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COMPUTER VISION APPLICATION PROCESSING

CLAIM OF PRIORITY

[0001] The present application claims priority from U.S. Provisional Patent Application
No. 61/835,400, entitled “IMAGE-STATISTIC PROCESSING TO REDUCE
COMPUTER VISION POWER USAGE,” filed June 14, 2013, U.S. Provisional Patent
Application No. 61/871,678, entitled “SYSTEM AND METHOD TO IDENTIFY A
CONTEXT OF AN IMAGE,” filed August 29, 2013, and U.S. Non-Provisional Patent
Application No. 14/303,490, entitled “COMPUTER VISION APPLICATION
PROCESSING,” filed June 12, 2014, the contents of which are incorporated by

reference in their entirety.
FIELD

[0002] The present disclosure is generally related to computer vision application

processing.

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.
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[0004] Wireless electronic devices (e.g., a wireless telephone) may have an image
sensor that captures images at a given data sampling frequency. The image sensor may
capture images in response to internal or external triggers. An example of an external
trigger is proximity of a user to the communication device. To illustrate, a wireless
electronic device may trigger the image sensor in response to detecting a sound
associated with the user. An example of an internal trigger is availability of resources
of the wireless electronic device. To illustrate, the wireless electronic device may
trigger the image sensor in response to determining that more than a threshold amount

of battery power is available.

[0005] Additionally, wireless electronic devices may utilize computer vision techniques
to carry out a variety of computer vision applications. For example, computer vision
techniques may be used for security applications (e.g., surveillance, intrusion detection,
object detection, facial recognition, etc.), environmental-use applications (e.g., lighting
control), object detection and tracking applications, etc. Computer vision techniques
may also be used for edge detection, optical character recognition (OCR), facial

detection, etc.

[0006] Computer vision applications may consume a large amount of power. For
example, computer vision applications may apply application-specific processing to
cach frame in a video stream to determine whether an alert event is present. To
illustrate, if the computer vision application is designed to detect whether an object is in
a field of view (e.g., the alert event), each frame may undergo application-specific
processing to determine whether the object is in the frame. Performing application-

specific processing on each frame may consume a large amount of power.

[0007] For some computer vision applications, the wireless electronic device may
compute visual descriptors of the images or frames. The visual descriptors may be used
for life-logging, gesture identification/recognition, indoor-outdoor inference, and more.
Computing the visual descriptors of all images or frames may be resource intensive and
the wireless electronic device may have limited resources. Moreover, many images
captured by the camera may have little or no value. For example, images periodically

captured by the camera may be identical or nearly identical.



WO 2014/201386 PCT/US2014/042353

SUMMARY

[0008] Methods and systems are disclosed for reducing power usage of computer vision
applications. A video stream (e.g., a set of time-sequenced still images) may be
captured via a camera and individual frames of the video stream may undergo
processing (e.g., statistics processing). For example, a statistics generator may
determine image statistics for each frame of the video stream. The image statistics may
include an intensity histogram for each frame, a color histogram for each frame, a
summation of pixel values for particular pixels (e.g., a particular row of pixels or a
particular column of pixels) in each frame, or a combination thereof. A change
detection circuit may determine whether a difference between first image statistics of a
first frame and second image statistics of a second frame satisfy a threshold. If the
difference does not satisfy the threshold, computer vision application-specific
processing on the second frame may be omitted or bypassed to conserve power. If the
difference satisfies the threshold, the change detection circuit may provide a feedback
signal to a selection circuit to activate (e.g., wake up) a “high power” processing path.
For example, the high power processing path may include an application processor (e.g.,
a processor used to execute computer vision applications) to perform computer vision
application-specific processing on the second frame. In some examples, different
processing paths, or portions thereof, may be enabled at different times based on

different conditions.

[0009] As a non-limiting example of computer vision application-specific processing,
the application processor may extract a feature (e.g., a visual descriptor) or a set of
features as needed, instead of all at once. For example, the application processor may
extract a first subset of features (e.g., visual descriptors) of the second frame to identify
the context (e.g., a location) of the second frame. For example, the application
processor may extract edge information related to the second frame. The application
processor may determine that confidence level(s) associated with the first subset of
features do not satisfy a threshold confidence level. Based on the determination, the
application processor may extract more features (e.g., a second subset of features) of the
second frame. For example, the application processor may extract edge information

from a higher resolution copy of the second frame. As another example, the application
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processor may extract color information of the second frame. The application processor
may determine that confidence level(s) associated with the additional extracted features
of the second frame satisfy the threshold confidence level and may use the additional

extracted features to determine the context of the frame.

[0010] The application processor may have a hierarchy of processing resources (e.g.,
processing cores) to perform computer vision application-specific processing on the
second frame. For example, a first processing resource (e.g., a “low power” processing
resource) may perform first computer vision application-specific processing on the
second frame. If the first processing resource determines that the second frame calls for
additional computer vision application-specific processing (e.g., second computer vision
application-specific processing) outside the capabilities of the first processing resource,
the first processing resource may request that a second processing resource (e.g., a “high
power” processing resource) perform the second computer vision application-specific
processing on the second frame (e.g., wake up the second processing resource). In
certain embodiments, the second processing resource may perform the first and second
computer vision application-specific processing on the second frame so that the first
processing resource may be deactivated (e.g., enter a “sleep” state) to conserve power.
In other embodiments, the second processing resource may “decline” to perform the
second computer vision application-specific processing on the second frame,
inform/program the first processing resource to perform the second computer vision

application-specific processing, and enter into a sleep state to conserve power.

[0011] In a particular embodiment, a method includes generating, at a change detection
circuit, a control signal based on a change amount between first sensor data captured by
a sensor and second sensor data captured by the sensor, where the change detection
circuit is included in a first processing path. The method also includes providing the
second sensor data to a second processing path for computer vision application-specific

processing based on the control signal.

[0012] In another particular embodiment, an apparatus includes a change detection
circuit configured to generate a control signal based on a change amount between first
sensor data captured by a sensor and second sensor data captured by the sensor, where

the change detection circuit is included in a first processing path. The apparatus also
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includes a second processing path configured to perform computer vision application-

specific processing on the second sensor data based on the control signal.

[0013] In another particular embodiment, an apparatus includes means for generating a
control signal based on a change amount between first sensor data captured by a sensor
and second sensor data captured by the sensor, where the means for generating the
control signal is included in a first processing path. The apparatus also includes means
for performing computer vision application-specific processing on the second sensor
data based on the control signal, where the means for performing the computer vision

application-specific processing is included in a second processing path.

[0014] In another particular embodiment, a non-transitory computer-readable medium
includes instructions that, when executed by a processing unit, cause the processing unit
to generate, at a change detection circuit, a control signal based on a change amount
between first sensor data captured by a sensor and second sensor data captured by the
sensor, where the change detection circuit is included in a first processing path. The
instructions are also executable to cause the processing unit to provide the second sensor
data to a second processing path for computer vision application-specific processing

based on the control signal.

[0015] In another particular embodiment, a method includes receiving, at a mobile
device, sensory data from an image sensor, where the sensory data is related to an
image. The method also includes extracting a first subset of features of the image from
the sensory data and extracting a second subset of features of the image from the
sensory data based on the first subset of features satisfying an analysis criterion. The
method further includes generating context data indicating a context of the image based

at least in part on the second subset of features.

[0016] In another particular embodiment, an apparatus includes a processor configured
to receive sensory data from an image sensor, where the sensory data is related to an
image. The processor is also configured to extract a first subset of features from the
sensory data, the first subset of features selected based on a selection criterion. The
processor is further configured to generate context data indicating a context of the image

based at least in part on the first subset of features.
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[0017] In another particular embodiment, an apparatus includes means for receiving
sensory data from an image sensor, where the sensory data is related to an image. The
apparatus also includes means for extracting a first subset of features from the sensory
data, the first subset of features selected based on a selection criterion. The apparatus
further includes means for generating context data indicating a context of the image

based at least in part on the first subset of features.

[0018] In another particular embodiment, a computer-readable storage medium includes
instructions that, when executed by a processor, cause the processor to perform
operations. The operations include receiving first sensory data from a first image
sensor, where the first sensory data is related to a first image. The operations also
include extracting a first subset of features of the first image from the first sensory data
and requesting second sensory data from a second image sensor based on the first subset
of features satisfying an analysis criterion, where the second sensory data is related to a
second image. The operations further include receiving the second sensory data from
the second image sensor, extracting a second subset of features of the second image
from the second sensory data, and generating context data indicating a context of the

first image based at least in part on the second subset of features.

[0019] One particular advantage provided by at least one of the disclosed embodiments
is reducing an amount of power consumed by an application processor used to execute
computer vision applications. For example, application-specific processing of a
particular frame may be bypassed in response to a determination that the particular
frame and a previous frame are substantially similar (e.g., based on a comparison of
image statistics of the frames). Bypassing the application-specific processing may

conserve battery power.

[0020] Another particular advantage provided by at least one of the disclosed
embodiments is enabling identification of image contexts. For example, a context of an
image may be identified by extracting fewer than all features of the image. Significant
reduction in computational costs and a corresponding reduction of power usage may be
achieved. 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.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 is a diagram of a particular illustrative embodiment of image frames of a

video stream and corresponding pixel representations of the image frames;

[0022] FIG. 2 is a diagram of a particular illustrative embodiment of partial pixel

representations of image frames of a video stream;

[0023] FIG. 3 is a block diagram of a particular illustrative embodiment of a processing
system that is operable to reduce power usage associated with computer vision

applications based on image statistics;

[0024] FIG. 4 is a diagram of a particular illustrative embodiment of a processing
system that is operable to reduce power usage associated with computer vision

applications;

[0025] FIG. 5 is a diagram of another particular illustrative embodiment of a processing
system that is operable to reduce power usage associated with computer vision

applications;

[0026] FIG. 6 is a diagram of another particular illustrative embodiment of a processing
system that is operable to reduce power usage associated with computer vision

applications;
[0027] FIG. 7 is a diagram of the second processing path of FIG. 6;

[0028] FIG. 8 is diagram of another particular illustrative embodiment of a processing

system operable to reduce power usage associated with computer vision applications;

[0029] FIG. 9 is diagram of another particular illustrative embodiment of a processing
system that is operable to reduce power usage associated with computer vision

applications;

[0030] FIG. 10 is a diagram illustrating the processing system of FIG. 9 in a partial

power mode;
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[0031] FIG. 11 is a diagram illustrating the processing system of FIG. 9 in a full power

mode;

[0032] FIG. 12 is a block diagram of a particular illustrative embodiment of mobile

devices that may utilize an always-on camera to identify a context of an image;

[0033] FIG. 13 is a diagram of an input/output diagram illustrating how embodiments
of devices may utilize a sensor and other information in contextual determinations,

which may influence modulation of a sampling rate of an always-on camera;

[0034] FIG. 14 is a block diagram of a particular illustrative embodiment of a system to

identify a context of an image;

[0035] FIG. 15 illustrates computation intervals associated with extracting subsets of

features of images;

[0036] FIG. 16 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0037] FIG. 17 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0038] FIG. 18 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0039] FIG. 19 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0040] FIG. 20 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0041] FIG. 21 is a diagram of another particular embodiment of a system to identify a

context of an image;

[0042] FIG. 22 is a diagram of another particular embodiment of a system to identify a

context of an image;
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[0043] FIG. 23 is a diagram of another particular embodiment of a system to identify a

context of an image and may be coupled to the system of FIG. 21;

[0044] FIG. 24 is a diagram of another particular embodiment of a system to identify a
context of an image and may be coupled to the system of FIG. 22, the system of FIG.
23, or both;

[0045] FIG. 25 is a diagram of another particular embodiment of a system to identify a

context of an image and may be coupled to the system of FIG. 24;

[0046] FIG. 26 is a diagram of another particular embodiment of a system to identify a
context of an image and may be coupled to the system of FIG. 24, the system of FIG.
25, or both;

[0047] FIG. 27 is a diagram of another particular embodiment of a system to identify a
context of an image and may be coupled to the system of FIG. 24, the system of FIG.
26, or both;

[0048] FIG. 28 is a bar chart illustrating an example of execution times associated with

extracting various subsets of features of test images;

[0049] FIG. 29 is a bar chart illustrating an example of memory usage associated with

extracting various subsets of features of test images;

[0050] FIG. 30 is a flowchart of a particular embodiment of a method reducing power

usage associated with computer vision applications based on image statistics;

[0051] FIG. 31 is a flow chart illustrating a particular embodiment of a method of

identifying a context of an image;

[0052] FIG. 32 is a flow chart illustrating another particular embodiment of a method of

identifying a context of an image;

[0053] FIG. 33 is a flow chart illustrating another particular embodiment of a method of

identifying a context of an image;
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[0054] FIG. 34 is a flow chart illustrating another particular embodiment of a method of

identifying a context of an image;

[0055] FIG. 35 is a flowchart of a particular embodiment of a method of reducing

power usage associated with computer vision applications;
[0056] FIG. 36 is a diagram of an illustrative embodiment of a mobile device;

[0057] FIG. 37 is a block diagram of a wireless device including components operable

to reduce power usage associated with computer vision applications; and

[0058] FIG. 38 is a block diagram of a particular illustrative embodiment of a device

that is operable to identify a context of an image.

DETAILED DESCRIPTION

[0059] Referring to FIG. 1, a particular illustrative embodiment of images frames of a
video stream and corresponding pixel representations of the image frames are shown.
For example, the video stream may include a first frame 102 of image data, a second
frame 104 of image data, and a third frame 106 of image data. In a particular
embodiment, the first frame 102, the second frame 104, and the third frame 106 may be

consecutive image frames in the video stream.

[0060] The video stream may be subject to application-specific processing (e.g.,
computer vision application processing). For example, in the particular illustrative
embodiment, the video stream may be subject to a hand recognition application (e.g.,
subject to processing that detects whether a hand is in a field of view). However, in
other embodiments, the video stream may be subject to other computer vision
applications. For example, the video stream may be subject to security applications
(e.g., surveillance, intrusion detection, object detection, facial recognition, etc.),
environmental-use applications (e.g., lighting control), object detection and tracking

applications, etc.

[0061] In the frames illustrated in FIG. 1, a hand is not present (e.g., visible) in the field
of view of the first frame 102, a portion of the hand is visible in the field of view of the

second frame 104, and the hand is fully visible in the field of view of the third frame
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106. The first frame 102 may be characterized by pixels in a first pixel representation
112, the second frame 104 may be characterized by pixels in a second pixel
representation 114, and the third frame 106 may be characterized by pixels in a third

pixel representation 116.

[0062] A low-power device (not shown in FIG. 1) within a processing system may
gencrate image statistics for each frame 102-106 in the video stream after each frame
102-106 is captured. For example, the low-power device may generate image statistics
for each frame 102-106 based on the corresponding pixel representations 112-116. For
grayscale image frames, each pixel in the pixel representations 112-116 may correspond
to an intensity value between zero (0) and two-hundred fifty five (255). An intensity
value of zero may correspond to a white pixel and an intensity value of two-hundred
fifty five may correspond to a black pixel. The low-power device may determine the
intensity value for each pixel in a particular frame 102-106 and generate an intensity
histogram for the particular frame 102-106 based on counts for each intensity value.
For example, the low-power device may generate a first intensity histogram for the first
frame 102, a second intensity histogram for the second frame 104, and a third intensity

histogram for the third frame 106.

[0063] For multi-spectral image frames, each pixel in the pixel representations 112-116
may correspond to a particular color value. The color values may be based on a
concentration of red (R), green (G), and blue (B) in the pixel. The low-power device
may determine the color value for each pixel in a particular frame 102-106 and generate
a color histogram for the particular frame 102-106 based on counts for each color value.
For example, the low-power device may generate a first color histogram for the first
frame 102, a second color histogram for the second frame 104, and a third color

histogram for the third frame 106.

[0064] A high-power device (not shown in FIG. 1) within the processing system may
perform application-specific processing on particular frames in the video stream. For
example, in the particular illustrative embodiment, the application-specific processing
may include determining whether a particular object (e.g., a hand) is in the selected
frame. In other embodiments, the application-specific processing may include

determining whether an alert event is triggered. An alert event may correspond to a
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change in condition between frames. As illustrative, non-limiting examples, an alert
event may correspond to a patient falling out of a bed, a house intrusion, a car pulling
into a driveway, a person walking through a door, etc. Generating the image statistics at
the low-power device may consume less power than performing the application-specific
processing at the high-power device. For example, generating the second image
statistics may consume less power than performing the application-specific processing

on the second frame 104.

[0065] During operation, a camera (¢.g., a video camera) may capture the first frame
102 at a first time and the processing system may perform image processing on the first
frame 102. For example, the low-power device may generate the first image statistics
(e.g., the first intensity histogram and/or the first color histogram) for the first frame
102, and the high-power device may perform application-specific processing on the first
frame 102 to determine whether the hand is visible in the first frame 102. After
processing the first frame 102, the camera may capture the second frame 104 at a
second time. The low-power device may generate the second image statistics for the
second frame 104. If the high-power device determined that the hand was not visible in
the first frame 102, a statistics processing device 108 within the processing system may
compare the second image statistics to the first image statistics to determine whether to
perform application-specific processing on the second frame 104 (e.g., to determine
whether the hand is visible in the second frame 104). In another particular embodiment,
performing application-specific processing may include determining whether an alert
event has been triggered. For example, the alert event may correspond to a change in

condition between the first frame 102 and the second frame 104.

[0066] For example, the statistics processing device 108 may receive the first image
statistics and the second image statistics (e.g., Nt image statistics). The statistics
processing device 108 may determine whether a first change amount between the
second image statistics and the first image statistics satisfies a threshold. If the change
amount does not satisfy the threshold, the processing system may only perform partial-
processing of the second frame 104 (e.g., to generate the second image statistics of the
second frame 104) and may bypass or forgo the application-specific processing of the

second frame 104. If the change amount satisfies the threshold, the processing system
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may perform more complete processing on the second frame 104 by generating the
second image statistics as well as performing application-specific processing on the

second frame 104.

[0067] For grayscale images, the first change amount may satisfy the threshold when a
difference between a first count of pixels for a particular intensity value in the first
intensity histogram and a second count of pixels for the particular intensity value in the
second intensity histogram is greater than a particular value. The threshold may be a
user-selected threshold. As a non-limiting example, the first pixel representation 112
and the second pixel representation 114 may each include twenty million (20,000,000)
pixels (e.g., the first and second frames 102, 104 are 20 megapixel images). The first
pixel representation 112 may include eleven million (11,000,000) white pixels (e.g.,
eleven million pixels having an intensity value of zero) and the second pixel
representation 114 may include ten and a half million (10,500,000) white pixels (e.g., a
difference of five hundred thousand pixels). If the threshold is one hundred thousand
pixels, then the first change amount (e.g., the difference) satisfies the threshold and the
processing system may perform application-specific processing on the second frame
104 to determine whether a hand is visible in the second frame 104. If the threshold is
one million pixels, then the first change amount fails to satisfy the threshold and the
processing system may bypass application-specific processing on the second frame 104

to conserve power.

[0068] For multi-spectral image frames, the first change amount may satisfy the
threshold when a difference between a first count of pixels for a particular color value in
the first color histogram and a second count of pixels for the particular color in the
second color histogram is greater than a particular value. As a non-limiting example,
the first pixel representation 112 and the second pixel representation 114 may each
include twenty million pixels. The first pixel representation 112 may include five
million red pixels and the second pixel representation 114 may include eight million red
pixels (e.g., a difference of three million pixels). If the threshold is two million pixels,
then the first change amount (e.g., the difference) satisfies the threshold and the
processing system may perform application-specific processing on the second frame

104 to determine whether a hand is visible in the second frame 104. If the threshold is
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four million pixels, then the first change amount fails to satisfy the threshold and the
processing system may bypass application-specific processing on the second frame 104
to conserve power. A particular range of values may be used for the threshold based on
a particular computer vision application. For example, a computer vision application
associated with hand detection (or facial detection) may focus on colors associated with

skin tones.

[0069] After processing the second frame 104, the processing system may process the
third frame 106. For example, the low-power device may generate the third image
statistics (e.g., the third intensity histogram and/or the third color histogram) for the
third frame 106. If application-specific processing on the second frame 104 was
bypassed, the statistics processing device 108 may determine whether a second change
amount between the third image statistics and the second image statistics satisfies the
threshold. If the second change amount satisfies the threshold, then the high-power
device may perform application-specific processing on the third frame 106 to determine
whether a hand is visible in the third frame 106. If the second change amount does not
satisfy the threshold, then the high-power device may bypass application-specific

processing on the third frame 106 to conserve energy.

[0070] In a particular embodiment, the statistics processing device 108 may determine
whether a third change amount between the third image statistics and the first image
statistics satisfies the threshold. Application-specific processing may be performed on
the third frame 106 if the third change amount satisfies the threshold and application-
specific processing on the third frame 106 may be bypassed if the third change amount
fails to satisfy the threshold. Performing application-specific processing based on the
third change amount may reduce a likelihood of missing an alert event (e.g., a visible
hand) due to nominal changes occurring between frames (e.g., small changes in image
statistics) that eventually lead to large changes. Additionally, full-processing of an
indeterminate number of frames may be skipped (e.g., bypassed) based on a
determination that the threshold is not satisfied. In a particular embodiment, image
statistics may be periodically refreshed and full-processing may be performed on any

Nt frame even if the threshold is not satisfied by the N* frame.
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[0071] Bypassing application-specific processing on a particular frame that has similar
image statistics to a previous frame may conserve power in electronic devices. For
example, application-specific processing may utilize high-power devices within a
processing system. By using low-power devices, such as the statistics processing device
108, to generate and/or evaluate statistics of each frame, a determination may be made
that particular frames are substantially identical and that application-specific processing
need only be performed on one of the identical frames. As a result, power may be

conserved by forgoing application-specific processing on identical frames.

[0072] Referring to FIG. 2, a particular illustrative embodiment of partial pixel
representations of image frames of a video stream is shown. For example, the first
frame 102 of FIG. 1 may be characterized by a first partial pixel representation 212 and
the second frame 104 of FIG. 1 may be characterized by a second partial pixel

representation 214.

[0073] The first partial pixel representation 212 may include a first row 202 of pixels, a
first column 204 of pixels, or both. The first row 202 of pixels and the first column 204
of pixels may be select pixels that are included in the first pixel representation 112 of
FIG. 1. The second partial pixel representation 214 may include a second row 222 of
pixels, a second column 224 of pixels, or both. The second row 222 of pixels and the
second column 224 of pixels may be select pixels that are included in the second pixel
representation 114 of FIG. 1. In a particular embodiment, the first row 202 of pixels
may correspond to pixels representing an area in the first frame 102, and the second row
222 of pixels may correspond to pixels representing the same area in the second frame
104. Additionally, the first column 204 of pixels may correspond to pixels representing
an area in first frame 102, and the second column 224 of pixels may correspond to

pixels representing the same area in the second frame 104.

[0074] The low-power device may generate first image statistics of the first frame 102
based on the first row 202 of pixels, the first column 204 of pixels, or a combination
thereof. For example, the first image statistics may correspond to a first summation
(e.g., rowsum[]) of pixel values for the first row 202 of pixels. Alternatively, or in
addition, the first image statistics may correspond to a first summation (e.g.,

columnsum(]) of pixels values for the first column 204 of pixels. The high-power
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device may perform application-specific processing on the first frame 102 to determine
whether the hand is visible in the first frame 102. In a particular embodiment, the first

image statistics may correspond to the summation of pixel values in two or more rows

of pixels, the summation of two or more columns of pixels, or a summation of one or

more rows of pixels and one or more columns of pixels.

[0075] After processing the first frame 102, the low-power device may generate second
image statistics of the second frame 104 based on the second row 222 of pixels, the
second column 224 of pixels, or a combination thereof. For example, the second image
statistics may correspond to a second summation of pixels values for the second row
222. Alternatively, or in addition, the second image statistics may correspond to a
second summation of pixel values for the second column 224 of pixels. In a particular
embodiment, the second image statistics may correspond to the summation of pixel
values in two or more rows of pixels, the summation of two or more columns of pixels,

or a summation of one or more rows of pixels and one or more columns of pixels.

[0076] If the high-power device determined that the hand was not visible in the first
frame 102, the statistics processing device 108 may compare the second image statistics
to the first image statistics to determine whether to perform application-specific
processing on the second frame 104 (e.g., to determine whether the hand is visible in the
second frame 104). For example, the statistics processing device 108 may determine
whether a first change amount between the second image statistics and the first image
statistics satisfies a threshold. If the change amount does not satisfy the threshold, the
processing system may only perform partial-processing of the second frame 104 (e.g., to
generate the second image statistics of the second frame 104) and may bypass or forgo
the application-specific processing of the second frame 104. If the change amount
satisfies the threshold, the processing system may perform more complete processing on
the second frame 104 by generating the second image statistics as well as performing

application-specific processing on the second frame 104.

[0077] The first change amount may satisfy the threshold when a difference between
the first summation of pixel values and the second summation of pixel values is greater
than a particular value. For example, in the illustrative embodiment, when the first

image statistics correspond to the summation of pixels values in the first column 204 of
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pixels and the second image statistics correspond to the summation of pixel values in
the second column 224 of pixels, the first change amount may fail to satisfy the
threshold. Each pixel in the first column 204 of pixels is a white pixel (e.g., pixel
having an intensity value of zero). As a result, the sum of the intensity values for first
column 204 of pixels may be equal to zero. Similarly, each pixel in the second column
224 of pixels is a white pixel. As a result, the sum of the intensity values for the second
column 224 may be equal to zero. Thus, based on a comparison of the first summation
of pixel values and the second summation of pixel values, the first change amount may
not satisfy the threshold. As a result, application-specific processing on the second

frame 104 may be bypassed.

[0078] However, when the first image statistics correspond to the summation of pixels
values in the first row 202 of pixels and the second image statistics correspond to the
summation of pixel values in the second row 222 of pixels, the first change amount may
satisfy the threshold. Each pixel in the first row 202 of pixels is a white pixel. As a
result, the sum of the intensity values of the first row 202 of pixels may be equal to zero.
However, a number of pixels in the second row 222 of pixels have a greater intensity
value (e.g., intensity value closer to 255 based on darker regions). As a result, the sum
of the intensity values of the second row 222 of pixels may be greater than zero.
Assuming the difference between the first summation of pixel values and the second
summation of pixel values satisfies the threshold, the high-power device may perform

application-specific processing on the second frame 104.

[0079] Power may be conserved by selecting particular rows and/or columns in a frame
and generating image statistics on frames based on the selected rows and/or columns as
opposed to generating image statistics for an entire frame. For example, the low-power
device may utilize less power to generate image statistics for the first row 202 of pixels

than to generate image statistics for every pixel in the first frame 102.

[0080] Referring to FIG. 3, a particular illustrative embodiment of a processing
system 300 that is operable to reduce power usage associated with computer vision
applications based on image statistics is shown. The processing system 300 includes a
camera 302, a first processing device 304, a memory 306, the statistics processing

device 108, and a second processing device 310. The second processing device 310
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may be a higher power usage device than the first processing device 304. In a particular
embodiment, the first processing device 304 may be a statistics generator and the
second processing device 310 may an application processor. In a particular
embodiment, the functions of the statistics processing device 108 and the first
processing device 304 may be included in a single low-power processing device, such

as a digital signal processor (DSP).

[0081] The camera 302 may capture a plurality of image frames (e.g., a video stream).
For example, the camera 302 may capture the first frame 102 of FIG. 1 at the first time,
the second frame 104 at the second time, and the third frame 106 at the third time. After
a particular frame 102-106 is captured, the particular frame is provided to the first

processing device 304.

[0082] The first processing device 304 may be configured to generate image statistics
for each frame 102-106 in the video stream as the frames 102-106 are captured. For
example, the first processing device 304 may generate image statistics for each frame
102-106 based on the corresponding pixel representations 112-116 of FIG. 1 or the
partial pixel representations 212, 214 of FIG. 2. After the image statistics are generated,
the image statistics are provided to the memory 306 and to the statistics processing
device 108. The image statistics may be also be used to identify characteristics of each

frame 102-106, a time of capture for each frame 102-106, etc.

[0083] The statistics processing device 108 may be configured to receive image
statistics for a current frame 102-106 (e.g., a most recent frame) from the first
processing device 304. In a particular embodiment, the statistics processing device 108
is another low-power device. For example, the statistics processing device 108 may
consume less power than the second processing device 310. The statistics processing
device 108 may be configured to cause the current frame 102-106 to be provided to the
second processing device 310 for application-specific processing. For example, the
statistics processing device 108 may provide the current frame 102-106 to the second

processing device 310 in response to a determination that there are no previous frames.

[0084] If a previous frame has been processed, the statistics processing device 108 may

determine whether a change amount between the image statistics of the current frame
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and the image statistics of the previous frame satisfy a threshold. For example, the
statistics processing device 108 may retrieve the image statistics for the previous frame
from the memory 306. If the change amount satisfies the threshold, the statistics
processing device 108 may provide the current frame to the second processing device
310 for application-specific processing. Otherwise, the statistics processing device 108
may determine to conserve power and bypass application-specific processing on the

current frame.

[0085] The second processing device 310 may be operable to perform computer vision
applications and operations on the current frame. For example, the second processing
device 310 may be configured to perform security applications (e.g., surveillance,
intrusion detection, object detection, facial recognition, etc.), environmental-use
applications (e.g., lighting control), object detection and tracking applications, etc. The
second processing device 310 may include a color unit 312, a lighting unit 314, a feature
extraction unit 316, a segmentation unit 318, a posture detection unit 320, a tracking and
prediction unit 322, a classification unit 324, or a combination thereof. The color unit
312 may enhance the color, exposure, and focus of the current frame. The lighting unit
314 may enhance environmental lighting of the frame. The feature extraction unit 316
may extract particular features from the current frame. The segmentation unit 318 may
partition the current frame into multiple segments (e.g., multiple sets of pixels). The
posture detection unit 320 may detect postures of particular features located in the
current frame. The tracking and prediction unit 322 may determine a relative position
of features in the current frame and predict where features may be in a next frame. The
classification unit 324 may classify the current frame and/or detect an alert event. The
second processing device 310 may include any combination of processing units for
processing computer vision applications. For example, the high-power device may

include additional units or fewer units.

[0086] During operation, the camera 302 may capture the first frame 102 at the first
time, and the first processing device 304 may generate the first image statistics for the
first frame 102. The first processing device 304 may provide the first image statistics to
the memory 306. Additionally, the first processing device 304 may provide the first

frame 102 and the first image statistics to the statistics processing device 108. The
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statistics processing device 108 may poll the memory 306 to determine whether image
statistics for other previous frames are stored in the memory 306 for comparison. In
response determining that no image statistics for previous frames are stored in the
memory 306 for comparison, the statistics processing device 108 may cause the first
frame 102 to be provided to the second processing device 310, and the second
processing device 310 may perform application-specific processing on the first frame

102 to determine whether a hand is visible in the first frame 102.

[0087] After capturing the first frame 102, the camera 302 may capture the second
frame 104 at the second time, and the first processing device 304 may generate the
second image statistics for the second frame 104. The first processing device 304 may
provide the second image statistics to the memory 306. Additionally, the first
processing device 304 may provide the second frame 104 and the second image

statistics to the statistics processing device 108.

[0088] The statistics processing device 108 may poll the memory 306 and retrieve the
first image statistics. After retrieving the first image statistics, the statistics processing
device 108 may compare the second image statistics to the first image statistics to
determine whether to provide the second frame 104 to the second processing device 310
for application-specific processing on the second frame 104. In the illustrative
embodiment, application-specific processing may be used to determine whether the
hand is visible in the second frame 104. For example, the statistics processing device
108 may determine whether a first change amount between the second image statistics
and the first image statistics satisfies a threshold. If the change amount does not satisfy
the threshold, the statistics processing device 108 may determine to conserve power and
bypass application-specific processing of the second frame 104. If the change amount
satisfies the threshold, the statistics processing device 108 may provide the second
frame 104 to the second processing device 310 for application-specific processing on

the second frame 104.

[0089] After capturing the second frame 104, the camera 302 may capture the third
frame 106 at the third time, and the first processing device 304 may generate the third
image statistics for the third frame 106. The first processing device 304 may provide

the third image statistics to the memory 306. Additionally, the first processing device
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304 may provide the third frame 106 and the third image statistics to the statistics

processing device 108.

[0090] The statistics processing device 108 may poll the memory 306 and retrieve the
first image statistics, the second image statistics, or a combination thereof. If the
statistics processing device 108 determined to bypass application-specific processing on
the second frame 104, the statistics processing device 108 may compare the third image
statistics to the second image statistics to determine whether to perform application-
specific processing on the third frame 106. Alternatively, the statistics processing
device 108 may compare the third image statistics to the first image statistics or a

combination of the first and second image statistics.

[0091] Bypassing application-specific processing on a particular frame that has similar
image statistics to a previous frame may conserve power in electronic devices. For
example, application-specific processing may utilize high-power devices (e.g., a general
purpose processor or a graphics processor) within a processing system, such as
computer vision application devices. By using low-power devices (e.g., a digital signal
processor, an application-specific integrated circuit, a field programmable gate array,
etc.), such as the statistics processing device 108, to generate and/or evaluate statistics
of each frame, a determination may be made that particular frames are substantially
identical and that application-specific processing need only be performed on one of the
identical frames. As a result, power may be conserved by forgoing application-specific

processing on identical or similar frames.

[0092] Referring to FIG. 4, a particular illustrative embodiment of a processing system
400 that is operable to reduce power usage associated with computer vision applications
is shown. The processing system 400 includes a sensor 402, a change detection circuit
414, an application processor 418, and a memory 420. In a particular embodiment, the
change detection circuit 414 may be included in a first processing path 408 (e.g., a low
power processing path and/or low data rate processing path). The application processor
418 and the memory 420 may be included in a second processing path 410 (e.g., a high

power processing path and/or high data rate processing path).
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[0093] The sensor 402 may be configured to capture sensor data 430 (e.g., a plurality of
image frames or a video stream). In a particular embodiment, the sensor 402 may
correspond to the camera 302 of FIG. 3. In another particular embodiment, the sensor
402 may be an ambient light sensor, such as an ambient light sensor 840 as described
with respect to FIG. 8, or another type of sensor. The sensor data 430 may include first
sensor data (e.g., the first frame 102 of FIG. 1), second sensor data (e.g., the second
frame 104 of FIG. 1), third sensor data (e.g., the third frame 106 of FIG. 1), etc. The
sensor data 430 may be provided to the change detection circuit 414 of the first
processing path 408.

[0094] The change detection circuit 414 may compare the first frame 102 of the sensor
data 430 to the second frame 104 (or another frame) of the sensor data 430 to detect a
change amount between the frames 102, 104. For simplicity of illustration, the change
detection circuit 414 will be described as comparing the first frame 102 to the second
frame 104. However, because relatively minor changes may occur between the first
frame 102 and the second frame 104, it will be appreciated that the change detection
circuit 414 may compare the first frame 102 to frames spaced further apart to detect

changes between the frames.

[0095] The change detection circuit 414 may include an “on-board” memory to store
the first frame 102. When the second frame 104 (or another frame) of the sensor data
430 is received from the sensor 402, the change detection circuit 414 may retrieve the
first frame 102 from the on-board memory, compare the frames 102, 104, and generate a
control signal 416 based on the comparison. For example, the change detection circuit
414 may determine whether to wake up the application processor 418 based on the
comparison (e.g., based on similarities between the first frame 102 and the second frame
104). In a particular embodiment, the change detection circuit 414 may compare first
image statistics of the first frame 102 to second image statistics of the second frame 104
as described with respect to FIGs. 1-3. For example, the change detection circuit 414
may correspond to the statistics processing device 108 of FIGs. 1-3, and the on-board

memory may correspond to the memory 306 of FIG. 3.

[0096] The control signal 416 may be provided to the application processor 418. The

control signal 416 may indicate whether to “wake up” the application processor 418 to
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perform application-specific processing (e.g., computer vision application-specific
processing) on the second frame 104. For example, if the change detection circuit 414
determines that the change amount between the first frame 102 and the second frame
104 does not satisfy a threshold, the control signal 416 may keep the application
processor 418 in a “sleep” state to conserve power. If the change detection circuit 414
determines that the change amount between the first frame 102 and the second frame
104 satisfies the threshold, the control signal 416 may wake up the application processor
418 to perform application-specific processing on the second frame 104. Thus, the
change detection circuit 414 may also provide sensor data 430 (e.g., the second frame
104) to the application processor 418 for computer vision application-specific

processing.

[0097] The application processor 418 may be configured to perform computer vision
application-specific processing on the second frame 104. As a non-limiting example,
the application processor 418 may determine whether a particular object (e.g., a hand) is
in the second frame 104. Thus, the application processor 418 may perform object
detection/object recognition computer vision application-specific processing. Other
examples of computer vision application-specific processing may include security
applications (e.g. surveillance, intrusion detection, object detection, facial recognition,
etc.), environmental-use applications (e.g., lighting control), object detection and
tracking applications, etc. As used herein, “computer vision application” and/or
“computer vision application-specific processing” may correspond to, or include, a
limitless number of applications based on video/image data. The examples used herein

are not intended to be limiting.

[0098] In a particular embodiment, the application processor 418 may perform
computer vision application-specific processing as described with respect to FIGs. 13-
27. For example, the application processor 418 may extract a first subset of features of
the second frame 104, extract a second subset of features of the second frame 104 based
on the first subset of features satisfying an analysis criterion, and generate context data
indicating a context of the second frame 104 based at least in part on the second subset

of features.
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[0099] The application processor 418 may also provide the sensor data 430 (e.g., the
frames that undergo computer vision application-specific processing) to the memory
420. Thus, the application processor 418 (and additional processors/processing
resources) may access the sensor data 430 from the memory 420 during computer
vision-application specific processing. In a particular embodiment, the memory 420
may be a double data rate (DDR) memory. For example, the memory 420 may be a
DDR synchronous dynamic random-access memory (DDR SDRAM).

[00100] The processing system 400 of FIG. 4 may reduce power consumption by
bypassing computer vision application-specific processing on a particular frame that is
similar to a previous frame. For example, the change detection circuit 414 may indicate
(via the control signal 416) whether to activate (e.g., wake up) the application processor
418 based on a comparison between a current frame and a previous frame. If the change
detection circuit 414 determines that differences between the current frame and the
previous frame do not satisfy a threshold (e.g., a change threshold), the change detection
circuit 414 may determine to deactivate the application processor 418 (e.g., keep the

application processor 418 in the sleep state) to conserve power.

[00101] Referring to FIG. 5, a particular illustrative embodiment of a processing
system 500 that is operable to reduce power usage associated with computer vision
applications is shown. The processing system 500 includes a sensor 502, a selection

circuit 506, a first processing path 508, and a second processing path 510.

[00102] The first processing path 508 may include a signal analyzer 512 and a
change detection circuit 514. The second processing path 510 may include an
application processor 518 and a memory 520. In a particular embodiment, the first
processing path 508 may be a low power processing path and/or a low data rate
processing path, and the second processing path 510 may be a high power processing
path and/or high data rate processing path. For example, components in the first
processing path 508 may consume less power than components in the second processing

path 510.

[00103] The sensor 502 may be configured to capture sensor data (e.g., a plurality of

image frames or a video stream). In a particular embodiment, the sensor 502 may
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correspond to the camera 302 of FIG. 3 or the sensor 402 of FIG. 4. The sensor data
may include first sensor data (e.g., the first frame 102 of FIG. 1), second sensor data
(e.g., the second frame 104 of FIG. 1), third sensor data (e.g., the third frame 106 of
FIG. 1), etc. The sensor data may be provided to the selection circuit 506.

[00104] The selection circuit 506 may be configured to provide incoming frames
(e.g., sensor data) to the first processing path 508 and/or provide the incoming frames to
the second processing path 510 based on a control signal 516 (e.g., a feedback signal).
In a particular embodiment, the selection circuit 506 may be implemented as a
multiplexer responsive to the control signal 516. The selection circuit 506 may initially
provide sensor data 530 (e.g., provide incoming frames via a low data rate channel) to
the signal analyzer 512 for processing. To illustrate, the selection circuit 506 may
provide the first frame 102 to the signal analyzer 512, and the selection circuit 506 may

provide the second frame 104 to the signal analyzer 512.

[00105] Upon receiving the first frame 102, the signal analyzer 512 may analyze the
first frame 102 and provide first analysis results 542 of the analysis to the change
detection circuit 514. In a particular embodiment, the signal analyzer 512 may
correspond to the first processing device 304 of FIG. 3 and operate in a substantially
similar manner. The change detection circuit 514 may include an “on-board” memory
to store the first analysis results 542. In a particular embodiment, the change detection
circuit 514 may operate in a substantially similar manner as the change detection circuit
414 of FIG. 4. Upon receiving the second frame 104, the signal analyzer 512 may
analyze the second frame 104 and provide second analysis results 542 of the analysis to

the change detection circuit 514.

[00106] In a particular embodiment, the application processor 518 may generate and
provide analysis configuration data 534 to the signal analyzer 512 and/or to the change
detection circuit 514. The analysis configuration data 534 may indicate a particular type
of features to be analyzed (e.g., a particular type of image statistics to be generated) by
the signal analyzer 512 and/or the change detection circuit 514. The particular type of
features to be analyzed may be based on a particular computer vision application to be
performed by the application processor 518. As a non-limiting example, if the

application processor 518 is to perform an object detection/recognition computer vision
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application to detect a “hand” in an image frame, the application processor 518 may
provide analysis configuration data 534 such that the signal analyzer 512 generates

image data for pixels having “skin tone” colors.

[00107] The change detection circuit 514 may be configured to determine a change
amount between the first frame 102 and the second frame 104 (e.g., a change amount
between the first analysis results 542 (or first sensor data) and the second analysis
results 542 (or second sensor data)). When the change amount fails to satisfy a
threshold (e.g., a change threshold), the change detection circuit 514 may generate a
control signal 516 having a first value. When the change amount satisfies the threshold,
the change detection circuit 514 may generate a control signal 516 having a second
value. As a non-limiting example, the change amount may satisfy the threshold when a
difference between a first count of pixels for a particular color value (e.g., brown) in a
first color histogram (generated by the signal analyzer 512) and a second count of pixels
for the particular color value in a second color histogram (generated by the signal

analyzer 512) is greater than a threshold value.

[00108] If the control signal 516 has the first value (e.g., indicating that the change
amount failed to satisfy the threshold), the selection circuit 506 may provide additional
frames (e.g., sensor data 530) to the first processing path 508 so that the signal analyzer
512 may generate data for the additional frames and the change detection circuit 514
may determine whether a change amount associated with the additional frames satisfy
the threshold. If the control signal 516 has the second value (e.g., indicating that the
change amount satisfies the threshold), the selection circuit 506 may provide sensor data
532 (e.g., the second frame 104 and/or subsequent frames 106) to the second processing
path 510 for application-specific processing (e.g., computer vision application-specific
processing). For example, the selection circuit 506 may provide the sensor data 532 to

the application processor 518 via a high data rate channel.

[00109] The application processor 518 may be configured to perform computer
vision application-specific processing on the second frame 104. As a non-limiting
example, the application processor 518 may determine whether a particular object (e.g.,

the hand) is in the second frame 104.
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[00110] In a particular embodiment, the application processor 518 may perform
computer vision application-specific processing as described with respect to FIGs. 13-
27. For example, the application processor 518 may extract a first subset of features of
the second frame 104, extract a second subset of features of the second frame 104 based
on the first subset of features satisfying an analysis criterion, and generate context data
indicating a context of the second frame 104 based at least in part on the second subset
of features. In a particular embodiment, components of the first processing path 508
(e.g., the signal analyzer 512 and/or the change detection circuit 514) may provide
analysis feedback data 536 to the application processor 518. The analysis feedback data
536 may include the analysis results 542 of the sensor data 530, an indication of an
accuracy level of the analysis results, the first and second subset of features, etc. For
example, the change detection circuit 514 may extract the first and second subset of
features of the second frame 104 and provide the extracted features to the application
processor 518 (via the analysis feedback data 536) so that the application processor 518

may generate the context data.

[00111] The application processor 518 may also provide the sensor data 532 (e.g., the
frames that undergo computer vision application-specific processing) to the memory
520. Thus, the application processor 518 (and additional processors/processing
resources) may access the sensor data 532 from the memory 520 during computer
vision-application specific processing. In a particular embodiment, the memory 520

may be a DDR memory (e.g., a DDR SDRAM).

[00112] The processing system 500 of FIG. 5 may reduce power consumption by
bypassing computer vision application-specific processing on a particular frame that is
similar to a previous frame. For example, the change detection circuit 514 may indicate,
via the control signal 516, whether to activate (e.g., wake up) the application processor
518 based on a comparison between image statistics of a current frame and image
statistics of a previous frame. If the change detection circuit 514 determines that
differences between the current frame and the previous frame do not satisfy a threshold
(e.g., a change threshold), the change detection circuit 514 may determine to deactivate
the application processor 518 (e.g., keep the application processor 518 in the sleep state)

to conserve power.
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[00113] Because the application processor 518 may indicate (to components of the
first processing path 508) the type of statistics that are “relevant” to the computer vision
application via the analysis configuration data 534, a number of false positives
generated by the change detection circuit 514 may be reduced. For example, the signal
analyzer 512 and the change detection circuit 514 may determine whether to wake up
the application processor 518 based on image statistics tailored to a particular computer
vision application as opposed to making the determination based on “any” change
between frames. Reducing the number of false positives (e.g., reducing the number of
times the second processing path 510 is activated based on image statistics that are

irrelevant to the computer vision application) may also conserve power.

[00114] Referring to FIG. 6, another particular illustrative embodiment of a
processing system 600 that is operable to reduce power usage associated with computer
vision applications is shown. The processing system 600 includes a sensor 602,
preprocessing circuit 604, the selection circuit 506, a first processing path 608, and a

second processing path 610.

[00115] The first processing path 608 may include the signal analyzer 512 and the
change detection circuit 514. The second processing path 610 may include the
application processor 518, the memory 520, and one or more additional processors 622.
In a particular embodiment, the first processing path 608 may be a low power
processing path, and the second processing path 610 may be a high power processing
path. For example, components in the first processing path 608 may consume less

power than components in the second processing path 610.

[00116] The sensor 602 may be configured to capture a plurality of image frames
(e.g., a video stream). In a particular embodiment, the sensor 602 may correspond to
the camera 302 of FIG. 3. The video stream captured by the sensor 602 may be
provided to the preprocessing circuit 604. The preprocessing circuit 604 may be
configured to sample the video stream to generate a set of frames (e.g., the first frame
102 of FIG. 1, the second frame 104, and the third frame 106) from the video stream.
For example, the preprocessing circuit 604 may sample the video stream at sample rate

such that the first frame 102 is generated at the first time, the second frame 104 is
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generated at the second time, and the third frame 106 is generated at the third time.

Each frame 102-106 may be provided to the selection circuit 506.

[00117] The selection circuit 506, the signal analyzer 512, the change detection
circuit 514, and the application processor 518 may operate in a similar manner as
described with respect to FIG. 5. The one or more additional processors 622 may access
the sensor data 532 from the memory 520 to perform additional processing (e.g.,
additional computer vision application-specific processing) on the sensor data 532, as
described with respect to FIG. 7. In a particular embodiment, at least one of the one or
more additional processor 422 may correspond to, or include, a second application

processor or a digital signal processor (DSP).

[00118] Referring to FIG. 7, a particular illustrative embodiment of the second
processing path 610 is shown. The second processing path 610 includes a data bus 702,
the application processor 518, the one or more additional processors 622, and a control
bus 710. The one or more additional processors 622 may include a second application
processor 706 and an M™ application processor 708. In a particular embodiment, M
may be any integer value that is greater than or equal to one. For example, if M is equal

to five, then the second processing path 610 may include five application processors.

[00119]  Each application processor 518, 706, 708 may correspond to a processing
core, an application processor subsystem, a processing resource, etc. Each application
processor 518, 706, 708 may consume a different amount of power. For example, the
application processor 518 may consume a first amount of power, the second application
processor 706 may consume a second amount of power, and the M™ application
processor 708 may consume an M amount of power. The first amount of power may
be less than the second amount of power, and the second amount of power may be less

than the M amount of power.

[00120] The selection circuit 506 may provide the sensor data 532 (e.g., the second
frame 104) to the memory 520 via the data bus 702. Each application processor 518,
706, 708 may be able to access the sensor data 532 from the memory 520 via the data
bus 702. For example, each application processor 518, 706, 708 may be coupled to the
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data bus 702 to receive the second frame 104 (or processed versions of the second frame

104) from the memory 520.

[00121] The application processor 518 may be configured to perform first computer
vision application-specific processing on the sensor data 532. As a non-limiting
example, the application processor 518 may be configured to scan pixels of the second
frame 104 for a particular color (e.g., a color associated with a human skin tone for hand
detection/recognition). While the application processor 518 is performing the first
computer vision application-specific processing on the second frame 104, the second
application processor 706 and the M' application processor 708 may be in a “sleep”

state to conserve power.

[00122] If'the application processor 518 detects a particular event, the application
processor 518 may request that the second application processor 706 perform second
computer vision application-specific processing on the second frame 104 (e.g., request
that the second application processor 706 “wake up” from the sleep state). As a non-
limiting example, if the application processor 518 detects determines that a particular
pixel of the second frame 104 has the particular color, the application processor 518
may request that second application processor 706 perform the second computer vision
application-specific processing (e.g., object detection processing, object recognition
processing, or any combination thereof) on the second frame 104. The application
processor 518 may communicate with the second application processor 706 via the
control bus 710. For example, the application processor 518 may send an instruction to
the second application processor 706 via the control bus 710 to alert the second

application processor 706 of the particular event.

[00123] The second application processor 706 may determine whether to perform the
second computer vision application-specific processing on the sensor data 532 (e.g., the
second frame 104). The determination may be based on processing capabilities of the
second application processor 706, the relevance of the particular event, etc. If the
second application processor 706 determines to perform the second computer-vision
application-specific processing on the second frame 104, the second application
processor 706 may also determine whether to discontinue computer vision application-

specific processing on the second frame 104 at the application processor 518.
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[00124] For example, the second application processor 706 may be able to perform
the first and second computer vision application-specific processing on the second
frame 104. Computer vision application-specific processing on the second frame 104
may be discontinued at the application processor 518 based on the determination at the
second application processor 706. In this embodiment, the second application processor
706 may send an instruction to the application processor 518 (via the control bus 710) to
enter in to a sleep state, and the second application processor 706 may perform the first
computer vision application-specific processing on the second frame 104. For example,
if the second application processor 706 is capable of performing the first computer
vision application-specific processing on the second frame 104, the application

processor 518 may be deactivated to the conserve power.

[00125] Ifthe second application processor 706 determines to forgo the second
computer vision application-specific processing on the second frame 104, the second
application processor 706 may send an indication of a refusal to perform the second
computer vision application-specific processing. For example, the second application
processor 706 may send the indication via the control bus 710 to the application
processor 518. In a particular embodiment, the second application processor 706 may
send an instruction to cause the application processor 518 to refrain from requesting the
second application processor 706 to perform the second computer vision application-
specific processing based on the particular event. Additionally, the second application
processor 706 may “program” the application processor 518 to troubleshoot the
particular event so that the application processor 518 does not wake up the second
application processor 706 upon the occurrence of the particular event. Thus, the second
application processor 706 may control the state (e.g., sleep state or activate state) of the
application processor 518, and the second application processor 706 may also program

the application processor 518 to function in a more efficient manner.

[00126] The M™ application processor 708 may operate in a substantially similar
manner with respect to the second application processor 706 and the application
processor 518 as the second application processor 706 operates with respect to the
application processor 518. For example, the M™ application processor 708 may be

configured to perform M computer vision application-specific processing on the
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second frame 104, the second computer vision application-specific processing, and the
first computer vision application-specific processing. In a similar manner as the second
application processor 706, the Mth application processor 708 may decline to perform
the M computer vision application-specific processing, control the state of the other
application processors 518, 706, program the other application processors 518, 706 to

operate in a more efficient manner, etc.

[00127] The second processing path 610 may reduce power consumption by
selectively deactivating one or more application processors 518, 706, 708 to increase
processing efficiency. For example, the application processors that are more complex
(e.g., capable of performing more computer vision application-specific processing
functions) and consume more power may control the state of the application processors
that are less complex and consume less power. Thus, if an active application processor
is able to perform the computer vision application-specific processing functions of a
lower power application processor, the active application processor may instruct the

lower power application processor to enter into a sleep state to conserve power.

[00128] Referring to FIG. 8, another particular illustrative embodiment of a
processing system 800 that is operable to reduce power usage associated with computer
vision applications is shown. The processing system 800 includes sensors 802, a system
controller 806, a first processing path 808, and a second processing path 8§10. In FIG. 8,
the sensors 802 include an ambient light sensor 840 and a camera 842. In alternate
embodiments, different numbers and/or types of sensors may be included. The first
processing path 808 may include the signal analyzer 512, an activation analyzer 814,
and a deactivation analyzer 816. The second processing path 810 may include an object

detector 850, an object identifier 852, an activity classifier 854, and a user interface 856.

[00129] The ambient light sensor 840 may be configured to detect light and/or
motion in a field of view. For example, the ambient light sensor 840 may be a micro-
electrical-mechanical system (MEMS) based camera that is of low-power and low-
resolution to determine whether light or motion is present in the field of view. If the
ambient light sensor 840 detects motion and/or light in the field of view, the ambient
light sensor 840 may provide a first value (e.g., a logical high voltage value) to the

system controller 806 as a sensor status 882. Alternatively, if the ambient light sensor
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840 does not detect motion and/or light in the field of view, the ambient light sensor 840
may provide a second value (e.g., a logical low voltage value) to the system controller

806 as a sensor status 882.

[00130] Based on the sensor status 882, the system controller 806 may selectively
activate or deactivate the camera 842. For example, the system controller 806 may
provide sensor configuration data 880 to activate the camera 842 when the ambient light
sensor 840 detects light and/or motion in the field of view. When the camera 842 is
activated, the camera 842 may provide low rate data 834 (e.g., the sensor data 530) to
the signal analyzer 512. Alternatively, the system controller 806 may provide sensor
configuration data 880 to deactivate the camera 842 when the ambient light sensor 840
does not detect light and/or motion in the field of view. Deactivating the camera 842
when light and/or motion are not detected in the field of view may conserve power. Ina
particular embodiment, the sensor configuration data 880 may also indicate the portion

(e.g., the location) in the field of view where the light and/or motion was detected.

[00131] Although the sensors 802 in FIG. 8 depict the ambient light sensor 840 and
the camera 842, in other embodiments, a single camera that is configured to operate in a
first mode (e.g., a low-power mode) and a second mode (e.g., a high power mode) may
be used. For example, in the low-power mode, the camera may be configured to detect
light and/or motion in a field of view. Upon detecting the light and/or motion, the
camera may enter into the high-power mode and provide low rate data 834 (e.g., the

sensor data 530) to the signal analyzer 512.

[00132] The signal analyzer 512 may provide the analysis results 542 to the
activation analyzer 814 and the deactivation analyzer 816. In a particular embodiment,
the activation analyzer 814 and the deactivation analyzer 816 may correspond to the
change detection circuit 414 of FIG. 4 or the change detection circuit 514 of FIG. 5. For
example, the activation analyzer 814 may generate an activate signal 844 based on the
analysis results 542 (e.g., if the change amount between the first sensor data and the
second sensor data satisfies a change threshold). The system controller 806 may
provide the activate signal 844 to the second processing path 810 to activate (e.g., wake
up) components in the second processing path 810. Alternatively, the deactivation

analyzer 8§16 may generate a deactivate signal 846 based on the analysis results 542
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(e.g., if the change amount between the first sensor data and the second sensor data fails
to satisfy the threshold). The system controller 806 may provide the deactivation signal
to the second processing path 810 to deactivate components in the second processing

path 810.

[00133] Ifthe second processing path 810 is activated, the camera 842 may provide
high rate data 832 to the components in the second processing path 810 for computer
vision application-specific processing. For example, the object detector 850 may detect
objects in a frame of the high rate data 832, the object identifier 852 may indentify the
object, the activity classifier 854 may classify the identified object, etc. In a particular
embodiment, the object detector 850 may correspond to the application processor 518 of
FIG. 7, the object identifier 852 may correspond to the second application processor 706
of FIG. 7, and the activity classifier 854 may correspond to the Mt application
processor 708 of FIG. 7. Although the second processing path 810 in FIG. 8 includes
the object detector 850, the object identifier 852, and the activity classifier 854, in other
embodiments, the second processing path 810 may include additional or different
components. For example, the components in the second processing path 810 may be
based on the computer vision application. The user interface 856 may be configured to
display outputs of the object detector 850, the object identifier 852, the activity

classifier, or any combination thereof, to a user (e.g., at a display device).

[00134] In a particular embodiment, the second processing path 810 may provide a
status indication 848 to the first processing path 808 via the system controller 806. The
status indication 848 may indicate to the first processing path 808 whether particular

components in the second processing path 810 are active or idle.

[00135] Referring to FIG. 9, another particular illustrative embodiment of a
processing system 900 that is operable to reduce power usage associated with computer
vision applications is shown. The processing system 900 includes the sensor 402, a
video front-end (VFE) Lite subsystem 904, a low power computer vision subsystem
(LPCVSS) 906, a low power application subsystem (LPASS) 908, an application
processor subsystem (APSS) 910, one or more other processors 912, and a data bus 916.
In a particular embodiment, the LPASS 908 may correspond to the application

processor 518 of FIG. 7 and may operate in a substantially similar manner, the APSS
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910 may correspond to the second application processor 706 of FIG. 7 and may operate
in a substantially similar manner, and the one or more other processors 912 may
correspond to the M application processor 708 of FIG. 7 and may operate in a

substantially similar manner.

[00136] The LPASS 908, the APSS 910, and the one or more other processors 912
may each correspond to a processing core, an application processor subsystem, a
processing resource, etc. The LPASS 908 may consume a first amount of power, the
APSS 910 may consume a second amount of power, and the additional processors 912
may consume third amount of power. The first amount of power may be less than the
second amount of power, and the second amount of power may be less than the third

amount of power.

[00137] The sensor 402 may provide the sensor data 430 (e.g., the first frame 102,
the second frame 104, the third frame 106, etc.) to the VFE-Lite 904. Upon receiving
the first frame 102, the VFE-Lite 904 may analyze the first frame 102 and provide first
analysis results 542 of the analysis to the LPCVSS 906. In a particular embodiment, the
VFE-Lite 904 may correspond to the first processing device 304 of FIG. 3 or the signal
analyzer 512 of FIG. 5 and operate in a substantially similar manner. The LPCVSS 906
may include an “on-board” memory to store the first analysis results 542. In a particular
embodiment, the LPCVSS 906 may operate in a substantially similar manner as the
change detection circuit 414 of FIG. 4 or the change detection circuit 514 of FIG. 5.
Upon receiving the second frame 104, the VFE-Lite 904 may analyze the second frame
104 and provide second analysis results 542 of the analysis to the LPCVSS 906.

[00138] Additionally, the VFE-Lite 904 may provide the sensor data 430 (e.g., the
second frame 104) to a DDR 914 via the data bus 916. The LPCVSS 906, the LPASS
908, the APSS 910, and the additional processors 912 may be able to access the sensor
data 430 from the DDR 914 via the data bus 916. For example, the LPCVSS 906, the
LPASS 908, the APSS 910, and the additional processors 912 may be coupled to the
data bus 916 to receive the second frame 104 (or processed versions of the second frame

104) from the DDR 914.



WO 2014/201386 PCT/US2014/042353

—36 —

[00139] The LPCVSS 906 may be configured to determine a change amount between
the first frame 102 and the second frame 104 (e.g., a change amount between the first
analysis results 542 (or first sensor data) and the second analysis results 542 (or second
sensor data)). When the change amount fails to satisfy a threshold (e.g., a change
threshold), the LPCVSS 906 may generate a control signal 920 having a first value.
When the change amount satisfies the threshold, the LPCVSS 906 may generate a

control signal 516 having a second value.

[00140] In the illustrated embodiment of FIG. 9, the control signal 920 has the first
value indicating that the change amount failed to satisfy the threshold. As a result, the
LPASS 908, the APSS 910, and the one or more additional processors 912 are in a sleep
state, as indicated via hatching pattern. For example, the LPCVSS 906 may indicate to
the LPASS 908 (via the control signal 920) to remain in the sleep state based on the
change amount. Thus, in the illustrated embodiment of FIG. 9, the power may be
conserved turning off the LPASS 908, the APSS 910, and the one or more additional
processors 912 because the computer vision application-specific processing on the

current frame may be bypassed.

[00141] In the illustrated embodiment of FIG. 10, the processing system 900 may be
in a partial power mode. To illustrate, the control signal 920 may have the second value
indicating that the change amount satisfies the threshold. For example, the LPCVSS
906 may detect “activity” (e.g., a change between the current frame and the previous
frame) and signal to the LPASS 908 to perform computer vision application-specific
processing on the current frame. When the LPASS 908 receives the control signal 920,
the LPASS 908 may “wake up” and perform first computer vision application-specific
processing on the sensor data 430. As a non-limiting example, the LPASS 908 may be
configured to scan pixels of the second frame 104 for a particular color (e.g., a color
associated with a human skin tone for hand detection/recognition). As another non-
limiting example, the LPASS 908 may generate a localized “region of interest” (ROI) to
determine whether the activity in the ROI satisfies a threshold. If the activity in the ROI
does not satisfy the threshold, the LPASS 908 may “turn off” the APSS 910 and the
other processors 912 and may “drop” the current frame. Turning off the APSS 910 and

the other processors 912 may reduce power consumption.
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[00142] In the illustrated embodiment of FIG. 11, the processing system 900 may be
in a full power mode. For example, if the activity in the ROI satisfies the threshold, the
LPASS 908 may request, via a control signal 922, that the APSS 910 perform second
computer vision application-specific processing on the second frame 104 (e.g., request
that the APSS 910 “wake up” from the sleep state). As a non-limiting example, if the
LPASS 908 detects determines that a particular pixel of the second frame 104 has the
particular color, the LPASS 908 may request that APSS 910 perform the second
computer vision application-specific processing (e.g., object detection processing,
object recognition processing, or any combination thereof) on the second frame 104.

The LPASS 908 may communicate with the APSS 910 via IPC controls.

[00143] Similarly, the APSS 910 may request, via a control signal 924, that the
additional processors 912 perform third computer vision application-specific processing
on the second frame 104 (e.g., request that the additional processors 912 “wake up”
from the sleep state). The APSS 910 may communicate with the additional processors

912 via IPC controls.

[00144] Thus, the embodiments described with respect to FIGS. 9-11 may reduce
power consumption by selectively deactivating one or more processors/subsystems to

increase processing efficiency.

[00145] An example of a sensor (e.g., the sensor 402 of FIG. 4) that may provide
input to a computer vision application processor includes an always-on camera. The
always-on camera may be included in and/or communicatively coupled with any of a
variety of mobile devices. FIG. 12, for example, is an illustration of embodiments of
mobile devices 1200 that may utilize an always-on camera. The mobile devices 1200
include a mobile phone 1200-1, a tablet 1200-2, and a head-mounted display (HMD)
1200-3. Although not shown in FIG. 12, the mobile devices 1200 may include personal
digital assistants (PDAs), notebook computers, personal media players, gaming devices,
cameras, video recorders, and the like. The mobile devices 1200 may include one or
more wearable devices (e.g., helmet cameras, sports cameras, etc.), which may be
distributed across a user’s body. Multiple devices (e.g., wearable devices) may be
communicatively connected with and/or managed by a contextual determination engine,

as further described in reference to FIG. 13.
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[00146] Furthermore, style, size, functionality, and/or other features of a mobile
device may vary between different mobile devices of the same type. Mobile devices
1200 may include one or more cameras 1210 (e.g., the camera 302 of FIG. 3, the camera
842 of FIG. 8) positioned at any of a variety of locations on the mobile device 1200.
The mobile phone 100-1, for instance, may include a front-facing camera 1210-1 and/or
a rear-facing camera 1210-2. The tablet 1200-2 may include a front-facing camera
1210-3 and/or additional cameras 1210-4 on other surfaces (e.g., sides and/or back),
which may face other directions. The HMD 100-3 may have an outward-facing camera
1210-5 located between the displays 1220 of the HMD 1200-3, as shown, and/or at
another location of the HMD 1200-3.

[00147]  Any or all of the cameras 1210 of a mobile device may be utilized as an
always-on camera, depending on desired functionality. Although some embodiments
may utilize a particular camera dedicated for always-on functionality with particular
features that accommodate always-on functionality (e.g., a wide-angle, fisheye, low-
power, low resolution, etc.), embodiments may additionally or alternatively utilize any
of a variety of camera types (e. g., infrared, ultraviolet, spectrometer, high resolution,
front-facing, etc.) for always-on functionality. Embodiments in which a mobile device
includes a plurality of cameras may enable a user to select a camera to use as an always-
on camera and/or the mobile device may toggle between different cameras in certain

situations.

[00148] Embodiments of a mobile device may vary from the mobile devices 1200
shown in FIG. 12. For example, in addition or as an alternative to cameras embedded
within a mobile device, a particular embodiment may include a mobile device
physically separate from a camera, but communicatively coupled therewith (e.g., via
wireless or wired technologies). Other sensors may also be physically separate from a
mobile device, yet in communication therewith, such that cameras and/or other sensors
may be distributed, for example, at various locations on and/or around the body of a

uscr.

[00149] FIG. 13 is an input/output diagram illustrating how embodiments of devices
may utilize a sensor and other information in contextual determinations, which may

influence modulation of a sampling rate of an always-on camera. These contextual
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determinations may be made by a contextual determination engine 1380 executed, for
example, by software and/or hardware of one or more of the mobile devices 1200. The
contextual determination engine 1380 may be part of or integrated into a larger software
and/or hardware application of the one or more of the mobile devices 1200. For
example, one or more components of the contextual determination engine 1380 may be
part of or integrated into an application processor (e.g., the second processing device
310 of FIG. 3, the application processor 418 of FIG. 4, the application processor 518 of
FIGS. 5-7, the one or more additional processors 622, the second application processor
706, and/or the M application processor 708 of FIG. 7), the object detector 850, the
object identifier 852, the activity classifier 854, the activation analyzer 814, the
deactivation analyzer 816, the system controller 806 of FIG. 8, the VFE-Lite 904, the
LPCVSS 906, the LPASS 908, the APSS 910, the one or more other processors 912 of
FIGS. 9-11, a change detection circuit (e.g., the change detection circuit 414 of FIG. 4
and/or the change detection circuit 514 of FIG. 5), the signal analyzer 512 of FIG. 5, or
a combination thercof. The contextual determination engine 1380 may receive data
from various components in order to make the contextual determination, including light
sensor(s) 1310 (which may include, for example, the ambient light sensor 840 of FIG. 8,
ultra violet (UV) sensor(s), UV-A sensor(s), UV-B sensor(s), red-green-blue (RGB)
sensor(s), and the like), microphone(s) 1320, motion/orientation detector(s) 1330 (which
may include, for example, one or more gyroscopes, magnetometers (and/or other types
of compasses), accelerometer(s), and the like), camera(s) 1210 (e.g., the camera 302 of
FIG. 3 and/or the camera 842 of FIG. 8), a wireless communication interface 1340
(which may include, for example, a second generation (2G) modem, a third generation
(3G) modem, a fourth generation (4G) modem, a wireless fidelity (WiF1i) interface, a
worldwide interoperability for microwave access (WiMax) interface, and/or another
wireless interface such as a Bluetooth® (a registered trademark of Bluetooth SIG, Inc.)
interface or a Bluetooth® (a registered trademark of Bluetooth SIG, Inc.) low energy
(LE) interface), satellite positioning receiver(s) 1350, and/or other sensor(s) 1360 (e.g.,
the sensor 402 of FIG. 4, the sensor 502 of FIG. 5, the sensor 602 of FIG. 6,
altimeter(s), proximity sensor(s), compressive imaging sensor(s), temperature sensor(s),

pressure sensor(s), touch sensor(s), fingerprint sensor(s), and the like).
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[00150] In a particular embodiment, the contextual determination engine 1380 may
receive data from map(s) 1370, motion model(s) 1390, and/or application data 1395
(e.g., computer vision application data). Depending on desired functionality, one or
more of the components may be integrated into one or more of the mobile devices 1200
and/or separate from the one or more of the mobile devices 1200 (communicating, for

example, via a wired and/or wireless connection, as previously described).

[00151] The one or more cameras 1210 may be integrated into and/or
communicatively coupled with one or more of the mobile devices 1200. Furthermore,
any or all of the camera(s) 1210 may be designated as an always-on camera. The
contextual determination engine 1380 may make this designation. Not only may the
sample rate of an always-on camera be impacted by a contextual determination of the
contextual determination engine 1380, but images from an always-on camera (and/or

other camera(s) 1210) may be processed for further contextual determinations.

[00152] Contextual determinations may result in modulating a sampling rate of an
always-on camera (which may be an initial sampling rate chosen by a software
application anchor hardware default). The sampling rate may be modulated to any of a
wide variety of sampling rates. For example, an initial sampling rate may be one
sample every 4-5 seconds. However, certain contextual determinations may cause the
sampling rate to be increased to 30 samples per second (i.e., 30 frames per second
(FPS)) or more. Other determinations may result in reducing the sampling rate to, for
example, once every 5 minutes and/or suppressing samples altogether. Contextual
determinations may result in sampling rates from zero (i.e., no sampling) to the highest
rate feasible under the hardware and/or software constraints of the always-on camera.
Additionally or alternatively, as described in more detail below, embodiments may
provide for selectively triggering an always-on camera and/or selectively activating
certain sensors (e.g., cameras, light sensors, motion detectors, microphones, etc.) in a

multi-sensor system based on contextual determinations.

[00153] Light sensor(s) 1310 may include any of a variety of photo-sensitive sensors
such as active light sensor(s), RGB sensor(s), ultra violet (UV) sensor(s), and the like.
Such light sensor(s) 1310 typically consume(s) far less power than an always-on camera

and may be used in determining the context of one or more of the mobile devices 1200.
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For example, one or more light sensors 1310 may be positioned to determine the light
intensity to which an always-one camera is exposed. If detected light intensity is below
a certain threshold, the contextual determination engine 1380 may determine that an
always-on camera is in a pocket or purse or in a darkened room, in which case a

sampling rate of the always-on camera may be reduced or suspended.

[00154] Some embodiments may have multiple cameras 1210 that may be utilized as
an always-on camera. Where lighting conditions could vary by camera location, and
one or more light sensors 1310 are positioned to correspond with each camera, the
contextual determination engine 1380 may determine which of the multiple cameras
1210 to utilize as an always-on camera based on light intensity data from the light

sensor(s) 1310.

[00155] Additionally or alternatively, the contextual determination engine 1380 may
use motion/orientation detector(s) 1330, motion model(s) 1390, and/or light sensor(s)
1310 to determine the position of a mobile device and/or always-on camera position
relative to a user (such as on a desk or in the user’s hand, bag, shirt pocket, pant pocket,
holster, etc.), and modulate a sampling rate of the always-on camera accordingly. For
example, if the mobile device is detected in a pocket, bag, purse, or holster and/or is
exposed to light below a certain threshold, the view to the always-on camera is likely
obstructed, and the sampling rate of the always-on camera may be reduced. In a
particular embodiment, the sampling rate of the always-on camera may be reduced to
zero, suspending image capturing. In a scenario in which captured images of an always-
on camera are used by a life-logging application to automatically collect a photo log of a
user’s life, this functionality could result in avoiding unnecessary image capture and
provide significant power savings when the photos provide little or no useful
information, such as during night time, when the always-on camera is in a pocket, bag,
and so forth. The motion/orientation detector(s) 1330 and/or motion model(s) 1390
may also enable the contextual determination engine 1380 to determine a state of a user
who is carrying and/or associated with one or more of the mobile devices 1200.
Examples include walking, running, exercising, in transit, and other such activities that
may involve detectable movement and/or orientation. Furthermore, the user state may

impact how an always-on camera is modulated. For example, an always-on camera may
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be configured to increase a sampling rate where the user state is indicative of movement
outdoors (e.g., where a user's environment is likely to frequently change). On the other
hand, a user state indicative of a relatively inactive state indoors may cause the

contextual determination engine 1380 to reduce the sampling frequency of an always-on

camera.

[00156] A contextual determination engine 1380 may also utilize data from the
microphone(s) 1320 to detect certain audio activity and direction. The data from the
microphone(s) 1320 may be used to determine that a particular activity (e.g., a meeting
or conversation) is taking place. The data from the microphone(s) 1320 may be used to
modulate a sampling frequency of an always-on camera, increasing the sampling rate,

for example, when sound is detected.

[00157] In a particular embodiment, a mobile device may utilize any of the multiple
cameras 1210 as an always-on camera. Audio directionality derived from microphone
data may be used to determine which direction a sound is coming from. A
corresponding camera likely facing the direction of the sound may then be designated as
the always-on camera to capture images based on the direction of audio activity. The
images captured by a camera facing the direction of audio activity are also likely to
include visual information regarding speaker identity, emotions of the speaker,
expressions of the speaker, a visual scene corresponding to the audio activity, and the
like. The microphone(s) 1320 may include one or more low-power microphone activity

detectors to determine audio directionality.

[00158]  Audio directionality and user state determination may be used in a scenario
in which one or more of the mobile devices 1200 with multiple cameras 1210 is
executing a life-logging application. In a meeting context, a user may place one or more
of the mobile devices 1200 on a table, at which point the contextual determination
engine 1380 may use the microphone(s) 1320 and/or other components to determine a
user state (e.g., "in a meeting"), and leverage audio directionality information of the
microphones(s) 1320 to determine which camera 1210 to sample from and/or how to
modulate (e.g., increase or decrease) a camera’s sampling rate, based on the user state.
When a user is working in his or her office, the contextual determination engine may

utilize audio data (e.g., using audio environment clustering and/or other audio analysis
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techniques) to determine this user state (e.g., "working in office"), and reduce the
sampling rate or turn off an always-on camera, based on the user state, until a change in

audio ambience is detected.

[00159] The contextual determination engine 1380 may also use data from the
motion/orientation detector(s) 1330 to determine contextual information, such as an
activity in which the user may be engaged (e.g., walking, running, in transit, etc.). Data
from the motion/orientation detector(s) 1330 may be compared against motion model(s)
1390, which may model different activities and/or other states of a user, to make the
determination. If, for example, sensed motion is within a threshold likeness of modeled
motion of a certain activity (i.e., the sensed motion is similar to the modeled motion
within a threshold), the contextual determination engine 1380 may determine that the
user is engaged in that activity. In some embodiments, data may be processed by a
classifier, such as an absolute motion classifier or a relative or full motion classifier, or

the data may be processed by a pedometer module or function.

[00160] The contextual determination engine 1380 may modulate the sampling rate
of an always-on camera based on a speed, motion, and/or determined context of a user
(e.g., a user state) and/or mobile device 1200. For example, if the contextual
determination engine 1380 determines that a user is engaged in certain activities that
involve a relatively high amount of movement, such as running or jumping, the
contextual determination engine 1380 may adjust the sampling rate of an always-on
camera accordingly. For example, in response to detecting user movements, the
contextual determination engine 1380 may reduce or suspend sampling from the

always-on camera.

[00161] Similarly, the contextual determination engine 1380 may determine that a
user is traveling at a certain speed by estimating the speed from the motion/orientation
detector(s) 1330 and/or from the location information (which can be determined using,
for example, the satellite positioning receiver(s) 1350, a wireless communication
interface 1340 capable of providing positioning and/or speed information, and the like).
If the speed is above a certain threshold, the contextual determination engine 1380 may
reduce or suspend sampling from the always-on camera to reduce the likelihood of

capturing blurred images. Additionally or alternatively, speed may be used in a
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determination of a user state, which may then be used to determine how sampling of the

always-on camera may be modulated.

[00162] The contextual determination engine 1380 may also use orientation
information from the motion/orientation detector(s) 1330 to determine whether to
modulate the sampling rate of an always-on camera and/or designate a camera for
always-on functionality based on sensed orientation and/or motion when combined with
one or more other components. For example, the contextual determination engine 1380
may suppress image capture of an always-on camera if the previous image taken by the
always-on camera is determined to be uninformative for a certain use-case (e.g.,
pointing towards the sky or ceiling), and one or more of the mobile devices 1200 and/or
the always-on camera has been at absolute rest since the time of capturing the previous
image. Geo-fencing and place of relevance (POR)-based triggers may also be used in

contextual determinations that may impact the sampling rate of an always-on camera.

[00163] Referring to FIG. 14, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 1400.
The system 1400 may include a device 1402. The device 1402 may include a processor
1410, a multimedia content classifier 1412, and a memory 1408. The multimedia
content classifier 1412 may include a feature set extractor 1414, a feature set clusterer
1416, a feature set classifier 1418, a scene change detector 1460, a blurred image
detector 1462, or any combination thereof. In a particular embodiment, one or more
components of the multimedia content classifier 1412 may be part of or integrated into
the first processing device 304, the statistics processing device 108, the second
processing device 310 of FIG. 3, the change detection circuit 414, the application
processor 418 of FIG. 4, the selection circuit 506, the application processor 518, the
signal analyzer 512, the change detection circuit 514 of FIG. 5, the one or more
additional processors 622 of FIG. 6, the second application processor 706, the M
application processor 708, the object detector 850, the object identifier 852, the activity
classifier 854, the user interface 856, the activation analyzer 814, the deactivation
analyzer 816, the system controller 806 of FIG. &, the VFE-Lite 904, the LPCVSS 906,
the LPASS 908, the APSS 910, the one or more other processors 912 of FIG. 9, the

contextual determination engine 1380 of FIG. 13, or a combination thereof.
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[00164] The memory 1408 may include threshold data 1434, selection criteria 1438,
classification model(s) 1428, user preference(s) 1422, timestamp(s) 1494, feature set
data 1432, context data 1490, intermediate context data 1492, an application 1444, or
any combination thereof. In a particular embodiment, at least a portion of the memory
1408 may correspond to the memory 306 of FIG. 3, the memory 420 of FIG. 4, the
memory 520 of FIG. 5, the DDR 914 of FIG. 9, or a combination thereof. As used
herein, a “context” of an image may include information inferred or determined from
the image and/or feature(s) extracted therefrom. For example, a context of an image
may include a specific location, a specific person, a specific object, a specific activity,
or any combination thereof. To illustrate, a context of an image of a particular person
attending a meeting in a particular conference room may include the particular person
(e.g., “John”), the activity of attending the meeting (e.g., “attended group meeting”), the
particular conference room (e.g., “Room 2.134”), objects in the conference room (e.g.,

“whiteboard”), or any combination thereof.

[00165] The threshold data 1434 may include one or more threshold duration(s)
1480, a threshold confidence level 1482, a threshold sharpness level 1484, a threshold
battery power 1486, a threshold bandwidth 1488, or any combination thercof. The
selection criteria 1438 may include a resource budget 1420 (e.g., a threshold number of
homogeneous or heterogeneous processor cores to be activated), a use case 1436, a
region of interest 1478, or any combination thereof. In a particular embodiment, the
device 1402 may receive one or more values corresponding to the threshold data 1434,
the selection criteria 1438, or both, via user input 1430 from a user 1452. In a particular
embodiment, the multimedia content classifier 1412 may generate one or more values
corresponding to the threshold data 1434 based on corresponding values associated with
one or more images. For example, the multimedia content classifier 1412 may
determine the threshold sharpness level 1484 based on an average sharpness of a

number of previously processed and/or captured images.

[00166] The device 1402 may be coupled to, or in communication with, one or more
image sensors and a display 1406. The one or more image sensors may include a first
image sensor 1404, an Nth image sensor 1440, or a combination of image sensors. In a

particular embodiment, the device 1402 may be a mobile device that is configured to
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capture an image via the first image sensor 1404, the Nth image sensor 1440, or from a
combination of image sensors. In a particular embodiment, the first image sensor 1404,
the Nth image sensor 1440, or one or more other sensors, may be integrated into a
camera of the mobile device. The one or more image sensors may correspond to the
camera 302 of FIG. 3, the sensor 402 of FIG. 4, the sensor 502 of FIG. 5, the sensor 602
of FIG. 6, the sensors 802 of FIG. 8, the cameras 1210 of FIG. 12, the one or more other

sensors 1360, or a combination thereof.

[00167] The device 1402 may include fewer or more components than illustrated in
FIG. 14. For example, the device 1402 may include more than one processor, may
include more than one memory, or both. The device 1402 may include a networked or
distributed computing system. In a particular illustrative embodiment, the device 1402
may include a mobile communication device, a smart phone, a cellular phone, a laptop
computer, a computer, a tablet, a personal digital assistant, a display device, a television,
a gaming console, a music player, a radio, a digital video player, a digital video disc
(DVD) player, a tuner, a camera, a navigation device, or any combination thereof. Such
devices may include a user interface, e.g., a touch screen, voice recognition capability,

or other user interface capabilities.

[00168] During operation, the device 1402 may receive sensory data (e.g., first
sensory data 1470) from an image sensor (e.g., the first image sensor 1404). The first
sensory data 1470 may be related to an image. For example, the first image sensor 1404
may capture the image and may send the first sensory data 1470 related to the image to
the device 1402. The first image sensor 1404 may generate the first sensory data 1470
based on various triggers, as further described with reference to FIGS. 19 and 27. For
example, the first image sensor 1404 may periodically capture images at a data
sampling interval (e.g., once every minute) and may periodically send the sensory data
(e.g., the first sensory data 1470) related to the images to the device 1402. The first
image sensor 1404 may capture the images based on a determination that a threshold
image capture duration (e.g., the threshold duration(s) 1480) is satisfied. For example,
the threshold image capture duration may indicate a particular data sampling interval

(e.g., 1 minute) between capturing images. The threshold image capture duration may
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be satisfied when the particular data sampling interval elapses after capturing a previous

image.

[00169] As another example, the first image sensor 1404 may generate the first
sensory data 370 based on a determination that an available bandwidth at the device
1402 satisfies a threshold bandwidth (e.g., the threshold bandwidth 1488), that an
available battery power satisfies a threshold battery power (e.g., the threshold battery
power 1486), or both. As a further example, the first image sensor 1404 may generate
the first sensory data 1470 based on a user preference (e.g., the user preference(s) 1422),

based on user input (e.g., the user input 1430), or any combination thercof.

[00170] As another example, the first image sensor 1404 may generate the first
sensory data 1470 based on an image capture request (e.g., a first image capture request
1472) received from the device 1402. To illustrate, in response to determining that one
or more of the various triggers is activated, the multimedia content classifier 1412 may
send the first image capture request 1472 to the first image sensor 1404. The
multimedia content classifier 1412 may receive the first sensory data 1470 from the first

image sensor 1404,

[00171] The feature set extractor 1414 may extract a first subset of features (e.g.,
subset(s) of features 1442) of the image from the first sensory data 1470. For example,
the feature set extractor 1414 may compute one or more visual descriptors of the image.
In a particular embodiment, the feature set extractor 1414 may extract the first subset of
features of the image based on determining that an extraction criterion is satisfied. For
example, the extraction criterion may be satisfied if the first sensory data 1470 indicates
a change in the image relative to a previous image. To illustrate, the extraction criterion
may be satisfied if a difference between first image statistics corresponding to the first
sensory data 1470 and second image statistics corresponding to the previous image
satisfy a change threshold, as described herein. It will be appreciated that refraining
from extracting the first subset of features based on determining that the first sensory
data 1470 does not satisfy the extraction criterion may conserve resources of the device
1402. For example, the image may be similar to the previous image and may be
disregarded (e.g., processing of the image may be skipped) and the resources of the

device 1402 may be used to process a next image. In a particular embodiment, the
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memory 1408 may be external to the multimedia content classifier 1412, the memory
1408 may store the first sensory data 1470, and extracting the first subset of features

may include accessing the memory 1408.

[00172] In a particular embodiment, the feature set extractor 1414 may select the first
subset of features based on a selection criteria (e.g., the selection criteria 1438), as
further described with reference to FIGS. 18-21. The selection criteria 1438 may
include a resource budget (e.g., the resource budget 1420), a use case (e.g., the use case
1436), a region of interest (e.g., the region of interest 1478), or any combination thereof.
In a particular embodiment, the feature set extractor 1414 may extract fewer than all
features that the feature set extractor 1414 is capable of extracting from the first sensory
data 1470. Each extracted feature may have or be associated with a corresponding
confidence level. Alternatively, or in addition, an aggregate confidence level may be
determined (e.g., by averaging) from multiple extracted features. If the multimedia
content classifier 1412 determines, based on an analysis criterion (e.g., confidence
level(s)) associated with the first subset of features, that more features are to be
extracted, the feature set extractor 1414 may subsequently extract more features.
Various conditions may trigger extraction of additional features. In one embodiment,
additional features are extracted if a confidence level of any extracted feature is less
than a threshold confidence level. In another embodiment, additional features are
extracted if the aggregated confidence level is less than the threshold confidence level.
Other conditions may also be used in determining whether additional features are to be
extracted. It will be appreciated that initially extracting fewer features may conserve
resources of the device 1402 because the multimedia content classifier 1412 may

determine that more features are not to be extracted.

[00173] In a particular embodiment, the feature set extractor 1414 may be a part of or
integrated into the second processing device 310. For example, the feature set extractor
1414 may extract the first subset of features based on an extraction criterion being
satisfied. The extraction criterion may be based on the first sensory data 1470. For
example, the first processing device 304 of FIG. 3 may generate first image statistics

corresponding to the first frame 102 of FIG. 1 and may generate second image statistics
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corresponding to the second frame 104 of FIG. 1. In this embodiment, the first sensory

data 1470 may correspond to the second frame 104.

[00174] The first image statistics and the second image statistics may be generated
based on application-specific processing. The application-specific processing may
include determining whether sensory data (e.g., the first sensory data 1470 and/or
second sensory data corresponding to the first frame 102) indicates that a particular
object (e.g., a traffic stop sign) is in a corresponding image, indicates that an alert event
is triggered (e.g., a particular gesture is detected), indicates that an object of a particular
color is in the image, or a combination thereof. The application-specific processing may
include at least one of activity recognition, person recognition, object recognition,

location recognition, or gesture recognition.

[00175] In a particular embodiment, the memory 1408 may store a mapping between
various application processing types and corresponding types of statistics. For example,
the particular application processing type corresponding to detecting the particular
object (e.g., the traffic stop sign) may map to a particular statistics type corresponding to
a color histogram of a particular color (e.g., red). The second processing device 310
may provide configuration data to the first processing device 304 indicating the
particular statistic type based on the particular application processing type and the
mapping. The first processing device 304 may generate the first image statistics and the
second image statistics corresponding to the particular statistic type. For example, the
first image statistics may include a first count of pixels of the particular color (e.g., red)
in a first color histogram corresponding to the second frame 104 and the second image
statistics may include a second count of pixels of the particular color (e.g., red) in a

second color corresponding to the first frame 102.

[00176] The statistics processing device 108 of FIG. 1 may provide the first sensory
data 1470 to the second processing device 310 in response to determining that the
extraction criterion is satisfied. For example, the statistics processing device 108 may
provide the first sensory data 1470 to the second processing device 310 (e.g., the feature
set extractor 1414) in response to determining that a change amount between the first
image statistics (e.g., the first count of pixels) and the second image statistics (e.g., the

second count of pixels) satisfies a change threshold. In a particular embodiment, the
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extraction criterion may be satisfied when the first sensory data 1470 indicates a scene
change. For example, the statistics processing device 108 may include the scene change
detector 1460. The statistics processing device 108 may determine that the extraction
criterion is satisfied based on the scene change detector 1460 determining that the first
sensory data 1470 indicates a scene change, as further described with reference to FIG.
22. In a particular embodiment, the extraction criterion may be satisfied when the first
sensory data 1470 indicates that a sharpness of the image satisfies a threshold sharpness
level (e.g., the threshold sharpness level 1484 of the threshold data 1434), as further
described with reference to FIG. 23. For example, the statistics processing device 108
may include the blurred image detector 1462 configured to determine whether the

sharpness of the image satisfies the threshold sharpness level.

[00177] The statistics processing device 108 may refrain from providing the first
sensory data 1470 to the feature set extractor 1414 in response to determining that the
change amount does not satisfy the change threshold. The feature set extractor 1414
may extract the first subset of features in response to receiving the first sensory data
1470. Determining whether the extraction criterion is satisfied may user fewer
resources of the device 1402 than extracting the first subset of features. It will be
appreciated that initially determining whether the extraction criterion is satisfied may
conserve resources of the device 1402 because the statistics processing device 108 may
determine that the change amount between the first frame 102 and the second frame 104
is insufficient (e.g., is lower than the change threshold) to extract features of the second

frame 104.

[00178] In an alternate embodiment, the feature set extractor 1414 may be a part of or
integrated into the first processing device 304 of FIG. 3. For example, the feature set
extractor 1414 at the first processing device 304 may extract the first subset of features
from the first sensory data 1470. The first processing device 304 may determine the
first image statistics based on the first subset of features. The first processing device
304 may provide the first image statistics to the statistics processing device 108 of FIG.
1. The statistics processing device 108 may determine whether the extraction criterion
is satisfied based on the first image statistics and second image statistics of a second

image, as described herein. The statistics processing device 108 may provide the first
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sensory data 1470 to the second processing device 310 of FIG. 3 based on determining

that the extraction criterion is satisfied.

[00179] In yet another embodiment, the feature set extractor 1414 at the first
processing device 304 may extract the first subset of features from the first sensory data
1470. The first processing device 304 may determine a confidence level associated with
extracting the first subset of features and may provide the confidence level to the
statistics processing device 108 of FIG. 1. The statistics processing device 108 may
determine whether the extraction criterion is satisfied based on determining whether the
confidence level satisfies the threshold confidence level 1482. The statistics processing
device 108 may provide the first sensory data 1470, the first subset of features, or both,
to the feature set clusterer 1416 based on determining that the confidence level satisfies
the threshold confidence level 1482. The statistic processing device 108 may
alternatively provide the first sensory data 1470 to the feature set extractor 1414 to
extract additional features based on determining that the confidence level fails to satisfy
the threshold confidence level 1482. In a particular embodiment, the second processing
device 310 of FIG. 3 may include the feature set clusterer 1416 and may include the
feature set extractor 1414, For example, each of the first processing device 304 and the

second processing device 310 may include a version of the feature set extractor 1414,

[00180] In a particular embodiment, the features of the image may include a moving
picture experts group 7 (MPEG-7) visual descriptor, a generalized search tree (GIST)
descriptor, a census transform histogram (CENTRIST) visual descriptor, a bag-of-words
descriptor, a visually locally aggregated descriptor, a spatial pyramid matching
descriptor, or a combination thereof. The MPEG-7 visual descriptor may include one or
more of a scalable color descriptor (SCD), a color structure descriptor (CSD), a group of
frame (GOF) descriptor, a group of pictures (GOP) descriptor, a dominant color
descriptor (DCD), a color layout descriptor (CLD), a texture browsing descriptor
(TBD), a homogeneous texture descriptor (HTD), an edge histogram descriptor (EHD),
a contour-based shape descriptor, a region-based shape descriptor, a camera motion
descriptor (CMD), a motion trajectory descriptor (MTD), a parametric motion
descriptor (PMD), or a motion activity descriptor (MAD). One or more of these

descriptors may extract color, texture, motion, edge, shape, and/or scene information
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from the captured image. The feature set extractor may determine a confidence level
associated with each of the first subset of features. For example, each MPEG-7 visual
descriptor may have an associated confidence level. The feature set extractor 1414 may

store the first subset of features (e.g., the subset(s) of features 342) in the memory 1408.

[00181] In a particular embodiment, when the first image sensor 1404 continuously
captures images at a given data sampling interval (e.g., once every minute), sensory data
(e.g., the first sensory data 1470) may remain substantially the same for many
consecutive images. For example, the device 1402 may be a mobile device of the user
1452. The user 1452 may place the device 1402 on top of a desk at work with the first
image sensor 1404 capturing substantially similar images (e.g., of a ceiling). In such an
example, the feature set clusterer 1416 may generate a first clustered subset of features
(e.g., clustered subset(s) of features 1476) by combining subsets of features of images
captured over a particular duration. For example, the feature set clusterer 1416 may
gencrate the first clustered subset of features (e.g., the clustered subset(s) of features
1476) by combining the first subset of features related to the image and another subset
of features (e.g., the subset(s) of features 1442) related to a second image based on a
first timestamp being within a threshold cluster duration (e.g., the threshold duration(s)
1480) of a second timestamp. The first timestamp (e.g., the timestamp(s) 1494) may be
associated with the image and the second timestamp (e.g., the timestamp(s) 1494) may
be associated with the second image. For example, the first timestamp may indicate
when the first image sensor 1404 captured the image or when the device 1402 received
the first sensory data 1470. Similarly, the second timestamp may indicate when the first
image sensor 1404 captured the second image or when the device 1402 received sensory
data related to the second image. The clustered subset(s) of features 1476 may thus
represent temporally clustered common features (e.g., features of the ceiling during the

time the user sat at his/her desk).

[00182] The feature set clusterer 1416 may generate the first clustered subset of
features (e.g., clustered subset(s) of features 1476) by combining the first subset of
features (e.g., the edge histogram descriptor, a census transform, or gabor filtering
results) of the image and another subset of features (e.g., a second edge histogram

descriptor, a census transform, or gabor filtering results) of the second image based on
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the first timestamp (e.g., 10:00 AM on July 10, 2013) and the second timestamp (e.g.,
10:03 AM on July 10, 2013) being within the threshold cluster duration (e.g., five
minutes). The first clustered subset of features may include the first subset of features,
the other subset of features, or both. The first clustered subset of features may indicate
a corresponding time duration (e.g., 10:00 AM to 10:04 AM on July 10, 2013).
Subsequent analysis of the first clustered subset of features may use fewer resources of
the device 302 compared to analyzing the first subset of features and the second subset
of features individually. The feature set clusterer 1416 may store the first clustered

subset of features (e.g., the clustered subset(s) of features 1476) in the memory 1408.

[00183] The feature set classifier 1418 may generate a first classified subset of
features (e.g., classified subset(s) of features 1474) by classifying the first clustered
subset of features (e.g., the clustered subset(s) of features 1476) based on a first
classification model (e.g., the classification model(s) 1428). The first classification
model may indicate that the first clustered subset of features corresponds to a specific
location, a specific person, a specific object, a specific activity, or any combination
thereof. The first classification model may also indicate confidence levels associated
with the correspondence. As a result, the feature set classifier 1418 may generate the
first classified subset of features indicating that the first clustered subset of features
corresponds to the location, the person, the object, the activity, or any combination
thercof. The first classified subset of features may also indicate the associated
confidence levels. For example, the first classified subset of features may indicate that
the first clustered subset of features corresponds to a particular type of location (e.g.,
indoors) with a particular confidence level (e.g., low). In a particular embodiment, the
first classified subset of features may also indicate an associated time duration. For
example, the first classified subset of features may indicate a time duration (e.g., 10:00
AM - 10:04 AM on July 10, 2013) associated with the first clustered subset of features,
the first timestamp, the second timestamp, or any combination thereof. To illustrate, the
first classified subset of features may indicate with a “low” confidence level (e.g., a
confidence level of 20% which is less than a “low” confidence level threshold of 25%)
that the “context” is indoors during 10:00 AM — 10:04 AM on July 10, 2013. The
feature set classifier 1418 may store the first classified subset of features (e.g., the

classified subset(s) of features 1474) in the memory 308.
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[00184] The multimedia content classifier 1412 may determine whether confidence
levels of the first subset of features satisfy a threshold confidence level (e.g., the
threshold confidence level 1482). In a particular embodiment, the multimedia content
classifier 1412 may determine that the confidence levels of the first subset of features do
not satisfy the threshold confidence level 1482 in response to determining that
confidence levels of intermediate context data (e.g., intermediate context data 1492) do
not satisfy the threshold confidence level 1482. The intermediate context data 1492
may correspond to a partial context of the image. For example, the intermediate context
data 1492 may correspond to the first subset of features (e.g., the subset(s) of features
1442), the first clustered subset of features (e.g., the clustered subset(s) of features
1476), or the first classified subset of features (e.g., the classified subset(s) of features
1474).

[00185] For example, the first subset of features may include an edge histogram
descriptor or a census transform of the image and associated confidence levels. The
multimedia content classifier 1412 may determine that one or more of the associated
confidence levels do not satisfy the threshold confidence level 1482. As a result, the
multimedia content classifier 1412 may determine that the confidence levels of the first
subset of features, and hence the intermediate context data 1492, do not satisty the

threshold confidence level 1482.

[00186] As another example, the feature set clusterer 1416 may determine that
confidence levels associated with the first clustered subset of features (e.g., the clustered
subset(s) of features 1476) do not satisfy the threshold confidence level 1482. To
illustrate, the feature set clusterer 1416 may determine a particular (e.g., low)
confidence level for features of the first clustered subset of features that are related to
one and not both of the image and the second image. As another example, the feature
set clusterer 1416 may determine the particular confidence level based on a function
(e.g., average) of the confidence levels of the features associated with the first image
and with the second image. A particular feature of the first subset of features may have
a first confidence level (e.g., low). The particular feature of the other subset of features
may have a second confidence level (e.g., high). The feature set clusterer 1416 may

determine that the particular confidence level is an average (e.g., medium) of the first
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confidence level and the second confidence level. The multimedia content classifier
1412 may determine that the particular confidence level does not satisfy the threshold
confidence level 1482. As a result, the multimedia content classifier 1412 may
determine that the confidence levels associated with the first clustered subset of
features, and hence the intermediate context data 1492, do not satisfy the threshold

confidence level 1482.

[00187] As a further example, the multimedia content classifier 1412 may determine
that confidence levels associated with the first classified subset of features (e.g., the
classified subset(s) of features 1474) do not satisfy the threshold confidence level 1482,
To illustrate, the first classified subset of features may indicate that the first clustered
subset of features corresponds to the particular type of location (e.g., indoors) with a
particular confidence level that does not satisfy the threshold confidence level 1482. As
a result, the multimedia content classifier 1412 may determine that the confidence levels
associated with the first classified subset of features, and hence the intermediate context

data 1492, do not satisfy the threshold confidence level 1482.

[00188] In response to the determination that the confidence levels of the
intermediate context data 1492 do not satisfy the threshold confidence level 1482, the
feature set extractor 1414 may extract a second subset of features (e.g., the subset(s) of
features 1442). For example, the feature set extractor 1414 may extract additional
features (e.g., the second subset of features) in response to determining that confidence
level(s) associated with the first subset of features, the first clustered subset of features,
or the first classified subset of features do not satisfy the threshold confidence level

1482.

[00189] In a particular embodiment, the second subset of features (e.g., the subset(s)
of features 1442) may be related to the image and may be extracted from the first
sensory data 1470. For example, the feature set extractor 1414 may use histogram
equalization to expand a grey level range of the image prior to re-computing the edge
histogram descriptor of the image. The recomputed edge histogram descriptor (i.e., the
second subset of features) may have higher associated confidence levels than the
previously computed edge histogram descriptor. As another example, the feature set

extractor 1414 may extract a second visual descriptor (i.e., the second subset of
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features) of the image that was not previously extracted (e.g., a color descriptor, a
texture descriptor, a GIST descriptor, a CENTRIST descriptor, or any combination
thereof). The second visual descriptor may have higher associated confidence levels

than the previously extracted visual descriptor.

[00190] In a particular embodiment, the second subset of features (e.g., the subset(s)
of features 1442) may be related to another image. For example, the multimedia content
classifier 1412 may send a request (e.g., a second image capture request 1426) for
second sensory data (e.g., second sensory data 1424) to another image sensor (e.g., the
Nth image sensor 1440) in response to determining that the confidence levels of the first
subset of features do not satisfy the threshold confidence level 1482. In response to the
second image capture request 1426, the Nth image sensor 1440 may capture the other
image and may send the second sensory data 1424 related to the other image to the

device 1402.

[00191] In a particular embodiment, the image may correspond to a first setting of
the first image sensor 1404 and the other image may correspond to a second setting of
the Nth image sensor 1440. The first setting may include a zoom setting, a resolution
setting, an angle setting, a location, or any combination thereof. The first setting may be
distinct from the second setting. For example, the second setting may correspond to a
higher zoom than the first setting, a higher resolution than the first setting, a different
angle than the first setting, a different location than the first setting, or any combination
thereof. Using the second subset of features (e.g., the subset(s) of features 1442) may
increase one or more confidence levels associated with the first clustered subset of

features, the first classified subset of features, or both.

[00192] In a particular embodiment, the first image sensor 1404 may be integrated
into a first device, the Nth image sensor 1440 may be integrated into a second device,
and the first device may be distinct from the second device. For example, the first
image sensor 1404 may be integrated into a camera and the Nth image sensor 1440 may

be integrated into another camera.

[00193] The feature set extractor 1414 may extract the second subset of features (e.g.,
the subset(s) of features 1442) from the second sensory data 1424. In a particular
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embodiment, the feature set extractor 1414 may extract the second subset of features
based on determining that an extraction criterion is satisfied. For example, the
multimedia content classifier 1412 (e.g., the first processing device 304 of FIG. 3) may
determine first image statistics based on the first sensory data 1470 and may determine
second image statistics based on the second sensory data 1424. The multimedia content
classifier 1412 (e.g., the statistics processing device 108 of FIG. 1) may provide the
second sensory data 1424 to the feature set extractor 1414 (e.g., at the second processing
device 310) to extract the second subset of features based on determining that a change
amount corresponding to a difference between the first image statistics and the second
image statistics satisfies a change threshold. The multimedia content classifier 1412
(e.g., the statistics processing device 108 of FIG. 1) may discard the second sensory data
1424 (e.g., refrain from providing the second sensory data 1424 to the second
processing device 310) based on determining that the change amount fails to satisfy the

change threshold.

[00194] In a particular embodiment, the feature set extractor 1414 may seclect the
second subset of features based on the selection criteria 1438, as further described with
reference to FIGS. 18-21. The feature set extractor 1414 may store the second subset of
features (e.g., the subset(s) of features 1442) in the memory 1408. Extracting the first
subset of features may use fewer resources (e.g., memory, power, processor execution

cycles) of the device 1402 than extracting the second subset of features.

[00195] The feature set clusterer 1416 may generate a second clustered subset of
features (e.g., the clustered subset(s) of features 1476) by clustering the second subset of
features (e.g., the subset(s) of features 1442) based on the first timestamp associated
with the image, the second timestamp associated with the second image, another
timestamp associated with the other image, or any combination thereof. For example,
the second clustered subset of features may include the first clustered subset of features,
the second subset of features, another subset of features of the second image
corresponding to the second subset of features, or any combination thereof. In a
particular embodiment, the second clustered subset of features may include a
combination of the edge histogram descriptor of the image and the second edge

histogram descriptor of the second image, a combination of a GIST descriptor of the
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first image and a second GIST descriptor of the second image, and a combination of a
CENTRIST descriptor of the first image and a second CENTRIST descriptor of the

second image.

[00196] The feature set classifier 1418 may generate context data (e.g., the context
data 1490) indicating a context of the image based at least in part on the second subset
of features. The context of the image may include a location, a person, an activity, or
any combination thereof. For example, the feature set classifier 1418 may generate the
context data 1490 by classifying the first clustered subset of features, the second
clustered subset of features, or both, based on a second classification model (e.g., the
classification model(s) 1428. For example, the second classification model may
indicate that the first clustered subset of features, the second clustered subset of features,
or both, correspond to a particular room of a particular building. The second
classification model may indicate confidence levels associated with the correspondence.
Based on the second classification model, the feature set classifier 1418 may generate
the context data 1490 indicating that the context of the image corresponds to the
particular room. The context data 1490 may indicate the associated confidence levels.
For example, the context data 1490 may indicate a particular confidence level (e.g.,
high) associated with the context of the image corresponding to the particular room. In
a particular embodiment, the context data 1490 may also indicate an associated time
duration. For example, the context data 1490 may indicate that the device 1402 was in
the particular room (e.g., where the user 1452 works) for a time duration (e.g., 10:00
AM - 10:04 AM on July 10, 2013). The time duration may be associated with a
clustered subset of features (e.g., the first clustered subset of features, the second
clustered subset of features, or both), the first timestamp, the second timestamp, the

other timestamp, or any combination thereof.

[00197] Thus, in the foregoing example, whereas the first classified subset of features
indicates a “low” confidence level (e.g., 25%) associated with the context “indoors,” the
context data 1490 indicates a higher confidence level (e.g., 85%) of a more refined
context (e.g., “at work™). It will be appreciated that in certain use cases, the lower
confidence level and the less refined context generated from the first subset of features

may be sufficient. In such situations, resources may be conserved by outputting the less
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refined context and refraining from extracting the second subset of features. In
situations where the lower confidence level and the less refined context, are insufficient,
additional resources may be used to extract the second subset of features to generate the

more refined context having the higher confidence level.

[00198] The multimedia content classifier 1412 may output (or make accessible) the
context data 1490 to an application (e.g., the application 1444). In a particular
embodiment, the application 1444 may include a context extraction engine, a context
aware engine, or both. The application 1444 may include a computer vision application.
For example, the application 1444 may include a life tagging application, a macro geo-
fencing application, a micro geo-fencing application, a motion activity detection
application, a text detection application, an object detection application, a gesture
detection application, or any combination thereof. For example, the multimedia content
classifier 1412 may output the context data 1490 to the life tagging application. Based
on the context data 1490, the life tagging application may infer that the user 1452 was in
the particular room (e.g., at work) during the time duration (e.g., 10:00 AM — 10:04 AM
on July 10, 2013).

[00199] In a particular embodiment, the feature set extractor 1414 may extract the
first subset of features (e.g., the subset(s) of features 1442) in response to a scene
change detector (e.g., the scene change detector 1460) detecting that the first sensory
data 1470 indicates a scene change, as further described with reference to FIG. 22. For
example, features of an image that represents the same scene as a previously analyzed

image may not be extracted, thereby conserving the resources of the device 1402.

[00200] In a particular embodiment, the feature set extractor 1414 may extract the
first subset of features (e.g., the subset(s) of features 1442) in response to a blurred
image detector (e.g., the blurred image detector 1462) determining that the first sensory
data 1470 indicates that a sharpness of the image satisfies a threshold sharpness level
(e.g., a threshold sharpness level 1484 of the threshold data 1434), as further described
with reference to FIG. 23. For example, features of an image that is too blurred to
satisfy the threshold sharpness level 1484 may not be useful in identifying a context of
the image and may not be extracted for analysis, thereby conserving the resources of the
device 1402.
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[00201] Thus, the system 1400 may enable image context identification with an
efficient use of the resources of the device 1402. For example, features of an image
may be extracted when the image does not correspond to a previously extracted image, a
blurred image, or both. Moreover, partial features of the image may be initially
extracted with additional features extracted if the partial features do not satisfy a
threshold confidence level. The device 1402 may be enabled to analyze a greater

number of images while using fewer resources.

[00202] Referring to FIG. 15, a particular illustrative embodiment of computation
intervals associated with extracting subsets of features of images is disclosed and

generally designated 1500.

[00203] The device 1402 of FIG. 14 may periodically receive sensory data (e.g., the
first sensory data 1470) from an image sensor (e.g., the first image sensor 1404) at a
data sampling interval (e.g., a data sampling interval 1506). A particular number (e.g.,
N =two) of features may be extractable by the feature set extractor 1414 from the
sensory data. For example, the device 1402 may periodically receive the first sensory
data 1470 at a time 1502 and at a time 1504 (i.c., at the data sampling interval 1506).
As another example, the device 1402 may receive the first sensory data 1470 at a time
1512, at a time 1514, and at a time 1516. In a particular embodiment, the feature set

extractor 1414 may extract all (e.g., N) features during each data sampling interval.

[00204] In another particular embodiment, the number of features extracted may be
based on an extraction criterion, an analysis criterion (e.g., confidence levels), or both,
associated with the sensory data (e.g., the extracted features). For example, the feature
set extractor 1414 may extract a first subset of features and a second subset of features
at the time 1512 in response to confidence levels associated with the first subset of
features not satisfying a threshold confidence level (e.g., the threshold confidence level
1482), as further described in reference to FIG. 14. Hence, the feature set extractor
1414 may extract a first number (e.g., two) features at the time 1512. In a particular
embodiment, the feature set extractor 1414 may extract the first subset of features and
the second subset of features at the time 1512 based at least in part on determining that

an extraction criterion is satisfied, as described with reference to FIG. 14.
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[00205] Subsequently, the device 1402 may receive the first sensory data 1470 at
time 1514. The feature set extractor 1414 may extract the first subset of features and
may not extract the second subset of features at time 1514 in response to determining
that the confidence levels associated with the first subset of features satisfy the threshold
confidence level 1482, as further described with reference to FIG. 14. Hence, the
feature set extractor 1414 may extract fewer (e.g., one) feature(s) at the time 1514. Ina
particular embodiment, the feature set extractor 1414 may extract the first subset of
features at the time 1514 based at least in part on determining that an extraction criterion

is satisfied, as described with reference to FIG. 14.

[00206] The device 1402 may subsequently receive the first sensory data 1470 at
time 1516. The feature set extractor 1414 may extract the first subset of features and the
second subset of features at time 1516 in response to confidence levels associated with
the first subset of features not satisfying the threshold confidence level 1482. Hence,
the feature set extractor 1414 may extract more (e.g., two) features at the time 1516 than
at the time 1514. In a particular embodiment, the feature set extractor 1414 may extract
the first subset of features and the second subset of features at the time 1516 based at
least in part on determining that an extraction criterion is satisfied, as described with

reference to FIG. 14.

[00207] Thus, as shown in FIG. 15, the first subset of features may be extracted at
times 1512, 1514, and 1516 at a first computation interval 1508. The first computation
interval 1508 may be approximately equal to the data sampling interval 1506. The
second subset of features may be extracted at times 1512 and 1516 at a second
computation interval 1510. The second computation interval 1510 may be greater than

the data sampling interval 1506.

[00208] Thus, the feature set extractor 1414 may extract fewer features more
frequently and may extract more features less frequently and as needed, thereby

conserving resources of the device 1402.

[00209] Referring to FIG. 16, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 1600.

One or more of the operations of the system 1600 may be performed by the statistics
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processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of
FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00210] The system 1600 may include feature set 1 extraction, at 1604. The
operation 504 may correspond to the feature set extractor 1414 of FIG. 14 extracting the
first subset of features, as further described with reference to FIG. 14. The system 1600
may include feature set M extraction, at 1624. The operation 1624 may correspond to
the feature set extractor 1414 of FIG. 14 extracting the second subset of features, as
further described with reference to FIG. 14. The system 1600 may include feature set
clustering, at 1606. The operation 1606 may correspond to operation of the feature set
clusterer 1416 of FIG. 14. The system 1600 may include feature set classification, at
1608. The operation 1608 may correspond to the operation of the feature set classifier

1418 of FIG. 14.

[00211] The system 1600 may generate intermediate inferences 1620. The
intermediate inferences 1620 may correspond to the classified subset(s) of features 1474
of FIG. 14. The system 1600 may generate final inferences 1610. The final inferences
1610 may correspond to the context data 1490 of FIG. 14.

[00212] In a particular embodiment, which and how many features are to be extracted
may depend on device capability. For example, a device with a memory that does not
satisfy a first memory threshold, a processor speed that does not satisfy a first processor
speed threshold, or both, may correspond to a low-tier device. A device with a memory
that satisfies the first memory threshold and does not satisfy a second memory

threshold, a processor speed that satisfies the first processor speed threshold and does
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not satisfy a second processor speed threshold, or both, may correspond to a mid-tier
device. A device that satisfies both memory thresholds, a processor speed that satisfies

both speed thresholds, may correspond to a high-tier device.

[00213] In a particular embodiment, the system 1600 may refrain from determining
whether more features are to be extracted for a low-tier device. In this embodiment, the
first classified subset of features may be treated as final inferences 1610. Analyzing
more features of the first sensory data 1470 may not be practical with the resource (e.g.,
memory or processor speed) limitations of the low-tier device. For example, analyzing
the additional features of the first sensory data 1470 using the low-tier device may take

longer than a threshold analysis duration.

[00214] The system 1600 may determine whether more features are needed, at 1622,
For example, the system 1600 may determine whether a second subset of features is to
be extracted based on a capability (e.g., processor speed, memory speed, or both) of the
device 1402, extraction criterion, analysis criterion (e.g., a confidence level), or a
combination thereof. For example, the system 1600 may determine whether additional
features (e.g., a second subset of features) are to be extracted for a mid-tier device or a
high-tier device based on confidence levels associated with the classified subset(s) of

features 1474, as further described with reference to FIG. 14.

[00215] In a particular embodiment, the feature set extractor 1414 may select a
particular number of features to be included in the second subset of features based on a
capability of the device 1402. For example, the feature set extractor 1414 may extract

fewer additional features for a mid-tier device than for a high-tier device.

[00216] Thus, more features may be extracted from sensory data at a higher-tier
device than at a lower-tier device. Fewer resources of the lower-tier device may be used
to generate image context data, while image context data with higher associated

confidence levels may be generated for the higher-tier device.

[00217] Referring to FIG. 17, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and is generally designated 1700.
One or more operations of the system 1700 may be performed by the statistics

processing device 108 of FIG. 1, the first processing device 304, the second processing
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device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of
FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00218] Components of the system 1700 may operate in a similar manner as
corresponding components of the system 1600 of FIG. 16. The system 1700 may
generate first intermediate inferences 1702. The first intermediate inferences 1702 may
correspond to the clustered subset(s) of features 1476 of FIG. 14. The system 1700 may
generate second intermediate inferences 1704. The second intermediate inferences 1704

may correspond to the classified subset(s) of features 1474 of FIG. 14.

[00219] The system 1700 may perform one or more feature extractions (e.g., feature
set 1 extraction 1604, feature set 2 extraction 1722, feature set N extraction 1724, or any
combination thereof). The system 1700 may perform feature set clustering 1606 and

may perform feature set classification 1608.

[00220] Subsequent to performing each of the one or more feature set extractions
(e.g., feature set 1 extraction 1604, feature set 2 extraction 1622, or feature set N
extraction 1624), the feature set clustering 1606, and the feature set classification 1608,
the system 1700 may determine whether more features are needed, e.g., at 1710, 1712,
1714, or 1622. For example, the multimedia content classifier 1412 may determine
whether additional features are to be extracted based on an analysis criterion (e.g., a
confidence level), an extraction criterion, or both, as further described with reference to

FIG. 14.

[00221] Thus, the system 1700 may enable image context identification. Additional

features may be extracted at various stages of the analysis (e.g., after extracting other
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features, after clustering, or after classification) until a threshold confidence level is

achieved.

[00222] Referring to FIG. 18, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 1800.
One or more operations of the system 1800 may be performed by the statistics
processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of
FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00223] Components of the system 1800 may operate in a similar manner as
corresponding components of the system 1700 of FIG. 17. The system 1800 may select
a subset of features to extract from sensory data (e.g., the first sensory data 1470 of FIG.
14) based on a use case 1436. The use case 1436 may include activity recognition,
person recognition, object recognition, location recognition, gesture recognition,
emotion recognition, eye gaze detection, health monitoring (e.g., physical condition
recognition), or any combination thereof. In a particular embodiment, the use case 1436
may correspond to application-specific processing. For example, the first processing
device 304 of FIG. 3 may generate image statistics, as described with reference to FIG.

14, based on the use case 1436.

[00224] An example of activities that may be recognized includes watching
television, playing a game, reading, writing, looking at screen, giving a presentation, in
a meeting, working alone, meeting people, eating, shopping, cooking, commuting, etc.

An example of persons that may be recognized includes a particular individual (e.g.,
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“John Smith™), a type of person (e.g., a police officer, a fire fighter, a pilot, a flight

attendant, or a doctor), or any combination thereof.

[00225] An example of objects includes a street sign, a face, a hand, a finger, a thumb
print, a toy, a key, a phone, a weapon, a car, a license plate, etc. An example of
locations that may be recognized includes a particular building (e.g., the state capitol
building of a particular state), a type of building (e.g., a museum, a school, a hospital, or
a playground), or any combination thereof. An example of gestures that may be
recognized includes looking in a particular direction, pointing in a particular direction,
swiping in a particular direction, hand movement, eye movement, or any combination

thereof.

[00226] In a particular embodiment, a classification model (e.g., the classification
model(s) 1428) may indicate that at least a first subset of features is to be analyzed for
the use case 1436. For example, the use case 1436 may correspond to determining
whether the context of the image corresponds to a particular type of location (e.g.,
“indoors”). The classification model may indicate that at least a CENTRIST descriptor
and a GIST descriptor may be analyzed to determine whether a context of an image
corresponds to the particular location. Based on the use case 1436 and the classification
model, the feature set extractor 1414 may extract the first subset of features (e.g., the
GIST and the CENTRIST descriptors) of the image from the first sensory data 1470. In
a particular embodiment, the feature set extractor 1414 may extract the first subset of
features based on determining that an extraction criterion is satisfied, as described with

reference to FIG. 14.

[00227] In a particular embodiment, the classification model may indicate that a
second subset of features is to be analyzed for the same or different use case 1436. For
example, the second subset of features may include a scale-invariant response map of a
pre-trained generic object detector, such as an object bank descriptor. In a particular
embodiment, the classification model may indicate that the first subset of features is
highly recommended and that the second subset of features may be helpful in analyzing
the use case 1436. In this embodiment, the feature set extractor 1414 may extract the
second subset of features based on an analysis criterion, an extraction criterion, or both.

For example, the feature set extractor 1414 may extract the second subset of features in
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response to determining that an extraction criterion is satisfied, that confidence level
associated with extracting the first subset of features does not satisfy a threshold
confidence level (e.g., the threshold confidence level 1482), or both, as further described
with reference to FIG. 14.

[00228] Thus, a subset of features suitable for analyzing a particular use case may be
extracted from the sensory data. As a result, the efficiency with which the image
context is identified may increase. For example, the feature set extractor 1414 may
determine that a particular set of features is highly recommended for analyzing a
particular use case. Extracting all of the highly recommended features during an initial
feature extraction may be more efficient than performing clustering and classification
after extracting each highly recommended feature and then extracting a next highly
recommended feature based on the associated confidence levels. As another example,
the feature set extractor 1414 may refrain from extracting additional features that are
known to be unhelpful in analyzing the particular use case 1436, thereby conserving

resources of the device 1402.

[00229] Referring to FIG. 19, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 1900.
One or more operations of the system 1600 may be performed by the statistics
processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310, the camera 302 of FIG. 3, the sensor 404, the change detection circuit 414,
the application processor 418 of FIG. 4, the sensor 502, the selection circuit 506, the
signal analyzer 512, the change detection circuit 514, the application processor 518 of
FIG. 5, the sensor 602, the preprocessing circuit 604, the one or more additional
processors 622, the second application processor 706, the Mt application processor 708
of FIG. 7, the camera 842, the ambient light sensor 840, the activation analyzer 814, the
deactivation analyzer 816, the object detector 850, the object identifier 852, the activity
classifier 854, the system controller 806 of FIG. 8, the VFE-Lite 904, the LPCVSS 906,
the LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the one
or more cameras 1210 of FIG. 12, the contextual determination engine 1380 of FIG. 13,
the device 1402 of FIG. 14, one or more image sensors of the device 1402 (e.g., the first

image sensor 1404 or the Nth image sensor 1440), or any combination thereof.
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[00230] Components of the system 1900 may operate in a similar manner as
corresponding components of the system 1800 of FIG. 18. The system 1900 may select
a subset of features to extract from sensory data (e.g., the first sensory data 1470 of FIG.
14) based on resource information (e.g., resource information 1902). The resource
information 1902 may include resource availability information, a resource budget (e.g.,

the resource budget 1420 of FIG. 14), or both.

[00231] The resource budget 1420 may include a memory budget, a power budget, a
number of instructions per time period (e.g., per second) budget, or any combination
thereof. The resource availability information 1802 may include a memory availability,
a power availability, a number of instructions per time period (e.g., per second)

availability, or any combination thereof.

[00232] The resource availability information 1802 may differ from the resource
budget 1420 in that the resource availability information 1802 may indicate what
portion or amount of the resources of the device 1402 are available for use (e.g., by any
application) and the resource budget 1420 may indicate what portion or amount of the
resources of the device 1402 are permitted to be used by the multimedia content

classifier 1412.

[00233] The resource availability information 1802 may indicate that a particular
percentage (or a particular amount) of a resource is available. In a particular
embodiment, the feature set extractor 1414 may not extract any features if the resource
availability does not satisfy a threshold resource availability (e.g., a threshold battery
power 1486, a threshold bandwidth 1488, a threshold memory, a threshold number of

instructions per second, or any combination thereof).

[00234] In a particular embodiment, the multimedia content classifier 1412 may have
access to a resource utilization estimate associated with an analysis of a particular subset
of features. In this embodiment, the multimedia content classifier 1412 may select a
particular subset of features when the resource availability is greater than the estimated

resource utilization of analyzing the particular subset of features.

[00235] In a particular embodiment, the multimedia content classifier 1412 may

determine whether to extract a subset of features (e.g., the first subset of features, the
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second subset of features, or both) from the first sensory data 1470 based on the
resource budget 1420. For example, the feature set extractor 1414 may determine that a
particular percentage (or a particular amount) of the resource budget 1420 is being
utilized by the multimedia content classifier 1412. The feature set extractor 1414 may
extract the subset of features when less than the entire resource budget 1420 is being

utilized by the multimedia content classifier 1412,

[00236] In a particular embodiment, the resource budget 1420 may correspond to an
extraction criterion. For example, the first processing device 304 of FIG. 3 may receive
the resource budget 1420 and may generate first image statistics indicating the particular
percentage (or the particular amount) of the resource budget 1420 being utilized (e.g.,
by the system 300). The statistics processing device 108 may provide the first sensory
data 1470 to the second processing device 310 based on determining that less than the

entire resource budget 1420 is being utilized.

[00237] In a particular embodiment, the multimedia content classifier 1412 may have
access to an estimate of a resource utilization associated with an analysis (e.g.,
extraction, clustering, or classification) of a particular subset of features. For example,
the estimated resource utilization may be generated by the multimedia content classifier
1412 based on a previous analysis of the particular subset of features for another image.
In this embodiment, the multimedia content classifier 1412 may extract the particular
subset of features when the remaining resource budget 1420 is more than the estimated
resource utilization of analyzing the particular subset of features. In a particular
embodiment, the first processing device 304 may generate first image statistics
indicating the estimated resource utilization and the statistics processing device 108 may
provide the first sensory data 1470 to the second processing device 310 based on
determining that the remaining resource budget 1420 is more than the estimated

resource utilization.

[00238] The resource budget 1420 may be based on user preferences (e.g., the user
preference(s) 1422). For example, the user preference(s) 1422 may indicate that no
background application is to take up more than a particular percentage (e.g., 20%) of

resources.
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[00239] In a particular embodiment, the system 1900 may also generate sensory data
(e.g., the first sensory data 1470 of FIG. 14) based on the resource availability
information, the resource budget 1420, or both. For example, the multimedia content
classifier 1412 may send a request (e.g., the first image capture request 1472) to the first
image sensor 1404 in response to determining that the resource availability information
1802 indicates that a particular resource is available, that less than the entire resource

budget 1420 is being utilized by the multimedia content classifier 1412, or both.

[00240] Thus, the multimedia content classifier 1412 may perform image context
identification based on current or future resource availability (e.g., the resource budget
1420, the resource availability information, or both). Sensory data may be generated
when sufficient resources are available. Resources of the device 1402 may be
conserved by the first image sensor 1404 refraining from generating the sensory data for
analysis by the multimedia content classifier 1412 when sufficient resources are
unavailable. Fewer resources of the device 1402 may be used for image context
identification when the resource budget 1420 is more limited, while context data with
higher associated confidence levels may be generated when the resource budget 1420 is
larger. Furthermore, fewer resources of the device 1402 may be used for image context
identification when limited resources are available, while context data with higher
associated confidence levels may be generated when more resources are available. For
example, if the resource availability information 1802 indicates that a remaining battery
power of the device 1402 does not satisfy the threshold battery power 1486, the
multimedia content classifier 1412 may analyze fewer images (e.g., may increase a data
sampling interval), may extract fewer features from the first sensory data 1470, may
refrain from extracting features from the first sensory data 1470, or a combination

thereof.

[00241] Referring to FIG. 20, a diagram of another particular embodiment of a
system operable to identify a context of an image is disclosed and generally designated
2000. One or more operations of the system 2000 may be performed by the statistics
processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of

FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
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514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00242] Components of the system 2000 may operate in a similar manner as
corresponding components of the system 1800 of FIG. 18. The system 2000 may
extract or identify a region of interest (e.g., a region of interest 1478) during feature set

1 extraction 1604. The region of interest 1478 may correspond to a particular portion of
the image. The region of interest 1478 may be determined based on a use case (e.g., the
use case 1436 of FIG. 14), based on differences between the image and a prior image, or
both. For example, the region of interest 1478 may correspond to faces when the use
case 1436 includes person recognition and may correspond to objects when the use case

1436 includes activity recognition.

[00243]  As another example, the use case 1436 may include object detection of a
particular object (e.g., a car key). The user 1452 may have misplaced the car key and
may request display of a first image that last included the car key. In a particular
embodiment, the use case 1436 may correspond to application-specific processing. A
first classification model (e.g., the classification model(s) 1428 of FIG. 14) may indicate
particular values of a particular subset of features corresponding to the use case 1436.
To illustrate, the first classification model may indicate particular values of an edge
histogram descriptor corresponding to the particular object (e.g., the car key). The
feature set extractor 1414 may extract the particular subset of features of the image from
sensory data (e.g., the first sensory data 1470). The feature set extractor 1414 may
determine that values of the particular subset of features of a particular portion of the
image correspond to the particular values indicated by the first classification model. A
portion of the first sensory data 1470 may correspond to the particular portion of the

image. To illustrate, the particular portion of the image may include the particular
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object (e.g., the car key) or another object with a similar property (e.g., shape). The
feature set extractor 1414 may generate the region of interest 1478 by copying the
portion of the first sensory data 1470 corresponding to the particular portion of the

image.

[00244] As another example, the feature set extractor 1414 may compare the first
sensory data 1470 corresponding to the image to other sensory data corresponding to a
prior image. For example, the image and the prior image may have been captured
during a meeting. Based on the comparison, the feature set extractor 1414 may
determine that a portion of the first sensory data 1470 is distinct from the other sensory
data. The portion of the first sensory data 1470 may correspond to a particular portion
of the image. For example, the particular portion of the image may correspond to a
person that changed position during the meeting. The feature set extractor 1414 may
generate the region of interest 1478 by copying the portion of the first sensory data 1470

corresponding to the particular portion of the image.

[00245] The system 2000 may perform feature extraction (e.g., feature set 2
extraction, feature set N extraction, or both) using the region of interest 1478. For
example, the feature set extractor 1414 may extract a first subset of features from the

region of interest 1478, as further described with reference to FIG. 14.

[00246] In a particular embodiment, the first processing device 304 of FIG. 3 may
generate first image statistics indicating the region of interest 1478 or indicating an
absence of the region of interest 1478 in the first sensory data 1470. The statistics
processing device 108 may determine that an extraction criterion is satisfied based on
determining that the first image statistics indicates the region of interest 1478 and may
provide the portion of the first sensory data 1470 corresponding to the region of interest
1478 to the second processing device 310 based on determining that the extraction

criterion is satisfied.

[00247] Thus, subsets of features of the region of interest 1478 of the image may be
extracted, clustered, and classified to identify a context of the image. Analyzing (e.g.,
extracting additional features for) the region of interest 1478, as compared to the entire

image, may conserve resources of the device 1402.
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[00248] Referring to FIG. 21, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 2100.
One or more operations of the system 2100 may be performed by the statistics
processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of
FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00249] Components of the system 2100 may operate in a similar manner as
corresponding components of the system 2000 of FIG. 20. The system 2100 may
perform feature set clustering 1606 by combining a first subset of features (e.g., the
subset(s) of features 1442) extracted from a region of interest (e.g., the region of interest
1478) with previously computed features (e.g., previously computed features 2102).
For example, the feature set clusterer 1416 of FIG. 14 may cluster the first subset of
features and the previously computed features 2102, To illustrate, the region of interest
1478 may correspond to a particular portion of the image that changed in comparison to
a prior image and the previously computed features 2102 may correspond to a
remaining portion of the image that remained unchanged in comparison to the prior
image. For example, the previously computed features 2102 may have been previously
extracted when analyzing the prior image. The feature set clusterer 1416 of FIG. 14
may cluster the first subset of features, the previously computed features 2102, and
another subset of features of a second image, as further described with reference to FIG.
14.

[00250] Using the previously computed features 2102, as compared to extracting

features corresponding to the entire image, may conserve resources of the device 1402.
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Moreover, clustering the previously computed features 2102 and the region of interest
1478 for classification may improve the classification analysis as compared to clustering

the region of interest 1478 alone.

[00251] Referring to FIG. 22, a diagram of a particular illustrative embodiment of a
system operable to identify a context of an image is disclosed and generally designated
2200. One or more operations of the system 2200 may be performed by the statistics
processing device 108 of FIG. 1, the first processing device 304, the second processing
device 310 of FIG. 3, the change detection circuit 414, the application processor 418 of
FIG. 4, the selection circuit 506, the signal analyzer 512, the change detection circuit
514, the application processor 518 of FIG. 5, the preprocessing circuit 604, the one or
more additional processors 622, the second application processor 706, the M™
application processor 708 of FIG. 7, the activation analyzer 814, the deactivation
analyzer 816, the object detector 850, the object identifier 852, the activity classifier
854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906, the
LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.

[00252] The system 2200 may include an image sensor 2208 (e.g., one or more of the
image sensors, such as the camera 302 of FIG. 3, the sensor 402 of FIG. 4, the sensor
502 of FIG. 5, the sensor 602 of FIG. 6, the camera 842 of FIG. 8, the one or more
cameras 1210 of FIG. 12, the one or more other sensors 1360 of FIG. 13, the first image
sensor 1404 or the Nth image sensor 1440 of FIG. 14) coupled to, or in communication
with, the scene change detector 1460 via the memory 1408. In a particular embodiment,

the memory 1408 may correspond to the memory 306 of FIG. 3.

[00253] The memory 1408 may include a low/high resolution image buffer 2214, a
first high resolution image buffer 2216, a second high resolution image buffer 2218, or
any combination thereof. Each of the image buffers may have a distinct memory size
and may have a distinct memory access time. For example, the second high resolution
image buffer 2218 may have a greater memory size and may have a greater memory

access time than the first high resolution image buffer 2216 and the first high resolution
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image buffer 2216 may have a greater memory size and may have a greater memory

access time than the low/high resolution image buffer 2214.

[00254] The memory 1408 may be coupled to, or in communication with the scene
change detector 1460 via a filter 2222, The first image sensor 1404 may be coupled to,
or in communication with, trigger logic 2202. The trigger logic 2202 may be coupled
to, or in communication with, a counter 2204. The scene change detector 1460 may
include, be coupled to, or be in communication with, a local storage 2228. In a
particular embodiment, the system 2200 may correspond to an always-on power domain

of the device 1402.

[00255] During operation, the trigger logic 2202 may send an image capture request
(e.g., the first image capture request 1472) to the first image sensor 1404. In a particular
embodiment, the trigger logic 2202 may send the first image capture request 1472 in
response to one or more asynchronous event notifications (e.g., asynchronous event
notification(s) 2206). The asynchronous event notification(s) 2206 may include a
notification regarding resource availability, a user input, a user proximity, a radio
frequency signal, an electro-magnetic signal, a mechanical signal, a micro-
electromechanical system (MEMS) signal, other context information, or any
combination thereof. For example, the asynchronous event notification(s) 2206 may
include a notification regarding the resource availability. The trigger logic 2202 may
send the first image capture request 1472 in response to the notification regarding the
resource availability. To illustrate, the trigger logic 2202 may send the first image
capture request 1472 in response to determining that the resource availability satisfies a
resource budget (e.g., the resource budget 1420), a user preference (e.g., the user

preference(s) 1422), or both.

[00256] As another example, the asynchronous event notification(s) 2206 may
include a notification regarding the user input (e.g., the user input 1430). The user input
1430 may correspond to a user request to capture the image. The trigger logic 2202
may send the first image capture request 1472 in response to the notification regarding

the user input 1430.
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[00257] In a particular embodiment, the trigger logic 2202 may send the first image
capture request 1472 in response to a value of a counter 2204. For example, the counter
2204 may indicate that a particular duration has elapsed since a previous image capture.
The trigger logic 2202 may send the first image capture request 1472 to the first image
sensor 1404 in response determining that the particular duration satisfies a threshold
image capture duration (e.g., the threshold duration(s) 1480), as further described with
reference to FIG. 14.

[00258] In response to receiving the first image capture request 1472, the first image
sensor 1404 may send high resolution raw image data 2220 to the memory 1408. In a
particular embodiment, the high resolution raw image data 2220 may correspond to the
first sensory data 1470 of FIG. 14. The memory 1408 may store the high resolution raw
image data 2220 in an image buffer (e.g., the low/high resolution image buffer 2214, the
first high resolution image buffer 2216, the second high resolution image buffer 2218,
or any combination thereof). The memory 1408 may send (or make accessible) the high

resolution raw image data 2220 to the filter 2222.

[00259] The filter 2222 may generate low resolution raw image data 2226 from the
high resolution raw image data 2220. For example, the low resolution raw image data
2226 may correspond to fewer image pixels than the high resolution raw image data
2220. In a particular embodiment, a value of the low resolution raw image data 2226
corresponding to a particular pixel may be generated from values of the high resolution
raw image data 2220 corresponding to multiple (e.g., four) pixels. For example, the
value corresponding to the particular pixel may be an average of the values

corresponding to the multiple pixels.

[00260] The filter 2222 may send (or make accessible) the low resolution raw image
data 2226 to the scene change detector 1460. The scene change detector 1460 may store
the low resolution raw image data 2226 in the local storage 2228. In a particular
embodiment, the filter 2222 may send (or make accessible) the low resolution raw
image data 2226 to the local storage 2228. The scene change detector 1460 may
compare the low resolution raw image data 2226 to other image data corresponding to a
previously captured image. Based on the comparison, the scene change detector 1460

may determine whether the low resolution raw image data 2226 indicates a scene
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change, at 2226. For example, the scene change detector 1460 may divide the image
and the previously captured image into blocks (e.g., 3x3 blocks). The scene change
detector 1460 may determine a difference between a portion of the first sensory data
1470 (e.g., the low resolution raw image data 2226) associated with each block of the
image with a portion of sensory data (e.g., the other image data) associated with a
corresponding block of the previously captured image. For example, the scene change
detector 1460 may determine a mean of the absolute difference between the portions of
the image and the previously captured image. The scene change detector 1460 may
compare the difference (e.g., the mean) to a threshold image difference to determine
whether the first sensory data 1470 (e.g., the low resolution raw image data 2226)

indicates a scene change.

[00261] In response to determining that the low resolution raw image data 2226 does
not indicate a scene change, the system 2200 may wait for a next trigger, at 2242. For
example, the multimedia content classifier 1412 of FIG. 14 may wait for the trigger
logic 2202 to receive another asynchronous event notification 2206 or another value of

the counter 2204.

[00262] In response to determining that the low resolution raw image data 2226
indicates a scene change, at 2226, the system 2200 may operate as further described
with reference to FIG. 23. In a particular embodiment, the filter 2222 may be included
in the first processing device 304 of FIG. 3 and the scene change detector 1460 may be
included in the statistics processing device 108 of FIG. 1. For example, the low
resolution raw image data 2226 may correspond to first image statistics. The scene
change detector 1460 may determine that an extraction criterion is satisfied based on

determining that the low resolution raw image data 2226 indicates the scene change.

[00263] In a particular embodiment, the memory 1408 may receive an image data
request 2238, as further described with reference to FIG. 24. In response to the image
data request 2238, the memory 1408 may output image data 2240, as further described
with reference to FIG. 24. The image data 2240 may correspond to the high resolution
raw image data 2220.
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[00264] The filter 2222 may be used to generate low resolution image data when the
first image sensor 1404 generates high resolution image data. The low resolution image
data may be analyzed by the scene change detector 1460 to determine whether to
continue with an analysis of the high resolution image data. Having the scene change
detector 1460 analyze the low resolution image data, as compared to the high resolution

image data, may conserve resources of the device 1402.

[00265] Referring to FIG. 23, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 2300.
The system 2300 may be coupled to the system 2200 of FIG. 22. One or more
operations of the system 2300 may be performed by the statistics processing device 108
of FIG. 1, the first processing device 304, the second processing device 310 of FIG. 3,
the change detection circuit 414, the application processor 418 of FIG. 4, the selection
circuit 506, the signal analyzer 512, the change detection circuit 514, the application
processor 518 of FIG. 5, the preprocessing circuit 604, the one or more additional
processors 622, the second application processor 706, the Mt application processor 708
of FIG. 7, the activation analyzer 814, the deactivation analyzer 816, the object detector
850, the object identifier 852, the activity classifier 854, the system controller 806 of
FIG. 8, the VFE-Lite 904, the LPCVSS 906, the LPASS 908, the AP SS 910, the one or
more other processors 912 of FIG. 9, the contextual determination engine 1380 of FIG.

13, the device 1402 of FIG. 14, or a combination thereof.

[00266] The system 2300 may include the blurred image detector 1462 of FIG. 14.
The blurred image detector 1462 may include, be coupled to, or be in communication

with, local storage 2306.

[00267] During operation, the system 2300 may activate a first power domain of the
device 1402, at 2302. For example, the multimedia content classifier 1412 may activate
the first power domain in response to the scene change detector 1460 determining that
image data (e.g., the low resolution raw image data 2226) corresponds to a scene
change, as further described with reference to FIG. 22. As another example, the
statistics processing device 108 may activate a first power domain of the second
processing device 310 based on determining that an extraction criterion is satisfied (e.g.,

a scene change is detected).
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[00268] The blurred image detector 1462 may receive the low resolution raw image
data 2226. For example, the blurred image detector 1462 may receive the low
resolution raw image data 2226 from the filter 2222. The blurred image detector 1462
may store the low resolution raw image data 2226 in local storage 2306. The blurred
image detector 1462 may determine whether the low resolution raw image data 2226
indicates that the image is blurred, at 2308. For example, the blurred image detector
1462 may determine whether the low resolution raw image data 2226 indicates that
sharpness of the image satisfies a threshold sharpness level (e.g., the threshold
sharpness level 1484). To illustrate, the blurred image detector 1462 may determine
that the low resolution raw image data 2226 indicates a blurred image based on
determining that the low resolution raw image data 2226 indicates that the sharpness of
the image fails to satisfy the threshold sharpness level 1484. The blurred image
detector 1462 may alternatively determine that the low resolution raw image data 2226
does not indicate a blurred image based on determining that the low resolution raw
image data 2226 indicates that the sharpness of the image satisfies the threshold
sharpness level 1484.

[00269] In response to the blurred image detector 1462 determining that the low
resolution raw image data 2226 indicates that the image is blurred, at 2308, the system
2300 may deactivate the first power domain of the device 1402, at 2310. For example,
the multimedia content classifier 1412 may deactivate the first power domain of the
device 1402 in response to the blurred image detector 1462 determining that the low
resolution raw image data 2226 indicates that the image is blurred. In a particular
embodiment, the statistics processing device 108, the second processing device 310, or
both, may include the blurred image detector 1462. The statistics processing device 108
or the second processing device 310 may deactivate the first power domain of the
statistics processing device 108 based on the blurred image detector 1462 determining

that the low resolution raw image data 2226 indicates that the image is blurred.

[00270] In response to the blurred image detector 1462 determining that the low
resolution raw image data 2226 indicates that the image is not blurred, at 2308, the

system 2300 may operate as described with reference to FIG. 26.



WO 2014/201386 PCT/US2014/042353

— 80—

[00271]  Thus, the first power domain of the device 1402 illustrated in FIG. 23 may
remain deactivated when the image does not correspond to a scene change, conserving
resources of the device 1402. Moreover, low resolution image data may be analyzed by
the blurred image detector 1462 to determine whether to continue with an analysis of
the high resolution image data. Having the blurred image detector 1462 analyze the low
resolution image data, as compared to the high resolution image data, may also conserve

resources of the device 1402.

[00272] Referring to FIG. 24, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 2400.
The system 2400 may be coupled to, or in communication with, the system 2200 of
FIG. 22, the system 2300 of FIG. 12, or both. One or more operations of the system
2400 may be performed by the statistics processing device 108 of FIG. 1, the first
processing device 304, the second processing device 310 of FIG. 3, the change detection
circuit 414, the application processor 418 of FIG. 4, the selection circuit 506, the signal
analyzer 512, the change detection circuit 514, the application processor 518 of FIG. 5,
the preprocessing circuit 604, the one or more additional processors 622, the second
application processor 706, the M™ application processor 708 of FIG. 7, the activation
analyzer 814, the deactivation analyzer 816, the object detector 850, the object identifier
852, the activity classifier 854, the system controller 806 of FIG. 8, the VFE-Lite 904,
the LPCVSS 906, the LPASS 908, the AP SS 910, the one or more other processors 912
of FIG. 9, the contextual determination engine 1380 of FIG. 13, the device 1402 of FIG.

14, or a combination thercof.

[00273] During operation, the system 2400 may activate a second power domain of
the device 1402, at 2402. For example, the multimedia content classifier 1412 may
activate the second power domain in response to the blurred image detector 1462
determining that the low resolution raw image data 2226 indicates that the image is not

blurred, as further described with reference to FIG. 23.

[00274] In a particular embodiment, the statistics processing device 108 of FIG. 1 or
the second processing device 310 of FIG. 3 may activate a second power domain of the

second processing device 310 based on the blurred image detector 1462 determining
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that the low resolution raw image data 2226 indicates that the image is not blurred, as

further described with reference to FIG. 23.

[00275] The system 2400 may output an image data request (e.g., the image data
request 2238 of FIG. 22), at 2402. For example, the multimedia content classifier 1412
may output the image data request 2238 to the memory 1408, as further described with
reference to FIG. 22, in response to the blurred image detector 1462 determining that
the low resolution raw image data 2226 indicates that the image is not blurred. In a
particular embodiment, the second processing device 310 may output the image data
request to the memory 306 based on the blurred image detector 1462 determining that

the low resolution raw image data 2226 indicates that the image is not blurred.

[00276] The system 2400 may receive image data (e.g., the image data 2240) and
may perform feature computation 2404. For example, the memory 1408 may output the
image data 2240 to the multimedia content classifier 1412 in response to the image data
request 2238), as further described with reference to FIG. 22. The image data 2240 may
correspond to the high resolution raw image data 2220. The feature set extractor 1414
may extract a first subset of features from the high resolution raw image data 2220, as
further described with reference to FIG. 14. In a particular embodiment, the second
processing device 310 may perform application-specific processing on high resolution
raw image data received from the memory 306. For example, the second processing
device 310 may activate subsequent power domains corresponding to particular steps of
the application-specific processing. To illustrate, the second power domain may
correspond to the second application processor 706 of FIG. 7 and a subsequent power

domain may correspond to the M™ application processor 708.

[00277] The system 2400 may perform feature clustering 1606 and may perform
feature set classification 1608, as further described with reference to FIG. 16. The
system 2400 may determine whether confidence levels associated with the first subset
of features are high, at 2406. In a particular embodiment, operation 1306 may
correspond to operation 1622 of FIG. 16. For example, the multimedia content
classifier 1412 may determine whether confidence levels associated with a first

classified subset of features (e.g., the classified subset(s) of features 1474) satisfy a



WO 2014/201386 PCT/US2014/042353

82—

threshold confidence level (e.g., the threshold confidence level 1482), as further
described with reference to FIG. 14.

[00278] In response to determining that the confidence level is not high (e.g., does
not satisfy a numerical threshold (e.g., 75%) representing “high” confidence), at 2406,
the system 2400 may perform additional feature (e.g., MPEG-7, GIST, CENTRIST,
etc.) computation 2404. For example, the feature set extractor 1414 may extract a
second subset of features from the image data 2240, as further described with reference

to FIG. 24.

[00279] In response to determining that the confidence level is high, at 2406, the
system 2400 may proceed to output visual environment data, at 2408. For example, the
multimedia content classifier 1412 may generate context data (e.g., the context data
1490), as described with reference to FIG. 14. The multimedia content classifier 1412

may initiate display of the context data 1490 at the display 1406.

[00280] The system 2400 may deactivate the second power domain, at 2410. For
example, the multimedia content classifier 1412 may deactivate the second power
domain of the device 1402. In a particular embodiment, the second processing device

310 may deactivate the second power domain of the second processing device 310.

[00281] Thus, the second power domain of the device 1402, illustrated in F1G. 24,
may remain deactivated when the image does not correspond to a scene change or when

the image is blurred, thereby conserving resources of the device 1402.

[00282] Referring to FIG. 25, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 2500.
The system 2500 may be coupled to the system 2400 of FIG. 24. One or more
operations of the system 2500 may be performed by the statistics processing device 108
of FIG. 1, the first processing device 304, the second processing device 310 of FIG. 3,
the change detection circuit 414, the application processor 418 of FIG. 4, the selection
circuit 506, the signal analyzer 512, the change detection circuit 514, the application
processor 518 of FIG. 5, the preprocessing circuit 604, the one or more additional
processors 622, the second application processor 706, the Mt application processor 708

of FIG. 7, the activation analyzer 814, the deactivation analyzer 816, the object detector



WO 2014/201386 PCT/US2014/042353

_83—

850, the object identifier 852, the activity classifier 854, the system controller 806 of
FIG. 8, the VFE-Lite 904, the LPCVSS 906, the LPASS 908, the AP SS 910, the one or
more other processors 912 of FIG. 9, the contextual determination engine 1380 of FIG.

13, the device 1402 of FIG. 14, or a combination thereof.

[00283] Components of the system 2500 may operate in a similar manner as
corresponding components of the system 2200 of FIG. 22. The system 2500 may
include an image sensor and filter 2502. The image sensor and filter 2502 may be a
combination of an image sensor (e.g., one or more of the image sensors of device 1402
of FIG. 14, such as the first image sensor 1404, the Nth image sensor 1440 of FIG. 14,
or both) and a filter (e.g., the filter 2222 of FIG. 22).

[00284] The image sensor and filter 2502 may generate raw image data 2504. The
raw image data 2504 may correspond to the first sensory data 1470 of FIG. 14. The raw
image data 2504 may include low resolution image data (e.g., the low resolution raw
image data 2226), high resolution image data (e.g., the high resolution raw image data
2220), or both. In a particular embodiment, the first processing device 304 and the
camera 302 of FIG. 3 may correspond to the image sensor and filter 2502 and the raw
image data 2504 may correspond to first image statistics provided by the first

processing device 304 of FIG. 3 to the statistics processing device 108.

[00285] In a particular embodiment, the image sensor and filter 2502 may generate
the high resolution raw image data 2220 in response to the first image capture request
1472 indicating that high resolution image data is to be captured. For example, the
multimedia content classifier 1412 may indicate a requested resolution in the first image
capture request 1472. In a particular embodiment, the image sensor and filter 2502 may
capture the low resolution raw image data 2226 using one or more of the image sensors
of the device 1402 (e.g., the first image sensor 1404 or the Nth image sensor 1440) and
may capture the high resolution raw image data 2220 using another of the image sensors
of the device 1402 (e.g., the other of the first image sensor 1404 and the Nth image

sensor 1440 or another image sensor).
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[00286] The image data 2240 may correspond to the raw image data 2504. For
example, the image data 2240 may include the low resolution raw image data 2226, the

high resolution raw image data 2220, or both.

[00287] The memory 1408 may output the raw image data 2504, as further described
with reference to FIG. 26. The memory 308 may output the raw image data 2504 to the
scene change detector 1460. In a particular embodiment, the memory 1408 may output
the raw image data 2504 to the local storage 2228. The scene change detector 1460 may
determine whether the raw image data 2504 indicates a scene change, at 2226, as further

described with reference to FIG. 14.

[00288] In response to the scene change detector 1460 determining that the raw
image data 2504 indicates a scene change, the system 2500 may perform operations as

further described with reference to FIG. 26.

[00289] Thus, the image sensor and filter 2502 may generate image data having
various resolutions. Generating only the low resolution image data may conserve
resources of the device 1402, while generating the high resolution image data may

improve confidence levels associated with context data generated from the image data.

[00290] Referring to FIG. 26, a diagram particular illustrative embodiment of a
system operable to identify a context of an image is disclosed and generally designated
2600. The system 2600 may be coupled to the system 2400 of FIG. 24, the system 2500
of FIG. 25, or both. One or more operations of the system 2600 may be performed by
the statistics processing device 108 of FIG. 1, the first processing device 304, the
second processing device 310 of FIG. 3, the change detection circuit 414, the
application processor 418 of FIG. 4, the selection circuit 506, the signal analyzer 512,
the change detection circuit 514, the application processor 518 of FIG. 5, the
preprocessing circuit 604, the one or more additional processors 622, the second
application processor 706, the M™ application processor 708 of FIG. 7, the activation
analyzer 814, the deactivation analyzer 816, the object detector 850, the object identifier
852, the activity classifier 854, the system controller 806 of FIG. 8, the VFE-Lite 904,
the LPCVSS 906, the LPASS 908, the AP SS 910, the one or more other processors 912
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of FIG. 9, the contextual determination engine 1380 of FIG. 13, the device 1402 of FIG.

14, or a combination thercof.

[00291] Components of the system 2600 may operate in a similar manner as
corresponding components of the system 2300 of FIG. 23. The blurred image detector
1462 may receive raw image data (e.g., the raw image data 2504) from the memory
1408, as further described with reference to FIG. 25. For example, the blurred image
detector 1462 may receive the raw image data 2504 from the memory 1408.

[00292] In response to the blurred image detector 1462 determining that the raw
image data 2504 indicates that the image is not blurred, at 2308, the system 2500 may

perform operations as further described with reference to FIG. 24.

[00293] Thus, the first power domain of the device 1402 may remain deactivated
when the image does not correspond to a scene change, conserving resources of the
device 1402. Moreover, image data may be analyzed by the blurred image detector
1462 to determine whether to continue with an analysis (e.g., extraction, clustering, or

classification) of the image data.

[00294] Referring to FIG. 27, a particular illustrative embodiment of a system
operable to identify a context of an image is disclosed and generally designated 2700.
The system 2700 may be coupled to the system 2400 of FIG. 24, the system 2600 of
FIG. 26, or both. One or more operations of the system 2700 may be performed by the
statistics processing device 108 of FIG. 1, the first processing device 304, the second
processing device 310 of FIG. 3, the change detection circuit 414, the application
processor 418 of FIG. 4, the selection circuit 506, the signal analyzer 512, the change
detection circuit 514, the application processor 518 of FIG. 5, the preprocessing circuit
604, the one or more additional processors 622, the second application processor 706,
the M® application processor 708 of FIG. 7, the activation analyzer 814, the
deactivation analyzer 816, the object detector 850, the object identifier 852, the activity
classifier 854, the system controller 806 of FIG. §, the VFE-Lite 904, the LPCVSS 906,
the LPASS 908, the AP SS 910, the one or more other processors 912 of FIG. 9, the
contextual determination engine 1380 of FIG. 13, the device 1402 of FIG. 14, or a

combination thereof.
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[00295] Components of the system 2700 may operate in a similar manner as
corresponding components of the system 2500 of FIG. 25. The system 2700 may
include an image sensor, filter, and scene change detector 2702. The image sensor,
filter, and scene change detector 2702 may be a combination of an image sensor (e.g.,
one or more image sensors of the device 1402 of FIG. 14, such as the first image sensor
1404, the Nth image sensor 1440, or both), a scene change detector (e.g., the scene
change detector 1460 of FIG. 14), and a filter (e.g., the filter 2222 of FIG. 22).

[00296] In a particular embodiment, the camera 302, the first processing device 304
of FIG. 3, and the statistics processing device 108 of FIG. 1 may correspond to the
image sensor, filter, and scene change detector 2702. The statistics processing device
108 may provide the scene change notification 2704 and the raw image data 2504 to the
second processing device 310 of FIG. 3. The image sensor, filter, and scene change
detector 2702 may generate raw image data 2504. The image sensor, filter, and scene
change detector 2702 may also generate a scene change notification 2704. The image
sensor, filter, and scene change detector 2702 may generate the scene change
notification 2704 in response to determining that the image corresponds to a scene
change, as further described with reference to FIG. 14. The image sensor, filter, and
scene change detector 2702 may output the scene change notification 2704. For
example, the system 2700 may perform operations as further described with reference to

FIG. 26 in response to the scene change notification 2704.

[00297] Referring to FIG. 28, a bar chart illustrating an example of execution times
associated with extracting various subsets of features of test images is shown and
generally designated 2800. In a particular embodiment, the various subsets of features

may be extracted by the feature extractor 1414 of FIG. 14.

[00298] The bar chart 2800 illustrates execution times associated extracting various
subsets of features from sensory data associated with each of multiple test images (e.g.,
test images 1-4). For example, each test image may have a 1080 progressive scan
(1080p) resolution. A first subset of features includes a test featurel, a test feature?2,
and a test feature3. A second subset of features includes the first subset of features and
a test featured4. A third subset of features includes the second subset of features and a

test featureS. A fourth subset of features includes the third subset of features and a test
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feature6. In a particular embodiment, the test feature1 may correspond to a color layout
descriptor, the test feature2 may correspond to a homogeneous texture descriptor, the
test feature3 may correspond to an edge histogram descriptor, the test feature4 may
correspond to color structure descriptor, the test feature5 may correspond to a scalable

color descriptor, and the test feature6 may correspond to a dominant color descriptor.

[00299] The bar chart 2800 includes a bar 2802 corresponding to an execution time
ofa few hundred milliseconds associated with extracting the first subset of features
from sensory data of the test image 1. The bar chart 2800 includes a bar 2812
corresponding to an execution time of approximately a second associated with
extracting the first subset of features from sensory data of the test image 2. The bar
chart 2800 includes a bar 2822 corresponding to an execution time of approximately a
second associated with extracting the first subset of features from sensory data of the
test image 3. The bar chart 2800 includes a bar 2832 corresponding to an execution
time of approximately a second associated with extracting the first subset of features

from sensory data of the test image 4.

[00300] The bar chart 2800 includes a bar 2804 corresponding to an execution time
of extracting the second subset of features from sensory data of the test image 1 and is
approximately twice the execution time of extracting the first subset of features from
the sensory data of the test image 1. The bar chart 2800 includes a bar 2814
corresponding to an execution time of approximately 2 seconds associated with
extracting the second subset of features from sensory data of the test image 2. The bar
chart 2800 includes a bar 2824 corresponding to an execution time of approximately 2
seconds associated with extracting the second subset of features from sensory data of
the test image 3. The bar chart 2800 includes a bar 2834 corresponding to an execution
time of approximately 2 seconds associated with extracting the second subset of features

from sensory data of the test image 4.

[00301] The bar chart 2800 includes a bar 2806 corresponding to an execution time
of half a second associated with extracting the third subset of features from sensory data
of the test image 1. The bar chart 2800 includes a bar 2816 corresponding to an
execution time of approximately 3 seconds associated with extracting the third subset of

features from sensory data of the test image 2. The bar chart 2800 includes a bar 2826
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corresponding to an execution time of approximately 3 seconds associated with
extracting the third subset of features from sensory data of the test image 3. The bar
chart 2800 includes a bar 2836 corresponding to an execution time of approximately 3
seconds associated with extracting the third subset of features from sensory data of the

test image 4.

[00302] The bar chart 2800 includes a bar 2808 corresponding to an execution time
of approximately 3 seconds associated with extracting the fourth subset of features from
sensory data of the test image 1. The bar chart 2800 includes a bar 2818 corresponding
to an execution time of approximately 36 seconds associated with extracting the fourth
subset of features from sensory data of the test image 2. The bar chart 2800 includes a
bar 2828 corresponding to an execution time of approximately 33 seconds associated
with extracting the fourth subset of features from sensory data of the test image 3. The
bar chart 2800 includes a bar 2838 corresponding to an execution time of approximately
38 seconds associated with extracting the fourth subset of features from sensory data of

the test image 4.

[00303] Thus, the execution times associated with extracting a subset of features
varies based on the descriptors included in the subset. In particular, extracting the test
feature6 from sensory data of test images 2-4 takes approximately 30 seconds. Thus,
incrementally extracting subsets of features based on confidence levels may conserve
resources of the device 1402 as some subsets of features may not be extracted for each

image.

[00304] Referring to FIG. 29, a bar chart illustrating an example of memory usage
associated with extracting various subsets of features of the test images of FIG. 28 is
shown and generally designated 2900. In a particular embodiment, the various subsets

of features may be extracted by the feature set extractor 1414 of FIG. 14.

[00305] The bar chart 2900 includes a bar 2902 indicating a memory usage of
approximately 100 kilobytes associated with extracting the first subset of features, a bar
2904 indicating a memory usage of approximately 140 kilobytes associated with
extracting the second subset of features, a bar 2906 indicating a memory usage of

approximately 200 kilobytes associated with extracting the third subset of features, and
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a bar 2908 indicating a memory usage of approximately 280 kilobytes associated with
extracting the fourth subset of features. In a particular embodiment, the memory usage

may indicate an amount of memory 308 used by the feature set extractor 1414.

[00306] Thus, the memory usage associated with extracting a subset of features
varies based on the descriptors included in the subset. In particular, extracting test
featured, the test featureS, and test feature6 from sensory data increases the memory
usage by approximately 180 kilobytes. Thus, incrementally extracting subsets of
features based on confidence levels may conserve resources of the device 1402 as some

subsets of features may not be extracted for each image.

[00307] Referring to FIG. 30, a flowchart of a particular embodiment of a method
3000 of reducing power usage associated with computer vision applications based on
image statistics is shown. In an illustrative embodiment, the method 3000 may be
performed using at least one of the systems, devices, and techniques described with

respect FIGs. 1-29.

[00308] The method 3000 includes generating first image statistics for a first frame
of image data, at 3002. For example, in FIG. 3, the camera 302 may capture the first
frame 102 of FIG. 1 at the first time and the first processing device 304 may generate
the first image statistics for the first frame 102. The first processing device 304 may

provide the first image statistics to the memory 306.

[00309] Second image statistics may be generated for a second frame of image data,
at 3004. For example, in FIG. 3, after capturing the first frame 102, the camera 302
may capture the second frame 104 of FIG. 1 at the second time, and the first processing
device 304 may generate the second image statistics for the second frame 104. The first
processing device 304 may provide the second image statistics to the memory 306.
Additionally, the first processing device 304 may provide the second frame 104 and the

second image statistics to the statistics processing device 108.

[00310] A determination of whether a first change amount between the second image
statistics and the first image statistics satisfies a threshold may be made, at 3006. For
example, in FIG. 3, the statistics processing device 108 may compare the second image

statistics to the first image statistics to determine whether to provide the second frame
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104 to the second processing device 310 for application-specific processing on the
second frame 104. For example, the statistics processing device 108 may determine
whether a first change amount between the second image statistics and the first image

statistics satisfies a threshold.

[00311] Application-specific processing on the second frame may be performed in
response to a determination that the first change amount satisfies the threshold, at 3008.
For example, in FIG. 3, if the change amount satisfies the threshold, the statistics
processing device 108 may provide the second frame 104 to the second processing

device 310 for application-specific processing on the second frame 104.

[00312] In a particular embodiment, the method 3000 may include bypassing or
forgoing the application-specific processing on the second frame in response to a
determination that the first change amount does not satisfy the threshold. For example,
in FIG. 3, if the change amount does not satisfy the threshold, the statistics processing
device 108 may determine to conserve power and bypass application-specific

processing of the second frame 104.

[00313] In a particular embodiment, the method 3000 may include generating third
image statistics for a third frame of image data after bypassing the application-specific
processing of the second frame. For example, in FIG. 3, after capturing the second
frame 104, the camera 302 may capture the third frame 106 at the third time, and the
first processing device 304 may generate the third image statistics for the third frame
106. The first processing device 304 may provide the third image statistics to the
memory 306. In this example, the method 3000 may include determining whether a
second change amount between the third image statistics and the second image statistics
satisfies the threshold. For example, in FIG. 3, if the statistics processing device 108
determined to bypass or forgo application-specific processing on the second frame 104,
the statistics processing device 108 may compare the second image statistics to the
second image statistics (or the first image statistics) to determine whether to perform

application-specific processing on the third frame 106.

[00314] In a particular embodiment, the method 3000 may include performing

application-specific processing on the third frame in response to a determination that the
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second change amount satisfies the threshold. For example, in FIG. 3, if the second
change amount satisfies the threshold, the statistics processing device 108 may provide
the third frame 106 to the second processing device 310 for application-specific

processing on the third frame 106.

[00315] Bypassing or forgoing application-specific processing on a particular frame
that has similar image statistics to a previous frame may conserve power in electronic
devices. For example, application-specific processing may utilize high-power devices
within a processing system, such as a general purpose processor or a graphics processor.
By using low-power devices (e.g., a digital signal processor, an application-specific
integrated circuit, etc.), such as the statistics processing device 108 and the first
processing device 304, to generate and/or evaluate statistics of each frame, a
determination may be made that particular frames are substantially identical and that
application-specific processing need only be performed on one of the identical frames.
As a result, power may be conserved by forgoing application-specific processing on

identical or similar frames.

[00316] Referring to FIG. 31, a flow chart of a particular illustrative embodiment of a
method of identifying a context of an image is shown and generally designated 3100.
The method 3100 may be performed using at least one of the systems, devices, and

techniques described with respect FIGS. 1-29.

[00317] The method 3100 may include receiving, at a mobile device, sensory data
from an image sensor, at 3102. The sensory data may be related to an image. For
example, the device 1402 of FIG. 14 may receive sensory data (e.g., the first sensory
data 1470) from the first image sensor 1404. The first sensory data 1470 may be related
to the second frame 104 of FIG. 1.

[00318] The method 1300 may also include generating first image statistics of the
image based on the sensory data, at 1304. An extraction criterion may be satisfied when
a change amount between the first image statistics and second image statistics of a
second image satisfies a change threshold. For example, the statistics processing device
108 of FIG. 1 may generate first image statistics corresponding to the second frame 104

and may generate second image statistics corresponding to the first frame 102, as
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described with reference to FIG. 1. An extraction criterion may be satisfied when a
change amount between the first image statistics and the second image statistics satisfies

a change threshold, as further described with reference to FIG. 14.

[00319] The method 3100 may further include extracting a first subset of features of
the image from the sensory data based on the extraction criterion being satisfied, at
3106. For example, the feature set extractor 1414 of FIG. 14 may extract a first subset
of features (e.g., a first of the subset(s) of features 1442 of FIG. 14) from the first
sensory data 1470 based on the extraction criterion being satisfied, as further described

with reference to FIG. 14.

[00320] The method 3100 of FIG. 31 may be implemented by a field-programmable
gate array (FPGA) device, an application-specific integrated circuit (ASIC), a
processing unit such as a central processing unit (CPU), a digital signal processor
(DSP), a controller, another hardware device, firmware device, or any combination
thercof. As an example, the method 3100 of FIG. 31 can be performed by a processor

that executes instructions.

[00321] Thus, the method 3100 may enable image context identification. Extracting
subsets of features based on an extraction criterion may prevent extraction of features of

an image in certain situations, thereby conserving resources of the device 1402.

[00322] Referring to FIG. 32, a flow chart of a particular illustrative embodiment of a
method of identifying a context of an image is shown and generally designated 3200.
The method 3200 may be performed using at least one of the systems, devices, and
techniques described with respect FIGS. 1-29. In a particular embodiment, the method
3200 may proceed from 3106 of FIG. 31.

[00323] The method 3200 may include generating a first clustered subset of features
based on a first timestamp being within a threshold duration of a second timestamp, at
3202. The first timestamp is associated with the image (e.g., the second frame 104 of
FIG. 1). The second timestamp is associated with a second image. The first clustered
subset of features includes the first subset of features, a second subset of features of the
second image, or both. For example, the feature set clusterer 1416 of FIG. 14 may

generate a first clustered subset of features (e.g., the clustered subset(s) of features 1476
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of FIG. 14) based on a first timestamp (e.g., a first of the timestamp(s) 1494) being
within a threshold image capture duration (e.g., the threshold duration(s) 1480) of a
second timestamp (e.g., a second of the timestamp(s) 1494), as further described with

reference to FIG. 14.

[00324] The method 3200 may also include generating a classified subset of features
by classifying the first clustered subset of features based on a first classification model,
at 3204. For example, the feature set classifier 1418 of FIG. 14 may generate a
classified subset of features (e.g., the classified subset(s) of features 1474) by
classifying the first clustered subset of features based on a first classification model
(e.g., a first of the classification model(s) 1428), as further described with reference to
FIG. 14.

[00325] The method 3200 may further include determining that a confidence level
associated with extracting the first subset of features does not satisfy a threshold
confidence level based on determining that a confidence level of intermediate context
data does not satisfy the threshold confidence level, at 3206. The intermediate context
data may correspond to the first subset of features, the first clustered subset of features,
or the classified subset of features. For example, the multimedia content classifier 1412
may determine that a confidence level associated with extracting the first subset of
features does not satisfy the threshold confidence level 1482 based on determining that a
confidence level of the intermediate context data 1492 does not satisfy the threshold

confidence level 1482, as further described with reference to FIG. 14.

[00326] The method 3200 may also include extracting a second subset of features of
the image from the sensory data based on the first subset of features satisfying an
analysis criterion, at 3208. The analysis criterion is based on the confidence level
associated with extracting the first subset of features.. For example, the feature set
extractor 1414 of FIG. 14 may extract a second subset of features (e.g., a second of the
subset(s) of features 1442) from the first sensory data 1470 based on the first subset of
features satisfying an analysis criterion, as further described with reference to FIG. 14.
The analysis criterion may be based on the confidence level associated with extracting

the first subset of features, as further described with reference to FIG. 14.
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[00327] The method 3200 may further include generating a second clustered subset
of features by clustering the second subset of features based on the first timestamp and
the second timestamp, at 3210. For example, the feature set clusterer 1416 of FIG. 14
may generate a second clustered subset of features (e.g., a second of the clustered
subset(s) of features 1476) by clustering the second subset of features based on the first

timestamp and the second timestamp, as further described with reference to FIG. 14.

[00328] The method 3200 may also include generating context data indicating a
context of the image based at least in part on the second subset of features, at 3212. The
context data may be generated by classifying the first clustered subset of features, the
second clustered subset of features, or both, based on a second classification model. For
example, the multimedia content classifier 1412 may generate the context data 1490
indicating a context of the image based at least in part on the second subset of features,

as further described with reference to FIG. 14.

[00329] The method 3200 of FIG. 32 may be implemented by a field-programmable
gate array (FPGA) device, an application-specific integrated circuit (ASIC), a
processing unit such as a central processing unit (CPU), a digital signal processor
(DSP), a controller, another hardware device, firmware device, or any combination
thercof. As an example, the method 3200 of FIG. 32 can be performed by a processor

that executes instructions.

[00330] Thus, the method 3200 may enable image context identification. Analyzing
(e.g., extracting, clustering, and classifying) subsets of features based on associated
confidence levels may result in extraction of fewer than all features of an image, thereby

conserving resources of the device 1402.

[00331] Referring to FIG. 33, a flow chart of a particular embodiment of a method of
identifying a context of an image is shown and generally designated 3300. The method
3300 may be performed using at least one of the systems, devices, and techniques

described with respect FIGS. 1-29.

[00332] The method 3300 may include receiving, at a mobile device, sensory data
from an image sensor, at 3302. The sensory data is related to an image. For example,

the device 1402 of FIG. 14 may receive sensory data (e.g., the first sensory data 1470)
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from the first image sensor 1404. The first sensory data 1470 may be related to the
second frame 104 of FIG. 1.

[00333] The method 3300 may also include generating first image statistics of the
image based on the sensory data. An extraction criterion is based at least in part on the
first image statistics. The first image statistics are generated based on application-
specific processing that includes at least one of activity recognition, person recognition,
object recognition, location recognition, or gesture recognition. For example, the
statistics processing device 108 of FIG. 3 may generate first image statistics of the
second frame 104 based on the first sensory data 1470 and an extraction criterion may
be based at least in part on the first image statistics, as described with reference to FIG.
14. The first image statistics may be generated based on application-specific processing
that includes at least one of activity recognition, person recognition, objection
recognition, location recognition, or gesture recognition, as described with reference to

FIG. 14.

[00334] The method 3300 may further include extracting a first subset of features
from the sensory data based on the extraction criterion being satisfied, at 3306. The first
subset of features may be selected based on a selection criterion. For example, the
feature set extractor 1414 of FIG. 14 may extract a first subset of features (e.g., the
subset(s) of features 1442 of FIG. 14) from the first sensory data 1470 based on the
extraction criterion being satisfied, as described with reference to FIG. 14. The feature
set extractor 1414 may select the first subset of features based on a selection criterion
(e.g., the selection criteria 1438 of FIG. 14), as further described with reference to FIG.
14.

[00335] The method 3300 may further include activating a first power domain in
response to determining that the sensory data indicates a scene change, at 3308. For
example, the multimedia content classifier 1412 of FIG. 14 may activate a first power
domain of the device 1402 in response to determining that the first sensory data 1470

indicates a scene change, as further described with reference to FIG. 23.

[00336] The method 3300 may also include activating a second power domain in

response to determining that the sensory data indicates that sharpness of the image
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satisfies a threshold sharpness level, at 3310. For example, the multimedia content
classifier 1412 of FIG. 14 may activate a second power domain of the device 1402 in
response to determining that the first sensory data 1470 indicates that a sharpness of the
image satisfies the threshold sharpness level, as further described with reference to FIG.
24,

[00337] The method 3300 may further include generating context data indicating a
context of the image based at least in part on the first subset of features, at 3312. For
example, the multimedia content classifier 1412 of FIG. 14 may generate the context
data 1490 indicating a context of the image based at least in part on the first subset of

features, as further described with reference to FIG. 14.

[00338] The method 3300 of FIG. 33 may be implemented by a field-programmable
gate array (FPGA) device, an application-specific integrated circuit (ASIC), a
processing unit such as a central processing unit (CPU), a digital signal processor
(DSP), a controller, another hardware device, firmware device, or any combination
thercof. As an example, the method 3300 of FIG. 33 can be performed by a processor

that executes instructions.

[00339] Thus, the method 3300 may enable image context identification. Analyzing
subsets of features of an image in response to determining that the image corresponds to
a scene change, that the image is not blurred, or both, may result in selective analysis of
images, thereby conserving resources of the device 1402. Moreover, selectively

activating the first power domain, the second power domain, or both, of the device 1402

may also conserve resources of the device 1402.

[00340] Referring to FIG. 34, a flow chart of a particular illustrative embodiment of a

method of identifying a context of an image is shown and generally designated 3400.

[00341] The method 3400 may include receiving, at a mobile device, first sensory
data from a first image sensor, at 3402. The first sensory data may be related to a first
image. For example, the device 1402 of FIG. 14 may receive sensory data (e.g., the first
sensory data 1470) from the first image sensor 1404. The first sensory data 1470 may
be related to the first frame 102 of FIG. 1.
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[00342] The method 3400 may also include generating first image statistics of the
first image based on the sensory data, at 3404. The first image statistics are generated
based on application-specific processing. For example, the statistics processing device
108 may generate first image statistics of the first frame 102 of FIG. 1 based on the first
sensory data 1470, as described with reference to FIG. 14. The first image statistics
may be generated based on application-specific processing, as described with reference

to FIG. 14.

[00343] The method 3400 may further include extracting a first subset of features of
the first image from the first sensory data, at 3406. For example, the feature set
extractor 1414 of FIG. 14 may extract a first subset of features (e.g., a first of the
subset(s) of features 1442 of FIG. 14) from the first sensory data 1470.

[00344] The method 3400 may also include requesting second sensory data from a
second image sensor based on the first subset of features satisfying an analysis criterion,
at 3408. For example, the multimedia content classifier 1412 of FIG. 14 may send a
second image capture request (e.g., the second image capture request 1426) to the Nth
image sensor 1440 in response to determining that a confidence level associated with
extracting the first subset of features does not satisfy the threshold confidence level

1482, as further described with reference to FIG. 14.

[00345] The method 3400 may further include receiving the second sensory data
from the second image sensor, at 3410. The second sensory data may be related to a
second image. For example, the multimedia content classifier 1412 of FIG. 14 may
receive second sensory data (e.g., the second sensory data 1424) from the Nth image
sensor 1440. The second sensory data 1424 may be related to the second frame 104 of
FIG. 1.

[00346] The method 3400 may also include generating second image statistics of the
second image based on the second sensory data, at 3412. The second image statistics
are generated based on the application-specific processing. For example, the statistics
processing device 108 may generate second image statistics of the second frame 104 of

FIG. 1 based on the second sensory data 1424, as described with reference to FIG. 14.
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The second image statistics may be generated based on application-specific processing,

as described with reference to FIG. 14.

[00347] The method 3400 may further include extracting a second subset of features
of the second image from the second sensory data, at 3414. The second subset of
features is extracted based on a change amount between the first image statistics and the
second image statistics satisfying a change threshold. For example, the feature set
extractor 1414 may extract a second subset of features (e.g., a second of the subset(s) of
features 1442) from the second sensory data 1424 based on a change amount between
the first image statistics and the second image statistics satisfying a change threshold, as

further described with reference to FIG. 14.

[00348] The method 3400 may also include generating a clustered subset of features
by clustering the first subset of features, the second subset of features, or both, at 3416.
For example, the feature set clusterer 1416 may generate a clustered subset of features
(e.g., the clustered subset(s) of features 1476) by clustering the first subset of features,

the second subset of features, or both, as further described with reference to FIG. 14.

[00349] The method 3400 may further include generating context data indicating a
context of the first image based at least in part on the second subset of features, at 3418.
The context data may be generated by classifying the clustered subset of features based
on a classification model. For example, the multimedia content classifier 1412 of FIG.
14 may generate the context data 1490 based at least in part on the second subset of

features, as further described with reference to FIG. 14.

[00350] The method 3400 of FIG. 34 may be implemented by a field-programmable
gate array (FPGA) device, an application-specific integrated circuit (ASIC), a
processing unit such as a central processing unit (CPU), a digital signal processor
(DSP), a controller, another hardware device, firmware device, or any combination
thercof. As an example, the method 3400 of FIG. 34 can be performed by a processor

that executes instructions.

[00351] Thus, the method 3400 may enable image context identification. The
multimedia content classifier 1412 may identify a context of an image based on

analyzing sensory data from multiple image sensors when confidence levels associated
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with sensory data from a single image sensor do not satisfy a threshold confidence level.
Analyzing sensory data from a single image sensor may conserve resources of the
device 1402, while analyzing sensory data from multiple image sensors may increase
confidence levels associated with the results of the analysis. Sensory data from a
subsequent image may be analyzed when a change is detected between a previous image
and the subsequent image. Resources of the device 1402 may be conserved by not
analyzing the subsequent image when there is not a sufficient change (e.g., greater than

the change threshold) from the previous image.

[00352] Referring to FIG. 35, a particular illustrative embodiment of a method 3500
of reducing power usage associated with computer vision applications is shown. The
method 3500 may be performed using at least one of the systems, devices, and

techniques described with respect FIGS. 1-29.

[00353] The method 3500 may include generating, at a change detection circuit, a
control signal based on a change amount between first sensor data captured by a sensor
and second sensor data captured by the sensor, at 3502. For example, referring to FIG.
4, the change detection circuit 414 may generate the control signal based on a change
amount between the first sensor data 430 captured by the sensor 402 and the second
sensor data 430 captured by the sensor 402. The change detection circuit 414 may be
included in the first processing path 408.

[00354] The second sensor data may be provided to a second processing path for
computer vision application-specific processing based on the control signal, at 3504.
For example, referring to FIG. 4, the change detection circuit 414 may provide the
second sensor data 430 to the application processor 418 of the second processing path
410 for computer vision application-specific processing based on the control signal
indicating a difference between the first sensor data 430 and the second sensor data 430.
In alternative embodiments (e.g., FIGS. 5-6), the control signal may be a feedback
signal provided to selection circuit (e.g., a multiplexer) and the second sensor data may
be provided to an application processor (e.g., the application processor 518) via the

selection circuit.
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[00355] The method 3500 may reduce power consumption by bypassing computer
vision application-specific processing on a particular frame that is similar to a previous
frame. For example, the change detection circuit 414 may indicate (via the control
signal 416) whether to activate (e.g., wake up) the application processor 418 based on a
comparison between a current frame and a previous frame. If the change detection
circuit 414 determines that differences between the current frame and the previous
frame do not satisfy a threshold (e.g., a change threshold), the change detection circuit
414 may determine to deactivate the application processor 418 (e.g., keep the

application processor 418 in the sleep state) to conserve power

[00356] Referring to FIG. 36, a diagram of an illustrative embodiment of a mobile
device is depicted and generally designated 3600. The mobile device 3600 may include
and/or be communicatively coupled with an always-on camera. In a particular
embodiment, the mobile device 3600 may correspond to one or more of the mobile
devices 1200 of FIG. 12. In an illustrative embodiment, the mobile device 3600 may
operate according to the methods 3000-3500 of FIGS. 30-35, or any combination
thereof.

[00357] It should be noted that FIG. 16 is to provide a generalized illustration of
various components, any or all of which may be utilized as appropriate. Furthermore,
the hardware and/or software components of the mobile device 3600 shown in FIG. 36
may be configured to implement one or more of the components illustrated in FIG. 13,

such as the contextual determination engine 1380, sensors, and other components.

[00358] Components shown in FIG. 36 may be localized to a single mobile device
and/or distributed among various networked devices, which may be disposed at
different physical locations. For example, some embodiments may include distributed
camera(s) 3643 and/or other sensors 3649 at various locations on or near a user’s body.
An always-on camera of an HMD (worn on a user’s head), for instance, may be
communicatively coupled with a mobile phone in the user’s pocket, and components
shown in FIG. 36 may be distributed among the HMD and the mobile phone in any of a

variety of ways, depending on desired functionality.
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[00359] The mobile device 3600 is shown including hardware elements that may be
clectrically coupled via a bus 3605 (or may otherwise be in communication, as
appropriate). The hardware elements may include processing unit(s) 3610 which may
include without limitation one or more general-purpose processors, one or more special-
purpose processors (such as digital signal processors (DSPs), graphics acceleration
processors, application specific integrated circuits (ASICs), and/or the like), and/or
other processing structure or means, which may be configured to perform one or more
of the methods described herein, including the methods 3000-3500 of FIGS. 30-35. The
mobile device 3600 may also include one or more input devices 3670 (e.g., a touch
screen, a touch pad, button(s), dial(s), switch(es), and/or the like) and one or more
output devices 3615, which may include without limitation a display, light emitting

diode (LED), speakers, and/or the like.

[00360] The mobile device 3600 may also include a wireless communication
interface 3630, which may include without limitation a modem, a network card, an
infrared communication device, a wireless communication device, and/or a chipset
(such as a Bluetooth® (a registered trademark of Bluetooth SIG, Inc.) device, an [EEE
802.1 1 device, an IEEE 802.15.4 device, a WiFi device, a WiMax device, cellular
communication facilities, etc.), and/or the like. Communication to and from the mobile
device 3600 may also be implemented, in some embodiments, using various wircless
communication networks. These networks may include, for example, a wide area
wireless network (WWAN), a wireless local area network (WLAN), a wireless personal
area network (WPAN), and the like. A WWAN may be a Code Division Multiple
Access (CDMA) network, a Time Division Multiple Access (TDMA) network, a
Frequency Division Multiple Access (FDMA) network, an Orthogonal Frequency
Division Multiple Access (OFDMA) network, a Single-Carrier Frequency Division
Multiple Access (SC-FDMA) network, a WiMax (IEEE 802.16) network, and so on. A
CDMA network may implement one or more radio access technologies (RATs) such as
c¢dma2000, Wideband-CDMA (W-CDMA), and so on. Cdma2000 includes IS-95, IS-
2000, and/or IS-856 standards. A TDMA network may implement Global System for
Mobile Communications (GSM), Digital Advanced Mobile Phone System (D-AMPS),
or some other RAT. An OFDMA network may implement Long Term Evolution
(LTE), LTE Advanced, and so on. LTE, LTE Advanced, GSM, and W-CDMA are
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described in documents from a consortium named "3rd Generation Partnership Project”
(3GPP). Cdma2000 is described in documents from a consortium named "3rd
Generation Partnership Project 2" (3GPP2). 3GPP and 3GPP2 documents are publicly
available. A WLAN may also be an IEEE 802.11x network, and a WPAN may be a
Bluetooth® (a registered trademark of Bluetooth SIG, Inc.) network, an IEEE 802.15x,
or some other type of network. The techniques described herein may also be used for
any combination of WWAN, WLAN and/or WPAN. The wireless communication
interface 3630 may permit data to be exchanged directly with other sensors, systems,
and/or any other electronic devices described herein. The communication may be
carried out via one or more wireless communication antenna(s) 3632 that send and/or

receive wireless signals 3634,

[00361] The wireless communication interface 3630 may also be utilized to
determine a location of the mobile device 3600. For example, access points (including
base stations and/or other systems used for wireless voice and/or data communication)
may serve as independent sources of position data, e.g., through implementation of
trilateration-based procedures based, for example, on round trip time (RTT) and/or
received signal strength indication (RSSI) measurements. The access points may be
part of a WLAN that operates in a building to perform communications over smaller
geographic regions than a WWAN. Moreover, the access points may be part of a WiFi
network (802.1 Ix), cellular piconets and/or femtocells, a Bluetooth® (a registered
trademark of Bluetooth SIG, Inc.) network, and the like. The access points may also
form part of a Qualcomm indoor positioning system (QUIPSTM).

[00362] The mobile device 3600 may further include sensor(s) 3640. As indicated
herein, sensor(s) 3640, which may correspond to the sensors described in FIG. 2, may
include sensors from which an orientation and/or motion of the mobile device 3600 may
be determined, such as one or more accelerometer(s) 3641, gyroscope(s) 3642,
magnetometer(s) 3644, and the like. The mobile device 3600 may further include other
sensor(s) 1640, such as microphone(s) 1665, light sensor(s) 1646, proximity sensors,
and other sensors, as described with reference to FIG. 13. Camera(s) 3643 may include

any number of different cameras with different features (RGB, infrared, wide-angle,
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fisheye, high-resolution, etc.), any or all of which may be utilized as an always-on

camera as described herein.

[00363] Embodiments of the mobile device 3600 may also include a satellite
positioning system (SPS) receiver 3680 capable of receiving signals 3684 from one or
more SPS using an SPS antenna 3682. The SPS receiver 3680 may correspond to the
satellite positioning receiver(s) 1350 of FIG. 13, which may provide location
information (e.g., coordinates) regarding the mobile device 3600, as well as information
derived therefrom (speed, acceleration, etc.). Transmitted satellite signals 3684 may
include, for example, signals marked with a repeating pseudo-random noise (PN) code
of a set number of chips and may be located on ground based control stations, user
equipment and/or space vehicles. Satellite positioning systems may include such
systems as the Global Positioning System (GPS), Galileo, Glonass, Compass, Quasi-
Zenith Satellite System (QZSS) over Japan, Indian Regional Navigational Satellite
System (IRNSS) over India, Beidou over China, etc., and/or various augmentation
systems (e.g., a Satellite Based Augmentation System (SBAS)) that may be associated
with or otherwise enabled for use with one or more global and/or regional navigation
satellite systems. By way of example but not limitation, an SBAS may include an
augmentation system(s) that provides integrity information, differential corrections, etc.,
such as, e.g., Wide Area Augmentation System (WAAS), European Geostationary
Navigation Overlay Service (EGNOS), Multifunctional Satellite Augmentation System
(MSAS), GPS Aided Geo Augmented Navigation or GPS and Geo Augmented
Navigation system (GAGAN), and/or the like.

[00364] The mobile device 3600 may further include (and/or be in communication
with) a memory 3660. The memory 3660 may include, without limitation, local and/or
network accessible storage, a disk drive, a drive array, an optical storage device, a solid-
state storage device, such as a random access memory ("RAM?”), and/or a read-only
memory (“ROM"), which may be programmable, flash-updateable, and/or the like.
Such storage devices may be configured to implement any appropriate data stores,

including, without limitation, various file systems, database structures, and/or the like.

[00365] The memory 3660 of the mobile device 3600 may also include software

elements (not shown), including an operating system, device drivers, executable
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libraries, and/or other code, such as one or more application programs, which may
comprise computer programs provided by various embodiments, and/or may be
designed to implement methods, and/or configure systems, provided by other
embodiments, as described herein. Merely by way of example, one or more procedures
described with respect to the methods of FIGS. 30-35 may be implemented as code
and/or instructions executable by the mobile device 3600 (and/or a processing unit
within a mobile device 3600) (and/or another device of* a positioning system). In an
aspect, such code and/or instructions may be used to configure and/or adapt a general
purpose computer (or other device) to perform one or more operations in accordance

with the described methods.

[00366] Referring to FIG. 37, a block diagram of wireless device 3700 including
components operable to reduce power usage associated with computer vision
applications is shown. The device 3700 includes processors 3710 (e.g., the change
detection circuit 414 and the application processor 418) operable reduce power usage
associated with computer vision applications. The processors 3710 are coupled to a
memory 3732. In a particular embodiment, the processors 3710 may include the
processing system 300 of FIG. 3, the processing system 400 of FIG. 4, the processing
system 500 of FIG. 5, the processing system 600 of FIG. 6, the processing system 800

of FIG. 8, or any combination thereof.

[00367] FIG. 37 also shows a display controller 3726 that is coupled to the
processors 3710 and to a display 3728. A camera controller 3790 may be coupled to the
processors 3710 and to the sensor 402. The sensor 402 may be configured to capture a
video stream that includes image frames (e.g., images 102-106 of FIG. 1). A
coder/decoder (CODEC) 3734 can also be coupled to the processors 3710. A speaker
3736 and a microphone 3738 can be coupled to the CODEC 3734. FIG. 37 also
indicates that a wireless controller 3740 can be coupled to the processors 3710 and to a

wireless antenna 3742 via a radio frequency (RF) interface 3780.

[00368] The memory 3732 may be a tangible non-transitory processor-readable
storage medium that includes executable instructions 3756. The instructions 3756 may
be executed by a processor, such as the processors 3710 or a device within the

processors 3710 (e.g., the first processing device 304, the statistics generator 304,
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and/or the second processing device 310) to perform any of the methods 3000-3500 of
FIGS. 30-35.

[00369] In a particular embodiment, the processors 3710, the display controller 3726,
the memory 3732, the CODEC 3734, and the wireless controller 3740 are included in a
system-in-package or system-on-chip device 3722. In a particular embodiment, an input
device 3730 and a power supply 3744 are coupled to the system-on-chip device 3722.
Moreover, in a particular embodiment, as illustrated in FIG. 37, the display 3728, the
input device 3730, the camera 302, the speaker 3736, the microphone 3738, the wireless
antenna 3742, and the power supply 3744 are external to the system-on-chip device
3722. However, each of the display 3728, the input device 3730, the camera 302, the
speaker 3736, the microphone 3738, the wireless antenna 3742, and the power supply
3744 can be coupled to a component of the system-on-chip device 3722, such as an

interface or a controller.

[00370] In conjunction with the described embodiments, an apparatus is disclosed
that includes means for generating first image statistics for a first frame of image data
and second image statistics for a second frame of image data. For example, the means
for generating the images statistics may include the first processing device 304 of FIG.
3, the processors 3710 programmed to execute the instructions 3756 of FIG. 37, one or
more other devices, circuits, modules, or instructions to generate image statistics, or any

combination thereof.

[00371] The apparatus may also include means for determining whether a change
amount between the second image statistics and the first image statistics satisfies a
threshold. For example, the means for determining may include the statistics processing
device 108 of FIG. 3, the processors 3710 programmed to execute the instructions 3756
of FIG. 37, one or more other devices, circuits, modules, or instructions to determine
whether the first change amount between the second image statistics and the first image

statistics satisfies the threshold, or any combination thereof.

[00372] The apparatus may also include means for performing application-specific
processing on the second frame in response to a determination that the change amount

satisfies the threshold. For example, the means for performing application-specific
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processing may include the second processing device 310 of FIG. 3, the processors
3710 programmed to execute the instructions 3756 of FIG. 37, one or more other
devices, circuits, modules, or instructions to perform the application-specific processing,

or any combination thereof.

[00373] In conjunction with the described embodiments, an apparatus is disclosed
that includes means for generating a control signal based on a change amount between
first sensor data captured by a sensor and second sensor data captured by the sensor.
The means for generating the control signal may include the statistics processing device
108 of FIGS. 1-3, the change detection circuit 414 of FIG. 4, the change detection
circuit 514 of FIGS. 5-6, the activation analyzer 814 of FIG. 8, the activation analyzer
816 of FIG. &, one or more other devices, circuits, modules, or instructions to generate

the control signal, or any combination thereof.

[00374] The apparatus may also include means for performing computer vision
application-specific processing on the second sensor data based on the control signal.
The means for performing the computer vision application-specific processing may
include the second processing device 310 of FIG. 3, components in the second
processing path 410 of FIG. 4, components in the second processing path 510 of FIG. 5,
components in the second processing path 610 of FIG. 6, components in the second
processing path 810 of FIG. 8, one or more other devices, circuits, modules, or
instructions to perform the computer vision application-specific processing on the

second sensor data, or any combination thereof.

[00375] Referring to FIG. 38, a block diagram of a particular illustrative embodiment
of' a mobile device is depicted and generally designated 3800. In various embodiments,
the device 3800 may have more or fewer components than illustrated in FIG. 38. The
device 3800 may include, be included in, or correspond to the device 302 of FIG. 3. In
an illustrative embodiment, the device 3800 may operate according to the methods of

FIGS. 30-34, or any combination thereof.

[00376] In a particular embodiment, the device 3800 includes a processor 3810 (e.g.,
a central processing unit (CPU) or a digital signal processor (DSP)) coupled to the
memory 1408 of FIG. 14, to a coder/decoder (CODEC) 3834, and to a wireless antenna
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3842 via a wireless controller 3840. The processor 3810 may also be coupled to the
display 1406 of FIG. 14 via a display controller 3826. A speaker 3836 and a
microphone 3838 may be coupled to the CODEC 3834. The device 3800 may be
coupled to the one or more image sensors of the device 1402 of FIG. 14. For example,
the device 3800 may be coupled to the first image sensor 1404, the N image sensor
1440 of FIG. 14, or both. The device 3800 may be coupled to one or more other sensors
3846. For example, the one or more other sensors 3846 may include a micro-
electromechanical system (MEMS) sensor, an optical sensor, a magnetic sensor, or any
combination thereof. The device 3800 may include the multimedia content classifier
1412 of FIG. 14. In a particular embodiment, the processor 3810 may correspond to the
processor 1410 of FIG. 14. In a particular embodiment, The processor 3810 may

include the multimedia content classifier 1412 of FIG. 14.

[00377] The multimedia content classifier 1412 may be used to implement a
hardware embodiment of the image context identification techniques described herein.
Alternatively, or in addition, a software embodiment (or combined software/hardware
embodiment) may be implemented. For example, the memory 1408 may include
instructions 3856. The instructions 3856 may correspond to the multimedia content
classifier 1412. The instructions 3856 may be executable by the processor 3810 or
another processing unit of the device 3800. For example, the memory 1408 may be a
non-transient computer-readable medium or device storing the instructions 3856 that are
executable by the processor 3810 to identify a context of an image by receiving sensory
data, extract a first subset of features, determine that confidence levels associated with
the first subset of features do not satisfy a threshold confidence level, extract a second
subset of features in response to the determination, and generate context data indicating

the context of the image based at least in part on the second subset of features.

[00378] In a particular embodiment, the processor 3810, the display controller 3826,
the memory 1408, the CODEC 3834, and the wireless controller 3840 are included in a
system-in-package or system-on-chip device 3822. In a particular embodiment, an input
device 3830 and a power supply 3844 are coupled to the system-on-chip device 3822.
Moreover, in a particular embodiment, as illustrated in FIG. 38, the display 1406, the
input device 3830, the speaker 3836, the microphone 3838, the first image sensor 1404,
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the Nth image sensor 340, the wireless antenna 3842, and the power supply 3844 are
external to the system-on-chip device 3822. However, each of the display 1406, the
input device 3830, the speaker 3836, the microphone 3838, the first image sensor 1404,
the Nth image sensor 1440, the wireless antenna 3842, and the power supply 3844 may
be coupled to a component of the system-on-chip device 3822, such as an interface or a

controller.

[00379] In conjunction with the described embodiments, a system is disclosed that
may include means for receiving sensory data from an image sensor, such as the
wireless antenna 3842, the multimedia content classifier 1412 of FIG. 14, the first
processing device 304 of FIG. 3, one or more other devices or circuits configured to
receive sensory data, or any combination thereof. The sensory data may be related to an
image. The system may also include means for extracting a first subset of features from
the sensory data, such as the first processing device 304, the second processing device
310 of FIG. 3, the feature set extractor 1414, the multimedia content classifier 1412, the
processor 1410 of FIG. 14, the processor 3810 of FIG. 38, one or more other devices or
circuits configured to extract a first subset of features, or any combination thereof. The
first subset of features may be selected based on a selection criterion. The system may
further include means for generating context data indicating a context of the image
based at least in part on the first subset of features, such as the second processing device
310 of FIG. 3, the multimedia media content classifier 1412, the processor 1410 of FIG.
14, the processor 3810 of FIG. 38, one or more other devices or circuits configured to

generate context data, or any combination thereof.

[00380] The system may also include means for determining whether an extraction
criterion is satisfied based on the sensory data, such as the statistics processing device
108 of FIG. 1, the first processing device 304, the second processing device 310 of FIG.
3, the multimedia media content classifier 1412, the extractor 1414 of FIG. 14, the
processor 3810 of FIG. 38, one or more other devices or circuits configured to
determine whether the extraction criterion is satisfied based on the sensory data, or any
combination thereof. The first subset of features may be extracted based on the

extraction criterion being satisfied.
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[00381] The system may also include means for activating a first power domain in
response to determining that the sensory data indicates a scene change, such as the
statistics processing device 108 of FIG. 1, the first processing device 304, the second
processing device 310 of FIG. 3, the multimedia media content classifier 1412, the
extractor 1414 of FIG. 14, the processor 3810 of FIG. 38, one or more other devices or

circuits configured to activate the first power domain, or any combination thereof.

[00382] The system may further include means for activating a second power domain
in response to determining that the sensory data indicates that a sharpness of the image
satisfies a threshold sharpness level, such as the statistics processing device 108 of FIG.
1, the first processing device 304, the second processing device 310 of FIG. 3, the
multimedia media content classifier 1412, the extractor 1414 of FIG. 14, the processor
3810 of FIG. 38, one or more other devices or circuits configured to activate the second

power domain, or any combination thereof.

[00383] 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. 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.

[00384] 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
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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
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.

[00385] 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 comprising:

generating, at a change detection circuit, a control signal based on a change
amount between first sensor data captured by a sensor and second sensor
data captured by the sensor, wherein the change detection circuit is
included in a first processing path; and

providing the second sensor data to a second processing path for computer

vision application-specific processing based on the control signal.

2. The method of claim 1, wherein the first sensor data corresponds to a first
voltage from an ambient light sensor, and wherein the second sensor data corresponds to

a second voltage from the ambient light sensor.

3. The method of claim 1, wherein the first sensor data corresponds to a first set
of pixel values associated with a first image captured by a camera, and wherein the
second sensor data corresponds to a second set of pixel values associated with a second

image captured by the camera.

4. The method of claim 1, wherein the change amount is based on first features
extracted from the first sensor data at the change detection circuit and second features

extracted from the second sensor data at the change detection circuit.

5. The method of claim 1, wherein the change amount is based on a difference
between first image statistics of the first sensor data and second image statistics of the

second sensor data.

6. The method of claim 5, further comprising determining, at an application
processor in the second processing path, a particular type of image statistics based on a

particular computer vision application.
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7. The method of claim 6, further comprising:

providing, at the application processor, an indication of the particular type of
image statistics to a signal analyzer in the first processing path; and

generating, at the signal analyzer, the first image statistics and the second image

statistics based on the particular type of image statistics.

8. The method of claim 1, wherein the second sensor data is provided to the

second processing path via a selection circuit responsive to the control signal.
9. The method of claim 8, wherein the selection circuit includes a multiplexer.
10. The method of claim &, wherein the control signal is a feedback signal.

11. The method of claim 1, wherein the computer vision application-specific
processing comprises:
extracting a first subset of features of a second frame corresponding to the
second sensor data;
extracting a second subset of features of the second frame based on the first
subset of features satisfying an analysis criterion; and
generating context data indicating a context of the second frame based at least in

part on the second subset of features.

12. The method of claim 1, further comprising performing, at a first application
processor in the second processing path, first computer vision application-specific
processing on a second frame corresponding to the second sensor data, wherein the first

application processor consumes a first amount of power.

13. The method of claim 12, further comprising:

requesting, at the first application processor based on a particular event, to use a
second application processor in the second processing path to perform
second computer vision application-specific processing on the second
frame, wherein the second application processor consumes a second

amount of power that is greater than the first amount of power; and
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determining, at the second application processor, whether to perform the second

computer vision application-specific processing on the second frame.

14. The method of claim 13, wherein the first computer vision application-
specific processing includes scanning pixels of the second frame for a particular color,
wherein the particular event comprises determining that a particular pixel of the second
frame has the particular color, and wherein the second computer vision application-
specific processing includes performing object detection, object recognition, or a

combination thereof.

15. The method of claim 13, further comprising performing, at the second
application processor, the second computer vision application-specific processing on the

second frame.

16. The method of claim 15, further comprising:

determining, at the second application processor, whether to discontinue the first
computer vision application-specific processing on the second frame at
the first processing resource; and

discontinuing the first computer vision application-specific processing on the
second frame at the first application processor based on the

determination at the second application processor.

17. The method of claim 16, wherein the first application processor enters
powers down after discontinuing the first computer vision application-specific

processing on the second frame.

18. The method of claim 16, further comprising performing, at the second
application processor, the first computer vision application-specific processing on the

second frame.
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19. The method of claim 13, further comprising sending, from the second
application processor to the first application processor, an indication of a refusal to
perform the second computer vision application-specific processing on the second

frame.

20. The method of claim 19, further comprising further comprising sending,
from the second application processor to the first application processor, an instruction to
cause the first application processor to refrain from requesting the second application
processor to perform the second computer vision application-specific processing based

on the particular event.

21. An apparatus comprising:

a change detection circuit configured to generate a control signal based on a
change amount between first sensor data captured by a sensor and second
sensor data captured by the sensor, wherein the change detection circuit
is included in a first processing path; and

a second processing path configured to perform computer vision application-

specific processing on the second sensor data based on the control signal.

22. The apparatus of claim 21, wherein the sensor comprises:

an ambient light sensor configured to provide an indication of detected light,
detected motion, or both; and

a camera configured to capture the first sensor data and the second sensor data

based on the indication from the ambient light sensor.

23. The apparatus of claim 21, wherein the sensor comprises a camera
configured to operate in a first mode and a second mode, wherein the camera is
configured to detect light, motion, or both in the first mode, and wherein the camera is
configured to capture the first sensor data and the second sensor data in the second

mode.

24. The apparatus of claim 21, further comprising a system controller

configured to activate the second processing path based on the control signal.
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25. The apparatus of claim 21, further comprising a memory in the second

processing path to store the second sensor data.

26. An apparatus comprising:

means for generating a control signal based on a change amount between first
sensor data captured by a sensor and second sensor data captured by the
sensor, wherein the means for generating the control signal is included in
a first processing path;

means for performing computer vision application-specific processing on the
second sensor data based on the control signal, wherein the means for
performing the computer vision application-specific processing is

included in a second processing path.

27. The apparatus of claim 26, wherein the means for generating the control

signal includes a change detection circuit and a signal analyzer.

28. The apparatus of claim 26, wherein the means for performing the computer
vision application-specific processing on the second sensor data includes an application

Processor.

29. A non-transitory computer-readable medium comprising instructions that,
when executed by a computer, cause the computer to:
generate, at a change detection circuit, a control signal based on a change
amount between first sensor data captured by a sensor and second sensor
data captured by the sensor, wherein the change detection circuit is
included in a first processing path; and
provide the second sensor data to a second processing path for computer vision

application-specific processing based on the control signal.

30. The non-transitory computer-readable medium of claim 29, wherein the

control signal is a feedback signal provided to a multiplexer.
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/3000
3002
Generate first image statistics for a first frame of
image data
¢ //3004

Generate second image statistics for a second
frame of image data

i 3006

Determine whether a first change amount between
the second image statistics and the first image
statistics satisfies a threshold

* 3008

Perform application-specific processing on the
second frame in response to a determination that
the first change amount satisfies the threshold

FIG. 30
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3100

3102 —\ Receive, at a mobile device, sensory data from an image sensor, where
the sensory data is related to an image

l

Generate first image statistics of the image based on the sensory data,

3104 =\ where an extraction criterion is satisfied when a change amount between

the first image statistics and second image statistics of a second image
satisfies a change threshold

l

Extract a first subset of features of the image from the sensory data

3106 ™\  based on the extraction criterion being satisfied, where determining

whether the extraction criterion is satisfied uses fewer resources of the
mobile device than extracting the first subset of features

FIG. 31
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3200

Generate a first clustered subset of features based on a first timestamp

being within a threshold duration of a second timestamp, where the first

3202 — timestamp is associated with the image, where the second timestamp is

associated with a second image, and where the first clustered subset of

features includes the first subset of features, a second subset of features
of the second image, or both

v

3204 —\ Generate a classified subset of features by classifying the first clustered
subset of features based on a first classification model

'

Determine that a confidence level associated with extracting the first
subset of features does not satisfy a threshold confidence level based on
3206 T\ determining that a confidence level of intermediate context data does not

satisfy the threshold confidence level, where the intermediate context
data corresponds to the first subset of features, the first clustered subset
of features, or the classified subset of features

'

Extract a second subset of features of the image from the sensory data

3208 ™\ based on the first subset of features satisfying an analysis criterion,

where the analysis criterion is based on the confidence level associated
with extracting the first subset of features

'

3210 Generate a second clustered subset of features by clustering the second
\ subset of features based on the first timestamp and the second
timestamp

Generate context data indicating a context of the image based at least in
3212 = part on the second subset of features, where the context data is
generated by classifying the first clustered subset of features, the second
clustered subset of features, or both, based on a second classification
model

FIG. 32
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3300

W

3302 7Y Receive, at a mobile device, sensory data from an image
sensor, where the sensory data is related to an image

l

Generate first image statistics of the image based on the
sensory data, where an extraction criterion is based at least
3304 — in part on the first image statistics, and where the first image

statistics are generated based on application-specific
processing that includes at least one of activity recognition,
person recognition, object recognition, location recognition,
or gesture recognition

l

3306 Extract a first subset of features from the sensory data based
Y on the extraction criterion being satisfied, where the first
subset of features selected based on a selection criterion

l

3308 —~\] Activate a first power domain in response to determining
that the sensory data indicates a scene change

l

Activate a second power domain in response to determining
3310 Y that the sensory data indicates that a sharpness of the
image satisfies a threshold sharpness level

l

3312 —~ Generate context data indicating a context of the image
based at least in part on the first subset of features

FIG. 33
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3402 N\

Receive, at a mobile device, first sensory data from a first image sensor,
where the first sensory data is related to a first image

l

3404 —|

Generate first image statistics of the first image based on the sensory
data, where the first image statistics are generated based on application-
specific processing

l

3406 j

Extract a first subset of features of the first image from the first sensory
data

A 4

3408 —\

Request second sensory data from a second image sensor based on the
first subset of features satisfying an analysis criterion

l

3410 —

Receive the second sensory data from the second image sensor, where
the second sensory data is related to a second image

l

3412 —

Generate second image statistics of the second image based on the
second sensory data, where the second image statistics are generated
based on the application-specific processing

3414 —

Extract a second subset of features of the second image from the second

sensory data, where the second subset of features is extracted based on

a change amount between the first image statistics and the second image
statistics satisfying a change threshold

l

3416ﬂ

Generate a clustered subset of features by clustering the first subset of
features, the second subset of features, or both

l

3418ﬂ

Generate context data indicating a context of the first image based at
least in part on the second subset of features, where the context data is
generated by classifying the clustered subset of features based on a
classification model

FIG. 34
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3500

W

3502

Generate, at a change detection circuit, a control
signal based on a change amount between first
sensor data captured by a sensor and second
sensor data captured by the sensor, where the
change detection circuit is included in a first
processing path

/3504

Provide the second sensor data to a second
processing path for computer vision application-
specific processing based on the control signal

FIG. 35
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3610 ™

Processing
Unit(s)

36/38

3615 ™)
Output
Device(s)

PCT/US2014/042353

3630 )

Wireless
Communication
Interface

R

IBMO 7

I

Sensor(s)

Accelerometer(s) 3641

Gyroscope(s) 3642

Camera(s) 3643

Magnetometer(s) 3644

Microphone(s) 3645

Light sensor(s) 3646

Other sensor(s) 3649

Memory

4

3660

SPS
Receiver

Input
Device(s)

FIG. 36
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3800

1406 ﬁ

3830 j
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3842
. Input
Display Device
1404 = 3822 7
i 1408
First Image | |
Sens.or 3826 \ verml P— yp—
1440 ¢ Controlier 1] Instructions
\® 3856
3810 _
Nth Image | |
S
eneer 3834 7 Multimedia 1412
Content '
3836 j Classifier
Speaker
CODEC
— Wireless
Microphone Contg
3838 —/
N 3840
oth Power
© —_Supply
Sensor(s) 3844
3846 —
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