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METHODS, SYSTEMS, AND APPARATUSES
TO UPDATE SCREEN CONTENT
RESPONSIVE TO USER GESTURES

RELATED APPLICATIONS & PRIORITY CLAIM

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/985,427, filed on May 21, 2018 and
entitled “Methods, Systems, and Apparatuses to Update
Screen Content Responsive to User Gestures”, which is a
continuation of U.S. patent application Ser. No. 14/856,513,
filed Sep. 16, 2015, which issued as U.S. Pat. No. 9,977,508
on May 22, 2018, and is itself a continuation of U.S. patent
application Ser. No. 14/746,748, filed Jun. 22, 2015, which
issued as U.S. Pat. No. 9,952,675 on Apr. 24, 2018, and
which claims priority from both U.S. Provisional Patent
Application No. 62/068,597, filed Oct. 24, 2014, and entitled
“Automatic Display Visibility Changes Responsive to User
Gestures,” and U.S. Provisional Patent Application No.
62/054,379, filed Sep. 23, 2014, and entitled “Automatic
Display Visibility Changes Responsive to User Gestures,”
all of which are hereby incorporated herein by reference in
their entireties.

FIELD

[0002] Embodiments relate to the field of electronic
devices; and more specifically, to electronic devices to be
worn on a user’s forearm.

BACKGROUND

[0003] Many electronic devices, such as watches, activity
trackers, biometric sensor devices, and the like, can be worn
on the wrist. For convenience of operation, these wrist worn
devices can include displays to interact with the users, such
as rendering user interfaces that show, for example, a time,
a data, metrics, environmental data, menus, setting, etc. In
some cases, the display may only turn on for a limited time
based on an explicit user input, such as pressing of a button
(virtual or physical), tapping on the display, or the like.
Alternatively, the display may always be on so that the user
can easily glance at the screen of the device for information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The invention may best be understood by referring
to the following description and accompanying drawings
that are used to illustrate embodiments. In the drawings:
[0005] FIG. 1 is a block diagram that illustrates an elec-
tronic device that causes display visibility changes respon-
sive to a user performing watch check gestures, according to
one embodiment.

[0006] FIG. 2 is a flow diagram illustrating a method for
automatic watch check gesture detection based on activity
type, according to one embodiment.

[0007] FIG. 3 is a flow diagram illustrating a method for
performing automatic watch check gesture detection based
on a first exemplary activity type (running), according to one
embodiment.

[0008] FIG. 4is an exemplary line graph illustrating when
sensor data from a three axis accelerometer is indicative of
a user, while running, performing watch check gestures
according to one embodiment.

[0009] FIG. 5 is an exemplary line graph illustrating a
watch check rule that determines when sensor data from a
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three axis accelerometer is indicative of the user, while
running, performing watch check gestures according to one
embodiment.

[0010] FIG. 6 is a second exemplary line graph illustrating
instances when sensor data from a three axis accelerometer
is indicative of a user, while running, performing watch
check gestures according to one embodiment.

[0011] FIG. 7 is an exemplary line graph illustrating a
magnification of one of the instances from FIG. 6 according
to one embodiment.

[0012] FIG. 8 is a flow diagram illustrating automatic
watch check gesture detection based on a second exemplary
activity type (non-running—e.g., walking, stationary)
according to one embodiment.

[0013] FIGS. 9-12 are diagrams that illustrate patterns of
motion which, when detected by the watch check gesture
detector, may cause the watch check gesture detector to
signal that a watch check event has occurred.

[0014] FIG. 13 is a flow chart illustrating a method for
handling a dismissal user gesture, according to an example.
[0015] FIG. 14 is a flow chart illustrating a method for
changing the content of a display based on further user
interaction detected by the watch check gesture detector
while a watch check event is still active.

[0016] FIG. 15 illustrates the use of different base periods
of time for an automatic display visibility change to be in
effect based on the user’s activity type, according to one
embodiment.

[0017] FIG. 16 is a flow diagram illustrating display
visibility change control according to one embodiment.
[0018] FIG. 17 is a block diagram of an electronic device
to perform automatic display visibility changes responsive
to user gestures according to one embodiment.

[0019] FIG. 18 is a block diagram of a wrist-mounted
electronic device having a button, a display, and a wrist band
to secure the electronic device to a user’s forearm, according
to one embodiment.

DESCRIPTION OF EMBODIMENTS

[0020] The following description describes methods and
apparatus for automatic display visibility changes respon-
sive to user gestures.

[0021] In one example, an apparatus may comptise a
display, a set of sensors to generate sensor data, a set of
processors coupled to the display and the set of sensors, and
a non-transitory machine readable storage medium coupled
to the processor. The non-transitory machine readable stor-
age medium may have stored therein instructions, which
when executed by the set of processors, cause the set of
processors to detect, using the sensor data, that a first activity
state of a user is active. Further, the instructions may cause
the set of processors to determine, while the first activity
state is active, that the sensor data matches a watch check
rule associated with the first activity state. Still further, the
instructions may cause the set of processor to, responsive to
the detected match, cause a change in visibility of the
display.

[0022] In another example, an embodiment may detect,
using sensor data obtained from a set of sensors, that a first
activity state of a user is active. The apparatus may deter-
mine, while the first activity state is active, that the sensor
data represents a set of adjustments that the user would make
to view a display of a wristwatch worn on the user’s forearm.
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Responsive to the determination, the embodiment may cause
a change in visibility of the display.

[0023] FIG. 1 is a block diagram that illustrates an elec-
tronic device that causes display visibility changes respon-
sive to a user performing watch check gestures, according to
one embodiment. The electronic device 100 in FIG. 1 can be
worn on a user’s forearm, similar to a band or a watch.
Different embodiments allow the device to be worn on the
user’s forearm in different ways (e.g., wrist-mounted using
a wrist-band as illustrated later herein, embedded in a shirt
sleeve, etc.).

[0024] Some embodiments discussed in the foregoing will
be described with reference to a display of the electronic
device being generally located on the user’s forearm in the
same place the display of a wrist watch would be located,
and a “watch check gesture” is the movement of a person’s
forearm to a position typically assumed when a person is
checking their wrist-watch (e.g., the person’s forearm on
which the electronic device is worn moving from a position
generally aligned with the sagittal and frontal planes of the
person to a position generally aligned with the frontal and
transverse planes of the person, in other words the person
has moved their forearm from a position generally parallel
to the long axis of their body to a position that crosses over
their torso in a left-to-right (or right-to-left) direction).
While some examples will be described with reference to a
display of the electronic device being generally located on
the user’s forearm in the same place that the display of a
wrist watch would be located, example embodiments con-
templated by this disclosure are not so limited because
modifications to accommodate the electronic device being
worn on a different location on the forearm (e.g., higher on
the forearm and/or on the opposite side of the forearm) will
be apparent to one of ordinary skill in the art.

[0025] FIG. 1 illustrates that the device 100 may include
a set of one or more sensors 110, which optionally include
one or more motion sensors (e.g., an accelerometer 112, a
pedometer 114, a gyroscope 116) and an ambient light
sensor 118. Sensor data 120 is provided by the set of one or
more sensors 110 to a watch check gesture detector 130. By
way of example and not limitation, as shown in FIG. 1, the
accelerometer 112 may provide sensor data to the watch
check gesture detector 130, which may be, in some cases, in
the form of samples of acceleration measurements along
three axes, labeled x, y, and z. With reference to a 3 axis
accelerometer oriented in the electronic device a particular
way (referring to the display of the electronic device, worn
on the user’s forearm in the same place the display of a wrist
watch would be worn, relative to a clock face: the x axis is
along the line formed between 12 and 6 o’clock (the positive
direction being the 12 to 6 direction) and may also be
referred to as the top-bottom axis of the display; the y axis
is along a line formed between 9 and 3 o’clock (that is, from
the user’s elbow to wrist if worn on the left hand) (the
positive direction being the 9 to 3 direction) and may also be
referred to as the left-right axis of the display; the z axis is
along a line perpendicular to the clock face (the positive
direction being out the front of the clock face) and may also
be referred to as the back-front axis of the display; and thus
the x-y axes form a plane that contains the display/clock face
and the x-z axes form a plane that is perpendicular to the
user’s forearm), alternative embodiments may have a dif-
ferent orientation (which will require predictable changes in
the techniques described herein).

Jan. 30, 2020

[0026] The watch check gesture detector 130 includes a
set of two or more watch check rules 132 (a first watch check
rule 1324, a second watch check rule 132B, and up to an Nth
watch check rule 132N). The watch check gesture detector
130 may include instructions stored in computer-readable
medium that, when executed, cause one or processors to
operate according to the methods disclosed herein. In other
cases, the watch check gesture detector 130 may include
specific hardware elements or circuitry for executing the
operations discussed herein. Different ones of the watch
check rules 132A-N may use sensor data from the same or
different ones of the set of sensors 110. While in one
embodiment all of the set of watch check rules 132 only use
sensor data from one of the set of sensors 110 (e.g., a single
three axis accelerometer because such a sensor requires less
power relative to some other types of sensors), in alternative
embodiments, different ones of the set of watch check rules
132 use sensor data from different ones of the set of sensors
110. For example, FIG. 1 shows that both the first watch
check rule 132A and the second watch check rule 132B
receive sensor data from the accelerometer 112, but only the
second watch check rule 132B receives sensor data from the
pedometer 114.

[0027] Each of the watch check rules 132 determine
instances of watch check events when the sensor data 120
(albeit, it may only look at data from a subset of the sensors
as described above) is indicative of the user, while perform-
ing a particular type of activity, having made a particular set
of one or more adjustments that the user would make to view
a display of a wristwatch worn on the user’s forearm during
the user’s performance of the particular type of activity.
These instances may be referred to herein as watch check
events and are collectively represented in FIG. 1 as watch
check events 138 which are provided by the watch check
gesture detector 130 to a display controller 140. The display
controller 140 may include instructions stored in computer-
readable medium that, when executed, cause one or proces-
sors to operate according to the methods disclosed herein. In
other cases, the display controller 140 may include specific
hardware elements or circuitry for executing the operations
discussed herein.

[0028] In one embodiment, the determinations of
instances by one or more of watch check rules 132 include
the detection of signatures in the sensor data (referred to
herein as sensor data signatures). Fach watch check rule
132A-N may detect a different sensor data signature.

[0029] As expressed in examples below, in addition to
activities such as “running,” the term “activity” may include
the user being stationary (e.g., sitting, standing). Each
“activity type” or “type of activity” may include a single
activity (e.g., running) or a group of activities (e.g., walking,
hiking, and stationary (where “stationary” may include
sitting or standing)). Thus, different embodiments may
group more, less, or different activities within different
“activity types.” For example, as expressed in more detail
below, embodiments may group multiple activities within
the activity type of a single watch check rule, but tune (e.g,,
reduce/increase sensitivity depending on whether the user is
walking or stationary, change from measuring for a particu-
lar threshold along a given axis to measuring for that
threshold on a different axis (e.g., if the user’s posture
changed from vertical to lying down)) the determination of
the watch check rules based on which of those activities the
electronic device believes the user is currently performing.
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Alternative embodiments may separate such activities into
separate watch check rules and forgo such tuning within the
watch check rule (e.g., e.g., one of watch check rules 132 for
each of running, walking, stationary in a vertical posture,
stationary in a horizontal posture (lying down), etc.).

[0030] FIG. 1 also illustrates that different ones of the
watch check rules 132A-N may have different base periods
of time 134A-N for the automatic display visibility change
to be in effect. That is, the amount of time the display
visibility change will be in effect, unless dismissed or
extended. For instance, wherein the base period of time
expires without extension, the effect of the automatic display
visibility change may be reversed.

[0031] The display controller 140 causes changes in vis-
ibility of the display 150 (illustrated as visibility changes
148) to facilitate the user’s viewing of the display based on
the watch check events 138. In different embodiments, the
change in visibility of the display 150 may take different
forms (e.g., turning on the display (e.g., in the case of an
OLED display), turning on a back light of the display (e.g.,
in the case of a liquid-crystal display (LCD)).

[0032] In some embodiments, the determination of watch
check events and the change in visibility of the display is
performed relatively quickly and with relatively low power.
For instance, certain embodiments rely on sensor data from
relatively low power sensor(s) (e.g., a single three axis
accelerometer) and analyze that sensor data for indications
that the user made particular sets of adjustments that the user
would make to view a display of a wristwatch worn on the
user’s forearm during the user’s performance of the particu-
lar types of activities. For example, one embodiment may
cause the changes in visibility of the display to occur within
5 seconds of the user having made one of the particular sets
of adjustments; another embodiment within half a second,
and another embodiment within 400 milliseconds.

[0033] In some embodiments, the electronic device may
reduce sensitivity or impose a restriction on the number of
automatic changes in visibility of the display (responsive to
watch checks) adaptively based on the number of such
watch check instances over a short time window. For
example, if a user is using a screwdriver, the wrist reorients
rapidly and repeatedly in a way that could trigger watch
check events back-to-back. Thus, embodiment of the elec-
tronic device may recognize that a repeating watch check
rule is triggering back-to-back watch checks, and so reject
subsequent watch check candidate events. To this end, FIG.
1 also illustrates that the display controller 140 may option-
ally include a rapid repetition detector 142, which tracks
how many changes in the visibility of the display have been
automatically caused within a time interval. The display
controller may also base the automatic causation of changes
in visibility of the display 150 to facilitate the user’s viewing
of the display 150 on the output of the rapid repetition
detector 142. For instance, embodiments may implement the
display controller 140 to: 1) ignore one or more watch events
138 (i.e., not perform one of the automatic changes in the
visibility of the display) when the number of watch checks
detected exceeds a threshold within a time interval; 2)
decrease the sensitivity level of the automatic watch check
gesture detector 130 (or individual ones of the rules 132A-
N) responsive to the automatic causation of a threshold
number of changes in the visibility of the display within a
time interval.
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[0034] 1In addition, FIG. 1 illustrates a manual user input
interface 160 (e.g. a button, a touch interface, a sensor to
detect a double-tap) may also be implemented which may be
used to manually trigger a change in the visibility of the
display 150 to facilitate the user’s viewing of the display 150
(e.g., by the user operating the electronic device using the
user’s hand of the user’s arm opposite than that of the user’s
forearm on which the electronic device is being worn). FIG.
1 also illustrates that such a manual triggering may have a
different base time period 146. While one embodiment has
been described in which different base time periods are
implemented, alternative embodiments may use less base
periods of time or the same base of time for all such cases.

[0035] FIG. 2 is a flow diagram illustrating a method 200
for automatic watch check gesture detection based on activ-
ity type, according to one embodiment. In one embodiment
the flow of FIG. 2 is performed by watch check gesture
detector according to at least one of the watch check rules
132.

[0036] The method 200 may begin at block 202 when the
watch check gesture detector obtains sensor data from the
sensors. The sensor data may be one or more samples from
a three axis accelerometer. Once obtained, the watch check
gesture detector may perform one or more transformations
on the samples, such as packing the data from a 16-bit value
to a lower resolution value (e.g., 10 or less bits), rotating the
values from the samples to reflect a difference in orientation
of the sensor and the display, or the like. As just described,
some embodiments may pack the sensor data into a smaller
data size, such as 10 bits or less. Some embodiments may
select to pack the sample for an acceleration into an 8-bit
word. Such packing may be beneficial in that 8-bits would
both reduce memory utilization and bandwidth used to
buffer the samples while, at the same time, allow for natively
supported memory addressing models of the processor.
Operation 202 may also involve the watch check gesture
detector down sampling the sensor data obtained from the
sensors. For example, the watch check gesture detector may
receive sensor data at a frequency of 100 Hz. The watch
check gesture may then filter or otherwise smooth that
sensor data. The watch check gesture may then buffer or
otherwise operate on the filtered data using a rate that is less
than the sampling frequency, such as at 25 Hz.

[0037] At block 204, the watch check gesture detector
may detect, using the sensor data, that a first activity state of
a user is active. For example, as 1s discussed in greater detail
below, the watch check gesture detector may determine that
the sensor data reflects that the activity being performed by
the user is running (e.g., a running activity) based on
detecting a determinable number of peaks in acceleration in
the sensor data that exceed a given magnitude threshold for
a given period of time. Alternatively or additionally, the
watch check gesture detector may determine whether the
user is performing another type of activity, such as an
activity that is associated with the user being relatively
stationary or walking. Activities can also be identified as a
negative of one type of activity being active, such as a
running activity and a non-running activity. While the
method 200 is described as determining an activity for the
user based on movement patterns represented by the sensor
data, other embodiments may determine the activity of the
user via other mechanisms. For example, the watch check
gesture detector may support different activity modes that
are entered automatically based on the sensor data (in
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similar manner as block 204, but as part of automatic
detection for entering activity modes) and/or manually
through user input, and the activity mode defines the par-
ticular type of activity the user is performing (e.g., which of
the watch check rules are currently active) or selectively
perform block 204 under only certain conditions (e.g., when
the electronic device is not currently in an activity mode).
[0038] At block 206, the watch check gesture detector
may determine, while the first activity state is active, that the
sensor data matches a watch check rule associated with the
first activity state. The watch check gesture detector may
determine that sensor data matches a watch check rule when
the sensor data matches the pattern of movement represented
by the watch check rule over for a number of samples. Block
206 illustrates that different watch check rules may be
associated with different activities. Thus, while one activity
is active, the watch check rules are not associated with that
activity are disabled and do not cause a watch check event
even if the sensor data reflects a pattern of motion specified
by that disabled watch check rule.

[0039] At block 208, responsive to the detected match, the
watch check gesture detector may cause a change in vis-
ibility of the display. In some cases, block 208 may involve
the watch check gesture detectors signaling the display
controller that a watch check event has been detected. In
such a case, the display controller may perform a number of
operations before changing the visibility of the display, such
as, for example, determining that a number of watch check
events have not occurred with a determinable time period.
[0040] Accordingly, the method 200 may be performed
such that different watch check rules may be tailored for
specific activities performed by a user. For example, one or
more watch check rules may be tailored for use when the
watch check gesture detector determines that the sensor data
reflects that the user is running. One or more other watch
check rules may, on the other hand, be tailored for use when
the user is performing other activities, such as sleeping,
walking, or being stationary. In some cases, the other watch
check rules may be enabled or otherwise activated when the
watch check gesture detector determines that the user is not
performing an activity, such as not running.

[0041] As just described, one type of watch check rule
may be activated when the watch check gesture detector
determines that the sensor data reflects that the user is
running. FIG. 3 is a flow diagram illustrating a method 300
for performing automatic watch check gesture detection
based on a first exemplary activity type (running), according
to one embodiment.

[0042] The method 300 may begin at block 302 when a
watch check gesture detector obtains current sensor data
from a set of sensors, such as, for example, a 3 axis
accelerometer. Alternative or additionally, the sensor data
may be obtained from one or more other sensors, such as, for
example, a gyroscope, multiple single axis accelerometers,
an altimeter, or any other suitable motion detector. Once
obtained, the watch check gesture detector may perform one
or more transformations on the samples, such as packing the
data from a 16-bit value to a lower resolution value (e.g., 10
or less bits), rotating the values from the samples to reflect
a difference in orientation of the sensor and the display, or
the like.

[0043] At block 304, the watch check gesture detector
determines that historical sensor data indicates that the user
is currently running. The watch check gesture detector can
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execute block 304 in a number of ways. For example, the
watch check gesture detector may track a running feature
that is derived from the sensor data (e.g., a 3 axis acceler-
ometer). The watch check gesture detector may calculate the
values of the running feature using peaks of acceleration
derived from the sensor data. For example, one embodiment
of the watch check gesture detector may calculate a square
root of the sum of the squares of the acceleration along each
of the x, v. and z axes (i.e., sqrt(x"2+y"2+z°2)). Alternative
embodiments may use a different calculation for the values
of the running feature. For example, another embodiment of
the watch check gesture detector may use the peaks in
acceleration of a single axis, such as the x axis. The watch
check gesture detector may store the values of the running
feature in a data structure such as a circular array, linked list,
bounded array, and the like.

[0044] To determine whether the historical sensor data
indicate that the user is currently running using a running
feature that stores values of peaks in acceleration, the watch
check gesture detector determines whether a threshold num-
ber (e.g., anumber that exceeds a quantity threshold) of high
magnitude peaks have occurred in the past. The concept of
“past,” as used herein, can be determined based on a time
window or based on the last X values of the running features
stored or otherwise captured in the running feature data
structure. For example, the running feature data structure
may store peaks in acceleration for the last X (e.g., 2.5-10
seconds) seconds. Alternatively, the running feature data
structure may store the last X peaks in acceleration detected
by the watch check gesture detector. To count as a high
magnitude peak, the watch check gesture detector may
compare the running feature value (e.g., the value of the
peak) against a magnitude threshold (e.g., a measurement of
g-force, e.g., 1-3 g-forces). If the running feature value
exceeds (or, in some cases, equals) the magnitude threshold,
then the watch check detector may count that value towards
a count of past peaks. Said differently, the watch check
gesture detector may filter out running feature values (e.g.,
peaks in acceleration) that fail to satisfy the magnitude
threshold.

[0045] In some cases, in performing block 304, the watch
check gesture detector may determine whether the last high
magnitude peak has occurred close in time to the current
sample. For example, the watch check gesture detector may
determine whether the last high magnitude is within a
specified number of samples or within a specified time
period from the current sample.

[0046] At block 306, based on determining that the his-
torical sensor data indicates that the user is currently run-
ning, the watch check detector may activate a watch check
rule associating with running, which may be referred to as
a running watch check rule. Activating the running watch
check rule may allow the watch check detector to affect the
display of the device if the conditions of the running watch
check rule are met. In some embodiments, when the watch
check detector enables the running watch check rule, the
watch check detector may disable the watch check rules for
other activities, such as watch check rules for non-running
activities.

[0047] At block 308, the watch check gesture detector
evaluates the sensor data to determine if the sensor data
reflects that the user has performed a running watch check.
In some cases, in performing block 308, the watch check
gesture detector may compare the sensor data against a
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running watch check rule. The running watch check rule
may have one or more conditions. For example, in one case,
the watch check gesture detector may determine whether or
how many of the most recent acceleration peaks fall below
a magnitude threshold. In some embodiments, the magni-
tude threshold used in block 308 may be the magnitude
threshold used to determine whether sensor data reflects that
the user is running (see, e.g., description for block 304). In
other cases, the magnitude threshold used at block 308 may
be different than the magnitude threshold used in block 304.
To compute the acceleration magnitude, the watch check
gesture detector may, according to one example, compute
the square root of the sum of the squares of the acceleration
along each of the x, y, and z axes for the current sample.
Other examples may use a different calculation that com-
bines the axes or a different approach that compares the
different axes individually to thresholds (e.g., peak-to-peak
acceleration swings do not exceed 2 g). For example, one
example of the watch check gesture detector may calculate
the peaks of the acceleration of the x axis which is then
compared against the magnitude threshold.

[0048] Alternatively or additionally. another condition
that a watch check gesture detector may consider is whether
the x and y samples are within a reasonable bound for a time
period. For example, the watch check gesture detector may
evaluate whether the current x or y (or both) value is within
a given range of values compared to a sample of x or y (or
both) previously received, say 1, 5, 10, 20, 50, or any other
suitable number of samples prior to the current sample.
Rather than comparing the current value with a past value,
the watch check gesture detector may instead compare the
max X value with the minimum x value, for a recent time
period, to determine whether the value of x has fluctuated
much. The same can be done with the values for the y axis.
Still further, an embodiment of the watch check gesture
detector may determine whether the standard deviation for
the x or y values are below a threshold value.

[0049] Alternatively or additionally, another condition for
a running watch check rule that a watch check gesture
detector may consider is whether the acceleration for z is
sufficiently large, as may be determined by comparing
against a threshold.

[0050] Alternatively or additionally, another condition for
a running watch check rule that a watch check gesture
detector may consider is whether the acceleration for a
composite feature is sufficiently large, as may be determined
by comparing against a threshold. An example of a com-
posite feature may be:

-x+z-abs(y)

[0051] Where x is the magnitude of acceleration along the
X axis, z is the magnitude of acceleration along the z axis, y
is the magnitude of acceleration along the y axis, and abs is
a function that returns the absolute value for a given input.
[0052] At block 310, based on determining that the con-
ditions for the running watch check rule are met, the watch
check gesture detector may cause the display controller to
cause visibility changes to the display of the device.

[0053] FIG. 4is an exemplary line graph illustrating when
sensor data from a three axis accelerometer is indicative of
a user, while running, performing watch check gestures
according to one embodiment. FIG. 4 shows the sensor data
from the x, y, and z axes of an accelerometer. The graph
reflects the relatively large peaks in acceleration along the x,
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y, and z axes while the user is running, and the changes in
acceleration that occur when the user performs watch check
gestures 440A and 440B.

[0054] FIG. 5 is an exemplary line graph illustrating a
watch check rule that determines when sensor data from a
three axis accelerometer is indicative of the user, while
running, performing watch check gestures according to one
embodiment. For example, the watch check rule shown in
FIG. 5 may include a number of conditions. According to
one condition, for a time period 512 or set of samples, a
number of positive peaks along an x-axis is to exceed a
threshold number for the condition to be satisfied or other-
wise met. Another condition may specify that the most
recent peak that exceeds the magnitude threshold is to be
within a time threshold from the most recent current sample.
Another condition may specify a number of sub-conditions
on the values of the motion data during a second time period
514. One of the sub-conditions may determine whether an
increase to a composite value of —x+z-abs(y) for the second
time period 514 exceeds a threshold value. Another sub-
condition may determine whether the increases to x and y
values (or corresponding peaks) are below a threshold value
for the second time period 514. Yet another sub-condition
may determine whether the increase to the z value (or
corresponding peak) is above a threshold value for the
second time period.

[0055] Although FIG. 5 shows that the first time period
512 and the second time period 514 may overlap, other
embodiments may include time periods that do not overlap
or are otherwise disjointed.

[0056] FIG. 6 is a second exemplary line graph illustrating
instances when sensor data from a three axis accelerometer
is indicative of a user, while running, performing watch
check gestures according to one embodiment. FIG. 6 shows
calculations based on the sensor data from the x, y, and z
axes of an accelerometer. Specifically, FIG. 6 shows two
lines: 1) the calculation of the square root of the sum of the
squares of the acceleration along each of the x, y, and z axes;
and 2) the calculation of the square root of the sum of the
squares of the acceleration along each of the x and z axes.
The graph reflects that when the user performs the watch
check gesture while running (shown by watch check ges-
tures 440A and 440B of FIG. 4), the current acceleration
magnitude along the Y axis is small relative to the current
acceleration magnitude along the X and Z axes. More
specifically, the lines have a lower degree of separation
during the watch checks.

[0057] FIG. 7 is an exemplary line graph illustrating a
magnification of one of the watch check events from FIG. 6
according to one embodiment.

[0058] FIG. 8 is a flow diagram illustrating automatic
watch check gesture detection based on a second exemplary
activity type (non-running—e.g., walking, stationary)
according to one embodiment.

[0059] As FIG. 8 shows, the method 800 begins at block
802 when a watch check gesture detector obtains current
sensor data from the sensors, such as a three axis acceler-
ometer, a pedometer, a gyroscope, or any combination
thereof. The sensor data obtained at block 802 may be stored
in a buffer that stores other sensor data previously obtained
by the watch check gesture detector. As is described in
greater detail below, the watch check gesture detector may
perform one or more operations on the sensor data, such as
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scaling the sensor data, performing adjustments to the sensor
data to account for the orientation of the sensor, and smooth-
ing the sensor data.

[0060] At block 804, the watch check gesture detector
may detect that the sensor data for the first time period
matches a watch check rule. As discussed above, a watch
check rule may specify a pattern of movement that may
trigger a watch check event. Such patterns of movement may
be expressed in terms of acceleration along one or more axes
tracked or otherwise measured by an accelerometer, for
example. In some cases, the watch check gesture detector
may evaluate the sensor data against multiple watch check
rules that each express a different pattern of movement that
may individually generate a watch check event. Various
watch check rules are discussed in greater detail below.
[0061] At block 806, the watch check gesture detector
may detect that the sensor data for a second time period
matches a stability profile. A stability profile may be data or
logic that expresses when sensor data reflects that the device
is stable. For example, in one example, the watch check
gesture detector may use the following formula as a stability
profile to determine when the device is stable:

{max(x¥[n.n+A])-min(x[n:n+4]))<Range Threshold

[0062] Where max( ) is a function that returns the maxi-
mum value from a range of values. x[n:n+A] represents a
range of acceleration values from nth sample (e.g., the most
current sample) to the (n+A)th sample from the x[n] sample
going back in time. min( ) is a function that returns the
minimum value from a range of values. Range Threshold is
a threshold value which determines an amount in which the
maximum acceleration and minimum acceleration may vary.
In some cases, the value Range Threshold may be a constant
value. In other cases, the value of Range Threshold may be
a dynamic value which may change when, for example, the
watch check gesture detector determines that the user is
walking.

[0063] At block 808, the watch check gesture detector
may, responsive to the detected matches, cause a change in
visibility of the display. Depending on embodiments, the
change performed by the watch check gesture detector may
be any combination of illuminating the display, a backlight
of the display, changing the content displayed by the display,
or the like.

[0064] As described above with reference to FIG. 8,
embodiments of the watch check gesture detector may
analyze the sensor data in light of one or more watch check
rules to determine whether the sensor data reflects that a
watch check event has occurred. These watch check rules
are now discussed in greater detail. For example, FIG. 9 is
a diagram that illustrates a pattern of motion which, when
detected by the watch check gesture detector, may cause the
watch check gesture detector to signal that a watch check
event has occurred. The watch check event that corresponds
to this type of watch check rule may be referred to herein as
a wrist flip watch event. In particular, the watch check rule
may specify that the wrist flip watch event occurs when the
sensor data indicates that there significant decrease in the
accelerometer x-axis (e.g., 902) and, at the same time, a
significant increase in the accelerometer z-axis (e.g., 904).
Further, the wrist flip watch event may specify that the
orientation of the device is facing upwards towards the sky
(e.g., normal to the force of Earth’s gravitational pull, as
may be measured by a force detected on one of the axis of
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the accelerometer). The physical movement that corre-
sponds to the wrist flip watch event may be where a person
wearing the device on their wrist already has their hand
somewhat extended (as may be the case where they have
their arms on a table top) and simply rotates their arm so that
the device facing up and is visible, for example.

[0065] FIG. 10 illustrates another pattern of motion which,
when detected by the watch check gesture detector, may
cause the watch check gesture detector to signal that a watch
check event has occurred. The watch check event that
corresponds to this type of watch check rule may be referred
to herein as the hand raise watch check event. In particular,
the watch check rule may specify that the hand raise watch
check event occurs according to a feature defined by a
composite value 1002 derived from values from each of the
three axes of acceleration 1004 generated by the accelerom-
eter. For example, the feature may be calculated according
to the following function:

[=-x+abs(y)+z

[0066] Where fis the value for the composite feature used
by the watch check rule that detects hand raise watch check
event. The hand raise watch check event may trigger when
the watch check gesture detector detects a large increase in
the feature f. Further, the hand raise watch check event may
specify that the orientation of the device is facing upwards
(e.g., as may be measure by the force of gravitational pull on
one or more of the axis measured by an accelerometer). The
physical movement that corresponds to the hand raise watch
check event may be where a person wearing the device on
their wrist raises and rotates their arm from a side position
to their stomach, with the face of the device facing towards
the sky, for example.

[0067] FIG. 11 illustrates another pattern of motion which,
when detected by the watch check gesture detector, may
cause the watch check gesture detector to signal that a watch
check event has occurred. The watch check event that
corresponds to this type of watch check rule may be referred
to herein as the wrist-to-face watch check event. In particu-
lar, the watch check rule may specify that the wrist-to-face
watch check event occurs when the sensor data indicates that
there is a significant decrease in x-axis 1102, z-axis 1104, or
both. Further, the wrist-to-face watch check event may
specify that the orientation of the device is facing towards
the horizon (e.g., face of the device is normal to the user’s
face), as may be measure by the force of gravitational pull
on one or more of the axis measured by an accelerometer.
The physical movement that corresponds to the hand raise
watch check event may be where a person wearing the
device on their wrist raises their wrist and rotates their arm
such that the face of the device is normal to the face of the
user, for example.

[0068] FIG. 12 illustrates another pattern of motion which,
when detected by the watch check gesture detector, may
cause the watch check gesture detector to signal that a watch
check event has occurred. The watch check event that
corresponds to this type of watch check rule may be referred
to herein as the hand-to-chest watch check event. In par-
ticular, the watch check rule may specify that the hand-to-
chest watch check event occurs when the sensor data indi-
cates that there is stable values for the accelerations along
the z and y axes and a significant decrease in acceleration
along the x axis. Further, the hand-to-chest watch check
event may specify that the orientation of the device is facing
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towards the sky (e.g., display face of the device is normal to
the force of gravity), as may be measure by the force of
gravitational pull on one or more of the axis measured by an
accelerometer. The physical movement that corresponds to
the hand-to-chest watch check event may be where a person
wearing the device on their wrist rotates their forearm from
a starting position where the forearm is extended out away
from the body of the person (e.g., as if they were typing on
a keyboard) to a position where the forearm is across their
body, such that the face of the device is facing the sky, for
example.

[0069] In some cases, the watch check gesture detector
may alter the parameters used to detect whether a watch
check event has occurred. For example, upon receiving an
indication that the user is walking from a pedometer in the
device, the watch check gesture detector may vary the
parameters such that determining whether the device is
stable allows for more motion along one or more axes
tracked by the accelerometer. Further, as is described herein,
the number of true events detected in the time period may be
relaxed. For example the true events threshold may be
lowered for instances that the watch check gesture detector
detects that the user is walking, as compared to the true event
threshold used when the user is determined to be stationary.
[0070] Once the watch check gesture detector detects a
watch check event, the watch check gesture detector may
allow the user to interact or otherwise interact with the
screen in a number of ways. For example, in one embodi-
ment, the watch check gesture detector may allow a user to
reverse a visibility change caused by a watch check event
responsive to detection of a dismissal gesture. Reversing the
visibility change may involve the watch check gesture
detector turning off an aspect of a display that was previ-
ously turned on by the watch check event or causing the
display to return to a screen, metric, or content previously
displayed before the watch check event. FIG. 13 is a flow
chart illustrating a method 1300 for handling a dismissal
user gesture, according to an example.

[0071] The method 1300 may begin at block 1302 when,
responsive to detecting a watch check event, the watch
check gesture detector may log motion data corresponding
to the watch check event. For example, in one case, the
watch check gesture detector may store the x and y values
corresponding to when the watch check gesture detector
detected the watch check event.

[0072] At block 1304, the watch check gesture detector
may obtain or otherwise buffer sensor data from the sensors
of the device corresponding to a time period after the watch
check event. As described above, the sensor data may be
motion data obtain from an accelerometer (e.g., a 3-axis
accelerometer). Accordingly, the sensor data may represent
acceleration of the device along 3 axes, labelled x, y, and z.
[0073] At block 1306, the watch check gesture detector
may determine that the sensor data deviates from the motion
data logged for the watch check event beyond a threshold.
For example, one embodiment of the watch check gesture
detector may compare the buffered sensor data with the
logged motion data to determine whether the difference
between the current value of the x-axis exceeds the x value
associated with the watch check event beyond a threshold
amount for a threshold number of samples. Additionally or
alternatively, the watch check gesture detector may compare
the buffered sensor data with the logged motion data to
determine whether the difference between the current value
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of the y-axis exceeds the y value associated with the watch
check event beyond a threshold amount for a threshold
number of samples. The logged motion data may have a
number of operations performed thereon to simplify the
calculations performed by the watch check gesture detector,
such as transforming to an absolute value, which may be
performed on the y value.

[0074] At block 1308, responsive to the determination that
the sensor data deviates from the motion data logged for the
watch check event, the watch check gesture detector may
reverse a visibility change caused by the watch check event.
For example, where the display is turned on responsive to
the watch check event, the watch check gesture detector may
cause the display to be turned off. The same can be done for
a back light that was turned on for the watch check event.
Another example of reversing a visibility change is to
change the screen, metric, or content displayed by the
display to match the screen, metric, or content displayed
prior to the watch check event.

[0075] Other embodiments may perform alternative or
additional user operations while a watch check event is
enabled. For example, some embodiments of the watch
check gesture detector may allow a user to change the
content of the screen depending on detecting user interac-
tions with the device. For example, FIG. 14 is a flow chart
illustrating a method 1400 for changing the content of a
display based on further user interaction detected by the
watch check gesture detector while a watch check event is
still active.

[0076] The method 1400 may begin at 1402 when the
watch check gesture detector detects that a first watch check
event is active. This can be a watch check event triggered
when the watch check gesture detector detects that the
sensor data reflects that the device has undergone movement
consistent with a user checking the display of the device if
the device was worn of the user’s wrist. Upon detecting the
first watch check event, the watch check gesture detector
may enable an aspect of the display of the device, such as
turn on the display or turn on a back light of the display.
When the aspect of the display is enabled, the display may
display a first set of content (e.g.. a time display, one or more
metrics related to or otherwise derived from the activity,
physiology, or environment of the user).

[0077] At block 1404, the watch check gesture detector
may detect an occurrence of a second watch check event
while the first watch check event is still active. Similar to
block 1402, the second watch check event can be triggered
when the watch check gesture detector detects that the
sensor data reflects that the device has undergone movement
consistent with a user checking the display of the device if
the device was worn of the user’s wrist. This movement can
be the same or different from the movement that caused the
first watch check event. By way of example and not limi-
tation, the first watch check event may trigger based on
detecting movement data indicative of the user bringing his
wrist from their side to the front of their chest with the
display of the device facing up towards the horizon. In
comparison, the second watch check event may trigger
based on detecting movement indicative of the user rotating
their wrist from a starting position where the face of the
display is moved from facing towards the horizon to facing
towards the sky, as may occur during a hand-to-chest watch
check event.
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[0078] At block 1406, the watch check gesture detector
may, responsive to the detection in block 1404, change the
content displayed on the display. By way of example and not
limitation, the watch check gesture detector may cause the
display controller to update the display to display an addi-
tional metric being tracked by the device. In some cases,
displaying the additional metric may cause the display
controller to replace a metric that was being displayed on the
display with the additional metric (e.g.. a metric associated
with an activity, physiological, or environmental metric; a
location; an alert or notification from an secondary device
paired to the device (e.g., phone, tablet, computer, and the
like); a picture; an application running on the device, or any
other suitable content).

[0079] In another embodiment, the non-running watch
check gesture detector may be adapted to work in postures
that are not upright—for instance, when lying down by
adjusting the permissible orientation bounds after inferring
that the user may be in bed. This may be inferred by
observing an extended duration of little to no movement and
an orientation in which gravity is projected mainly onto the
x and/or z axes. A corresponding watch check may then be
triggered when gravity is mainly projected on to the negative
z axis (e.g., the display is facing downward), though other
orientations may be permissible as well.

[0080] The logic described above with reference to FIGS.
1-14 employs decision rules such a watch check rules to
determine that a watch check event has occurred. In other
embodiments, this detection may be done using artificial
neural networks, logistic regression, support vector
machines, random forests, and other machine learning clas-
sifiers.

[0081] In another embodiment, the user may adjust the
watch check detection algorithm’s sensitivity. The setting
may be adjustable on the device or a system in communi-
cation with the device (e.g., a website, an application on a
mobile device such as a smartphone, etc.). Decreased sen-
sitivity may take the form of tightening the bounds in the
techniques previously described with reference to FIGS.
1-14. It may also take form in checking for a small window
of time after a candidate watch check event where there is
little motion and/or lack of reorientations. Both features are
suggestive that the user is trying to read the display on the
device. Extending the window would decrease sensitivity.
[0082] FIG. 15 illustrates the use of different base periods
of time for an automatic display visibility change to be in
effect based on the user’s activity type, according to one
embodiment. FIG. 15 illustrates that the base time period
134A set for the first user activity type 1500 (e.g., set
responsive to detection of a watch check gesture while the
user is running) is shorter that the base time period 134B set
for the second user activity 1502 (e.g., set responsive to
detection of a watch check gesture while the user is per-
forming a non-running activity), and the base time period
134B is shorter than the base time period 146 set response
to the user manually triggering 1510 a change in the vis-
ibility of the display 150 to facilitate the user’s viewing of
the display 150 (e.g., by the user operating the electronic
device using the user’s hand of the user’s arm opposite than
that of the user’s forearm on which the electronic device is
being worn). Alternative embodiments may choose different
base time periods (e.g.. the same for all non-manually
triggered). For example, in one embodiment, the base time
period set responsive to detection of a watch check gesture
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while the user is running is within the range of 1-4 seconds
(e.g., 4 seconds), the base time period set responsive to
detection of a watch check gesture while the user is per-
forming a non-running activity is within the range of 0.5-1
second (e.g., 1 second), and the base time period set respon-
sive to a manually triggered change is 2-10 seconds (e.g., 4
seconds).

[0083] In another embodiment, after a watch check is
triggered, the user may interact with the device with other
motion gestures like taps, shakes, wrist rotations, etc. As an
example, a watch check may cause the display to turn on
showing a clock face. Subsequently, tapping on the device
while the display is still on could cause the display to cycle
through other data displays (e.g., time, pace, speed, distance,
mile split, heart rate, clock, steps, floors, calories burned,
and active minutes).

[0084] In one embodiment, after a watch check is trig-
gered, the electronic device enters a mode where the elec-
tronic device senses audio and can respond to verbal com-
mands from the user such as ‘time’, ‘pace’, ‘speed’,
‘distance’, ‘mile split’, ‘heart rate’, ‘clock’, ‘steps’, ‘floors’,
‘calories burned’, ‘active minutes’, and the like. In response
to these verbal commands, the display may show the data
corresponding to the command that was spoken. The device
may stay in a speech recognition mode for a period of time
(say, 5 seconds) or for the duration of the sensor data being
indicative of the watch check gesture being held in place.
[0085] FIG. 16 is a flow diagram illustrating display
visibility change control according to one embodiment. With
regard to FIG. 1, the flow of FIG. 16 may be performed by
the display controller 140. FIG. 16 starts with the receipt of
a detected instance (block 1600). From block 1600, control
passes to optional block 1610.

[0086] In optional block 1610, it is determined if a rapid
repetition of automatic watch check gestures has been
detected. If so, control passes to optional block 1615 in
which corrective action is taken; otherwise, control passes to
optional block 1620. Blocks 1610 and 1615 may be per-
formed by and in the manner previously described with
reference to the rapid repetition of automatic watch check
gesture detection detector 142.

[0087] In optional block 1620, is determined if the auto-
matic watch check gesture detection feature is disabled. If
s0, the flow is complete (block 1625); otherwise, control
passes to the optional block 1630. Different embodiments
may allow for the disabling of the automatic watch check
gesture detection feature in different ways as described
below.

[0088] Inoptional block 1630, the illumination level of the
display is set and control passes to block 1640. Different
embodiments may do so for different reasons and/or based
upon current sensor data and/or mode of the electronic
device. For instance, as described below, sensor data from an
ambient light sensor may be used to set the illumination
level higher in dim light and lower in brighter light.
[0089] Inblock 1640, the content to present is selected and
control passes to block 1650. As described below in more
detail, block 1640 includes the selection of a type of content
to present in certain embodiments.

[0090] In block 1650, the display is caused to present the
selected content. In an embodiment that supports different
base time periods, the display would be caused to present the
content for that period of time unless some other user
interaction extended that time (and possibly caused the type
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of content to be change as previously described) or reduced
that time (as described below with regard to automatic
dismissal gesture detection).

[0091] Having described how watch check events can be
detected, different embodiments may be implemented to
select different content to present on the display based on
different types of interaction. For example:

[0092] 1. Under normal operation, the device may act like
a watch and a watch check gesture triggers a display that
shows the time, date, or a clock face.

[0093] 2. For a display that is not easily viewable in dim
light (e.g., an LCD display), a watch check gesture could
automatically illuminate a backlight. This may be assisted
by an ambient light sensor that determines the level of light
near the user.

[0094] 3.If the device is in a workout mode (or automati-
cally detects that the user is exercising via elevated heart
rate, step counts, or calorie burn), a watch check may present
data that is relevant to that workout. For example, while
running and doing heart rate training, a watch check may
provide a display of the user’s heart rate zone.

[0095] 4. If the device provides a notification to the user
(e.g., receives a text message and vibrates to notify the user),
a watch check may present the data associated with the
notification (e.g., the text message). Other examples of
notifications are caller ID or meeting alert.

[0096] 5. In combination with a location sensor (e.g.,
phone location services, GPS on device), the watch check
may deactivate or become less sensitive. For example, if the
user is determined to be in a movie theater or concert hall
based on location, the watch check may turn off so that no
false positives arise in a dimly lit public setting.

[0097] 6. The device may have an “airplane mode”, “sleep
mode”, “theater mode” or equivalent mode to disable the
watch check gesture. For example, according to an example
embodiment, the watch check gesture detector may deter-
mine that the user or wearer of the device is sleeping. Upon
this determination, the watch check gesture detector may
disable the various watch check rules. To enable the watch
check rules, the watch check gesture detector may monitor
the motion data to determine whether an enabling event has
occurred. An example of an enabling event may be where
the motion data reflects that the user has performed multiple
watch check gestures within a time period (e.g., less than
two seconds), an alarm is within a determinable time period
(e.g., fifteen minutes), motion data reflects that the user is
awake (and, consequently, turns off the sleep monitoring),
the user has pressed a physical button on the device, or the
like.

[0098] 7. The device may automatically determine that the
user is asleep (via motion and/or heart rate signals) and turn
off or modify the behavior of the watch check detection.
[0099] 8. If the device executes a wake up alarm (i.e.,
vibrates in the morning to wake up the user), the display may
show relevant information like the time, date, weather, or
sleep statistics.

[0100] 9. The device may notify the user of a health
alert—for example, buzzing when the user’s blood pressure,
stress level, heart rate, or blood glucose levels are outside of
a target zone. In these instances, a watch check gesture may
cause the display to present the relevant health data to the
user.

[0101] 10. After a goal celebration on the device (e.g.,
reaching 10,000 steps in a day), a watch check gesture may
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cause the display to present the user with the corresponding
interactive experience (e.g., fireworks shown on the dis-
play).

[0102] 11. As previously described, where the device has
one or more buttons for the primary interaction mechanism,
a watch check gesture may supplement this experience but
with different length or presentation of data. For example,
button presses on the electronic device will cycle through
data displays for the user starting with the time, each display
lasting for 4 seconds (or until the button is pushed again). A
watch check may present a clock display for a shorter time,
say, 1 second. This allows more tolerance for watch check
false positives (for power consumption, because it is only on
V4 of the time).

[0103] 12. The display that is presented to the user by a
watch check may be user selected (e.g., heart rate instead of
clock).

[0104] FIG. 17 is a block diagram of an electronic device
to perform automatic display visibility changes responsive
to user gestures according to one embodiment. Specifically,
FIG. 17 illustrates a wearable electronic device (WED)
1700. The wearable electronic device 1700 includes, among
other things not shown so as not to obscure the invention, an
interconnect 1708 (e.g., one or more busses) coupling a set
of one or more processors 1702, a non-transitory machine
readable storage media 1704, an input/output (I/O) interface
1706, a set of one or more sensors 1710, a set of one or more
displays 1720, and optionally a manual user input interface
1760. As with the set of sensors in FIG. 1, the set of sensors
1710 may include different sensors in different embodiments
(e.g., an accelerometer 1712, a pedometer 1714, a gyroscope
1716, and an ambient light sensor 1718). The non-transitory
machine readable storage media 1704 includes code to be
executed by the set of processors 1702; that code including
an automatic watch check gesture detector 1730 (to cause
the electronic device to automatically cause changes in
visibility of the display responsive to the user performing a
watch check gesture as previously described herein), an
automatic dismissal gesture detector 1735 (to cause the
electronic device to automatically reverse automatic display
visibility changes responsive to a user performing dismissal
gestures as previously described herein), and a display
controller 1740 (to cause the electronic device to operate in
a manner similar to the display controller 140 previously
described).

[0105] The I/O interface 1706 may implement wireless
and/or wired communication using a variety of techniques
including Bluetooth, RFID, Near-Field Communications
(NFC), Zigbee, Ant, optical data transmission, wireless
telephony (e.g., LTE), USB, etc.

[0106] The WED 1700 may collect one or more types of
biometric data (data pertaining to physical characteristics of
the human body, such as heartbeat, perspiration levels, etc.)
and/or data relating to the physical interaction of that body
with the environment, such as accelerometer readings, gyro-
scope readings, etc.) from the set of sensors 1710 and/or
external devices (such as an external heart rate monitor, e.g.,
a chest-strap heart rate monitor), and may then utilize the
data in a variety of ways (e.g., make calculations based on
such data, store the data and/or resulting calculations in the
non-transitory machine readable storage media 1704, auto-
matically act on such data and/or resulting calculation
(automatic watch check and dismissal gesture detection),
communicate such data and/or resulting calculations to
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another device via the 1/0 interface 1706 (e.g., to a another
electronic device such as a smartphone, a tablet, a computer,
a server over a wide-area network such as the Internet). As
described above, the WED 1700 may also receive data from
other electronic devices for storage and/or display on the
display 1720 (e.g., notifications).

[0107] FIG. 18 is a block diagram of a wrist-mounted
electronic device having a button, a display, and a wrist band
to secure the electronic device to a user’s forearm, according
to one embodiment. Specifically, FIG. 18 depicts an elec-
tronic device (such as illustrated in FIGS. 1, 7, and/or 10)
that may be worn on a person’s forearm like a wristwatch.
In FIG. 18, the electronic device has a housing 1802 that
contains the electronics associated with the electronic
device, a button 1804, and a display 1806 accessible/visible
through the housing 1802. A wristband 1808 may be inte-
grated with the housing 1802.

[0108] Inaddition to the display 1806 and button 1804, the
electronic device may incorporate one or more types of user
interfaces including but not limited to visual, auditory,
touch/vibration, or combinations thereof. The WED 1700
may also provide haptic feedback through, for instance, the
vibration of a motor. In some implementations, the set of
sensors themselves may be used as part of the user interface,
e.g., accelerometer sensors may be used to detect when a
person taps the housing of the electronic device with a finger
or other object and may then interpret such data as a user
input for the purposes of controlling the electronic device.
For example, double-tapping the housing of the electronic
device may be recognized by the electronic device as a user
input.

[0109] While FIG. 18 illustrates an implementation of the
electronic device illustrated in FIGS. 1, 7, and 10, alternative
embodiments may have other shapes and sizes adapted for
coupling to the body or clothing of a user (e.g., secured to,
worn, borne by, etc.) For example, the electronic device may
be designed such that it may be inserted into, and removed
from, a plurality of compatible cases/housings/holders, e.g.,
a wristband that may be worn on a person’s forearm or a belt
clip case that may be attached to a person’s clothing. As used
herein, the term “wristband” may refer to a band that is
designed to fully or partially encircle a person’s forearm
near the wrist joint. The band may be continuous, e.g.,
without any breaks (it may stretch to fit over a person’s hand
or have an expanding portion similar to a dress watchband),
or may be discontinuous, e.g., having a clasp or other
connection allowing the band to be closed similar to a
watchband or may be simply open, e.g., having a C-shape
that clasps the wearer’s wrist.

ALTERNATIVE EMBODIMENTS

[0110] While the invention has been described in terms of
several embodiments, those skilled in the art will recognize
that the invention is not limited to the embodiments
described, can be practiced with modification and alteration
within the spirit and scope of the appended claims. The
description is thus to be regarded as illustrative instead of
limiting.

[0111] In the following description, numerous specific
details such as logic implementations, opcodes, resource
partitioning/sharing/duplication implementations, types and
interrelationships of system components, and logic parti-
tioning/integration choices are set forth in order to provide
a more thorough understanding of the present invention. It
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will be appreciated, however, by one skilled in the art that
the invention may be practiced without such specific details.
In other instances, control structures and full software
instruction sequences have not been shown in detail in order
not to obscure the invention. Those of ordinary skill in the
art, with the included descriptions, will be able to implement
appropriate functionality without undue experimentation.
[0112] References in the specification to “one embodi-
ment,” “an embodiment,” “an example embodiment,” etc.,
indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases
are not necessarily referring to the same embodiment. Fur-
ther, when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connection
with other embodiments whether or not explicitly described.
[0113] As described above, this disclosure contemplates a
number of different embodiments. By way of example and
not limitation, at least the following embodiments are con-
templated, consistent with this disclosure.

Embodiment #1Y

[0114] An apparatus comprising: a display; a set of sensors
to provide sensor data during a first time period and a second
time period; a set of processors coupled to the display and
the set of sensors; a non-transitory machine readable storage
medium coupled to the processor and having stored therein
instructions, which when executed by the set of processors,
cause the set of processors to: detect that the sensor data for
the first time period matches a watch check rule; detect that
the sensor data for the second time period matches a stability
profile; and responsive to the detected matches, cause a
change in visibility of the display.

Embodiment #1X

[0115] An apparatus comprising: a display; a set of sensors
to provide sensor data during a first time period and a second
time period; a set of processors coupled to the display and
the set of sensors; a non-transitory machine readable storage
medium coupled to the processor and having stored therein
instructions, which when executed by the set of processors,
cause the set of processors to: determine that the sensor data
for the first time period matches a watch check rule; respon-
sive to the detected match between the sensor data for the
first time period and the first watch check rule, cause a
change in visibility of the display; determine that the sensor
data for the second time period matches the watch check
rule; and responsive to the detected match between the
sensor data for the second time period and the watch check
rule, cause the display to update a screen with a different
data type.

Embodiment #1W

[0116] An apparatus comprising: a display; a set of sensors
to provide sensor data; a set of processors coupled to the
display and the set of sensors: a non-transitory machine
readable storage medium coupled to the processor and
having stored therein instructions, which when executed by
the set of processors, cause the set of processors to: detect,
using the sensor data, that a first activity state (e.g., sleep
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activity) of a user is active; responsive to the detection that
the first activity state of the user is active, disable a display
controller from causing a change in visibility of the display
based on sensor data from the set of sensors matching a
watch check rule.

Embodiment #1A

[0117] An apparatus comprising: a display; a set of one or
more sensors that provide sensor data; a set of one or more
processors coupled to the display and the set of sensors; a
non-transitory machine readable storage medium coupled to
the processor and having stored therein instructions, which
when executed by the set of processors, cause the device to:
determine instances when the sensor data is indicative of the
user, while performing a first type of activity, having made
a first set of adjustments that the user would make to view
a display of a wristwatch worn on the user’s forearm during
the user’s performance of the first type of activity; determine
instances when the sensor data is indicative of the user,
while performing a second type of activity, having made a
second set of adjustments that the user would make to view
a display of a wristwatch worn on the user’s forearm during
the user’s performance of the second type of activity; and
cause changes in visibility of the display to facilitate the
user’s viewing of the display based on the instances.

Embodiment #2A

[0118] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility of the display occur within five
seconds of the user having made one of the first set of
adjustments and the second set of adjustments.

Embodiment #3A

[0119] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility of the display occur within half
a second of the user having made one of the first set of
adjustments and the second set of adjustments.

Embodiment #4A

[0120] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility of the display occur within 400
milliseconds of the user having made one of the first set of
adjustments and the second set of adjustments.

Embodiment #5A

[0121] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility are for a base period of time.

Embodiment #6A

[0122] The apparatus of Embodiment #5A, wherein the
base period of time for the instances when the sensor data is
indicative of the user performing the first type of activity is
different from the base period of time for the instances when
the sensor data is indicative of the user performing the
second type of activity.

Embodiment #7A

[0123] The apparatus of Embodiment #5A, wherein the
base period of time for each of the changes in visibility is
less than a base period of time for changes in visibility of the
display to facilitate the user’s viewing of the display trig-

Jan. 30, 2020

gered by the user operating the electronic device using the
user’s hand of the user’s arm opposite than that of the user’s
forearm on which the electronic device is being worn.

Embodiment #8A

[0124] The apparatus of Embodiment #1 A, wherein the set
of sensors includes a three axis accelerometer.

Embodiment #9A

[0125] The apparatus of Embodiment #1A, wherein the
sensor data upon which the determinations when the sensor
data is indicative of the user, while performing the first type
of activity, having made the first set of adjustments is from
only a single three axis accelerometer.

Embodiment #10A

[0126] The apparatus of Embodiment #1A, wherein the
second type of activity includes standing and walking.

Embodiment #11A

[0127] The apparatus of Embodiment #1A, wherein: the
determination of instances when the sensor data is indicative
of the user, while performing the first type of activity, having
made the first set of adjustments includes a determination of
when the sensor data reflects a number of preceding peaks
in acceleration magnitude exceeds a threshold; and the
determination of instances when the sensor data is indicative
of the user, while performing the second type of activity,
having made the second set of adjustments includes a
determination of when the sensor data reflects a current
acceleration magnitude is within a range.

Embodiment #12A

[0128] The apparatus of Embodiment #1A, wherein the
instructions, when executed by the set of processors, also
cause the device to: determine instances when the sensor
data is indicative of the user, while performing a third type
of activity, having made a third set of adjustments that the
user would make to view a display of a wristwatch worn on
the user’s forearm during the user’s performance of the third
type of activity, wherein the first type of activity is running,
the second type of activity includes walking, and the third
type of activity is lying down.

Embodiment #13A

[0129] The apparatus of Embodiment #1A, wherein the
changes in visibility of the display are also based on how
many changes in the visibility of the display have been
automatically caused within a time interval.

Embodiment #14A

[0130] The apparatus of Embodiment #1A, wherein the
determinations are performed according to a current sensi-
tivity level, wherein the current sensitivity level is decreased
responsive to a threshold number of the automatically
caused changes in the visibility of the display within a time
interval.



US 2020/0033952 A1

Embodiment #15A

[0131] The apparatus of Embodiment #1A, wherein the
changes in visibility of the display are one of turning on the
display and turning on a back light.

Embodiment #16A

[0132] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility is also based on a determination
of an illumination level at which the display is to be set as
part of that change.

Embodiment #17A

[0133] The apparatus of Embodiment #16A, wherein the
electronic device includes an ambient light sensor, and
wherein the determinations of the illumination level are
based on data from the ambient light sensor.

Embodiment #18A

[0134] The apparatus of Embodiment #1A, wherein the
automatic causation of changes in visibility of the display

are also based on whether such changes are currently dis-
abled.

Embodiment #19A

[0135] The apparatus of Embodiment #18A, wherein such
changes are disabled responsive to one or more of a mode of
the electronic device and a determination that the sensor data
is indicative of the user being asleep.

Embodiment #20A

[0136] The apparatus of Embodiment #1 A, wherein each
of the changes in visibility is also based on a determination
of a type of content to present on the display.

Embodiment #21A

[0137] The apparatus of Embodiment #20A, wherein the
determinations of the type of content to present on the
display are based on whether a goal was reached since a
previous change in visibility of the display.

Embodiment #22A

[0138] The apparatus of Embodiment #20A, wherein the
determinations of the type of content to present on the
display are based on whether one of a notification and a
health alert was detected since a previous change in visibil-
ity of the display.

Embodiment #23A

[0139] The apparatus of Embodiment #20A, wherein the
type of content that is presented on the display is different
for the instances when the sensor data is indicative of the
user performing the first type of activity than for the
instances when the sensor data is indicative of the user
performing the second type of activity.

Embodiment #24A

[0140] The apparatus of Embodiment #23A, wherein the
type of content presented on the display, for the instances
when the sensor data is indicative of the user performing the
first type of activity, is the user’s heart rate zone.
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Embodiment #25A

[0141] The apparatus of Embodiment #20A, wherein the
determinations of the type of content to present include a
selection from two or more of steps, pace, distance, floors,
time, and heart rate.

Embodiment #26A

[0142] A method in an electronic device, worn on a user’s
forearm and having a display and having a set of one or more
sensors that provide sensor data, to automatically cause
changes in visibility of the display to facilitate the user’s
viewing of the display, the method comprising the steps of:
automatically determining at a first time that the sensor data
is indicative of the user, while performing a first type of
activity, having made a first set of adjustments that the user
would make to view a display of a wristwatch worn on the
user’s forearm during the user’s performance of the first type
of activity; automatically causing a change in visibility of
the display responsive to the automatically determining at
the first time; reversing the change in visibility of the display
due to the expiration of a time period; automatically deter-
mining that the sensor data is indicative of the user, while
performing a second type of activity, having made a second
set of adjustments that the user would make to view a
display of a wristwatch worn on the user’s forearm during
the user’s performance of the second type of activity; and
automatically causing the change in visibility in the display
responsive to the automatically detecting at the second time.

Embodiment #27A

[0143] The method of Embodiment #26A, wherein each of
the changes in visibility of the display occur within 400
milliseconds of the user having made one of the first set of
adjustments and the second set of adjustments.

Embodiment #28A

[0144] The method of Embodiment #26A, wherein the
sensor data upon which the automatically determining that
the sensor data is indicative ofthe user, while performing the
first type of activity, having made the first set of adjustments
is only from a single three axis accelerometer.

Embodiment #29A

[0145] The method of Embodiment #26 A, wherein each of
the automatically causing the change in visibility include
determining an illumination level at which the display is to
be set as part of that change.

Embodiment #30A

[0146] The method of Embodiment #29A, wherein the
electronic device includes an ambient light sensor, and
wherein each of the determining the illumination level is
based on data from the ambient light sensor.

Embodiment ##1B

[0147] An apparatus comprising: an electronic device to
be worn on a user’s forearm, the electronic device including:
a display; a set of one or more sensors that provide sensor
data; a set of one or more processors coupled to the display
and the set of sensors; a non-transitory machine readable
storage medium coupled to the processor and having stored
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therein instructions, which when executed by the set of
processors, cause the device to: automatically determine
instances when the sensor data is indicative of the user,
while running, having slowed and having stabilized the
electronic device to view the display in a manner a display
of a wristwatch worn on the user’s forearm would be
viewed; and automatically cause changes in visibility of the
display to facilitate the user’s viewing of the display based
on the instances.

Embodiment #2B

[0148] The apparatus of Embodiment #1B, wherein the
determination of the instances when the sensor data is
indicative of the user, while running, having slowed
includes, determine instances when the sensor data reflects
a dampening in acceleration.

Embodiment #3B

[0149] The apparatus of Embodiment #1B, wherein the
determination of the instances when the sensor data is
indicative of the user, while running, having slowed
includes, determine instances when the sensor data reflects,
a number of preceding peaks in acceleration magnitude
exceed a threshold, and a current peak in acceleration
magnitude is below a threshold and within a time interval of
a most recent one of the preceding peaks.

Embodiment #4B

[0150] The apparatus of Embodiment #1B, wherein the
determination of the instances when the sensor data is
indicative of the user, while running, having stabilized the
electronic device to view the display in the manner the
display of a wristwatch worn on the user’s forearm would be
viewed includes, determine instances when the sensor data
reflects a current acceleration magnitude along the Y axis is
within a threshold of a current acceleration magnitude along
the X axis and Z axis.

Embodiment #5B

[0151] The apparatus of Embodiment #1B, wherein the
determination of the instances when the sensor data is
indicative of the user, while running, having slowed and
having stabilized the electronic device to view the display in
the manner the display of a wristwatch worn on the user’s
forearm would be viewed includes, determine instances
when the sensor data reflects, a dampening in acceleration,
and a current acceleration magnitude along the Y axis is
within a threshold of a current acceleration magnitude along
the X axis and 7 axis.

Embodiment #6B

[0152] The apparatus of Embodiment #1B, wherein the
determination of the instances when the sensor data is
indicative of the user, while running, having slowed and
having stabilized the electronic device to view the display in
the manner the display of a wristwatch worn on the user’s
forearm would be viewed includes, determine the instances
when the sensor data reflects, a number of preceding peaks
in acceleration magnitude exceed a threshold, a current peak
in acceleration magnitude is below a threshold and within a
time interval of a most recent one of the preceding peaks, a
current acceleration magnitude along the Y axis is within a
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threshold of a current acceleration magnitude along the X
axis and 7 axis; and a threshold percentage of a last
threshold number of peaks in acceleration magnitude exceed
a threshold acceleration magnitude.

Embodiment #7B

[0153] The apparatus of Embodiment #1B, wherein each
of the changes in visibility of the display occur within five
seconds of the user having slowed and having stabilized the
electronic device to view the display in the manner a display
of a wristwatch worn on the user’s forearm would be
viewed.

Embodiment #8B

[0154] The apparatus of Embodiment #1B, wherein each
of the changes in visibility of the display occur within half
a second of the user having slowed and having stabilized the
electronic device to view the display in the manner a display
of a wristwatch worn on the user’s forearm would be
viewed.

Embodiment #9B

[0155] The apparatus of Embodiment #1B, wherein each
of the changes in visibility of the display occur within 400
milliseconds of the user having slowed and having stabilized
the electronic device to view the display in the manner a
display of a wristwatch worn on the user’s forearm would be
viewed.

Embodiment #10B

[0156] The apparatus of Embodiment #1B, wherein each
of the changes in visibility is for a base period of time, and
wherein the base period of time for each of the changes in
visibility is less than a base period of time for changes in
visibility of the display to facilitate the user’s viewing of the
display triggered by the user operating the electronic device
using the user’s hand of the user’s arm opposite than that of
the user’s forearm on which the electronic device is being
worn.

Embodiment #11B

[0157] The apparatus of Embodiment #1B, wherein the set
of sensors includes a three axis accelerometer.

Embodiment #12B

[0158] The apparatus of Embodiment #1B, wherein the
sensor data upon which the determination of instances is
based is only from a single three axis accelerometer.

Embodiment #13B

[0159] The apparatus of Embodiment #1B, wherein the
changes in visibility of the display are one of turning on the
display and turning on a back light.

Embodiment #14B

[0160] The apparatus of Embodiment #1B, wherein each
of the changes in visibility is also based on a determination
of an illumination level at which the display is to be set as
part of that change.
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Embodiment #15B

[0161] The apparatus of Embodiment #14B, wherein the
electronic device includes an ambient light sensor, and
wherein the determinations of the illumination level are
based on data from the ambient light sensor.

Embodiment #16B

[0162] The apparatus of Embodiment #1B, wherein the
automatic causation of changes in visibility of the display

are also based on whether such changes are currently dis-
abled.

Embodiment #17B

[0163] The apparatus of Embodiment #1B, wherein each
of the changes in visibility is also based on a determination
of a type of content to present on the display.

Embodiment #18B

[0164] The apparatus of Embodiment #17B, wherein the
determinations of the type of content to present on the
display are based on whether a goal was reached since a
previous change in visibility of the display.

Embodiment #19B

[0165] The apparatus of Embodiment #17B, wherein the
determinations of the type of content to present on the
display are based on whether one of a notification and a
health alert was detected since a previous change in visibil-
ity of the display.

Embodiment #20B

[0166] The apparatus of Embodiment #17B, wherein the
determinations of the type of content to present include a
selection from two or more of steps, a pace, a distance, a
time, a heart rate, a heart rate zone, a goal reached, a
notification, and a health alert.

Embodiment #21B

[0167] A method in an electronic device, worn on a user’s
forearm and having a display and having a set of one or more
sensors that provide sensor data, to automatically cause
changes in visibility of the display to facilitate the user’s
viewing of the display, the method comprising the steps of:
automatically determining that the sensor data is indicative
of the user, while running, having slowed and having
stabilized the electronic device to view the display in a
manner a display of a wristwatch worn on the user’s forearm
would be viewed; and automatically causing a change in
visibility of the display responsive to the automatically
determining.

Embodiment #22B

[0168] The method of Embodiment #21B, wherein the
automatically determining that the sensor data is indicative
of the user, while running, having slowed includes, deter-
mining that the sensor data reflects a dampening in accel-
eration.
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Embodiment #23B

[0169] The method of Embodiment #21B, wherein the
automatically determining that the sensor data is indicative
of the user, while running, having slowed includes, deter-
mining that the sensor data reflects, a number of preceding
peaks in acceleration magnitude exceed a threshold, and a
current peak in acceleration magnitude is below a threshold
and within a time interval of a most recent one of the
preceding peaks.

Embodiment #24B

[0170] The method of Embodiment #21B, wherein the
automatically determining that the sensor data is indicative
of the user, while running, having stabilized the electronic
device to view the display in the manner the display of a
wristwatch worn on the user’s forearm would be viewed
includes, determining that the sensor data reflects a current
acceleration magnitude along the Y axis is within a threshold
of a current acceleration magnitude along the X axis and 7
axis.

Embodiment #25B

[0171] The method of Embodiment #21B, wherein the
automatically determining that the sensor data is indicative
of the user, while running, having slowed and having
stabilized the electronic device to view the display in the
manner the display of a wristwatch worn on the user’s
forearm would be viewed includes, determining that the
sensor data reflects, a dampening in acceleration; and a
current acceleration magnitude along the Y axis is within a
threshold of a current acceleration magnitude along the X
axis and Z axis.

Embodiment #26B

[0172] The method of Embodiment #21B, wherein the
automatically determining that the sensor data is indicative
of the user, while running, having slowed and having
stabilized the electronic device to view the display in the
manner the display of a wristwatch worn on the user’s
forearm would be viewed includes, determining that the
sensor data reflects, a number of preceding peaks in accel-
eration magnitude exceed a threshold, a current peak in
acceleration magnitude is below a threshold and within a
time interval a most recent one of the preceding peaks, a
current acceleration magnitude along the Y axis is within a
threshold of a current acceleration magnitude along the X
axis and 7 axis and; a threshold percentage of a last
threshold number of peaks in acceleration magnitude exceed
a threshold acceleration magnitude.

Embodiment #27B

[0173] The method of Embodiment #21B, wherein the
change in visibility of the display occurs within 400 milli-
seconds of the user having slowed and having stabilized the
electronic device to view the display in the manner the
display of a wristwatch worn on the user’s forearm would be
viewed.

Embodiment #28B

[0174] The method of Embodiment #21B, wherein the
sensor data upon which the automatically determining is
based is only from a single three axis accelerometer.
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Embodiment #29B

[0175] The method of Embodiment #21B, wherein the
changes in visibility includes determining an illumination
level at which the display is to be set.

Embodiment #30B

[0176] The method of Embodiment #29B, wherein the
electronic device includes an ambient light sensor, and
wherein the determining the illumination level is based on
data from the ambient light sensor.

Embodiment #1C

[0177] An apparatus comprising: an electronic device to
be worn on a user’s forearm, the electronic device including:
a display; a set of one or more sensors that provide sensor
data; a set of one or more processors coupled to the display
and the set of sensors; a non-transitory machine readable
storage medium coupled to the processor and having stored
therein instructions, which when executed by the set of
processors, cause the device to: automatically determine
instances when the sensor data meets a set of requirements
indicative of the user performing a watch check gesture,
wherein the set of requirements includes the sensor data
reflecting that, the display is oriented one of upward and
tilted toward the user’s face, and during a time interval there
was a change in acceleration magnitude along a z axis
exceeding a first threshold and a change in acceleration
magnitude along an x axis exceeding a second threshold for
a third threshold percentage of that sensor data; and auto-
matically cause changes in visibility of the display based on
the instances.

Embodiment #2C

[0178] The apparatus of Embodiment #1C, wherein the set
of requirements includes the sensor data also reflecting that
a current acceleration magnitude is within a range.

Embodiment #3C

[0179] The apparatus of Embodiment #1C, wherein the set
of requirements includes the sensor data also reflecting that
a current acceleration magnitude along the y axis is within
a threshold of a current acceleration magnitude along the x
axis and z axis.

Embodiment #4C

[0180] The apparatus of Embodiment #1C, wherein the set
of requirements includes the sensor data also reflecting that,
a current acceleration magnitude is within a range; and a
current acceleration magnitude along the Y axis is within a
threshold of a current acceleration magnitude along the X
axis and 7 axis.

Embodiment #5C

[0181] The apparatus of Embodiment #1C, wherein each
of the changes in visibility of the display occur within five
seconds of the user having performed the watch check
gesture.
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Embodiment #6C

[0182] The apparatus of Embodiment #1C, wherein each
of the changes in visibility of the display occur within half
a second of the user having performed the watch check
gesture.

Embodiment #7C

[0183] The apparatus of Embodiment #1C, wherein each
of the changes in visibility of the display occur within 400
milliseconds of the user having performed the watch check
gesture.

Embodiment #8C

[0184] The apparatus of Embodiment #1C, wherein each
of the changes in visibility is for a base period of time, and
wherein the base period of time for each of the changes in
visibility is less than a base period of time for changes in
visibility of the display to facilitate the user’s viewing of the
display triggered by the user operating the electronic device
using the user’s hand of the user’s arm opposite than that of
the user’s forearm on which the electronic device is being
worn.

Embodiment #9C

[0185] The apparatus of Embodiment #1C, wherein the set
of sensors includes a three axis accelerometer.

Embodiment #10C

[0186] The apparatus of Embodiment #1C, wherein the
sensor data upon which the determination of instances is
based is only from a single three axis accelerometer.

Embodiment #11C

[0187] The apparatus of Embodiment #1C, wherein the set
of sensors includes a pedometer, and wherein the determi-
nation of the instances includes lowering a current sensitiv-
ity level of at least one of the set of requirements while the
pedometer indicates that the user is walking.

Embodiment #12C

[0188] The apparatus of Embodiment #1C, wherein the
determination of the instances includes, a determination of
whether the sensor data reflects that the user is walking; and
a determination of the third threshold based on whether the
user is walking.

Embodiment #13C

[0189] The apparatus of Embodiment #1C, wherein the
changes in visibility of the display are also based on how
many changes in the visibility of the display have been
automatically caused within a time interval.

Embodiment #14C

[0190] The apparatus of Embodiment #1C, wherein the
determination of instances are performed according to a
current sensitivity level, wherein the current sensitivity level
is decreased responsive to a threshold number of the auto-
matically caused changes in the visibility of the display
within a time interval.
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Embodiment #15C

[0191] The apparatus of Embodiment #1C, wherein the
changes in visibility of the display are one of turning on the
display and turning on a back light.

Embodiment #16C

[0192] The apparatus of Embodiment #1C, wherein each
of the changes in visibility is also based on a determination
of an illumination level at which the display is to be set as
part of that change.

Embodiment #17C

[0193] The apparatus of Embodiment #16C, wherein the
electronic device includes an ambient light sensor, and
wherein the determinations of the illumination level are
based on data from the ambient light sensor.

Embodiment #18C

[0194] The apparatus of Embodiment #1C, wherein the
automatic causation of changes in visibility of the display

are also based on whether such changes are currently dis-
abled.

Embodiment #19C

[0195] The apparatus of Embodiment #18C, wherein such
changes are disabled responsive to one or more of a mode of
the electronic device and a determination that the sensor data
is indicative of the user being asleep.

Embodiment #20C

[0196] The apparatus of Embodiment #1C, wherein each
of the changes in visibility is also based on a determination
of a type of content to present on the display.

Embodiment #21C

[0197] The apparatus of Embodiment #20C, wherein the
determinations of the type of content to present on the
display are based on whether a goal was reached since a
previous change in visibility of the display.

Embodiment #22C

[0198] The apparatus of Embodiment #20C, wherein the
determinations of the type of content to present on the
display are based on whether one of a notification and a
health alert was detected since a previous change in visibil-
ity of the display.

Embodiment #23C

[0199] The apparatus of Embodiment #20C, wherein the
determinations of the type of content to present include a
selection from two or more of steps, a pace, a distance, a
time, a heart rate, a heart rate zone, a goal reached, a
notification, and a health alert.

Embodiment #24C

[0200] A method in an electronic device, worn on a user’s
forearm and having a display and having a set of one or more
sensors that provide sensor data, to automatically cause
changes in visibility of the display to facilitate the user’s
viewing of the display, the method comprising the steps of:
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automatically determining instances when the sensor data
meets a set of requirements indicative of the user performing
a watch check gesture, wherein the set of requirements
includes the sensor data reflecting that, the display is ori-
ented one of upward and tilted toward the user’s face, and
during a time interval there was a change in acceleration
magnitude along a 7 axis exceeding a first threshold and a
change in acceleration magnitude along an X axis exceeding
a second threshold; and automatically causing changes in
visibility of the display to facilitate the user’s viewing of the
display based on the instances.

Embodiment #25C

[0201] The method of Embodiment #24C, wherein the set
of requirements includes the sensor data also reflecting that
a current acceleration magnitude is within a range.

Embodiment #26C

[0202] The method of Embodiment #24C, wherein the set
of requirements includes the sensor data also reflecting that
a current acceleration magnitude along the y axis is within
a threshold of a current acceleration magnitude along the x
axis and z axis.

Embodiment #27C

[0203] The method of Embodiment #24C, wherein the set
of requirements includes the sensor data also reflecting that,
a current acceleration magnitude is within a range; and a
current acceleration magnitude along the y axis is within a
threshold of a current acceleration magnitude along the x
axis and z axis.

Embodiment #28C

[0204] The method of Embodiment #24C, wherein each of
the changes in visibility of the display occur within 400
milliseconds of the user having performed the watch check
gesture.

Embodiment #29C

[0205] The method of Embodiment #24C, wherein the set
of sensors includes a pedometer, and wherein the determi-
nation of the instances includes lowering a current sensitiv-
ity level of at least one of the set of requirements while the
pedometer indicates that the user is walking.

Embodiment #30C

[0206] The method of Embodiment #24C, wherein the
changes in visibility of the display are also based on how
many changes in the visibility of the display have been
automatically caused within a time interval.

Embodiment #1D

[0207] An apparatus comprising: an electronic device to
be worn on a user’s forearm, the electronic device including:
a display; a set of one or more sensors that provide sensor
data; a set of one or more processors coupled to the display
and the set of sensors; a non-transitory machine readable
storage medium coupled to the processor and having stored
therein instructions, which when executed by the set of
processors, cause the device to: automatically cause changes
in visibility of the display to facilitate viewing of the display
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by the user when the sensor data is indicative of the user
having made adjustments to view the display; automatically
determine instances when the sensor data is indicative of the
user having made a dismissal gesture while one of the
automatically caused changes in visibility of the display is
currently active; and automatically reverse, responsive to the
instances, the ones of the automatically caused changes in
visibility of the display that are currently active during the
instances.

Embodiment #2D

[0208] The apparatus of Embodiment #1D, wherein the
determination of the instances includes: determine instances
when the sensor data is indicative of the user, while per-
forming a first type of activity, having made the dismissal
gesture during the user’s performance of the first type of
activity; and determine instances when the sensor data is
indicative of the user, while performing a second type of
activity, having made the dismissal gesture during the user’s
performance of the second type of activity.

Embodiment #3D

[0209] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the first type of
activity, having made the dismissal gesture during the user’s
performance of the first type of activity includes, determine
instances when the sensor data reflects that a number of
peaks in acceleration magnitude exceed a threshold.

Embodiment #4D

[0210] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the first type of
activity, having made the dismissal gesture during the user’s
performance of the first type of activity includes, determine
instances when the sensor data reflects that subsequent
accelerometer peaks exceed a threshold.

Embodiment #5D

[0211] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the first type of
activity, having made the dismissal gesture during the user’s
performance of the first type of activity includes, determine
instances when the sensor data reflects that a current accel-
eration magnitude along the Y axis is normal relative to a
current acceleration magnitude along the X axis and 7 axis.

Embodiment #6D

[0212] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the first type of
activity, having made the dismissal gesture during the user’s
performance of the first type of activity includes, determine
instances when the sensor data reflects that a ratio of a
current acceleration magnitude along the X axis and Z axis
to a current acceleration magnitude along the X axis, the Y
axis, and the Z axis falls below a threshold.
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Embodiment #7D

[0213] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the second type of
activity, having made the dismissal gesture during the user’s
performance of the second type of activity includes, deter-
mine instances when the sensor data reflects that a current
acceleration magnitude is outside a range.

Embodiment #8D

[0214] The apparatus of Embodiment #2D, wherein the
determination of the instances when the sensor data is
indicative of the user, while performing the second type of
activity, having made the dismissal gesture during the user’s
performance of the second type of activity includes, deter-
mine instances when the sensor data reflects that the user
actively reoriented the display relative to a reorientation that
triggered the automatically caused change in visibility of the
display that is currently active.

Embodiment #9D

[0215] The apparatus of Embodiment #2D, wherein the
first type of activity is running and the second type of
activity excludes running.

Embodiment #10D

[0216] The apparatus of Embodiment #2D, wherein the
second type of activity includes standing and walking.

Embodiment #11D

[0217] The apparatus of Embodiment #1D, wherein each
of the automatically caused changes in visibility are for a
base period of time, wherein the base period of time for each
of the automatically caused changes in visibility is less than
a base period of time for changes in visibility of the display
to facilitate the user’s viewing of the display triggered by the
user operating the electronic device using the user’s hand of
the user’s arm opposite than that of the user’s forearm on
which the electronic device is being worn.

Embodiment #12D

[0218] The apparatus of Embodiment #1D, wherein the set
of sensors includes a three axis accelerometer.

Embodiment #13D

[0219] The apparatus of Embodiment #1D, wherein the
sensor data upon which the determinations are based is only
from a single three axis accelerometer.

Embodiment #14D

[0220] The apparatus of Embodiment #1D, wherein the
automatic reversals are one of turning off the display and
turning off a back light.

Embodiment #15D

[0221] The apparatus of Embodiment #1D, wherein each
of the automatically caused changes in visibility of the
display includes a determination of a type of content to
present on the display.
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Embodiment #16D

[0222] The apparatus of Embodiment #15D, wherein the
determinations of the type of content to present on the
display are based on whether a goal was reached since a
previous change in visibility of the display.

Embodiment #17D

[0223] The apparatus of Embodiment #15D, wherein the
determinations of the type of content to present on the
display are based on whether one of a notification and a
health alert was detected since a previous change in visibil-
ity of the display.

Embodiment #18D

[0224] The apparatus of Embodiment #15D, wherein the
determinations of the type of content to present include a
selection from two or more of steps, pace, distance, time,
heart rate, heart rate zone, goal reached, notification, and
health alert.

Embodiment #19D

[0225] A method in an electronic device, worn on a user’s
forearm and having a display and having a set of one or more
sensors that provide sensor data, to automatically cause
changes in visibility of the display to facilitate the user’s
viewing of the display, the method comprising the steps of:
automatically causing a change in visibility of the display to
facilitate viewing of the display by the user responsive to
sensor data being indicative of the user having made adjust-
ments to view the display; automatically determining that
the sensor data is indicative of the user having made a
dismissal gesture while the automatically caused change in
visibility of the display is active; and automatically revers-
ing the automatically caused change in visibility of the
display responsive to the automatically determining.

Embodiment #20D

[0226] The method of Embodiment #19D, wherein the
automatically determining is based on which one of a
plurality of activity types that the electronic device has
detected that the user is currently performing.

Embodiment #21D

[0227] The method of Embodiment #20D, wherein a first
of the plurality of activity types is running and a second of
the plurality of activity types excludes running.

Embodiment #22D

[0228] The method of Embodiment #20D, wherein one of
the plurality of activity types includes standing and walking.

Embodiment #23D

[0229] The method of Embodiment #19D, wherein the
automatically determining includes, determining that the
sensor data reflects that a number of peaks in acceleration
magnitude exceed a threshold.
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Embodiment #24D

[0230] The method of Embodiment #19D, wherein the
automatically determining includes, determining that the
sensor data reflects that subsequent accelerometer peaks
exceed a threshold.

Embodiment #25D

[0231] The method of Embodiment #19D, wherein the
automatically determining includes, determining that the
sensor data reflects that a ratio of a current acceleration
magnitude along the x axis and z axis to a current accelera-
tion magnitude along the x axis, the y axis, and the z axis
falls below a threshold.

Embodiment #26D

[0232] The method of Embodiment #19D-F, wherein the
automatically determining includes, determining that the
sensor data reflects that a current acceleration magnitude is
outside a range.

Embodiment #27D

[0233] The method of Embodiment #19D, wherein the
automatically determining includes, determining that the
sensor data reflects that the user actively reoriented the
display relative to a reorientation that triggered the auto-
matically caused change in visibility of the display.

Embodiment #28D

[0234] The method of Embodiment #19D, wherein the
sensor data upon which the automatically determining is
based is only from a single three axis accelerometer.

Embodiment #29D

[0235] The method of Embodiment #19D, wherein auto-
matically reversing includes one of turning off the display
and turning off a back light.

Embodiment #30D

[0236] The apparatus of Embodiment #19D, wherein the
automatically causing a change in visibility of the display
includes determining a type of content to present on the
display.

[0237] While the flow diagrams in the figures show a
particular order of operations performed by certain embodi-
ments, it should be understood that such order is exemplary
(e.g., alternative embodiments may perform the operations
in a different order, combine certain operations, overlap
certain operations, etc.).

[0238] Bracketed text and blocks with dashed borders
(e.g., large dashes, small dashes, dot-dash, and dots) may be
used herein to illustrate optional operations that add addi-
tional features to embodiments. However, such notation
should not be taken to mean that these are the only options
or optional operations, and/or that blocks with solid borders
are not optional in certain embodiments.

[0239] In the following description and claims, the terms
“coupled” and “connected,” along with their derivatives,
may be used. It should be understood that these terms are not
intended as synonyms for each other. “Coupled” is used to
indicate that two or more elements, which may or may not
be in direct physical or electrical contact with each other,
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co-operate or interact with each other. “Connected” is used
to indicate the establishment of communication between two
or more elements that are coupled with each other.

[0240] The operations in the flow diagrams will be
described with reference to the exemplary embodiments of
the other figures. However, it should be understood that the
operations of the flow diagrams can be performed by
embodiments other than those discussed with reference to
the other figures, and the embodiments discussed with
reference to these other figures can perform operations
different than those discussed with reference to the flow
diagrams.

[0241] An electronic device stores and transmits (inter-
nally and/or with other electronic devices over a network)
code (which is composed of software instructions and which
is sometimes referred to as computer program code or a
computer program) and/or data using machine-readable
media (also called computer-readable media), such as
machine-readable storage media (e.g., magnetic disks, opti-
cal disks, read only memory (ROM), flash memory devices,
phase change memory) and machine-readable transmission
media (also called a carrier) (e.g., electrical, optical, radio,
acoustical or other form of propagated signals—such as
carrier waves, infrared signals). Thus, an electronic device
(e.g., a computer) includes hardware and software, such as
a set of one or more processors coupled to one or more
machine-readable storage media to store code for execution
on the set of processors and/or to store data. For instance, an
electronic device may include non-volatile memory contain-
ing the code since the non-volatile memory can persist
code/data even when the electronic device is turned off
(when power is removed), and while the electronic device is
turned on that part of the code that is to be executed by the
processor(s) of that electronic device is typically copied
from the slower non-volatile memory into volatile memory
(e.g., dynamic random access memory (DRAM), static
random access memory (SRAM)) of that electronic device.
Typical electronic devices also include a set of one or more
physical network interface(s) to establish network connec-
tions (to transmit and/or receive code and/or data using
propagating signals) with other electronic devices. One or
more parts of an embodiment may be implemented using
different combinations of software, firmware, and/or hard-
ware.

What is claimed is:

1. An electronic device comprising:

a display;

a set of sensors configured to generate sensor data, the
sensor data describing a user wearing the electronic
device;

a set of one or more processors coupled to the display and
the set of sensors;

a non-transitory machine-readable storage medium
coupled to the set of one or more processors and having
stored therein instructions which, when executed by the
set of one or more processors, cause the set of one or
more processors to perform:

determining that a sleep activity state of the user is
active based at least in part on the sensor data;

activating a sleep watch check rule associated with the
sleep activity state based on the sleep activity state of
the user being active, wherein activation of the sleep
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watch check rule disables visible changes to the
display in response to watch check events detected
by the electronic device;

determining at least one occurrence of a watch check
event based at least in part on the sensor data, the
watch check event being associated with a watch
check rule that causes a visible change to the display;

determining that the sleep watch check rule associated
with the sleep activity state is active; and

preventing the at least one occurrence of the watch
check event from causing the visible change to the
display until detection of at least one enabling event.

2. The electronic device of claim 1, wherein the watch
check event corresponds to at least one particular type of
activity indicating the user attempted to view the display of
the electronic device.

3. The electronic device of claim 1, wherein the at least
one enabling event corresponds to a detection of a pre-
defined number of watch check events based at least in part
on the sensor data generated by the set of sensors associated
with the electronic device.

4. The electronic device of claim 1, wherein the at least
one enabling event corresponds to an electronic alarm
associated with the electronic device being set to activate
within a pre-defined time period.

5. The electronic device of claim 1, wherein the at least
one enabling event corresponds to a detection of motion
indicating the user is awake based at least in part on the
sensor data generated by the set of sensors associated with
the electronic device.

6. The electronic device of claim 1, wherein the at least
one enabling event corresponds to a detection of the user
pressing a manual interface associated with the electronic
device.

7. The electronic device of claim 6, wherein the manual
interface corresponds to at least one of: a button, a touch
interface, and a tap sensor.

8. The electronic device of claim 1, wherein the instruc-
tions further include instructions which, when executed by
the set of processors, further cause the set of processors to
perform:

detecting the at least one enabling event based at least in

part on the sensor data generated by the set of sensors

associated with the electronic device; and
deactivating the sleep watch check rule based at least in

part on the detection of the at least one enabling event.

9. The electronic device of claim 8, wherein the instruc-
tions further include instructions which, when executed by
the set of processors, further cause the set of processors to
perform:

determining at least one occurrence of a second watch

check event based at least in part on the sensor data, the
second watch check event being associated with a
watch check rule that causes a visible change to the
display;

determining that the sleep watch check rule associated

with the sleep activity state is inactive; and

causing the visible change to the display based at least in

part on the at least one occurrence of the second watch
check event.

10. The electronic device of claim 1, wherein:

the set of sensors includes one or more of: a motion sensor

or a heart rate monitor, and
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the sensor data for detecting that the sleep activity state of
the user is active includes one or more selected from the
group consisting of: data generated by the heart rate
monitor, data generated by the motion sensor, and data
generated by the heart rate monitor and the motion
sensor.
11. A method, comprising:
determining, by an electronic device, that a sleep activity
state of a user wearing the electronic device is active
based at least in part on sensor data generated by a set
of sensors associated with the electronic device;

activating, by the electronic device, a sleep watch check
rule associated with the sleep activity state based on the
sleep activity state of the user being active, wherein
activation of the sleep watch check rule disables visible
changes to a display associated with the electronic
device in response to watch check events detected by
the electronic device;

determining, by the electronic device, at least one occur-

rence of a watch check event based at least in part on
the sensor data, the watch check event being associated
with a watch check rule that causes a visible change to
the display;

determining, by the electronic device, that the sleep watch

check rule associated with the sleep activity state is
active; and

preventing, by the electronic device, the at least one

occurrence of the watch check event from causing the
visible change to the display until detection of at least
one enabling event.

12. The method of claim 11, wherein the watch check
event corresponds to at least one particular type of activity
indicating the user attempted to view the display of the
electronic device.

13. The method of claim 11, wherein the at least one
enabling event corresponds to a detection of a pre-defined
number of watch check events based at least in part on the
sensor data generated by the set of sensors associated with
the electronic device.

14. The method of claim 11, wherein the at least one
enabling event corresponds to an electronic alarm associated
with the electronic device being set to activate within a
pre-defined time period.

15. The method of claim 11, wherein the at least one
enabling event corresponds to a detection of motion indi-
cating the user is awake based at least in part on the sensor
data generated by the set of sensors associated with the
electronic device.
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16. A non-transitory computer-readable storage medium
including instructions that, when executed by at least one
processor of an electronic device, cause the electronic device
to perform a method comprising:

determining that a sleep activity state of a user wearing
the electronic device is active based at least in part on
sensor data generated by a set of sensors associated
with the electronic device;

activating a sleep watch check rule associated with the
sleep activity state based on the sleep activity state of
the user being active, wherein activation of the sleep
watch check rule disables visible changes to a display
associated with the electronic device in response to
watch check events detected by the electronic device;

determining at least one occurrence of a watch check
event based at least in part on the sensor data, the watch
check event being associated with a watch check rule
that causes a visible change to the display;

determining that the sleep watch check rule associated
with the sleep activity state is active; and

preventing the at least one occurrence of the watch check
event from causing the visible change to the display
until detection of at least one enabling event.

17. The non-transitory computer-readable storage
medium of claim 16, wherein the watch check event corre-
sponds to at least one particular type of activity indicating
the user attempted to view the display of the electronic
device.

18. The non-transitory computer-readable storage
medium of claim 16, wherein the at least one enabling event
corresponds to a detection of a pre-defined number of watch
check events based at least in part on the sensor data
generated by the set of sensors associated with the electronic
device.

19. The non-transitory computer-readable storage
medium of claim 16, wherein the at least one enabling event
corresponds to an electronic alarm associated with the
electronic device being set to activate within a pre-defined
time period.

20. The non-transitory computer-readable storage
medium of claim 16, wherein the at least one enabling event
corresponds to a detection of motion indicating the user is
awake based at least in part on the sensor data generated by
the set of sensors associated with the electronic device.

* ok % % ¥



patsnap

TRAFROE) MNAFFERENREANBTNGE , RENEE
NIF(2E)E US20200033952A1 K (AE)E 2020-01-30
HiES US16/590167 HiEH 2019-10-01
FRIEEE(EFP)AGR) TKHFLTF
BE(ERB)AGE) FITBIT INC.
HHBE (TR AGE) FITBIT INC.
FRIZBA PANTELOPOULOS ALEXANDROS A
YUEN SHELTEN GEE JAO
PANTHER HEIKO GERNOT ALBERT
RBA PANTELOPOULOS, ALEXANDROS A.
YUEN, SHELTEN GEE JAO
PANTHER, HEIKO GERNOT ALBERT
IPCH 35 GO06F3/01 GO6F1/3206 GO6F1/16 GOBF1/3234 G09G5/10 A61B5/00 G01C22/00 GO6F3/048 GO1P15
/00
CPCH%E G09G5/10 GO6F1/3265 GO6F3/017 GO6F1/1694 GO6F1/3206 G01C22/006 GO6F1/163 G09G2330/026

GO06F2200/1636 GO1P15/00 A61B5/6802 GO6F3/048 A61B5/681 A61B5/6824

LR 62/068597 2014-10-24 US
62/054379 2014-09-23 US

SNEBEEE Espacenet USPTO
HEF) o
E—IMEEfld , EMBEAFNIE LNBEFRESELREN—4 - \
RUZBRBHEEN IR MEBHR. E—NHHEH , REAUEANMN— ,_Azo_e@m_er_,,_S_e‘_"f’_"i‘iff’,'e_s_efsfrf%_,,_Km_bi;nTLTgFt_,i uﬂi?%ﬂii'e
AEBERENERERBRENAFNE—FIRS2IIN. HF Lo HTEIEOmORIfil smedn Ji T
—EFRENED , REFAUBEERSBIESEE —E3RSHEX N
y N 5 N ) —_ atcl ec! | ~ |
BORMREANCE, WETONHOCER  RETESBERET | |
%,'T',’IEB’J?E{KQ ﬁqc ' Firs«W;tuclzcrweck Saoen;\évatech ;_I\EW_aR(ZIhe_Ch_ck—;
132A 1328 | 132N |
' BaseTine | |1 BaseTime ! | ~sams e |
L Poriod134A 1| |L Pericd13B ! | L_Period 134N
¢ Watch Check Events 138
iiiiiiiiiiii E‘ﬂ)lfy Controller 140
i RapidRepe&izon Detector i 1~ Bae e !

! | Period 146 1

§ Visivilty Changes 148
Display 150



https://share-analytics.zhihuiya.com/view/12522d3f-522d-4ef4-96b2-35f32279942a
https://worldwide.espacenet.com/patent/search/family/054209733/publication/US2020033952A1?q=US2020033952A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200033952%22.PGNR.&OS=DN/20200033952&RS=DN/20200033952

