wo 2016/151539 A1 ]I NF OO0 0 A AR

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/151539 A1

29 September 2016 (29.09.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO6F 1/32 (2006.01) A61B 5/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
21) Tat tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(@1 International Application Number: CTBA016/051705 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
25 March 2016 (25.03.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
B . MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:
62/138.260 25 March 2015 (25.03.2015) Us (84) Designated States (unless otherwise indicated, for every
’ kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL]; GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
High Tech Campus 5, 5656 AE Eindhoven (NL). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Tnventors: CRONIN, John E.; ¢/o High Tech Campus, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
1 . ' . DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Building 5, 5656 AE Eindhoven (NL). D'ANDREA, Mi-
chael G.; c/o High Tech Campus, Building 5, 5656 AE LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Findhoven (NL) pus, &> SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: DE HAAN, Poul Erik; High Tech Campus Build- Published:

ing 5, 5656 AE Eindhoven (NL).

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: HEALTH WEARABLE THAT AUTOMATICALLY CHANGES SENSOR READING TIMINGS

103 100
o
j /
ot //
powe mansgaitn wearnbledaiiine ‘/
168 - L8
ey -1 120
i \\‘ Togich Powir mianageinent ,"/
Sisplay basenfowaie
112
[ 122 "
104 .\ Settngs Database F-1] Noi Poienn e Netwark
-_J S
Sersori 13 oY \
AR { Ygtiwiork.
H Semrt Charge Dsiabased | ¢ 1 Comm.§ |
: ¥ - btg\:iynet | e
\/ jomwoormi]
Sensor R f 128 ¢ : ¢ 3
114~ L————J_ { History Database - ‘.}“' ég“&:‘:‘@’“ 1 o
3 t ¥ | Software -
s ! S
f H
118 ~ | ... | Settings GU . i .
Ui : : 14
' , .
% Smart Charge Gili %
| : —§52 i w
e \\\ Processor ™ NN H rj
- { Operating Systam ORI S
i H 13¢
H Mobile Device
;
s cseos H Soiz Powsy
i, _*i Managerment &pp
1385 |
i \4‘_ Monilz Network} |
£ 08 Comm Nl g an

(57) Abstract: System and a method wherein a
wearable device receives sensor data at a wearable
device and compares a first value determined from
the sensor data with a second value determined from
the sensor data to determine a percentage change in
the sensor data from the first sample to the second
sample. The system and method may also change a
sampling frequency of the sensor at the wearable
device according to one or more settings that were
set by a user of the wearable device. The system and
method optimizes power consumption while optim-
ally recording data sensed by one or more sensors at
a wearable device.
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HEALTH WEARABLE THAT AUTOMATICALLY CHANGES
SENSOR READING TIMINGS

Cross-Reference to Related Applications

[0001]  This application claims priority to U.S. Provisional Patent Application Ser. No.
62/138,260, filed on March 25, 2015, the entire disclosure of which is incorporated herein by

reference.

Field of the Invention

[0002] The present invention generally relates to system and method for a wearable device
receiving sensor data from a sensor. More specifically, the wearable device may determine
when to change a sample rate of sensor data from the sensor in order to limit power

consumption.

Background

[0003] Wearables are mobile electronic devices that are worn on the body, or attached to
or embedded in clothes and accessories. These mini computers and sensors can display,
process, and/or gather information, and tend to have wireless communication capabilities.
[0004] Presently, available electronic sensors coupled to a computing device are used to
collect and manipulate data sensed by the electronic sensors. Sensors that sense acceleration
are used to collect data relating to motions of a person wearing a wearable electronic device.
For example, certain devices have accelerometer sensors that count a number of steps by
measuring acceleration in three dimensions (X, Y, and Z) during an activity (e.g., walking).
Some wearable devices allow the user operating a GUI in an app or web app to enter other
data related to primary parameters (e.g., number of calories consumed). In such devices,
sensor data and user input may be stored in memory and used by a processor to calculate
calories burned or weight lost.

[0005] In such computing devices, the sensor data sensed by the sensor may be stored in
memory, and a processor running an algorithm may identify patterns in the data that
corresponds to a series of sensations sensed by the sensors. Wearable computing devices
coupled to sensors may also be used to sense the activity of a person wearing the computing
device when exercising. Wearable device may also make measure physiological parameters

of a person. Examples of physiological parameters that may be measured include, yet are not
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limited to, blood pressure, heart rate, blood oxygen level, and blood sugar level. In certain
instances, such products may determine whether a person is running or walking based on data
sensed by the sensors. This may be done based on counting steps, where the data is sensed by
an acceleration sensor over a period of time.

[0006] However, currently available wearable devices do not monitor power consumption
and modify parameters affecting power consumption according to current power usage and a
time when a battery in the wearable device is scheduled be recharged. Accordingly, there is a
need in the art for a system and method for monitoring and modifying parameters relating to
power consumption such that a wearable device can reduce power consumption while still

continuing to operate until a scheduled time.

Summary of the Invention

[0007]  Accordingly, various embodiments disclosed herein include a system and a method
where a wearable device receives sensor data and saves the received sensor data in a memory
at the wearable device. In various embodiments, the system and method may compare a first
sample of sensor data with a second sample of sensor data when determining a percentage
change in the sensor data from the first sample to the second sample. In other embodiments,
the system and method may change a sampling frequency of the sensor at the wearable
device according to one or more settings that were set by a user of the wearable device.
[0008] In embodiments disclosed herein, the system and methods may decrease the
frequency of sampling data from the sensor when the percentage change in data sensed by
the sensor is below a threshold level. Alternatively when the percentage change in data
sensed by the sensor is above a threshold level, the sampling frequency of sampling data
from the sensor may be increased.

[0009] According to an aspect, a method for monitoring power consumption at a wearable
device, the method comprises: receiving a plurality of sensor samples from a sensor at the
wearable device, the sensor sampling at sampling frequency; determining at least a first
sensor value and a second sensor value from the plurality of sensor samples; calculating a
difference between the first sensor value and the second sensor value; and varying the
sampling frequency according to the calculated difference between the first sensor value and

the second sensor value.



10

15

20

25

30

WO 2016/151539 PCT/IB2016/051705

[0010] According to an embodiment, the first value is a magnitude of a first sample of the
plurality of sensor samples and the second value is a magnitude of a second sample of the
plurality of sensor samples.

[0011]  According to an embodiment, the first value is a time elapsed between a first event
measured by the plurality of sensors and a second event measured by the plurality of sensor
samples, and the second value is a time elapsed between a third event measured by the
plurality of sensors and a fourth event measured by the plurality of sensor samples.

[0012]  According to an embodiment, the third event and the second event are the same.
[0013] According to an embodiment, the sampling frequency is increased if the
percentage difference is above a predetermined threshold.

[0014] According to an embodiment, the sampling frequency is increased if the
percentage difference is above a predetermined threshold and the second value is greater than
the first value.

[0015] According to an embodiment, the sampling frequency is decreased if the
percentage difference is above a predetermined threshold and the second value is less than the
first value.

[0016] According to an embodiment, the sampling frequency is decreased if the
percentage difference is below a predetermined threshold.

[0017] According to an embodiment, the method further comprises the steps of:
estimating the remaining charge time of a battery of the wearable device, comparing the
remaining charge time to a time until next charge; decreasing the sampling rate of the sensor
upon determining that the remaining charge time is less than the time until next charge.

[0018] According to an embodiment, the time until next charge is calculated according to
a next charge time received from a user.

[0019] According to another aspect, a non-transitory computer readable storage medium
having embodied thereon a program executable by a processor to perform an algorithm, the
algorithm comprising the steps of’ receiving a plurality of sensor samples from a sensor at the
wearable device, the sensor sampling at sampling frequency; determining at least a first value
and a second value from the plurality of sensor samples; varying the sampling frequency
according to the percentage difference between the first value and the second value.

[0020]  According to an embodiment, the first value is a magnitude of a first sample of the
plurality of sensor samples and the second value is a magnitude of a second sample of the

plurality of sensor samples.
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[0021]  According to an embodiment, the first value is a time elapsed between a first event
measured by the plurality of sensors and a second event measured by the plurality of sensor
samples, and the second value is a time elapsed between a third event measured by the
plurality of sensors and a fourth event measured by the plurality of sensor samples.

[0022]  According to an embodiment, the third event and the second event are the same.
[0023] According to an embodiment, the sampling frequency is increased if the
percentage difference is above a predetermined threshold.

[0024] According to an embodiment, the sampling frequency is increased if the
percentage difference is above a predetermined threshold and the second value is greater than
the first value.

[0025] According to an embodiment, the sampling frequency is decreased if the
percentage difference is above a predetermined threshold and the second value is less than the
first value.

[0026] According to an embodiment, the sampling frequency is decreased if the
percentage difference is below a predetermined threshold.

[0027] According to an embodiment, the algorithm further comprises the steps of:
estimating the remaining charge time of a battery of the wearable device; comparing the
remaining charge time to a time until next charge; decreasing the sampling rate of the sensor
upon determining that the remaining charge time is less than the time until next charge.

[0028] According to an embodiment, the time until next charge is calculated according to
a next charge time received from a user.

[0029] As used herein for purposes of the present disclosure, the term “controller” is used
generally to describe various apparatus relating to the operation of a ventilator apparatus,
system, or method. A controller can be implemented in numerous ways (e.g., such as with
dedicated hardware) to perform various functions discussed herein. A “processor” is one
example of a controller which employs one or more microprocessors that may be
programmed using software (e.g., microcode) to perform various functions discussed herein.
A controller may be implemented with or without employing a processor, and also may be
implemented as a combination of dedicated hardware to perform some functions and a
processor (e.g.,, one or more programmed microprocessors and associated circuitry) to
perform other functions. Examples of controller components that may be employed in various

embodiments of the present disclosure include, but are not limited to, conventional
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microprocessors, application specific integrated circuits (ASICs), and field-programmable
gate arrays (FPGAs).

[0030] In various implementations, a processor or controller may be associated with one
or more storage media (generically referred to herein as “memory,” e.g., volatile and non-
volatile computer memory such as RAM, PROM, EPROM, and EEPROM, floppy disks,
compact disks, optical disks, magnetic tape, etc.). In some implementations, the storage
media may be encoded with one or more programs that, when executed on one or more
processors and/or controllers, perform at least some of the functions discussed herein.
Various storage media may be fixed within a processor or controller or may be transportable,
such that the one or more programs stored thereon can be loaded into a processor or
controller so as to implement various aspects of the present invention discussed herein. The
terms “program” or “computer program” are used herein in a generic sense to refer to any
type of computer code (e.g., software or microcode) that can be employed to program one or
more processors or controllers.

[0031] The term “user interface” as used herein refers to an interface between a human
user or operator and one or more devices that enables communication between the user and
the device(s). Examples of user interfaces that may be employed in various implementations
of the present disclosure include, but are not limited to, switches, potentiometers, buttons,
dials, sliders, track balls, display screens, various types of graphical user interfaces (GUIs),
touch screens, microphones and other types of sensors that may receive some form of human-
generated stimulus and generate a signal in response thereto.

[0032] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not
mutually inconsistent) are contemplated as being part of the inventive subject matter
disclosed herein. In particular, all combinations of claimed subject matter appearing at the
end of this disclosure are contemplated as being part of the inventive subject matter disclosed
herein.

[0033] These and other aspects of the invention will be apparent from and elucidated with

reference to the embodiment(s) described hereinafter.



10

15

20

25

30

WO 2016/151539 PCT/IB2016/051705

Brief Description of the Drawings

[0034] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention.

[0035] FIG. 1 illustrates a system for adjusting a sensor sampling frequency, according to
an embodiment.

[0036] FIG. 2 illustrates a settings GUI that may be displayed on a display, according to
an embodiment.

[0037] FIG. 3 illustrates a smart charging GUI that may be displayed on a display,
according to an embodiment.

[0038] FIG. 4A illustrates power management base software comprising software modules,
according to an embodiment.

[0039] FIG. 4B is a flowchart of a power management base method, according to an
embodiment.

[0040] FIG. 5 is a flowchart of an algorithm that may be implemented by a readings
module of power management base software, according to an embodiment.

[0041] FIG. 6 illustrates a mobile device architecture that may be utilized to implement
the various features and processes described herein, according to an embodiment.

[0042] FIG. 7A is a flowchart of an algorithm that may be implemented by a software
prediction module, according to an embodiment.

[0043] FIG. 7B is a flowchart of an algorithm that may be implemented by a
recommendations module, according to an embodiment.

[0044] FIG. 8 is a table of data that may be stored in a history database, according to an
embodiment.

[0045] FIG. 9A is a table of data that may be stored in a settings database, according to an
embodiment.

[0046] FIG. 9B is a graph having three plots representing how long a battery may last
when sensors are sampled at different frequencies, according to an embodiment.

[0047] FIG. 10 is a table of settings that may be saved in a smart charging database,
according to an embodiment.

[0048] FIG. 11 is a method for monitoring and adjusting a sample rate of sensor data from

a sensor in order to limit power consumption, according to an embodiment.
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Detailed Description of Exemplary Embodiments

[0049] Exemplary embodiments disclosed and described herein include a system and
method that adjusts the sampling rate of at least one sensor according to contextual
requirements, in order to preserve battery life. In an embodiment, the device may change the
sampling rate of the sensor by calculating a ratio between (otherwise described in this
disclosure as a percentage change) a first value and a second value, as measured by the sensor.
In an embodiment a sampling frequency of the sensor may be changed according to one or
more settings that were set by a user of the wearable device.

[0050] Referring now to FIG. 1, there is shown an embodiment of a wearable device 102
architecture having a plurality of sensors: sensors 1-N. At least one sensor of sensor 1-N,
discussed herein as sensor 104, may be sampled at a predetermined sampling rate, resulting in
a plurality of sensor measurements. From these measurements, at least a first value and a
second value may be determined. The sampling rate may be adjusted (either faster or slower)
according to the percentage change between the first value and the second value. For example,
if a light sensor, sampling at a predetermined sampling rate, measures a low light for the first
sample and a bright light for the second sample, there will be a large percentage change
between the samples and the sampling rate may accordingly be increased. Similarly, a
measured bright light followed by a low light will result in a large percentage change and an
increase in sampling rate. Conversely, if a low light is measured for the first sample, and a
similarly low light is measured for the second sample, there will be a low percentage change
between the samples, and therefore the sampling rate may remain the same or decreased.
[0051] According to an embodiment, sensor 104 is in continuous or periodic
communication with processor 106. In an embodiment, processor 106 may instruct sensor
104 to sample a certain frequency. Alternately, processor 106 may drive sensor 104 for each
sample (processor 106 thereby setting the sampling frequency according to the frequency that
it instructs sensor 104 to sample). In an alternate embodiment, processor 106 may instruct an
intermediate component to drive sensor 104 at a particular sampling frequency. One of
ordinary skill in the art will appreciate, in conjunction with a review of this disclosure, that
the sampling frequency of the sensor 104 may be set and executed by any method as is
known in the art for setting the sampling frequency of a sensor 104. Furthermore, in an
embodiment, processor 106 may perform the calculations, although one of ordinary skill will

appreciate that each sensor 104 may be equipped with the computational power necessary to
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perform the required calculation. Alternately, the calculations may be performed by a paired
local device or by a remote server.

[0052] In an embodiment, a sampling frequency of sensor 104 may be decreased when the
percentage change in data sensed by the sensor 104 is below a predetermined threshold.
Conversely, when the percentage change in data is above a predetermined threshold, the
sampling frequency may be increased. For example, if the predetermined threshold is a 5%
change with respect to a previous measured value, and the second measured value represents
a 7% change compared to the first measured value, the sampling frequency may be increased
because 7% is above the 5% threshold. In an embodiment, when the percentage change is
above or below the predetermined threshold, the sampling frequency may be increased or
decreased by a predetermined amount, respectively. For example, if the percentage change is
an increase of 7% —and thus above the example predetermined threshold of 5% —the
sampling rate may be increased a predetermined 20%. By contrast, if the percentage change
is beneath the 5% threshold (in an embodiment), the sampling rate may be decreased 20%.
[0053] One of ordinary skill will appreciate, in varying embodiments, that multiple
thresholds may be implemented and associated with multiple rates of increase or decrease.
For example, a change above a 5% threshold may result in 10% sampling rate increase, while
a change above a 10% threshold may result in a 15% increase (alternately, a change below
the 5% percent threshold may result in a 7% decrease). Furthermore, the thresholds for
increasing the sampling rate may be different than those for decreasing the sampling rate. For
example, anything below a 5% percentage change may result in a decreased sampling rate,
while anything above a 7% percentage change may result in an increased sampling rate, and
anything in between may result in no change in sampling rate. One of ordinary skill will
appreciate, in conjunction with a review of this disclosure that the thresholds and/or amount
increase are a matter of design choice and will vary according to the kind of sensor,
implementation, measurement, and context of use, among other design considerations.

[0054]  Alternatively, the sampling rate may be increased/decreased in direct proportion to
the percentage change. For example, a 5% percentage change may result in a 5% increase
sampling rate. Alternatively, a multiplier may be applied to the percentage change, or some
other mathematical operation may be applied to the percentage change to result in the
increase/decrease in sampling rate. This may be applied in conjunction with a threshold as
described above. For example, the sampling rate may be increased in proportion to the

percentage change of the measured values for any percentage change above 5%.
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[0055] It will be appreciated by a person of ordinary skill, in conjunction with a review of
this disclosure, that the identity of the compared values may vary between kinds of sensors
and kinds of measurements. For instance, some sensors merely measure a magnitude. For
example, a light sensor may measure a magnitude (i.e. brightness) of received light for a
given sample. Thus, the magnitude of sensed light of each sample may be compared, and the
sample rate adjusted accordingly. However, other sensors are used to measure quantities
beyond simple magnitudes, such as the time elapsed between identifiable events. For example,
a heart rate monitor may measure the time elapsed between plurality of heartbeats (i.e.
identifiable events) to deduce a heart rate. In other words, a heart rate monitor may measure
the time elapsed between two or more events as measured across at least two samples. Thus,
when comparing the percentage change in sensor data for a heart monitor, it may be
necessary to measure the percentage change in time elapsed between three or more events (i.e.
the percentage change in the time elapsed between a first and second measured event and the
time elapsed between the second and third measured event).

[0056] In an example, if a sensor 104 at the wearable device 102 senses a consistent heart
rate of the user of the wearable device 102, the sampling frequency of the heart rate sensor
104 may be reduced. If the user of the wearable device 102 then begins to exercise (e.g. start
running) after detecting an increase in heart rate, the sampling frequency of the heart rate
sensor 104 may be increased until such time that a variability in the heart rate sensed
stabilizes. Thus, in an embodiment, the device (or system) may collect more sensor data
when the sensor data changes most and store less sensor data when the sensor data changes
the least, thus managing power while recording data at eventful times.

[0057] In an embodiment, if a future charging time is known—or may otherwise be
estimated—the power requirements of sensor 104 may be adjusted in order to ensure that the
battery charge may last till the next charging time. In other words, when the battery charge is
projected to be exhausted before a scheduled or estimated charging time, the sampling
frequency of data from the sensor 104 may be automatically adjusted such that the battery
should be able to sustain operation of the wearable device 102 until the scheduled or
estimated charging time. In an embodiment, in the event that software running on a processor
determines that the wearable device 102 is unlikely to sustain operation of the wearable
device 102 until the scheduled charge time a message may be sent to the user of the wearable
device 102 indicating that the user should either charge the battery at the wearable device 102

or change power consumption settings set at the wearable device 102. In an embodiment, the
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next charging time may be estimated by monitoring the typical use of the wearable device
102 (i.e. tracking the times that a wearable device 102 is charged), in order to estimate the
next likely charging time. In an alternate embodiment, the user may affirmatively input the
next charging window.

[0058] In an embodiment, sample rates may be affirmatively set according to one or more
settings set at a wearable device 102 or at a mobile device that communicates with the
wearable device 102. Settings set at the wearable device 102 or at the wearable device 102
may also identify how much the sample rate of one or more sensors may be adjusted
automatically over time. Settings set by a user of the wearable device 102 may also maintain
current sampling frequencies when sensor data is within a range. For example, the heart rate
sensor 104 may be sampled at a current sample rate when the heart rate is above a threshold
level.

[0059] Referring again to FIG. 1, there is shown an embodiment of a system for
automatically changing sensor reading timings. FIG. 1 includes a power management
wearable device 102, a power use network, and a mobile device 134 that may communicate
with each other over the Internet. In alternate or additional embodiments, wearable device
102 and mobile device 134 may communicate over Bluetooth, low-power Bluetooth, Wi-Fi,
laser, visible, infrared, microwave, and/or any other suitable method for communicating
wirelessly and/or via a wired connection such as an Ethernet port, a USB port, etc. The power
management wearable device 102 may also communicate with the mobile device directly
over a wireless data communication interface or via a connection with a cable. In an
embodiment, the power management wearable device 102 includes at least a communication
interface 108, a touch display 110, a power supply 112, sensors 1-N (including sensor 104), a
clock 114, a vibrator 116, and a memory 118. Vibrator 116 may be utilized to notify a user to
change settings or reduce activity (as is discussed below). In an alternate embodiment, the
user may be notified by a speaker configured to emit a sound, or through an SMS, e-mail, or
other notifications means as are known in the art. The memory 118 may include, for example,
power management base software 120, a settings database 122, a smart charge database 124,
a history database 126, a settings GUI 128, a smart charge GUI 130, and operating system
software 132.

[0060] In an embodiment, the mobile device 134 in FIG. 1 may include a mobile power

management application 136, a mobile operating system 138 (OS), and a network
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communication interface 140. The power use network 142 includes network software 144, a
historical power use database 146, and a network communication interface 148.

[0061] The system can also be integrated with a mobile phone (e.g. mobile device 134) or
other mobile device where some or all of the GUIs and notifications are located on the phone.
In this instance the wearable device 102 could be very simple and not include a display, for
example. Further, the power management program could be located on a mobile phone and
used to operate 1-N sensors. In this instance the wearable device 102 may not require a large
or need a powerful processor that would otherwise be necessary to run the various power
management programs described herein. This would be ideal for use with energy harvesting
sensors. In yet another embodiment, network databases could be utilized to enhance the
functionality of the power management program by downloading data about variations of
specific variables. For example, heart rate may be associated with specific benchmarks that
indicate sleep. An individual of a certain age and health may use the downloaded data to
identify how the sensor frequency may be varied over time to provide the greatest utility
while managing power use at the wearable device 102.

[0062] FIG. 2 illustrates just one embodiment of a settings GUI 200 that may be displayed
on a display. The setting GUI 200 may reside in memory on the mobile device 134 or may
reside in memory at the wearable device 102. In an embodiment, the settings GUI may
include several different data entry boxes 202 and different selection boxes 204. The data
entry boxes 202 may be used when configuring how frequently a sensor (e.g. sensor 104) will
be polled for data. For example, the settings GUI may allow the user to set a pulse default
frequency that has a setting of 5 minutes, a pulse minimum frequency that has a setting of 15
minutes, and a maximum pulse freely of 10 seconds. Selection boxes 204 in the GUI may
include battery life selection boxes and an alert type selection box. The battery life selection
boxes may be used to select a low power setting that corresponds to maximizing batter life.
Alternatively battery life may be set to be balanced, which may optimize both sensor
sensitivity and battery life, or be set in a performance mode which may set sensors to a high
or maximum sensitivity (i.e. sampled often). The alert type selection box may allow a user to
configure an alert such as a text message, a vibration, or an alert sent to the mobile device.
FIG. 2 also identifies a calorie sensor.

[0063] When the battery life selection box is set to performance the pulse rate of a user of
the wearable device may be sensed at a maximum, or otherwise high, frequency. When the

battery life is set to a balanced level, the pulse rate of the user may be sensed at a default
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frequency. When the pulse rate is set to maximum the pulse rate of the user may be sensed at
a minimum frequency. Power use will correspond to how frequently the sensors at the
wearable device 102 are used. The less frequent a sensor is used the less power the wearable
device 102 will consume.

[0064] FIG. 3 illustrates an embodiment of a smart charging GUI 300 that may be
displayed on a display. The smart charging GUI 300 may be stored in memory at the
wearable device 102 or be stored in memory at the mobile device 134. The GUI includes
boxes 302 that identify days of the week (Monday through Sunday). In an embodiment, the
grayed out selection boxes of Monday, Wednesday, and Friday indicate that those days are
identified as having a charging window. The GUI 300 identifies a start time 304 of 6:00 PM
and an end time 306 of 8:00 PM corresponding to a best timing charging window on Monday,
Wednesday, and Friday. Additional times may be entered into the GUI by selecting the add
selection box 308 in the GUL

[0065] FIG. 4A illustrates an embodiment of software modules that may be include in
power management base software. The software modules depicted in FIG. 4A are a readings
module 402 configured to adjust the sensor sampling frequency dynamically according to
context, a prediction module 404 configured to estimate the time until the next charge
window, a calculator module 406 configured to calculate remaining battery life, and a
recommendations module 408 configured to adjust sensor 104 sampling according to user-
defined settings or notify the user to change the user-defined settings.

[0066] FIG. 4B illustrates an embodiment of a program flow 410 that the power
management base software 120 may execute. In an embodiment, the program flow 410 of the
power management software 120 in FIG. 4B may begin in a first step, step 412, that may
execute program code from the calculator module to calculate remaining battery life. In step
414, the program code of the readings module may be executed to adjust the sensor sampling
frequency dynamically according to context. In step 416, the program code of the prediction
module may be executed to estimate the time until the next charge window. And in step 418
the program code of the recommendations module may be executed adjust sensor 104
sampling according to user-defined settings or notify the user to change the user-defined
settings.

[0067] FIG. 5 illustrates a flowchart of an embodiment of an algorithm 500 implemented
by the readings module. In step 502, a clock may be polled for a time. This step may also

determine a next time when time for inputting (reading) sensor data by querying a settings
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database. One of ordinary skill will appreciate, in conjunction with a review of this disclosure,
that in another embodiment, a clock signal may drive the sensors and determine the next
sampling time without requiring a polling step. In step 504, sensor data may be received from
sensors 1 though N. In step 506, the sensor data may be written in a database. In step 508, the
received sensor data may be compared to previous data stored in the history database.

[0068] In an embodiment, in step 510 of the algorithm of FIG. 5 currently measured
sensor data may be compared to determine whether it is within 5% of sensor data previously
received. One of ordinary skill will appreciate, in conjunction with a review of this disclosure,
that this step may include the step of comparing a first measured value with a second
measured value, each measured value being determined from the received sensor data (e.g.,
an elapsed time between positive events detected with the measured sensor data). When the
sensor data—or measured value—is within 5% of previously received sensor data, program
flow may return to executing power management base software 120 (i.e. sampling the sensor
at a default or previously set rate) at step 512. When the sensor data or measured value is
more than 5% of sensor data that was previously received, program flow may move to step
514 that determines whether the current sensor reading is higher than a previous sensor
reading. If no—e.g., the second measured value is at least 5% less than the first measured
value—the sensor sampling frequency may be decreased by 20% at step 516. After
decreasing the sensor sampling frequency program flow moves to the step 512 where the
power management base software is executed with the new sampling frequency. If the current
sensor reading is higher than the previous reading—e.g., the second measured value is at least
5% more than the first measured value—program flow moves to step 518 where the sensor
sampling frequency is increased by 20%. After increasing the sensor sampling frequency,
program flow moves to the step where the power management base software is executed with
the new sampling frequency. In an alternate embodiment, the sampling frequency may be
increased (or decreased) for any change in value above (or below) the threshold, regardless of
whether the second value or data point is higher or lower than the first. The details of the
implementation of this method are discussed more fully above.

[0069] This system/device can be utilized in a multi-sensor system and the user may be
allowed to set parameters for each sensor. The user may also prioritize the use of the sensors.
For example a calorie counter could be added to this system with its own minimum,

maximum, and default frequency. The sensors could also be prioritized. For example the
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calorie counter frequency may be reduced (turned down) first before altering a pulse sensor at
the wearable device 102.

[0070] In an embodiment, the readings module software of FIG. 5 can be configured to
adjust the sensor sampling frequency dynamically such that a sensor will be monitored less
frequently or more frequently based on settings that may be set in a GUL

[0071] FIG. 6 illustrates an embodiment of a mobile device architecture that may be
utilized to implement the various features and processes described herein. Architecture 600
can be implemented in any number of portable devices including but not limited to smart
wearable devices. Architecture 600 as illustrated in FIG. 6 includes memory interface 602,
processors 604, and peripheral interface 606. Memory interface 602, processors 604 and
peripherals interface 606 can be separate components or can be integrated as a part of one or
more integrated circuits. The various components can be coupled by one or more
communication buses or signal lines.

[0072]  Processors 604 as illustrated in FIG. 6 are meant to be inclusive of data processors,
image processors, central processing unit, or any variety of multi-core processing devices.
Any variety of sensors, external devices, and external subsystems can be coupled to
peripherals interface 606 to facilitate any number of functionalities within the architecture
600 of the exemplar mobile device. For example, motion sensor 610, light sensor 612, and
proximity sensor 614 can be coupled to peripherals interface 606 to facilitate orientation,
lighting, and proximity functions of the mobile device. For example, light sensor 612 could
be utilized to facilitate adjusting the brightness of touch surface 646. Motion sensor 610,
which could be exemplified in the context of an accelerometer or gyroscope, could be utilized
to detect movement and orientation of the mobile device. Display objects or media could then
be presented according to a detected orientation (e.g., portrait or landscape).

[0073]  Other sensors could be coupled to peripherals interface 606, such as a temperature
sensor, a biometric sensor, or other sensing device to facilitate corresponding functionalities.
Location processor 615 (e.g., a global positioning transceiver) can be coupled to peripherals
interface 606 to allow for generation of geo-location data thereby facilitating geo-positioning.
An electronic magnetometer 616 such as an integrated circuit chip could in turn be connected
to peripherals interface 606 to provide data related to the direction of true magnetic North
whereby the mobile device could enjoy compass or directional functionality. Camera

subsystem 620 and an optical sensor 622 such as a charged coupled device (CCD) or a
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complementary metal-oxide semiconductor (CMOS) optical sensor can facilitate camera
functions such as recording photographs and video clips.

[0074] Communication functionality may be facilitated through one or more
communication subsystems 624, which may include one or more wireless communication
subsystems. Wireless communication subsystems 624 can include 802.5 or Bluetooth
transceivers as well as optical transceivers such as infrared. Wired communication system
can include a port device such as a Universal Serial Bus (USB) port or some other wired port
connection that can be used to establish a wired coupling to other computing devices such as
network access devices, personal computers, printers, displays, or other processing devices
capable of receiving or transmitting data. The specific design and implementation of
communication subsystem 624 may depend on the communication network or medium over
which the device is intended to operate. For example, a device may include wireless
communication subsystem designed to operate over a global system for mobile
communications (GSM) network, a GPS network, an enhanced data GSM environment
(EDGE) network, 802.5 communication networks, code division multiple access (CDMA)
networks, or Bluetooth networks. Communication subsystem 624 may include hosting
protocols such that the device may be configured as a base station for other wireless devices.
Communication subsystems can also allow the device to synchronize with a host device using
one or more protocols such as TCP/IP, HTTP, or UDP.

[0075] Audio subsystem 626 can be coupled to a speaker 628 and one or more
microphones 630 to facilitate voice-enabled functions. These functions might include voice
recognition, voice replication, or digital recording. Audio subsystem 626 in conjunction may
also encompass traditional telephony functions.

[0076] 1/O subsystem 640 may include touch controller 642 and/or other input controller(s)
644. Touch controller 642 can be coupled to a touch surface 646. Touch surface 646 and
touch controller 642 may detect contact and movement or break thereof using any of a
number of touch sensitivity technologies, including but not limited to capacitive, resistive,
infrared, or surface acoustic wave technologies. Other proximity sensor arrays or elements for
determining one or more points of contact with touch surface 646 may likewise be utilized. In
one implementation, touch surface 646 can display virtual or soft buttons and a virtual
keyboard, which can be used as an input/output device by the user.

[0077]  Other input controllers 644 can be coupled to other input/control devices 648 such

as one or more buttons, rocker switches, thumb-wheels, infrared ports, USB ports, and/or a
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pointer device such as a stylus. The one or more buttons (not shown) can include an up/down
button for volume control of speaker 628 and/or microphone 630. In some implementations,
device 600 can include the functionality of an audio and/or video playback or recording
device and may include a pin connector for tethering to other devices.

[0078] Memory interface 602 can be coupled to memory 650. Memory 650 can include
high-speed random access memory or non-volatile memory such as magnetic disk storage
devices, optical storage devices, or flash memory. Memory 650 can store operating system
652, such as Darwin, RTXC, LINUX, UNIX, OS X, ANDROID, WINDOWS, or an
embedded operating system such as VXWorks. Operating system 652 may include
instructions for handling basic system services and for performing hardware dependent tasks.
In some implementations, operating system 652 can include a kernel.

[0079] Memory 650 may also store communication instructions 654 to facilitate
communicating with other mobile computing devices or servers. Communication instructions
654 can also be used to select an operational mode or communication medium for use by the
device based on a geographic location, which could be obtained by the GPS/Navigation
instructions 668. Memory 650 may include graphical user interface instructions 656 to
facilitate graphic user interface processing such as the generation of an interface; sensor
processing instructions 658 to facilitate sensor-related processing and functions; phone
instructions 660 to facilitate phone-related processes and functions; electronic messaging
instructions 662 to facilitate electronic-messaging related processes and functions, web
browsing instructions 664 to facilitate web browsing-related processes and functions; media
processing instructions 666 to facilitate media processing-related processes and functions;
GPS/Navigation instructions 668 to facilitate GPS and navigation-related processes, camera
instructions 670 to facilitate camera-related processes and functions; and instructions 672 for
any other application that may be operating on or in conjunction with the mobile computing
device. Memory 650 may also store other software instructions for facilitating other
processes, features and applications, such as applications related to navigation, social
networking, location-based services or map displays.

[0080] Referring to FIG. 7A, in one embodiment, is an example of a method 700 (i.e. an
algorithm) that may be implemented by software prediction module. The prediction model
flowchart begins with step 702 where one or more charging windows are received from a
smart charge GUI In an alternate embodiment, an estimated next charging time (or window)

may be received, wherein the estimated charging window is estimated according to known

16



10

15

20

25

30

WO 2016/151539 PCT/IB2016/051705

user habits or activity as performed over time. Next, in step 704, an estimate of remaining
battery life may be received from the calculator module. The remaining battery life may be
determined according to current usage, average usage over a particular period of time,
average battery consumption over time, or according to other methods as are known in the art.
Next, in step 706, remaining estimated battery life is compared to see if it will last until the
next smart charging window. If yes, program flow may move to an initial (beginning) step in
the power management base software, in step 708. If no, (i.e. battery life is predicted not to
last until the next smart charging window), program flow may move to a recommendations
module in step 710, as depicted in FIG. 7B.

[0081] Referring to FIG. 7B, in one embodiment, is an example of a method 712 (i.e.
algorithm) that may be implemented by a recommendations module. The recommendations
module of FIG. 7B begins, in an embodiment, in step 714 that retrieves a current sensor
frequency setting from a history database. At step 716 the recommendation module retrieves
a minimum sensor frequency setting from the settings database. At step 718 of the flow chart
it is determined whether the current settings are greater than the user selected minimum
frequency. If the current sampling rate is greater than the user-defined minimum, program
flow may move to step 720 that sends an alert to the user that indicates that the user should
charge the wearable device 102 or change (alter) the minimum frequency. When the current
sensor reading is greater than the minimum selected frequency the recommendations module
software may decrease the sampling frequency by 20% (or down to the minimum) at step 722
and then program flow moves back to the running the readings module software.

[0082] In an alternate embodiment, the system or device may employ an artificial
intelligence (e.g. a deep-learning engine or neural network) that learns best frequencies or
charging times for a particular user and/or for particular times.

[0083] FIG. 8 illustrates an embodiment of data that may be stored in a table 800 in a
history database 126. The table includes column headers of time, sensor 1 pulse, battery level,
and battery level calculation data. The table cross-references a time, a measurement of a pulse
that was sensed at the time, a battery level, and the result of a calculation that identifies how
long the battery is predicted to run at a current level of power use. A first row in the table
indicates that at 8 AM a user of the wearable device 102 had a pulse rate of 81 beats per
minute (BPM), a battery level of 90%, and an estimated remaining battery life of 8 hours.

Note as time goes by the battery level and estimate of remaining battery life decrease.
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[0084] FIG. 9A illustrates an embodiment of data that may be stored in a table 900 in a
settings database 122, and FIG. 9B is a graph depicting how long the battery should last when
sensors are sampled at different frequencies. The table in FIG. 9A includes column header of
pulse sensor frequency, battery life estimate, and user settings. According to this embodiment,
a maximum sample frequency of the pulse sensor is 10 seconds, a default setting is 5 minutes,
and a minimum setting is 15 minutes. The table also includes a current battery life setting of
max, and an alert type of text. The plots of the graphs depicted in FIG. 9B illustrate how
quickly the energy in the battery should change over time. When the battery life is predicted
to not last until a next charge cycle, a text message may be sent to the mobile device of the
user informing the user to charge the wearable device 102 or change a setting.

[0085] FIG. 10 illustrates an embodiment of settings that may be saved in a table 1000 in a
smart charging database. Notice that Monday, Wednesday, and Friday have a charging
window setting from 6:00 PM to 8:00 PM. Notice also that Tuesday, Thursday, Saturday, and
Sunday do not have a charging window setup in the table.

[0086] FIG. 11 illustrates an embodiment of a method (i.e., algorithm) 1100 for managing
the power consumption of a sensor (e.g. sensor 104) in a wearable device 102. One of
ordinary skill will appreciate, in conjunction with a review of this disclosure, that the steps of
the above methods may be combined in any number of ways that advantageously results in
more efficient use of the sensors, according to use requirements and expected charging times.
[0087] In an embodiment, at step 1102, where a wearable device 102 is provided. The
wearable device 102 may be any of the wearable device 102 embodiments described or
otherwise envisioned herein. For example, including power management base software 120, a
history database 126, a smart charge database 124, a settings database 122, a clock 114,
wearable sensors 1-N, a settings GUI 128, and a smart charge GUI 130. The wearable device
102 may be, for example, the embodiment of the device 102 described in conjunction with
FIG. 1, among other embodiments.

[0088] At step 1104, preferences may be received from user that may identify sensor
frequencies and identify one or more charging windows. This calculation may alternately be
described as determining the length of time till next charge. In an alternate embodiment,
charging windows (time till next charge) may be estimated from historical use.

[0089] At step 1106, a battery life calculator may calculate (determine) an estimate of

remaining battery life at the current sensor sampling frequency.
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[0090] At step 1108, recent sensor data may be compared with a plurality of previous
sensor data points (or values derived from a plurality of data points) when identifying a level
of variation (i.e. percentage change) in the sensor measurements or values.

[0091] At step 1110, of the method, according to an embodiment, the sensor frequency
may be decreased to save power when the level of sensor measurement variation is low.
[0092] At step 1112, the estimated battery life may be compared with a charging window
(or time until next charging window) when determining whether the battery has enough
power to last until the next charging window. If the battery life is estimated to run out before
the next charging window, the sensor frequency may be decreased in order to increase battery
life. If, however, the level of variation in sensor data is greater than defined threshold, or the
sensor frequency needed to reach the next charging window is less frequent than minimum
the current sensor sampling frequency may be maintained or increased as use requires and
according to various embodiments.

[0093] Finally, at step 1114 of FIG. 11 and according to an embodiment, when the level of
variation in sensor data is greater than a defined threshold, or when the sensor frequency
needed to reach the next charging window is less frequent than minimum frequency defined
by user, the user of the wearable device 102 may be sent a message informing the user to
charge or change (alter) setting in their wearable device 102, at step 1116. For example, if the
level of variation is greater than a 5% threshold, the user may be notified that the battery will
not last until the next defined (estimated) charging window, and thus the user should reduce
activity or alter the settings to allow for a lower sampling rate. In another example, if the
minimum frequency is set such that, even at the minimum frequency, the battery will not last
until the next charging window, the user may be notified to change the minimum frequency
so that the battery will last until the next window.

[0094]  Various interfaces may be implemented—both communications and interface. One
skilled in the art will appreciate the various requisite components of a mobile device and
integration of the same with one or more of the foregoing figures and/or descriptions.

[0095] While various embodiments have been described above, it should be understood
that they have been presented by way of example only, and not limitation. The descriptions
are not intended to limit the scope of the invention to the particular forms set forth herein.
Thus, the breadth and scope of a preferred embodiment should not be limited by any of the
above-described embodiments. It should be understood that the above description is

illustrative and not restrictive. To the contrary, the present descriptions are intended to cover
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such alternatives, modifications, and equivalents as may be included within the spirit and
scope of the invention as defined by the appended claims and otherwise appreciated by one of
ordinary skill in the art.

[0096] The scope of the invention should, therefore, be determined not with reference to
the above description, but instead should be determined with reference to the appended
claims along with their full scope of equivalents. All definitions, as defined and used herein,
should be understood to control over dictionary definitions, definitions in documents
incorporated by reference, and/or ordinary meanings of the defined terms.

[0097]  The indefinite articles “a” and “an,” as used herein in the specification and in the
claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”
[0098] The phrase “and/or,” as used herein in the specification and in the claims, should
be understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Other elements may optionally be present other than the elements
specifically identified by the “and/or” clause, whether related or unrelated to those elements
specifically identified.

[0099]  As used herein in the specification and in the claims, “or” should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items in
a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least one,
but also including more than one, of a number or list of elements, and, optionally, additional
unlisted items. Only terms clearly indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claims, “consisting of,” will refer to the inclusion of exactly one
element of a number or list of elements. In general, the term “or” as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. “one or the other but not both”) when
preceded by terms of exclusivity, such as “either,”

of.”

one of,” “only one of,” or “exactly one

[00100] As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of elements, but not necessarily
including at least one of each and every element specifically listed within the list of elements
and not excluding any combinations of elements in the list of elements. This definition also

allows that elements may optionally be present other than the elements specifically identified
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within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified.

[00101] It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method
are recited.

[00102] In the claims, as well as in the specification above, all transitional phrases such as
“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially of”
shall be closed or semi-closed transitional phrases, respectively, as set forth in the United
States Patent Office Manual of Patent Examining Procedures, Section 2111.03.

[00103] While several inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those
skilled in the art will readily appreciate that all parameters, dimensions, materials, and
configurations described herein are meant to be examples and that the actual parameters,
dimensions, materials, and/or configurations will depend upon the specific application or
applications for which the inventive teachings is/are used. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific inventive embodiments described herein. It is, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto, inventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are directed to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combination of two or more such features,
systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials,
kits, and/or methods are not mutually inconsistent, is included within the inventive scope of

the present disclosure.
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WHAT IS CLAIMED IS:

1. A method for monitoring power consumption by a wearable device, the

method comprising the steps of:

receiving a plurality of sensor readings from a sensor of the wearable device,

wherein the sensor readings are obtained at a first sampling frequency;

determining, by a processor of the wearable device, at least a first sensor value
and a second sensor value from the plurality of sensor readings, wherein the second sensor

reading is obtained after the first sensor reading;
calculating a difference between the first and second sensor values; and

varying the first sampling frequency according to the calculated difference.

2. The method of claim 1, wherein the first sensor value is a magnitude of a first
sensor reading of the plurality of sensor readings and the second sensor value is a magnitude

of a second reading of the plurality of sensor readings.

3. The method of claim 1, wherein the first sensor value is a time elapsed
between a first event measured by the plurality of sensor readings and a second event
measured by the plurality of sensor readings, and the second sensor value is a time elapsed
between a third event measured by the plurality of sensors readings and a fourth event

measured by the plurality of sensor readings.

4. The method of claim 1, wherein the sampling frequency is increased if the

difference is above a predetermined threshold.

5. The method of claim 1, wherein the sampling frequency is increased if the
difference is above a predetermined threshold and the second sensor value is greater than the

first value.
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6. The method of claim 1, wherein the sampling frequency is decreased if the

difference is above a predetermined threshold and the second value is less than the first value.

7. The method of claim 1, wherein the sampling frequency is decreased if the

difference is below a predetermined threshold.

8. The method of claim 1, further comprising the steps of’
estimating the remaining charge time of a battery of the wearable device;
comparing the estimated remaining charge time to a time until a next
scheduled recharge; and
decreasing the sampling rate of the sensor if the remaining charge time is less

than the time until the next scheduled recharge.

9. The method of claim 8, wherein the time until next charge is calculated

according to a next charge time received from a user.

10. The method of claim 8, further comprising the steps of: notifying the user to
charge or alter their usage of the wearable device if the level of variation is greater than a
user-defined threshold or if the suggested sensor frequency does not fall within a user-defined

frequency range.

11. A non-transitory computer readable storage medium having embodied thereon

a program executable by a processor to perform an algorithm, the algorithm comprising the
steps of’

receiving a plurality of sensor readings from a sensor of the wearable device,
wherein the sensor readings are obtained at a first sampling frequency;

determining, by a processor of the wearable device, at least a first sensor value
and a second sensor value from the plurality of sensor readings, wherein the second sensor
reading is obtained after the first sensor reading;

calculating a difference between the first and second sensor values; and

varying the first sampling frequency according to the calculated difference.
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12. The non-transitory computer readable storage medium of claim 11, wherein
the first value is a magnitude of a first sample of the plurality of sensor samples and the

second value is a magnitude of a second sample of the plurality of sensor samples.

13. The non-transitory computer readable storage medium of claim 11, wherein
the first sensor value is a time elapsed between a first event measured by the plurality of
sensor readings and a second event measured by the plurality of sensor readings, and the
second sensor value is a time elapsed between a third event measured by the plurality of

sensors readings and a fourth event measured by the plurality of sensor readings.

14. The non-transitory computer readable storage medium of claim 11, wherein

the sampling frequency is increased if the difference is above a predetermined threshold.

15. The non-transitory computer readable storage medium of claim 11, wherein
the sampling frequency is increased if the difference is above a predetermined threshold and

the second value is greater than the first value.

16. The non-transitory computer readable storage medium of claim 11, wherein
the sampling frequency is decreased if the difference is above a predetermined threshold and

the second value is less than the first value.

17. The non-transitory computer readable storage medium of claim 11, wherein

the sampling frequency is decreased if the difference is below a predetermined threshold.

18. The non-transitory computer readable storage medium of claim 11, wherein
the algorithm further comprises the steps of’
estimating the remaining charge time of a battery of the wearable device;
comparing the remaining charge time to a time until next charge; and
decreasing the sampling rate of the sensor upon determining that the

remaining charge time is less than the time until next charge.
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19. The non-transitory computer readable storage medium of claim 18, wherein

the time until next charge is calculated according to a next charge time received from a user.

20. The non-transitory computer readable storage medium of claim 18, wherein
5  the algorithm further comprises the steps of’ notifying the user to charge or alter their usage
of the wearable device if the level of variation is greater than a user-defined threshold or if

the suggested sensor frequency does not fall within a user-defined frequency range.

21. A system for monitoring power consumption by a wearable device comprising:

10 at least one sensor of the wearable device;

a processor having executable instructions thereon configured to cause the
processor to:
receive a plurality of sensor readings from the sensor, wherein the
sensor readings are obtained at a first sampling frequency;

15 determine at least a first sensor value and a second sensor value from
the plurality of sensor readings, wherein the second sensor reading is obtained after
the first sensor reading;

calculate a difference between the first and second sensor values; and

vary the first sampling frequency according to the calculated difference.
20

22, The system of claim 21, wherein the first value is a magnitude of a first
sample of the plurality of sensor samples and the second value is a magnitude of a second

sample of the plurality of sensor samples.

25 23.  The system of claim 21, wherein the first sensor value is a time elapsed
between a first event measured by the plurality of sensor readings and a second event
measured by the plurality of sensor readings, and the second sensor value is a time elapsed
between a third event measured by the plurality of sensors readings and a fourth event

measured by the plurality of sensor readings.

30
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24, The system of claim 21, wherein the sampling frequency is increased if the

difference is above a predetermined threshold.

25. The system of claim 21, wherein the sampling frequency is increased if the
difference is above a predetermined threshold and the second value is greater than the first

value.

26. The system of claim 21, wherein the sampling frequency is decreased if the

difference is above a predetermined threshold and the second value is less than the first value.

27. The system of claim 21, wherein the sampling frequency is decreased if the

difference is below a predetermined threshold.

28.  The system of claim 21, wherein the executable instructions are further
configured to cause the processor to:
estimate the remaining charge time of a battery of the wearable device;
compare the remaining charge time to a time until next charge; and
decrease the sampling rate of the sensor upon determining that the remaining

charge time is less than the time until next charge.

29.  The system of claim 28, wherein the time until next charge is calculated

according to a next charge time received from a user.

30. The system of claim 28, wherein the executable instructions are further
configured to cause the processor to: notify the user to charge or alter their usage of the
wearable device if the level of variation is greater than a user-defined threshold or if the

suggested sensor frequency does not fall within a user-defined frequency range.
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