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USER-PRESENCE BASED ADJUSTMENT OF DISPLAY
CHARACTERISTICS

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to displays of electronic devices, and, more

particularly, to user-presence based adjustment of display characteristics.

BACKGROUND

[0002] A display panel of an electronic user device (e.g., a personal computer, a
smartphone, a tablet) enables a user to view and interact with graphical content. The user
device includes a display screen and one or more user input devices (e.g., a mouse, a
keyboard, a trackpad). The display panel includes panel electronics that control the display of
the content via the display screen and a backlight that illuminates the display screen for ease
of viewing by the user. During operation of the user device, the backlight and panel
electronics of the display panel consume power. In some examples, the brightness of the

backlight can be adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is an example system for user-presence based adjustment of display
characteristics of a user device in accordance with the teachings of this disclosure.

[0004] FIG. 2 is an imaging field of view (FoV) environment based on a front-facing
camera image sensor of the user device of FIG. 1.

[0005] FIG. 3 is a block diagram of an example implementation of the display panel
controller of FIG 1.

[0006] FIG. 4 is a table of correlation rules as implemented by the example

correlation analyzer of FIG. 3.
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[0007] FIG. 5 is a diagram representing operation of the example display panel
controller of FIGS. 1 and/or 3.

[0008] FIG. 6 is a flowchart representative of machine-readable instructions which
may be executed to implement the display panel controller of FIGS. 1 and/or 3.

[0009] FIG. 7 is a block diagram of an example processing platform structured to
execute the instructions of FIG. 6 to implement the display panel controller of FIGS. 1 and/or
3.

[0010] The figures are not to scale. Instead, the thickness of the layers or regions
may be enlarged in the drawings. In general, the same reference numbers will be used
throughout the drawing(s) and accompanying written description to refer to the same or like

parts.

DETAILED DESCRIPTION

[0011] A display panel of an electronic user device (e.g., a personal computer, a
laptop, a smartphone, a tablet) enables a user to view and/or interact with graphical content
via a display screen. The user can interact with the graphical content by one or more input
devices, such as, for example, a mouse, a keyboard, and/or a touchscreen. The display panel
includes panel electronics to control the display of the graphical content as well as display
panel controllers to adjust display characteristics such as, for example, backlight or
illumination of the display screen as the device is operated. As such, the panel electronics and
display panel controllers consume power as the device is in an operative state (e.g., powered-
on mode) to provide output data (e.g., an image, a video, etc.) on the display screen.

[0012] During operation of the device, the display panel consumes power to output
data for display and illuminate the display screen, even when the user is not viewing the

display screen. For example, the user may turn away or avert his or her gaze from the display
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screen to talk to a person, use another device, or may step away from the user device for a
period of time (e.g., an hour, overnight, etc.) without powering off the device. In such
instances, the panel electronics of the display panel continue to illuminate the backlight of the
display screen. In some examples, power consumption of the display panel can represent
relatively large portion (e.g., 30%—-40%) of a total power consumption of the user device and,
thus, can affect, for instance, a life of a battery of the user device.

[0013] To reduce power consumption of the user device when the device is not being
actively used by the user, the display panel may gradually dim or automatically tumn off the
backlight after a period of time (e.g., 30 seconds, 5 minutes, 10 minutes, etc.) in which no
user inputs are detected (e.g., a timeout period). In some examples, the display panel is turned
off as the device enters a low-power, sleep or hiberation mode after a period of user
inactivity. However, in some examples, the user device may not accurately determine if a
user is using device without user input from an input device such as a keyboard, a mouse, a
trackpad, or a touch-screen. Also, in some devices, the timeout period for causing the display
panel to move to the low power state and begin dimming the display screen is predetermined
by the manufacturer of the device. In some examples, the predetermined timeout periods
cannot be dynamically adjusted, and the timeout periods may be too short or too long to
effectively conserve power. For example, a display panel timeout period that is too short may
increase overall power consumption of the device and is ineffective because the short timeout
period likely causes the user to repeatedly take actions to cause the display panel to return to
an active state even when the user has not engaged with the device for a brief period of time.
In contrast, a timeout period that is too long can result in missed opportunities for conserving
power when the user is in fact no longer engaging with or using the device.

[0014] In some examples, reduced power consumption is correlated with user

presence. User presence may be determined through face detection and/or head orientation
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detection sensors and/or algorithms. Face detection or head orientation detection sensors
and/or algorithms integrated into user devices enable user devices to adjust backlight (e.g.,
dim) of the display screen in response to a detection that the user is no longer present in the
environment of the device, no longer oriented or facing the direction of the device, and/or no
longer maintaining his or her gaze on the display screen. However, accuracy of these
algorithms is dependent on a Field-of-View (FoV) of an imaging sensor(s) (e.g., a camera),
limiting performance and accuracy of when the backlight is adjusted. For example, an
algorithm may cause adjustment or dimming of the backlight of a display screen even though
the user is actively looking at the device because the user may be outside of the imaging
sensor FoV. Current solutions rely solely on image sensor(s) with known inaccuracies to
identify user presence. For example, limitations such as variability in user position or
orientation of the head or face, location of the user outside of the imaging sensor(s) FoV and
lighting conditions introduce error to the efficacy of such detection algorithms. As a result,
even with integrated user-presence algorithms, a backlight of a display screen can still dim
prematurely even if a user is present or averting his or her gaze away from the image
sensor(s) for a period of time. Thus, a need exists for the application of display screen
dimming at a higher accuracy to prevent dimming unless the user is disengaged or not
present.

[0015] FIG. 1 illustrates an example system 100 constructed in accordance with
teachings of this disclosure for user-presence based adjustment of displays characteristics. In
some examples, the system 100 determines conditions for controlled dimming of a display
panel 102 of a user device 104 based on interaction of a user or subject 106. In the examples
disclosed herein, the terms “user’” and “subject” are used interchangeably herein. In some
examples, the system 100 can control other operating characteristics of the display panel 102

such as, for example, a display refresh rate, and/or other characteristics of the user device 104
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including, for example, a volume, a fan speed, etc. In some examples, the user device 104 is
an electronic device such as, for example, a personal computer, a laptop, a tablet, a smart
phone, etc. The user 106 can interact with the user device 104 via one or more input devices
108 (e.g., a mouse, a touchpad, a touchscreen, a keyboard, a microphone, etc.). For example,
when the display screen 114 is a touchscreen, the user 106 can provide inputs to the display
screen 114 via touch using his or her fingers, a stylus, etc. The example user device 104 also
includes one or more user input detection sensors 109 in communication with the one or more
input devices 108 to collect data associated with the one or more input devices 108 (e.g., a
click, a hover, a scroll, a movement in a mouse, a touch of a key on a keyboard, a voice
activation, etc.) to indicate user activity or interaction with the user device 104. In some
examples, the user input detection sensor(s) 109 transmit data indicative of user activity or
inactivity to a processor 110 for analysis and/or other processing.

[0016] In some examples, the user 106 interacts with the user device 104 by
accessing one or more applications 112 (e.g., a web browser, a video player, a music
streaming platform, a word processing application, etc.) executed by a processor 110 of the
user device 104. The user 106 can view digital content associated with the one or more
applications 112 (e.g., digital images, webpages, videos, electronic documents, etc.) viaa
display screen 114. In some examples, the display screen 114 is coupled to the display panel
102 of the user device 104. In other examples, the display screen 114 is located on a
peripheral device (e.g., a projected display, etc.). The display panel 102 includes a backlight
116 to illuminate the display screen 114 for viewing of the digital content associated with the
one or more applications 112 by the user 106.

[0017] The example user device 104 of FIG. 1 includes one or more image sensor(s)
118 which provide means for generating image and/or video data. For example, the image

sensor(s) gather image or video data associated with a user 106 or an object facing the display
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panel 102. In some examples, the image sensor(s) 118 include a front-facing camera coupled
to the display panel 102 and/or other portions of the user device 104 (e.g., to a hinge of a
laptop). In other examples, image sensor(s) are separate devices (e.g., cameras, etc.) mounted
to the display panel 102 or other portions of the user device 104. As disclosed herein, the
image sensor(s) 118 of FIG. 1 define an imaging field of view (FoV).

[0018] The example display panel 102 of FIG. 1 includes panel electronics 120,
and/or a circuitry including hardware such as, for example, a timing controller to provide for
the output of graphics via the display screen 114. During operation of the user device 104, the
backlight 116 and the panel electronics 120 consumer power. Power consumption (e.g.,
wattage) can vary based on illumination the display screen 114, processing of the digital
content generated by the one or more applications 112 for display via the display screen 114,
or the number of input device(s) 108 connected to the user device 104. In some examples, the
power consumption of the display panel 102 alone can represent a relatively large portion of
a total power consumption of the user device 104.

[0019] In some examples, the processor 110 instructs the display panel 102 to turn off
or adjust the backlight 116 the display screen 114 (e.g., dim) after a period of time, or timeout
period, with no user input or user presence (e.g., 10 minutes, 15 minutes, etc.) based on the
data generated by the user input detection sensor(s) 109 and/or data generated by the image
sensor(s) 118. In some examples, the timeout period can be determined by a user setting or is
predefined based on the user device 104. In other examples, after the timeout period without
user activity or user 106 presence, the processor 110 causes the user device 104 to enter a
sleep mode, or a low power mode of operation, and the display panel 102 to turn dim or off.
However, the periods of time may not accurately reflect activity or inactivity with the user
device 104 or presence or absence of the user 106 relative to the user device 104. For

example, during a period of time the user 106 may not be looking at or positioned in a
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direction of the display screen 114 or is not present relative to the user device 104. This
period of time may be shorter than the timeout period that triggers the processor 110 to adjust
the backlight to dim or turn off the display screen 114. For example, during operation of the
user device 104, the user 106 may change his or her orientation relative to the display screen
114, thus turning his or her gaze away from the display screen. In other examples, the user
106 may leave the imaging FoV by walking away from the user device 104 and returning the
user device 104 after a period of time. Thus, the timeout periods in which the user 106 is
inactive do not accurately reflect the periods of time in which the user 106 may not be
attentive to the display screen 114 and/or in the presence of the user device 104. During these
periods of time in which the user 106 is not paying attention to the display screen 114, the
display panel 102 continues to consumer power by, for example, maintaining illumination of
the display panel 102 via the backlight 116 even though user 106 has averted his or her gaze
from the display screen 114 and/or has walked away from the user device 104.

[0020] The one or more ambient light sensor(s) 122 on the user device 104 in FIG. 1
measure illuminance within the surrounding environment in which the user device 104 is
located. The ambient light sensor(s) 122 generate data indicative of light intensity. The data
collected by the ambient light sensor(s) 122 can used by a display panel controller 124 to
selectively dim the backlight 116 of the display screen 114. As such, the display panel
controller 124 forms a means to selectively adjust power consumption of the display panel
102. For example, if data generated by the ambient light sensor(s) 122 indicates that the
environment (e.g., a room, outdoors, etc.) is dark or dimly lit, the display panel controller 124
causes the backlight 116 to gradually dim or increase brightness. In other examples, the
display panel controller 124 instructs the backlight 116 to selectively adjust brightness if the
data of the ambient light sensor(s) 122 indicates that the environment is in a highly lit (e.g., in

bright sunlight, a highly lit room, etc.).
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[0021] In some examples, the display panel controller 124 can reduce power
consumption by the user device 104 based on data from the user input detection sensor(s)
109. For example, the data collected from the user input detection sensor(s) 109 may indicate
that the user 106 is actively engaged with the user device 104 (e.g., typing on a keyboard). In
such instances, the display panel controller 124 instructs the backlight 116 to remain fully lit
or to maintain a current level of brightness during the period of time of active engagement
with the user device 104. Thus, the display panel controller 124 can reduce power
consumption by instructing the image sensor(s) 118 not to generate or analyze image data
with respect to the user’s gaze or presence because active engagement with the user device
104 indicates that the user 106 is present and attentive to the user device 104 during that
period of time. In other examples, the data collected from the user input detection sensor(s)
109 may indicate that the user 106 is not actively engaged with the user device 104 (e.g., not
typing on a keyboard, not moving the mouse) for a period of time. In such examples, the
display panel controller 124 may instruct the backlight 116 to dim the display screen 114
after the period of time.

[0022] In some examples, the display panel controller 124 instructs a rate of change
of the brightness of the backlight 116. For example, in some examples, the display panel
controller 124 instructs the backlight 116 to dim at an increasing or higher rate compared to
other examples. For example, when the ambient light sensor(s) 122 indicate that user device
104 is in a bright environment, the backlight 116 may be brighter to aide user viewing of the
display screen 114 than when the user device 104 is located in a darker environment. In such
examples, when the data collected from the user input detection sensor(s) 109 indicates that
the user 106 is not actively engaged with the user device 104, the display panel controller 124

instructs the backlight 116 to dim the display screen 114 more quickly than the display panel
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controller 124 would instruct the backlight to dim when the backlight is less bright such as
when the user device 104 is in a darker environment.

[0023] The example display panel controller 124 can be implemented by the
processor 110 user device 104, or by a different processor or processors. In some examples,
at least a portion of the operations performed by the display panel controller 124 are
implemented by processor(s) of the user device 104 as the user device 104 operates in a low
power mode or ultra-low power mode, such as digital signal processor(s). In other examples,
the display panel controller 124 is implemented by one or more cloud-based devices, such as
one more servers, processors, and/or virtual machines located remotely from the user device
104. In other examples, a portion of the analysis performed by the display panel controller
124 is implemented by cloud-based devices and other parts of the analysis are implemented
by local processor(s) or one or more user device(s).

[0024] FIG. 2 illustrates an example imaging field of view (FoV) environment 200.
The imaging FoV 202 is based on the image sensor(s) 118 of FIG. 1. The image sensor(s)
118 may include an example front-facing camera. In the example of FIG. 1, the image
sensor(s) 118 are located at the top of the display panel 102 and are located in the center of
the display panel 102. As such, the image sensor(s) 118 generate image data representing
objects or the user 106 present within the imaging FoV 202. As shown in FIG. 2, the
boundaries of the imaging FoV are illustrated by dashed lines 204 and 206 where the dashed
line 204 defines a left FoV boundary 204 relative to the left side of the user device 104 or
relative to the right-hand side of the user 106 facing the display panel 102. Similarly, as
shown in FIG. 2, dashed line 206 defines a right FoV boundary 206 relative to the right side
of the user device 104 or relative to the left-hand side of the user 106 facing the display panel
102. During operation of the user device 104, or while the user device 104 is in a powered-on

mode, the user 106 may move between the left and right FoV boundaries 204, 206,
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respectively, and/or the user may walk away from the user device 104, thus leaving the
imaging FoV. The image sensor(s) 118 generate image data for the user 106 when the user is
within the left and right FoV boundaries 204, 206. In some examples, the image sensor(s) 118
generate image data even when the user device 104 is in a sleep mode.

[0025] In the example of FIG. 2, a display field of view (FoV) 208 associated with
the display screen 114 is illustrated by left and right boundaries 210, 212. In some examples,
the left display FoV boundary 210 is at an angle away (e.g., 45°) from the center of the
display screen 114 relative to the user 106 located in front of the display screen 114 (e.g., a
head turn of 45° to the right). Similarly, the right display FoV boundary 212 is at an angle
away (e.g., 45°) from the center of the display screen 114 relative to the user 106 located in
front of the display screen 114 (e.g., a head turn of 45° to the left). As such, the display FoV
208 1s defined based on a distance of the user 106 away from the display screen 114 and a
viewing angle of the user 106 relative to the display screen 114. In some examples, the
viewing angle is a maximum angle at which the display screen 114 can be viewed by a user
where visual output with respect to hues, contrast, etc. as defined by, for example,
manufacturer specifications is adequate. In some examples, the display FoV 208 for the
display screen 114 is based on a size of the display screen 114, the type of display screen 114
(e.g., LCD), a curvature of the display screen 114, etc. In the example of FIG. 2, the user 106
is present and located in the center of the imaging FoV 202 and focused on the display panel
102 with no head turn 214 (e.g., 0°). In some examples, the user 106 may be focused on the
display screen 114 with a head turn within the left and right boundaries 210, 212 of the
display FoV 208. In some examples, the user 106 may be positioned in the center of the
display FoV 208 and turn his or her head past the left or right boundaries 210, 212 (e.g.,
greater than 45°) of the display FoV 208 but still be within a threshold angle range (e.g., 90°)

on the either side. In the illustrated example, the line 216 represents a head turn of the user
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106 to the right past the left display FoV boundary 210 but within the threshold. Similarly,
the line 218 represents a head turn of the user 106 to the left past the right display FoV
boundary 212 but within the threshold. In other examples, the user may turn his or her head
past the left and right thresholds 216, 218 (e.g., at an angle greater than 90°) to face a region
220. For example, the user 106 may turn around to speak to someone behind them or walk
away from the user device 104, thus leaving the display FoV 208 and/or imaging FoV 202.

[0026] In the example of FIG. 2, the display panel controller 124 processes image
data generated by the image sensor(s) 118 to determine whether the user 106 is present within
the imaging FoV 202 to control display characteristics including the backlight 116 of the
display screen 114. Additionally or alternatively, the display panel controller 124 controls
panel electronics 120 of the display panel 102 cause other changes to other device
characteristics (e.g., a change in fan speed, a volume, etc.). Thus, example display panel
controller 124 provides a means for controlling operation of the display panel 102 and, as
such, reducing power consumption by the display panel 102 during periods of user inactivity
at the user device 104.

[0027] In some examples, the display panel controller 124 may execute one or more
learned models (e.g., machine learning) to determine a presence of the user 106 within the
imaging FoV 202 and/or a gaze of the user 106 within the display FoV 208 based on the
image data generated by the image sensor(s) 118. In some examples, the learned models
include learned user-presence model(s) and/or learmed face detection model(s). As shown in
FIG. 2. a training manager 222 can employ one or more algorithms (e.g., machine learning
algorithms, etc.) to detect and recognize user presence (e.g., whether a user is present in the
imaging FoV), and/or a user’s orientation (e.g., facial orientation) relative to the display FoV
to identify a direction of the user’s head and/or face. The training manager 222 communicates

with a training image database 224 containing image data including human facial feature(s)
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such as, for example, mouths, noses, ears, etc.) positioned at different angles. In some
examples, the training manager 222 uses the learned user-presence model(s) to determine if
the user 106 is present within the imaging FoV 202. Additionally or alternatively, the training
manager 222 uses the learned face detection model(s) to determine a direction that the user is
facing within the display FoV 208. Based on the detection of the user 106 in the imaging FoV
202 and/or a user’s facial orientation in the display FoV 208, the display panel controller 124
controls backlight 116 of the display panel 102 and the panel electronics 120.

[0028] The display panel controller 124 applies one or more correlation rules and/or
misprediction rules to apply selective adjustment of one or more display characteristics
including, for example, dimming of the backlight 116 of the display screen 114 to reduce
power consumption of the display panel 102 of the user device 104. The display panel
controller 124 does not rely only on data collected by the image sensor(s) 118 to identify user
presence and selectively dim the backlight 116 of the display screen 114 because such data
may be error-prone and inaccurate based on limitations of image sensor(s). In the examples
disclosed herein, the display panel controller 124 implements the correlation rule(s) to
correlate user presence and user engagement with the user device 104. Use of the correlation
rule(s) enables the display panel controller 124 to prevent dimming of the backlight 116
prematurely. As such, based on the data generated by the image sensor(s) 118 and the user
input detection sensor(s) 109, the display panel controller 124 can instruct the backlight 116
to stay fully lit and/or maintain a level of brightness until the display panel controller 124
determines that the user 106 is disengaged with the user device 104 and/or not present. In
some examples, display panel controller 124 implements the misprediction rule(s) to infer
user 106 intent (e.g., an action) to further prevent premature dimming of the display screen

114 and/or cause the display screen 114 to return to a default or maximum brightness.
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[0029] FIG. 3 is a block diagram of an example implementation of the display panel
controller 124 of FIG 1. As disclosed in connection with FIGS. 2-3, the example display
panel controller 124 is structured, constructed, and/or programmed to manage power
consumption by a display panel (e.g., the display panel 102 of FIG. 1) of a user device (e.g.,
the user device 104 of FIG. 1) by adjusting one or more characteristics of the display and/or
device. For example, the display panel controller 124 may adjust a backlight (e.g., the
backlight 116 of FIG. 1) and panel electronics (e.g., the panel electronics 120 of FIG. 1) of
the display panel based on use-presence and/or attentiveness relative to a display screen (e.g.,
the display screen 114 of FIG. 1) of the user device and/or engagement of the user with the
user device. The display panel controller 124 receives example image data 302 from the
image sensor(s) 118 (e.g., a front-facing camera) of the user device 104 of FIG. 1. The image
data 302 represents objects within the example imaging FoV 202 of the image sensor(s) 118
shown in FIG. 1. In some examples, the image sensor(s) 118 of FIG. 1 are always-on sensors
and, thus, can generate image data 302 when the user device 104 is in a powered-on state,
including a sleep mode.

[0030] As shown in FIG. 3, the example display panel controller 124 includes an
example database 304. In some examples, the database 304 is located external to the display
panel controller 124 as is communicatively coupled to the display panel controller 124. The
example database 304 of FIG. 3 stores the image data 302 generated by the image sensor(s)
118. The database 304 stores data related to the imaging FoV 202 and the display FoV 208 as
well as other data as disclosed herein. In some examples, the data related to the imaging FoV
202 and the display FoV 208 is provided based on specifications of the image sensor(s) 118
(e.g., resolution, etc.) as well as the display screen 114 (e.g., size, a field of view, a curvature,

etc.).
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[0031] As shown in FIG. 3, the example display panel controller 124 includes an
example user-presence detector 306 to analyze the image data 302 to identify a presence of a
user 106 in the imaging FoV 202. In some examples, the user-presence detector 306 uses
machine learning models generated by the training manager 222 to identify whether a user
106 is present in the imaging FoV 202. In other examples, the user-presence detector 306
does not use machine learning models but uses other techniques (e.g., programmed
instructions, etc.) to determine user presence. In examples in which the user-presence
detector 306 does not identify a user 106 present in the imaging FoV 202, the user-presence
detector 306 instructs an example backlight manager 308 to selectively dim or fully turn off
the backlight 116. In some examples, the backlight manager 308 turns off the backlight 116
sooner than would occur if operation of the display panel 102 was controlled by the timeout
period of user inactivity (e.g., after 15 minutes) based on the user device 104. As such, the
display panel controller 124 can reduce power consumption of the user device 104 by
controlling the display panel 102 based on the presence or absence of the user 106 relative to
the user device 104 (e.g., within the imaging FoV 202).

[0032] In some examples, the user-presence detector 306 determines that the user 106
is present within the imaging FoV 202. In such examples, the user-presence detector 306
instructs the backlight manager 308 to turn on the backlight 116. In some examples, the
backlight manager 308 is instructed to turn on the backlight 116 to a default brightness
setting (e.g., a brightness level set by a manufacturer of the device or the user). As such, the
backlight manager 308 generates and transmits the instruction(s) for the backlight 116 based
one or more example backlight rules 310 stored in the database 304. In some examples, the
backlight rule(s) 310 define a brightness level (e.g., a lumen measurement) to be output by
the backlight 116. In some examples, the backlight rule(s) 310 define a dimming rate of the

backlight 116 (e.g., dim backlight by 20% every second until 0%). In other examples, the
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backlight rule(s) 310 can identify if the panel electronics 120 are turned off (e.g., when the
user 106 is not present), and to indicate that the backlight 116 should also be turned off.

[0033] As shown in FIG. 3, the example display panel controller 124 includes an
example face analyzer 312. In the example of FIG. 3, if the user-presence detector 306
identifies the user 106 in the imaging FoV 202, the user-presence detector 306 instructs the
face analyzer 312 to analyze the image data 302 to determine a facial orientation of the user
106. For example, the face analyzer 312 determines the direction at which the user is facing
in the display FoV 208. If the user-presence detector 306 determines that the user 106 is not
within the imaging FoV 202, the user-presence detector 306 instructs the face analyzer 312 to
refrain from analyzing image data 302 to reduce power consumption. In such examples, the
user-presence detector 306 has determined that the user 106 is not present relative to the user
device 104 of FIG. 1.

[0034] In some examples, the face analyzer 312 uses machine learning models
generated by the training manager 222 of FIG. 2 to analyze one or more facial features (e.g.,
an ear, a nose, a mouth, etc.) of the user 106 in the image data 302 to determine if the user
106 is present in the display FoV 208. If face analyzer 312 determines that the user 106 is in
the display FoV 208, the face analyzer 312 analyzes one or more characteristics (e.g., one ear
is visible, both eyes are visible, back of the head is visible, etc.) of the facial features to
determine the orientation, and thus, an angle of gaze of the user 106 in the display FoV 208
relative to the image sensor(s) 118. For example, the face analyzer 312 can determine that the
user 106 is substantially facing the image sensor(s) 118 (e.g., looking directly at the center of
the display screen 114 or within the display FoV 208) or that the user 106 has his or her head
at an angle outside of the display FoV 208. Based on the position of the user (e.g., an angle of
a facial feature), the face analyzer 312 determines whether the user 106 is focused on the

display screen 114 or is non-attentive relative to the user device 104. As such, the face
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analyzer 312 identifies a presence of a face of the user 106 relative to the image sensor(s) 108
of the display screen 114,

[0035] In some examples, based on the data generated by the face analyzer 312, the
display panel controller 124 determines that the user 106 is facing the image sensor(s) 118,
and the backlight rule(s) 310 can indicate that a brightness of the backlight 116 should be
adjusted to a default brightness setting (e.g., a maximum brightness). In some examples, the
level of brightness may be correlated to an angle of the user’s face. In some examples, in
response to the face analyzer 312 determining that the user’s face is directed between the left
and right boundaries 210, 212 of the display FoV 208 at a first angle (e.g., the user’s face is
angled between about 30°—45° relative to a center aligned with the image sensor(s) 118), the
backlight rule(s) 310 can indicate that brightness of the backlight 116 should decrease. For
example, the backlight rule(s) 310 may indicate a specific amount of brightness decrease.
For examples, the backlight rule(s) 310 may indicate a decrease of 50% of a default and/or a
maximum brightness. In other examples, other levels of brightness may be indicated by the
backlight rule(s) 310. In another example, the face analyzer 312 determines that the user’s
face is angled within the boundaries 210, 212 of the display FoV 208 by a second angle (e.g.,
the user’s face is angled between about 45°-90° relative to the center aligned with the image
sensor(s) 118). The backlight rule(s) 310 can indicate that brightness of the backlight 116
should change by a different amount than when the user’s face was angled by the first angle.
For example, the backlight rule(s) 310 may indicate that the brightness of the display should
decrease to, for example, 90% of the default and/or maximum brightness. In other examples,
other levels of brightness may be indicated by the backlight rule(s) 310. In some examples,
the face analyzer 312 determines that the user’s face is directed 90° or more away from the
image sensor(s) 118, the backlight rule(s) 310 can indicate that the backlight 116 can be

turned off because the display screen 114 is not in the user’s field of view. In these examples,
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the backlight manager 308 of the example display panel controller 124 decreases the
brightness of the display by a greater amount as the angle of the user’s face relative to a
center of the user device 104 increases. The backlight rule(s) 310 define different levels of
backlight 116 brightness based on the determination of the direction of the user’s face and
gaze by the face analyzer 312.

[0036] In some examples, the backlight rule(s) 310 define a rate of selective
adjustment (e.g., dimming) rather than a backlight 116 level. For example, if the face
analyzer 312 determines that a face of the user 106 is at an angle past at least one of the
boundaries of the display FoV 210, 212 relative to the image sensor(s) 118, the backlight
manager 308 may apply selective adjustment (e.g., dimming) after a period of time to reduce
the backlight 116 of the display screen 114 by a rate. For example, the backlight manager
308 may start to dim the display after 5 seconds by 5% per 1 second until backlight is 20% of
maximum level. In some examples, the backlight manager 308 may delay adjusting the
display characteristic(s) for a different period of time. In some examples, the backlight
manager 308 may adjust the display characteristic(s) at a different rate and/or at a variable
and/or dynamically changing rate. In some examples, the backlight manager 308 may adjust
the display characteristic(s) until a different level is achieved. In such examples, the user
device 104 reduces power consumption while the user 106 is present in the imaging FoV 202
but not attentive with respect to the display screen 114.

[0037] In other examples, the face analyzer 312 determines that the user 106 is
present within the display FoV but does not identify any facial features in the image data 302.
For example, the face analyzer 312 determines that the user is positioned beyond the left and
right thresholds 216, 218 of FIG. 2 (e.g., at an angle greater than 90° relative to the center of
the user device 104) to face the region 220. In this position, the user may be oriented in a

direction opposite the image sensor(s) 118. In such examples, the face analyzer 312 instructs
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the backlight manager 308 to apply selective adjustment (e.g., dimming) to the backlight 116
after a longer period of time, at an increased rate, to a more reduced level, and/or to turn off
to reduce power consumption more aggressively because the user 106 is not looking at the
display screen 114, despite the user being present within the display FoV 208. For example,
when the user’s face is angled greater than 90° relative to the center of the user device 104,
the backlight manager 308 may begin to adjust the display characteristic(s) after 15 seconds.
In some examples, the backlight manager 308 may dim the backlight 20% per second. In
some examples, the backlight manager 308 may dim the backlight until the backlight is
turned off. In other examples, other timing, rate, and/or level values may be used.

[0038] In some examples, the rate at which the backlight manager 308 selectively
dims the backlight 116 is based on the orientation of the user is predefined by the
manufacturer of the user device 104. The selective adjustment (e.g., dimming) rates (e.g., 5%
per second until 20%, 20% per second until 0%, etc.,) can be based on prior activity of the
user and/or prior activity of one or more other user(s) of the user device 104 and/or of other
user device(s). In some examples, the selective adjustment (e.g., dimming) rates can be
adjusted.

[0039] As shown in FIG. 3, the example display panel controller 124 includes an
example user interaction analyzer 314. The example user interaction analyzer 314 identifies
how and when the user 106 interacts with the user device 104 based on the data generated by
the user input detection sensor(s) 109. For example, the user interaction analyzer 314
identifies a movement and/or a click of a mouse, a pressing of a key on a keyboard, a speaker
volume adjustment, and/or a touching of a trackpad, etc. In response to identifying a user
interaction with the user device 104, the user interaction analyzer 314 instructs the backlight
manager 308 to maintain backlight 116 illumination setting because the user 106 is actively

engaged with the user device 104. In some examples, when the user 106 is engaged with the
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user device 104, the backlight is kept at a default level. In some examples, when the user 106
is engaged with the user device 104, the backlight is kept at a maximum level.

[0040] In some examples, the user 106 stops interacting with the user device 104 via
the input device(s) 108 for a period of time. When the period of time in which no user inputs
are detected matches a predetermined timeout period set by the manufacturer of the user
device 104, the user interaction analyzer 314 instructs the backlight manager 308 to
selectively dim or turn off the backlight 116 of the display screen 114 to reduce power
consumption of the user device 104 because the user is no longer actively engaged with the
user device 104. When the user 106 returns to the user device 104 and presses a key on the
keyboard, moves the mouse, and/or otherwise engages with the user device 104 the display
panel 102 reawakens. The user interaction analyzer 314 identifies the interaction event and
instructs the backlight manager 308 to return the backlight 116 to a default brightness, the
prior brightness, and/or another brightness level. In some examples, the user interaction
analyzer 314 analyzes data generated by the user input detection sensor(s) 109 in real time as
the user device 104 operates.

[0041] As shown in FIG. 3, the example display panel controller 124 includes an
example correlation analyzer 316. The correlation analyzer 316 determines whether selective
adjustment of the backlight 116 of the display screen 114 or other characteristic(s) of the user
device 104 based should be applied based on one or more example correlation rule(s) 318.
The correlation rule(s) 318 correlate user interaction events occurring during a period of time
and user-presence with selective adjustment of the backlight 116 (and/or adjustment of other
device characteristics).

[0042] FIG. 4 is a table of example correlation rule(s) 318 as implemented by the
example correlation analyzer 316 of FIG. 3. As disclosed in connection with FIG. 3, the user-

presence detector 306 detects the presence of the user 106 within the imaging FoV 202. The
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face analyzer 312 determines if the user 106 is within the display FoV 208 and the orientation
of the user 106 relative to the image sensor(s) 118. If the user 106 is identified by both the
user-presence detector 306 and the face analyzer 312, the correlation analyzer 316 determines
that the user 106 is detected and attentive relative to the user device 104, which define the
user detected criteria 400 of the correlation rules 318. In instances where the user 106 is not
identified by the user-presence detector 306 or the face analyzer 312 determines that the user
is not attentive to the display screen 114, the correlation analyzer 316 is not certain as to
whether the user 106 is present or detected. The user not detected criteria 402 of the
correlation rules 318 is defined by the correlation analyzer 316 not positively detecting the
user.

[0043] In the example display panel controller 300 of FIG. 3, the user interaction
analyzer 314 identifies, based on the data generated by the user input detection sensor(s) 109,
whether the user 106 is engaged with the user device 104 during a timeframe (e.g., 5 minutes,
10 minutes, etc.). User interaction event(s) detected criteria 404 of the correlation rules 318 is
defined to cover the user interaction analyzer 314 detecting user input. In such examples, the
correlation analyzer 316 is certain that the user 106 was actively engaged with the user device
104 during the period of time. A no user interaction event(s) detected criteria 406 of the
correlation rules 318 is defined to cover when the user interaction analyzer 314 does not
detect user input (e.g., typing, movement of a mouse, etc.,) during a period of time. With ano
user interaction event, the correlation analyzer 316 is not certain whether the user 106 was
actively engaged with the user device 104 during the period of time.

[0044] As shown by FIG. 4, a positive correlation 408 is defined when the user is
detected 400 and when user interaction event(s) are detected 404 during the period of time.
The positive correlation 408 indicates that the user 106 is both present relative to the user

device 104 and interacting with the device during the period of time. As such, the correlation
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analyzer 316 can be certain that display panel controller 124 is accurately detecting the user
106 and identifying the behavior of the user 106. In examples when the correlation analyzer
316 identifies the positive correlation 408, the correlation analyzer 316 instructs the backlight
manager 308 to apply selective adjustment (e.g., dimming) to the backlight 116 at arate (e.g.,
conservative dimming rate, aggressive dimming rate, etc.,) based on a change in user
behavior that is identified (e.g., the user turns his or her head between 45°-90°, the user leaves
the display FoV 208 or the imaging FoV 202, etc.) to conserve power. In other examples,
upon determining a positive correlation 408, the correlation analyzer 316 causes an operating
characteristic to be adjusted such as a display refresh rate, a fan activity (e.g., speed), a
volume, etc. Otherwise, as disclosed herein, a negative correlation between user detection
and user interaction detection indicates that the correlation analyzer 316 cannot accurately
analyze user behavior based on the conditions. There are different types of negative
correlations disclosed herein. With a negative correlation, the correlation analyzer 316
should not instruct the backlight manager 308 to apply selective adjustment of the backlight
116 of the display screen 114. As such, the correlation analyzer 316 provides a means to
improve accuracy at which selective adjustment of display brightness is applied to the display
panel 102.

[0045] As shown in FIG. 4, the correlation analyzer 316 identifies a negative
correlation 410 when the user 106 is not detected 402 in the imaging FoV 202 and/or the
display FoV 208 but when user interaction event(s) are detected 404. In such examples, the
correlation analyzer 316 cannot accurately determine user behavior or presence based only on
the detected interaction events as the user is not present. In such examples, the correlation
analyzer 316 does not instruct the backlight manager 308 to selectively adjust the backlight

116 of the display screen 114 and/or other characteristic(s) of the device 104.
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[0046] As shown in FIG. 4, the correlation analyzer 316 identifies a negative
correlation 412 when the user 106 is detected 400 in the imaging FoV 202 or the display FoV
208 but when no user interaction event(s) are detected 406. In such examples, the correlation
analyzer 316 cannot accurately determine user behavior based only on the presence of the
user when no interaction events were detected for a period of time. In such examples, the
correlation analyzer 316 does not instruct the backlight manager 308 to selectively adjust the
backlight 116 of the display screen 114 and/or other characteristic(s) of the device 104 as the
user 106 may be present relative to the user device 104 but not engaged with the user device
104 during the period of time.

[0047] As shown in FIG. 4, the correlation analyzer 316 identifies a negative
correlation 414 when the user 106 is not detected 402 in the imaging FoV 202 or the display
FoV 208 and when no user interaction event(s) are detected 406. In such examples, the
correlation analyzer 316 cannot accurately determine user behavior and thus does not instruct
the backlight manager 308 to selectively adjust the backlight 116 of the display screen 114
and/or other characteristic(s) of the device 104.

[0048] The example display panel controller 300 of FIG. 3. includes an example
misprediction analyzer 320. The misprediction analyzer 320 applies one or more example
misprediction rules 322 to stop, slow, or reverse selective adjustment (e.g., dimming) of the
backlight 116 or other characteristic(s) of the device 104 in response to a detected user
interaction event. Thus, the misprediction analyzer 320 supplements the correlation analyzer
316 when the correlation analyzer 316 incorrectly predicts the absence of the user 106 and/or
of user engagement and selective adjustment of the backlight 116 or other characteristic
adjustment was applied. For example, if the correlation analyzer 316 identifies a positive
correlation 408 and causes the backlight manager 308 to apply selective adjustment of the

backlight 116 at a rate after a period of time but the user 106 intends to stop the selective
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adjustment, the user 106 causes an interaction event (e.g., a movement of the mouse, a touch
on a trackpad, a press of a key on a keyboard, etc.,) to cause the brightness adjustment to stop
and cause the backlight 116 to return to the default and/or prior brightness. In such examples,
after the user interaction analyzer 314 identifies an interaction event indicating that the
selective adjustment be stopped or cutoff, the misprediction analyzer 320 instructs the
backlight manager 308 to cause the backlight 116 to return to the default brightness, the prior
brightness level or setting, and/or another brightness level or setting. As such, the
misprediction analyzer 320 provides a means to indicate that selective adjustment was
prematurely or incorrectly applied by the correlation analyzer 316 even though the user 106
was present relative to the user device 104. The misprediction analyzer 320 overrides the
actions (e.g., display adjustment) caused by the correlation analyzer 316 to disable the display
adjustment.

[0049] In some examples, the misprediction analyzer 320 causes the correlation
analyzer 316 to instruct the backlight manager 308 to apply selective adjustment of the
backlight 116 at progressively later time each time selective adjustment (e.g., dimming) is
interrupted or stopped by an interaction event. For example, when the correlation analy zer
316 first detects a positive correlation 408 and causes selective adjustment of the backlight
116 based on the predefined rate after a period of time (e.g., 5 seconds) but then a user
interaction event interrupts the selective adjustment, the misprediction analyzer 320 can
instruct the correlation analyzer 316 to apply the selective adjustment at a later time (e.g., 20
seconds). Subsequently, when the correlation analyzer 316 identifies a positive correlation
408 and the user 106 causes an interaction event during selective adjustment to stop the
selective adjustment, the misprediction analyzer 320 again increases the delay at which the
selective adjustment is applied. In some examples, the delay at which selective adjustment is

applied can be increased by the misprediction analyzer 320 up to a threshold number of times
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(e.g., four times). Thus, the misprediction analyzer 320 infers user intent to prevent the user
106 from having to invoke an input to indicate his or her presence each time selective
adjustment is erroneously applied.

[0050] In some examples, if the correlation analyzer 316 incorrectly applies selective
adjustment a threshold number of times and the misprediction analyzer 320 has met the
number of times in which the misprediction analyzer 320 has extended the delay of applying
selective adjustment, the misprediction analyzer 320 disables the correlation analyzer 316
from applying the selective adjustment for a period of time (e.g., until the user device 104 is
restarted, etc.) or permanently. As such, the misprediction analyzer 320 inhibits the
application of the selective adjustment during a subsequent determination(s) of a positive
correlation 408 by the correlation analyzer 316 to prevent another incorrect application.

[0051] FIG. 5 is a diagram representing operation of the example display panel
controller 124 of FIG. 3. As shown by FIG. 5, the user 106 uses and interacts with the user
device 104 for a period of time 500. During a first time interval 502, the user 106 is actively
engaged with the user device 104 (e.g., typing, scrolling, watching, etc.). During a second
time interval 504, the correlation analyzer 316 may identify a positive correlation 408
between user interaction event(s) 404 and a detected user 400 and instruct the backlight
manager 308 to apply selective adjustment (e.g., dimming) 506 at a predetermined rate (e.g.,
dim backlight 5% every second until 20% backlight) based on the change in user behavior
detected (e.g., the user tumns his or her head between 45° and 90° away from a center of the
user device 104). In some examples, the selective adjustment (e.g., dimming) 506 is applied
at a predetermined time after the change in user behavior is detected (e.g., 5 seconds) by the
face analyzer 312.

[0052] In some examples, the user 106 notices that the display screen 114 is being

dimmed even though he or she is present in the imaging FoV 202 and display FoV 208 and
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invokes an input 508 at an input device(s) 108 to indicate that he or she is present and active
thereby disabling the selective adjustment. During this time, the user interaction analyzer 314
monitors for a user input. By disabling the selective adjustment with an input, the backlight
manager 308 instructs the backlight 116 to return to a default, maximum, and/or prior
brightness. In examples in which a characteristics other than brightness is adjusted, the
backlight manager 308 instructs the return of the characteristics to a prior and/or default
level.

[0053] During a second time interval 510, the user 106 may resume engagement with
the user device 104. After a period of time during use of the user device, the user 106 may
once again change his or her behavior 512 to indicate to the correlation analyzer 316 to apply
selective adjustment (e.g., dimming) at a predetermined rate. Based on the previous input
event 508, the misprediction analyzer 320 instructs the backlight manager 308 to delay the
selective adjustment (e.g., dimming) 514 to be applied at a later time (e.g., 20 seconds) than
the first time the selective adjustment (e.g., dimming) 506 was applied to predict user intent
and avoid premature backlight adjustment. In other words, the backlight manager 308 may
delay selective adjustment for a first time period at a first time and, after correction by the
misprediction analyzer 320, the backlight manager 308 delays selective adjustment for a
second time period at a second time after the first time. The second time period being longer
than the first time period.

[0054] In some examples, the user 106 notices that the display screen 114 is being
dimmed once again prompting him or her to invoke an input 516 at the input device(s) 108 to
indicate that he or she is present and active. Thus, by invoking the input 516, the user disables
the selective adjustment (e.g., dimming) causing the backlight manager 308 to return the

backlight 116 brightness back to the default, maximum, and/or prior setting.
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[0055] During a third time interval 518, the user 106 may resume engagement with
the user device 104. After a period of time during use of the user device, the user 106 may
once again change his or her behavior 520 (e.g., leave the room, turn to speak to someone
behind them) to indicate to the correlation analyzer 316 to apply selective adjustment (e.g.,
dimming) at a predetermined rate based on the behavior. Based on the previous input event
516, the misprediction analyzer 320 instructs the backlight manager 308 to delay the time at
which selective adjustment (e.g., dimming) 522 is applied at an even later time than the
previous time the selective adjustment (e.g., dimming) 514 was applied. The user can once
again invoke an input 524 to disable the selective adjustment (e.g., dimming) 522 and cause
the backlight 116 to return to the default brightness. In some examples, subsequent selective
adjustment periods are delayed by progressively longer delay time periods based on repeated
mispredictions. In some examples, the rate of the adjustment correlates to the period of
delay. For example, a longer period of onset prior to delay may correlate with a faster rate of
adjustment.

[0056] As shown FIG. 3, the example display panel controller 124 includes an
example ambient light analyzer 324 to analyze ambient light data 326 collected by the
ambient light sensor(s) 122 with respect to a brightness of the surrounding environment.
Based on the analysis of the ambient light data 326, the backlight manager 308 can apply the
backlight rule(s) 310 indicative of a rate at which the backlight 116 should be dimmed or
brightened to account for, for instance, an increased sensitivity of the user 106 to changes in
brightness in a dark environment and/or to improve visibility of the display screen 114 in a
bright environment.

[0057] As shown by FIG. 3, the example display panel controller 124 includes an
example panel electronics manager 328. The panel electronics manager 328 uses one or

more example panel rule(s) 330 that are transmitted to the panel electronics 120 of the
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display panel 102 of FIG. 1 to control operation of the panel electronics 120 of the display
panel 102 based on data collected by the user input detection sensor(s) 109 and image
sensor(s) 118. The panel electronics manager 328 transmits the instruction(s) to the panel
electronics 120 via one or more wired or wireless connections to adjust display panel 102
volume, a display panel 102 fan speed, and/or a display panel 102 refresh rate, for example.

[0058] As shown by FIG. 3, the example display panel controller 124 includes one or
more example user setting(s) 332. The user setting(s) 332 define user preferences with
respect to brightness levels for the backlight 116, backlight 116 dimming rates when the user
106 looks away from the image sensor(s) 118, default operation settings (e.g., volume, fan
speed, display panel refresh rate, etc.,) etc. Thus, the examples disclosed may use the user
preferences for determining adjustment settings and/or levels.

[0059] As shown by FIG. 3, the example display panel controller 124 includes one or
more example processors 334 to execute one or more of the example user-presence detector
306, backlight manager 308, face analyzer 312, user interaction analyzer 314, correlation
analyzer 316, misprediction analyzer 320, ambient light analyzer 324, and panel electronics
manager 328. In some examples, each of the example user-presence detector 306, backlight
manager 308, face analyzer 312, user interaction analyzer 314, correlation analyzer 316,
misprediction analyzer 320, ambient light analyzer 324, and panel electronics manager 328
are implemented by the same processor(s) 334 or in other examples are implemented by a
separate processor(s) 334. In some examples, the processor 334 is the same processor 110 of
FIG. 1.

[0060] While an example manner of implementing the display panel controller 124 of
FIG. 1 as illustrated in FIG. 3, one or more of the elements, processes and/or devices
illustrated in FIG. 3 may be combined, divided, re-arranged, omitted, eliminated and/or

implemented in any other way. Further, the example user-presence detector 306, the example
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backlight manager 308, the example face analyzer 312, the example user interaction analyzer
314, the example correlation analyzer 316, the example misprediction analyzer 320, the
example ambient light analyzer 324, the example panel electronics manager 328, the
example processor(s) 334 and/or, more generally, the example display panel controller 124 of
FIG. 3 may be implemented by hardware, software, firmware and/or any combination of
hardware, software and/or firmware. Thus, for example, any of the user-presence detector
306, the backlight manager 308, the face analyzer 312, the user interaction analyzer 314, the
correlation analyzer 316, the misprediction analyzer 320, the ambient light analyzer 324, the
panel electronics manager 328, the processor(s) 334 and/or, more generally, the example
display panel controller 124 could be implemented by one or more analog or digital circuit(s),
logic circuits, programmable processor(s), programmable controller(s), graphics processing
unit(s) (GPU(s)), digital signal processor(s) (DSP(s)), application specific integrated
circuit(s) (ASIC(s)), programmable logic device(s) (PLD(s)) and/or field programmable logic
device(s) (FPLD(s)). When reading any of the apparatus or system claims of this patent to
cover a purely software and/or firmware implementation, at least one of the example user-
presence detector 306, backlight manager 308, face analyzer 312, user interaction analyzer
314, correlation analyzer 316, misprediction analyzer 320, ambient light analyzer 324, panel
electronics manager 328, and the processor(s) 334 is/are hereby expressly defined to include
a non-transitory computer readable storage device or storage disk such as a memory, a digital
versatile disk (DVD), a compact disk (CD), a Blu-ray disk, etc. including the software and/or
firmware. Further still, the example display panel controller 124 of FIG. 3 may include one
or more elements, processes and/or devices in addition to, or instead of, those illustrated in
FIG. 3, and/or may include more than one of any or all of the illustrated elements, processes
and devices. As used herein, the phrase “in communication,” including variations thereof,

encompasses direct communication and/or indirect communication through one or more
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intermediary components, and does not require direct physical (e.g., wired) communication
and/or constant communication, but rather additionally includes selective communication at
periodic intervals, scheduled intervals, aperiodic intervals, and/or one-time events.

[0061] In the illustrated example of FIG. 3, the processor(s) 334 include means
processing means for identifying a facial orientation of a user; determining an angle of a face
relative to a center of a display and/or electronic device; determining a correlation of a
detected user presence, the facial orientation, and a device interaction event; applying and/or
disabling a display brightness adjustment rule; applying and/or disabling an operation
adjustment rule; and/or adjusting a brightness of a display and/or other operating
characteristic. In this example, the processing means is implemented by any processor
structured to perform the corresponding operation by executing software or firmware, or
hardware circuit (e.g., discrete and/or integrated analog and/or digital circuitry, an FPGA, a
PLD, a FPLD, an ASIC, a comparator, an operational-amplifier (op-amp), a logic circuit,
etc.) structured to perform the corresponding operation without executing software or
firmware, but other structures are likewise appropriate. In some examples, the processor(s)
334 implement the processing means.

[0062] A flowchart representative of example hardware logic, machine readable
instructions, hardware implemented state machines, and/or any combination thereof for
implementing the display panel controller 124 of FIG. 3 is shown in FIG. 6. The machine
readable instructions may be one or more executable programs or portion(s) of an executable
program for execution by a computer processor such as the processor 712 shown in the
example processor platform 700 discussed below in connection with FIG. 7. The program
may be embodied in software stored on a non-transitory computer readable storage medium
such as a CD-ROM, a floppy disk, a hard drive, a DVD, a Blu-ray disk, or a memory

associated with the processor 712, but the entire program and/or parts thereof could
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alternatively be executed by a device other than the processor 712 and/or embodied in
firmware or dedicated hardware. Further, although the example program is described with
reference to the flowchart illustrated in FIG. 6, many other methods of implementing the
example display panel controller 124 may alternatively be used. For example, the order of
execution of the blocks may be changed, and/or some of the blocks described may be
changed, eliminated, or combined. Additionally or alternatively, any or all of the blocks may
be implemented by one or more hardware circuits (e.g., discrete and/or integrated analog
and/or digital circuitry, an FPGA, an ASIC, a comparator, an operational-amplifier (op-amp),
a logic circuit, etc.) structured to perform the corresponding operation without executing
software or firmware.

[0063] The machine readable instructions described herein may be stored in one or
more of a compressed format, an encrypted format, a fragmented format, a compiled format,
an executable format, a packaged format, etc. Machine readable instructions as described
herein may be stored as data (e.g., portions of instructions, code, representations of code, etc.)
that may be utilized to create, manufacture, and/or produce machine executable instructions.
For example, the machine readable instructions may be fragmented and stored on one or
more storage devices and/or computing devices (e.g., servers). The machine readable
instructions may require one or more of installation, modification, adaptation, updating,
combining, supplementing, configuring, decryption, decompression, unpacking, distribution,
reassignment, compilation, etc. in order to make them directly readable, interpretable, and/or
executable by a computing device and/or other machine. For example, the machine readable
instructions may be stored in multiple parts, which are individually compressed, encrypted,
and stored on separate computing devices, wherein the parts when decrypted, decompressed,
and combined form a set of executable instructions that implement a program such as that

described herein.
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[0064] In another example, the machine readable instructions may be stored in a state
in which they may be read by a computer, but require addition of a library (e.g., a dynamic
link library (DLL)), a software development kit (SDK), an application programming interface
(API), etc. in order to execute the instructions on a particular computing device or other
device. In another example, the machine readable instructions may need to be configured
(e.g., settings stored, data input, network addresses recorded, etc.) before the machine
readable instructions and/or the corresponding program(s) can be executed in whole or in
part. Thus, the disclosed machine readable instructions and/or corresponding program(s) are
intended to encompass such machine readable instructions and/or program(s) regardless of
the particular format or state of the machine readable instructions and/or program(s) when
stored or otherwise at rest or in transit.

[0065] The machine readable instructions described herein can be represented by any
past, present, or future instruction language, scripting language, programming language, etc.
For example, the machine readable instructions may be represented using any of the
following languages: C, C++, Java, C#, Perl, Python, JavaScript, HyperText Markup
Language (HTML), Structured Query Language (SQL), Swift, etc.

[0066] As mentioned above, the example processes of FIG. 6 may be implemented
using executable instructions (e.g., computer and/or machine readable instructions) stored on
a non-transitory computer and/or machine readable medium such as a hard disk drive, a flash
memory, a read-only memory, a compact disk, a digital versatile disk, a cache, a random-
access memory and/or any other storage device or storage disk in which information is stored
for any duration (e.g., for extended time periods, permanently, for brief instances, for
temporarily buffering, and/or for caching of the information). As used herein, the term non-

transitory computer readable medium is expressly defined to include any type of computer

-31-



WO 2022/271249 PCT/US2022/022196

readable storage device and/or storage disk and to exclude propagating signals and to exclude
transmission media.

[0067] “Including” and “comprising” (and all forms and tenses thereof) are used
herein to be open ended terms. Thus, whenever a claim employs any form of “include” or
“comprise” (e.g., comprises, includes, comprising, including, having, etc.) as a preamble or
within a claim recitation of any kind, it is to be understood that additional elements, terms,
etc. may be present without falling outside the scope of the corresponding claim or recitation.
As used herein, when the phrase "at least" is used as the transition term in, for example, a
preamble of a claim, it is open-ended in the same manner as the term "comprising" and
“including” are open ended. The term “and/or” when used, for example, in a form such as A,
B, and/or C refers to any combination or subset of A, B, C such as (1) A alone, (2) B alone,
(3) C alone, (4) A with B, (5) A with C, (6) B with C, and (7) A with B and with C. As used
herein in the context of describing structures, components, items, objects and/or things, the
phrase "at least one of A and B" is intended to refer to implementations including any of (1)
at least one A, (2) at least one B, and (3) at least one A and at least one B. Similarly, as used
herein in the context of describing structures, components, items, objects and/or things, the
phrase "at least one of A or B" is intended to refer to implementations including any of (1) at
least one A, (2) at least one B, and (3) at least one A and at least one B. As used herein in the
context of describing the performance or execution of processes, instructions, actions,
activities and/or steps, the phrase "at least one of A and B" is intended to refer to
implementations including any of (1) at least one A, (2) at least one B, and (3) at least one A
and at least one B. Similarly, as used herein in the context of describing the performance or
execution of processes, instructions, actions, activities and/or steps, the phrase "at least one of
A or B" is intended to refer to implementations including any of (1) at least one A, (2) at least

one B, and (3) at least one A and at least one B.
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[0068] As used herein, singular references (e.g., “a”, “an”, “first”, “second”, etc.) do
not exclude a plurality. The term “a” or “an” entity, as used herein, refers to one or more of
that entity. The terms “a” (or “an”), “one or more”, and “‘at least one” can be used
interchangeably herein. Furthermore, although individually listed, a plurality of means,
elements or method actions may be implemented by, e.g., a single unit or
processor. Additionally, although individual features may be included in different examples
or claims, these may possibly be combined, and the inclusion in different examples or claims
does not imply that a combination of features is not feasible and/or advantageous.

[0069] FIG. 6 is a flowchart of example machine readable instructions that, when
executed by a processor, implement the example display panel controller 124 of FIGS. 1
and/or 3. In the example of FIG. 6, the display panel controller 124 generates instruction(s)
to control the panel electronics 120 and the backlight 116 of the display panel 102 based on a
presence of a user (e.g., the user 106), a gaze direction of the user relative to image sensor(s)
(e.g., the image sensor(s) 118) of a user device (e.g., the user device 104), and one or more
interaction events with user input devices (e.g., the user input devices 108). The example
instructions of FIG. 6 can be executed by one or more processors of, for example, the user
device 104, another user device, and/or a cloud-based device. In some examples, at least
some of the instructions of FIG. 6 are executed by a processor, such as a digital signal
processor, operating in a low power mode to reduce power consumption of the display panel
and the user device 104. The instructions of FIG. 6 can be executed in substantially real-time
as the image sensor(s) 118 generate image data and/or as a user interacts with the user device
104 via the input devices.

[0070] The process 600 includes the display panel 102 operating based on one or
more current and/or default settings, including, for example, a current and/or default

brightness level (block 602). The image sensor(s) 118 generate image data 302 to be used by
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the user-presence detector 306 and/or the face analyzer 312 (block 604). The user-presence
detector 306 determines if a user is present in the imaging FoV 202 (block 606). If the user-
presence detector 306 does not identify a user 106 in the imaging FoV 202, the process 600
proceeds with selective adjustment (e.g., dimming, volume reduction, volume increase, a
change in fan speed, etc.) of the display panel 102 characteristics being disabled (block 616).

[0071] If the user-presence detector 306 identifies the user 106 in the imaging FoV
202 (block 606), the process 600 proceeds with the face analyzer 312 determining if the
orientation of the user 106 is within the display FoV 208 (block 608). If the face analyzer 312
identifies that the user 106 is not oriented within the display FoV 208 (block 608), the
process 600 proceeds with the disabling of the selective adjustment (e.g., dimming, volume
reduction, volume increase, a change in fan speed, etc.) of the display panel 102
characteristics being disabled (block 616).

[0072] If the face analyzer 312 identifies the user 106 is oriented within the display
FoV 208 (block 608), the process 600 proceeds with the user interaction analyzer 314
determining if the user input detection sensor(s) 109 generated input data to identify that the
user is interacting with the user device 104 (block 610). If the user interaction analyzer 314
does not identify user interaction event(s) with the user device 104 (block 610), the process
600 proceeds with the disabling of the selective (e.g., dimming, volume reduction, volume
increase, a change in fan speed, etc.) of the display panel 102 characteristics being disabled
(block 616).

[0073] If user interaction event(s) are detected by the user interaction analyzer 314
(block 610), the process 600 proceeds with the correlation analyzer 316 determining if there
is a positive correlation 408 between user presence 400 and detected user interaction event(s)
404 (block 612). If the correlation analyzer 316 identifies a positive correlation 408 (block

612), the process 600 proceeds with the correlation analyzer 316 instructing the display panel
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controller 124 to apply selective adjustment (e.g., dimming, etc.) of the display panel 102
characteristics (e.g., backlight 116) to reduce power consumption (block 614). In other
examples, the correlation analyzer 316 instructs the panel electronics manager 328 to adjust
an operation characteristic of the display panel 102 and/or user device 104 such as one or
more of a refresh rate, a volume, a fan speed, etc. If the correlation analyzer 316 does not
identify the positive correlation 408 (block 612), the process 600 proceeds with selective
adjustment (e.g., dimming, volume reduction, volume increase, a change in fan speed, etc.) of
the display panel 102 characteristics being disabled (block 616).

[0074] After the correlation analyzer 316 instructs the display panel controller 124 to
apply selective adjustment (e.g., dimming, etc.) of the display panel 102 characteristics (e.g.,
backlight 116) or the panel electronics manager 328 to adjust an operation characteristic of
the display panel 102 (block 614), the user interaction analyzer 314 monitors for user
interaction event(s) (block 618). If the user interaction analyzer 314 detects user input(s)
(block 618), the misprediction analyzer 320 instructs operation of the panel display at the
prior or default setting(s) (block 602). For example, the misprediction analyzer 320 instructs
the backlight manager 308 to adjust the backlight 116 back to the prior and/or default
brightness setting. In this example, .the misprediction analyzer 320 interprets that selective
adjustment (e.g., dimming) of the display panel 102 was prematurely or incorrectly applied.
If no user inputs are detected (block 618), the backlight manager 308 continues to adjust
(e.g., dim) the backlight 116 of the display panel 102 and the process 600 ends.

[0075] FIG. 7 is a block diagram of an example processor platform 700 structured to
execute the instructions of FIG. 6 to implement the display panel controller 124 of FIG. 3.
The processor platform 700 can be, for example, a server, a personal computer, a
workstation, a self-learning machine (e.g., a neural network), a mobile device (e.g., a cell

phone, a smart phone, a tablet such as an iPad™?), a personal digital assistant (PDA), an
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Internet appliance, a DVD player, a CD player, a digital video recorder, a Blu-ray player, a
gaming console, a personal video recorder, a set top box, a headset or other wearable device,
or any other type of computing device.

[0076] The processor platform 700 of the illustrated example includes a processor
712. The processor 712 of the illustrated example is hardware. For example, the processor
712 can be implemented by one or more integrated circuits, logic circuits, microprocessors,
GPUs, DSPs, or controllers from any desired family or manufacturer. The hardware
processor may be a semiconductor based (e.g., silicon based) device. In this example, the
processor 712 implements a processor 110, display panel controller 124, training manager
222, user-presence detector 306, backlight manager 308, face analyzer 312, user interaction
analyzer 314, correlation analyzer 316, misprediction analyzer 320, ambient light analyzer
324, panel electronics manager 328, and processor(s) 334.

[0077] The processor 712 of the illustrated example includes a local memory 713
(e.g., a cache). The processor 712 of the illustrated example is in communication with a main
memory including a volatile memory 714 and a non-volatile memory 716 via a bus 718. The
volatile memory 714 may be implemented by Synchronous Dynamic Random Access
Memory (SDRAM), Dynamic Random Access Memory (DRAM), RAMBUS® Dynamic
Random Access Memory (RDRAM®) and/or any other type of random access memory
device. The non-volatile memory 716 may be implemented by flash memory and/or any
other desired type of memory device. Access to the main memory 714, 716 is controlled by a
memory controller.

[0078] The processor platform 700 of the illustrated example also includes an
interface circuit 720. The interface circuit 720 may be implemented by any type of interface
standard, such as an Ethernet interface, a universal serial bus (USB), a Bluetooth® interface,

a near field communication (NFC) interface, and/or a PCI express interface.
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[0079] In the illustrated example, one or more input devices 722 are connected to the
interface circuit 720. The input device(s) 722 permit(s) a user to enter data and/or commands
into the processor 712. The input device(s) 722 can be implemented by, for example, an
audio sensor, a microphone, a camera (still or video), a keyboard, a button, a mouse, a
touchscreen, a track-pad, a trackball, an isopoint device, and/or a voice recognition system.

[0080] One or more output devices 724 are also connected to the interface circuit 720
of the illustrated example. The output devices 724 can be implemented, for example, by
display devices (e.g., a light emitting diode (LED), an organic light emitting diode (OLED), a
liquid crystal display (LCD), a cathode ray tube display (CRT), an in-place switching (IPS)
display, a touchscreen, etc.), a tactile output device, a printer and/or speaker. The interface
circuit 720 of the illustrated example, thus, typically includes a graphics driver card, a
graphics driver chip and/or a graphics driver processor.

[0081] The interface circuit 720 of the illustrated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem, a residential
gateway, a wireless access point, and/or a network interface to facilitate exchange of data
with external machines (e.g., computing devices of any kind) via a network 726. The
communication can be via, for example, an Ethernet connection, a digital subscriber line
(DSL) connection, a telephone line connection, a coaxial cable system, a satellite system, a
line-of-site wireless system, a cellular telephone system, etc.

[0082] The processor platform 700 of the illustrated example also includes one or
more mass storage devices 728 for storing software and/or data. Examples of such mass
storage devices 728 include floppy disk drives, hard drive disks, compact disk drives, Blu-ray
disk drives, redundant array of independent disks (RAID) systems, and digital versatile disk

(DVD) drives.
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[0083] The machine executable instructions 732 of FIG. 6 may be stored in the mass
storage device 728, in the volatile memory 714, in the non-volatile memory 716, and/or on a
removable non-transitory computer readable storage medium such as a CD or DVD.

[0084] From the foregoing, it will be appreciated that example systems, methods,
apparatus, and articles of manufacture have been disclosed that adjustment characteristics of
user devices such as, for example, applying display brightness adjustments at a higher
accuracy than traditional techniques to prevent adjusting (e.g., dimming) unless the user is
disengaged or not present. The disclosed system, methods, apparatus, and articles of
manufacture improve the efficiency of using a computing device by implementing user
presence, facial orientation, and user interaction data to determine whether adjustment (e.g.,
dimming) of a display panel and/or other operating characteristic of a user device should be
applied. The disclosed methods, apparatus and articles of manufacture are accordingly
directed to one or more improvement(s) in the functioning of a computer such as improving
the accuracy in which selective adjustment of device characteristics are applied to reduce
power consumption and improve battery life cycle of user devices. For example, examples
disclosed herein use correlation and/or misprediction rule(s) to apply selective adjustment of
device characteristics, such as dimming of a display when the device is confident that a user
is present relative to and engaged with the device to prevent premature or erroneous dimming
of the display. Additionally or alternatively, the examples disclosed herein can also be used to
decrease the refresh rate of a display panel to reduce power consumption when the user is not
engaged with or present relative to the user device or increase the display refresh rate when
the user is present and attentive to improve performance of the user device. Examples
disclosed herein can also increase accuracy in which device characteristics operate such as a

fan or acoustics (e.g., a volume). For example, the disclosed examples can increase fan
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activity and acoustics when the user is present and attentive to the device and/or decrease fan
and acoustic activity when the user become disengaged with the device.

[0085] Example methods, apparatus, systems, and articles of manufacture for
applying selective adjustment of displays and of operating characteristics of user devices are
disclosed herein. Example 1 includes an apparatus to control a brightness of a display of an
electronic device, the apparatus including a face analyzer to identify a presence of a face of a
user relative to the device based on image data generated by an image sensor of the electronic
device, and a correlation analyzer to apply a display brightness adjustment rule to selectively
adjust the brightness of the display from a first setting to a second setting after a first time
interval based on a correlation of the detected presence of the face and a first device
interaction event.

[0086] Example 2 includes the apparatus of Example 1 and optionally includes
wherein the face analyzer is to identify a facial orientation of the face of the user relative to
the display of the device, and the correlation analyzer is to apply the display brightness
adjustment rule based on a correlation of the facial orientation and the first device interaction
event.

[0087] Example 3 includes the apparatus of Examples 1 or 2 and optionally includes a
misprediction analyzer to disable the display brightness adjustment rule in response to a
second device interaction event.

[0088] Example 4 includes the apparatus of Examples 1-3 and optionally includes a
backlight manager, wherein in response to disabling of the display brightness adjustment rule,
the backlight manager is to adjust the display to the first setting.

[0089] Example 5 includes the apparatus of any of Examples 1-4 and optionally

includes wherein the face analyzer is to determine an angle of the face relative to a center of
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the display, and the correlation analyzer is to adjust the brightness of the display at a rate
based on the angle.

[0090] Example 6 includes the apparatus of any of Examples 1-5 and optionally
includes wherein the rate is a first rate of decreasing brightness when the angle is a first
angle, and the rate is a second rate of decreasing brightness greater than the first rate when
the angle is a second angle greater than the first angle.

[0091] Example 7 includes the apparatus of any of Examples 1-6 and optionally
includes wherein the correlation is a first correlation and in response to disabling the display
brightness adjustment rule, the misprediction analyzer is to cause the display brightness
adjustment rule to be applied after a second time interval when a second correlation is
identified, the second time interval greater than the first time interval.

[0092] Example 8 includes the apparatus of any of Examples 1-7 and optionally
includes wherein the correlation is a first correlation and the misprediction analyzer is to
increase a delay at which the display brightness adjustment rule is applied for subsequent
correlations.

[0093] Example 9 includes the apparatus of any of Examples 1-8 and optionally
includes wherein in response to disabling the display brightness adjustment rule more than a
threshold number of times, the correlation analyzer is disabled to prevent a subsequent
application of the display brightness adjustment rule after a subsequent correlation.

[0094] Example 10 includes, a non-transitory computer readable media including
instructions, which, when executed, cause at least one processor to identify a presence of a
face of a user relative to an electronic device based on image data generated by an image
sensor of the electronic device, determine a correlation of the detected presence of the face

and a first device interaction event, and in response to the correlation, apply a display
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brightness adjustment rule to selectively adjust the brightness of the display from a first
setting to a second setting after a first time interval.

[0095] Example 11 includes the non-transitory computer readable media of Example
9 or 10 and optionally includes wherein the instructions are to identify a facial orientation of
the face of the user relative to the display of the device, and apply the display brightness
adjustment rule based on a correlation of the facial orientation and the first device interaction
event.

[0096] Example 12 includes the non-transitory computer readable media of Example
9-11 and optionally includes wherein the instructions cause the at least one processor to
disable the display brightness adjustment rule in response to a second device interaction
event.

[0097] Example 13 includes the non-transitory computer readable media of Examples
9-12 and optionally includes wherein to disable the display brightness adjustment rule, the
instructions cause the at least one processor to adjust the brightness of the display to the first
setting.

[0098] Example 14 includes the non-transitory computer readable media of any of
Examples 9-13 and optionally includes wherein the instructions cause the at least one
processor to determine an angle of a face relative to a center of the display, and adjust the
brightness of the display at a rate based on the angle.

[0099] Example 15 includes the non-transitory computer readable media of any of
Examples 9-14 and optionally includes wherein the rate is a first rate of decreasing brightness
when the angle is a first angle, and the rate is a second rate of decreasing brightness greater
than the first rate when the angle is a second angle greater than the first angle.

[0100] Example 16 includes the non-transitory computer readable media of any of

Examples 9-15 and optionally includes wherein the correlation is a first correlation and in
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response to the disabling of the display brightness adjustment rule, the instructions cause the
at least one processor to apply the display brightness adjustment rule after a second time
interval when a second correlation is identified, the second time interval greater than the first
time interval.

[0101] Example 17 includes the non-transitory computer readable media of any of
Examples 9-16 and optionally includes wherein the correlation is a first correlation, and the
instructions cause the at least one processor to increase a delay at which the display
brightness adjustment rule is applied for subsequent correlations.

[0102] Example 18 includes the non-transitory computer readable media of any of
Examples 9-17 and optionally includes wherein in response to the disabling of the display
brightness adjustment rule more than a threshold number of times, the instructions cause the
at least one processor to prevent a subsequent application of the display brightness
adjustment rule after a subsequent correlation.

[0103] Example 19 is a method including identifying, by executing instructions with a
processor, a presence of a face of a user relative to an electronic device based on image data
generated by an image sensor of the electronic device, determining, by executing instructions
with the processor, a correlation of the detected presence of the face and a first device
interaction event, and in response to the correlation, applying, by executing instructions with
the processor, a display brightness adjustment rule to selectively adjust the brightness of the
display from a first setting to a second setting after a first time interval.

[0104] Example 20 includes the method of Example 19 and optionally includes a
facial orientation of the face of the user relative to the display of the device, and applying the
display brightness adjustment rule based on a correlation of the facial orientation and the first

device interaction event.
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[0105] Example 21 includes the method of Example 19 or 20 and optionally includes
disabling the display brightness adjustment rule in response to a second device interaction
event.

[0106] Example 22 includes the method of Examples 19-21 and optionally includes
wherein in the disabling of the display brightness adjustment rule includes adjusting the
brightness of the display to the first setting.

[0107] Example 23 includes the method of any of Examples 19-22 and optionally
includes determining an angle of a face relative to a center of the display, and adjusting the
brightness of the display at a rate based on the angle.

[0108] Example 24 includes the method of any of Examples 19-23 and optionally
includes wherein the rate is a first rate of decreasing brightness when the angle is a first
angle, and the rate is a second rate of decreasing brightness greater than the first rate when
the angle is a second angle greater than the first angle.

[0109] Example 25 includes the method of any of Examples 19-24 and optionally
includes wherein the correlation is a first correlation, the method further including after the
disabling of the brightness adjustment rule during or after the first time interval, applying the
display brightness adjustment rule after a second time interval when a second correlation is
identified, the second time interval greater than the first time interval.

[0110] Example 26 includes the method of any of Examples 19-25 and optionally
includes wherein the correlation is a first correlation, the method further including increasing
a delay at which the display brightness adjustment rule is applied for subsequent correlations.

[0111] Example 27 includes the method of any of Examples 19-26 and optionally
including after the disabling of the display brightness adjustment rule more than a threshold
number of times, preventing a subsequent application of the display brightness adjustment

rule for a subsequent correlation.
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[0112] Example 28 is an apparatus to control a brightness of a display of an electronic
device, the apparatus including memory, and means for processing to identify a presence of a
face of a user relative to the device based on image data generated by an image sensor of the
electronic device, determine a correlation of the detected presence of the face and a first
device interaction event, and apply a display brightness adjustment rule to selectively adjust
the brightness of the display from a first setting to a second setting after a first time interval
based on the correlation.

[0113] Example 29 includes the apparatus of Example 28 and optionally includes
wherein the processing means is to identify a facial orientation of the face of the user relative
to the display of the device, and apply the display brightness adjustment rule based on a
correlation of the facial orientation and the first device interaction event.

[0114] Example 30 includes the apparatus of Example 28 or 29 and optionally
includes wherein the processing means is to disable the display brightness adjustment rule in
response to a second device interaction event.

[0115] Example 31 includes the apparatus of Examples 28-30 and optionally includes
wherein to disable the display brightness adjustment rule, the processing means is to adjust
the brightness of the display to the first setting.

[0116] Example 32 includes the apparatus of any of Examples 28-31 and optionally
includes wherein the processing means is to determine an angle of the face relative to a center
of the display, and the means for processing is to adjust the brightness of the display at a rate
based on the angle.

[0117] Example 33 includes the apparatus of any of Examples 28-32 and optionally
includes wherein the rate is a first rate of decreasing brightness when the angle is a first
angle, and the rate is a second rate of decreasing brightness greater than the first rate when

the angle is a second angle greater than the first angle.
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[0118] Example 34 includes the apparatus of any of Examples 28-33 and optionally
includes wherein the correlation is a first correlation and in response to disabling the display
brightness adjustment rule, the processing means is to cause the display brightness
adjustment rule to be applied after a second time interval when a second correlation is
identified, the second time interval greater than the first time interval.

[0119] Example 35 includes the apparatus of any of Examples 28-34 and optionally
includes wherein the correlation is a first correlation and the processing means is to increase a
delay at which the display brightness adjustment rule is applied for subsequent correlations.

[0120] Example 36 includes the apparatus of any of Examples 28-35 and optionally
includes wherein in response to disabling the display brightness adjustment rule more than a
threshold number of times, the processing means is to prevent a subsequent application of the
display brightness adjustment rule after a subsequent correlation.

[0121] Example 37 is an apparatus to adjust an operating characteristic of a
computing device the apparatus including at least one memory, instructions, and at least one
processor to execute the instructions to identify a presence of a face of a user relative to the
device based on image data generated by an image sensor of the computing device, determine
a correlation of the detected presence of the face and a first device interaction event, and in
response to the correlation, apply an operation adjustment rule to selectively adjust an
operating characteristic from a first setting to a second setting after a first time interval.

[0122] Example 38 includes the apparatus of Example 37 and optionally includes
wherein the at least one processor is to identify a facial orientation of the face of the user
relative to the device, and apply the operation adjustment rule based on a correlation of the

facial orientation and the first device interaction event.
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[0123] Example 39 includes the apparatus of Example 37 or 38 and optionally
includes wherein the at least one processor is to disable the operation adjustment rule in
response to a second device interaction event.

[0124] Example 40 includes the apparatus of Examples 37-39 and optionally includes
wherein in response to the disabling of the operation adjustment rule, the at least one
processor is to adjust the operating characteristic to the first setting.

[0125] Example 41 includes the apparatus of any of Examples 37-40 and optionally
includes wherein the at least one processor is to determine an angle of the face relative to a
center of a display, and adjust the operating characteristics at a rate based on the angle.

[0126] Example 42 includes the apparatus of any of Examples 37-41 and optionally
includes wherein the rate is a first rate of decreasing a level of the operating characteristic
when the angle is a first angle, and the rate is a second rate of decreasing the level of the
operating characteristics greater than the first rate when the angle is a second angle greater
than the first angle.

[0127] Example 43 includes the apparatus of any of Examples 37-42 and optionally
includes wherein the correlation is a first correlation and in response to disabling the
operation adjustment rule, the at least one processor is to cause the operation adjustment rule
to be applied after a second time interval when a second correlation is identified, the second
time interval greater than the first time interval.

[0128] Example 44 includes the apparatus of any of Examples 37-43 and optionally
includes wherein the correlation is a first correlation and the at least one processor is to
increase a delay at which the operation adjustment rule is applied for subsequent correlations.

[0129] Example 45 includes the apparatus of any of Examples 37-44 and optionally

includes wherein in response to disabling the operation adjustment rule more than a threshold
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number of times, the at least one processor is to prevent a subsequent application of the
operation adjustment rule after a subsequent correlation.

[0130] Example 46 includes the apparatus of any of Examples 37-45 and optionally
includes wherein the operating characteristic is a display brightness.

[0131] Example 47 includes the apparatus of any of Examples 37-46 and optionally
includes wherein the operating characteristic is a display refresh rate.

[0132] Example 48 includes the apparatus of any of Examples 37-47 and optionally
includes wherein the operating characteristic is a fan speed.

[0133] Example 49 includes the apparatus of any of Examples 37-48 and optionally
includes wherein the operating characteristic is a volume level.

[0134] Although certain example methods, apparatus and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling
within the scope of the claims of this patent.

[0135] The following claims are hereby incorporated into this Detailed Description by
this reference, with each claim standing on its own as a separate embodiment of the present

disclosure.
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What Is Claimed Is:

L.

An apparatus to control a brightness of a display of an electronic device, the apparatus
comprising:

a face analyzer to identify a presence of a face of a user relative to the device
based on image data generated by an image sensor of the electronic device; and

a correlation analyzer to apply a display brightness adjustment rule to
selectively adjust the brightness of the display from a first setting to a second setting
after a first time interval based on a correlation of the detected presence of the face

and a first device interaction event.

The apparatus of claim 1, wherein the face analyzer is to identify a facial orientation
of the face of the user relative to the display of the device, and the correlation
analyzer is to apply the display brightness adjustment rule based on a correlation of

the facial orientation and the first device interaction event.

The apparatus of claims 1 or 2, further including a misprediction analyzer to disable
the display brightness adjustment rule in response to a second device interaction

event.

The apparatus of claim 3, further including a backlight manager, wherein in response

to disabling of the display brightness adjustment rule, the backlight manager is to

adjust the display to the first setting.
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10.

The apparatus of claims 1 or 2, wherein the face analyzer is to determine an angle of
the face relative to a center of the display, and the correlation analyzer is to adjust the

brightness of the display at a rate based on the angle.

The apparatus of claim 5, wherein the rate is a first rate of decreasing brightness when
the angle is a first angle, and the rate is a second rate of decreasing brightness greater

than the first rate when the angle is a second angle greater than the first angle.

The apparatus of claim 3, wherein the correlation is a first correlation and in response
to disabling the display brightness adjustment rule, the misprediction analyzer is to
cause the display brightness adjustment rule to be applied after a second time interval
when a second correlation is identified, the second time interval greater than the first

time interval.

The apparatus of claim 3, wherein the correlation is a first correlation and the
misprediction analyzer is to increase a delay at which the display brightness

adjustment rule is applied for subsequent correlations.

The apparatus of claim 8, wherein in response to disabling the display brightness
adjustment rule more than a threshold number of times, the correlation analyzer is
disabled to prevent a subsequent application of the display brightness adjustment rule

after a subsequent correlation.

A computer readable media comprising instructions, which, when executed, cause at

least one processor to:
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11

12.

13.

identify a presence of a face of a user relative to an electronic device based on
image data generated by an image sensor of the electronic device;

determine a correlation of the detected presence of the face and a first device
interaction event; and

in response to the correlation, apply a display brightness adjustment rule to
selectively adjust the brightness of the display from a first setting to a second setting

after a first time interval.

. The computer readable media of claim 10, wherein the instructions are to cause the at

least one processor to:

identify a facial orientation of the face of the user relative to the display of the
device; and

apply the display brightness adjustment rule based on a correlation of the

facial orientation and the first device interaction event.

The computer readable media of claims 10 or 11, wherein the instructions cause the at
least one processor to disable the display brightness adjustment rule in response to a

second device interaction event.

The computer readable media of claims 10 or 11, wherein the instructions cause the at
least one processor to:
determine an angle of a face relative to a center of the display; and

adjust the brightness of the display at a rate based on the angle.
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14.

15.

16.

17.

The computer readable media of claim 13, wherein the rate is a first rate of decreasing
brightness when the angle is a first angle, and the rate is a second rate of decreasing
brightness greater than the first rate when the angle is a second angle greater than the

first angle.

The computer readable media of claim 12, wherein the correlation is a first correlation
and in response to the disabling of the display brightness adjustment rule, the
instructions cause the at least one processor to apply the display brightness adjustment
rule after a second time interval when a second correlation is identified, the second

time interval greater than the first time interval.

The computer readable media of claim 12, wherein in response to the disabling of the
display brightness adjustment rule more than a threshold number of times, the
instructions cause the at least one processor to prevent a subsequent application of the

display brightness adjustment rule after a subsequent correlation.

A method comprising;

identifying a presence of a face of a user relative to an electronic device based
on image data generated by an image sensor of the electronic device;

determining a correlation of the detected presence of the face and a first device
interaction event; and

in response to the correlation, applying a display brightness adjustment rule to
selectively adjust the brightness of the display from a first setting to a second setting

after a first time interval.
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18. The method of claim 17, further including:
identifying a facial orientation of the face of the user relative to the display of
the device; and
applying the display brightness adjustment rule based on a correlation of the

facial orientation and the first device interaction event.

19. The method of claims 17 or 18, further including:
determining an angle of a face relative to a center of the display; and adjusting the

brightness of the display at a rate based on the angle.

20. The method of claim 19, wherein the rate is a first rate of decreasing brightness when
the angle is a first angle, and the rate is a second rate of decreasing brightness greater

than the first rate when the angle is a second angle greater than the first angle.

21. The method of claims 17 or 18, wherein the correlation is a first correlation, the
method further including:
disabling the display brightness adjustment rule in response to a second device
interaction event;
after the disabling of the brightness adjustment rule during or after the first
time interval, applying the display brightness adjustment rule after a second time
interval when a second correlation is identified, the second time interval greater than

the first time interval.

22. An apparatus to control a brightness of a display of an electronic device, the apparatus
comprising:
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memory; and
means for processing to:
identify a presence of a face of a face of a user relative to the device
based on image data generated by an image sensor of the electronic device;
determine a correlation of the detected presence of the face and a first
device interaction event; and
apply a display brightness adjustment rule to selectively adjust the
brightness of the display from a first setting to a second setting after a first

time interval based on the correlation.

23. The apparatus of claim 22, wherein the processing means is to:
identify a facial orientation of the face of the user relative to the display of the
device; and
apply the display brightness adjustment rule based on a correlation of the

facial orientation and the first device interaction event.

24. The apparatus of claims 22 or 23, wherein the processing means is to disable the

display brightness adjustment rule in response to a second device interaction event.

25. The apparatus of claims 22 or 23, wherein the processing means is to:
determine an angle of a face relative to a center of the display; and
adjust the brightness of the display at a rate based on the angle, the rate being
a first rate of decreasing brightness when the angle is a first angle, and the rate being a
second rate of decreasing brightness greater than the first rate when the angleis a

second angle greater than the first angle.
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