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METHOD AND SYSTEM FOR WAKING UP A DEVICE DUE TO MOTION

FIELD OF THE INVENTION

[001] This invention relates to a method and system for waking

up a device from an idle state.

BACKGROUND

[002] Technological progress has led to the proliferation of
commercial electronic devices such as portable computers, game
controllers, GPS devices, digital cameras, cellular telephones, and
personal media players. Continuous improvements have allowed the
users to enjoy many features and possible uses from a single mobile
device. However, generally, the more applications a mobile device has,
the faster the battery of the mobile device depletes. Therefore, it can be

difficult to maximize battery life and provide a great user experience at

the same time.

SUMMARY OF THE INVENTION

[003] The present invention provides a method and system to
wake up a device due to motion. The system determines a dominant
axis of a device. The device is placed in an idle state, after a period of
inactivity or lack of motion. A sensor, such as an accelerometer,

registers a motion of the device. A computation logic analyzes the motion

1



WO 2010/042661 PCT/US2009/059900

data to determine if the motion data indicates a real motion. If so, the

device is woken up.

BRIEF DESCRIPTION OF THE DRAWINGS

[004] The present invention is illustrated by way of example,
and not by way of limitation, in the figures of the accompanying drawings
and in which like reference numerals refer to similar elements and in
which:

[005] Figure 1 is an illustration of one embodiment of moving a
device that may require waking up the device.

[006] Figure 2 is a block diagram of one embodiment of a
system.

[007] Figure 3 is a flowchart of one embodiment of determining
whether to wake up a device based on motion data.

[008] Figure 4 is a flowchart of one embodiment of a process
to create a long average of accelerations.

[009] Figure 5 is a flowchart of one embodiment of a process
for determining whether a device should be woken up from an idle state.

[0010] Figure 6 is a flowchart of one embodiment of a process
to detect and correct glitches in motion data.

[0011] Figure 7 is a block diagram of one embodiment of a

computer system that may be used with the present invention.
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DETAILED DESCRIPTION

[0012] A method and system for waking up a device due to
motion of the device is described. Embodiments of the present invention
are designed to determine if a device should be woken up from an idle
state based on the analysis of motion data. In one embodiment, motion
data for the dominant axis is analyzed and the device is woken up from
idle state if the motion data analysis points to the motion being “real”
motion as opposed to a mere jostle or glitch.

[0013] The following detailed description of embodiments of the
invention makes reference to the accompanying drawings in which like
references indicate similar elements, showing by way of illustration
specific embodiments of practicing the invention. Description of these
embodiments is in sufficient detail to enable those skilled in the art to
practice the invention. One skilled in the art understands that other
embodiments may be utilized and that logical, mechanical, electrical,
functional and other changes may be made without departing from the
scope of the present invention. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the
present invention is defined only by the appended claims.

[0014] Figure 1 is an illustration of one embodiment of moving
an idle device that may result in waking up the device. The idle state is
defined, in one embodiment, as a state in which the device is not

moving, and there is no active application which includes user
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interaction/display. In one embodiment, there may be multiple levels of
idle state, e.g. where various subsystems are placed in a power-reduced
state or not. When the device is in the idle state, the device is placed in
low-power mode. In this state, there is sufficient power maintained to
monitor at least one sensor. However, other elements and applications
are turned off to extend the battery life of the device. In one embodiment,
some applications may remain active. For example, the device may be in
the idle state, but continue a download, utilizing a network and memory
store. In one embodiment, if at least one subsystem is turned off due to
lack of device motion, this may be considered an “idle state.”

[0015] In one embodiment, after a device 110 is placed on a
horizontal surface 115 such as a desk or chair, after a period of inactivity
the device 110 goes to the idle state to conserve the battery. In one
embodiment, the device is placed into the pocket, purse, bag, or any
other non-moving location, the device enters the idle state.

[0016] The system, in one embodiment, is designed to ensure
that when the device is picked up by a user, the device is moved from
the idle state to an active state rapidly. By initiating the transition from the
idle state to the active state without requiring user input, the user wait is
reduced. For example, when a user 100 picks up the device 110 from its
position on the horizontal surface 115, the device is designed to wake
up. In one embodiment, the device 110 is woken up from idle state and

the user is presented the last active state of the device. In one
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embodiment, this may be sufficiently rapid that by the time the device is
being viewed by the user, the prior state has been restored. In contrast, if
the table on which the device is resting is shaken, or the purse is jostled,
the device should not wake up. This reduces power usage, because the
device is not continuously being woken up from small motions which
occur when someone walks near a table, sits down, or similarly causes
small motions.

[0017] Figure 2 is a block diagram illustrating one embodiment
of a system 200 of the present invention. In one embodiment, the system
200 is a portable electronic device. The system 200 in one embodiment
comprises motion sensor logic 210, sample period logic 230, glitch
correcting logic 235, long average logic 240, dominant axis logic 245,
memory 250, computation logic 255, and configuration logic 260.

[0018] In one embodiment, the motion sensor logic 210
comprises an accelerometer 220. In one embodiment, the motion sensor
logic 210 also includes one or more additional sensors, such as
orientation sensor 215.

[0019] In one embodiment, accelerometer 220 may be used to
determine orientation of the device. The orientation may be determined
using long averages of accelerations. The sample period logic 230
determines how frequently the motion sensor logic 210 obtains data. In

one embodiment, the sample period is preconfigured. In one
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embodiment, the sample period is adjusted based on the application(s)
using the sensor data.

[0020] The accelerometer 220 periodically samples motion
data. The long average logic 240 calculates an average of the
acceleration data over the sample period. In one embodiment, the long
average logic 240 calculates the average of the accelerations over a
number of measurements, rather than over a time period. In one
embodiment, the long average logic 240 calculates accelerations over 5
minutes. In one embodiment, the long average logic 240 calculates
accelerations over 20 measurements.

[0021] In one embodiment, the acceleration data is sent to the
glitch correcting logic 235, where the data is analyzed to determine if any
it represents a glitch, i.e., data outside a pre-determined range of
acceptable data. For example, it is extremely unlikely if not impossible
for motion data to go from zero acceleration to 10m/s acceleration in one
reading. In one embodiment, the pre-determined range of data is a
predetermine change in acceleration from a current acceleration. For
example, if the device is idle — e.g. not moving — the range of
accelerations possible for the device is fairly limited. In one embodiment,
glitch correcting logic 235 further may be used to discard non-human
motions. For example, if the device is not being used but is in a moving
vehicle, in one embodiment the vehicle’s motion can be discarded as not

fitting the signature of human motion.
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[0022] In one embodiment, the glitch correcting logic 235
discards any abnormal accelerometer reading(s). In one embodiment,
the non-glitch data is then passed on to the long average logic 240. In
another embodiment, the glitch data is from the long average by glitch
correcting logic 235. In one embodiment, if a certain number of glitch
data points have been discarded, glitch notifier logic 237 notifies the
user. In one embodiment, glitch notifier logic 237 may also notify the
manufacturer. The glitches generally are indicative that the
accelerometer or sensor is malfunctioning.

[0023] The long average logic 240 calculates one or more long
averages of acceleration based on the received motion data. In one
embodiment, the long average logic 240 utilizes a ring buffer memory
250, discarding older data as new data is added to the long average. In
one embodiment, the long average logic 240 creates a long average of
accelerations along a single axis. In one embodiment, the dominant axis
— defined as the axis most impacted by gravity -- is used by the long
average logic 240. In one embodiment, the axis corresponds to one of
the axes of the accelerometer. In one embodiment, the axis is defined as
the orientation experiencing the most pull from gravity. In one
embodiment, the long average logic 240 creates long averages of
accelerations along multiple axes.

[0024] Determining the orientation of an electronic device may

include identifying a gravitational influence. The axis with the largest
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absolute long average may be the axis most influenced by gravity, which
may change over time (e.g., as the electronic device is rotated).
Therefore, a new dominant axis may be assigned when the orientation of
the electronic device and/or the inertial sensor(s) attached to or
embedded in the electronic device changes.

[0025] In one embodiment, the actual axis with the largest
absolute long average over a sample period is assigned as the dominant
axis. In alternative embodiment, the dominant axis does not correspond
to one of the actual axes of the inertial sensor(s) in a current orientation,
but rather to an axis that is defined as approximately aligned to gravity. In
one embodiment, the dominant axis corresponds to a virtual axis that is a
component of a virtual coordinate system. In one embodiment, a true
gravity assessment, such as by doing trigonometric calculations on the
actual axes based on the gravitational influence is performed to
determine orientation.

[0026] In one embodiment, a long average of accelerations is
computed by the long average logic 240 when the device goes into idle
state after a period of inactivity. In one embodiment, the long average
and the dominant axis for which it is computed are received by
computation logic 255. The computation logic 255 also receives, based
on a new sample of motion data, a current dominant axis and an

updated current long average for the current dominant axis.
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[0027] If the prior and current dominant axes are the same, the
computation logic 255 determines if the long average has changed by
more than a predetermined threshold. In one embodiment, when the
change in the dominant axis is larger than the threshold value, the
computation logic 255 communicates with the power logic 265 and the
device state logic 270, to power up the device and restore the last active
device state. If the change in the dominant axis is not larger than the
threshold value, the device is maintained in the idle state.

[0028] In one embodiment, if the new dominant axis is different
from the prior dominant axis, the computation logic 255 communicates
with the power logic 265 and configuration logic 260 to restore the device
to the last active device state.

[0029] Figure 3 is a flowchart of one embodiment of determining
whether to wake up a device based on motion data. At block 305, the
process starts. In one embodiment, the process runs continuously. In
one embodiment, the user may initiate the auto-wake-up system, or set a
preference to have the auto-wake-up system on.

[0030] At block 310, the process determines if it is time to
sample motion data. In one embodiment, the motion data is sampled
periodically. If it is time to sample motion data, the process continues to
block 315. Otherwise, the process returns block 310.

[0031] At block 315, the process gets sample motion data. In

one embodiment, based on the sample motion data, at least one
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current/updated long average of accelerations is calculated. In one
embodiment, the long average is based on a preset number of
measurements, or on a preset time. The process continues to block 320.

[0032] At block 320, the process determines whether the device
is in idle state. In one embodiment, the device is placed in idle state after
the device has been inactive for a period of time. Inactive, in one
embodiment, means that the device is not moving and that there are no
user-interactive applications active on the device. In one embodiment,
when the device is placed in idle state, a long average is initialized. If the
device is not in idle state, the process returns to block 310. If the process
determines that the device is in idle state, the process continues to block
325.

[0033] At block 325, the process determines if the device has
experienced any motion, e.g. there is a difference between the readings
of the accelerometer that are larger than a minimum threshold. In one
embodiment, this determination is made by using a filter to remove
accelerometer motions below the minimum threshold. If the process
determines that no motion has been detected, the process returns to
block 310. If the process determines that the accelerometer data
indicates a movement of the device, the process continues to block 330.

[0034] At block 330, the process determines if the movement is
a “real” motion and not a mere jostle or bump. The device may move, for

example, as a result of a little jostle of a desk or table on which the
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device is laying, a heavy step nearby, or something else that creates a
very small motion, but which does not warrant waking up the device. In
contrast, the device may move as a result of being picked up by a user
intending to use the device. In this case, the movement is a “real” motion
which warrants awakening the device.

[0035] If the motion is not a “real” motion, the process returns to
block 310. If the movement is a “real” motion, the process continues to
block 335. At block 335, the process wakes up the device. The process
continues to block 340.

[0036] At block 340, the process in one embodiment configures
the device to restore the last device state when the device was active. In
one embodiment, the system allows the user to customize the wake-up
restoration of the device. For example, the user may customize the
system not to start the previously-active applications, but to present a
home screen. The process then ends.

[0037] Figure 4 is a flowchart of one embodiment of a process
to create a long average of accelerations. The process 400 starts at
block 405. In one embodiment, this process is continuously running
when the device is powered.

[0038] At block 410, the long average logic, in one embodiment,
receives motion data from the accelerometer. In one embodiment, the

long average logic receives the data from a glitch correcting logic which
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removes abnormal data from the motion data before the motion data is
passed to the long average logic. The process continues to block 415.

[0039] At block 415, the long average logic adds the sampled
motion data to the long average, to create an updated long average of
accelerations. In one embodiment, the long average logic maintains a
long average only for the dominant axis (e.g., the axis on which the
gravitational effect is detected). In another embodiment, the long
average logic maintains an average for one or more axes. The process
continues to block 420.

[0040] At block 420, the long average logic, in one embodiment,
optionally sends the long averages of accelerations for a plurality of axes
to the dominant axis logic for determination of the dominant axis. In an
alternative embodiment, the dominant axis logic retrieves the long
averages of accelerations for a plurality of axes from memory to
determine the dominant axis. The process then returns to block 410, to
continue receiving motion data.

[0041] Figure 5 is a flowchart of one embodiment of a process
500 for determining whether a device should be woken up from an idle
state. The process starts at block 505. In one embodiment, the process
is activated when a preset period with no motion has been detected.

[0042] At block 510, the process places the device in idle state
after the device has been inactive for a period of time. The process

continues to block 515.
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[0043] At block 515, the computation logic receives data for the
dominant axis DA1 of the idle device and accelerations along DA1 over a
sampling period, computed by the long average logic after the device
becomes idle. The process continues to block 520.

[0044] At block 520, the computation logic assigns the long
average of accelerations along DA1 over a period to Idle Sample (1S). In
one embodiment, IS is saved to memory. The process continues to block
525.

[0045] At block 525, the process receives new dominant axis
data DA2 and the new acceleration data along DA2. The process
continues to block 530.

[0046] At block 530, the computation logic adds the new data to
the long average of accelerations along DA2 to generate a Current
Sample (CS). Also at block 530, in one embodiment, the computation
logic saves CS to memory. The process continues to block 535.

[0047] At block 535, the computation logic compares the idle
dominant axis DA1 with the current dominant axis DA2. If the current
dominant axis DAZ2 is different from the idle dominant axis DA1, the
process continues to block 545. In one embodiment, the comparison is
within a range, e.g. a minimum change of one degree has to occur to
identify DA2 as being different from DA1. In one embodiment, if the

dominant axis has changed, then the orientation of the device has
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changed, and that warrants waking up the device. If DA2 is substantially
the same as DA1, then the computation logic continues to block 540.

[0048] At block 540, the computation logic determines if the
long average along the dominant axis has changed by more than a
threshold value, i.e., if the difference between the Current Sample value
and the Idle Sample value is larger than the threshold value. In one
embodiment, the threshold value is set to 30, which is approximately a
10" of a g. If the difference between IS and CS is less than the threshold
value, the process returns to block 510, to continue monitoring the idle
state. CS becomes IS, for the next calculation.

[0049] If the computation logic determines that the change in
the long average of accelerations along the dominant axis is greater than
the threshold, then the computation logic continues to block 545. At
block 545, the computation logic communicates with the power logic of
the configuration logic to start up the device. The process then ends.

[0050] Figure 6 is a flowchart of an embodiment of a process
600 to detect and correct glitches in motion data. In one embodiment,
this process is always active. In one embodiment, this process is active
when the device is in the idle state. In one embodiment, the glitch
correction takes place before the motion data is added to the long
average. The process starts at block 605.

[0051] At block 610, the glitch correcting logic receives motion

data from an accelerometer.
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[0052] At block 615, the glitch correcting logic determines if the
received motion data contains a glitch. In one embodiment, a glitch is a
datum that indicates a motion outside an acceptable range. For example,
it is extremely unlikely that a device would go from idle (e.g., no motion)
to moving at an acceleration of 64 feet per second squared (equivalent to
2 g). The correcting logic examines each datum against a range of
acceptable data to determine if the datum falls within this range and,
therefore, should be used in calculating the long average of
accelerations. In one embodiment, the glitch correction logic utilizes the
change in acceleration between two readings to determine whether there
is a glitch.

[0053] If the glitch correcting logic determines that the motion
data is not a glitch, the glitch correcting logic continues to block 625.

[0054] At block 625, the glitch correcting logic sends the motion
data to the long average logic. The process then returns to block 610, to
continue monitoring the acceleration data.

[0055] If at block 615, the glitch correcting logic determines that
the motion data is outside the allowable range, the glitch correcting logic
continues to block 635.

[0056] At block 635, the glitch correcting logic discards the
unacceptable motion data. At block 640, the process determines whether
there have been an excessive number of glitches. In one embodiment,

the glitch correcting logic uses the motion data to detect a possible
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problem with the accelerometer. In one embodiment, an excessive
number of glitches may indicate a problem with the accelerometer. If the
process determines that there have been an excessive number of
glitches, the process, at block 645, generates an alert regarding the
problem. In one embodiment, the alert may be a message to alert the
user of the device. In one embodiment, the alert may be a notification to
one or more recipients via a network connection. For example, the
system may notify a service provider, manufacturer, or other appropriate
notification target.

[0057] The process then returns to block 610, to continue
monitoring the acceleration data.

[0058] Figure 7 is a block diagram of one embodiment of a
computer system that may be used with the present invention. It will be
apparent to those of ordinary skill in the art, however that other
alternative systems of various system architectures may also be used.
The computer system may include a bus or other internal communication
means 715 for communicating information, and a processor 710 coupled
to the bus 715 for processing information. The system further comprises
a random access memory (RAM) or other volatile storage device 750
(referred to as memory), coupled to bus 715 for storing information and
instructions to be executed by processor 710. Main memory 750 also
may be used for storing temporary variables or other intermediate

information during execution of instructions by processor 710. In one
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embodiment, the system also comprises a read only memory (ROM)
and/or static storage device 720 coupled to bus 715 for storing static
information and instructions for processor 710, and a data storage device
725 such as a flash memory, magnetic disk, optical disk and its
corresponding disk drive. Data storage device 725 is coupled to bus 715
for storing information and instructions.

[0059] The system may include various input/output devices,
such as a screen, audio output, keyboard, button, mouse, etc. These I/O
devices may also be coupled to bus 715 through bus 765 for
communicating information and command selections to processor 710.
Another device, which may optionally be coupled to computer system
700, is a communication device 790 for accessing other nodes of a
distributed system via a network. The communication device 790 may
include any of a number of commercially available networking peripheral
devices such as those used for coupling to an Ethernet, token ring,
Internet, or wide area network. The communication device 790 may
further be a null-modem connection, a wireless connection mechanism,
or any other mechanism that provides connectivity between the
computer system 700 and the outside world. Note that any or all of the
components of this system and associated hardware may be used in
various embodiments of the present invention. It will be appreciated by
those of ordinary skill in the art that any configuration of the system may

be used for various purposes according to the particular implementation.
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The control logic or software implementing the present invention can be
stored in main memory 750, mass storage device 725, or other storage
medium locally or remotely accessible to processor 710.

[0060] It will be apparent to those of ordinary skill in the art
that the system, method, and process described herein can be
implemented as software stored in main memory 750 or read only
memory 720 and executed by processor 710. This control logic or
software may also be resident on an article of manufacture comprising a
computer readable medium having computer readable program code
embodied therein and being readable by the mass storage device 725
and for causing the processor 710 to operate in accordance with the
methods and teachings herein.

[0061] The present invention may also be embodied in a
handheld or portable device containing a subset of the computer
hardware components described above. For example, the handheld
device may be configured to contain only the bus 715, the processor
710, and memory 750 and/or 725. The present invention may also be
embodied in a special purpose appliance including a subset of the
computer hardware components described above. For example, the
appliance may include a processor 710, a data storage device 725, a
bus 715, and memory 750, and only rudimentary communications
mechanisms, such as a small touch-screen that permits the user to

communicate in a basic manner with the device. In general, the more
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special-purpose the device is, the fewer of the elements need be present
for the device to function. In some devices, communications with the
user may be through a touch-based screen, or similar mechanism.

[0062] It will be appreciated by those of ordinary skill in the
art that any configuration of the system may be used for various
purposes according to the particular implementation. The control logic or
software implementing the present invention can be stored on any
machine-readable medium locally or remotely accessible to processor
710. A machine-readable medium includes any mechanism for storing or
transmitting information in a form readable by a machine (e.g., a
computer). For example, a machine readable medium includes read-only
memory (ROM), random access memory (RAM), magnetic disk storage
media, optical storage media, flash memory devices. In one
embodiment, the system may be embodied in a signal, such as an
electrical, optical, acoustical or other forms of propagated signal (e.g.,
carrier waves, infrared signals, digital signals, etc.).

[0063] In the foregoing specification, the invention has been
described with reference to specific exemplary embodiments thereof. It
will, however, be evident that various modifications and changes may be
made thereto without departing from the broader spirit and scope of the
invention as set forth in the appended claims. The specification and
drawings are, accordingly, to be regarded in an illustrative rather than a

restrictive sense.
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CLAIMS

What is claimed is:

1. A method comprising:

determining an idle sample value for a dominant axis of a device;
registering a motion of the device; and

waking up the device when the motion of the device indicates a

change in the dominant axis of the device.

2. The method of claim 1, wherein determining the idle sample
value for the dominant axis comprises:

receiving motion data from a motion sensor;

processing the motion data to establish an idle sample value; and

processing the idle sample value to establish the dominant axis.

3. The method of claim 2, wherein the motion sensor

comprises an accelerometer.

4. The method of claim 2, wherein the idle sample value
comprises a long-average of accelerations over a sample period along
the dominant axis recorded when the device goes to idle mode after a

period of inactivity.
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5. The method of claim 1, further comprising determining the

idle sample value for each of the other axes of the device.

6. The method of claim 1, wherein registering the motion of the
device comprises:

receiving motion data from a motion sensor; and

processing the motion data to determine a current sample value of

the dominant axis of the device.

7. The method of claim 1, further comprising comparing a
difference between a current sample value along the dominant axis
determined based on the motion of the device and the idle sample value

of the dominant axis against a threshold value.

8. The method of claim 1, wherein the change in the dominant

axis comprises a change in acceleration along the dominant axis.

9. The method of claim 1, wherein waking up the device further

comprises configuring the device to return to a last active device state.

10.  The method of claim 6, wherein the current sample value is

a long average of accelerations.
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11.  The method of claim 6, further comprising determining the

current sample value for each of the other axes of the device.

12. The method of claim 6, wherein the motion sensor

comprises an accelerometer.

13.  The method of claim 6, wherein processing the motion data
further comprises

verifying whether the motion data comprises one or more glitches;
and

removing the one or more glitches in the motion data from the

motion data before calculating the long average.

14.  The method of claim 6, further comprising determining that
the device is to be woken up based on the difference between the current
sample value and the idle sample value being greater than a threshold

value.

15.  The method of claim 8, further comprising:

determining a new dominant axis based on the motion data
received from the motion sensor;

computing a difference between the current sample value along

the new dominant axis and an idle sample value along the new dominant
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axis determined when the device goes to idle mode after a period of
inactivity; and
comparing the difference against a threshold value to establish

whether to wake the device up.

16. A system comprising:

a long average logic to create one or more long averages of
accelerations as measured by a motion sensor over a period of time;

a dominant axis logic to determine a dominant axis of a device
based on motion data; and

a computation logic to determine if the long averages of

accelerations indicate a true motion of the device.

17.  The system of claim 16, further comprising a motion sensor

logic to detect motion data.

18.  The system of claim 17, wherein the motion sensor logic
comprises an accelerometer to detect acceleration along one or more

axes.

19.  The system of claim 16, further comprising a sample period
logic to set the period over which motion data is collected to compute the

one or more long averages of accelerations.
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20.  The system of claim 16, further comprising a power logic to
activate the device when the motion data indicates the device should be

woken up.

21.  The system of claim 16, further comprising a device state

logic to restore the device to a last active state.

22.  The system of claim 21, wherein the device state logic
allows user interaction to customize applications to be displayed when the

device is woken up.

23.  The system of claim 16, further comprising a glitch corrector

logic to correct one or more glitches in the motion data.

24.  The system of claim 23, wherein the glitch corrector

removes the one or more glitches before the one or more long averages

are calculated.
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