(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 2016/010769 A2

21 January 2016 (21.01.2016) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 5/00 (2006.01) GO6F 17/30 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) Tt tional Application Number- AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(2D International Application Number: @ 15039303 BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
7 July 2015 (07.07.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. ) 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, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
14/334,126 17 July 2014 (17.07.2014) Us (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: GOOGLE INC. [US/US]; 1600 Amphitheatre GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Parkway, Mountain View, CA 94043 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: GIBSON, David, Andrew; C/o Google Inc., TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
. g DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
1600 Amphitheatre Parkway, Mountain View, CA 94043
. . LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(US). MURPHY, Mark; C/o Google Inc., 1600 Amphi-
theatre Parkway, Mountain View, CA 94043 (US). SM, TR), OAPL (BF, B, CF, CG, CI, CM, GA, GN, GQ,
’ ’ GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agent: WOELKER, Erin, R.; Mcdonnell Boehnen Hul- Published:
— bert & Berghoff LLP, 300 South Wacker Drive, Chicago, ublished:
— IL 60606 (US). —  with declaration under Article 17(2)(a); without abstract;
— title not checked by the International Searching Authority
<
N
\o
=~
=
e
o
~
\o
Ao
—
o\
o (54) Title: DATA TAGGING

(57) Abstract:



WO 2016/010769 PCT/US2015/039305
- 1 -
DATA TAGGING

BACKGROUND

[0001] Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this application and are not admitted to be prior art by inclusion
in this section.

[0002] A number of scientific methods have been developed in the medical field to
evaluate a person’s health state. A person’s health state may, for example, be evaluated
based on the measurement of one or more physiological parameters, such as blood pressure,
pulse rate, skin temperature, or galvanic skin response (GSR). In a typical scenario, these
measurements may be taken in the home or a health-care setting by using several discreet
devices or sensors and, in some cases, by drawing blood or other bodily fluid. For most
people, the measurements or blood tests are performed infrequently, and changes in a
physiological parameter, which may be relevant to health state, may not be identified, if at
all, until the next measurement is performed.

[0003] In another example, these parameters may be more frequently or
continuously measured, and other health-related information obtained, by a wearable
device. The device, which may be provided as a wrist-mounted device, may include one or
more sensors for detecting or measuring one or more physiological parameters. For
example, a wrist-mounted device may include optical sensors for heart rate and blood
oxygen saturation (SpO,) monitoring, a thermistor for measuring skin temperature, and a
GSR sensor for measuring skin resistance. At least some of the physiological parameter
information may be obtained by detecting the presence, absence and/or concentration of one
or more analytes in the body. The wearable device may further include or be in
communication with other sensors such as accelerometers, inertial measurement units
(IMU), infrared sensors, ultrasonic sensors, optical sensors, gyroscopes, magnetometers,
odometers, pedometers, pressure sensors, strain gauges, GPS devices, a clock, etc.

[0004] Data collected by one or more wearable devices may be transmitted to the
cloud or other remote server or device. Because each device may include several sensors
collecting data continuously, or at a relatively high rate, the amount of data transmitted to
the cloud may be voluminous. The transmitted raw data, by itself, may also be difficult to

search or use.
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SUMMARY
[0005] A wearable device may collect physiological data from a wearer of the
device and transmit that data to the cloud or other remote server or device. A tag may be
associated with all or part of the data based, at least in part, on an input by a wearer of the
device. The input may be an indication of the state of the wearer, such as physical or mental
state, or it may be a rule. Additional data associated with the wearer may also be
synchronously collected by the system, such as personal (e.g., age, sex, occupation), motion
(e.g., type of movement, speed, acceleration), and contextual (e.g., location, ambient
temperature, time of day) data, and associated with tag. The collected data may be
organized based on the tag and, in some examples, stored in a database. Data may also be
collected from a population of wearers of the devices.
[0006] Some embodiments of the present disclosure provide a method including: (1)
receiving, by a server from a wearable device, physiological data detected by a wearable
device, wherein the wearable device is configured to be mounted to a body surface of a
wearer; (2) receiving, by the server, an input from the wearer; (3) associating, by the server,
all or part of the physiological data with a tag based, at least in part, on the input from the
wearer; and (4) organizing, by the server, the physiological data based, at least in part, on
the tag.
[0007] Further embodiments of the present disclosure provide a method including:
(1) receiving, by a server, physiological data detected by a wearable device; (2) receiving,
by the server, an input from a wearer of the wearable device; (3) associating, by the server,
all or part of the physiological data with a tag based, at least in part, on the input from the
wearer of the wearable device; (5) establishing, by the server, one or more groups based, at
least in part, on the tag; and (5) storing, by the server, the physiological data in a database to
indicate that all or part of the physiological data is a member of the one or more groups.
[0008] Still further embodiments of the present disclosure provide a method
including: (1) receiving, by a server, initial physiological data from a wearable device; (2)
receiving, by the server, an input from a wearer of the wearable device; (3) applying, by the
server, a tag to all or a portion of the initial physiological data based on the input from the
wearer of the wearable device; (4) receiving, by the server, subsequent physiological data
from the wearable device; and (5) determining, by the server, whether to apply the tag to all

or a portion of the subsequent data.
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[0009] These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detailed description,

with reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a block diagram of an example system that includes a wearable

device, according to an example embodiment.

[0011] FIG. 2 illustrates an example of a wearable device.

[0012] FIG. 3 is a flow chart of an example method, according to an example
embodiment.

[0013] FIG. 4 is a flow chart of an example method, according to an example
embodiment.

[0014] FIG. 5 is a flow chart of an example method, according to an example
embodiment.

DETAILED DESCRIPTION
[0015] In the following detailed description, reference is made to the accompanying

figures, which form a part hereof. In the figures, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in
the detailed description, figures, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be made, without departing from the
scope of the subject matter presented herein. It will be readily understood that the aspects
of the present disclosure, as generally described herein, and illustrated in the figures, can be
arranged, substituted, combined, separated, and designed in a wide variety of different

configurations, all of which are explicitly contemplated herein.

L. Overview

[0016] A wearable device may collect physiological and other data from a wearer of
the device and transmit that data to the cloud or other remote server or device. For

example, the wearable device may detect one or more physiological parameters, such as
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heart rate, blood pressure, respiration rate, blood oxygen saturation (SpO;), skin
temperature, skin color, galvanic skin response (GSR), muscle movement, eye movement,
blinking, and speech. Some physiological data may also be obtained by non-invasively
detecting and/or measuring one or more analytes present in blood, saliva, tear fluid, or other
body fluid of the wearer of the device. The one or more analytes could include enzymes,
reagents, hormones, proteins, viruses, bacteria, cells or other molecules, such as
carbohydrates, e.g., glucose. Further, the wearable device, or a device associated with the
wearable device, may collect motion-related data, such as the wearer’s speed of travel,
altitude, acceleration, cadence of movement, intensity of movement, direction of travel,
orientation, gravitational force, inertia, and rotation. This data may be collected by sensors
such as accelerometers, IMUs, proximity sensors, microphones, gyroscopes,
magnetometers, optical sensors, ultrasonic sensors, odometers, and pedometers.
Additionally, the wearable device may collect certain contextual data, such as a wearer’s
location, ambient light intensity, ambient temperature, time of day, a wearer’s mode of
travel, and a type of activity a wearer is participating in. Accordingly, the wearable device
may include a location-tracking sensor (e.g., a GPS device), a light intensity sensor, a
thermometer, and a clock. A wearer’s personal or demographic data, such as sex, race,
region or country of origin, age, weight, height, employment, medical history, etc., may also
be collected and transmitted to the cloud.

[0017] The term “wearable device,” as used in this disclosure, refers to any device
that is capable of being worn or mounted at, on, in or in proximity to a body surface, such as
a wrist, ankle, waist, chest, ear, eye, head or other body part. As such, the wearable device
can collect data while in contact with or proximate to the body. For example, the wearable
device can be configured to be part of a contact lens, a wristwatch, a “head-mountable
display” (HMD), an orally-mountable device such as a retainer or orthodontic braces, a
headband, a pair of eyeglasses, jewelry (e.g., earrings, ring, bracelet), a head cover such as a
hat or cap, a belt, an earpiece, other clothing (e.g., a scarf), and/or other devices. Further,
the wearable device may be mounted directly to a portion of the body with an adhesive
substrate, for example, in the form of a patch, or may be implanted in the body, such as in
the skin or another organ.

[0018] In some examples, the data described above may be collected directly by
sensors integrated on the wearable device. Alternatively, or additionally, some or all of the

data described above may be collected by sensors placed on other portions of a wearer’s
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body or in communication with the body, other computing devices remote to the wearable
device (such as a remote device having location tracking and internet capabilities, e.g. a
smartphone, tablet or head-mountable device), or by manual input by the wearer. For
example, the wearer may manually input when she is exercising, eating, work, or sleeping,
the type of activity she is engaged in (running, typing, walking, climbing), her self-
evaluated physical, health or mental state or mood (e.g., hungry, tired, headache, anxious,
etc.), among other things. Data may also be collected from applications on other computing
devices linked with the wearable device such as an electronic calendar, social media
applications, restaurant reservation applications, travel applications, etc.

[0019] The wearable device (or remote device, the cloud, remote server, etc.) may
be configured to automatically tag certain data collected from a wearer based on preset
rules. The rules may include certain threshold levels, or other identifiable characteristics of
the data that are known to be associated with the particular tag. The system would be
configured to look for data meeting those characteristics and automatically apply a tag to
that data. For example, the system may be configured to automatically apply a “sleeping”
tag when some data or combination of data streams, such as heart rate, respiration rate and
eye movement data, fall within certain ranges or exhibit certain characteristics.
Additionally, the system may be configured to automatically apply a tag based on rules set
by the wearer of the device or by a physician or other third party. In some examples, the
wearer may desire to set certain goals, restrictions or thresholds on certain activities or
habits, such as daily caloric intake, number of hours spent sedentary, daily water intake, etc.
Rules may be set in the system to automatically tag data when goals are met or thresholds
are exceeded.

[0020] The system may also be configured to receive an input from wearer of the
device to tag a data point or segment of data. For example, the wearer of the device may
indicate that she was sleeping from 10 PM to 6AM and apply a “sleeping” tag to data
collected during that time. The wearer may indicate a particular activity that she was
previously engaged in for a certain period of time (e.g., exercising for 30 minutes), is
presently engaged in (e.g., “working until 5 PM”) or an activity that she anticipates being
engaged in at a future time (e.g., “travelling by airplane from 8-11AM”). The system may
be configured to tag the data collected during the relevant time periods with the activity
engaged in by the wearer of the device. These activities may be broken down into many

categories and subcategories. For example, while “working” a wearer could also indicate
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whether he or she was sitting at her desk, at a meeting with a client or superior, taking on
the phone, typing, etc. As described above, the system may also accept other inputs from
the wearer about his or her physical state or mood. Many other annotations are
contemplated.
[0021] Moreover, the wearable device, remote device, the cloud, or remote server
may use supervised or machine learning to automatically determine when a tag should be
applied to a data point or set of data. Once a wearer of a device identifies a data point or set
of data as being associated with a particular tag, the system may be configured to “learn” or
recognize other data that could be associated with that tag without the need for the wearer’s
manual input. In a first instance where a wearer selects a tag to be applied to incoming data,
the wearable device may be configured to take high resolution data during that time period
to assist in the learning process.
[0022] Tags, such as labels or annotations, may be applied to individual data points,
or to sets of data. For example, if a wearer inputs into the wearable device or connected
computing device that she is hungry, a “snapshot” of all data collected at that instantancous
time may be associated with the “hungry” tag. The system may be configured with certain
preset tags that may be chosen by a wearer, or automatically applied to data. Such preset
tags may make data aggregation more consistent and reliable and may include any category,
metric or classification that may be deemed useful or interesting to a person viewing the
data. Additionally, or alternatively, the system may be configured to allow the wearer to
formulate or choose original tags.
[0023] All of the data collected by or input into the wearable device and any remote
devices, and any tags applied thereto, may be time-synchronized and sent to the cloud. For
example, if a wearer indicates that she is running, all data synchronously collected by the
wearable device or any remote device should be tagged, for example, as “running” or
“exercise” relevant data. The usability and searchability of the data collected and stored in
the cloud may be increased by data tagging. Tags may be used by those viewing the data,
such as a wearer, clinicians, physicians or marketing firms, to easily search for and collect
relevant data points. In addition, tagging may assist in prioritizing analysis of data.
[0024] In particular, tags may make it possible to access and process large amounts
of data quickly and easily, without having to search through a database for a particular type
of data. Data may be organized based on the tags, such as, by aggregating all data having a

common tag, ¢.g. the average number of hours all wearers slept in the past week. Tags may
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be used to recognize correlations or identify causation between data and the category of the
tag. These correlations may be for an individual wearer or for a population of wearers and
may be used to diagnose a present medical condition in a wearer of the device, or to predict
the possible occurrence of a medical condition in the future. Tags may also be used by the
system to assist a wearer in viewing, organizing or understanding her own data. For
example, the tags may be used to compute performance or health statistics, such as the
number of days the wearer jogged per week, and may assist a wearer in assessing set goals,
such as the number of days she stayed below her caloric intake goal. Tags may also enable
a wearer to compare her data to that of others having a common or similar tag. The tags
may also be used to make recommendations to wearers. For example, processors in the
cloud or remote server may analyze the data and identify trends, correlations, patterns,
milestone events, etc., and recommend certain actions, products, remedies, etc. to the
wearer of the device.

[0025] The term “medical condition” as used herein should be understood broadly
to include any disease, illness, disorder, injury, condition or impairment—e.g., physiologic,
psychological, cardiac, vascular, orthopedic, visual, speech, or hearing—or any situation
affecting the health of the wearer of the device or requiring medical attention. A “medical
condition” may also include a situation where a physiological parameter falls outside of a
range, regimen or recommendation set by an individual, her physician, a clinician or a
nutritionist. For example, a “medical condition” may be indicated when an individual
consumes more than the daily recommended calories or consumes food having a high level
of fat or sugars.

[0026] It should be understood that the above embodiments, and other embodiments

described herein, are provided for explanatory purposes, and are not intended to be limiting.

IL. Example Wearable Devices and Systems

[0027] A system 100, including one or more wearable devices 200 configured to be
mounted to or worn on, in or in proximity to a body 10, one or more remote sensors 120,
and one or more computing devices 130 all in communication with a server 140, is shown
in Figure 1. Remote sensor 120 may be any sensor not provided directly on the wearable
device 200. For example, a remote sensor 120 may be mounted to a wearer’s bicycle or car,
on the wearer’s desk, near a wearer’s bed or outside of a wearer’s home. Computing device

130 may be any device having computing or internet capabilities, including a smartphone or
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tablet, a personal computer, a mobile or cellular telephone, or a web-based application. In
one embodiment, the one or more remote sensors 120 and wearable devices 200 indirectly
communicate with server 140 via computing device 130. In other embodiments, the
wearable device 200, remote sensor 120 and computing device 130 may all directly
communicate with the server 140.

[0028] The device 200, remote sensor 120 and/or computing device 130 may be
capable of collecting, detecting or measuring a plurality of parameters from or associated
with a person wearing the device, such as physiological, motion, contextual, and personal
parameters. As will be described further below, these parameters may be detected on one or
more of the wearable device 200, the remote sensors 120 and the computing devices 130.
Physiological parameters may include heart rate, blood pressure, respiration rate, blood
oxygen saturation (SpQ;), skin temperature, skin color, galvanic skin response (GSR),
perspiration, muscle movement, eye movement, blinking, speech and analyte concentration.
Motion-related parameters, such as the wearer’s speed of travel, altitude, acceleration,
cadence of movement, intensity of movement, direction of travel, orientation, gravitational
force, inertia, and rotation. Contextual parameters, such as a wearer’s location, ambient
light intensity, ambient temperature, humidity, allergen levels, pollution, time of day, a
wearer’s mode of travel, and a type of activity a wearer is participating in, may also be
collected. A wearer’s “location” could be any location with respect to a 2-dimensional or 3-
dimensional coordinate system (e.g., a location with respect to X, Y and Z axes) or with
respect to a cartographic location description (e.g., a street address), and may further
include a global position (e.g., latitude, longitude and elevation), a hyper-local position
(such as a location within a home or building), and/or any position at any level of resolution
therebetween. Personal parameters may include sex, race, region or country of origin, age,
weight, height, employment, occupation, and medical history, etc.

[0029] The wearable device 200, remote sensor(s) 120 and computing device(s) 130
may be configured to transmit data, such as collected physiological, motion, contextual and
personal parameter data via a communication interface over one or more communication
networks to the remote server 140. The communication interface may include any means
for the transfer of data, including both wired and wireless communications, such as a
universal serial bus (USB) interface, a secure digital (SD) card interface, a plain old
telephone service (POTS) network, a cellular network, a fiber network and a data network.

In one embodiment, the communication interface includes a wireless transceiver for sending
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and receiving communications to and from the server. The wearable device 200, remote
sensor(s) 120 and computing device(s) 130 may also be configured to communicate with
one another via any communication means.
[0030] Further, the computing device 130 may be capable of accessing information
on the internet, a wearer’s electronic calendar, or from a software application. The
computing device 130 may collect data regarding the wearer’s schedule, appointments, and
planned travel. In some cases, the computing device 130 may also access the internet or
other software applications, such as those operating on a wearer’s smartphone. For
example, the computing device 130 may access an application to determine the temperature,
weather and environmental conditions at the wearer’s location. Moreover, the computing
device 130 may access a wearer’s social media applications, such as Facebook, Foursquare
or Twitter, to determine restaurants, stores or other locations a wearer has visited. This data
may, for example, be relevant to correlating a wearer’s reported illness with a restaurant she
ate at. All of this collected data may be transmitted to the remote server 140.
[0031] In addition to receiving data from the wearable device 200, remote sensor(s)
120 and computing device(s) 130, the server may also be configured to gather and/or
receive additional information from other sources. For example, the server may be
configured to regularly receive viral illness or food poisoning outbreak data from the
Centers for Disease Control (CDC) and weather, pollution and allergen data from the
National Weather Service. Further, the server may be configured to receive data regarding a
wearer’s health state or existing medical conditions from a hospital or physician. Such
information may be used in the server’s decision-making process, such as recognizing
correlations and in generating recommendations.
[0032] One or more of the wearable device 200, remote sensor 120 or computing
device 130 may also be capable of receiving an input from a wearer and transmitting that
input to the server 140. For example, the wearer may input one or more rules or an
indication of her “state.” As will be described further below, the wearable device 200 may
include an interface 280 with one or more controls 284 via which the wearer may provide
an input. A wearer may also provide an input on a computing device 130, such as a
smartphone, tablet or laptop computer.
[0033] Turning to Figure 2, the wearable device 200 may be provided as any device
configured to be mounted in, on or adjacent to a body surface. In the example shown in

Figure 2, the wearable device 200 is a wrist-mountable device 210, but many other forms
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are contemplated. The device may be placed in close proximity to the skin or tissue, but
need not be touching or in intimate contact therewith. A mount 220, such as a belt,
wristband, ankle band, necklace, or adhesive substrate, etc. can be provided to mount the
device at, on or in proximity to the body surface.

[0034] The wearable device 200 may include one or more sensors 230 for collecting
data from or associated with a wearer of the device 210, a transceiver 240 for transmitting
collected data to a remote server or device, a processor 250 and a memory 260. Transceiver
240 may include a wireless transceiver with an antenna that is capable of sending and
receiving information to and from a remote source, such as a server 140. Memory 260 is a
non-transitory computer-readable medium that can include, without limitation, magnetic
disks, optical disks, organic memory, and/or any other volatile (e.g. RAM) or non-volatile
(e.g. ROM) storage system readable by the processor 250. The memory 260 can include a
data storage to store indications of data, such as sensor readings, program settings (e.g., to
adjust behavior of the wearable device 200), user inputs (e.g., from a user interface on the
device 200 or communicated from a remote device), etc. The memory 260 can also include
program instructions for execution by the processor 250 to cause the device 200 to perform
processes specified by the instructions. Example processor(s) 250 include, but are not
limited to, CPUs, Graphics Processing Units (GPUs), digital signal processors (DSPs),
application specific integrated circuits (ASICs).

[0035] The sensors 230 may include any device for collecting, detecting or
measuring one or more physiological, motion, contextual or personal parameters. Sensors
for detecting and measuring physiological parameters may include, but are not limited to,
one or more of an optical (e.g., CMOS, CCD, photodiode), acoustic (e.g., piczoelectric,
piezoceramic), electrochemical (voltage, impedance), resistive, thermal, mechanical (e.g.,
pressure, strain), magnetic, or clectromagnetic (e.g., magnetic resonance) sensor. In
particular, the wearable device 100 may include sensors such as a thermometer and a GSR
sensor for sensing temperature and skin resistance, respectively, and a light emitting source
and a detector for sensing blood pressure. Some physiological data may also be obtained by
non-invasively detecting and/or measuring one or more analytes present in blood, saliva,
tear fluid, or other body fluid of the wearer of the device. The one or more analytes could
include enzymes, reagents, hormones, proteins, viruses, bacteria, cells or other molecules,
such as carbohydrates, ¢.g., glucose. Analyte detection and measurement may be enabled

through several possible mechanisms, including electrochemical reactions, change in
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impedance, voltage, or current etc. across a working electrode, and/or interaction with a
targeted bioreceptor. For example, analytes in a body fluid may be detected or measured
with one or more electrochemical sensors configured to cause an analyte to undergo an
electrochemical reaction (e.g., a reduction and/or oxidation reaction) at a working electrode,
one or more biosensors configured to detect an interaction of the target analyte with a
bioreceptor sensitive to that analyte (such as proteins, enzymes, reagents, nucleic acids,
phages, lectins, antibodies, aptamers, etc.), and one or more impedimetric biosensors
configured to measure analyte concentrations at the surface of an electrode sensor by
measuring change in impedance across the electrode, etc.  Other detection and
quantification systems and schemes are contemplated for implementation of the analyte
sensor system.

[0036] Contextual parameters may be detected from, for example, a location-
tracking sensor (e.g., a GPS or other positioning device), a light intensity sensor, a
thermometer, a microphone and a clock. Motion data may be collected by sensors such as
accelerometers, IMUS, proximity sensors, microphones, gyroscopes, magnetometers, optical
sensors, ultrasonic sensors, odometers, and pedometers. These sensors and their
components may be miniaturized so that the wearable device may be worn on the body
without significantly interfering with the wearer’s usual activities. Additionally or
alternatively, these sensors may be provided on or as part of a remote sensor 120 or a
computing device 130.

[0037] The wearable device 200 may also include an interface 280 via which the
wearer of the device may receive one or more recommendations or alerts generated either
from a remote server 140, remote computing device 130, or from the processor 250
provided on the device. The alerts could be any indication that can be noticed by the person
wearing the wearable device. For example, the alert could include a visual component (e.g.,
textual or graphical information on a display), an auditory component (e.g., an alarm
sound), and/or tactile component (e.g., a vibration). Further, the interface 280 may include
a display 282 where a visual indication of the alert or recommendation may be displayed.
The display 282 may further be configured to provide an indication of the detected or
collected physiological, motion, contextual or personal parameters, for instance, the
wearer’s heart rate. In embodiments where the wearable device is not capable of supporting
an interface 280, alerts and recommendations may be provided to the wearer on computing

device 130. The interface 280 may also include one or more controls 284 via which a user
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may input an indication of her state, or, in some cases a rule related to the data detected by
the wearable device.

[0038] In other examples, the wearable device 200 may be provided as or include an
eye-mountable device, a head mountable device (HMD) or an orally-mountable device. An
eye-mountable device may, in some examples, take the form of a vision correction and/or
cosmetic contact lens, having a concave surface suitable to fit over a corneal surface of an
eye and an opposing convex surface that does not interfere with eyelid motion while the
device is mounted to the eye. The eye-mountable device may include at least one sensor
provided on a surface of or embedded in the lens material for collecting data. In one
example, the sensor can be an amperometric electrochemical sensor for sensing one or more
analytes present in tear fluid.

[0039] An HMD may generally be any display device that is capable of being worn
on the head and places a display in front of one or both eyes of the wearer. Such displays
may occupy a wearer’s entire field of view, or occupy only a portion of a wearer’s field of
view. Further, head-mounted displays may vary in size, taking a smaller form such as a
glasses-style display or a larger form such as a helmet or eyeglasses, for example. The
HMD may include one or more sensors positioned thereon that may contact or be in close
proximity to the body of the wearer. The sensor may include a gyroscope, an accelerometer,
a magnetometer, a light sensor, an infrared sensor, and/or a microphone for collecting data
from or associated with a wearer. Other sensing devices may be included in addition or in
the alternative to the sensors that are specifically identified herein.

[0040] An orally mountable device may be any device that is capable of being
mounted, affixed, implanted or otherwise worn in the mouth, such as on, in or in proximity
to a tooth, the tongue, a cheek, the palate, the lips, the upper or lower jaw, the gums, or
other surface in the mouth. For example, the device 200 can be realized in a plurality of
forms including, but not limited to, a crown, a retainer, dentures, orthodontic braces, dental
implant, intra-tooth device, veneer, intradental device, mucosal implant, sublingual implant,
gingivae implant, frenulum implant, or the like. The orally-mountable device may include
one or more sensors to detect and/or measure analyte concentrations in substances in the
mouth, including food, drink and saliva. Sensor(s) that measure light, temperature, blood
pressure, pulse rate, respiration rate, air flow, and/or physiological parameters other than
analyte concentration(s) can also be included.

[0041] Some embodiments of the system 100 and/or wearable devices 200 may
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include privacy controls which may be automatically implemented or controlled by the
wearer of the device. For example, where a wearer’s collected physiological parameter data
and health state data are uploaded to a cloud computing network for trend analysis by a
clinician, the data may be treated in one or more ways before it is stored or used, so that
personally identifiable information is removed. For example, a wearer’s identity may be
treated so that no personally identifiable information can be determined for the wearer, or a
wearer’s geographic location may be generalized where location information is obtained
(such as to a city, ZIP code, or state level), so that a particular location of a wearer cannot be
determined.

[0042] Additionally or alternatively, wearers of a device may be provided with an
opportunity to control whether or how the device collects information about the wearer
(e.g., information about a wearer’s medical history, social actions or activities, profession, a
wearer’s preferences, or a wearer’s current location), or to control how such information
may be used. Thus, the wearer may have control over how information is collected about
him or her and used by a clinician or physician or other wearer of the data. For example, a
wearer may elect that data, such as health state and physiological parameters, collected from

his or her device may only be shared with certain parties or used in certain ways.

III. Example Methods

[0043] Figure 3 is a flowchart of a method 300 for tagging data detected from a
wearer of a wearable device. As described above, a wearable device 200, configured to be
mounted to a body surface, may detect physiological data from a wearer of the device. This
detected data may then be received by, for example, a processor on the wearable device 200,
a remote computing device 130 or a remote server 140, such as a cloud computing network
(310). An input by the wearer of the device may also be received, for example, by the
server 140 (320). The input may be received directly by the server 140, or may be input by
the wearer into the wearable device 200, a remote sensor 120, or a computing device 130,
such as a smartphone or laptop computer and transmitted to the server 140. While
embodiments of the foregoing methods are described herein as being carried out on the
server 140, it is contemplated that the methods may be carried out by a processor on the
wearable device 200, remote sensor 120 or computing device 130.

[0044] In one example, the wearer may input her “state”, which may include any

type of activity the wearer is engaged in, a task being performed by the wearer, and the
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wearer’s a health state, physical state, mental state and mood. For example, the wearer may
indicate that she is at work, standing, sleeping, making dinner, or exercising. A wearer may
also input how she is feeling or any symptoms he or she is experiencing, such as, “feeling
cold,” “feeling tired,” “stressed,” “feeling rested and energetic,” “hard to breathe,” etc.
More than one state may also be input at a time. In some examples, the wearer may

29

concurrently input a state and one or more specific sub-states, such as, “at work” and
“typing” or “at the gym” and “lifting weights.” In other examples, the wearer may
concurrently input different types of states, such as, “at work” and “feeling tired.” Further,
the wearer may input that the state applies to a period of time, for example, a wearer may
input that she was at work between 9am and 5pm, or that she was running from 6am to
6:45am. The system may also be configured with a stopwatch or timer function where a
wearer may input when a state is initiated and input when the state ends.

[0045] In another example, the input may be a rule set by the wearer of the device.
The wearer may input rules against which future data may be compared. For example, the
wearer may specify that she swims for 30 minutes at the gym every Tuesday starting at
12pm or that she is at work between 9am and 5pm every weekday. The rule may be based
in some embodiments on a threshold, such as, a maximum or minimum recommended
caloric intake or a heart rate range for aerobic exercise. The rule may also be related to a
goal of the wearer of the wearable device, such as a number of times the wearer aims to run
in a week or the number of hours of sleep a wearer aims to sleep each night.

[0046] Based on the wearer’s input, all or part of the physiological data may be
associated with a tag by the server 140 (330). The tag may be any word, phrase, expression,
or symbol that can be used to label all or part of the physiological data. In some examples,
the wearer’s input may be used, at least in part, to generate the tag. For example, the wearer
may input that she was sleeping between 10pm and 6am and a “sleeping” tag may be
generated and applied to data collected between 10pm and 6am. The generated tag may
then be saved in the system and selected by the wearer on another occasion. Tags may be
associated with physiological data synchronously with its collection, or they may be applied
at some time after data has been collected. If the wearer inputs that she is beginning a run,
then all data collected from that point in time until the wearer inputs that her run has ended
will be associated with, for example, a “running” tag. Alternatively, the wearer may input
after completion of an activity that, for example, she was sitting for the last thirty minutes or

that she experienced a headache yesterday at noon.
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[0047] In other examples, where the wearer’s input is a rule, all or part of the
collected physiological data may be associated with a tag based on the rule. According to
one example described above, where the wearer inputs a rule that she swims for 30 minutes
at the gym every Tuesday starting at 12pm, a “swimming” tag may be applied to all data
collected between 12pm and 12:30pm every Tuesday. Where, for example, the rule is based

on a threshold, a tag may be applied to collected data that falls above or below that

threshold, or outside of a range. Further, where the rule is based on a goal set by the wearer,

collected data may be compared to the rule and tagged, for example, as “goal met,” “goal
exceeded,” or “goal not met.”
[0048] The physiological data may be organized by the server based, at least in part,

on the tag associated with the collected data (340). In one example, the physiological data
may be organized by aggregating a plurality of physiological data detected from the wearer
of a wearable device associated with that tag. The data may be organized by aggregating all
of a wearer’s data that is associated with a “sleeping” tag. Similarly, data may be organized
by aggregating all data that is associated with two tags, such as, “consumed bread” and
“stomach ache.” Further, data associated with a tag may be organized by time of day, day
of the week, and value. For example, data tagged with “sleeping” may be organized by the
number of hours of sleep or the time of day sleep started or ended. Data may also be
organized by related tags, for example all data tagged with “sleeping” may be organized
with data tagged with “snoring.” Many other organization schemes are contemplated.

[0049] In some embodiments, tags may also be applied to data based on learned
rules. Figure 4 illustrates a flow chart for an additional method 400. Initial physiological
data is received by the server from a wearable device (410). The server also receives an
input from the wearer of the wearable device (420) and applies a tag to all or a portion of
that initial data based on the input received from the wearer (430). Subsequent
physiological data is received by the server from the wearable device (440) and the server,
or other computing device, determines whether to apply the tag to all or a portion of the
subsequent data (450). In some examples, the subsequent data may be automatically
associated with a tag based on a learned rule which may be based, at least in part, on a
comparison between some physiological data is associated with a tag and subsequently
received physiological data. The server 140 or other computing device in the system 100
may be configured to use supervised or machine learning to determine when a tag should be

applied to a data point or set of data based on the type of data a particular tag was
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previously associated with. Once a data point or set of data is associated with a particular
tag based on a wearer’s initial input, the system may be configured to “learn” or recognize
other data that could be associated with that tag without the need for a subsequent input by
the wearer. The system may recognize patterns and generate rules based on these patterns.
For example, the system may recognize that on a certain number of instances where a
wearer input that she was sleeping, the wearer’s heart rate and respiration rate always fell
within a certain range for that period of time. Accordingly, when subsequent heart rate and
respiration data within that identified range is received, the system may automatically apply
a “sleeping” tag to that data without the wearer having to input that she was sleeping. This
machine or supervised learning may be facilitated by taking high resolution data during a
time period where a wearer inputs a tag for the first time.

[0050] Learned rules may also be based, at least in part, on an input by the wearer of
the device. In some cases, a wearer may provide an input into the system to “correct” a
learned rule. For example, the system may create a learned rule such that, whenever a
wearer’s data exhibits values A, B and C, then the data is associated with an “cating” tag.
As described above, this learned rule may be based on an earlier input received by the
wearer indicating that she was eating at a time when her collected data exhibited values A,
B and C. The user may provide an input at a later that may correct the tag by (1) change the
initial indication upon which the learned rule was based from, for example, “cating” to
“drinking” or (2) by correcting certain instances of when the learned rule applied the
“cating” tag. For example, the wearer may recognize that the learned rule incorrectly
applied to the “cating” tag to data collected while she was, in fact, drinking. In some
examples, the system may use this further input by the user to adjust the learned rule to
distinguish between data collected during eating and data collected during drinking.

[0051] Further, physiological data associated with a plurality of wearers of
respective wearable devices may be received by the server and associated with one or more
tags. The tags may be associated with each wearer’s data based, at least in part, on an input
from that respective wearer received by the server. The data collected from this plurality of
wearers may be organized by the server based on the one or more tags applied to their
respective data. In some examples, the physiological data may be organized by aggregating
physiological data associated with each of the plurality of wearers. Similar to that described
above, data from any of the plurality of wearers that is associated with a particular tag may

be aggregated together.



WO 2016/010769 PCT/US2015/039305
17 -

[0052] Physiological data collected from a plurality of wearers may also be used in
the creation of learned rules. The system may be configured to “learn” or recognize data
collected from a wearer of the device that should be associated with a tag based on a
comparison of that data to data collected from a population of wearers that is also associated
with that tag. Accordingly, a learned rule for applying a tag to a wearer’s data may also be
based on a comparison of that wearer’s physiological data to data collected from a plurality
of wearers that is also associated with that tag. In some cases, comparing a wearer’s data to
data collected from a plurality of wearers may improve the accuracy of these learned rules.
For example, the system may be more able to determine when a wearer is engaging in a
particular activity (e.g., bungee jumping) when it can compare the wearer’s data to a
plurality of other data sets that are tagged with that activity.

[0053] In addition to physiological data, the server 140 may be configured to
receive motion data, contextual data, and personal data associated with the wearer of a
wearable device. As described above, these types of data may be detected or collected by
one or more of a wearable device 200, a computing device 130, a remote sensor 120 or the
server 140. The motion and contextual data may be detected synchronously with the
physiological data. Time synchronization data may also be received by the server 140 that
indicates a timing relationship between the physiological and the motion and/or contextual
data. By time synchronizing the data, the same tag may be applied to all physiological,
motion and contextual data that is detected at the same time. A wearer’s personal data may
also be associated with the other forms of data and may, in some examples, be used with the
tag to organize the data. Data collected from a population of wearers may be organized
based on a common tag and one or more personal data parameters, such as height, weight,
gender, sex, home address, occupation, etc. For example, data collected from women
between the ages of 30 and 34 and tagged with “running” may be organized together.

[0054] Another method 500 is illustrated in the flowchart of Figure 5. Physiological
data detected by a wearable device is received by a server (510) along with an input from
the wearer of the wearable device (520). All or part of the physiological data is associated
by the server with a tag based, at least in part, on the input from a wearer of the wearable
device (530), similar to that described above with respect to method 300. Based on the tag,
one or more groups are established by the server (540) and the physiological data is stored
by the server in a database to indicate that all or part of the physiological data is a member

of the one or more groups (550). In addition to being based on the tag, the one or more
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groups established in the database may also be based on personal data of a wearer of the
device. For example, “running” group may be established within the database for women
over the age of 50 and all data with a common tag and having those personal data
characteristics would be stored within the database to indicate that the physiological data
associated with that tag was a member of the group. Further, a wearer’s time-synchronized
contextual and motion data may also be stored in the database with the corresponding
physiological data to indicate that all or part of the contextual or motion data is a member of
the group.
[0055] Tags may be used to organize data stored in the server 140 to increase its
usability and searchability. Tags may be used by the wearer in viewing and using her data
or by third parties who have been given permission by the wearer, such as clinicians or
physicians. In one example, tags may provide a convenient means to query a database in
which a wearer or population of wearers’ data is stored or to conveniently view large
amounts of data in an organized fashion. Tags may be used aggregate similar data points or
data sets from a plurality of wearers or from a single wearer over time. The tags may also
provide a means for organizing many different types of data, such as physiological,
contextual, motion and personal data. To this end, data may be aggregated based on one or
more tags and one or more different types of data. In addition, tagging may assist in
prioritizing analysis of data, for example, all data tagged as being above a threshold may be
reviewed first.
[0056] Tags may be used to recognize correlations or identify causation between
data and the category of the tag. These correlations may be for an individual wearer or for a
population of wearers and may be used to diagnose a present medical condition in a wearer
of the device, or to predict the possible occurrence of a medical condition in the future. In
addition, the tags may be used to see change or stability of data over time, for example, how
a wearer’s average resting heart rate changed over a three month period. Tags may be used
to determine the effect that a tagged activity had on physiological data, such as the effect
running had on a wearer’s heart rate.
[0057] Correlations may be derived between physiological data measured a
wearable device and a tag, which may have been generated by the health state input by the
wearer, and all other information collected by the server or other computing device also
associated with that tag. For example, analysis of physiological data associated with a tag

(which may represent a wearer’s input health state) may reveal that the patient reported
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experiencing certain adverse health conditions, such as a migraine or a heart attack, when
one or more physiological parameters reach a certain level. This correlation data may be
used to generate recommendations for the patient. Physiological data such as blood
pressure, heart rate, body temperature etc., may be complemented by motion and contextual
data, in order to add to or enhance these correlations. In this respect, tags may be
particularly useful in drawing correlations between many different types of data sharing a
common or similar tag. For example, the analysis of physiological data measured by the
wearable device 200 and the location of the wearable device (which may, for example, be
determined from a remote sensor 120) may reveal that the wearer of the device experiences
certain adverse health conditions, such as allergic reaction, when present in a certain
geographical region. Further, date, time of day and geographical location data may be used
to detect and monitor spatial and temporal spreading of diseases among a population of
wearers.

[0058] Further, tags may be used by a wearer to view and use her own data. For
example, the tags may be used to compute performance statistics, such as the number of
days the wearer jogged per week, or health statistics, such as the number of days the wearer
spent on bed rest in the previous year. The tags may also be used by a wearer of the device
to determine if she met certain set goals, such as the number of days the wearer stayed
below her caloric intake goal. Tags may also be used by the wearer of a device to run any
number of queries on her data, e.g., number of days experiencing hunger, number of days
experiencing hunger and headache, nights REM sleep was achieved, etc. Further, the tags
may be used by a wearer to compare her data to that of others. For example, the wearer
may determine how her exercise level compares to that of others in her sex, age group,
location, profession, etc.

[0059] The tags may also be used to make recommendations to wearers. For
example, processors in the remote server 140 may analyze the data and identify trends,
correlations, patterns, milestone events, etc., and recommend certain actions, products,
remedies, etc. to the wearer of the device. For example, the server may recognize that data
collected from a wearer on three different instances was tagged with “stomach ache” within
a few hours after the wearer input that she consumed a wheat-based product. The server
may then recommend that the wearer of the device see a doctor to discuss a potential gluten
allergy. In another example, the server may recommend that a wearer exercise more if she

did not engage in the recommended level of activity during a certain period. These
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recommendations may be based on, for example, generally recognized standards or norms,
on approved drug indications, or on intended or recommended product uses. The
recommendations may also be set or provided by a wearer’s physician or caretaker. In other
examples, the tags may be used for targeted marketing. In one example, the system may
recommend a product or service based on one or more tags applied to a wearer’s data, such
as, a recommendation for a pain medication aid if the wearer tagged data indicating she
experienced a headache.

[0060] It will be readily understood that the aspects of the present disclosure, as
generally described herein, and illustrated in the figures, can be arranged, substituted,
combined, separated, and designed in a wide variety of different configurations, all of which
are explicitly contemplated herein. While various aspects and embodiments have been
disclosed herein, other aspects and embodiments will be apparent to those skilled in the art.
[0061] Example methods and systems are described above. It should be understood
that the words "example" and “exemplary” are used herein to mean "serving as an example,
instance, or illustration." Any embodiment or feature described herein as being an
"example" or “exemplary” is not necessarily to be construed as preferred or advantageous
over other embodiments or features. Reference is made herein to the accompanying figures,
which form a part thereof. In the figures, similar symbols typically identify similar
components, unless context dictates otherwise. Other embodiments may be utilized, and
other changes may be made, without departing from the spirit or scope of the subject matter
presented herein. The various aspects and embodiments disclosed herein are for purposes
of illustration and are not intended to be limiting, with the true scope and spirit being

indicated by the following claims.
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What is claimed is:

l. A method, comprising:

receiving, by a server from a wearable device, physiological data detected by a
wearable device, wherein the wearable device is configured to be mounted to a body surface
of a wearer;

receiving, by the server, an input from the wearer;

associating, by the server, all or part of the physiological data with a tag based, at
least in part, on the input from the wearer, wherein the tag is generated based, at least in
part, on the input from the wearer; and

organizing, by the server, the physiological data based, at least in part, on the tag,
wherein organizing the physiological data comprises aggregating a plurality of
physiological data detected from the wearer of a wearable device associated with the tag.

2. The method of claim I, wherein input is a state of the wearer.

3. The method of claim 2, wherein the state is selected from the group
consisting of: a type of activity engaged in by the wearer, a task performed by the wearer, a
health state of the wearer, a physical state of the wearer, a mental state of the wearer, a
mood of the wearer.

4. The method of claim I, wherein the input is a rule.

5. The method of claim 4, wherein the rule is based, at least in part, on a
threshold value.

6. The method of claim 1, further comprising:

receiving, by the server from the wearable device, subsequent physiological data

detected by the wearable device; and
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associating, by the server, the subsequent physiological data with the tag based on a
learned rule.

7. The method of claim 6, wherein the learned rule is based, at least in part, on
a comparison of the physiological data associated with the tag and the subsequent
physiological data.

8. The method of claim 6, wherein the learned rule is based, at least in part, on
an input by the wearer.

9. The method of claim 6, wherein the learned rule is based, at least in part, on
a comparison of physiological data associated with the tag collected from a plurality of
wearers and the subsequent physiological data.

10.  The method of claim 1, further comprising:

receiving, by the server from a plurality of wearable devices, physiological data
obtained from a plurality of wearers of the plurality of wearable devices;

associating, by the server, all or part of the physiological data obtained from the
plurality of wearers with one or more tags based, at least in part, on respective inputs from
the plurality of wearers; and

organizing, by the server, the data based, at least in part, on the one or more tags,
wherein organizing the physiological data comprises aggregating the physiological data
obtained from the plurality of wearers based on the one or more tags.

11.  The method of claim I, further comprising:

receiving, by the server, motion data associated with a wearer of the wearable
device, wherein the motion data is detected synchronously with the physiological data;

receiving, by the server, time-synchronization data that indicates a timing
relationship between the motion data and the physiological data; and

applying, by the server, the tag to the motion data based, at least in part, on the time-
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synchronization data;

wherein the motion data comprises one or more of: (a) speed of travel, (b) altitude,
(c) acceleration, (d) cadence of movement, (¢) intensity of movement, (f) direction of travel,
(g) orientation, (h) gravitational force, (1) inertia, and (j) rotation.

12. The method of claim 1, further comprising:

receiving, by the server, contextual data associated with the wearer of the wearable
device, wherein the contextual data is detected synchronously with the physiological data;

receiving, by the server, time-synchronization data that indicates a timing
relationship between the contextual data and the physiological data; and

applying, by the server, the tag to the contextual data based, at least in part, on the
time-synchronization data;

wherein the contextual data comprises one or more of: (a) location of the wearer of
the device, (b) ambient light intensity, (c) ambient temperature, (c) time of day, (d) a mode
of travel of the wearer of the device, and (¢) a type of activity the wearer of the device is
engaged in.

13. The method of claim 1, further comprising:

receiving, by the server, personal data associated with a wearer of the device; and

organizing, by the server, the data, based, at least in part, on the tag and the personal
data;

wherein the personal data comprises one or more of: (a) a height of the wearer of the
device, (b) a weight of the wearer of the device, (¢) an age of the wearer of the device; (d) a
gender of the wearer of the device; (e) a race of the wearer of the device; (f) a medical
history of the wearer of the device; and (g) an occupation of the wearer of the device.

14. A method, comprising:

receiving, by a server, physiological data detected by a wearable device;
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receiving, by the server, an input from a wearer of the wearable device;

associating, by the server, all or part of the physiological data with a tag based, at
least in part, on the input from the wearer of the wearable device;

establishing, by the server, one or more groups based, at least in part, on the tag; and

storing, by the server, the physiological data in a database to indicate that all or part
of the physiological data is a member of the one or more groups.

15, The method of claim 14, wherein the group is further based, at least in part,
on personal data of a wearer of the device.

16.  The method of claim 14, further comprising:

receiving, by the server, motion data associated with the wearer of the wearable
device, wherein the motion data is detected synchronously with the physiological data;

receiving, by the server, time-synchronization data that indicates a timing
relationship between the motion data and the physiological data;

associating, by the server, all or part of the motion data with the tag based, at least in
part, on the time-synchronization data;

storing, by the server, the motion data in the database to indicate that all or part of
the motion data is a member of the one or more groups.

17.  The method of claim 14, further comprising:

receiving, by the server, contextual data associated with a wearer of the device,
wherein the contextual data is detected synchronously with the physiological data;

receiving, by the server, time-synchronization data that indicates a timing
relationship between the contextual data and the physiological data;

associating, by the server, all or part of the contextual data with the tag based, at
least in part, on the time-synchronization data; and

storing, by the server, the contextual data in the database to indicate that all or part
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of the contextual data is a member of the one or more groups.

18. A method, comprising:

receiving, by a server, initial physiological data from a wearable device;

receiving, by the server, an input from a wearer of the wearable device;

applying, by the server, a tag to all or a portion of the initial physiological data based
on the input from the wearer of the wearable device;

receiving, by the server, subsequent physiological data from the wearable device;
and

determining, by the server, whether to apply the tag to all or a portion of the
subsequent data, wherein the determining is made based, at least in part, on a comparison
between all or part of the initial physiological data associated with the tag and all or part of

the subsequent physiological data.
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