track the composite geometry of the
objects 1702-1706. For example, in the illustrated embodiment, the composite
geometry of the objects 1702-1706 may correspond to the triangle formed by each
indication (L12, L3, L13).
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[00203] In another embodiment, the mobile device may track the movement of each
object 1702-1706 and generate a sequence of plots that display the movement of each
object 1702-1706 over time. The mobile device may generate a plot for each object
1702-1706 at every frame, or may generate a plot for each object 1702-1706 at non-
consecutive frames to relax memory requirements and improve power savings, as

described above.

[00204] It is also possible to configure the device (e.g., to implement task T200) to track
a spatial relation of one or more selected objects to objects that are not currently visible
on the display (e.g., are not currently within the scene captured by the video stream).
For example, spatial relations of moving objects to fixed (reference) objects that are
currently off-screen may be tracked. In a particular example, the device may be
configured to indicate whenever a selected player is within twenty feet of the goal or
basket, and/or is moving toward the goal/basket, even if the goal/basket is not currently
on-screen. In such case, the device may be configured to create a map that is larger than
the scene currently displayed. For a case in which the location of the camera is known
(e.g., as indicated by a location sensor, such as a GPS sensor), one or more orientation
sensors of the camera may be used to determine how the current view relates to the
larger scene map. Such one or more orientation sensors may include one or more
inertial sensors (e.g., gyroscopes and/or accelerometers), and/or one or more magnetic
field sensors (e.g., magnetometers), to indicate an orientation of the camera relative to a
gravitational axis (e.g., an axis through the device and the center of the earth).
Additionally or alternatively, visible features of fixed reference objects, such as
markings on a sports field or court, or scene fixtures of a performance stage, may be
used as fiducials. Such mapping may also be done for a camera that is moving,
although the appearance of a reference object may change as the angle from which it is

viewed changes.

[00205] The embodiment depicted in FIG. 20 may enable the mobile device to track
geometries of the objects 1702-1706 in images 1700, 1720, 1740 and cluster frames for
retrieval that have substantially similar geometries, as explained below with respect to
FIG. 21. The mobile device may perform the techniques described with respect to FIG.

20 using a single camera or using multiple cameras.
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[00206] Uses and applications for generating metadata as described herein may include
any of the following: sporting events (e.g., soccer, basketball, football, hockey), social
events (e.g., wedding, party, dancing), art performances (e.g., play, school play, concert,
duet), and security or surveillance monitoring. The mobile device may also be a head-
mounted display, with user selection being performed by use of, e.g., a joystick, a
gesture-recognition camera system, or a glove equipped with touch and/or orientation
sensors (e.g., one or more orientation sensors as described above) to detect user
commands. The video stream may be live (e.g., captured by the device or streamed
from another capturing device, e.g., via a short-range connection, such as Bluetooth, or
via a network, such as a Wi-Fi connection to the internet) or recorded (again, by the

device or by another device).

[00207] It may be desirable to classify frames of a video stream according to relative
locations of and/or spatial relations among selected objects within the stream. Referring
to FIG. 21, a particular embodiment of a display 1800 of a mobile device that is used to
retrieve frames based on clustering is shown. The display 1800 may include a graph
having a horizontal axis and a vertical axis. The horizontal axis may correspond to
different video files captured by the mobile device. For example, in the illustrative
embodiment, the mobile device captured a first video file and a second video file. The

vertical axis may correspond to time indexes of the video files.

[00208] Each video file may include clusters that are based on at least one parameter
associated with the geometry of selected objects in the video file. For example, each
cluster in the video files may include a group of frames having a substantially similar
geometry between selected objects. The clusters depicted in FIG. 21 may be based on a
center of mass between the objects; however, in other embodiments, the clusters may be
based on one or more different parameters (e.g., shape, distance, spatial characteristics,

color schemes, ctc.). The parameters may be selected by a user.

[00209] Frames at the beginning of the first video until approximately the 10:00 mark of
the first video may be grouped into a first cluster (e.g., Cluster 1). The first cluster may
correspond to frames whereby the center of mass on the screen 1800 between the
selected objects has an x-coordinate at approximately 150 and a y-coordinate at

approximately 250. Referring to the second frame in FIG. 20, the center of mass (Cwm2)
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of the selected objects 1702-1706 (e.g., the center of mass (Cm2) of the triangle) may
have an x-coordinate at approximately 150 on the screen 1730 and a y-coordinate at
approximately 250 on the screen 1730. Thus, the second frame (and other frames
having a substantially similar center of mass between the objects 1702-1706) may be
placed in the first cluster of FIG. 21. Thus, if the user selects the first cluster, the mobile
device may display corresponding video streams (e.g., portions of the video) where the
selected objects 1702-1706 have a substantially similar configuration as the second
frame in FIG. 20.

[00210] Frames from approximately the 10:00 mark of the first video until
approximately the 20:00 mark of the first video may be grouped into a second cluster
(e.g., Cluster 2). The second cluster may correspond to frames whereby the center of
mass on the screen 1800 between the selected objects has an x-coordinate at
approximately 100 and a y-coordinate at approximately 250. Referring to the third
frame in FIG. 20, the center of mass (Cwm3) of the selected objects 1702-1706 may have
an x-coordinate at approximately 100 on the screen 1750 and a y-coordinate at
approximately 250 on the screen 1750. Thus, the third frame (and other frames having a
substantially similar center of mass between the objects 1702-1706) may be placed in
the second cluster of FIG. 21. Thus, if the user selects the second cluster, the mobile
device may display corresponding video streams (e.g., portions of the video) where the
selected objects 1702-1706 have a substantially similar configuration as the third frame

in FIG. 21.

[00211] Additional clusters (e.g., a third cluster) may correspond to frames having
different centers of mass (e.g., an x-coordinate at 175 and a y-coordinate at 325). The
user may retrieve (e.g., locate) particular portions of the video by selecting clusters
having a configuration (e.g., a center of mass) associated with the particular portions of
the video. Thus, by indexing frames into clusters that are based on geometric
parameters of the selected objects 1702-1706 (e.g., distance, center of mass of each
and/or all selected objects), the user of the mobile device may readily locate desired
portions of a video without having to navigate (c.g., play, fast-forward, rewind, etc.)
through the video. Indexing the frames into clusters may also permit the user to view

which configuration (e.g., geometry) occurred most frequently, least frequently, etc.



WO 2015/095762 PCT/US2014/071606

—55—

Such indexing and/or values of such geometric parameters may be included among

metadata produced by task T300 as described above.

[00212] FIG. 21 also includes a display 1802 of regions associated with clusters of
frames of a video stream. For example the display 1802 of clusters may correspond to
the video stream of the scene in FIG. 20. The display 1802 includes ten regions (C1-
C10). In the illustrated embodiment, the regions (C1-C10) are based on a center of
mass of the objects 1702-1706 at particular frames. In other embodiments, the regions
(C1-C10) may be based on other geometric parameters (e.g., the center of mass for each
object 1702-1702, shapes, distances, spatial characteristics, color schemes, etc.). Ina
particular embodiment, each region (C1-C10) may have an equal size (e.g., each region
(C1-C10) may be a “Voronoi Cell”).

[00213] Each region (C1-C10) may include an x-coordinate and a y-coordinate that
corresponds to a center of mass associated with a particular cluster. As a non-limiting
example, the center of mass corresponding to the first region (C1) may have an x-
coordinate of 75 and a y-coordinate of 580. Additionally, the center of mass
corresponding to the second region (C2) may have an x-coordinate of 215 and a y-
coordinate of 580. Frames in the video stream of the scene in FIG. 20 may be indexed
by the center of mass of the objects 1702-1706. Each frame may be placed in a cluster
corresponding to one of the regions (C1-C10) based on the center of mass. For
example, a frame having a center of mass that is closest to the center of mass of the first
region (C1) may be placed within a corresponding first cluster. Such clustering
information may be produced by task T300 and associated with the corresponding
frames as metadata (e.g., in a metadata stream synchronized to the video stream as
described herein). In such case, the frames indexed within a particular cluster may be
easily identified for retrieval by searching the metadata, thus avoiding a need to review

the entire video stream.

[00214] The mobile device may display video frames having a particular geometry (e.g.,
center of mass) in response to a user selection of a particular cluster. For example, if the
user selects (e.g., touches) the first region (C1), the mobile device may display a cluster
of video frames in which the center of mass of the objects 1702-1706 is within the first

(C1) region. In a particular embodiment, the user may touch the screen at the first
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region (C1) and hold the first region (C1) for a period of time that exceeds a threshold
(e.g., three seconds). After holding the first region for three seconds, the first region
(C1) may be enlarged on the display 1802. For example, display 1802 may depict the
first region (C1) as shown in 1804. In this mode, the first region 1804 may illustrate
particular frames (e.g., frame 1023 to frame 1026) based on the center of mass (Cwmio23-
1026) of the particular frames. In a particular embodiment, the user may select a
particular frame (e.g., frame 1024) and the mobile device may initiate playback of the

video stream at frame 1024.

[00215] Referring to FIG. 22, a flowchart that illustrates a particular embodiment of a
video processing method 1900 using object tracking is shown. In an illustrative
embodiment, the method 1900 may be performed using the electronic device 102 of
FIG. 1, the object tracking and detection module 204 implemented by the processor 264
of FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00216] The method 1900 includes receiving, at a mobile device, a selection of multiple
objects in a scene, at 1902. For example, referring to FIG. 20, the user may touch the
user selection mechanism 1711 on the screen 1710 and drag the first focus ring 1712
around the first object 1702, the second focus ring 1714 around the second object 1704,
and the third focus ring 1716 around the third object 1706 to enable tracking of the first,
second, and third objects 1702-1706, respectively. The displayed scene 1700 may
correspond to a video stream captured and displayed on the screen of the mobile device.
The mobile device may be configured to capture the stream (e.g., with a camera of the

mobile device) or to receive it from another device.

[00217] A geometry between each object may be tracked, at 1904. For example,
referring to FIG. 20, the mobile device may track the geometry between each selected
object 1702-1706. For example, the mobile device may track and measure the first
distance between first object 1702 and second object 1704, the second distance between
second object 1704 and third object 1706, and the third distance between third object
1706 and first object 1702.
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[00218] An indication of the geometry may be displayed on the screen, at 1906. For
example, referring to FIG. 20, the first indication (Li12) of the first distance between first
object 1702 and second object 1704 may be included in display 1730. The first distance
may be determined based on a location of first object 1702 in image 1720 and a location
of second object 1704 in image 1720. For example, the mobile device may track the
location of first object 1702 and the location of second object 1704 to generate the first
indication (L12). The second indication (L23) of the second distance between second
object 1704 and third object 1706 may be also included in display 1730. The second
distance may be determined based on a location of second object 1704 in image 1720
and a location of third object 1706 in image 1720. For example, the mobile device may
track the location of second object 1704 and the location of third object 1706 to generate
the second indication (L23). The third indication (L13) of the third distance between first
object 1702 and third object 1706 may also be included in display 1730. The third
distance may be determined based on a location of first object 1702 in image 1720 and a
location of third object 1706 in image 1720. For example, the mobile device may track
the location of first object 1702 and the location of second object 1704 to generate the
third indication (L13).

[00219] The method 1900 of FIG. 22 may enable the mobile device to track geometries
of the objects 1702-1706 in images 1700, 1720, 1740 and cluster frames for retrieval
that have substantially similar geometries. The mobile device may perform the method
1900 using a single camera or using multiple cameras. In a further example, the method
may include indicating an alarm condition when a specified spatial relation among one
or more objects is detected (e.g., by task T200), such as when a distance between a first
selected object and a second selected object becomes less than (alternatively, greater

than) a specified threshold distance.

[00220] Referring to FIG. 23, a flowchart that illustrates particular embodiments of
video processing methods 2000, 2010 using object tracking is shown. In an illustrative
embodiment, the methods 2000, 2010 may be performed using the electronic device 102
of FIG. 1, the object tracking and detection module 204 implemented by the processor
264 of FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by
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a processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00221] The method 2000 includes receiving, at a mobile device, a selection of multiple
objects in a scene, at 2002. For example, referring to FIG. 20, the user may touch user
selection mechanism 1711 on the screen 1710 and drag the first focus ring 1712 around
first object 1702, the second focus ring 1714 around second object 1704, and the third
focus ring 1716 around third object 1706 to enable tracking of the first, second, and
third objects 1702-1706, respectively. The displayed scene 1700 may correspond to a
video stream captured and displayed on the screen of the mobile device. The mobile
device may be configured to capture the stream (e.g., with a camera of the mobile

device) or to receive it from another device.

[00222] A geometry between each object may be tracked, at 2004. For example,
referring to FIG. 20, the mobile device may track the geometry between each selected
object 1702-1706. For example, the mobile device may track and measure the first
distance between first object 1702 and second object 1704, the second distance between
second object 1704 and third object 1706, and the third distance between third object
1706 and first object 1702. Additionally, the mobile device may also track the
composite gecometry of the objects 1702-1706. For example, in the illustrated
embodiment, the composite geometry of the objects 1702-1706 may correspond to a

triangle may be formed the three indications (L12, L2s, L13).

[00223] Frames of the video stream may be clustered based on at least one parameter
associated with the geometry, at 2006. For example, referring to FIG. 21, each cluster
in the video files may include a group of frames having a substantially similar geometry
between selected objects 1706-1708. The clusters depicted in FIG. 21 may be based on
a center of mass (Cwmz2, Cum3) between the objects 1706-1708 (e.g., a center of mass of the

triangle).

[00224] In a particular embodiment, the method 2000 may include retrieving frames
when the objects are in a particular geometry. For example, referring to FIG. 21, the
mobile device may index frames based on a center of mass (Caz, Cwm3) of the objects
1702-1706 in the frames. Frames having a particular center of mass (e.g., a particular

geometry) may be readily achieved by selecting a cluster associated with the particular
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center of mass. For example, the mobile device may retrieve frames where the objects
1702-1706 have a substantially similar geometry as the objects 1702-1706 in the second
frame of FIG. 20 by selecting the first cluster (e.g., Cluster 1) on the screen 1800 of
FIG. 21. For example, in response to the user selecting the first cluster, the mobile
device may retrieve frames whereby the center of mass of the objects 1702-1706 has an

x-coordinate at approximately 150 and a y-coordinate at approximately 250.

[00225] The method 2010 may include receiving, at a mobile device, an indication of a
particular geometry of selected objects in a video stream, at 2012. As a non-limiting
example, referring to FIG. 21, the mobile device may receive an indication (e.g., a user
touching the screen at the first region (C1) shown in display 1802) to display video
streams where the center of mass of the objects 1702-1704 are closest to the center of

the mass of the first region (C1).

[00226] Frames of the video stream may be retrieved based on the particular geometry,
at 2014. For example, referring to FIG. 21, the mobile device may retrieve frames of
the video stream in the scene in FIG. 20 where the center of mass of the objects 1702-

1704 are in an area corresponding to the first region (C1).

[00227] The retrieved frames may be displayed on a screen of the mobile device, at
2016. For example, referring to FIG. 21, the mobile device may display (e.g., play) the
frames of the video stream where the center of mass of the objects 1702-1704 are in the
area corresponding to the first region (C1). In a particular embodiment, the mobile

device may play the video streams in a sequential order.

[00228] The methods 2000, 2010 of FIG. 23 may enable the user to retrieve (e.g.,
locate) particular portions of the video by selecting clusters having a configuration (e.g.,
a center of mass) associated with the particular portions of the video. Thus, by indexing
frames into clusters that are based on geometric parameters of the selected objects 1702-
1706 (e.g., producing metadata by task T300 as described herein), the user of the mobile
device may readily locate desired portions of a video without having to navigate (e.g.,

play, fast-forward, rewind, etc.) through the video.

[00229] Task T300 may also be implemented to produce metadata, based on the

determined reference position, that identifies one among a plurality of separate regions
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that divide the location space, wherein the plurality of separate regions includes regions
of unequal size. As described above, the location space may be a pixel coordinate space
of the at least one digital image (e.g., a pixel coordinate space of at least one frame of a
video stream) or the physical space (e.g., a ground plane of the scene space), in two or
three dimensions, and may extend beyond the space represented in an individual frame.
Such metadata may be implemented, for example, as one or more indexes (e.g., into one
or more quantization codebooks) that indicate a region of the location space which

includes the reference position.

[00230] A division scheme may be configured to divide the location space nonuniformly
(e.g., to include regions of unequal size and/or shape). For example, a set of observed
data points (e.g., object positions) may be used to produce a division scheme that
divides the location space such that each separate region contains m observed data
points (e.g., division according to frequency of occurrence). Alternatively or
additionally, a division scheme may be configured to divide the location space such that
areas of the space which are of high interest are divided into more separate regions than

areas of low interest.

[00231] The various regions indicated by the division scheme may be concentrated
according to differing degrees of interest associated with respective areas of the location
space. FIG. 19B-D show several examples of a non-uniform division of the location
space as applied to a basketball court (e.g., as depicted in FIG. 19A). Such a division
scheme may encode a division of the court space into smaller regions close to a
particular basket (e.g., as in FIGS. 19B and 19D) or into smaller regions close to either
basket (e.g., as in FIG. 19C). It may be possible to indicate an interest-based non-
uniform division of the location space a priori (e.g., before the stream is captured), such
that method M 100 may be performed during capture of the digital image or video

stream.

[00232] In a similar manner, the various regions indicated by the division scheme may
be concentrated according to differences in a frequency of occurrence of the mapped
data point (e.g., the position of an object or center of mass of multiple objects) within
respective areas of the location space. In such case, the non-uniform division of the

location space may be obtained a posteriori (e.g., as a result of training on the captured
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stream). The division may be implemented such that an equal number of observations

are found in each separate region.

[00233] In one example, the division scheme is obtained by performing k-means
clustering of object positions (e.g., observed object positions) in the location space into
k clusters. For example, the division scheme may be obtained by performing k-means
clustering of object positions (e.g., positions of one or more of the selected objects) as
observed in a plurality of frames of the video stream into k clusters. Such a clustering
partitions the location space into Voronoi cells, where the resulting k means are the
generators (e.g., centroids) of the cells, and a division scheme obtained in such manner
(e.g., using clustering) may also be called a quantization codebook. A cluster may have
a different number of observed object positions than another cluster. In order to obtain
the initial conditions (i.e., the initial k means), such a division-scheme-generating task
may be implemented to perform a hierarchical clustering method (e.g., divisive or
agglomerative clustering) on the observed positions. One example of a measure of
similarity that may be used to obtain the non-uniform division is the Euclidean distance

between the observed object positions in the location space.

[00234] One alternative to k-means clustering that may be used by the division-scheme-
generating task (e.g., in the presence of outliers) is k-medoids clustering. Another
alternative is mean-shift clustering, which may be used to separate modes of the
distribution into different regions. Task T300 may include selecting from among
multiple division schemes (e.g., multiple codebooks), which may be of different lengths
and/or may correspond to regions of different size. For example, task T300 may use a
hierarchy of division schemes such that the division scheme of the first level indicates
one of the plurality of separate regions and also indicates a division scheme of the
second level, among a plurality of such second-level schemes, which corresponds to the
indicated region. Such a hierarchy may be used to subdivide one of the plurality of
separate regions differently from another. In one such example, the first codebook
indexes different quantization regions that correspond to different modes in the
distribution of observed positions, and second codebooks are used to divide each of one
or more of these modal regions into sub-regions, such that task T300 may produce

metadata including more than one codeword for a determined position.
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[00235] Task T300 may be implemented to map the determined reference position to a
corresponding region of the location space by, for example, selecting the region whose
centroid is closest to the determined reference position. The measure of similarity used
for index selection (e.g., Euclidean distance in the location space) may be the same or
different from the measure of similarity used for partitioning. For a case in which the
division scheme is described by a quantization codebook, such mapping may include
selecting an index into the codebook (e.g., a codeword that indicates the selected

region).

[00236] Referring to FIG. 24, a particular application of method M100 for generating
metadata for an object position using rectangular coordinates is shown. The
embodiment in FIG. 24 illustrates a codebook 2102 that may be used to encode
determined positions of multiple objects on a frame-by-frame basis. The determined
positions may indicate the positions of each object in a location space 2106. Codebook
2102 maps positions in location space 2106 (e.g., 2132, 2134, 2136) to corresponding
regions (e.g., 2142, 2144, 2146) in a division 2108 of the location space into separate

regions, including regions of unequal size.

[00237] The codebook 2102 may be used to produce metadata for multiple frames or
other images 2104. Such metadata may be incorporated into the video stream and/or
may be streamed separately and/or stored in a separate file. The determined positions
may include rectangular coordinate data (e.g., an x-coordinate and a y-coordinate) for
objects in a frame. In a particular embodiment, the determined positions may also
include three-dimensional coordinate data (e.g., a z-coordinate of a three-dimensional
Cartesian coordinate system) for objects in a frame. In the illustrated embodiment, the
codebook 2102 may be generated by clustering determined positions for three objects
over 10,000 frames (or other images). These determined positions may also have been
associated with the corresponding frames as metadata. In a particular embodiment, the
first frame may correspond to the first image (e.g., display 1710) of FIG. 20, the second
frame may correspond to the second image (e.g., display 1730) of FIG. 20, and the third
frame may correspond to the third image (e.g., display 1750) of FIG. 20. Although in
this example determined positions for 10,000 frames are used to obtain the codebook

2102, in other embodiments, the codebook 2102 may be based on determined positions
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for fewer (or additional) frames. Alternatively or additionally, the codebook may be
based on an interest-based division scheme as described above (e.g., as shown in FIGS.
19B-D), or another division scheme that is not obtained by clustering a set of observed
determined positions. Additionally, the determined positions may include position
information for fewer (or additional) objects. The following description of FIG. 24 is
based on determined positions corresponding to the third image. However, similar

techniques may be applicable to other determined positions.

[00238] The determined positions in the third image may include first rectangular
coordinate data 2132, second rectangular coordinate data 2134, and third rectangular
coordinate data 2136. The first rectangular coordinate data 2132 may include the x-
coordinate position of first object 1702 in the third image of FIG. 20 and the y-
coordinate position of first object 1702 in the third image. The second rectangular
coordinate data 2134 may include the x-coordinate position of second object 1704 in the
third image and the y-coordinate position of second object 1704 in the third image. The
third rectangular coordinate data 2136 may include the x-coordinate position of third
object 1706 in the third image and the y-coordinate position of third object 1706 in the
third image.

[00239] In another particular embodiment, the x-coordinates and the y-coordinates of
each object 1702-1706 in the rectangular coordinate data 2132-2136 may be relative to
the center of mass (Cwms) of the objects 1702-1706 in the third image. For example, the
center of mass (Cwmz) may be designated as the origin, and the location (e.g., the x-
coordinates and the y-coordinates) of each object 1702-1706 may be relative to the
origin. In such case, such in the example of a basketball court as shown in FIG. 19A or
other sports field, it may be desirable to quantize the location of such a center of mass of
selected objects (e.g., players) according to a nonuniform division scheme, such as those
shown in FIGS. 19B-D.

[00240] In another particular embodiment, a particular object may be designated as the
origin, and the locations (e.g., the x-coordinates and the y-coordinates) of the other
objects may be relative to the origin. The particular object (also called “the object of
primary interest”) may include any of the following examples: the ball (e.g., in a video

of a sports event), a selected opponent (e.g., in a sports event), a crime victim (e.g., in a
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surveillance video), a bride (e.g., in a video of a wedding). The object of primary
interest may move over time (e.g., a person), or may be an object having a fixed
location in space (e.g., the net, basket, or other goal in a sports video). As a non-
limiting example, first object 1702 may be designated as the origin, and the locations of

second object 1704 and third object 1706 may be relative to the origin.

[00241] A processor may use the codebook 2102 to encode the rectangular coordinate
data 2132-2136 to produce metadata according to a division 2108 of the location space
into separate regions, including regions of unequal size. To illustrate, the processor may
encode (e.g., quantize) the first rectangular coordinate data 2132 into first encoded
location data 2142. For example, the processor may map the first rectangular coordinate
data 2132 to a corresponding value (e.g., a codeword of the codebook 2102) and encode
the first rectangular coordinate data 2132 as the value (e.g., the first encoded location
data 2142). Additionally, the processor may encode the second rectangular coordinate
data 2134 into second encoded location data 2144. For example, the processor may
map the second rectangular coordinate data 2134 to a corresponding value using the
codebook 2102 and encode the second rectangular coordinate data 2134 as the value
(e.g., the second encoded location data 2144). In a similar manner, the processor may
encode the third rectangular coordinate data 2136 into third encoded location data 2146.
For example, the processor may map the third rectangular coordinate data 2136 to a
corresponding value using the codebook 2102 and encode the third rectangular

coordinate data 2136 as the value (e.g., the third encoded location data 2146).

[00242] Based on the first encoded location data 2142, the position of the first object
1702 (e.g., Object 1) in the third image of FIG. 20 may be represented in the produced
metadata as a corresponding location in the grid 2108 (e.g., the centroid of the indicated
region). Based on the second encoded location data 2144, the location of the second
object 1704 (e.g., Object 2) in the third image may be represented in the produced
metadata as a corresponding location in the grid 2108. Based on the third encoded
location data 2146, the location of the third object 1706 (e.g., Object 3) in the third
image may be represented in the produced metadata as a corresponding location in the

grid 2108.
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[00243] As noted above, the determined position may be a reference position of a
geometrical arrangement or “formation” of multiple selected objects. In addition or in
the alternative to using one or more location (or “reference”) codebooks, task T300 may
be implemented to use one or more formation (or “relative”) codebooks, which encode a
formation of the selected objects (e.g., their geometrical arrangement, or a shape that
describes this arrangement) in space relative to the reference position (e.g., the location
of the center of mass of the objects). In a non-limiting example of three selected
objects, it may be desirable to store, as a reference position, a location of a center of
mass of the selected objects in a 2-D space and to produce metadata indicating, relative
to the reference position, a location of each selected object in the 2-D space, for a total
of eight degrees of freedom. These values may be quantized as a single codeword (e.g.,
in 8-D space). Alternatively, these values may be separately quantized as a reference
position (e.g., in 2-D space), using one or more location codebooks as described above,
and an object formation (e.g., in 6-D space), using one or more formation codebooks

(i.e., indexed sets of candidate geometrical arrangements).

[00244] Alternatively, an index into a formation or relative codebook may identify one
of a set of templates (i.e., candidate geometrical arrangements). In such case,
modifications to the indicated template (e.g., scaling, rotation or other orientation,
aspect ratio, etc.) may be separately quantized. FIG. 33A shows an example of three
templates, and FIG. 33B shows three examples of modifications to the leftmost template

in FIG. 33A.

[00245] A formation codebook may be configured to divide the formation space (i.c.,
some portion of the space of all possible formations) nonuniformly according to, for
example, differences in frequency of occurrence among the possible formations;
differences of interest level among the possible formations (e.g., similarity to a
predetermined formation); different degrees of association of the possible formation to a
particular predetermined event (e.g., a scoring event) or pattern (e.g., a particular
starting formation of a football team); distance of the farthest selected object from the
spatial reference; distance of a selected subset of the selected objects from each other;

and/or maximum distance between any two of the selected objects.
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[00246] The codewords (e.g., the encoded location data 2142-2146) may be fixed-width
codewords or variable-width codewords. In a particular embodiment, the processor may
use variable-width codewords based on a location of an object (e.g., based on whether
the object is in a “high density area” or a “low density area). High density areas may
correspond to areas of the images in FIG. 20 that are frequently occupied by at least one
of the objects 1702-1706. To reduce a number of bits in the metadata, codewords
corresponding to high density areas in the location space 2106 may have fewer bits (i.e.,
a shorter codeword) than codewords corresponding to low density areas (i.e., less
frequently occupied grid locations have longer codewords). Alternatively, or in
addition, the non-uniform division scheme 2108 may be a hierarchical scheme that has
more sub-regions (i.e., more distinct codewords to provide higher resolution) in high-
density regions and fewer sub-regions (i.e., fewer distinct codewords, providing lower

resolution) in low-density regions.

[00247] If an object is in a high density area, the codeword for the object may represent
a relatively small region to generate a more “precise” location of the object. For
example, an increased number of codewords may be used to track the location of the
objects 1702-1706 in high density areas to obtain a more accurate tracking on a frame-
by-frame basis. If an object is in a low density area, the codeword for the object may
represent a relatively large region. In a particular embodiment, high density areas and
low density areas may be determined based on an analysis of historical data (e.g.,
analyzing which arcas of the screen have a history of being frequently occupied by
objects). In another particular embodiment, high density areas and low density areas

may be predetermined.

[00248] A codeword into a formation codebook may distinguish between unique
mappings of the n selected objects to n positions (e.g., may include a unique codeword
for each such mapping). For example, FIG. 34 A shows examples of four different
formations of three selected objects which may each be encoded as a unique codeword
(i.e., may be represented by different respective candidate geometrical arrangements).
In these examples, each position of a selected object is indicated by an icon (c.g., a
circle, square, or triangle) that uniquely identifies that object. Alternatively, a codeword

into a formation codebook may encode several different unique mappings. For
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example, FIG. 34B shows examples of non-unique mappings corresponding to the
formations of FIG. 34A, wherein the location of any selected object is indicated by an x.
In this case, FIG. 34C shows the six unique formations of the selected objects that may
be indicated by the single non-unique mapping (i.e., candidate geometrical arrangement)

that is shown leftmost in FIG. 34B.

[00249] The codebook 2102 may be a fixed codebook or an adaptive codebook. An
adaptive codebook may adjust the length of codewords based on historical data
representative of object locations (e.g., may generate variable-width codewords). For
example, an adaptive codebook may generate shorter codewords for objects in a
frequently occupied area of the screen and may generate longer codewords for objects in
a less frequently occupied arca of the screen based on the historical data. In contrast, a
fixed codebook may not change based on historical data, and may use fixed-width

codewords or variable-width codewords.

[00250] It may be desirable to encode the formation data using multiple formation
codebooks that exploit differences in frequencies of occurrence or interest levels among
the possible formations relative to respective reference positions. For example, one
among a set of formation codebooks of varying size may be selected depending on a
codeword of the reference position (e.g., a smaller codebook when the reference
position is at center court vs. a larger codebook when the reference position is near a

goal).

[00251] The embodiment of FIG. 24 may enable the user to retrieve (e.g., locate)
particular images, such as particular portions of video, based on metadata produced by
task T300 using the codebook 2102. For example, the location space 2106 may be
displayed on a screen as a user-interactive grid that enables the user to select different
locations (e.g., parameters) for different objects. Based on the selection, the user of the
mobile device may readily locate desired portions (e.g., frames) of a video having
similar object location configurations without having to navigate (e.g., play, fast-
forward, rewind, etc.) through the video. For example, method M100 may be
implemented to include a task that retricves one or more images (e.g., from storage)
based on a result of comparing the produced metadata to a search request that specifies

one of the regions in the division scheme. In a particular embodiment, such a display of
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the location space 2106 may be used in a substantially similar manner as the screen
1802 of clusters in FIG. 21. Additionally, the produced metadata 2142-2146 may be
compressed and transmitted from an encoder to a decoder. Compressing and
transmitting the metadata 2142-2146 to the decoder may enable the decoder to
determine the position of the tracked objects using a relatively low amount of data (e.g.,
the quantized values). For example, the decoder may perform rendering operations to
decode the video associated with the objects 1702-1706 based on the quantized values
in the codebook 2102.

[00252] In one example, the retrieved frames include a selected formation among
selected players that occurs only during a particular play or set of plays, or a particular
starting formation, in a football game or other sporting event. In another example, the
retrieved frames include a selected formation among particular racing cars in proximity
on a lap track. Video analysis driven by such selective retrieval may also be used to
detect correlation of an event (which may be previously unidentified) with the
occurrence of a particular formation. For example, potential applications include
tracking people within an assembly (e.g., a legislative session, a street demonstration, a
social gathering) and correlating proximities of selected people with specified events
(e.g., to identify decisionmakers, troublemakers, catalysts). Implementations of method
M100 as described herein may also be applied to analysis of social interaction among

animals in captivity (e.g., in a laboratory or zoo) or in the wild.

[00253] Referring to FIG. 25, another particular application of method M100 for
generating metadata for an object position using polar coordinates is shown. The
embodiment in FIG. 25 illustrates a codebook 2202 that may be used to encode
determined positions of multiple objects on a frame-by-frame basis. The determined
positions may indicate the positions of each object in a polar location space 2206.
Codebook 2202 maps positions in location space 2206 (e.g., 2232, 2234, 2236) to
corresponding regions (e.g., 2242, 2244, 2246) in a division 2208 of the location space

2206 into separate regions, including regions of unequal size.

[00254] The codebook 2202 may be used to produce metadata for multiple frames or
other images 2204. Such metadata may be incorporated into the video stream and/or

may be streamed separately and/or stored in a separate file. The determined positions
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may include polar coordinate data for objects in a frame. In a particular embodiment,
the determined positions may also include spherical or cylindrical coordinate data (e.g.,
3D coordinate data) for objects in a frame. In the illustrated embodiment, the codebook
2102 may be generated by clustering determined positions for three objects over 10,000
frames (or other images). These determined positions may also have been associated
with the corresponding frames as metadata. In a particular embodiment, the first frame
may correspond to the first image (e.g., display 1710) of FIG. 20, the second frame may
correspond to the second image (e.g., display 1730) of FIG. 20, and the third frame may
correspond to the third image (e.g., display 1750) of FIG. 20. Although in this example
determined positions for 10,000 frames are used to obtain the codebook 2202, in other
embodiments, the codebook 2202 may be based on determined positions for fewer (or
additional) frames. Alternatively or additionally, the codebook may be based on an
interest-based division scheme as described above (e.g., as shown in FIGS. 19B-D), or
another division scheme that is not obtained by clustering a set of observed determined
positions. Additionally, the determined positions may include position information for
fewer (or additional) objects. The following description of FIG. 25 is based on
determined positions corresponding to the third image. However, similar techniques

may be applicable to other determined positions.

[00255] The determined positions in the third image may include polar orientation data
2230, first polar coordinate data 2232, second polar coordinate data 2234, and third
polar coordinate data 2236. The polar orientation data 2230 may indicate position of the
center of mass (Cwm3) (e.g., the x-coordinate (Cx) of the center of mass (Cwms3) in the third
image of FIG. 20 and the y-coordinate (Cy) of the center of mass (Cu3) in the third
image). The polar orientation data 2230 may also indicate a radius (R) of a circle
having the center of mass (Cwz) as the center. The radius (R), which may be
implemented as a scale factor, may be large enough to encompass each tracked object.
An illustrative example is depicted with respect to the polar location space 2206. In one
example, task T300 is implemented to encode the orientation position (e.g., the position
of the center of mass) as metadata indicating one of a plurality of regions, including
regions of unequal size, that divide the corresponding location space within which the
orientation position is indicated, which may differ from location space 2206 (c.g., a

rectangular coordinate space as shown in FIG. 24)



WO 2015/095762 PCT/US2014/071606

—70 —

[00256] The first polar coordinate data 2232 may indicate first polar coordinates of first
object 1702 (Object 1). The first polar coordinates may include a first distance (a) of
first object 1702 from the center of mass (Cwms) and a first angle (0a) of the first object
1702 measured from a zero-degree reference (e.g., an angular displacement from the
horizontal). The second polar coordinate data 2234 may indicate second polar
coordinates of second object 1704 (Object 2). The second polar coordinates may
include a second distance (b) of second object 1704 from the center of mass (Cwms) and a
second angle (6b) of second object 1704 measured from the horizontal. The third polar
coordinate data 2236 may indicate third polar coordinates of third object 1706 (Object
3). The third polar coordinates may include a third distance (c) of third object 1706
from the center of mass (Cwms) and a third angle (0c) of first object 1702 measured from

the horizontal.

[00257] In a particular embodiment, the radius (R) of the polar orientation data 2230
may be normalized based on the distance of the object that is farthest away from the
center of mass (Cwmz). For example, radius (R) may be equal to the first distance (a) if

the first distance (a) is greater than the second distance (b) and the third distance (c).

[00258] A processor may use the codebook 2202 to encode the polar coordinate data
2232-2236 to produce metadata according to a division 2108 of the location space into
regions, including regions of unequal size. To illustrate, the processor may encode (e.g.,
quantize) the first polar coordinate data 2232 into first encoded location data 2242. For
example, the processor may map the first polar coordinate data 2232 (that is based on
the polar orientation data 2230) to a corresponding value (e.g., a codeword of the
codebook 2202) and encode the first polar coordinate data 2232 as the value (e.g., the
first encoded location data 2242). Additionally, the processor may encode the second
polar coordinate data 2234 into second encoded location data 2244. For example, the
processor may map the second polar coordinate data 2234 (that is based on the polar
orientation data 2230) to a corresponding value using the codebook 2202 and encode the
second polar coordinate data 2234 as the value (e.g., the second encoded location data
2244). In a similar manner, the processor may encode the third polar coordinate data
2236 into third encoded location data 2246. For example, the processor may map the

third polar coordinate data 2236 to a corresponding value using the codebook 2202 and
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encode the third polar coordinate data 2236 as the value (e.g., the third encoded location

data 2246).

[00259] Based on the first encoded location data 2242, the position of the first object
1702 (e.g., Object 1) in the third image of FIG. 20 may be represented in the produced
metadata as a corresponding location in the polar grid 2208 (e.g., the centroid of the
indicated region). Based on the second encoded location data 2244, the location of the
second object 1704 (e.g., Object 2) in the third image may be represented in the
produced metadata as a corresponding location in the polar grid 2208. Based on the
third encoded location data 2246, the location of the third object 1706 (e.g., Object 3) in
the third image may be represented in the produced metadata as a corresponding
location in the polar grid 2208. For example, the polar grid 2208 may be divided into
regions, including regions of unequal size, based on ranges of radial distance from the
grid origin (e.g., based on ranges of radial distance from the center of mass (Cws)) and

ranges of angular displacement from the zero-degree reference.

[00260] The embodiment of FIG. 25 may enable the user to retrieve (e.g., locate)
particular images (e.g., frames of video) based on metadata produced by task T300
using the codebook 2202. For example, the polar location space 2206 may be displayed
on a screen as a user-interactive grid that enables the user to select different locations
(e.g., parameters) for different objects. Based on the selection, the user of the mobile
device may readily locate desired portions (e.g., frames) of a video having similar
objection location configurations without having to navigate (e.g., play, fast-forward,
rewind, etc.) through the video. For example, method M100 may be implemented to
include a task that retrieves one or more images (e.g., from storage) based on a result of
comparing the produced metadata to a search request that specifies one of the regions in
the division scheme. In a particular embodiment, such a display of the polar location
space 2206 may be used in a substantially similar manner as the screen 1802 of clusters
in FIG. 21. Additionally, the produced metadata 2242-2246 may be compressed and
transmitted from an encoder to a decoder. Compressing and transmitting the produced
metadata 2242-2246 to the decoder may enable the decoder to determine the position of
the tracked objects using a relatively low amount of data (e.g., the quantized values).

For example, the decoder may perform rendering operations to decode the video
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associated with the objects 1702-1706 based on the quantized values in the codebook
2202.

[00261] The codewords (e.g., the encoded location data 2242-2246) may be fixed-width
codewords or variable-width codewords. In a particular embodiment, the processor may
use variable-width codewords based on a location of an object (e.g., based on whether
the object is in a “high density area” or a “low density area). High density areas may
correspond to areas of the images in FIG. 20 that are frequently occupied by at least one
of the objects 1702-1706. To reduce a number of bits in the metadata, codewords
corresponding to high density areas in the polar location space 2206 may have fewer
bits (i.e., a shorter codeword) than codewords corresponding to low density areas (i.c.,
less frequently occupied grid locations have longer codewords). Alternatively, or in
addition, the non-uniform division scheme 2208 may be a hierarchical scheme that has
more sub-regions (i.e., more distinct codewords to provide higher resolution) in high-
density regions and fewer sub-regions (i.e., fewer distinct codewords, providing lower

resolution) in low-density regions.

[00262] If an object is in a high density area, the codeword for the object may represent
a relatively small region to generate a more “precise” location of the object. For
example, an increased number of codewords may be used to track the location of the
objects 1702-1706 in high density areas to obtain a more accurate tracking on a frame-
by-frame basis. If an object is in a low density area, the codeword for the object may
represent a relatively large region. In a particular embodiment, high density areas and
low density areas may be determined based on an analysis of historical data (e.g.,
analyzing which arcas of the screen have a history of being frequently occupied by
objects). In another particular embodiment, high density areas and low density areas

may be predetermined.

[00263] The codebook 2202 may be a fixed codebook or an adaptive codebook. An
adaptive codebook may adjust the length of codewords based on historical data
representative of object locations (e.g., may generate variable-width codewords). For
example, an adaptive codebook may generate shorter codewords for objects in a
frequently occupied area of the screen and may generate longer codewords for objects in

a less frequently occupied arca of the screen based on the historical data. In contrast, a
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fixed codebook may not change based on historical data, and may use fixed-width

codewords or variable-width codewords.

[00264] Referring to FIG. 26, a flowchart that illustrates a particular embodiment of a
video processing method 2300 using object tracking is shown. In an illustrative
embodiment, the method 2300 may be performed using the electronic device 102 of
FIG. 1, the object tracking and detection module 204 implemented by the processor 264
of FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00265] The method 2300 may include tracking, at a mobile device, a first location of a
first object in a particular frame and a second location of a second object in the
particular frame, at 2302. For example, referring to FIG. 20, the first location of first
object 1702 may be tracked in the third frame and the second location of second object
1704 may be tracked in the third frame. Additionally, the third location of third object
1706 may be tracked in the third frame.

[00266] First coordinate data associated with the first location may be generated and
second coordinate data associated with the second location may be generated, at 2304.
For example, referring to FIG. 24, the processor may generate the first rectangular
coordinate data 2132 associated with the position of the first object 1702 in the third
frame and the second rectangular coordinate data 2134 associated with the position of
the second object 1704 in the third frame. Additionally, the processor may generate the
third rectangular coordinate data 2136 associated with the position of the third object
1706 in the third frame.

[00267] As another example, referring to FIG. 25, the processor may generate the first
polar coordinate data 2232 associated with the position of the first object 1702 in the
third frame and the second polar coordinate data 2234 associated with the position of
the second object 1704 in the third frame. Additionally, the processor may generate the
third polar coordinate data 2236 associated with the position of the third object 1706 in
the third frame.
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[00268] The first coordinate data and the second coordinate data may be encoded using
a codebook to produce metadata as first encoded location data and second encoded
location data, at 2306. For example, referring to FIG. 24, the processor may use the
codebook 2102 to encode the first rectangular coordinate data 2132 to generate the first
encoded location data 2142 (e.g., a codeword of the codebook 2102), and the processor
may use the codebook 2102 to encode the second rectangular coordinate data 2134 to
generate the second encoded location data 2144. Additionally, the processor may use
the codebook 2102 to encode the third rectangular coordinate data 2132 to generate the
third encoded location data 2146.

[00269] As another example, referring to FIG. 25, the processor may use the codebook
2202 to encode the first polar coordinate data 2232 to produce metadata as the first
encoded location data 2242 (e.g., a codeword of the codebook 2202), and the processor
may use the codebook 2202 to encode the second polar coordinate data 2234 to produce
metadata as the second encoded location data 2244, Additionally, the processor may use
the codebook 2202 to encode the third polar coordinate data 2232 to produce metadata
as the third encoded location data 2246.

[00270] The metadata (e.g., first encoded location data and the second encoded location
data) may be stored to enable retrieval of the particular frame based on input
parameters, at 2308. For example, referring to FIG. 24, the processor may store the first
encoded location data 2142 and the second encoded location data 2144 in memory. A
user of the mobile device may input parameters (e.g., a desired location of the first
object 1702 and the second object 1704). Based on the input parameters, the mobile
device may retrieve the third frame for playback in response to the input parameters

corresponding to the first location and the second location.

[00271] As another example, referring to FIG. 25, the processor may store the first
encoded location data 2242 and the second encoded location data 2244 in memory. A
user of the mobile device may input parameters (e.g., a desired location of the first
object 1702 and the second object 1704). Based on the input parameters, the mobile
device may retrieve the third frame for playback in response to the input parameters

corresponding to the first location and the second location.
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[00272] In a particular embodiment, the method 2300 may also include tracking a first
density of a first area of a scene over a plurality of frames. The first density may be
based on a number of times first object 1702 or second object 1704 is in the first area.
The method 2300 may also include tracking a second density of a second area of the
scene over the plurality of frames. The second density may be based on a number of
times first object 1702 or second object 1704 is in the second area. The method 2300
may further include comparing the first density to the second density and allocating a
first amount of metadata in the codebook 2102 to the first area and a second amount of
metadata in the codebook 2102 to the second area if the first density is greater than the
second density. The first amount of metadata may be greater than the second amount of
metadata. For example, a larger number of codewords in the codebook 2102 may
correspond to the first area (e.g., a higher resolution area) and a smaller number of
codewords may correspond to the second area (e.g., a lower resolution area) to reduce

number of codewords for less dense areas.

[00273] The method 2300 of FIG. 26 may enable the user to retrieve (e.g., locate)
particular portions (frames) of video encoded using the codebook 2102. For example,
the grid 2106 may be a user-interactive grid displayed on a screen that enables the user
to select different locations (e.g., parameters) for different objects. Based on the
selection, the user of the mobile device may readily locate desired portions of a video
having similar objection location configurations without having to navigate (e.g., play,

fast-forward, rewind, etc.) through the video.

[00274] Referring to FIG. 27, a flowchart that illustrates a particular embodiment of a
video processing method 2600 using object tracking is shown. In an illustrative

embodiment, the method 2600 may be performed using a robot.

[00275] The method 2600 may include, tracking, at a robot, the geometry between
multiple objects, at 2602. For example, a user may communicate to the robot particular
objects to be tracked. In a particular embodiment, the robot may include a display
interface and the user may communicate to the robot via interactions with the display
interface. As another example, the robot may independently determine what objects are

to be tracked based on environmental factors. For example, the robot may include a



WO 2015/095762 PCT/US2014/071606

—76 —

sensor to detect motion. Based on the detected motion, the robot may select to track

objects associated with the motion.

[00276] A processing function may be performed based on the geometry, at 2604. For
example, the robot may determine relationships between the objects based on the
geometry. As another example, the robot may determine a setting (e.g., a scene) based

on the geometry of the objects.

[00277] Referring to FIG. 28, a particular embodiment depicting video processing using
object tracking is shown. The video processing techniques described with respect to the
embodiment depicted in FIG. 28 may be performed by the electronic device 102 of FIG.
1, the object tracking and detection module 204 implemented by the processor 264 of
FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00278] FIG. 28 shows an image 2700 that depicts a scene as captured at a first time
instance. For example, image 2700 may correspond to a frame of a video stream to be
displayed on a screen of a mobile device. The mobile device may be configured to
capture the stream (e.g., with a camera of the mobile device) or to receive it from
another device. The scene depicted in frame 2400 includes a first object 2702, a second
object 2704, a third object 2706, a star, and a tree. In the illustrated embodiment, first
object 2702 may correspond to a first person, second object 2704 may correspond to a
second person, and third object 2706 may correspond to a third person. In another
embodiment, at least one of the objects 2702-2706 may correspond to a robot that is

controlled via the mobile device.

[00279] FIG. 28 also shows a display 2710 of frame 2700 on a screen of the mobile
device. The screen of the mobile device (e.g., a touchscreen) may correspond to a
viewfinder. Display 2710 may include a user selection mechanism 2711 that enables a
user to select objects for tracking (e.g., by task T200). For example, the user may touch
user selection mechanism 2711 on the screen 2710 and drag a first focus ring 2712
around first object 2702 to enable tracking of the first object 2702. In response to such
placement of first focus ring 2712, the mobile device may select first object 2712 for

tracking. In a similar manner, the user may also touch user selection mechanism 2711
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on the screen and drag a second focus ring 2714 and a third focus ring 2716 around
second object 2704 and third object 2706 to enable tracking of second object 2704 and
third object 2706, respectively. In response to such placement of second focus ring
2714 and third focus ring 2716, the mobile device may select second object 2704 and
third object 2706, respectively, for tracking.

[00280] FIG. 28 also shows an image (e.g., frame) 2720 that depicts the scene as
captured at a second time instance. In image 2720, the position of each object 2702-
2706 has changed with respect to the corresponding positions depicted in image 2700
depicting the scene at the first time instance. For example, first object 2702 has moved
closer to the star, second object 2704 has moved closer to the tree, and third object 2706

has moved closer to the bottom of the image.

[00281] FIG. 24 also shows a display 2730 of image 2720 on a screen of the mobile
device. Display 2730 may be partitioned (e.g., by display task T50) into a first window
2732, a second window 2734, a third window 2736, and a fourth window 2738. In
response to selecting the three objects 2702-2706 with user selection mechanism 2711,
for example, the mobile device may partition the screen 2730 into three corresponding

windows 2732-2736 and the fourth window 2738.

[00282] The first window 2732 may display a first portion of image 2720 that includes
first object 2702. The first portion of image 2720 may be determined based on a
location of first object 2702 in image 2720. For example, the mobile device may track
the location of first object 2702 and a video stream focused on the location of first
object 2702 may be displayed in the first window 2732. The second window 2734 may
display a second portion of image 2720 that includes second object 2704. The second
portion of image 2720 may be determined based on a location of second object 2704 in
image 2720. For example, the mobile device may track the location of second object
2704 and a video stream focused on the location of second object 2704 may be
displayed in the second window 2734. The third window 2736 may display a third
portion of image 2720 that includes third object 2706. The third portion of image 2720
may be determined based on a location of third object 2706 in image 2720. For

example, the mobile device may track the location of third object 2704 and a video
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stream focused on the location of third object 2706 may be displayed in the third
window 2736.

[00283] The fourth window 2738 may display an indication of a geometry (e.g., a center
of mass (Cmz)) between each object 2702-2706. For example, the fourth window 2738
may include a grid that includes multiple sections (represented as grayscale lines) that
correspond to areas in image 2720. For example, the bottom left section of the grid may
correspond to the bottom left section of image 2720. In a similar manner as described
with respect to FIGS. 21 and 22, the mobile device may determine the center of mass
(Cwm2) of the objects in image 2720. The center of mass (Cm2) may be displayed at a

corresponding section of the grid.

[00284] FIG. 28 also shows an image 2740 that depicts the scene as captured at a third
time instance (e.g., subsequent to the second time instance). In image 2740, the position
of each object 2702-2706 has changed with respect to the corresponding positions in
image 2720 depicting the scene at the second time instance. For example, first object
2702 has moved closer to the tree, second object 2704 has moved closer to the bottom

of the scene 2740, and third object 2706 has moved closer to the star.

[00285] FIG. 28 also shows a display 2750 of image 2740 on the screen of the mobile
device using the windows 2732-2736 generated by the mobile device. For example, the
first window 2732 displays the first portion of image 2740 that includes first object
2702, the second window 2734 displays the second portion of image 2740 that includes
second object 2704, and the third window 2736 displays the third portion of image 2740
that includes third object 2706.

[00286] The fourth widow 2738 may update the indication (e.g., the center of mass
(Ca)) to reflect image 2740 at the third time instance. The mobile device may track the
geometry on a frame-by-frame basis, or at non-consecutive time intervals, and display
an indication of the updated geometry in the fourth window 2738. For example, at the
third frame, the fourth window 2738 may display the center of mass (Cwus3) of the objects
2702-2706 in image 2740 at the third time instance. The fourth window 2738 may also
display a path (e.g., the dotted lines) that tracks the center of mass of the objects (e.g., as
indicated by task T200) between the second frame and the third frame.
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[00287] The embodiment depicted in FIG. 28 may enable the mobile device to track
objects 2702-2706 in frames 2700, 2720, 2740 and may display individualized (e.g.,
focused) video streams corresponding to the objects 2702-2706 in separate windows
2732-2736. The embodiment also enables the user to view the geometry of the objects
2702-2706 in the fourth window 2738. The mobile device may perform the techniques

described with respect to FIG. 28 using a single camera or using multiple cameras.

[00288] Referring to FIG. 29, a flowchart that illustrates a particular embodiment of a
video processing method 2800 using object tracking is shown. In an illustrative
embodiment, the method 2800 may be performed using the electronic device 102 of
FIG. 1, the object tracking and detection module 204 implemented by the processor 264
of FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00289] The method 2800 includes receiving, at a mobile device, a selection of a first
object in a scene, a second object in the scene, and a third object in the scene, at 2802.
For example, referring to FIG. 28, the user may touch the user selection mechanism
2711 on the screen 2710 and drag the first focus ring 2712 around first object 2702, the
second focus ring 2714 around second object 2704, and the third focus ring 2716 around
third object 2706 to enable tracking of the first, second, and third objects 2702-2706,
respectively. The displayed scene may correspond to a video stream captured and

displayed on the screen of the mobile device.

[00290] The display may be partitioned into at a first window, a second window, a third
window, and a fourth window, at 2804. For example, referring to FIG. 28, display 2730
may be partitioned into the first window 2732, the second window 2734, the third
window 2736, and the fourth window.

[00291] A first portion of the displayed scene that includes the first object may be
displayed in the first window, at 2806. For example, referring to FIG. 28, the first
window 2732 may display the first portion of image 2720 that includes first object
2702. The first portion of image 2720 may be determined based on a location of first

object 2702 in image 2720. For example, the mobile device may track the location of
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first object 2702 and a video stream focused on the location of first object 2702 may be

displayed in the first window 2732.

[00292] A second portion of the displayed scene that includes the second object may be
displayed in the second window, at 2808. For example, referring to FIG. 28, the second
window 2734 may display the second portion of image 2720 that includes second object
2704. The second portion of image 2720 may be determined based on a location of
second object 2704 in image 2720. For example, the mobile device may track the
location of second object 2704 and a video stream focused on the location of second

object 2704 may be displayed in the second window 2734,

[00293] A third portion of the displayed scene that includes the third object may be
displayed in the third window, at 2810. For example, referring to FIG. 28, the third
window 2736 may display the third portion of image 2720 that includes third object
2706. The third portion of image 2720 may be determined based on a location of third
object 2706 in image 2720. For example, the mobile device may track the location of
third object 2706 and a video stream focused on the location of third object 2706 may
be displayed in the third window 2736.

[00294] An indication of a geometry between each object may be displayed in the fourth
window, at 2812. For example, referring to FIG. 28, the fourth window 2738 may
display the center of mass (Cum2) between each object 2702-2706. The fourth widow
2738 may update the center of mass (Cwmo) to reflect the scene at the third time instance.
For example, at the third frame, the fourth window 2738 may display the center of mass
(Cwm3) of the objects 2702-2706 in image 2740 at the third time instance. The fourth
window 2738 may also display a path (e.g., the dotted lines) that tracks the center of

mass of the objects between the second frame and the third frame.

[00295] The method 2800 of FIG. 29 may enable the mobile device to track objects
2702-2706 in the scene 2700, 2720, 2740 and to display individualized (e.g., focused)
video streams corresponding to the objects 2702-2706 in separate windows 2732-2736.
The method 2800 also enables the user to view the geometry of the objects 2702-2706
in the fourth window 2738. The mobile device may perform the method 2800 using a

single camera or using multiple cameras.



WO 2015/095762 PCT/US2014/071606

_81-—

[00296] Referring to FIG. 42, a particular embodiment depicting video processing using
object tracking is shown. The video processing techniques described with respect to the
embodiment depicted in FIG. 42 may be performed by the electronic device 102 of FIG.
1, the object tracking and detection module 204 implemented by the processor 264 of
FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, or any

combination thereof.

[00297] FIG. 42 shows a digital image 1100 that depicts a scene at a first time instance.
For example, image 1100 may correspond to a video stream captured and displayed on a
screen of a mobile device. The mobile device may be configured to capture the stream
(e.g., with a camera of the mobile device) or to receive it from another device. The
scene depicted in image 1100 may include a first region of interest (ROI) 1102, a second
ROI 1104, and a third ROI 1106. Each ROI 1102-1106 may correspond to regions
within the scene that include one or more objects that are tracked according to the
techniques described herein (e.g., with reference to FIGS. 1-10, object tracking and
detection modules 204 and 804, and/or task T200).

[00298] To illustrate, the first ROI 1102 may include a first group of tracked objects
(e.g., a first tracked object 1110 and a third tracked object 1114). Additionally, the
second ROI 1104 may include a second group of tracked objects (e.g., a fourth tracked
object 1120, a fifth tracked object 1122, and a sixth tracked object 1124), and the third
ROI 1106 may include a third group of tracked objects (e.g., a seventh tracked object
1130, an eighth tracked object 1132, and a ninth tracked object 1134). A second tracked
object 1112 may be located outside the ROIs 1102-1104.

[00299] Metadata may be generated (e.g., by task T300) to identify a location of each
tracked object 1110-1114, 1120-1124, 1130-1134 in the scene 1100. In a particular
embodiment, the metadata corresponds to rectangular coordinate data. For example, the
first metadata may be generated to identify a location (e.g., an x-coordinate location and
a y-coordinate location) of the first tracked object 1110, second metadata may be
generated to identify a location of the second tracked object 1112, etc. In other

embodiments, the metadata may correspond to polar coordinate data, spherical
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coordinate data, cylindrical coordinate data, or three-dimensional Cartesian coordinate

data.

[00300] Each ROI 1102-1106 may be defined by a center of mass of the tracked objects
in the ROI 1102-1106. For example, the first ROI 1102 may be defined by a first center
of mass (Cw) between the first tracked object 1110 and the third tracked object 1114.
The second ROI 1104 may be defined by a second center of mass (Cwmz) between the
fourth tracked object 1120, the fifth tracked object 1122, and the sixth tracked object
1124, The third ROI 1106 may be defined by a third center of mass (Cwms) between the
seventh tracked object 1130, the eighth tracked object 1132, and the ninth tracked object
1134,

[00301] As described in greater detail with respect to FIG. 43, a codebook may be used
to encode the metadata for the location of each tracked object 1110-1114, 1120-1124,
1130-1134 in the scene 1100. Metadata for tracked objects located inside one of the
ROIs 1102-1106 may be encoded at a higher bit rate than metadata for tracked objects
located outside of the ROIs 1102-1106 (e.g., the second tracked object 1112). Encoding
metadata for tracked objects located inside one of the ROIs 1102-1106 at a higher bit
rate may enable locations of the tracked objects in the ROIs 1102-1106 to be encoded at

a higher level of accuracy than the location of the other tracked objects.

[00302] Referring to FIG. 43, a particular embodiment of encoding metadata for an
object location is shown. The embodiment in FIG. 43 illustrates a codebook 1202 that
may be used to encode metadata for the location of multiple objects on a frame-by-

frame basis. The metadata may be used to indicate the locations of each object in a grid.

[00303] The codebook 1202 may be used to encode metadata for multiple frames 1204,
The metadata may include rectangular coordinate data (e.g., an x-coordinate and a y-
coordinate) for objects in a frame, polar coordinates for object in a frame, spherical
coordinates for objects in a frame, cylindrical coordinates for objects in a frame, or
three-dimensional Cartesian coordinates for objects in a frame. In the illustrated
embodiment, the codebook 1202 may encode metadata for three objects over 10,000
frames. In a particular embodiment, the third frame may correspond to the first frame
(e.g., scene 1100) of FIG. 43. Although metadata for 10,000 frames is depicted in the

codebook 1202, in other embodiments, the codebook 1202 may encode metadata for
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fewer (or additional) frames. Additionally, the metadata may include location
information for fewer (or additional) objects. The following description of FIG. 43 is
based on metadata corresponding to the third frame. However, similar techniques may

be applicable to other metadata.

[00304] The metadata in the third frame may include first coordinate data 1232, second
coordinate data 1234, third coordinate data 1236, fourth coordinate data 1237, ..., and
ninth coordinate data 1238. The first coordinate data 1232 may include the coordinate
position of the first tracked object 1110 in image 1100 of FIG. 42, the second coordinate
data 1234 may include the coordinate position of the second tracked object 1112 in
image 1100, the third coordinate data 1236 may include the coordinate position of the
third tracked object 1114 in image 1100, the fourth coordinate data 1237 may include
the coordinate position of the fourth tracked object 1120 in image 1100, etc.

[00305] A processor may use the codebook 1202 to encode the coordinate data 1232-
1236. To illustrate, the processor may encode (e.g., quantize) the first coordinate data
1232 into first encoded location data 1242 using a first bit rate (e.g., a relatively high bit
rate). For example, the processor may map the first coordinate data 1232 to a
corresponding value (e.g., a codeword of the codebook 1202) and may encode the first
coordinate data 1232 as the value (e.g., the first encoded location data 1242). The
processor may use the first bit rate because the first tracked object 1110 is inside an ROI
(e.g., the first ROI 1102 of FIG. 42).

[00306] Additionally, the processor may encode the second coordinate data 1234 into
second encoded location data 1244 using a second bit rate that is lower than the first bit
rate. For example, the processor may map the second coordinate data 1234 to a
corresponding value using the codebook 1202 and may encode the second coordinate
data 1234 as the value (e.g., the second encoded location data 1244). The processor
may use the second bit rate because the second tracked object 1112 is outside each of

the ROIs 1102-1106 of FIG. 42.

[00307] The processor may encode the third coordinate data 1236 into third encoded
location data 1246 using a third bit rate that is greater than the second bit rate. For
example, the processor may map the third coordinate data 1236 to a corresponding

value using the codebook 1202 and encode the third rectangular coordinate data 1236 as
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the value (e.g., the third encoded location data 1246). The processor may use the third
bit rate because the third tracked object 1114 is inside an ROI (e.g., the first ROI 1102
of FIG. 42). In a particular embodiment, the third bit rate may be equal to, or
substantially equal to, the first bit rate.

[00308] The processor may encode the fourth coordinate data 1237 into fourth encoded
location data 1247 using a fourth bit rate that is greater than the second bit rate. For
example, the processor may map the fourth coordinate data 1237 to a corresponding
value using the codebook 1202 and may encode the fourth coordinate data 1237 as the
value (e.g., the fourth encoded location data 1247). The processor may use the fourth
bit rate because the fourth tracked object 1120 is inside an ROI (e.g., the second ROI
1104 of FIG. 42). In a particular embodiment, the fourth bit rate may be substantially
equal to the first bit rate.

[00309] The processor may encode the ninth coordinate data 1238 into ninth encoded
location data 1248 using a ninth bit rate that is greater than the second bit rate. For
example, the processor may map the ninth coordinate data 1238 to a corresponding
value using the codebook 1202 and may encode the ninth coordinate data 1238 as the
value (e.g., the ninth encoded location data 1248). The processor may use the ninth bit
rate because the ninth tracked object 1134 is inside an ROI (e.g., the third ROI 1106 of
FIG. 42). In a particular embodiment, the ninth bit rate may be substantially equal to
the first bit rate.

[00310] Similar encoding techniques may be performed for coordinate data of the other
tracked objects in FIG. 42. The metadata (e.g., the coordinate data) for tracked objects
located inside one of the ROIs 1102-1106 may be encoded at a higher bit rate than
metadata for tracked objects located outside of the ROIs 1102-1106 (e.g., the second
tracked object 1112). Encoding metadata for tracked objects located inside one of the
ROIs 1102-1106 at a higher bit rate may enable the locations of the tracked objects to be

encoded at a relatively high level of precision.

[00311] The embodiment of FIG. 43 may enable the user to retrieve (e.g., locate)
particular portions of video based on data encoded using the codebook 1202. For
example, the location space may be displayed on a screen as a user-interactive grid that

enables the user to select different locations (e.g., parameters) for different objects.
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Based on the selection, the user of the mobile device may readily locate desired portions
(e.g., frames) of a video having similar object location configurations without having to
navigate (e.g., play, fast-forward, rewind, etc.) through the video. Additionally, the
encoded location data 1242-1248 may be compressed and transmitted from an encoder
to a decoder. Compressing and transmitting the encoded location data 1242-1248 to the
decoder may enable the decoder to determine the position of the tracked objects using a

relatively low amount of data (e.g., the quantized values).

[00312] Referring to FIG. 44, a flowchart that illustrates a particular embodiment of a
video processing method 1300 using object tracking is shown. In an illustrative
embodiment, the method 1300 may be performed using the electronic device 102 of
FIG. 1, the object tracking and detection module 204 implemented by the processor 264
of FIG. 2B, the object tracking and detection module 804 of FIG. 8 implemented by a
processor, the smoothing module 961 of FIG. 9 implemented by a processor, the

codebook 1202 of FIG. 43, or any combination thereof.

[00313] The method 1300 may include tracking (e.g., by task T200), at a mobile device,
a first location of a first object located in a region of interest of a particular frame, at
1302. For example, referring to FIG. 42, the first location of the first tracked object
1110 may be tracked. A second location of a second object that is not located in the
region of interest of the particular frame may be tracked, at 1304. For example,
referring to FIG. 42, the second location of the second tracked object 1112 may be
tracked.

[00314] First coordinate data associated with the first location and second coordinate
data associated with the second location may be generated, at 1306. For example,
referring to FIG. 43, the processor may generate the first coordinate data 1232
associated with the position of the first tracked object 1110 in the scene 1100 and the
second coordinate data 1234 associated with the position of the second tracked object

1112 in the scene 1100.

[00315] The first coordinate data and the second coordinate data may be encoded (e.g.,
by task T300) using a codebook to generate first encoded location data and second
encoded location data, at 1308. For example, referring to FIG. 43, the processor may

use the codebook 1202 to encode the first coordinate data 1232 to generate the first
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encoded location data 1242 (e.g., a codeword of the codebook 1202), and the processor
may use the codebook 1202 to encode the second coordinate data 1234 to generate the
second encoded location data 1244. The first coordinate data 1232 may be encoded at
the first bit rate (e.g., a high bit rate) and the second coordinate data 1234 may be
encoded at the second bit rate (e.g., a low bit rate). The processor may use the first bit
rate to encode the first coordinate data 1232 because the first tracked object 1110 is
inside an ROI (e.g., the first ROI 1102 of FIG. 42). The processor may use the second
bit rate to encode the second coordinate data 1234 because the second tracked object

1112 is outside each of the ROIs 1102-1106 of FIG. 42.

[00316] The first encoded location data and the second encoded location data may be
stored to enable retrieval of the particular frame based on input parameters, at 1310. For
example, referring to FIG. 43, the processor may store the first encoded location data
1242 and the second encoded location data 1244 in memory. A user of the mobile
device may input parameters (e.g., a desired location of the first tracked object 1110 and
the second tracked object 1112). Based on the input parameters, the mobile device may
retrieve the third frame for playback in response to the input parameters corresponding

to the first location and the second location.

[00317] In a particular embodiment, the method 1300 may include tracking a third
location of a third object located in the region of interest of the particular frame. For
example, the third location of the third tracked object 1114 may be tracked. Third
coordinate data associated with the third location may be generated. The third
coordinate data may be encoded using a codebook to generate third encoded location
data. The third coordinate data may be encoded using a third bit rate that is greater than
the second bit rate. The third encoded location data may be stored to enable retrieval of

the particular frame based on input parameters.

[00318] In a particular embodiment, the method 1300 may include tracking a fourth
location of a fourth object located in a second region of interest of the particular frame.
For example, the fourth location of the fourth tracked object 1120 may be tracked.
Fourth coordinate data associated with the fourth location may be generated. The fourth
coordinate data may be encoded using a codebook to generate fourth encoded location

data. The fourth coordinate data may be encoded using a fourth bit rate that is greater
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than the second bit rate. The fourth encoded location data may be stored to enable

retrieval of the particular frame based on input parameters.

[00319] The method 1300 of FIG. 44 may enable the user to retrieve (e.g., locate)
particular portions (frames) of video encoded using the codebook 1202. Additionally,
the method 1300 may enable metadata for tracked objects inside an ROI to be encoded
at a higher bit rate than objects outside of an ROL. Encoding metadata for tracked
objects located inside an ROI at a higher bit rate may enable locations of the tracked
objects in the ROIs to be encoded at a higher level of accuracy than the location of the

other tracked objects.

[00320] FIG. 38 A shows a block diagram of an apparatus A100 for generating metadata
according to a general configuration. Apparatus A100 includes a discriminator 100
configured to use at least one digital image to select a plurality of objects, wherein the at
least one digital image depicts the objects in relation to a physical space (e.g., as
described herein with reference to task T100). Apparatus A100 also includes a selector
300 configured to produce metadata, based on information indicating positions of the
selected objects in a location space, that identifies one among a plurality of candidate
geometrical arrangements of the selected objects (e.g., as described herein with

reference to task T300).

[00321] FIG. 38B shows a block diagram of an implementation A110 of apparatus
A100. Apparatus A110 includes a display module 50 configured to display the at least

one digital image (e.g., as described herein with reference to display task T50).

[00322] FIG. 38C shows a block diagram of an implementation A120 of apparatus
A100. Apparatus A120 includes an interface 30 configured to parse a video stream to
produce the at least one digital image (e.g., as described herein with reference to parsing
task T30). FIG. 38D shows a block diagram of an implementation A130 of apparatus
AT110 and A120.

[00323] FIG. 38E shows a block diagram of an implementation A200 of apparatus
A100. Apparatus A200 includes an object tracker 200 configured to determine a
reference position for the plurality of objects in the location space (e.g., as described

herein with reference to task T200). Object tracker 200 may also be configured to track,
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within a video stream, said plurality of objects (e.g., as described herein with reference
to task T200). FIGS. 38F, 38G, and 39A show block diagrams of implementations
A210, A220, and A230 of apparatus A110, A120, and A130, respectively, that include

instances of object tracker 200.

[00324] FIG. 39B shows a block diagram of an implementation A300 of apparatus
A100. Apparatus A200 includes a video stream editor 400 configured to associate the
metadata produced by selector 300 with corresponding frames of a video stream (e.g., as
described herein with reference to task T300). FIGS. 39C and 39D show block
diagrams of implementations A310 and A330 of apparatus A200 and A230, respectively,

that include instances of video stream editor 400.

[00325] Any of the implementations of apparatus A100 and/or AS00 as disclosed herein
may be implemented within a mobile device, such as a device in any of the following
form factors: holdables (e.g., smartphones), drivables (e.g., vehicles or robots),
wearables (e.g., clothing or accessories), and flyables (e.g., drones). A mobile device
may include one or more screens (e.g., a touchscreen) configured to display the at least
one digital image and/or one or more imaging units (e.g., a camera or other image-
capturing device) configured to capture the at least one digital image (e.g., a video

stream).

[00326] Referring to FIG. 31, a block diagram of a wireless device 2900 including
components operable to perform the video processing techniques described above is
shown. The device 2900 includes a processor 2910, such as a digital signal processor
(DSP), coupled to a memory 2932. Device 2900 is one example of a mobile device that
may be implemented to include the elements of any of the implementations of apparatus

A100 and/or A500 as described herein.

[00327] FIG. 31 also shows a display controller 2926 that is coupled to the processor
2910 and to a display 2928. In a particular embodiment, the display may correspond to
the viewfinder or the screens described above. The memory 2932 may be a tangible
non-transitory processor-readable storage medium that includes executable instructions
2956. The instructions 2956 may be executed by a processor, such as the processor
2910. A processor, such as the processor 2910 or the display controller 2926, may
execute the instructions 2956 to perform at least a portion of the method 300 of FIG. 3,
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the method 400 of FIG. 4, the method 500 of FIG. 5, the method 600 of FIG. 6, the
method 1000 of FIG. 10, the method 1200 of FIG. 12, the method 1400 of FIG. 14, the
method 1600 of FIG. 16, the method 1900 of FIG. 19, the method 2000, 2010 of FIG.
20, the method 2300 of FIG. 23, the method 2500 of FIG. 25, the method 2600 of FIG.
26, the method 2800 of FIG. 28, method M100, method M110, method M120, method

M130, or any combination thereof.

[00328] A coder/decoder (CODEC) 2934 can also be coupled to the processor 2910. A
speaker 2936 and a microphone 2938 can be coupled to the CODEC 2934. FIG. 31 also
indicates that a wireless controller 2940 can be coupled to the processor 2910 and to an
antenna 2942. In a particular embodiment, a radio frequency (RF) interface 2980 is

disposed between the wireless controller 2940 and the antenna 2942,

[00329] In a particular embodiment, the processor 2910, the display controller 2926, the
memory 2932, the CODEC 2934, and the wireless controller 2940 are included in a
system-in-package or system-on-chip device 2922. In a particular embodiment, an input
device 2930 (e.g., a camera used to capture the scenes as described above) and a power
supply 2944 are coupled to the system-on-chip device 2922. Moreover, in a particular
embodiment, as illustrated in FIG. 31, the display 2928, the input device 2930, the
speaker 2936, the microphone 2938, the antenna 2942, the power supply 2944, and the
RF interface 2980 are external to the system-on-chip device 2922. For example, the RF
interface 2980 may be a separate chip. However, each of the display 2928, the input
device 2930, the speaker 2936, the microphone 2938, the antenna 2942, the power
supply 2944, and the RF interface 2980 can be coupled to a component of the system-

on-chip device 2922, such as an interface or a controller.

[00330] Numerous examples of annotating video files with position-related metadata are
described above (e.g., with reference to task T300). Such annotation may include, for
example, encoding positions that are obtained by object tracking, for applications such

as frame classifying and clustering for retrieval and or archiving,

[00331] Such functionality may be used to create metadata (e.g., as the video stream is
being captured) that identifies a part of the content which was interesting to the user. It
may be desirable to leverage the results of such an interest-based pre-filtering of one or

more video streams by providing a mechanism for rapid retrieval, based on metadata, of
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specified content. For example, it may be desirable to support automatic extraction of
desired content (e.g., from among a large inventory of video files) while reducing or

eliminating the need for manual review.

[00332] FIG. 45A shows a flowchart of a method M500 of image retrieval according to
a general configuration that includes tasks X100, X200, and X300. Task X100 obtains
information identifying a plurality of selected objects, and task X200 selects one among
a plurality of candidate geometrical arrangements. In response to the selecting, task
X300 identifies at least one digital image, among a plurality of digital images, that
depicts the plurality of selected objects arranged according to the selected candidate
geometrical arrangement. Tasks X100, X200, and X300 may be performed, for
example, by the electronic device 102 of FIG. 1, processor 2910, wireless device 2900,

or any combination thereof.

[00333] Task X100 obtains information identifying a plurality of selected objects. Task
X100 may be implemented to obtain the information from the user (e.g., via a
touchscreen, such as touchscreen 116). In this case, the user may select one or more of
the objects from a menu displayed on the touchscreen. For example, such a menu may
be a display of icons, each corresponding to a particular person (e.g., thumbnail images

of people in the user’s contact list).

[00334] In another example, the user may select one or more of the objects from a
display on the touchscreen that has been generated based on metadata associated with
one or more video files. For example, the screen may be configured to display a menu
of'icons of objects that have been tracked within the video file (e.g., during capture). In
such case, the metadata associated with the video file may include information that
associates a label identifying a tracked object with a corresponding position of the

object in each of one or more frames of the video file.

[00335] Similarly, a user may select one or more of the objects from an image having
associated metadata (e.g., a frame of a video file). In such case, the touchscreen
interface may be configured to display the image by highlighting an object within the
image to indicate that position metadata for the object is available in the corresponding
video file (i.e., that the object has been tracked). In one such example, the touchscreen

interface may be configured to allow the user to select multiple objects at once (e.g., by
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drawing a lasso around the objects, or by using pinch and zoom actions to create a box

around the objects).

[00336] Additionally or alternatively to such touchscreen input, task X100 may be
implemented to obtain the information from the user by speech recognition. A user may
select one or more of the objects, for example, by reading the name of the object from a
list of available objects as displayed on the screen (e.g., a menu of icons as described
above). Alternatively, the user may simply assume that position metadata for a
particular object exists in at least one video file to be searched, and may enter this
selection by speaking the object’s name, selecting an icon associated with the object

(e.g., from a contact list), or entering the name of the object as text.

[00337] Task X200 selects one among a plurality of candidate geometrical arrangements
(e.g., as described herein with reference to FIG. 35). Task X200 may be implemented to
perform such selection based on information obtained from a user (e.g., via a
touchscreen, such as touchscreen 116). In one example, the user specifies an image
(e.g., a frame of a video file) that depicts a desired arrangement. In another example,
the user describes the desired arrangement by placing icons (e.g., generic icons, or icons
of the desired objects) in such arrangement. It is noted that a touchscreen configuration
employing either of these two examples may be used to provide the user selection
information to both of tasks X100 and X200 in a single user operation. For example,
the user may use a display of icons of tracked objects to describe the desired
arrangement and to indicate the selected objects by using them to create the description.
In a further example, the user may select the desired candidate geometrical arrangement

from among a display of such arrangements.

[00338] Additionally or alternatively, task X200 may be implemented to obtain the
information from the user by speech recognition. In such case, the user may indicate a
desired arrangement using descriptors such as, e.g., ‘close,” ‘near,” “far,” ‘next,” ‘away’.
For example, the speech recognition interface may be configured to recognize a search
request in any one or more of the following forms: “find Tom next to Joe and Kate,”
“show Tom away from Jill and Sam”, “display Tom close to Sara and far from Jill”,

“search Tom next to Sara and far from tree.” Again, such an operation may be used to
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provide the user selection information to both of tasks X100 and X200 in a single user

operation.

[00339] In any of the above examples, task X200 may be implemented to select a
particular one of the candidate geometrical arrangements by, for example, applying
appropriate decision metrics (e.g., as described above with reference to FIG. 35) to the
arrangement as indicated by the user. In a further example, the user may select the

desired candidate geometrical arrangement from among a display of such arrangements.

[00340] In response to the selecting, task X300 identifics at least one digital image,
among a plurality of digital images, that depicts the plurality of selected objects
arranged according to the selected candidate geometrical arrangement. In one example,
the obtained information includes, for each of the plurality of selected objects, a label
that is associated with the object, and task X300 is implemented to search for the labels
within metadata that is associated with the plurality of digital images (e.g., the video
file). Such a label may be the name of the object or any other unique or non-unique data
string that is used within the metadata to indicate the object. For example, the label for
a person may be a data string that is associated with a thumbnail image of the person in

the user’s contact list.

[00341] The metadata associated with the plurality of digital images may also be
configured to contain a label (e.g., data string) that indicates a particular candidate. In
such case, task X300 may be implemented to search, within the metadata, for a label

that is associated with the selected candidate geometrical arrangement.

[00342] Alternatively, the metadata may lack such a data string indicating any candidate
geometrical arrangement but may still contain information indicating the position of
cach selected object. In such case, task X200 may be implemented to decide, based on
this position metadata, whether the objects are arranged according to the selected
candidate geometrical arrangement. Such an implementation of task X200 may apply,
for example, one or more decision metrics as described herein (e.g., with reference to
FIG. 35) to perform such a determination. In many cases, a comparison of the distances
between the positions indicated by the metadata for an image may be sufficient to

eliminate an image from further consideration.
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[00343] It may be desirable to use an implementation of method M100 as described
herein to filter a video file or stream (or another collection of digital images) for
information retrieval based on a geometrical arrangement of selected objects. For
example, it may be desirable to use such an implementation to identify images in which
people are found in a particular arrangement. Potential applications of such retrieval
may include indicating proximities of selected objects (e.g., people) to support a

correlation of such occurrences with other events.

[00344] It may be desirable to apply an implementation of method M100 to search
through multiple archived video files (e.g., in response to a single user selection
operation). It is possible that the configuration of the metadata in each of such a group
of multiple video files may differ from one file to another. For example, the metadata
associated with a particular video file may include object-identifying metadata and
position-indicating metadata but may lack an association between the two. In such case,
the video file may be tagged to indicate that specific persons are shown in the file, and
the file may also include metadata obtained from tracking selected persons within the
video stream, but the tracked persons may not be the same people identified in the tag,
It may be desirable nevertheless to apply a single instance of an implementation of
method M100 to such a group (e.g., a group in which all files are identified as depicting
the selected objects). For example, once such a method has concluded by identifying
frames having the desired arrangement of tracked objects, the set of identified frames
may be reviewed to separate out only those frames in which the tracked objects are also

the selected objects.

[00345] As described above with reference to tasks T200 and T300, the metadata
associated with a video frame may indicate a reference position for the geometrical
arrangement in the location space. Method M500 may be implemented to select a
reference position for the selected candidate geometrical arrangement (e.g., based on a
user’s indication of the position of the selected candidate geometrical arrangement). In
such case, task X300 may be implemented to distinguish images in which the selected
objects are arranged, relative to the reference position in the location space, according to

the candidate geometrical arrangement from images in which the selected objects are
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arranged according to the candidate geometrical arrangement but not relative to the

reference position in the location space.

[00346] FIG. 45B shows a block diagram of an apparatus A500 for image retrieval
according to a general configuration. Apparatus A500 includes a discriminator Z100
configured to obtain (A) information identifying a plurality of selected objects and (B) a
selection of one among a plurality of candidate geometrical arrangements.
Discriminator Z100 may be configured to obtain the information and/or selection, for

example, via a speech recognition interface and/or a touchscreen interface.

[00347] Apparatus A500 also includes a search engine Z300 configured to identify at
least one digital image, among a plurality of digital images, that depicts the plurality of
selected objects arranged according to the selected candidate geometrical arrangement.
In one example, the obtained information includes, for each of the plurality of selected
objects, a label that is associated with the object, and search engine Z300 is
implemented to search for the labels within metadata that is associated with the plurality
of digital images. Additionally or alternatively, search engine Z300 may be
implemented to search, within metadata that is associated with the plurality of digital
images, for a label that is associated with the selected candidate geometrical

arrangement.

[00348] FIG. 45C shows a block diagram of an apparatus MF500 for image retrieval
according to another general configuration. Apparatus MF500 includes means Y100 for
obtaining information identifying a plurality of selected objects and means Y200 for
selecting one among a plurality of candidate geometrical arrangements. Apparatus
MF500 also includes means Y300 for identifying at least one digital image, among a
plurality of digital images, that depicts the plurality of selected objects arranged
according to the selected candidate geometrical arrangement. In one example, the
obtained information includes, for each of the plurality of selected objects, a label that is
associated with the object, and means Y300 is implemented to search for the labels
within metadata that is associated with the plurality of digital images. Additionally or
alternatively, means Y300 may be implemented to search, within metadata that is
associated with the plurality of digital images, for a label that is associated with the

selected candidate geometrical arrangement.



WO 2015/095762 PCT/US2014/071606

—95_

[00349] FIG. 40A shows a block diagram of an apparatus MF100 for generating
metadata according to a general configuration. Apparatus MF100 includes means F100
for using at least one digital image to select a plurality of objects, wherein the at least
one digital image depicts the objects in relation to a physical space (e.g., as described
herein with reference to task T100). Apparatus MF100 also includes means F300 for
producing metadata, based on information indicating positions of the selected objects in
a location space, that identifies one among a plurality of candidate geometrical
arrangements of the selected objects (e.g., as described herein with reference to task

T300).

[00350] FIG. 40B shows a block diagram of an implementation MF110 of apparatus
MF100. Apparatus MF110 includes means F50 for displaying the at least one digital

image (e.g., as described herein with reference to display task T50).

[00351] FIG. 40C shows a block diagram of an implementation MF120 of apparatus
MF100. Apparatus MF120 includes means F30 for parsing a video stream to produce
the at least one digital image (e.g., as described herein with reference to parsing task
T30). FIG. 40D shows a block diagram of an implementation MF130 of apparatus
MF110 and MF120.

[00352] FIG. 40E shows a block diagram of an implementation MF200 of apparatus
MF100. Apparatus MF200 includes means F200 for determining a reference position
for the plurality of objects in the location space (e.g., as described herein with reference
to task T200). FIG. 41B shows a block diagram of an implementation MF400 of
apparatus MF100 that includes means F210 for tracking, within a video stream, said
plurality of objects (e.g., as described herein with reference to task T200). FIGS. 40F,
40G, and 41A show block diagrams of implementations MF210, MF220, and MF230 of
apparatus MF110, MF120, and MF130, respectively, that include instances of means
F200. Such apparatus may also be implemented to include means F210 in addition or in

the alternative to means F200

[00353] FIG. 41C shows a block diagram of an implementation MF300 of apparatus
MF100. Apparatus MF200 includes means F400 for associating the metadata produced
by means F300 with corresponding frames of a video stream (e.g., as described herein

with reference to task T300). FIGS. 41D and 41E show block diagrams of
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implementations MF310 and MF330 of apparatus MF200 and MF230, respectively, that

include instances of means F400.

[00354] 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 executed by a processor, or combinations of both. For example, one
or more elements of the various implementations of the apparatus disclosed herein (e.g.,
any among apparatus MF100, MF110, MF120, MF130, MF200, MF210, MF220,
MF230, MF300, MF310, MF330, MF400, MF500, A100, A110, A120, A130, A200,
A210, A220, A230, A300, A310, A330, and A500) may be implemented in whole or in
part as one or more sets of instructions arranged to execute on one or more fixed or
programmable arrays of logic elements (e.g., processor 2610), such as microprocessors,
embedded processors, IP cores, digital signal processors, FPGAs (field-programmable
gate arrays), ASSPs (application-specific standard products), and ASICs (application-
specific integrated circuits). 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 processor
executable instructions 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.

[00355] 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 non-transient storage medium known in the art. An exemplary

storage medium is coupled to the processor such that the processor can read information
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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.

[00356] 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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CLAIMS:
1. A method of image retrieval, said method comprising:
obtaining information identifying a plurality of selected objects;
selecting one among a plurality of candidate geometrical arrangements; and
by at least one processor, and in response to said selecting, identifying at least
one digital image, among a plurality of digital images, that depicts the plurality of

selected objects arranged according to the selected candidate geometrical arrangement.

2. The method of image retrieval according to claim 1, wherein said
obtained information includes, for each of the plurality of selected objects, a label that is
associated with the object, and

wherein said identifying includes searching for said labels within metadata that

is associated with the plurality of digital images.

3. The method of image retrieval according to claim 1, wherein said
identifying comprises searching, within metadata that is associated with the plurality of
digital images, for a label that is associated with the selected candidate geometrical

arrangement.

4. The method of image retrieval according to claim 1, wherein said at least
one digital image includes a plurality of frames from a first video file and a plurality of

frames from a second video file.

5. The method of image retrieval according to claim 1, wherein said
obtaining information identifying the plurality of selected objects is performed using at

least one of (A) speech recognition and (B) a touchscreen.

6. A non-transitory computer-readable medium storing instructions that
when executed by a processor cause the processor to:
obtain information identifying a plurality of selected objects;

select one among a plurality of candidate geometrical arrangements; and
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in response to said selecting, identify at least one digital image, among a
plurality of digital images, that depicts the plurality of selected objects arranged

according to the selected candidate geometrical arrangement.

7. The non-transitory computer-readable medium according to claim 6,
wherein said obtained information includes, for each of the plurality of selected objects,
a label that is associated with the object, and

wherein said medium stores instructions that when executed by the processor
cause the processor to search for said labels within metadata that is associated with the

plurality of digital images.

3. The non-transitory computer-readable medium according to claim 6,
wherein said medium stores instructions that when executed by the processor cause the
processor to search, within metadata that is associated with the plurality of digital
images, for a label that is associated with the selected candidate geometrical

arrangement .

9. The non-transitory computer-readable medium according to claim 6,
wherein said at least one digital image includes a plurality of frames from a first video

file and a plurality of frames from a second video file.

10. The non-transitory computer-readable medium according to claim 6,
wherein said information identifying the plurality of selected objects is obtained using at

least one of (A) speech recognition and (B) a touchscreen.

11.  An apparatus for image retrieval, said apparatus comprising:

means for obtaining information identifying a plurality of selected objects;

means for selecting one among a plurality of candidate geometrical
arrangements; and

means for identifying, in response to said selecting, at least one digital image,
among a plurality of digital images, that depicts the plurality of selected objects

arranged according to the selected candidate geometrical arrangement.
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12. The apparatus according to claim 11, wherein said obtained information
includes, for each of the plurality of selected objects, a label that is associated with the
object, and

wherein said apparatus includes means for searching for said labels within

metadata that is associated with the plurality of digital images.

13. The apparatus according to claim 11, wherein said apparatus comprises
means for searching, within metadata that is associated with the plurality of digital
images, for a label that is associated with the selected candidate geometrical

arrangement.

14. The apparatus according to claim 11, wherein said at least one digital
image includes a plurality of frames from a first video file and a plurality of frames

from a second video file.

15. The apparatus according to claim 11, wherein said means for obtaining
information identifying the plurality of selected objects is configured to obtain the

information using at least one of (A) speech recognition and (B) a touchscreen.

16.  An apparatus for image retrieval, said apparatus comprising:

a discriminator configured to obtain (A) information identifying a plurality of
selected objects and (B) a selection of one among a plurality of candidate geometrical
arrangements; and

a search engine configured to identify, in response to said selecting, at least one
digital image, among a plurality of digital images, that depicts the plurality of selected

objects arranged according to the selected candidate geometrical arrangement.

17. The apparatus according to claim 16, wherein said obtained information
includes, for each of the plurality of selected objects, a label that is associated with the

object, and
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wherein said search engine is configured to search for said labels within

metadata that is associated with the plurality of digital images.

18. The apparatus according to claim 16, wherein said search engine is
configured to search, within metadata that is associated with the plurality of digital
images, for a label that is associated with the selected candidate geometrical

arrangement.

19. The apparatus according to claim 16, wherein said at least one digital
image includes a plurality of frames from a first video file and a plurality of frames

from a second video file.

20. The apparatus according to claim 16, wherein said discriminator is
configured to obtain the information identifying the plurality of selected objects using at

least one of (A) speech recognition and (B) a touchscreen.
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1900\,\

f1 902

Receive, at a mobile device, a selection of multiple objects in a scene,
where the scene corresponds to a video stream captured and displayed on
a screen of the mobile device

l /1 904

Track a geometry between each object

l /1 906

Display an indication of the geometry on the screen

FIG. 22
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2000\

2002

Receive, at a mobile device, a selection of multiple objects in a scene,
where the scene corresponds to a video stream captured and displayed on
a screen of the mobile device

l 2004

Track a geometry between each object

l 2006

Cluster frames of the video stream based on at least one parameter
associated with the geometry

2010
2012

Receive, at a mobile device, an indication of a particular geometry of
selected objects in a video stream

l 2014

Retrieve frames of the video stream based on the particular geometry

l 2016

Display the retrieved frames on a screen of the mobile device

FIG. 23
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2300\

2302
/

Track, at a mobile device, a first location of a first object in a particular frame and
a second location of a second object in the particular frame

l r2304

Generate first coordinate data associated with the first location and second
coordinate data associated with the second location

l /2306

Encode the first coordinate data and the second coordinate data using a codebook
to generate first encoded location data and second encoded location data

l /2308

Store the first encoded location data and the second encoded location data to
enable retrieval of the particular frame based on input parameters that correspond
to the first location and the second location

FIG. 26
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/2602

Track, at a robot, a geometry between multiple objects

l f2604

Perform a processing function based on the geometry

FIG. 27
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2800 “
2802

Receive, at a mobile device, a selection of a first object in a scene, a
second object in the scene, and a third object in the scene, where the
scene corresponds to a video stream captured and displayed on a screen
of the mobile device

l /2804

Partition the screen into at least a first window, a second window, a third
window, and a fourth window

l 2806

Display a first portion of the scene that includes the first object in the first
window, wherein the first portion of the scene is determined based on a
location of the first object

l /2808

Display a second portion of the scene that includes the second object in
the second window, where the second portion of the scene is determined
based on a location of the second object

l f2810

Display a third portion of the scene that includes the third object in the third
window, where the third portion of the scene is determined based on a
location of the third object

l /2812

Display an indication of a geometry between each object in the fourth
window

FIG. 29
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2900 \,\
2928 | t/ 2930
npu
Display DeSice 2942:\7
2922\
~ 2926 /291 0 /2932
Display Processor MEMORY
Controller || / 2956
Instructions
f2934
/2936
Speaker
/2938 CODEC /% 2940
Wireless RF
Microphone Controller Interface
2980~
Ve 2944
Power
Supply

FIG. 31
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FIG. 33A
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FIG. 33B



WO 2015/095762 PCT/US2014/071606

FIG. 34A
FIG. 34B
) e




PCT/US2014/071606

WO 2015/095762

36/46

2/(09 + gv) = oV
‘e/0ge = av

Z/(Vxew+yuiw) > ypiw
‘e/(Vxew)g > yuiw

d
Jej-leau-ieau

Z/(VXew+yuiw) < ypiw
‘e/(Vxew)g > yuiw

._E-._E-._mwc

A

¢/dve = 04
OV =gV

G¢ Old

od+av) =
09 =0V

A

juelsipinba

0/

¢/(VXew)z < yuliw




000000000000000000000000000000

\\ \ L




PCT/US2014/071606

WO 2015/095762

38/46

a.le old

elepelawl
aonpo.d [00S L

5

uonew.oul
uosod uieyqo :00zL

5

s108[qo Jo Ayjeanid e
108]9s 0} abewl |eybiIp
auo jsea| e asn 00 L

A

i

abeuwl auo jseg|
Je Ae|dsip 0G 1T
A
weans 09pIA
asied DS

0€ZIN poyjaw

J9.¢ "Old

ejepelowl
aonpoud [00S L

5

uonewIoUl
uosod uieyqo :00z.L

X

s108[qo Jo Ayjelnid e
108]9s 0} abew |eybip
auo }sea|le asn Q0L L

i

weaJs 0spIA
A asied 0C L

0¢ZIN poyjaw

a.¢ "Old

elepelowl
aonpoud :00SL

V.iE 'Old

)

uonewIoUl
uonisod uieyqo :00zL

Juswoebuelle
o}epipued salijuspl
ley) ejepelswl
aonpoud :00SL

]

i

s108(qo Jo Ayjelnid e
108]9s 0} abewl |eybip
auo )sea| e asn 00 L

uolnewJoul
uoiyusod uieyqo :00z.L

A

\

abeuwl auo jse9|
A Je Ae|dsip 0G 1

0LZIN poyjsw

s108[qo Jo Ayjeanid e
108]9s 0} abew |eybip
auo )ses| e asn 00 L

ﬂ 00ZIN poyjsw




PCT/US2014/071606

WO 2015/095762

39/46

ase ‘old

00¢ 10)09|9s

3

00 JOo1eullLIOSIp

5

06 o|npow Aeg|dsip

5

0€ 9oejJI8)1UI

A

0€LY smelsedde

08¢ 'Old

00¢€ J0109]88

A

002 J9)0oe.4; 108lqo

A

001 JO1BUILLLIOSIP

]

0€ aoeL8uI

Aomm,q snjejedde

J8¢ Old

00¢ J0109|8S

+

00T JojeulwLIosIp

i

0€ aoe9UI

A

0Z1Y smeledde

48¢€ "Old

00¢€ J10109]88

48¢ "'Old

+

002 J9oeu 108lqgo

00¢ J0j09|8s

'\

!

002 J90oeJ; 108[go

00 JOo1eullLIOSIp

(

LY
0g
a|npow Ae|dsip

0LZY shiesedde

a8¢ "Old

___ 1

01 Jojeulwiosip

00¢ J0}09|9s

)

001 JO1BUILLLIOSIP

\

0S

A a|npow Aedsip
0l LY shieledde

Aoom< snjejedde

V8¢ 'Old

00¢ J0}08|9s

A

0] JojeulwosIp

Aoo L snjesedde



PCT/US2014/071606

WO 2015/095762

40/46

ae¢ old

J6¢ Old

00V
10}Ipe weals 08pIA

00¥
10}Ipe wea.ns 0dpIA

_ 1

00¢ J0}09|9s

»

00¢ J0)09|9s

)

002 J92oeJ 198lgo

+

00z J8yoen 108lqo

___ 4

0 JOojeulwLiosIp

A

001 JO1euIWLIOSIP

(

LY
0g
a|npow Aedsip

5

0€ aoeL8UI

0geyY snelsedde

Aorm,q snjeledde

a6¢ "Old

00V
10}Ipe weals 08pIA

»

00¢€ J0109]88

i

001 JO1BUILLLIOSIP

Aoom< snjejedde

V6¢ 'Old

00€ J0109]88

+

002 J9)oeu; 198lqo

)

001 JO1BUILLILIOSIP

(

LY
0g
a|npow Aejdsip

)

0€ aoeLauI

ogzy shieledde




PCT/US2014/071606

WO 2015/095762

41/46

O0v 'Old

00€4 suesw

A

0024 suesw

i

0014 suesw

A

]

0S4 sueaw

0ZZ4IN snieledde

aov ‘oOld

A

0S4 sueaw

0€1 4N\ snieledde

40 "Old

00€4 suesw

+

0024 suesw

A

0014 suesw

)

0G4 suesaw

A 01Z4dIN\ sneledde

0¥ Ol

00€4 suesw

\

0014 suesw

A

weans
09pIA Buisied

A 10} 0€4 suesw

0Z L4\ snieledde

0¥ 'Ol

00€4 suesw

]

uonisod
aoualajal buluiwislep
10} 00Z4 suesw

A

0014 suesw

VvOov "Old

00Z4IN snieledde

a0y "Old

Juswebuene
ajepipued
saliusapl ey}
ejepelaw Buionpoud
10} D0S4 sueaw

+

00€4 suesw

A

0014 suesw

A

\

abeuwl auo jse9|
1e BuiAe|dsip
10} 0G4 suesw

0l L4\ snieledde

s100lgo jo Ayjelnd

B 109|9s 0] abewl

|enbip auo ise9)| je
Buisn 10} 00 4 sueaw

Aooru__\,_ snieJedde




PCT/US2014/071606

WO 2015/095762

42/46

3Ly "Old

diy "Old

00% 4 suesw

00F4 suesw

»

»

00S4 suesw

00€4 suesw

\

0024 suesw

+

5

0024 suesw

0014 suesw

A

0014 suesw

(

5

0G4 sueaw

A 01 ¢4\ sneledde

LY Ol

aiy "Old

00€4 sueaw

)

Bunoesy
10} 0124 suesaw

A

0014 sueaw

004N shieledde

00C4 sueaw

+

WBaJ}S 0O8PIA JO BWel) YIM ejepejawl
Buneioosse 10) 004 sueaw

0024 sueaw

)

__1

0c4 sueaw

»

0€£¢HIN snyeledde

00C4 sueaw

i

0014 sueaw

A 00¢4IN snieledde

0014 sueaw

Viv "Old

__4

0G4 sueaw

__1

04 sueaw

A 0£Z4IN snieledde



PCT/US2014/071606

WO 2015/095762

43/46

¢y "Old

¢l

S~
S~
~

S~
IO PIUL =~

yeLL 0Ll

=
\

\

\

\

\

— mEU o
A

NEU.

\/

ozl
2zl
104 puos D _

—
——
— —




PCT/US2014/071606

WO 2015/095762

44/46

ey 'Old

000°01
Juwel

Juwel

owel] | sweiq

Jwrel]

VT Bie( UOHRI0]
papooug yIuIN

LVCT Bye( UOHROO]
papoouq WO

OCT BYe( UOHEOOT
papoouq paryL

PPTT BieQ UOnROO]
POpOdU PU0IIS

TPCT BYe( UOHROOT
papoouq 1s11d

-~ v0Z|

3[00Q3p0o)

«—

8¢CI Bled
9JRUIPIOO)) YIUIN

LETT Bled
9JBUIPIOO)) YN0

9¢CT Bed
9}BUIPI00D) PIYL

recl ved
9)BUIPIOO)) PUOIIY

ceCl Bed
2JRUIPIOO)) ISIT

/./Nomr




WO 2015/095762 PCT/US2014/071606

45/46

1300 AW

1302
/

Track, at a mobile device, a first location of a first object located in a region of
interest of a particular frame

l /1304

Track a second location of a second object that is not located in the region of
interest of the particular frame

l /1306

Generate first coordinate data associated with the first location and second
coordinate data associated with the second location

l /1308

Encode the first coordinate data and the second coordinate data using a codebook
to generate first encoded location data and second encoded location data, the first
coordinate data encoded using a first bit rate and the second coordinate data
encoded using a second bit rate that is lower than the first bit rate

l r1310

Store the first encoded location data and the second encoded data to enable
retrieval of the particular frame based on input parameters that correspond to the
first location and the second location

FIG. 44



PCT/US2014/071606

WO 2015/095762

46/46

9G¥ "Old

pabuelie 0s s109(qo
Jo Ayjeanid ayj syoidap
Jeyy abew [eybip
auo0 1se9| 1e BulAjnuapl
10} DOEA sueawl

!

sjuswabuelle
|ealewoab ayepipued
Jo AQyeanid e
Buowe auo Bunog|es
10} D0ZA Sueawl

asvy Ol

Vav 'Old

pabuelie 0s s109(qo
Jo Ayjeln|d ayj syoidap
1ey; abew |eybip auo
Jses| ye Ajuapl :00EX

!

00€7Z auibua yoieos

+

i

S100[qo pa1o9|ss Jo
Ajjean|d e BuiAynuapi
uonew.Jojul buiuieyqo

10} DO A Sueawl

001 Z 101eullLIoSIp

sjuswabuelle
|eolewoab ayepipued
Jo Ajjean|d e Buowe
dUO 109|9S 00z X

)

A 00GdIN
snmeledde

(

00SY shjeledde

syo9lgo
pajoa|as Jo Ajelnid e
BulAjpuapl uonew.loul
ulelqo 001X

A 00GIN poyjsw




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/071606

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F17/30
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X AHANGER G ET AL:
FORMULATION",
PROCEEDINGS OF SPIE, SP T E -

"VIDEO QUERY

ENGINEERING, US,
pages 280-291, XP000571790,

ISBN: 978-1-62841-213-0
abstract; figures 3,4,6
page 282, paragraph 3
pages 284-289

INTERNATIONAL SOCIETY FOR OPTICAL
vol. 2420, 9 February 1995 (1995-02-09),
ISSN: 0277-786X, DOI: 10.1117/12.205295

1-20

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

31 March 2015

Date of mailing of the international search report

13/04/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Laurentowski, A

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/071606

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

JAMES BLACK ET AL: "Hierarchical database
for a multi-camera surveillance system",
PATTERN ANALYSIS AND APPLICATIONS,
SPRINGER-VERLAG,

vol. 7, no. 4,

1 December 2004 (2004-12-01), pages
430-446, XP019381474,

ISSN: 1433-755X, DOI:
10.1007/S10044-005-0243-8

abstract; figures 7, 12, 16-21

tables 3-9

page 434, right-hand column, last
paragraph

page 436, right-hand column, last
paragraph

page 438, right-hand column, line 3 - page
44?2, right-hand column, line 12

US 20107082585 Al (BARSOOK JONATHAN [US]
ET AL) 1 April 2010 (2010-04-01)
paragraphs [0026] - [0029]

1-20

5,10,15,
20

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/071606
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010082585 Al 01-04-2010 US 2010082585 Al 01-04-2010
US 2013007620 Al 03-01-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - description
	Page 82 - description
	Page 83 - description
	Page 84 - description
	Page 85 - description
	Page 86 - description
	Page 87 - description
	Page 88 - description
	Page 89 - description
	Page 90 - description
	Page 91 - description
	Page 92 - description
	Page 93 - description
	Page 94 - description
	Page 95 - description
	Page 96 - description
	Page 97 - description
	Page 98 - description
	Page 99 - description
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - drawings
	Page 105 - drawings
	Page 106 - drawings
	Page 107 - drawings
	Page 108 - drawings
	Page 109 - drawings
	Page 110 - drawings
	Page 111 - drawings
	Page 112 - drawings
	Page 113 - drawings
	Page 114 - drawings
	Page 115 - drawings
	Page 116 - drawings
	Page 117 - drawings
	Page 118 - drawings
	Page 119 - drawings
	Page 120 - drawings
	Page 121 - drawings
	Page 122 - drawings
	Page 123 - drawings
	Page 124 - drawings
	Page 125 - drawings
	Page 126 - drawings
	Page 127 - drawings
	Page 128 - drawings
	Page 129 - drawings
	Page 130 - drawings
	Page 131 - drawings
	Page 132 - drawings
	Page 133 - drawings
	Page 134 - drawings
	Page 135 - drawings
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - wo-search-report
	Page 151 - wo-search-report
	Page 152 - wo-search-report

