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1
BUTTONLESS DISPLAY ACTIVATION

RELATED APPLICATION
This application claims the benefit of U.S. Provisional

Application No. 61/934,153, filed Jan. 31, 2014, the entire
content of which is hereby incorporated by reference.

2

one of the group of statistics satisfies a threshold, activating
the presence-sensitive display.

In another example, a computing device includes one or
more processors, a plurality of sensors, and a first motion
module that determines, based on first motion data measured
by a first motion sensor of the plurality of sensors and at a first
time, that the computing device has moved, wherein a pres-
ence-sensitive display is deactivated at the first time. In this

BACKGROUND example, the first motion module, responsive to determining
10 that the mobile computing device has moved, activates a

Mobile computing devices provide the benefit of being secor.ld, different motion module.of the plurality of modules.
portable while allowing a user to perform a variety of func- In this e).(ample, the second motion module. determines sec-
tions includine various forms of communication and comput- ond motion data measured by a second motion sensor of the
. 8 . . P plurality of sensors, wherein determining the second motion
ing. For example, some mobile devices are capable of access- . S
. . . L. .15 data uses a greater quantity of power than determining the
ing the Internet, executing gaming applications, playing first motion data. In this example. th d moti dul

. ; 2. . . ple, the second motion module
Vlde.O.S and [IusIc, as well as providing functlgnahty ofa determines a first statistic of a group of statistics based at least
traditional mobile, e.g. cellular, phone. Such deVlges are gen- on the second motion data. In this example, at least one of the
erally .powere.:d by a recha.rgee}bl.e batteg - A persistent chal- one or more processors, responsive to determining that at
lenge in mobile device design is increasing the length of time 5 Jeast one statistic of the group of statistics satisfies a thresh-
the device may operate without recharging the battery. old, activates the presence-sensitive display.

Some computing devices may include a presence-sensitive In another example, a computing system includes a plural-
display that detects user input and displays graphical content. ity of processors including: a first motion processor, a second
One example of a presence-sensitive display may be a touch- motion processor, and an application processor. In this
screen that is physically integrated within a smartphone, tab- 25 example, the computing system also includes a plurality of
let, or other computing device. While the presence-sensitive sensors, and a display. In this example, the computing system
display is powered on, the computing device may receive also includes at least one module executable by at least one of
indications of user input that are detected at the presence- the plurality of processors to: determine, based on first motion
sensitive display and output graphical content for display at data measured by a first motion sensor of the plurality of
the presence-sensitive display. Computing devices may 30 sensors and at a first time, that the computing device has
include a physical button that, when depressed by a user, moved, wherein the display is deactivated at the first time,
causes the computing device to power on and/or poweroffthe ~ responsive to determining that the computing device has
presence-sensitive display. To conserve power, some comput- moved, activate the second motion processor, determine, sec-
ing devices may also automatically power off the presence- ond motion data measured by a second motion sensor of the
sensitive display after a defined time duration during which 35 plurality of sensors, wherein determining the second motion
the presence-sensitive display does not detect user input. data uses a greater quantity of power than determining the

While various options may exist to power off the presence- first motion data, determine a first statistic of a group of
sensitive display, such as a physical power button and time- statistics based at least on the second motion data, and respon-
based automatic power off, fewer options are available to sive to determining that at least one statistic of the group of
power on a presence-sensitive display. For instance, a user 40 statistics satisfies a threshold, activate the display.
may need to locate and select a physical power button to In another example, a non-transitory computer-readable
power on the presence-sensitive display, which requires an storage medium stores instructions that, when executed,
additional user input before interacting with the presence- cause a first motion processor of a plurality of processors of a
sensitive display. Alternatively, some computing devices may mobile computing device to: determine, based on first motion
power on the presence-sensitive display in response to a 45 datameasured by a first motion sensor and at a first time, that
change in motion of the computing device that was previously ~ the computing device has moved, wherein a presence-sensi-
atrest. However, such techniques may produce false positives tive display is deactivated at the first time, responsive to
that power on the presence-sensitive display when not determining that the mobile computing device has moved,
intended by the user, thereby decreasing battery life. activate a second motion processor of the plurality of proces-

50 sors. In this example, the non-transitory computer-readable
SUMMARY storage medium further stores instructions that, when
executed, cause the second motion processor of the plurality

In one example, a method includes determining, by a first of'processors to: determine, second motion data measured by
motion module of a computing device and based on first a second motion sensor, wherein determining the second
motion data measured by a first motion sensor at a first time, 55 motion data uses a greater quantity of power than determining
that the mobile computing device has moved, wherein a pres- the first motion data, determine a first statistic of a group of
ence-sensitive display operatively coupled to the computing statistics based at least on the second motion data, and respon-
device is deactivated at the first time, and, responsive to sive to determining that at least one statistic of the group of
determining that the computing device has moved, activating statistics satisfies a threshold, activate the presence-sensitive
a second, different, motion module. In this example, the 60 display. In this example, the plurality of processors further
method also includes determining, by the second motion includes an application processor.
module, second motion data measured by a second motion In another example, a non-transitory computer-readable
sensor, wherein determining the second motion data uses a storage medium stores instructions that, when executed,
greater quantity of power than determining the first motion cause at least one of a plurality of processors of a computing
data, and determining a first statistic of a group of statistics 65 device to: determine, by a first motion module based on first

based at least on the second motion data. In this example, the
method also includes responsive to determining that at least

motion data measured by a first motion sensor and at a first

time, that the mobile computing device has moved, WhereinM ASIMO 1069
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presence-sensitive display is deactivated at the first time,
responsive to determining that the computing device has
moved, activate a second, different, motion module, deter-
mine, by the second motion module, second motion data
measured by a second motion sensor, wherein determining
the second motion data uses a greater quantity of power than
determining the first motion data, determine, a first statistic of
a group of statistics based at least on the second motion data,
and responsive to determining that at least one statistic of the

4

the computing device may cause the presence-sensitive dis-
play to activate. Determining the second motion data may use
a greater quantity of power than determining the first motion
data. Therefore, rather than activating the presence-sensitive
display based on continuous monitoring performed by the
second module and/or an application processor, each of
which may have higher power consumption requirements
than the first module, techniques of the disclosure may acti-
vate the second module and/or an application processor

group of statistics satisfies a threshold, activate the presence- 10 responsive to a preliminary determination of movement by
sensitive display. the lower power consuming first module. In this way, as

The details of one or more examples of the disclosure are opposed to operating relatively higher power consuming
set forth in the accompanying drawings and the description devices (e.g., the second module and/or an application pro-
below. Other features, objects, and advantages will be appar- cessor of the computing device), the computing device may
ent from the description and drawings, and from the claims. 15 activate the presence-sensitive display based on an initial

determination by the lower power consuming first module.
BRIEF DESCRIPTION OF DRAWINGS As one example, a user may pick-up a computing device
which may be in a low-power state (i.e., a display of the

FIG. 1 is a block diagram illustrating an example comput- computing device may be off, and an application processor
ing device that is configured to activate a display responsiveto 20 and/or a sensor control module of the device may be in a
determining that a user is attempting to use the device, in “sleep” mode). The user may desire to immediately interact
accordance with one or more techniques of the present dis- with the computing device without providing additional user
closure. input, such as pushing a physical button. In accordance with

FIG. 2 is a block diagram illustrating an example comput- one or more techniques of this disclosure, a computing device
ing device, in accordance with one or more techniques of the 25 may activate a display responsive to determining, based on
present disclosure. data measured by a plurality of sensors, that a user of the

FIG. 3 illustrates an example orientation vector of a mobile computing device is attempting to use the computing device.
device detected by a motion sensor, in accordance with one or FIG. 1 is a block diagram illustrating an example comput-
more techniques of the present disclosure. ing device that is configured to activate a display responsive to

FIG. 4 is a block diagram illustrating an example comput- 30 determining that a user is attempting to use the device, in
ing device that outputs graphical content for display at a accordance with one or more techniques of the present dis-
remote device, in accordance with one or more techniques of closure. As shown in the example of FIG. 1, computing device
the present disclosure. 4 may include motion module 6, sensor control module 8

FIG. 5 is a flow diagram illustrating example operations of ~ (“SCM 87), one or more sensors 10, user interface device 12
a computing device to activate a display responsive to deter- 35 (“UID 127”), and one or more application processors 14.
mining that a user is attempting to use the device, in accor- Computing device 4 may include any number of different
dance with one or more techniques of the present disclosure. portable electronic mobile devices, including, e.g., cellular

FIGS. 6A-6G are flow diagrams illustrating example  phones, personal digital assistants (PDAs), laptop computers,
operations of a computing device to activate a display respon- portable gaming devices, portable media players, e-book
sive to determining that a user is attempting to use the device, 40 readers, watches, as well as non-portable devices such as
in accordance with one or more techniques of the present desktop computers. Computing device 4 may include various
disclosure. input and output components, including, e.g. one or more

FIGS. 7A-7C are tables illustrating example states of a ~ processors, memory, telemetry modules, cellular network
computing device to activate a display responsive to deter- antennas, a display, one or more Ul elements, sensors, and a
mining that a user is attempting to use the device, in accor- 45 power source like a rechargeable battery. Further details of
dance with one or more techniques of the present disclosure. ~ mobile computing device 4 are described in FIG. 2.

FIGS. 8A-8C are tables illustrating example power states Examples of computing device 4 may include, but are not
of example components of a computing device to activate a limited to, portable or mobile devices such as mobile phones
display responsive to determining that a user is attempting to (including smart phones), tablet computers, cameras, per-
use the device, in accordance with one or more techniques of 50 sonal digital assistants (PDAs), etc. Other examples of com-
the present disclosure. puting device 4 that implement techniques of this disclosure

may include additional components not shown in FIG. 1.
DETAILED DESCRIPTION In some examples, computing device 4 may include
motion module 6. Motion module 6 may collect and analyze

In general, techniques of the disclosure are directed to 55 motion data corresponding to the movement of computing
activating a display device of a computing device responsive device 4. For instance, motion module 6 may determine
to determining that a user is attempting to use the computing whether or not computing device 4 has moved. In some
device. For instance, a presence-sensitive display of a com- examples, motion module 6 may determine whether or not
puting device may initially be inactive (e.g., powered off). computing device 4 has moved by analyzing first motion data
Responsive to determining that the computing device has 60 received from a motion sensor included in motion module 6.
moved based on first motion data measured by a first motion In other words and as further illustrated in FIG. 2, motion
sensor (e.g., alow-power accelerometer), a first module of the module 6 may include a motion sensor to measure motion
computing device may cause a second, different, module of data (e.g., a motion sensor of sensors 10) and a processor to
the computing device to activate. The second, different mod- analyze the measured motion data. In some examples, motion
ule may be operatively coupled to a second sensor (e.g., a 65 module 6 may be a low power device. For instance, motion

gyrometer). Responsive to determining second motion data
measured by the second motion sensor, the second module of

module 6 may use less power than sensor control module 8

and/or application processors 14. As one example, in PIRNIASIMO 1069
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tion, motion module 6 may use approximately 0.1 milliwatts
(mW). In another example, motion module 6 may use power
in arange 0f 0.01-3.0 mW. In some examples, motion module
6 may output a signal to one or more other components of
computing device 4 in response to determining that comput-
ing device 4 has moved. For instance, motion module 6 may
output an interrupt signal to SCM 8 in response to determin-
ing that computing device 4 has moved.

In some examples, computing device 4 may include SCM

6

In some examples, computing device 4 may include one or
more application processors 14. One or more application
processors 14 may implement functionality and/or execute
instructions within computing device 4. These instructions
executed by application processors 14 may cause computing
device 4 to read/write/etc. information during program
execution. Examples of one or more of application processors
14 may include one or more microprocessors, digital signal
processors (DSPs), application specific integrated circuits

8. SCM 8 may communicate with one or more of sensors 10 10 (ASICs), field programmable gate arrays (FPGAs), or any
and/or motion module 6. In some examples, SCM 8 may be other equivalent integrated or discrete logic circuitry, as well
referred to as a “sensor hub” that operates as an input/output as any combinations of such components.

controller for one or more of sensors 10 and/or motion mod- The example of FIG. 1 illustrates a frame of reference in
ule 6. For example, SCM 8 may exchange data with one or which the orientation of computing device 4 may be identified
more of sensors 10 and/or motion module 6, such as motion 15 by relative terms, such as vertical and horizontal. In some
data corresponding to computing device 4. In some examples, examples according to this disclosure, the frame of reference
SCM 8 may control the power state of one or more of sensors in which a motion sensor determines the orientation of a
10. For instance, SCM 8 may switch one or more of sensors 10 computing device may differ from that shown in FIG. 1.
between an on power state and an off power state where more However, the examples described below include motion sen-
power is consumed by the one or more sensors 10 in the on 20 sors that determine orientations in a frame of reference in
power state than in the off power state. In this way, SCM 8 accordance with the example of FIG. 1. Thus, “vertical” and
may control the amount of power consumed by one or more of “horizontal” in such examples correspond to orientations that
sensors 10. SCM 8 may also communicate with application are treated as generally parallel to gravity and perpendicular
processors 14. In some examples, SCM 8 may use more to the ground and generally perpendicular to gravity and
power than motion module 6 but less power than application 25 parallel to the ground, respectively. However, in practice, the
processors 14. As one example, in operation, SCM 8 may use orientation of computing device 4 may not be exactly or
power in a range of 20-200 mW. nearly exactly vertical or horizontal as represented by vector,

SCM 8 may analyze data received from motion module 6 V op, inorientations 18 and 20 in FIG. 1. Thus, FIG. 1 and the
and/or one or more of sensors 10. SCM 8 may determine that associated description provided below illustrate how the ori-
a user of computing device 4 is attempting to use computing 30 entation of a computing device may be determined with one
device 4 based on second motion data measured by one or or more motion sensors when the computing device is only
more of sensors 10. For instance, SCM 8 may determine a approximately vertical or horizontal, e.g. as defined in the
statistic based on the second motion data. If the statistic example of FIG. 1, by employing a range of orientations
satisfies a threshold, SCM 8 may determine that the user is within which the computing device’s orientation vector as
attempting to use computing device 4. Responsive to deter- 35 determined by the motion sensor may lie to designate the
mining that a user of computing device 4 is attempting to use computing device in a particular orientation.
computing device 4, SCM 8 may cause a display of UID 12 to Rather than requiring a user of computing device 4 to
activate. provide additional input to activate a display of UID 12,

In some examples, SCM 8 may receive one or more inter- techniques of this disclosure may enable computing device 4
rupt signals, for example, from motion module 6. In response 40 to activate the display in response to determining that the user
to receiving an interrupt signal, SCM 8 may transition from a is attempting to use computing device 4. For instance, com-
low-power or “sleep” state into one or more higher power puting device 4 may determine that the user is attempting to
states. SCM 8 may consume less power in the low-power state use computing device 4 in response to motion data indicating
than in the higher power states. that the user has picked-up computing device 4.

In some examples, computing device 4 may include oneor 45 At a first time, computing device 4 may be in a first orien-
more sensors 10. One or more of sensors 10 may measure one tation. As illustrated by FIG. 1, computing device 4 may be in
more measurands. Examples of one or more of sensors 10 first orientation 18 in which computing device 4 may be
may include an accelerometer, a gyroscope, a light sensor, a horizontal. For instance, in first orientation 18, V-, may be
temperature sensor, a pressure (or grip) sensor, a physical perpendicular to gravity vector G, and UID 12 may be facing
switch, a proximity sensor, or a button. 50 up. In some examples, first orientation 18 may be different

In some examples, computing device 4 may include UID than as illustrated in FIG. 1. For instance, UID 12 may be
12. A user associated with computing device 4 may interact facing down. Additionally, at the first time, computing device
with computing device 4 by providing various user inputs into 4 may be in a low-power state in which one or more compo-
computing device 4, e.g., using the at least one UID 12. In nents of computing device 4 may be off, deactivated, sleep-
some examples, UID 12 may receive tactile, audio, or visual 55 ing, have limited functionality, etc. For instance, at the first
input. In addition to receiving input from a user, UID 12 may time, UID 12 may be deactivated, one or more of sensors 10
output content, such as a graphical user interface (GUI) for may be off, and SCM 8 and application processors 14 may be
display. In some examples, UID 12 can include a display sleeping. In this way, computing device 4 may consume a
and/or a presence-sensitive input device. In some examples, reduced amount of power in the low-power state when com-
the presence-sensitive input device and the display may be 60 pared to a normal operating state.
integrated into a presence-sensitive display, which displays In any case, in an effort to interact with computing device
the GUI and receives input from the user using capacitive, 4, a user may pick-up computing device 4. For instance, the
inductive, surface acoustic wave, and/or optical detection at user may move computing device 4 from a first (e.g., orien-
or near the presence sensitive display. That is, UID 12, in tation 18) to a second orientation (e.g., orientation 20).
some examples may be a presence-sensitive display. In other 65 Motion module 6 may determine, based on first motion data

examples, the display device can be physically separate from
a presence-sensitive device included in computing device 4.

measured by a first motion sensor of sensors 10, that comput-

ing device 4 has moved. For instance, where the first motl%/l ASIMO 1069
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sensor includes an accelerometer, motion module 6 may
determine that computing device 4 has moved if a rate of
change (e.g., derivative) of the acceleration data measured by
the accelerometer is greater than a threshold (e.g., 0.1 m/s*-
0.5 m/s*). In other words, motion module 6 may determine
that computing device 4 has moved in response to simple
motion. In response to determining that computing device 4
has moved from the first orientation to the second orientation,
motion module 6 may output a signal (e.g., an interrupt sig-

8
tional input, computing device 4 may activate a display in
response to determining that the user is attempting to use
computing device 4.

FIG. 2 is a block diagram illustrating an example comput-
ing device, in accordance with one or more techniques of the
present disclosure. FIG. 2 illustrates one particular example
of computing device 4, and many other examples of comput-
ing device 4 may be used in other instances and may include
a subset of the components included in example computing

nal) to SCM 8. 10 g;:éic; 4 or may include additional components not shown in
Responsive o receving the signal from motion mod.ule 6, As shown in the example of FIG. 2, computing device 4
SCM 8 may transition from a low-power state to a higher- . . «

A . includes motion module 6, sensor control module 8 (“SCM
power state. In other words, after receiving the signal from 87, one or more sensors 10, user interface device 12 (“UID
motlon module 6, SCM 8 may begin t9 consume power at.a 15 12”), one or more application processors 14, one or more
higher rate than before receiving the signal. Additionally, in input devices 44, one or more output devices 46, battery 48,
response to receiving the signal, SCM 8 may activate one or and one or more storage devices 50. Storage devices 50 of
more additional sensors of sensors 10. For instance, SCM 8 computing device 4 may also include application modules
may activate a gyroscope of sensors 10. 36A-36N (collectively, “application modules 36”), user inter-

SCM 8 may determine that a user of computing device 4is 20 face module 38 (“UIM 38”) and operating system 54. Com-
attempting to use computing device 4. In some examples, to puting device 4 can include additional components that, for
determine whether or not the user is attempting to use com- clarity, are not shown in FIG. 2. For example, computing
puting device 4, SCM 8 may determine one or more statistics device 4 can include a communication unit to enable comput-
based on second motion data measured by one or more sen- ing device 4 to communicate with other devices. Similarly,
sors of sensors 10. If at least one of the determined statistics 25 the components of computing device 4 shown in FIG. 2 may
satisfies a threshold, SCM 8 may determine that the user is not be necessary in every example of computing device 4. For
attempting to use computing device 4. For example, SCM 8 example, in some configurations, computing device 4 may
may determine that the user of computing device 4 is attempt- not include output devices 46.
ing to use computing device 4 if a statistic based on a standard Communication channels 52 may interconnect each of the
deviation of motion data measured by one or more of sensors 30 components 6, 8, 10, 12, 14, 44, 46, 48, and 50 for inter-
10 is less than a threshold. As another example, SCM 8 may component communications (physically, communicatively,
determine that the user of computing device 4 is attempting to and/or operatively). In some examples, communication chan-
use computing device 4 if a statistic based on an integral or nels 52 may include a system bus, a network connection, an
summation of motion data measured by one or more of sen- inter-process communication data structure, or any other
sors 10 is greater than a threshold. For instance, SCM 8 may 35 method and/or structure for communicating data.
determine that the user of computing device 4 is attempting to One or more application processors 14 may implement
use computing device 4 if a statistic based on an integral of functionality and/or execute instructions within computing
motion data measured by an x-axis or a y-axis gyroscope of device 4. For example, application processors 14 on comput-
sensors 10 is greater than 10 degrees. As another example, ing device 4 may receive and execute instructions stored by
SCM 8 may determine that the user of computing device 4 is 40 storage devices 50 that execute the functionality of modules
attempting to use computing device 4 if a statistic based on an 36, and 54. These instructions executed by application pro-
absolute value of motion data measured by one or more of cessors 14 may cause computing device 4 to read/write/etc.
sensors 10 is greater than a threshold. For instance, SCM 8 information, such as one or more data files stored within
may determine that the user of computing device 4 is attempt- storage devices 50 during program execution. Application
ing to use computing device 4 if a statistic based on an 45 processors 14 may execute instructions of modules 36, and 50
absolute value of motion data measured by an accelerometer to cause UID 12 to output one or more graphical indications
of sensors 10 is greater than 10 degrees. In some examples, of'incoming communications for display at UID 12 as content
SCM 8 may base the statistic on motion data measured by one of'a user interface. That is, application modules 36, UIM 38,
or more sensor of sensors 10 activated by SCM 8 in response and 54 may be operable by application processors 14 to
to receiving the signal from motion module 6 and/or motion 350 perform various actions or functions of computing device 4,
data measured by a sensor included in motion module 6. In for instance, causing UID 12 to a present a graphical user
some examples, SCM 8 may use multiple different statistics interface at UID 12.
separately or in combination to determine whether or not a One or more input devices 44 of computing device 4 may
threshold is satisfied. In some examples, SCM 8 may weight receive input. Examples of input are tactile, audio, and video
and/or normalize one or more of the statistics. In some 55 input. One ormore of input devices 44 of computing device 4,
examples, if the threshold is not satisfied for the statistic (e.g., in one example, may include a presence-sensitive display,
if SCM 8 does not determine that the user is attempting to use touch-sensitive screen, mouse, keyboard, voice responsive
computing device 4) within a period of time after receiving system, video camera, microphone, or any other type of
the signal from motion module 6, SCM 8 may return to the device for detecting input from a human or machine.
low-power state. 60 One or more output devices 46 of computing device 4 may

Responsive to determining that the user of computing generate output. Examples of output are tactile, audio, and
device 4 is attempting to use computing device 4, SCM 8 may video output. One or more of output devices 46 of computing
output a signal to one or more other components of computing device 4, in one example, may include a presence-sensitive
device 4. For example, SCM 8 may output a signal to one or display, sound card, video graphics adapter card, speaker,
more other components of computing device 4 that causes a 65 cathode ray tube (CRT) monitor, liquid crystal display

display of UID 12 to activate. In this way, as opposed to
requiring that the user of computing device 4 provide addi-

(LCD), or any other type of device for generating output to a
human or machine.
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In some examples, UID 12 of computing device 4 may
include functionality of input devices 44 and/or output
devices 46. In the example of FIG. 2, UID 12 may be a
presence-sensitive display. In some examples, a presence-
sensitive display may include a presence sensitive input
device that detects an object at and/or near a screen. As one
example range, a presence-sensitive input device may detect
an object, such as a finger or stylus that is within two inches
or less of the screen. The presence-sensitive input device may

10

more of processors 26 may cause motion module 6 to read/
write/etc. information, such as one or more data files stored
within a storage device during program execution. Examples
of one or more of processors 26 may include one or more
microprocessors, digital signal processors (DSPs), applica-
tion specific integrated circuits (ASICs), field programmable
gate arrays (FPGAs), or any other equivalent integrated or
discrete logic circuitry, as well as any combinations of such
components.

detf:rmine a lgcation (e.g., an (X,y) coordinate) of a screen at 10 Movement module 28 may be executable by one or more of
which the object was detected. In another example range, a 26 t | tion dat ab p
presence-sensitive input device may detect an object six processors & 1o analyze motion data Measurec by moton
inches or less from the screen and other ranges are also sensor 24. Fgr 1nstanpe, movement module 28 may de?termme
possible. The presence-sensitive input device may determine that computing d.ewce 4 has moved based on motion data
the location of the screen selected by a user’s finger using 15 measureq by motion sensor 24. Movement module 28 may
capacitive, inductive, and/or optical recognition techniques. ~ Outputasignal tooneormore other components of computing
Insome examples, presence sensitive display also includes an device 4 in response to determining that computing device 4
output device that provides output to a user using tactile, has moved. For instance, movement module 28 may output an
audio, or video stimuli (e.g., the output device may be a interrupt signal to SCM 8 in response to determining that
display device) as described with respect to output device 46, 20 computing device 4 has moved.

e.g., at a display. In the example of FIG. 2, UID 12 may SCM 8 may collect and analyze sensor data. For instance,
present one or more graphical user interfaces, such as graphi- SCM 8 may collect any analyze sensor data from one or more
cal user interface 22 of FIG. 1. of sensors 10 and/or motion sensor 24. As illustrated in FIG.

While illustrated as an internal component of computing 2, SCM 8 may include one or more processors 30, and sensor
device 4, UID 12 also represents an external component that 25 module 32. In some examples, SCM 8 may be a discrete
shares a data path with computing device 4 for transmitting component within computing device 4. In some examples,
and/or receiving input and output. For instance, in one SCM 8 may be integrated into one or more other components
example, UID 12 represents a built-in component of comput- of computing device 4, such as one or more of application
ing device 4 located within and physically connected to the processors 14. In some examples, SCM 8 may include addi-
external packaging of computing device 4 (e.g., ascreenona 30 tional components that, for simplicity, are not shown in FIG.
mobile phone). In another example, UID 12 represents an 2. For instance, SCM 8 may include one or more analog-to-
external component of computing device 4 located outside digital converters which may {facilitate communication
and physically separated from the packaging of computing between one or more of sensors 10 and one or more of pro-
device 4 (e.g., a monitor, a projector, etc. that shares a wired cessors 30. Additionally, SCM 8 may include one or more
and/or wireless data path with a tablet computer). 35 storage devices which may store sensor module 32.

Motion module 6 may collect and analyze motion data Processors 30 may implement functionality and/or execute
corresponding to the movement of computing device 4. For instructions within SCM 8. For example, one or more of
instance, motion module 6 may determine whether or not processors 30 may receive and execute instructions stored by
computing device 4 has moved. As illustrated in FIG. 2, a storage device that execute the functionality of sensor mod-
motion module 6 may include motion sensor 24, one or more 40 ule 32. These instructions executed by one or more of pro-
processors 26, and movement module 28. In some examples, cessors 30 may cause SCM 8 to read/write/etc. information,
motion module 6 may be a discrete component within com- such as one or more data files stored within a storage device
puting device 4. In some examples, motion module 6 may be during program execution.
integrated into one or more other components of computing SCM 8 may receive one or more interrupt signals. In
device 4, such as sensor control module 8. In some examples, 45 response to receiving an interrupt signal, SCM 8 may transi-
motion module 6 may include additional components that, for tion from alow-power or “sleep” state into one or more higher
simplicity, are not shown in FIG. 2. For instance, motion power states. SCM 8 may consume less power in the low-
module 6 may include one or more analog-to-digital convert- power state than in the higher power states. For instance,
ers which may facilitate communication between motion sen- SCM 8 may consume 0.1 mW of power in the low-power
sor 24 and one or more of processors 26. Additionally, motion 50 state, and between 20 mW and 200 mW of power in the higher
module 6 may include one or more storage devices which power states. In some examples, in response to receiving an
may store movement module 28. interrupt signal, one or more of processors 30 may execute

Motion sensor 24 may measure motion information asso- sensor module 32.
ciated with computing device 4. For instance, motion sensor Sensor module 32 may be executable by one or more of
24 may measure the rotation, velocity, and/or acceleration of 55 processors 30 to analyze sensor data measured by one or more
computing device 4. Examples of one or more of motion of sensors 10 and/or motion sensor 24. For instance, sensor
sensor 24 may include an accelerometer, a gyroscope, or any module 32 may determine one or more statistics based on
other device capable of measuring the rotation, velocity, and/ sensor data measured by one or more of sensors 10 and/or
or acceleration of computing device 4. Motion sensor 24 may motion sensor 24. If at least one of the statistics satisfies a
output measured motion data to one or more components of 60 threshold sensor module 32 may determine that a user of
computing device 4, such as one or more of processors 26 computing device 4 is attempting to use computing device 4.
and/or SCM 8. Sensor module 32 may output a signal to one or more other

Processors 26 may implement functionality and/or execute components of computing device 4 (e.g., in response to deter-
instructions within motion module 6. For example, one or mining that a user is attempting to use computing device 4).
more of processors 26 may receive and execute instructions 65 For instance, sensor module 32 may output a signal to one or

stored by a storage device that execute the functionality of
movement module 28. These instructions executed by one or

more components of computing device 4 that causes activa-
tion of a display of UID 12.

MASIMO 1069
Masimo v. Apple
IPR2023-00664



US 9,159,294 B2

11

In some examples, sensor module 32 may control the
power state of one or more of sensors 10. For instance, sensor
module 32 may turn one or more of sensors 10 on and off. In
this way, sensor module 32 may control the amount of power
consumed by one or more of sensors 10. In one example, a
gyroscope of sensors 10 may use approximately 10 mW when
on. In another example, a gyroscope of sensors 10 may use
between 1 mW and 50 mW when on.

Sensors 10 may collect information associated with com-

12

detected at UID 12 (e.g., as a user provides one or more
gestures at one or more locations of UID 12 at which the
graphical user interface is displayed) and may relay informa-
tion about the inputs detected at UID 12 to one or more
associated platforms, operating systems, applications, and/or
services executing at computing device 4, to cause computing
device 4 to perform functions.

UIM 38 may receive information and instructions from one
or more associated platforms, operating systems, applica-

puting device 4. For instance, one or more of sensors 10 may 10 tions, and/or services executing at computing device 4 (e.g.,
measure the geographical location, object clearance, rotation, application modules 36) for generating a graphical user inter-
velocity, and/or acceleration of computing device 4. face. In addition, UIM 38 may act as an intermediary between
Examples of one or more of sensors 10 may include an accel- the one or more associated platforms, operating systems,
erometer, a gyroscope, a light sensor, a temperature sensor, a applications, and/or services executing at computing device 4
pressure (or grip) sensor, a physical switch, a proximity sen- 15 and various output devices of computing device 4 (e.g.,
sor, or a button. In some examples, one or more of sensors 10 speakers, LED indicators, audio or electrostatic haptic output
may include one or more processors. For instance, one or device, etc.) to produce output (e.g., a graphic, a flash of light,
more of sensors 10 may include one or more microprocessors, a sound, a haptic response, etc.) with computing device 4.

digital signal processors (DSPs), application specific inte- Battery 48 may provide power to one or more components
grated circuits (ASICs), field programmable gate arrays (FP- 20 of computing device 4. Examples of battery 48 may include,
GAs), or any other equivalent integrated or discrete logic but are not necessarily limited to, batteries having zinc-car-
circuitry, as well as any combinations of such components. bon, lead-acid, nickel cadmium (NiCd), nickel metal hydride

One or more storage devices 50 within computing device 4 (NiMH), lithium ion (Li-ion), and/or lithium ion polymer
may store information for processing during operation of (Li-ion polymer) chemistries. Battery 48 may have a limited
computing device 4 (e.g., computing device 4 may store data 25 capacity (e.g., 1000-3000 mAh).
that modules 36 and operating system 54 may access during Modules 28, 32, 36, and 38 may perform operations
execution at computing device 4). In some examples, storage described herein using software, hardware, firmware, or a
device 50 is a temporary memory, meaning that a primary mixture of both hardware, software, and firmware residing in
purpose of storage device 50 is not long-term storage. Storage and executing on computing device 4. Computing device 4
devices 50 on computing device 4 may configured for short- 30 may execute modules 28, 32, 36, and 38 with multiple pro-
term storage of information as volatile memory and therefore cessors. Computing device 4 may execute any of modules 28,
not retain stored contents if powered off. Examples of volatile 32, 36, and 38 as or within a virtual machine executing on
memories include random access memories (RAM), dynamic underlying hardware. Modules 28, 32, 36, and 38 may be
random access memories (DRAM), static random access implemented in various ways. For example, any of modules
memories (SRAM), and other forms of volatile memories 35 28,32, 36, and 38 may be implemented as a downloadable or
known in the art. pre-installed application or “app.” In another example, any of

Storage devices 50, in some examples, also include one or modules 28, 32, 36, and 38 may be implemented as part of an
more computer-readable storage media. Storage devices 50 operating system of computing device 4.
may store larger amounts of information than volatile Due to the limited capacity, the period of time for which
memory. Storage devices 50 may further be configured for 40 computing device 4 may operate with power provided by
long-term storage of information as non-volatile memory battery 48 may be based on the amount of power consumed by
space and retain information after power on/off cycles. computing device 4. As such, in orderto increase the period of
Examples of non-volatile memories include magnetic hard time for which computing device 4 may operate with power
discs, optical discs, floppy discs, flash memories, or forms of provided by battery 48, it may be desirable to reduce the
electrically programmable memories (EPROM) or electri- 45 amount of power consumed by computing device 4. As it may
cally erasable and programmable (EEPROM) memories. be undesirable to reduce performance while a user is inter-
Storage devices 50 may store program instructions and/or acting (i.e., using) computing device 4, it may be desirable to
information (e.g., data) associated with application modules reduce the amount of power consumed by computing device
36, UIM 38, and operating system 54. 4 while not in use by the user.

Operating system 54, in some examples, controls the 50  In accordance with one or more techniques of this disclo-
operation of components of computing device 4. For sure, rather than receiving specific input from a user of com-
example, operating system 54, in one example, facilitates the puting device 4 to activate a display, computing device 4 may
communication of application modules 36 with application activate the display in response to determining that the user is
processors 14, one or more input devices 44, one or more attempting to use computing device 4. For instance, comput-
output devices 46, UID 12, one or more sensors 10, motion 55 ing device 4 may determine that the user is attempting to use
module 6, and sensor control module 8. Each of application computing device 4 in response to motion data indicating that
modules 36 may include program instructions and/or data the user has picked-up computing device 4.
that are executable by computing device 4 (e.g., by one or At a first time, computing device 4 may be in a first orien-
more application processors 14). tation. For example, computing device 4 may be in a substan-

UIM 38 may cause UID 12 to output a graphical user 60 tially horizontal orientation (i.e., as illustrated by first orien-
interface (e.g., graphical user interfaces 20, 24) for display, tation 18 of FIG. 1), such as lying on a table or desk. As
which may enable a user of computing device 4 to view output another example, computing device 4 may be on a user’s
and/or provide input at UID 12. UIM 38 and UID 12 may person (e.g., in a pocket of a user and/or in a user’s hand
receive one or more indications of input from a user as the which may be at the user’s side), in which case computing
user interacts with the graphical user interface, at different 65 device 4 may be in a horizontal orientation, a vertical orien-

times and when the user and computing device 4 are at dif-

tation, or some other orientation. Additionally, at the first

ferent locations. UIM 38 and UID 12 may interpret inputs time, computing device 4 may be in a low-power state M ASIMO 1069
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which one or more components of computing device 4 may be
off, deactivated, sleeping, have limited functionality, etc. For
instance, at the first time, a display of UID 12 may be deac-
tivated, one or more of sensors 10 may be off, and SCM 8 and
application processors 14 may be in a low-power or “sleep”
state. In this way, computing device 4 may consume a reduced
amount of power in the low-power state when compared to a
normal operating state.

In any case, in an effort to interact with computing device

14

4 is attempting to use computing device 4 if a statistic based
on a standard deviation of motion data measured by one or
more of sensors 10 is less than a threshold.

As another example, sensor module 32 may determine that
the user of computing device 4 is attempting to use computing
device 4 if a statistic based on an integral of motion data
measured by one or more of sensors 10 is greater than a
threshold. For instance, sensor module 32 may determine that
the user of computing device 4 is attempting to use computing

4, a user may pick-up computing device 4. For example, the 10 device 4 if a statistic based on an integral of motion data
user may pick-up computing device 4 from a table, remove measured by an x-axis and/or a y-axis gyroscope of sensors
computing device 4 from their pocket/bag, remove comput- 10 is greater than 10 degrees. As another example, sensor
ing device 4 from a stand. In other words, the user may move module 32 may determine that the user of computing device
computing device 4 from a first to a second orientation. 4 is attempting to use computing device 4 if a statistic based
Prior to the first time, computing device 4 may beinastatic 15 onan absolute value of motion data measured by one or more
operating state. In the static operating state, motion sensor 24 of sensors 10 (e.g., laccel_zl) is less than a threshold (e.g., 1
may provide motion data corresponding to the movement of g*cos(X degrees), where X may be in the range of 5 to 30
computing device 4 to movement module 28. Based on the degrees) for a period of time (e.g., 250 ms). For instance,
motion data received from sensor 24, movement module 28 sensor module 32 may determine that the user of computing
may determine that, at the first time, computing device 4 has 20 device 4 is attempting to use computing device 4 if a statistic
moved. For instance, movement module 28 may determine based on an absolute value of motion data measured by an
that computing device 4 has moved if the motion data accelerometer of sensors 10 is greater than 10 degrees. In
received from motion sensor 24 indicates simple motion. For some examples, sensor module 32 may determine that the
example, where the motion sensor 24 is an accelerometer, user of computing device 4 is attempting to use computing
movement module 28 may determine that computing device 25 device 4 ifa statistic based on motion data measured by one or
4 has moved if a derivative of the acceleration data measured more of sensors 10 and/or motion sensor 24 indicates pitch/
by the accelerometer is greater than a threshold. In some roll rotation and/or stabilization.
examples, movement module 28 may determine that comput- In some examples, sensor module 32 may base the deter-
ing device 4 has moved from a first orientation to a second mination on motion data measured by a sensor of sensors 10
orientation. In some examples, movement module 28 may 30 activated by sensor module 32 in response to receiving the
analyze one or more axes of motion data independently. For signal from movement module 28 and/or motion data mea-
instance, movement module 28 may determine that a deriva- sured by motion sensor 24. In some examples, if at least one
tive of x-axis acceleration data is greater than a threshold. of'the statistics satisfies a threshold (i.e., if sensor module 32
In some examples, movement module 28 may analyze one determines that the user is attempting to use computing
or more axes of motion data as a group. For instance, move- 35 device 4) within a period of time (e.g., 1 second) after receiv-
ment module 28 may determine that a derivative of a combi- ing the signal from movement module 28, sensor module 32
nation of two or more axes acceleration data is greater than a may cause device 4 to change operational states. For example,
threshold. In any case, responsive to determining that com- if sensor module 32 determines that at least one of the statis-
puting device 4 has moved, movement module 28 may output tics satisfies a threshold within the period of time after receiv-
a signal (e.g., an interrupt signal) to SCM 8. In some 40 ing the signal from movement module 28, computing device
examples, responsive to determining that computing device 4 4 may enter a “wake-up” operational state.
has moved, computing device 4 may transition from the static In the wake-up operational state, movement module 28
operational state to a “static to tilt detection” operational may cause a display (e.g., a display of UID 12) to activate. In
state. In some examples, computing device 4 may transition some examples, movement module 28 may cause the display
from the static operational state to the static to tilt detection 45 to activate in a low-power state. For example, where the
operational state where a user has picked-up computing display includes a plurality of emissive elements (e.g., an
device 4 and, as such, computing device 4 has started to move. organic light-emitting diode or “OLED” display) movement
In the static to tilt detection operation state, computing module 28 may cause the activation of fewer than all of the
device 4 may determine whether or not a user is attempting to plurality of emissive elements. In some examples, movement
use computing device 4. Responsive to receiving the signal 50 module 28 may cause activation of all of the plurality of
from movement module 28, SCM 8 may transition from a emissive elements. In some examples, UID 12 may be deac-
low-power state to a higher-power state. For instance, respon- tivated by turning off all of the emissive elements. In some
sive to receiving the signal from movement module 28, one or examples, in the wake-up operational state, one or more of
more of processors 30 may exit the “sleep” state and begin application processors 14 may exit a low-power or sleep
executing sensor module 32. Some example scenarios for the 55 power state. In some examples, responsive to receiving an
static to tilt detection operational state are where a user pick- indication of user input requesting that computing device 4
up computing device 4 and therefore causes computing deactivate the display (e.g., the user pressed a sleep or off
device 4 to move. button), computing device 4 may re-enter the moving opera-
Sensor module 32 may activate one or more of sensors 10. tional state. An example scenario for the wake-up operational
For instance, sensor module 32 may activate a gyroscope of 60 state is when a user is interacting with a presence-sensitive
sensors 10. Sensor module 32 may determine whether or not display of computing device 4.
a user of computing device 4 is attempting to use computing In some examples, if sensor module 32 does not determine
device 4. In some examples, to determine whether or not the that at least one statistic satisfies a threshold (i.e., if sensor
user is attempting to use computing device 4, sensor module module 32 does not determine that the user is attempting to
32 may determine one or more statistics based on sensor data 65 use computing device 4) within a period of time after receiv-

measured by one or more of sensors 10. For example, sensor
module 32 may determine that the user of computing device

ing the signal from movement module 28, sensor module 32

may cause device 4 to change operational states. For examle ASIMO 1069
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if sensor module 32 does not determine that the user is
attempting to use computing device 4 within the period of
time after receiving the signal from movement module 28,
computing device 4 may determine that computing device 4 is
static (e.g., that the orientation of computing device 4 has
remained unchanged for a period of time) and may return to
the static operational state. As another example, if sensor
module 32 does not determine that at least one statistic satis-
fies a threshold within a period of time after receiving the

16

object is greater than the threshold distance within a period of
time of entering the covered operational state (e.g., 2 sec-
onds). In some examples, responsive to determining that
computing device 4 is covered after the period of time, sensor
module 32 may cause computing device 4 to enter a “covered
to static detection” operational state. Some example scenarios
for the covered operational state are where computing device
4 isin ain a bag/pocket, and/or in a protective case/sleeve. By
determining whether or not computing device 4 is covered,

signal from movement module 28, sensor module 32 may 10 computing device 4 may avoid entering the wake-up opera-
determine that computing device 4 is moving and enter a tional state if there is something in front of computing device
“moving” operational state. For instance, sensor module 32 4 (e.g., a cover, and/or the inside of a bag/pocket).
may send a signal to movement module 28 that causes move- In some examples, sensor module 32 may utilize two or
ment module 28 to enter the moving operational state. more proximity sensors of sensors 10 which may be located at
In the moving operational state, movement module 28 may 15 different positions within computing device 4 to determine
determine, based on motion data received from motion sensor the distance between an object and computing device 4. For
24, whether or not computing device 4 is stable. For instance, instance, a first proximity sensor may be positioned at a
motion module 6 may determine that computing device 4 is top-left corner of computing device 4 and a second proximity
stable if a standard deviation of motion data received from sensor may be positioned at a bottom-right corner of comput-
motion sensor 24 is below a threshold. Additionally, in some 20 ing device 4. In this way, sensor module 32 may still be able
examples, such as where motion sensor 24 is an accelerom- to determine whether or not computing device 4 is covered
eter, motion module 6 may determine that computing device even though one of the sensors may indicate a distance of
4 is stable if motion data received from motion sensor 24 approximately zero (e.g., where a hand of the user is obstruct-
indicates that computing device 4 is horizontal (i.e., whether ing the sensor).
or not the absolute value of an axis of the accelerometer 25  In the covered to static detection operational state, sensor
perpendicular to the plane of the display is approximately one module 32 may determine whether or not a user is attempting
(). In some examples, responsive to determining that com- to use computing device 4. In some examples, in the covered
puting device 4 is stable, movement module 28 may cause to static detection operational state, sensor module 32 may
computing device 4 to return to the static operational state determine whether or not a user is attempting to use comput-
(i.e., movement module 28 may resume analyzing motion 30 ing device 4 using similar techniques to the static to tilt
data from motion sensor 24 to determine if computing device detection operational state. For instance, sensor module 32
4 has moved). In some examples, upon entering the moving may determine that the user is attempting to use computing
operation state, SCM 8 may re-enter the low-power or sleep device 4 responsive to determining that at least one statistic
power state. In some examples, upon exiting the moving satisfies a threshold. In some examples, some or all of the
operation state, SCM 8 may re-enter the low-power or sleep 35 statistics and/or threshold values used by the covered to static
power state. In some example scenarios for the moving opera- detection operational state may be the same as the threshold
tional state are where computing device 4 is in a moving values used by the static to tilt detection operational state. In
vehicle, in a bag, or a user’s hand but is not being used. some examples, some or all of the statistics and/or threshold
Insome examples, in either the static to tilt detection opera- values used by the covered to static detection operational state
tional state or the moving operational state, sensor module 32 40 may be different than the threshold values used by the static to
may analyze proximity data measured by one or more of tilt detection operational state. In some examples, responsive
sensors 10 to determine whether or not an objected is less than to determining that at least one statistic satisfies a threshold,
a threshold distance (e.g., 10 cm) away from computing sensor module 32 may cause computing device 4 to enter the
device 4. In some examples, sensor module 32 may determine wake-up operational state. In some examples, responsive to
the distance between computing device 4 and the object at a 45 not determining that at least one statistic satisfies a threshold
regular interval (e.g., 1 second). In some examples, respon- within a period of time (e.g., 2 seconds), sensor module 32
sive to determining the an object is less than the threshold may cause computing device 4 to enter the moving opera-
distance away from computing device 4, sensor module 32 tional state. An example scenario for the covered to static
may enter a “covered” operational state. For instance, sensor detection operational state is when a user removes computing
module 32 may enter the covered operational state if the 50 device 4 from a bag or a pocket.
distance between computing device 4 and the object is less In this way, sensor module 32 may reduce the likelihood of
than the threshold for a period of time (e.g., 5 seconds). a false positive (i.e., where motion module 6 determines that
In the covered operational state, sensor module 32 may computing device 4 is moving but SCM 8 determines that a
determine whether or not computing device 4 is or becomes user is not attempting to use computing device 4). For
uncovered. For instance, sensor module 32 may determine 55 example, a false positive may be triggered when computing
that computing device 4 is uncovered if proximity data device 4 is in a moving vehicle. In such an example, comput-
received from one or more of sensors 10 indicates that a ing device 4 may be moving relative to the outside, but static
distance between computing device 4 and an object is greater relative to the vehicle.
than a threshold distance (e.g., 10 cm). In some examples, By reducing the number of false positives, the amount of
sensor module 28 may be in a low-power state for a starting 60 power consumed by the display may be reduced which may
portion of the covered operational state, and wake-up in extend the period of time which computing device 4 may be
response to receiving an interrupt from one or more of sensors powered by battery 48. As discussed above, motion module 6
10 that indicates that an object is greater than a threshold may consume significantly less power than SCM 8 and the
distance from computing device 4. In some examples, sensor second motion sensor of sensors 10. Therefore, by using
module 32 may determine that computing device 4 is uncov- 65 motion module 6 to make the initial determination that com-

ered if proximity data received from one or more of sensors 10
indicates that a distance between computing device 4 and an

puting device 4 is moving, and only then activating SCM 8 to

confirm that the user is attempting to use computing device M ASIMO 1069
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the amount of power consumed by computing device 4 may
be reduced which may extend the period of time which com-
puting device 4 may be powered by battery 48.

FIG. 3 illustrates an example orientation vector of a mobile
device detected by a motion sensor, in accordance with one or
more techniques of the present disclosure. As illustrated by
FIG. 3,V ., may correspond to a vector which represents the
orientation of a device, such as V -, of computing device 4 as
illustrated in FIG. 1, in three dimensions.

18

such as text, images, a group of moving images, etc. The
example shown in FIG. 4 includes a computing device 90,
presence-sensitive display 94, communication unit 100, pro-
jector 110, projector screen 112, mobile device 116, and
visual display device 120. Although shown for purposes of
example in FIGS. 1 and 2 as stand-alone computing device 4,
a computing device, such as computing device 90 may, gen-
erally, be any component or system that includes a processor
or other suitable computing environment for executing soft-

The orientation of computing device 4, and, in particular, 10 . . .
. ware instructions and, for example, need not include a pres-
the vector, V, . may be defined by the magnitudes of the ] tive displ
vector in the X, Y, and Z directions A, A, and A, respec- ence-sensitive dispiay. . .
tively, as well as the angles between the vector and each of the As shown in the example of FIG. 4, computing device 90
y, g : T )
X, Y, and Z axes (not shown in FIG. 3). In some examples, one may be a processor that 1ncludes functionality as described
or more processors of computing device 4 may operate 15 with r e;pect t? processor 40 in HG' 2. In such examples,
according to one or more techniques that approximate the compl.ltlng.deV1ce90 may be opere.mve.:ly coupled to presence-
orientation of computing device 4 as one of horizontal or sensitive display 94 by a commgmcatlon chanpel 92A, Wh}Ch
vertical based on the angle, o, between the orientation vector, may be a system bus or other suitable connection. Computing
V> and the projection of the vector onto the horizontal X-Y device 90 may also be operatively coupled to communication
plane. 20 unit 100, further described below, by a communication chan-
For example, one or more of processors 26 and/or proces- nel 92B, which may also be a system bus or other suitable
sors 30 may receive the magnitudes A, A, A, of vector, V, connection. Although shown separately as an example in FIG.
in the X, Y, Z directions from a motion sensor, such as motion 4, computing device 90 may be operatively coupled to pres-
sensor 24, respectively in the example of FIG. 3. One or more ence-sensitive display 94 and communication unit 100 by any
of processors 26 and/or processors 30 may then calculate the 25 number of one or more communication channels.
magnitude, A_, of the projection of vector, V,, in the X-Y In other examples, such as illustrated previously by com-
plane according to the following formula. puting device 4 in FIGS. 1-2, a computing device may refer to
aportable or mobile device such as mobile phones (including
4, NV42+4,7 0 smart phones), wearable computing devices (including smart
One or more of processors 26 and/or processors 30 may 30 Watches.) laptop computers, etc. In some examples, a comput-
then calculate the angle, «, between the orientation vector, ing device may be a desktop computers, tablet computers,
V> and the projection of the vector onto the horizontal X-Y smart television platform.s, cameras, personal digital assis-
plane as a function of the arc tangent of the magnitude, A_, of tants (PDAs), Servers, I.nalnframes., ete.
the vertical component of the orientation vector, V__ and the . Pr esence-sensitive display 94, like UID 1,2,0f ,FIG' L may
magnitude, A, of the projection of the vector in the X-Y 35 1nclud§ display Qewce 96 and presence-sensitive input device
plane. For example, one or more of processors 26 and/or 98. DlsPlay deylce 96 may, .for example, r ceetve data from
processors 30 may calculate the angle, a, according to the computing device 90 and dlSpl?‘Y the. g aphlcal. content. In
following formula. some e?xamples, presence-sensitive input fiewce 98 may
determine one or more user inputs (e.g., continuous gestures,
40 multi-touch gestures, single-touch gestures, etc.) at presence-
A, @ sensitive d.is.play 94 qsing capacitive., in.duc.tive, and/or opti-
a= aICtaﬂ(A—Xy] cal recognition techniques and send indications of such user
input to computing device 90 using communication channel
92A. In some examples, presence-sensitive input device 98
In one example, one or more of processors 26 and/or pro- 45 may be physically positioned on top of display device 96 such
cessors 30 may approximate the orientation of computing that, when a user positions an input unit over a graphical
device 4 as vertical when the angle, ., between the orientation element displayed by display device 96, the location at which
vector, V, ., and the projection of the vector onto the hori- presence-sensitive input device 98 corresponds to the loca-
zontal X-Y plane is greater than a threshold. In some tion of display device 96 at which the graphical element is
examples, the threshold may be 10 degrees. In some 50 displayed. Inother examples, presence-sensitive input device
examples, the threshold may be 50 degrees. 98 may be positioned physically apart from display device 96,
In accordance with or more techniques of this disclosure, and locations of presence-sensitive input device 98 may cor-
one or more of processors 26 may determine, based on motion respond to locations of display device 96, such that input can
data measured by motion sensor 24, that computing device 4 be made at presence-sensitive input device 98 for interacting
has moved from a first orientation to a second, different 55 with graphical elements displayed at corresponding locations
orientation. For instance, one or more of processors 26 may of display device 96.
determine the magnitude, A, of the projection of vector, V, ., As shown in FIG. 4, computing device 90 may also include
inaccordance with formula (I), above, at a first time (resulting and/or be operatively coupled with communication unit 100.
inA, ) and at a second time (A, ,). In some examples, if the Communication unit 100 may include functionality of com-
difference between A, and A_, is greater than a threshold, 60 munication unit 42 as described in FIG. 2. Examples of com-
one or more of processors 26 may determine that computing munication unit 100 may include a network interface card, an
device 4 has moved. Ethernet card, an optical transceiver, a radio frequency trans-
FIG. 4 is a block diagram illustrating an example comput- ceiver, or any other type of device that can send and receive
ing device that outputs graphical content for display at a information. Other examples of such communication units
remote device, in accordance with one or more techniques of 65 may include Bluetooth, 3G, and Wi-Fi radios, Universal

the present disclosure. Graphical content, generally, may

Serial Bus (USB) interfaces, etc. Computing device 90 may

include any visual information that may be output for display, also include and/or be operatively coupled with one or moler A SIMO 1069
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other devices, e.g., input devices, output devices, memory,
storage devices, etc. that are not shown in FIG. 4 for purposes
of brevity and illustration.

FIG. 4 also illustrates a projector 110 and projector screen
112. Other such examples of projection devices may include
electronic whiteboards, holographic display devices, and any
other suitable devices for displaying graphical content. Pro-
jector 110 and projector screen 112 may include one or more
communication units that enable the respective devices to

20

play at one or more remote devices, such as projector 110,
projector screen 112, mobile device 116, and visual display
device 120. For instance, computing device 90 may execute
one or more instructions to generate and/or modify graphical
content in accordance with techniques of the present disclo-
sure. Computing device 90 may output the data that includes
the graphical content to a communication unit of computing
device 90, such as communication unit 100. Communication
unit 100 may send the data to one or more of the remote

communicate with computing device 90. In some examples, 10 devices, such as projector 110, projector screen 112, mobile
the one or more communication units may enable communi- device 116, and/or visual display device 120. In this way,
cation between projector 110 and projector screen 112. Pro- computing device 90 may output the graphical content for
jector 110 may receive data from computing device 90 that display at one or more of the remote devices. In some
includes graphical content. Projector 110, in response to examples, one or more of the remote devices may output the
receiving the data, may project the graphical content onto 15 graphical content at a presence-sensitive display that is
projector screen 112. In some examples, projector 110 may included in and/or operatively coupled to the respective
determine one or more user inputs (e.g., continuous gestures, remote devices.
multi-touch gestures, single-touch gestures, etc.) at projector In some examples, computing device 90 may not output
screen using optical recognition or other suitable techniques graphical content at presence-sensitive display 94 that is
and send indications of such user input using one or more 20 operatively coupled to computing device 90. In other
communication units to computing device 90. In such examples, computing device 90 may output graphical content
examples, projector screen 112 may be unnecessary, and for display at both a presence-sensitive display 94 that is
projector 110 may project graphical content on any suitable coupled to computing device 90 by communication channel
medium and detect one or more user inputs using optical 92A, and at one or more remote devices. In such examples,
recognition or other such suitable techniques. 25 the graphical content may be displayed substantially contem-
Projector screen 112, in some examples, may include a poraneously at each respective device. For instance, some
presence-sensitive display 114. Presence-sensitive display delay may be introduced by the communication latency to
114 may include a subset of functionality or all of the func- send the data that includes the graphical content to the remote
tionality of UID 10 as described in this disclosure. In some device. In some examples, graphical content generated by
examples, presence-sensitive display 94 may include addi- 30 computing device 90 and output for display at presence-
tional functionality. Projector screen 112 (e.g., an electronic sensitive display 94 may be different than graphical content
whiteboard), may receive data from computing device 90 and display output for display at one or more remote devices.
display the graphical content. In some examples, presence- Computing device 90 may send and receive data using any
sensitive display 114 may determine one or more user inputs suitable communication techniques. For example, computing
(e.g., continuous gestures, multi-touch gestures, single-touch 35 device 90 may be operatively coupled to external network 104
gestures, etc.) at projector screen 112 using capacitive, induc- using network link 102A. Each of the remote devices illus-
tive, and/or optical recognition techniques and send indica- trated in FIG. 4 may be operatively coupled to network exter-
tions of such user input using one or more communication nal network 104 by one of respective network links 102B,
units to computing device 80. 102C, and 102D. External network 104 may include network
FIG. 4 also illustrates mobile device 116 and visual display 40 hubs, network switches, network routers, etc., that are opera-
device 120. Mobile device 116 and visual display device 120 tively inter-coupled thereby providing for the exchange of
may each include computing and connectivity capabilities. information between computing device 90 and the remote
Examples of mobile device 116 may include e-reader devices, devices illustrated in FIG. 4. In some examples, network links
convertible notebook devices, hybrid slate devices, wearable 102A-102D may be Ethernet, ATM or other network connec-
computing devices, etc. Examples of visual display device 45 tions. Such connections may be wireless and/or wired con-
120 may include other semi-stationary devices such as tele- nections.
visions, computer monitors, etc. As shown in FIG. 4, mobile In some examples, computing device 90 may be opera-
device 116 may include a presence-sensitive display 118. tively coupled to one or more of the remote devices included
Visual display device 120 may include a presence-sensitive in FIG. 4 using direct device communication 108. Direct
display 122. Presence-sensitive displays 118, 122 may 50 device communication 108 may include communications
include a subset of functionality or all of the functionality of through which computing device 90 sends and receives data
UID 10 as described in this disclosure. In some examples, directly with a remote device, using wired or wireless com-
presence-sensitive displays 118, 122 may include additional munication. That is, in some examples of direct device com-
functionality. In any case, presence-sensitive display 122, for munication 108, data sent by computing device 90 may not be
example, may receive data from computing device 90 and 55 forwarded by one or more additional devices before being
display the graphical content. In some examples, presence- received at the remote device, and vice-versa. Examples of
sensitive display 122 may determine one or more user inputs direct device communication 108 may include Bluetooth,
(e.g., continuous gestures, multi-touch gestures, single-touch Near-Field Communication, Universal Serial Bus, Wi-Fi,
gestures, etc.) at projector screen using capacitive, inductive, infrared, etc. One or more of the remote devices illustrated in
and/or optical recognition techniques and send indications of 60 FIG. 4 may be operatively coupled with computing device 90
such user input using one or more communication units to by communication links 106A-106D. In some examples,
computing device 90. communication links 106 A-106D may be connections using
As described above, in some examples, computing device Bluetooth, Near-Field Communication, Universal Serial Bus,
90 may output graphical content for display at presence- infrared, etc. Such connections may be wireless and/or wired
sensitive display 94 that is coupled to computing device 90 by 65 connections.

a system bus or other suitable communication channel. Com-

In accordance with techniques of the disclosure, comput-

puting device 90 may also output graphical content for dis- ing device 90 may be operatively coupled to visual diSPIM ASIMO 1069
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device 120 using external network 104. A first motion module
of computing device 90 may determine, based on motion data
measured by a first motion sensor, that computing device 90
has moved. Responsive to determining that computing device
90 has moved, the first motion module may activate a second,
different motion module of computing device 90. The second
motion module may determine, based on motion data mea-
sured by a second motion sensor, that a user is attempting to
use computing device 90. Responsive to determining that that

22

In some examples, computing device 4 may implement a
finite-state machine. Each of FIGS. 6A-6G illustrates an
example operating state. For instance, FIG. 6 A illustrates an
example “static” operating state, FIG. 6B illustrates an
example “static to tilt detection” operational state, FIG. 6C
illustrates an example “wake-up” operational state, FIG. 6D
illustrates an example “moving” operational state, FIG. 6E
illustrates an example “covered” operational state, FIG. 6F
illustrates an example “covered to static detection” opera-

the user is attempting to use cqmputing device 90, the second 10 tional state, and FIG. 6G illustrates an example “covered
motion module may send a signal that causes one or more detection” tional stat
displays to activate. For example, the second motion module clection operational state. . .
may send a signal that causes display device 96 of presence- In accordan.ce with one or more techr}lques Of, the disclo-
sensitive display 94, projector 110, presence-sensitive dis- sure, FIG. 6A 1111.15trates an example static operating state. In
play 118 of mobile device 116, and/or presence-sensitive 15 the f:xample static operating s.tate, mqvement module 28 of
display 122 of visual display device 120 to activate. motion mOdl.ﬂe 6 of computing deVl.Ce 4 may determine,
FIG. 5 is a flow diagram illustrating example operations of based on motion data measured by motion sensor 24, whether
a computing device to activate a display responsive to deter- or not computing device 4 has moved (602). If computing
mining that a user is attempting to use the device, in accor- device 4 has not moved, movement module 28 may continue
dance with one or more techniques of the present disclosure. 20 to analyze the motion data measured by motion sensor 24 to
The techniques of FIG. 5 may be performed by one or more determine whether or not computing device 4 has moved
processors of a computing device, such as computing device (“Yes” branch of 604). If computing device 4 has moved,
4 illustrated in FIG. 1 and FIG. 2. For purposes of illustration, computing device 4 may transition into a static to tilt detec-
the techniques of FIG. 5 are described within the context of tion operational state, an example of which is illustrated by
computing device 4 of FIG. 1 and FIG. 2, although computing 25 FIG. 6B (“No” branch of 604).
devices having configurations different than that of comput- FIG. 6B illustrates an example static to tilt detection opera-
ing device 4 may perform the techniques of FIG. 5. tional state. In the example static to tilt detection operational
In accordance with one or more techniques of the disclo- state, movement module 28 may activate sensor control mod-
sure, movement module 28 of motion module 6 of computing ule 8 (“SCM 8”) of computing device 4 (606). Responsive to
device 4 may determine that computing device 4 has moved 30 becoming active, sensor module 32 of SCM 8 may activate a
(502). As discussed above, at a first time, movement module second motion sensor of sensors 10 (608). Sensor module 32
28 may determine that computing device 4 has moved based may start a timer, which may have an initial value of zero
on motion data measured by a first motion sensor, which may (610). In some examples, as opposed to starting the timer,
be an accelerometer. Also, as discussed above, at or prior to sensor module 32 may record a time stamp. Sensor module 32
the first time, computing device 4 may be in a low-power state 35 may determine, based on motion data measured by the second
in which a display is deactivated. Responsive to determining motion sensor, whether or not a user is attempting to use
that computing device 4 has moved, movement module 28 computing device 4 (612). As discussed above, sensor mod-
may activate sensor control module 8 (“SCM 8”) of comput- ule 32 may determine one or more statistics based on second
ing device 4 (504). As discussed above, movement module 28 motion data measured by the second motion sensor, and
may activate SCM 8 by sending an interrupt to one or more of 40 determine that the user is attempting to use computing device
processors 30 of SCM 8. 4 if at least one of the one or more statistics satisfies a thresh-
Sensor module 32 of SCM 8 may determine that a user is old.
attempting to use computing device 4 (506). As discussed If sensor module 32 determines that the user is attempting
above, sensor module 32 may determine that auser is attempt- to use computing device 4, computing device 4 may transition
ing to use computing device 4 based on motion data measured 45 into a wake-up operating state, an example of which is illus-
by a second motion sensor. For instance, sensor module 32 trated by FIG. 6C (“Yes” branch 0f 614). As discussed above,
may determine one or more statistics based on second motion sensor module 32 may determine that the user is attempting to
data measured by the second motion sensor and determine use computing device 4 if at least one statistic satisfies a
that the user is attempting to use computing device 4 if at least threshold. If sensor module 32 does not determine that the
one of the one or more statistics satisfies a threshold. Also as 50 user is attempting to use computing device 4, sensor module
discussed above, responsive to becoming activated, sensor 32 may determine whether or not the timer has reached a
module 32 may activate the second motion sensor, which may threshold (“No” branch of 614). As discussed above, sensor
be a gyroscope. Responsive to determining that the user is module 32 may determine that the user is not attempting to
attempting to use computing device 4, sensor module 32 may use computing device 4 if at least one statistic does not satisfy
activate a display (508). 55 athreshold. In some examples, sensor module 32 may deter-
FIGS. 6A-6G are flow diagrams illustrating example mine that the timer has reached the threshold if a difference
operations of a computing device to activate a display respon- between a time stamp recorded during operation 610 and a
sive to determining that a user is attempting to use the device, time stamp recorded during operation 616 is greater than the
in accordance with one or more techniques of the present threshold. If sensor module 32 determines that the timer has
disclosure. The techniques of FIGS. 6A-6G may be per- 60 not reached the threshold, sensor module 32 may continue to
formed by one or more processors of a computing device, analyze motion data measured by the second motion sensor to
such as computing device 4 illustrated in FIG. 1 and FIG. 2. determine whether or not the user is attempting to use com-
For purposes of illustration, the techniques of FIGS. 6A-6G puting device 4 (“No” branch of 616). If sensor module 32
are described within the context of computing device 4 of determines that the timer has reached the threshold, comput-
FIG. 1 and FIG. 2, although computing devices having con- 65 ingdevice4 may transition into amoving operational state, an

figurations different than that of computing device 4 may
perform the techniques of FIGS. 6A-6G.

example of which is illustrated by FIG. 6D (“Yes” branch of
616).
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In some examples, the static to tilt detection operational
state may include the operations of a covered detection opera-
tional state, an example of which is illustrated by FIG. 6G. In
examples, if the techniques of the static to tilt detection opera-
tional state result in an operational state transition prior to the
techniques of the covered detection operational state, com-
puting device 4 may transition into the operational state deter-
mined by the static to tilt detection operational state. In
examples, if the techniques of the covered detection opera-

24

FIG. 6F illustrates an example covered to static detection
operational state. In the example covered to static detection
operational state, sensor module 32 may start a timer, which
may have an initial value of zero (638). In some examples, as
opposed to starting the timer, sensor module 32 may record a
time stamp. Sensor module 32 may determine, based on
motion data from the second motion sensor of sensors 10,
whether or not computing device 4 is static (640). If sensor
module 32 determines that computing device 4 is static, com-

tional state result in an operational state transition priorto the 10 puting device 4 may transition into a wake-up operating state,
techniques of the static to tilt detection operational state, an example of which is illustrated by FIG. 6C (“Yes” branch
computing device 4 may transition into the operational state 01'642). If sensor module 32 does not determine that comput-
determined by the covered detection operational state. ing device 4 is static, sensor module 32 may determine
FIG. 6C illustrates an example wake-up operational state. whether or not the timer has reached a threshold (“No” branch
In the example wake-up operational state, sensor module 32 15 0f 642, 644). In some examples, sensor module 32 may deter-
may activate a display device (618). Sensor module 32 may mine that the timer has reached the threshold if a difference
start a timer, which may have an initial value of zero (620). In between a time stamp recorded during operation 638 and a
some examples, as opposed to starting the timer, sensor mod- time stamp recorded during operation 644 is greater than the
ule 32 may record a time stamp. Sensor module 32 may threshold. If sensor module 32 does not determine that the
determine whether or not user input requesting deactivation 20 timer has reached the threshold, sensor module 32 may con-
of the display has been received (622). If sensor module 32 tinue to analyze motion data measured by the second motion
determines that user input requesting deactivation of the dis- sensor of sensors 10 to determine whether or not computing
play has been received, sensor module 32 may deactivate the device 4 is static (“No” branch of 644, 640). If sensor module
display and computing device 4 may transition into the mov- 32 determines that the timer has reached the threshold, com-
ing operational state (“Yes” branch of 622, 626). If sensor 25 puting device 4 may transition into a moving operational
module 32 does not determine that user input requesting state, an example of which is illustrated by FIG. 6D (“Yes”
deactivation of the display has been received, sensor module branch of 644).
32 may determine whether or not the timer has reached a FIG. 6G illustrates an example covered detection opera-
threshold (“No” branch of 622, 624). tional state. In the example covered detection operational
In some examples, sensor module 32 may determine that 30 state, sensor module 32 may determine, based on data mea-
the timer has reached the threshold if a difference between a sured by a plurality of proximity sensors of sensors 10,
time stamp recorded during operation 620 and a time stamp whether or not computing device 4 is covered (646). If sensor
recorded during operation 624 is greater than the threshold. If module 32 does not determine that computing device 4 is
sensor module 32 determines that the timer has not reached covered, sensor module 32 may continue to analyze data
the threshold, sensor module 32 may continue to determine 35 measured by the plurality of proximity sensors of sensors 10
whether or not user input requesting deactivation of the dis- to determine whether or not computing device 4 is covered
play has been received (“No” branch of 624, 622). If sensor (“No” branch of 648, 646). If sensor module 32 determines
module 32 determines that the timer has reached the thresh- that computing device 4 is covered, computing device 4 may
old, sensor module 32 may deactivate the display and com- transition into a covered operational state, an example of
puting device 4 may transition into a moving operational 40 which is illustrated by FIG. 6E (“Yes” branch of 648).
state, an example of which is illustrated by FIG. 6D (“Yes” FIGS. 7A-7C are tables illustrating example states of a
branch of 624, 626). computing device to activate a display responsive to deter-
FIG. 6D illustrates an example “moving” operational state. mining that a user is attempting to use the device, in accor-
In the example moving operational state, movement module dance with one or more techniques of the present disclosure.
28 may determine, based on motion data measured by motion 45 As illustrated in each of FIGS. 7A-7C, a computing device,
sensor 24, whether or not computing device 4 is static (628). such as computing device 4 of FIG. 1, may implement one or
If movement module 28 does not determine that computing more techniques of this disclosure in a finite state machine.
device 4 is static, movement module 28 may continue to Each of FIGS. 7A-7C illustrates a plurality of example opera-
analyze motion data measured by motion sensor 24 to deter- tional states, and, for each of the example operational states,
mine whether or not computing device 4 is static (“No” 50 example meanings, example processing operations, example
branch of 630). If movement module 28 determines that com- state transitions, example power usage, example time in
puting device 4 is static, computing device 4 may transition which computing device 4 may operate in the state, and a
into the static operating state, an example of which is illus- corresponding power impact.
trated by FIG. 6A (“Yes” branch of 630). In some examples, the techniques illustrated by FIG. 7A
FIG. 6E illustrates an example covered operational state. In 55 may be combined with the techniques illustrated by FIG. 7B
the example covered operational state, sensor module 28 may such that computing device 4 may determine when comput-
determine, based on data measured by a plurality of proximity ing device 4 is static, and may be in a stand, by determining
sensors of sensors 10, whether or not computing device 4 is that an orientation of computing device 4 is either portrait
uncovered (634). If sensor module 28 does not determine that (e.g., where a longer dimension of computing device 4 may be
computing device 4 is uncovered, sensor module 28 may 60 perceived as a height dimension) or landscape (e.g., where a
continue to analyze data measured by the plurality of prox- longer dimension of computing device 4 may be perceived as
imity sensors of sensors 10 to determine whether or not com- a width dimension).
puting device 4 becomes uncovered (“No” branch of 636, FIGS. 8A-8C are tables illustrating example power states
634). If sensor module 28 determines that computing device of example components of a computing device to activate a
4 is uncovered, computing device 4 may transition into a 65 display responsive to determining that a user is attempting to

covered to static detection operational state, an example of
which is illustrated by FIG. 6F.

use the device, in accordance with one or more techniques of

the present disclosure. The techniques of FIGS. 8 A-8C DRTASIMO 1069

Masimo v. Apple
IPR2023-00664



US 9,159,294 B2

25

be performed by one or more processors of a computing
device, such as computing device 4 illustrated in FIG. 1 and
FIG. 2. For purposes of illustration, the techniques of FIGS.
8A-8C are described within the context of computing device
4 of FIG. 1 and FIG. 2, although computing devices having
configurations different than that of computing device 4 may
perform the techniques of FIGS. 8A-8C.

As discussed above with reference to FIG. 2, computing
device 4 may include motion module 6, SCM 8, one or more

26
Example 4

The method of any combination of examples 1-3, further
comprising: determining, proximity data measured by one or
more proximity sensors; and determining, based at least on
the proximity data, a second statistic of the group of statistics.

Example 5

sensors 10 (one or more of which may be a gyroscope and/or 1°  The method of any combination of examples 1-4, wherein
a proximity sensor), UID 12, and application processors 14. determining, the proximity data measured by the one or more
Also as discussed above, in some examples, computing proximity sensors comprises: determining, first proximity
device 4 may operate in a plurality of operational states. In data measured by a first proximity sensor of the one or more
some examples, the power states of one or more components proximity sensors, wherein the first proximity sensor is posi-
of computing d?VICe 4 may vary depending on an.operatlonal " tioned near a first corner of the computing device; and deter-
state of computing .dewce 4. FIGS. 8A-8C each illustrate an mining, second proximity data measured by a second prox-
example relationship bf:tween Dpower states of one or more imity sensor of the one or more proximity sensors, wherein
components of computing deVl,Ce 4 and the example opera- the second proximity sensor is positioned near a second cor-
tional states of computing device 4, although other power . . . .
: . . . 5o herofthe computing device, and wherein the second corner is
state/operational state relationships are possible. For different than the first corner.
instance, in FIG. 8C, while SCM 8 is illustrated as on during ’
the covered operational state, in some examples, SCM 8 may E
. . xample 6
be off during the covered operational state or may only be on
forIa portion of the covered operational state. 55 The method of any combination of examples 1-5, wherein
n some examples, the one or more components may con- .. e
sume more power in their respective on power states than in deter.ml.mng, the pr0x1m1t}./ data measur.e(.i by the one or mqr ©
their respective off power states. In some examples, in their proximity sensors comprises: fietenmmng, first proximity
respective off power states, the one or more components of ~ data measured by a first proximity sensor of the one or more
computing device 4 may be in a low-power of sleep state, proximity sensors, wherein the first proximity sensor is posi-
which may involve the consumption of some power. In some 3¢ tioned on a first surface of the computing device; and deter-
examples, in their respective off power states, the one or more mining, second proximity data measured by a second prox-
components of computing device 4 may be completely off imity sensor of the one or more proximity sensors, wherein
and consume no power. the second proximity sensor is positioned on a second surface
of the computing device, and wherein the second surface is
Example 1 35 different than the first surface.
A method comprising: determining, by a first motion mod- Example 7
ule of a computing device and based on first motion data
measured by a first motion sensor at a first time, that the The method of any combination of examples 1-6, further
mobile computing device has moved, wherein a presence- 49 comprising: responsive to determining, based on the proxim-
sensitive display operatively coupled to the computing device ity data, that an object is greater than a threshold distance
is deactivated at the first time; responsive to determining that from the computing device, activating the second motion
the computing device has moved, activating a second, differ- module.
ent, motion module; determining, by the second motion mod-
ule, second motion data measured by a second motion sensor, 43 Example 8
wherein determining the second motion data uses a greater
quantity of power than determining the first motion data; The method of any combination of examples 1-7, further
determining a first statistic of a group of statistics based at ~ comprising: receiving, by the computing device, an indica-
least on the second motion data; and responsive to determin- tion of user input detected at an input device that switches the
ing that at least one statistic of the group of statistics satisfies 30 computing device to alow power state in which the presence-
a threshold, activating the presence-sensitive display. sensitive display is deactivated; responsive to receiving the
indication of the user input that switches the computing
Example 2 device to the low power state, deactivating the presence-
sensitive display; and determining, by the first motion module
The method of example 1, further comprising: determining 355 of the computing device and based on fourth motion data
third motion data measured by the first motion sensor, measured by the first sensor, that the computing device has
wherein determining the first statistic of the group of statistics not moved for a defined time duration.
comprises determining the first statistic of the group of sta-
tistics based on: the third motion data; and the second motion Example 9
data. 60
The method of any combination of examples 1-8, wherein
Example 3 the first motion module includes the first motion sensor and a
first processor, wherein the second motion module includes a
The method of any combination of examples 1-2, wherein second processor, wherein the computing device includes an
the first statistic indicates whether or not the computing 65 application processor, and wherein the first processor, the

device moved from a first orientation to a second, different
orientation.

second processor, and the application processor are different,
respective processors.

MASIMO 1069
Masimo v. Apple
IPR2023-00664



US 9,159,294 B2

27
Example 10

The method of any combination of examples 1-9, wherein
activating the second motion module comprises: sending, by
the first processor and to the second processor, an interrupt;
and activating, based at least in part on the interrupt, the
second sensor.

Example 11

28
Example 17

The computing device of any combination of examples
13-16, wherein the proximity module determines the prox-
imity data measured by the one or more proximity sensors by
at least: determining, first proximity data measured by a first
proximity sensor of the one or more proximity sensors,
wherein the first proximity sensor is positioned near a first
corner of the computing device; and determining, second
proximity data measured by a second proximity sensor of the

19" one or more proximity sensors, wherein the second proximity
The method of any combination of examples 1-10, wherein sensor is positioned near a second corner of the computing
the first sensor is an accelerometer and the second sensor is a device, and wherein the second corner is different than the
gyroscope. first corner.
Example 12 15 Example 18
The method of any combination of examples 1-11, wherein The computing device of any combination of examples
the presence-sensitive display comprises a plurality of emis- 13-17, wherein the proximity module determines the prox-
sive elements, and wherein activating the presence-sensitive imity data measured by the one or more proximity sensors by
display comprises at least one of: activating fewer than all of 20 at least: determining, first proximity data measured by a first
the plurality of emissive elements; and activating all of the proximity sensor of the one or more proximity sensors,
plurality of emissive elements. wherein the first proximity sensor is positioned on a first
surface of the computing device; and determining, second
Example 13 proximity data measured by a second proximity sensor of the
23 one or more proximity sensors, wherein the second proximity
A computing device comprising: one or more processors; a sensor is positioned on a second surface of the computing
plurality of sensors; a first motion module that determines, device, and wherein the second surface is different than the
based on first motion data measured by a first motion sensor first surface.
of' the plurality of sensors and at a first time, that the comput-
ing device has moved, wherein a presence-sensitive display is 39 Example 19
deactivated at the first time; and wherein the first motion
module, responsive to determining that the mobile computing The computing device of any combination of examples
device has moved, activates a second, different motion mod- 13-18, wherein responsive to determining, based on the prox-
ule of the plurality of modules, wherein the second motion imity data, that an object is greater than a threshold distance
module determines second motion data measured by asecond 33 from the computing device, the proximity module activates
motion sensor of the plurality of sensors, wherein determin- the second motion module.
ing the second motion data uses a greater quantity of power
than determining the first motion data; wherein the second Example 20
motion module determines a first statistic of a group of sta-
tistics based at least on the second motion data; and wherein 4°  The computing device of any combination of examples
at least one of the one or more processors, responsive to 13-19, further comprising: a user interface module that
determining that at least one statistic of the group of statistics receives an indication of user input detected by an input
satisfies a threshold, activates the presence-sensitive display. device that switches the computing device to a low power
state in which the presence-sensitive display is deactivated,
Example 14 45 wherein the user interface module, responsive to receiving the
indication of the user input that switches the computing
The computing device of example 13, wherein the first device to the low power state, deactivates the presence-sen-
motion module determines third motion data measured by the sitive display, and wherein the first motion module deter-
first motion sensor, wherein the second motion module deter- mines, based on fourth motion data measured by the first
mines the first statistic based on: the third motion data; and the 30 sensor, that the computing device has not moved for a defined
second motion data. time duration.
Example 15 Example 21
The computing device of any combination of examples 55  The computing device of any combination of examples
13-14, wherein the second motion module determines prox- 13-20, wherein the first motion module is executable by a first
imity data measured by one or more proximity sensors, and processor of the plurality of processors, wherein the second
wherein the second motion module determines a second sta- motion module is executable by a second processor of the
tistic of the group of statistics based at least on the proximity plurality of processors, and wherein the plurality of proces-
data. 60 sors includes an application processor, and wherein the first
processor, the second processor, and the application proces-
Example 16 sor are different, respective processors.
The computing device of any combination of examples Example 22
13-15, wherein the first statistic indicates whether or not the 65

computing device moved from a first orientation to a second,
different orientation.

The computing device of any combination of examples

13-21, wherein the first motion module activates the secorN/I ASIMO 1069
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motion module by at least: sending, by the first processor and
to the second processor, an interrupt, wherein, responsive to
receiving the interrupt, the second processor activates the
second sensor.

Example 23

The computing device of any combination of examples
13-22, wherein the first sensor is an accelerometer and the

30

atleast one statistic of the group of statistics satisfies a thresh-
old, activate the presence-sensitive display, wherein the plu-
rality of processors further comprises an application proces-
sor.

Example 28

The non-transitory computer-readable storage medium of
example 27, further storing instructions that, when executed,

second sensor is a gyroscope. 10" cause at least one of the plurality of processors to perform any
combination of the techniques of examples 1-12.
Example 24
Example 29
The computing device of any combination of examples
13-23, wherein the presence-sensitive display comprises a 13 A non-transitory computer-readable storage medium stor-
plurality of emissive elements, and wherein the second ing instructions that, when executed, cause at least one of a
motion module activates the presence-sensitive display by plurality of processors of a computing device to: determine,
either: activating fewer than all of the plurality of emissive by a first motion module based on first motion data measured
elements; or activating all of the plurality of emissive ele- by a first motion sensor and at a first time, that the mobile
ments. 20" computing device has moved, wherein a presence-sensitive
display is deactivated at the first time; responsive to determin-
Example 25 ing that the computing device has moved, activate a second,
different, motion module; determine, by the second motion
A computing system comprising: a plurality of processors module, second motion data measured by a second motion
including: a first motion processor; a second motion proces- 25 sensor, wherein determining the second motion data uses a
sor; and an application processor; a plurality of sensors; a greater quantity of power than determining the first motion
display; and at least one module executable by at leastone of  data; determine, a first statistic of'a group of statistics based at
the plurality of processors to: determine, based on first motion least on the second motion data; and responsive to determin-
data measured by a first motion sensor of the plurality of ing that at least one statistic of the group of statistics satisfies
sensors and at a first time, that the computing device has 30 ja threshold, activate the presence-sensitive display.
moved, wherein the display is deactivated at the first time;
responsive to determining that the computing device has Example 30
moved, activate the second motion processor; determine, sec-
ond motion data measured by a second motion sensor of the The non-transitory computer-readable storage medium of
plurality of sensors, wherein determining the second motion 35 example 29, further storing instructions that, when executed,
data uses a greater quantity of power than determining the cause at least one of the plurality of processors to perform any
first motion data; determine a first statistic of a group of combination of the techniques of examples 1-12.
statistics based at least on the second motion data; and respon-
sive to determining that at least one statistic of the group of Example 31
statistics satisfies a threshold, activate the display. 40
A device comprising means for performing any combina-
Example 26 tion of the techniques of examples 1-12.
The computing system of example 25, wherein the at least Example 32
one module is executable by at least one of the plurality of 45
processors to perform any combination of the techniques of A system comprising means for performing any combina-
examples 1-12. tion of the techniques of examples 1-12.
The techniques described in this disclosure may be imple-
Example 27 mented, at least in part, in hardware, software, firmware, or
50 any combination thereof. For example, various aspects of the
A non-transitory computer-readable storage medium stor- described techniques may be implemented within one or
ing instructions that, when executed, cause a first motion more processors, including one or more microprocessors,
processor of a plurality of processors of a computing device digital signal processors (DSPs), application specific inte-
to: determine, based on first motion data measured by a first grated circuits (ASICs), field programmable gate arrays (FP-
motion sensor and at a first time, that the computing device 55 GAs), or any other equivalent integrated or discrete logic
has moved, wherein a presence-sensitive display is deacti- circuitry, as well as any combinations of such components.
vated at the first time; responsive to determining that the Theterm “processor” or “processing circuitry” may generally
mobile computing device has moved, activate a second refer to any of the foregoing logic circuitry, alone or in com-
motion processor of the plurality of processors, wherein the bination with other logic circuitry, or any other equivalent
non-transitory computer-readable storage medium further 60 circuitry. A control unit including hardware may also perform
stores instructions that, when executed, cause the second one or more of the techniques of this disclosure.
motion processor of the plurality of processors to: determine, Such hardware, software, and firmware may be imple-
second motion data measured by a second motion sensor, mented within the same device or within separate devices to
wherein determining the second motion data uses a greater support the various techniques described in this disclosure. In
quantity of power than determining the first motion data; 65 addition, any of the described units, modules or components

determine a first statistic of a group of statistics based at least
onthe second motion data; and responsive to determining that

may be implemented together or separately as discrete but

interoperable logic devices. Depiction of different features NASIMO 1069
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modules or units is intended to highlight different functional
aspects and does not necessarily imply that such modules or
units must be realized by separate hardware, firmware, or
software components. Rather, functionality associated with
one or more modules or units may be performed by separate
hardware, firmware, or software components, or integrated
within common or separate hardware, firmware, or software
components.

The techniques described in this disclosure may also be

32

2. The method of claim 1, further comprising:

determining third motion data measured by the first motion
sensor,

wherein determining the first statistic of the group of sta-
tistics comprises determining the first statistic of the
group of statistics based on:
the third motion data; and
the second motion data.

3. The method of claim 1, wherein the first statistic indi-

) > ! ! ! 10 cates whether or not the computing device moved from a first
embodied or encoded in an artlcle.: of manufacture .1ncl.ud1ng a orientation to a second, different orientation.
computer-readable storage medium encoded with instruc- 4. The method of claim 1, wherein determining, the prox-
tions. Instructions embedded or encoded in an article of lmlty data measured by the one or more proximity Sensors
manufacture including a computer-readable storage medium comprises:
encoded, may cause one or more programmable processors, 15  determining first proximity data measured by a first prox-
or other processors, to implement one or more of the tech- imity sensor of the one or more proximity sensors,
niques described herein, such as when instructions included wherein the first proximity sensor is positioned near a
or encoded in the computer-readable storage medium are first corner of the computing device; and
executed by the one or more processors. Computer readable deterrm.mr.lg second proximity data measurgd by a second
storage media may include random access memory (RAM), 20 proximity sensor of the one or more proximity sensors,
read only memory (ROM), programmable read only memory wherein the second proximity sensor is positioned near
(PROM), erasable programmable read only memory a second corner of the computing device, and wherein
(EPROM), electronically erasable programmable read only 5 %f secorﬁddcorfnelr 1s differﬁm t.hag the ﬁrst corrfr.
memory (EEPROM), flash memory, a hard disk, a compact N detmet od o dC l?mtlh » Wherein determining, the prox-
disc ROM (CD-ROM), a floppy disk, a cassette, magnetic 2 lcrgrlrzyri:e: measured by the one or more proximity sensors
media, optical media, or other computer readable media. In prises: -

. . determining first proximity data measured by a first prox-
some examples, an article of manufacture may include one or g £ th I,
readable storage media imity sensor of the one or more proximity sensors,
more computer-rea & ’ wherein the first proximity sensor is positioned on a first
In some examples, a computer-readable storage medium 30 surface of the computing device; and
may include a non-transitory medium. The term “non-transi- determining second proximity data measured by a second
tory” may indicate that the storage medium is not embodied in proximity sensor of the one or more proximity sensors,
a carrier wave or a propagated signa], In certain examp]es, a wherein the second proximity sensor is pOSitiOHed ona
non-transitory storage medium may store data that can, over second surface of the computing device, and wherein the
time, change (e.g., in RAM or cache). 35 second surface is different than the first surface.
. . 6. The method of claim 5, wherein activating the second
Various examples have been described. These and other - -

) ithin th £ the followine clai motion module comprises:
examples are within the scope ol the following clalms. sending, by the first processor and to the second processor,

) ) ) ) an interrupt; and

The invention claimed is: 40  activating, based at least in part on the interrupt, the second
1. A method comprising: Sensor. ) o
.. . . 7. The method of claim 1, further comprising:
determining, by a first motion module of a computing - d inine. based h imity d
devi dbased on first motion data measured by a first responsive 10 determining, based on fhe proximity cata,
eV1.ce an . ) Y . that an object is greater than a threshold distance from
motion sensor at a first time, that thf? gomputlng device the computing device, activating the second motion sen-
has moved, wherein a presence-sensitive display opera- Sor.
tively cogpled to the computing device is deactivated at 8. The method of claim 1, further comprising:
the first time; receiving, by the computing device, an indication of user
responsive to determining that the computing device has inppt detec.ted at an input device that switches the com-
moved, activating a second, different, motion module; 50 puting device to a low power state in which the presence-
.. . . sensitive display is deactivated;
determining, by the second motion module, second motion : “vine the indication of th . h
data measured by a second motion sensor. wherein responsive to recelVlng.t € 11N/ 1.cat10n ot the user iput that
a o Y . ’ switches the computing device to the low power state,
d,etef mining the second m.ot}on data uses a 8r cater quan- deactivating the presence-sensitive display; and
tity of power than determining the first motion data; 55 etermining, by the first motion module of the computing
determining a first statistic of a group of statistics based at device and based on fourth motion data measured by the
least on the second motion data; first sensor, that the computing device has not moved for
determining, by a proximity module of the computing 9 f‘fﬁeﬁneit?efdlllr?tlof'
device, proximity data measured by one or more prox- - the method of claim 1, . .
P . 60  wherein the first motion module includes the first motion
1mity sensors; . .
o . sensor and a first processor, wherein the second motion
detf:rgnmng, by the second m.ot.lon module, a second sta- module includes a second processor,
tistic of the group of statistics based at least on the wherein the computing device includes an application pro-
proximity data; and cessor, and
responsive to determining that at least one statistic of the 65  wherein the first processor, the second processor, and the

group of statistics satisfies a threshold, activating the
presence-sensitive display.

application processor are different, respective proces-
SOIS.
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10. The method of claim 1, wherein the first sensor is an
accelerometer and the second sensor is a gyroscope.

11. The method of claim 1, wherein the presence-sensitive
display comprises a plurality of emissive elements, and
wherein activating the presence-sensitive display comprises
at least one of:

activating fewer than all of the plurality of emissive ele-

ments; and

activating all of the plurality of emissive elements.

5
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determining second proximity data measured by a second
proximity sensor of the one or more proximity sensors,
wherein the second proximity sensor is positioned on a
second surface of the computing device, and wherein the
second surface is different than the first surface.

17. The computing device of claim 12, wherein responsive
to determining, based on the proximity data, that an object is
greater than a threshold distance from the computing device,
the proximity module activates the second motion sensor.

12.A . . e 10 18. The computing device of claim 12, further comprising:
. A computing device comprising: : . L
One OF MOre Processors: a user interface module. that receives an 1ndlcat10n of user
. ’ input detected by an input device that switches the com-
a plurality of sensors; . - - -
o . . puting device to a low power state in which the presence-
a proximity module that detg@lnes proximity data mea- sensitive display is deactivated,
sured bY One or more pr0x1m1j[y sensors; and . 15 wherein the user interface module, responsive to receiving
afirst motion module that determines, based on first motion the indication of the user input that switches the com-
data measured by a first motion sensor of the plurality of puting device to the low power state, deactivates the
sensors and at a first time, that the computing device has presence-sensitive display, and
moved, wherein a presence-sensitive display is deacti- wherein the first motion module determines, based on
vated at the first time, 20 fourth motion data measured by the first sensor, that the
wherein the first motion module, responsive to determining computing device has not moved for a defined time
that the computing device has moved, activates a second, duration.
different motion module, 19. The computing device of claim 12,
wherein the second motion module determines second wherein the first motion module is executable by a first
motion data measured by a second motion sensor of the 25 processor of the plurality of processors,
plurality of sensors, wherein determining the second wherein the second motion module is executable by a
motion data uses a greater quantity of power than deter- second processor of the plurality of processors, and
mining the first motion data, wherein the plurality of processors includes an application
wherein the second motion module determines a first sta- processor, and wherein the first processor, the second
tistic of a group of statistics based at least on the second 30 processor, and the application processor are different,
motion data, respective processors.
wherein the second motion module determines a second 20. The computing device of claim 19,
statistic of the group of statistics based at least on the wherein the first motion module activates the second
proximity data, and motion module by at least:
wherein at least one of the one or more processors, respon- 35 sending, by the first processor and to the second proces-
sive to determining that at least one statistic of the group sor, an interrupt,
of statistics satisfies a threshold, activates the presence- wherein, responsive to receiving the interrupt, the sec-
sensitive display. ond processor activates the second sensor.
13. The computing device of claim 12, 21. The computing device of claim 12, wherein the first
wherein the first motion module determines third motion 40 sensor is an accelerometer and the second sensor is a gyro-
data measured by the first motion sensor, scope.
wherein the second motion module determines the first 22. The computing device of claim 12,
statistic based on: wherein the presence-sensitive display comprises a plural-
the third motion data; and ity of emissive elements, and
the second motion data. 45  wherein the second motion module activates the presence-
14. The computing device of claim 12, wherein the first sensitive display by either:
statistic indicates whether or not the computing device moved activating fewer than all of the plurality of emissive
from a first orientation to a second, different orientation. elements; or
15. The computing device of claim 12, wherein the prox- activating all of the plurality of emissive elements.
imity module determines the proximity data measured by the 50  23. A non-transitory computer-readable storage medium
one or more proximity sensors by at least: storing instructions that, when executed, cause at least one of
determining first proximity data measured by a first prox- a plurality of processors of a computing device to:
imity sensor of the one or more proximity sensors, determine, by a first motion module and based on first
wherein the first proximity sensor is positioned near a motion data measured by a first motion sensor and at a
first corner of the computing device; and 55 first time, that the computing device has moved, wherein
determining second proximity data measured by a second a presence-sensitive display is deactivated at the first
proximity sensor of the one or more proximity sensors, time;
wherein the second proximity sensor is positioned near responsive to determining that the computing device has
a second corner of the computing device, and wherein moved, activate a second, different, motion module;
the second corner is different than the first corner. 60  determine, by the second motion module, second motion
16. The computing device of claim 12, wherein the prox- data measured by a second motion sensor, wherein
imity module determines the proximity data measured by the determining the second motion data uses a greater quan-
one or more proximity sensors by at least: tity of power than determining the first motion data;
determining first proximity data measured by a first prox- determine, a first statistic of a group of statistics based at
imity sensor of the one or more proximity sensors, 65 least on the second motion data;

wherein the first proximity sensor is positioned on a first
surface of the computing device; and

determine, by a proximity module, proximity data mea-
sured by one or more proximity sensors;
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determine, by the second motion module, a second statistic
of the group of statistics based at least on the proximity
data; and

responsive to determining that at least one statistic of the

group of statistics satisfies a threshold, activate the pres-
ence-sensitive display.
24. The non-transitory computer-readable storage medium
of claim 23, further comprising instructions that, when
executed, cause at least one of the plurality of processors to:
determine third motion data measured by the first motion
Sensor,

wherein the instructions cause the at least one of the plu-
rality of processors to determine the first statistic of the
group of statistics based on:
the third motion data; and
the second motion data.

25. The non-transitory computer-readable storage medium
of claim 23, wherein the instructions that cause the at least one
of'the plurality of processors to determine the proximity data
measured by the one or more proximity sensors comprise
instructions that cause the at least one of the plurality of
processors to:

determine first proximity data measured by a first proxim-

ity sensor of the one or more proximity sensors, wherein
the first proximity sensor is positioned near a first corner
of the computing device; and

determine second proximity data measured by a second

proximity sensor of the one or more proximity sensors,

36

wherein the second proximity sensor is positioned near
a second corner of the computing device, and wherein
the second corner is different than the first corner.
26. The non-transitory computer-readable storage medium
5 ofclaim 23, wherein the instructions that cause the at least one
of'the plurality of processors to determine the proximity data
measured by the one or more proximity sensors comprise
instructions that cause the at least one of the plurality of
processors to:
determine first proximity data measured by a first proxim-
ity sensor of the one or more proximity sensors, wherein
the first proximity sensor is positioned on a first surface
of the computing device; and

determine second proximity data measured by a second

proximity sensor of the one or more proximity sensors,
wherein the second proximity sensor is positioned on a
second surface of the computing device, and wherein the
second surface is different than the first surface.

27. The non-transitory computer-readable storage medium
of claim 23, further comprising instructions that, when
executed, cause at least one of the plurality of processors to:

responsive to determining, based on the proximity data,

that an object is greater than a threshold distance from
the computing device, activate the second motion sen-
SOr.
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