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(57) Abstract: In general, this disclosure is directed to techniques for generating, by a computing device, at approximately a time
that a user is eating, at least one computer-generated indication. Based at least in part on the at least one computer-generated indica-
tion and pre-defined activity data that are indicative of a human consuming an ingestible substance, the computing device determines
whether the user is currently consuming an ingestible substance. Responsive to determining that the user is currently consuming the
ingestible substance, the computing device outputs a reminder to consume at least one particular ingestible substance, such as a med -
ication.
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MEAL-BASED MEDICATION REMINDER SYSTEM

BACKGROUND

[8081] A person may take medications on a schedule to improve efficacy of the
medications and/or to reduce attendant side effects. Reminders that are output by a
computing device may assist a person to stay on a necessary schedule for the regular
ngestion or application of a variety of medications. While some schedules for
medication are strictly time based, others are more termporally flexible and may only
require dosages within sorne range of time. For instance, some medications may be
taken by a person within a range of time before, during, or after the cousumption of
food, such as a meal. However, given the variability of individuals’ cating patterns,
time-based medication reminders which only account for the time at which a medication
nust be taken may not correspond to when an individual is actually eating or about to

cat.

SUMMARY

[86032] In one example, a mocthod includes generating, by a computing device at
approximately a time that a user is cating, at least one computer-generated indication;
determiniong, by the coroputing device and based at least in part on the at least one
computer-generated indication and pre-defined activity data that are indicative of an act
of a human consuning an ingestible substance, whether the user is currently consurning
an ingestible substance; and responsive to determining that the user is currently
consuming an ingestible substance, sutputting, by the computing device, a renunder o
consume at least one particular ingestible substance.

{8083} In another example, a computing device inchudes at least one processor and at
least one module, operable by the at least one processor to generate, at approximately a
time that a user is cating, at least one computer-generated indication, determine, based
at least in part ov the at least one computer-generated indication and pre-defined activity
data that are indicative of an act of a human consuming an ingestible substance, whether
the user is currently consurming an ingestible substance, and, responsive to determining
that the user is currently consuming an ingestible substance, output a reminder to

consume at least one particular ingestible substance.



WO 2016/007384 PCT/US2015/039052

[86034] In another example, a computer-readable storage medium is encoded with
instructions that, when executed, cause at least one processor of a computing device to
generate, at approximately a time that a user is eating, at least one computer-generated
indication; determine, based at lcast in part on the at least one computer-generated
indication and pre-defined activity data that are indicative of an act of & human
consuming an ingestible substance, whether the user is currently consuming an
ingestible substance; and responsive to determining that the user is currently consuming
an ingestible substance, output a reminder to consume at least one particular ingestible
substance.

[80¢5] The details of one or more examples of the disclosure are set forth in the
accompanying drawings and the description below. Other features, objects, and

advantages will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[8886] FIG. 1 13 a conceptual diagram illustrating an example system mneluding a
computing device that determines whether a user is consuming an ingestible substance
and outputs a rermnder to consume at least one particular ingestible substance, in
accordance with one or more aspects of the present disclosure.

[8087] FIG 2 is a block diagram illustrating an exarople comoputing device, n
accordance with one or more aspects of the present disclosure.

[8008] FIG 3 is a conceptual diagram illustrating an example system inchuding a
computing device that determines whether a user is consuming an ingestible substance
and outputs a renunder to consume at feast one particular ingestible substance, in
accordance with one or more aspects of the present disclosure.

(8009 FIG. 4 18 a flow diagram illustrating example operations of a computing device
that iroplements technigues for determining whether a user 18 consurning an ingestible
substance, in accordance with one or more aspects of the present disclosure.

[8816] FIG. 5 is a flow diagrar ilustrating example operations of a computing device
that implements techunigques for determining whether a user is consuming an ingestible
substance, in accordance with one or more aspects of the present disclosure.

[8611] FIG. 6 1s a tlow diagram illustrating example operations of a computing device
that implernents techniques for determining whether a user 18 consuming an ingestible
substance, i accordance with one or more aspects of the present disclosure.

~
L
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[8612] FIG. 7 15 a flowchart tllustrating exaraple operations of a computing device that
implements techniques for determining whether a user is consuming an ingestible
substance and outputting a reminder to consurme at least one particular ingestible
substance, in accordance with one or more aspects of the present disclosure.

[8013] FIG 8 is a block diagram tustrating an cxample computing device that outputs
graphical content for display at a remote device, in accordance with one or more

techniques of the present disclosure.

DETAILED DESCRIPTION

[8014] In general, techniques of this disclosure are directed to outputiing a rermnder
indicating that a user should take a medication based on a determination that the user is
currently eating. A computing device may compare relevant scusor and/or other data to
predetermined values to determine whether the user is cating, rather than making the
determination based solely on time or location. Examples of such data inchude pictures
of food in front of the user, a picture of utensils, motion data obtained from one or more
sensors of or operatively coupled to the computing device, a blood sugar level of the
user as rocasured by the computing device or a device operatively coupled thereto, a
sound detected by the computing device or a device operatively coupled thereto, a
picture of a cheekbone of the user, etc.
[88158] To illustrate, as the user is eating, one or more sensors and/or input devices of
or operatively coupled to the computing device may gencrate data for a user in
determining whether the user ts currently eating. The computing device may classify
the gencrated data, based on pre-defined activity data that are indicative of an act of a
huroan cating, to determine whether the user is actually eating at the current time. In
this manner, techniques of the disclosure may provide more accurate medication
rerainders, thereby reducing the number of instances that a user must manually check a
computing device to determine whether to ingest medication.
[8016] FIG. 118 a conceptual diagram illustrating an exarple system including a
computing device that determines whether a user is consuming an ingestible substance
and outputs a rerninder to consume at least one particular ingestible substance,
accordance with one or more aspects of the present disclosure. As further described
below, based on the at lcast one computer-generated mdication and pre-defined activity
data, a computing device may determine that a user is cating and output a reminder to

3
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take a medication. As shown in FIG. 1, system 2 includes computing device 4 and, in
some examples, computing device 5.

{8817] In the example of FIG. 1, computing device 4 15 a wearable computing device,
such as a smartwatch. However, in some examples, computing device 4 may be a
computerized watch, computerized eyewesr, computerized headwear, coraputerized
gloves, a blood sugar monitoring device (¢.g., a sugar-measuring lens), a tablet
computer, a mobile phone, a personal digital assistant (PDA}, & laptop computer, a
gaming system, a media player, an e-book reader, a television platform, an automobile
navigation system, a camera, One Ot MOre sensors, or any other type of mobile and/or
non-mobile computing device that s configured to measure one or more characteristics
of a user, such as motion, environment, or bodily state and generate an indication of the
one or more characteristics.

[8018] Computing device 4 further inchudes user interface device (UID) 6, one or more
sensors R, activity detection modale 10, input/output (1/0) module 12, and data storage
14, Modules 10 and 12 may perform operations described herein using software,
hardware, firrmware, or a mixture of hardware, software, and/or firmware residing in
and/or executing at computing device 4. Computing device 4 may execute modules 10
and 12 with one or more processors. In some examples, computing device 4 may
execute modules 10 and 12 as ove or more virfual machines executing on underlying
hardware of computing device 4. Modules 10 and 12 may execute as one or more
services or coraponents of operating systems or coraputing platforros of computing
device 4. Modules 10 and 12 may execute as one or more excecutable programs at
application layers of computing platforms of computing device 4. In some cxamples,
UD 6, one or more sensors 8, data storage 14 and/or modules 10 and 12 may be
arranged remotely to and be remotely accessible to computing device 4, for instance, via
interaction by computing device 4 with one or more network services gperating in a
network cloud.

[8619] In some examples, multiple computing devices may be used. For instance,
computing device 5, which may be any of the computing devices listed as examples
above for coraputing device 4, is 1llustrated as computerized eyewear. Computing
device 5 may be used in conjunction with computing device 4 to determine multiple

characteristics and/or actions of a user and characteristics of an environment of the user
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to create at least one computer-generated mdication that is indicative of consurming an
ingestible substance.

{80261 UID 6 of computing device 4 may include respective input and/or output devices
for computing device 4. UID 6 may be implemented using one or more various
technologies. For instance, UID & may function as input dovice using a presence-
sensitive input screen, such as a resistive touchscreen, a surface acoustic wave
touchscreen, a capacitive touchsereen, a projective capacitance touchscreen, a pressure
sensitive screen, an acoustic pulse recognition touchscreen, or another presence-
sensitive display technology. UID 6 may function as output {c.g., display) device using
any one or more display devices, such as a hquid crystal display (LCD), a dot matrix
display, a light emitting diode (LED} display, an organic light-emitting diode (OLED)
display, e-ink, or siatlar monochrorae or color displays capable of outputting visible
information to a user of computing device 4.

[8621] In some examples, UID 6 may wnclade a presence-sensitive display that may
include a display device and receive tactile input from a user of computing device 4.
UID 6 may receive indications of tactile input by detecting one or more gestures from a
user {(e.g., the user touching or pointing to one or more locations of UID 6 with a finger
or a stylus pen). UID 6 may present output to a user, for instance at a prosence-sensitive
display. UID 6 may present the output as a graphical user interface (e.g., a user
interface for viewing an alert based on notification data), which may be associated with
functionality provided by computing device 4. For example, UID 6 may present various
uscr interfaces related to the functionality of computing platforms, operating systems,
applications, and/or services executing at or accessible by corputing device 4 {e.g.,
notification services, electronic message applications, Internet browser applications,
mobile or desktop operating systems, ¢tc.). A user may mteract with a user interface
presented at UID 6 to cause computing device 4 to perform operations relating to
functions.

[8622] /O wodule 12 way receive and interpret inputs detected at UID 6 {e.g., as a user
provides one or more gestures at one or more locations of UID 6 at which a user
witerface 18 displayed) and juput detected at other input devices of computing device 4
{(e.g., microphones, cameras, sensors, physical buttons, ¢te.). VO module 12 may relay

mformation asbout the input detected at computing device 4 1o one or more associated
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platforms, operating systerns, applications, and/or services exccuting at computing
device 4, to cause computing device 4 to perform functions.

[8023] VO module 12 also may recetve information and instructions from one or more
associated platforms, operating systems, applications, and/or scrvices executing at
computing device 4 {e.g., activity detection module 10, cte.) for generating a graphical
user interface or for providing a somatosensory type user interface. In addition, /0O
module 12 may act as a respective intermediary between the one or more associated
platforms, operating systems, applications, and/or services executing at computing
device 4 and various output devices of coraputing device 4 (¢.g., UID 6, one or more
sensors 8, data storage 14, a speaker, a LED indicator, other output devices, ete) to
produce output {e.g., a graphic, a flash of light, a sound, a somatosensory response, a
haptic response, etc.) with computing device 4.

[8024] As shown in FIG. 1, computing device 4 may include one or more sensors 8
(sensors 8). Sensors 8 may melude an accelerometer that generates accelerometer data.
Accelerometer data may indicate an acceleration and/or a change in acceleration of
computing device 4. Sensors § may include a gyrometer that gencrates gyrometer data.
Gyrometer data may indicate a physical ortentation and/or change in physical
oricntation of computing device 4. In some examples, the orientation may be relative to
one or more reference poiots. Sensors 8 may wnclude a magoetometer that generates
magnetometer data. Magnetometer data may indicate the magnetization of an object
that s fouching or in proximity to computing device 4. Magnetoracter data may
indicate the Earth’s magnetic ficld, and in some examples, provide directional
functionality of a compass.

[8025] Sensors 8 may include an ambient light sensor that generates ambient light data.
The arabient light data may indicate an intensity of light to which computing device 4 1s
exposed. Sensors 8 may include a proximity sensor that generates proximity data.
Proximity data may indicate whether an object 1s within proximity to computing device
4. In some examples, proxunity data may wdicate how close an object is to computing
device 4. In some cxamples, sensors 8§ may include a clock that generates a date and
time. The date and tiroe may be a current date and time. Sensors 8 may include a
pressure sensor that generates pressure data. Pressure data may indicate whether a force
is applied to computing device 4 and/or a maguoitude of a force applied to computing

device 4. Pressure data may indicate whether a force is applied to UID § and/or a
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magnitude of a force applied to UHD 6. Scusors 8 may include a video sensor that
generates picture or video data. Picture or video data may be used to further sense
motions of various body parts of a user or a user’s surroundings, such as food or a place
sctting on a table in front of a user. Sensors § may include a global positioning system
that gencrates location data. Sensors 8 may also include a clock that gencrates time
data. Asshown in FIG 1, computing device 4 may include one or more data storage
devices 14 (“data storage 147) within computing device 4 may store information for
processing during operation of computing devige 4.

[8026] Data storage 14 may be configured to hold medical records and prescription
mformation accessible by VO wmodule 12 10 order to ascertain what redications a user
shonld take in response to activity detection module 10 determining that the user is
currently consuming an ingestibie substance. In some examples, data storage 14 may be
one or more files, databases, tables, lists, or any other suitable data structures that may
store, access and modify data. Data storage 14 may further hold pre-defined activity
data 15, such as at least one of image data of portions of food, a motion profile, image
data of portions of a cheekbone, image data of portions of utensils, a mapping service to
fook up a restaurant, an cating schedule, an eating time, ambient audio to determine co-
presence of others who are cating, & blood sugar level, motion data, a database of
coordinates of restaurants, and weighted difference values.

[8027] Pre-defined activity data 15 may be collected as a labeled training set, or sensor
measurements and their labeling as to whether a person 1s eating or not eating, roeasured
from cither a single user or muultiple users. Pre-defined activity data 15 may also
mclude a trained classifier using a process such as Neural Network or Support Vector
Machine. Although data storage 14 and pre-defined activity data 15 are shown as
included 1n computing device 4, i some cxamples, data store 14 and/or pre-defined
activity data 15 may be inchuded on a remote computing device and/or may be
distributed on nultiple computing devices, such as a remote computing device and
computing device 4.

[8028] Activity detection module 10 may process data received by computing system 2.
For example, activity detection module 10 may generate at least one corputer-
generated indication based on data obtained by sensors 8 and determine, based at least
i part on the at feast one computer-generated indication and pre-defined activity data

15 that is indicative of a user consuming an ingestible substance, whether the user is
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currently consurning an ingestible substance. For example, if computing device 4 is a
blood sugar measuring device, sensors 8 may receive data indicating a rise in the user’s
blood sugar levels. Activity detection module 10 may compare this rise 1u blood sugar
levels to a typical blood sugar level increase for the user and determine, based on the
rise 1 blood sugar, that the user 18 currently cating. Activity detection module 10 may
communicate this indication to VO module 12, which will access medical records storad
in data storage 14 to deternune whether to output 4 reminder to consume medication.
The medical records may include but are not limited to, dosage information about
medication, timing information that indicates when and/or how frequently to take the
medication, interaction precaution information to preveut rermnders for drugs that way
interact in a manner adverse to the user, to name only a few examples.

{8028] To illustrate, 10 the example of FIG. 1, user 18 may be 1o frount of a plate 22B of
spaghetti and meatbails 20 with utensils 22A and 22C next to plate 228, User 18 may
be wearing computing device 4, such as a smartwatch, on user’s arro 19, In some
examples, user 18 may further be wearing computing device 5 (e.g., computerized
cyeglasses) on user's 18 face. User 18 may also have g condition such as arthritis. In
order to treat the user’s arthritis, user 18 may have a prescription of hydrocortisone, a
medication that can cause nausca-type side-cffects if taken without food.

[8038] While wearing computing device 4, user 18 may begin eating spaghetti and
meatballs 20 using fork 24. in this example, sensors § of computing device 4 may
wclude an accelerorneter and a gyrometer. Sensors 8 may rocasure the position and
speed of arm 19 and send that motion data to /0 module 12, which forwards the motion
data to activity detection module 10, In some exaraples that include computing device
5, sensors in computing device S {which may include any one or more of sensors 8
deseribed above) may include a camera and take pictures of the plate of food, the
utensils, and/or the user 18’s cheekbone. Sensors in computing device S may also take
video of user 187s jawbone motions. Computing device 5 may send this picture and
video data to an VO module n coraputing device 5, which may forward the picture and
video data to either an activity detection module in computing device § or /0 module
12 of computing device 4. Generally, a computer-generated indication may be any data
that is indicative of a user consuming an ingestible substance and that s received, sent,

generated, and/or otherwise defined by a computing device or a device operatively
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coupled to the computing device {¢.g., input devices, sensors, clocks, radios, to name
only a fow cxamples).

{80317 Activity detection module 10 may, based on the data received from sensors R or
/O module 12, generate, at approximately a time the user is cating, at least one
computer-generated indication. In some examples, the computer-generated indication
may be the unaltered data received from sensors & or VO module 12, In some examples,
the coraputer-gencrated indication ruay be data that is based on processing or otherwise
transforming the unaltered data received from sensors 8 and/or /O module 12, For
mstance, activity detection module 10 may further process the data received from
sensors 8 or VO module 12, As an example, 1o the example of FIG. 1, activity detection
module 10 may perform calculations on motion data measured by an accelerometer
and/or gyrometer to convert that motion data into a vector or a series of vectors. In
some examples, activity detection module 10 may alter video data measured by a
carnera to only include frames where the subject of the video 18 moving above a certain
threshold level of motion. Other types of computer-generated indications may include,
{altered or unaltered) a picture of food, a picture of utensils, motion data obtained from
one or more sensors, a blood sugar level, a time, a sound, a picture of a cheekbone, and
GPS coordinates.

[8632] In general, a tioe doration may coraprise a range of time, and generating, at
approximately a time that a user is cating, the at least one computer-gencrated indication
at the time that the user s eating is within the time duration. In some examples,
approximately at a time the user is eating may include a time duration of 5 minutes. In
some examples, approximately at a time the user is cating may include a time duration
that of 15 minutes, 30 minutes, or a range of § ~ 1 hour. In some examples, the time
duration is manually set by the user. In some examples, the duration is set by the
application developer. In some examples, the duration is based on one or more cvents,
such as the range could be condition on whether the user is in motion, has a reservation
on a calendar, ot whether the user indicates a particular time at which the user may be
cating.

180331 Activity detection module 10 may determine, based on the at least one
computer-generated indication and pre-defined activity data that are indicative of an act
of a human consuning an ingestible substance, whether the user is currently consurning

an ingestible substance. As shown in FIG. 1, computing device 4, using activity
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detection module 10, may compare the wotion data, such as motion vectors from a
computing device attached to a wrist of a user that measure the motion the user’s wrist
takes from goiug between a plate of food and the user’s mouth, received from seusors §
or I/0 module 12 to, such as motion vectors from a computing device attached to a wrist
of a user that measure the motion the user’s wrist takes from going between a plate of
food and the user’s mouth, pre~-defined activity data 15 in data storage 14. For example,
pre-defined activity data 15 may be a sct of motion data that 1s indicative of a person
cating, and comparing the pre-defined activity data 15 with the computer-generated
indication may provide a set of difference values indicative of how close the user 187s
motion of moving fork 24 from plate 20 to the user’s rmaouth was to the pre-defined
activity data 15 of a user cating in data storage 14.

18034] In sowe examples, such as using the picture and video data captured by
computing device 5, activity detection module 10 may compare a picture of the food to
a set of stored pictures of food to determine tfuser IR has a plate of food in front of
them. Activity detection module 106 may also compare a picture of utensils 22A-22C
taken by computing device 5 to a sct of stored pictures of utensils to determune if user
18 has a table setting in front of them, which may be indicative that user IR is eating or
about to cat. Further, activity detection module 10 may compare pictures of user 187s
checkbone to a set of stored pictures of cheekbones, wherein the stored pictures of
cheeckbones are pictures taken when a user is in the act of eating. In still other
examples, activity detection module 10 may compare the video data of user IR’s
jawbone moving to pre-recorded videos of moving jawbenes taken while a person was
cating to deterroine if user 187s jawbone 18 moving how a jawbone would typically
move during the act of cating.

[8035] Other exaroples of pre-defined activity data inchude tmage data of portions of
food, a motion profile, image data of portions of a cheekbone, image data of portions of
utensils, a mapping service to look up a restaurant, an cating schedule, an cating time,
arabient audio to determine co-presence of others who are eating, 4 blood sugar level,
motion data, a database of coordinates of restaurants, and a trained classifier.

[8036] In somwe examples, such as the example where the pre-defined activity data 15
comprises at least a trained classifier, comparisons may not be made. Instead,
computing device 4 ruay train a classifier using a process such as Neural Network or
Support Vector Machine (SVM). Computing device 4 may train the classifier based on

10
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any of the other aforeruentioned pre-defived activity data alone or in combination, such
as image data of portions of food, a motion profile, image data of portions of a
cheekbone, timage data of portions of utensils, a mapping service to look up a restaurand,
an cating schedule, an cating time, ambient audio to determine co-presence of others
who are cating, a blood sugar level, motion data, or a database of coordinates of
restaurants. In this example, computing device 4 inputs the computer-generated
ndication info a trained classifier, performs a classification and provides an outputied
value. The outputted value {e.g., a number} may represent a probability, a distance
measure between the data and a hyper-surface, or some other type of data that indicates
how close, ot otherwise simular, the computer-generated indication moay be to the pre-
defined activity data 15. Computing device 4 may compare the nmumber to a threshold to
determine a correlated confidence, which computing device 4 may use to determine
whether the uscr is currently consuming an ingestible substance. For instance, if the
correlated confidence 1s strong or high enough (1.e., above a confidence threshold), the
computing device may determine that the user is currently consuming an ingestible
substance.

(88371 io still other examples, to determine whether the user is currently consuming an
ngestible substance, activity detection module 10 may determine a degree of
confidence between the pre-defined activity data 15 and the at least one computer-
generated indication. A degree of confidence in some examples may be a particular
value that indicates how likely t 1s that the user is consuming an ingestible substance.
For instance, based on the comparison between the pre-defined activity data 15 and the
at least one computer-generated indication, activity detection module 10 may determine
a degree of confidence that represents a likelihood that the computer-generated
indication indicates the user 18 currently consuming the ingestible substance. Activity
detection module 10 may compare the degree of confidence to a threshold, which may
be stored in data storage 14, Ifactivity detection module 10 determines that the degree

of confidence satisfics {e.g

g., 1s above) the threshold, activity detection module 10 may
send the indication to /0 module 12 that indicates the user is currently consuming the
wngestible substance. On the other hand, 1 some examples, if activity detection module
10 determines that the degree of confidence is below the threshold, activity detection
module 10 may send an indication to /O module 12 that indicates the user is not
currently consuming the ingestible substance. In some examples of the indication
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mdicating that the user is not currently consuming the ingestible substance, activity
detection module 10 may do nothing. Responsive to determining that the user is
currently consuming the ingestible substance, activity detection roodule 10 may scod an
indication to /O module 12 that indicates the user is currently consuming the ingestible
substance.

[6038] Responsive to receiving the indication that user 18 is eating, /O module 12 may
output, via UID 6, a reminder 26 to consume at least one particular ingestible substance.
(Generally, a reminder may be any visual, andio, haptic, or electronic stimulus provided
by cornputing device 4. In some examples, rerninder 26 may be a text message, an
ernail, or some other visual reminder that is displayed on UID 6 and provided by
computing device 4. As described above, user 18 may have a condition such as
arthritis. In order to treat the user’s arthritis, user 18 may have a prescuption of
hydrocortisone, a medication that can cause nausea-type side-cffects if taken without
food. Responsive to computing device 4 recognizing that user 18 is eating spaghetii and
meatballs 20, /0O module 12 of computing device 4 may output, via UID 6, reminder 26
to remind the user that they must take the prescribed two tablets of hydrocortisone. In
some examples, /O module 12 may output reminders as other visual, haptic, audio, or
electronic stimuli. Examples of such remunders moay mclude, but are not limited to
vibration on a watch, Ul element for display, sound frow speakers mounted on
computing device 4, neural stimulation, sound sent to a computing device different from
computing device 4, or flashing lights mounted on computing device 4, to narme only a
few examples.

[8039] In some examples, VO module 12 may output reroinder 26 immediately after
determining that user 18 is eating. In some examples, /0 meodule 12 may output
reminder 26 prior to user 18 beginning to eat {e.g., bascd on determining from a picture
of utensils, a location of the environment, a dinner calendar event, and/or other data
indicative that a user will begin cating). In some examples, V0O module 12 may output
reruinder 26 at sowe time after or before the user 18 18 eating, such as thirty roinutes
later or one hour later. In some examples, /0O module 12 may, responsive to an
wdication of user tnput, output a second reminder some amount of time after outputting
the first reminder, such as five minutes later or ten minutes later,

[8048] Technigues according to this disclosure may inchude a “snooze” function. The
snooze function may remind the user again at some time after the first reminder if they
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are unable to take the suggested particular ingestible substance night away. VO wodule
12 may also wait until computing device 4 determines that user I8 is no longer eating
(1.c., the computer-generated indication no longer matches the pre-defined activity data)
and output reminder 26 at that time.

[8041] By determining whether a user is currently consuroing an igestible substance
and, based on that determination, outputting a reminder to consume a particular
ingestible substance (i.¢., a medication), computing device 4 may notify a user to take
her prescribed medication in a more efficient and beneficial manner. If a medication
must be taken with food, a reroinder at g specific time or when a user is at a specific
location roay not provide the user with the most beneficial alert. By generating
indications and comparing the computer-generated indications to pre-defined activity
data 15 that is indicative of & user eating, computing device 4 may determine an
approximate time when a uscr is actually eating food, and provide the reminder based
on that determination. By providing more protpt and beneficial reminders, a user may
miss fewer dosages of medication and may take their prescribed medication in the most
cffective time frame, reducing possible side-effects from missing dosages, taking a
dosage at the wrong time, or taking a dosage without the necessary food intake
recornmended for the medication. For example, if a medication 1s supposed to be taken
with food and it s taken without food, nausea or vomiting reay occur in a paticot,
Further, the medication may not be absorbed into the body, as some medications require
being mixed with food or fat 1o order to be processed.

8042 Throughout the disclosure, examples are described where a computing device
and/or a cornputing systern may analyze information {(e.g., locations, speeds, ¢te.)
associated with a computing device only if the computing device receives permission
tromn the user to analyze the mformation. For exaraple, in situations discussed below in
which the computing device may collect or may make use of information associated
with the user, the user may be provided with an opportunity to provide input to control
whether programs or featares of the computing device can collect and make use of user
information {¢.g., information about a user’s current location, current speed, etc. ), or to
dictate whether and/or how to the coraputing device may receive content that may be
relevant to the user. In addition, certain data may be treated in one or more ways before
it is stored or used by the computing device and/or computing system, so that

personally-identifiable information is removed. For example, a user’s identity may be
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treated so that no personally identifiable information can be determined about the user,
or a user’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
uscr cannot be determined. Thus, the user may have control over how information is
collected about the user and used by the computing device.

[80643] FIG 2 is a block diagram illustrating an example computing device, in
accordance with one or more aspects of the present disclosure. Computing device 4 of
FIG. 2 18 described below within the context of FIG. 1. FIG. 2 illustrates only one
particular example of computing device 4, and many other examples of computing
device 4 may be used in other instances and may include a subset of the components
included in example computing device 4 or may include additional components not
shown in FIG 2.

[8044] As shown in the example of FIG 2, computing device 4 includes UID 6, one or
more processors 36, one or more input devices 48, one or more communication units 38,
one or more output devices 49, and one or more storage devices 42, In the illustrated
cxample, storage devices 42 of computing device 4 also include /0 module 12, activity
detection module 10, data storage 14, and one or more applications 44, Activity
detection module 10 inchudes activity measuring module 32 (“AM module 327y and
activity determination module 34 ("AD module 347). Communication channels 46 may
interconnect each of the components 6, 10, 12, 14, 32, 34, 36, 38, 40, 42, 44, and 45 for
wmiter-coraponent communications (physically, communicatively, and/or operatively). In
some examples, communication channels 46 may include a system bus, a network
connection, an inter-process communication data structure, or any other method for
communicating data.

[8045] Onc or more input devices 48 of comaputing device 4 may reccive nput.
Examples of tnput are tactile, audio, video, and sensor input. Input devices 48 of
computing device 4, in some examples, include a presence-sensitive input device {e.g., a
touch sensitive screen, a presence-seusitive display ), mouse, keyboard, voice responsive
system, video camera, microphone, or any other type of device for detecting input from
a homan or machine, Input devices 42 may include the one or more sensors &, as
described with respect to FIG. . In some cxamples, input devices 42 include
physiological scusors for obtaining physiological parameter information associated with
a user of computing device 10. For example, input devices 42 may inchade a heart
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Monitor sensor, a temperature sensor, a galvanic skin response sensor, an accelerometer,
a gyroscope, a pressure sensor, a blood pressure sensor, and/or any other sensor for
measuring a physiological parameter that computing device 4 may use for determining a
physiological condition of a user, such as any of the one or more sensors 8 described
above with respect to FIG 1.

[8646] One or more output devices 40 of computing device 4 may generate output.
Examples of output are tactile, audio, and video output. Qutput devices 40 of
computing device 4, in some examples, inclade a presence-sensitive display, sound card,
video graphics adapter card, speaker, cathode ray tube (CRT) monitor, hiquid crystal
display (LCD), or any other type of device for generating output to a human or machine.
Cutput devices 40 may cutput an audic reminder to consume at icast one particular
wngestible substance, such as a medication. Output devices 40 may also output a textual
reminder on computing device 4 to consume at least one particular ingestible substance,
such as a medication. Tn some exaraples, output devices 40 may send, via a wireless
connection such as Bluctooth®, GPS, 3G, 4, and Wi-Fi® radies, a reminder to
consume at least one particular ingestible substance, such as a medication, to a
secondary computing device, such as a text message or an ematl reminder,

[8047] One or more cornrmunication units 38 of computing device 4 may cornmunicate
with external devices via one or more networks by frausmutting and/ot receiving
network signals on the one or more networks. For example, computing device 4 may
use communication unit 38 to transmit and/or receive radio signals on a radio network
such as a cellular radio network. Likewise, communication units 38 may transmit
and/or receive satellite signals on a satellite network such as ¢ GPS network. Examples
of communication unit 38 inchude a network interface card {e.g. such as an Ethernet
card}, an optical transceiver, a radio frequency transceiver, a GPS receiver, or any other
type of device that can send and/or recetve information. Other examples of
cormrunication units 38 may include Bluetooth®, GPS, 3G, 4G and Wi-Fi® radios
found in mobile devices as well as Universal Serial Bus (USB) controllers.

[8048] In some cxamples, UID 6 of computing device 4 may include functionality of
wput devices 48 and/or output devices 40, To the example of FIG. 2, UID 6 may be or
may include a presence-sensitive input device. In some examples, a presence-sensitive
mput device may detect an object at and/or near the presence-sensitive input device, As
one example range, a presence-sensitive input device may detect an object, such as a
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finger or stylus that is within two inches or less of the presence-sensitive input device.
In another cxample range, a presence-sensitive input device may detect an object six
wches or less from the presence-sensitive input device, and other ranges are also
possible. The presence-sensitive input device may determine a location {e.g., an (x,y)
coordinate)} of the presence-sensitive nput device at which the object was detected. The
presence-sensitive input device may determine the location selected by the input device
using capacitive, nductive, and/or optical recognition techniques. In some examples,
presence~-sensitive input device provides output to a user using tactile, audio, or video
stimult as deseribed with respect to output device 40, and may be referred to as a
presence-sensitive display.

[8049] While illustrated as an internal component of computing device 4, UID 6 also
represents an external componeut that shares a data path with computing device 4 for
transmitting and/or receiving input and output. For instance, in one example, UID 6
represents a bult-in component of computing device 4 located within and physically
connected to the external packaging of computing device 4 {¢.g., a screen on a mobile
phone or wearable computing device). In another example, UID 6 represents an
external component of computing device 4 located outside and physically separated
from the packaging of computing device 4 {¢.g., a monitor, a projector, ctc. that shares a
wired and/or wireless data path with cormputing device 4).

[8656] One or more storage devices 42 within computing device 4 may store
wformation for processing during operation of computing device 4. lo soroe exarples,
storage device 42 15 a temporary memory, meaning that a primary purpose of storage
device 42 1s not long-terro storage. Storage deviees 42 on computing device 10 may
configured for short-term storage of information as volatile memory and therefore not
retain stored conternts if powered off. Exaraples of volatile mernories include random
access memories {RAM), dynamic random access memories {DRAM), static random
access memories (SRAM), and other forms of volatile memories known in the art.
[86381] Storage devices 42, in some exaruples, also include oue or more computer-
readable storage media. Storage devices 42 may be configured fo store larger amounts
of information than a temporary merory. Storage devices 42 may further be configured
for long-term storage of information as non-volatile memory space and retain
mformation after power on/oft cycles. Examples of non-volatile mernories melude

magnetic hard discs, optical discs, floppy discs, flash memories, or forms of electrically
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programmable memonies (EPROM) or electrically erasable and programmable
(EEPROM) memorics. Storage devices 42 may store program instructions and/or data
associated with activity detection modale 10, /O wodule 12, AM roodule 32, AD
module 34, and one or more applications 44.

[8052] In some examples, data storage 14 s a temporary memory, meaning that a
primary purpose of data storage 14 is not long-term storage. Data storage 14 on
computing device 4 may configured for short-term storage of mformation as volatile
memory and therefore not retain stored contents if powered off. Examples of volatile
memorics include random access memorics (RAM), dynamic random access memorics
(DRAM)}, static random access memories {SRAM), and other forms of volatile
memories known in the art.

[8053] Data storage 14, i some examples, also includes one or more computer-readable
storage media. Data storage 14 may be configured to store larger amounts of
mformation than volatile memory. Data storage 14 way further be configured for long-
term storage of information as non-volatile memory space and retain information after
power on/off cycles. Examples of non-volatile memories inchude magnetic hard discs,
optical discs, floppy discs, flash memories, or forms of electrically programmable
merorics {(EPROM) or electrically crasable and programmable (EEPROM) memories.
Data storage 14 may store program nstructions and/or data associated with activity
ictection module 10, /O module 12, UID 6, and sensors 8.

[8054] Data storage 14, 10 sowe examples, may also be long-termo storage and may be
trmpiemented in a number of different forms including data storage files, or as a database
management syvstem (DBMS). The database manageraent system may be a relational
(RIXBMS), hicrarchical (HDBMS), multidimensional (MDBMS), object oriented
(ODBMS or QODBMS) or object relational (ORDBMS), or other database
management system. Furthermore, although illustrated separately, data storage 14 could
be combined into a single database or other data storage structure. Data storage 14
could, for example, be implemented as a single relational database (sach as that
marketed by Microsoft® Corporation under the frade designation ‘SQL SERVER”).
[B055] One or more processors 36 may implervent functiovality and/or execute
instructions within computing device 4. For example, processors 36 on computing
device 4 may receive and execute instructions stored by storage devices 42 that execute

the functionality of activity detection medule 10, VO module 12, AM module 32, AD
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module 34, and one or wore apphications 44. These instructions exccuted by processors
36 may cause computing device 4 to store information within storage devices 42 during
program execution. Processors 36 may execute instructions of activity detection
module 10, /O module 12, AM module 32, AD module 34, and one or more
applications 44 to cause output devices 40 to output one or more reminders based on
activity data received by computing device 4. That ts, activity detection module 10, V0
module 12, AM module 32, AD module 34, and one or more applications 44 may be
operable by processors 36 to perform various actions, inchuding outputting information
associated with a reminder to consume at least one particular ingestible substance via
UID 6 or output devices 40.

[8056] In accordance with one or more aspects of this disclosure, /0 module 12 may
receive at least one computer-generated indication from input devices 48, Activity
detection module 10, which includes activity measuring module 32 (AM module 32)
and activity determination module 34 (AD module 34), roay use the at least one
computer-generated indication to determine whether a user is currently consuming an
ingestible substance.

(88571 AM module 32 may initially receive the at least one computer-generated
ndication from VO module 12 and perform computations on the at least one computer-
generated fndication. For example, as described in the exarople of FIG. 1, the at least
one computer-generated indication could be motion information corresponding to user’s
arm 19 moving fork 24 from plate 22B to the user’s mouth, AM module 32 may take
that motion information and convert it into one or more motion vectors. In another
exarnple, the activity data roay be a change in blood sugar level. AM module 32 ruay
perform calculations on the change in blood sugar level to determine how much the
blood sugar level changed and a rate at which the blood sugar level changed.

{80581 o some examples, AM module 32 may receive a computer-generated indication
without performing calculations or transformations on the at least one cormputer-
generated fndication, such as a picture of food, a picture of utensils, wotion data
obtained from one or more sensors, a blood sugar level, a time, a sound, a picture of a
cheekbone, or GPS coordinates. AM module 32 may transter this computer-generated
indication to AD module 34.

[8039] AD module 34 may determine, based at least in part on the at least one

computer-generated indication and pre-defined activity data 15 that are indicative of an
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act of a human consuming an ingestible substance, whether the user is currently
consunnng an ingestible substance. Pre-defined activity data 15 may be at least one of
wmage data of portions of food, a motion profile, irage data of portions of a cheekbone,
irnage data of portions of utensils, a mapping service to look up a restaurant, an cating
schedule, an cating time, ambient audio to determine co-presence of others who are
eating, a blood sugar level, motion data, a database of coordinates of restaurants, and a
trained classifier. In some examples, AD module 34 may determine whether the user 1s
currently consuming an ingestible substance, such as food, by a simple comparison of
the computer-generated mdication and the pre-defined activity data 15,

[8668] In the example where the pre-defined activity data 15 1s image data of portions
of food, image data of portions of utensils, or image data of eating environments (e.g.,
dining rooms, restaurants, kitchens, ete.), the computer-generated indication may be a
picture of food, and AD module 34 may determine that a user is currently consumning an
mgestible substance by comparing color information, texture information, and/or shape
information to a stored picture of different types of food, utensils, and/or cating
environments. In the exaraple where the pre-defined activity data 15 1s & motion profile
or motion data, the computer-generated indication may be motion data, and AD module
34 may determine that a user is currently consuming an ingestible substance by
coraparing the length of motion, the speed of motion, the rotations wvolved mn the
motion, and the consistency of the motion to the motion profile.

[8061] In the exarple where the pre-defined activity data 15 s image data of portious
of a checkbone, the computer-generated indication may be a picture of a user’s
checkbone, and AD module 34 may determine that a user is currently consuming an
ingestible substance by comparing shape information, size information, and how the
pictures change over a period of time, which may mdicate a motion of the checkbone.
in the example where the pre-defined activity data 15 is a mapping service to look up a
restaurant or a database of coordinates of restaurants, the computer-generated mdication
may be GPS coordinates, and AD wodule 34 roay determine that a user is currently
consunnng an ingestible substance by comparing the location of the user and the
location of the known restaurant.

(8062} In the cxample where the pre-defined activity data 15 is an eating schedule or an
cating time, the computer-generated indication may be a time, and AD module 34 may
determine that a user is currently consuming an ingestible substance by comparing a
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current tirne with the times defined in the eating schedule to determine a temporal
distance. For instance, some medications may only need to be taken with a particular
meal, such as breakfast, lunch, or dinner. Therefore, even though a user may be eating,
if the time does not match the required time, computing device 4 may not output the
rerninder, as the eating schedule and/or eating time roay not match the current time.
[8663] In the example where the pre-defined activity data 15 is ambient audio to
determine co-prescnce of others who are cating, the computer-gencrated indication may
be a sound, and AD module 34 may determine that a user is carrently consuming an
ingestible substance by comparing various characteristics of the computer-generated
mdication to corresponding characteristics of the pre-defined arobient audio, such as
pitch, tone, and volume, among other things.

[8064] In the example where the pre-defined activity data 15 is a blood sugar level, the
computer-generated indication may be a change in blood sugar level, and AD module 34
may deterroine that a user is currently consuming an ingestible substance by comparing
the change in blood sugar level to a typical change in blood sugar levels that one may
sce when eating. Further, pre-defined activity data 15 could be any combination of the
above-listed instances of pre-defined activity data 15, and the computer-generated
indications may be any combination of the above-listed instances of computer-generated
mdications.

[8065] In some cxamples, such as the example where the pre-defined activity data 15
comprises at least a trained classifier, AD module 34 may train a classifier using a
process such as Neural Network or Support Vector Machine (SVM). AD module 34
may train the classifier based on any of the other aforementioned pre-defined activity
data alone or in combination, such as image data of portions of food, a motion profile,
image data of portions of a cheekbone, image data of portions of utensils, a mapping
service to look up a restaurant, an eating schedule, an eating time, ambient audio to
determine co-presence of others who are eating, a blood sugar level, motion data, or a
database of coordinates of restaurants. In this exarople, AD module 34 inputs the
computer-generated indication into an algorithm that is based on the trained classifier
and the process used to train the classifier, the product of which may be a nuraber. The
number may represent a probability, a distance measure between the data and a hyper-
surface, or some other type of data that indicates how close the computer-generated

indication may be to the pre-defined activity data 15. AD module 34 may then
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threshold the number to determine a correlated confidence, from which AD module 34
may determine whether the user is currently consuming an ingestible substance. For
instance, if the correlated confidence is strong or high enough (1.¢., above a confidence
threshold), AD module 34 may determine that the user is currently consuming an
ingestible substance.

[8066] In some examples, AD meodule 34 may determine whether the user is currently
consuming an ingestibic substance by determining a degree of confidence between the
pre-defined activity data 15 and the at least one computer-generated indication that
indicates whether the user 18 currently consuming the ingestible substance. Onceca
degree of confidence 1s determined, AD module 34 may compare the degree of
confidence o a threshold to determine whether the user is currently consuming an
ingestible substance, where the threshold may be pre-defined. Respousive to
determining that the degree of confidence satisfies the threshold, AD module 34 may
determine that the user is currently consuming the ingestible substance. o soroe
examples, if the degree of confidence is greater than the threshold, AD module 34 will
determine that the uscr s consuming an ingestible substance. In some cxamples, if the
degree of confidence is greater than or equal to the threshold, AD module 34 will
determine that the user 18 consuming an ingestible substance.

[8667] In some examiples, AD module 34 may determine whether the user is currently
consunnng an ingestibie substance based on two or more computer-generated
wdications and two or roore sets of pre-defined activity data. Although this exaraple is
described with respect to two computer-generated indications and two sets of pre-
defined activity data, this example could be implemented with more than two corputer-
generated indications and two sets of pre-defined activity data or with only one
computer-generated indication and pre-defined activity data. AD module 34 may
determine a first difference between the first computer-generated indication and first
pre-defined activity data. AD module 34 may determine a second diference between
the second computer-generated wndication and second pre-defined activity data. AD
module 34 may apply a first weight, corresponding to the first computer-gencrated
mdication, to the first difference to generate a first weighted difference value, AD
moduie 34 may apply a second weight, corresponding to a sccond computer-generated
indication, to the second difference to generate a sccond weighted difference value. AD
module 34 may aggregate the first and second weighted difference values to determine
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an aggregated weighted differcoce value. AD module 34 may determune, based at least
in part on the aggregated weighted difference valiue, whether the user is currently
consuming the ingestible substance.

[8068] AD module 34 may further implement machine-lcarning capabilities in
computing device 4. For example, responsive to determining that the user 1s currently
consuming an ingestible substance, AD module 34 of computing device 4 may generate
onc or more difference values between the at least one cormputer-generated indication
and the pre-defined activity data 15, For instance, if the computer-generated indication
includes vectors of motion data, the difference values may be a difference of position,
magnitude, and speed between the measured activity data and the pre-defined activity
data 15. AD module 34 may update the pre-defined activity data 15 based on the one or
more difference values, storing them o data storage 14, Iu future justances of
computing device 4 determining whether a user 1s currently consuming an ingestible
substance, AD roodule 34 may determine whether the user is carrently consuming an
ingestible substance based at least in part on the at lecast one computer-generated
indication and the updated pre-defined activity data 15, For exaruple, when considering
the pre-defined motion data that indicates that a user is currently consuming an
mgestible substance, AD module 34 may adjust the pre-defined motion data according
to the aggregated one or more difference values and use the resulting data to determine
whether a user us currently consuming an ingestible substance, in accordance with the
methods described above. In the examples where the pre-defined activity data 15
inchades a trained classifier, the trained classifier may be updated and re-trained based
on the computer-generated indications.

[8669] FIG 3 is a conceptual diagram tllustrating an example system including a
computing device that determines whether a user 1s consuming an ingestible substance
and cutputs a reminder to consume at least one particular ingestible substance to be
displayed on a second computing device, in accordance with one or more aspects of the
present disclosure. In the example of FIG 3, user 18 may be wearing computing device
60, which may be functionally and structurally similar to computing device 4 of FIG 1.
Farther, user 18 way be wearing computing device 61, which may be functionally and
structurally similar to computing device 5 of FIG 1.

[8078] In the example of FIG 3, computing device 60 and/or computing device 61 may
determine that user 18 is eating an ingestible substance, such as spaghetti and meatballs
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20, using any of the technques described above with respect to FIGS. 1 and/or 2.
Responsive to determining that the user is currently consuming the ingestible substance,
computing device 60 and/or computing device 61 may output a reminder 26 {o consume
at least one particular ingestible substance, such as a medication like hydrocortisone.
As shown in the exaraple of FIG. 3, in some exaraples, coraputing device 60 and/or
computing device 61 may output reminder 26 in such a way that reminder 26 isnot a
visual reminder on a user-interface display of computing device 60 and/or computing
device 61.

[8071] For exarnple, computing device 60 and/or coraputing device 61 may output
remainder 26 as audio data 64, For instance, computing device 60 and/or computing
device 61 may output reminder 26 as audio data 64 from speakers in computing device
60 and/or coraputing device 61, or computing device 60 and/or computing device 61
may output reminder 26 as audio data 64 in a separate computing device coupled to
computing device 60 and/or computing device 61, either wired or wirelessly. Io some
examples, user 18 may be able to customize different aspects of audio output 64, such as
the tone, the velurme, the pitch, the thythun, the speed, or the voice. In some exaraples,
computing device 60 and/or computing device 61 may output rerainder 26 as a visual
rerninder. For example, computing device 60 and/or computing device 61 may output
reruinder 26 as a toxt message 62, In yet another exaraple, computing device 60 and/or
computing device 61 may cutput reminder 26 as an email message 66. In some
examples, computing device 60 and/or coraputing device 61 roay output reminder 26 to
a pills box.

[8072] FIGS. 4-6 are flow diagrams illustrating example operations of a computing
device that implements techniques of determining whether a user is consuming an
gestible substance, in accordance with one or more aspects of the present disclosure.
For purposes of dlustration only, the exarple operations are described below within the
context of coraputing device 4, as shown in FIGS. 1 and 2.

[8673] In the particular exarple of FIG. 4, the tlow diagram llustrates bow coroputing
device 4 may determine whether a user, such as user 18, is currently consuming an
wngestible substance. Computing device 4 may generate at least one computer-
generated indication (70). The at least one computer-generated indication may be at

least one of a picture of food, a picture of utensils, motion data obtained from the one or

}\)
[



WO 2016/007384 PCT/US2015/039052

more sensors, a blood sugar level, a time, 4 sound, a picture of a cheekboune, and GPS
coordinates.

18874] Cowmputing device 4 may determine a degree of confidence based at least in part
on the pre-defined activity data and the at least one computer-generated indication, a
degree of confidence that mdicates a confidence that the user is currently consuming the
ingestible substance (72). In some examples, the pre~-defined activity data may be at
least onc of image data of portions of food, a metion profile, image data of portions of a
cheekbone, image data of portions of utensils, a mapping service to look up a restaurant,
an cating schedule, an cating time, arabient audio to determine co-presence of others
who are cating, a blood sugar level, motion data, a database of coordinates of
restaurants, and a trained classifier. For instance, the degree of confidence may be a
contfidence that indicates whether the user is currently consuming the ingestible
substance. As one exampie, the degree of confidence may indicate a likelihood that the
computer-gencrated ndication mdicates that the user s currently cousuming an
ingestible substance.

[B075] In some examples, degree of confidence may be based on the degree of
similarity between the computer-generated indication and pre-defined activity data. For
instance, if a portion of an image in the computer-generated indication 1s nearly
identical fo image data in the pre-defined activity data, the degree of similarity may be
high and therefore the degree of confidence may be high. Conversely, if a portion of an
image in the computer-generated ndication is nearly completely difference than the
irmage data in the pre-defined activity data, the degree of similarity may be low and
therefore the degree of confidence may be low. While described with respect to a
computer-generated indication that is a portion of an image, the degree of confidence
may be computed for other computer-generated indications by determining the degree
of similarity between the computer-generated indication and the pre-defined activity
data (¢.g., distance between locations, similarity between blood sugar measurercnts,
similarity between measured motion data and motion data in pre-defined activity, to
name only a foew examples).

18076] Coroputing device 4 way compare the degree of confidence to a threshold to
determine whether the degree of confidence satisfies the threshold (74). Computing
device 4 may determine, based at lcast in part on a coraparison between the threshold

and the degree of confidence, that the user is carrently consuming the ingestible
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substance (76). For instance, if the degree of confidence is greater thau the threshold,
computing device 4 may determine that the user is current consuming the ingestible
substance and output reminder 26 to consume at least one particular ingestible
substance. If the degree of confidence is less than the threshold, computing device 4
may determine that the user is not currently consurning the ingestible substance and do
nothing,.

[0877] In the particular example of FIG. 5, the flow diagram iltustrates how computing
device 4 may determine when the user is consuming an ingestible substance based on
multiple computer-generated indications and multiple sets of pre-defined activity data.
Although this example s described with respect to two computer-generated indications
and two scts of pre-defined activity data, this example counld be implemented with more
than two cormaputer-generated indications and two sets of pre~defined activity data or
with only one computer-generated indication and pre-defined activity data.

[8678] Computing device 4 may determine a first difference between the computer-
generated indication and first pre-defined activity data {69). Computing device 4 may
determine a sccond difference between a second computer-generated indication and
second pre~-defined activity data {(71). In some examples, these differences may be a
result of any of the comparisons described with respect to FIG. 1.

[8479] Computing device 4 may apply a first weight, corresponding to the fivst
computer-generated indication, to the first difference to generate a first weighted

;o
I
7

difference value (73). Computing device 4 roay also apply a second weight,

corresponding to a second computer-generated indication, to the second difference to
may determine the weighted difference values by taking a weight and multiplying it by
a difference between the computer-generated indication and the pre-define activity data.
(80861 Computing device 4 may aggregate the first and second weighted difference
valucs to generate an aggregated weighted difference value (77). Computing device 4
may determine, based at least in part on the aggregated weighted difference value,
whether the user is currently consuming the ingestible substance (79). Computing
device 4 may determine whether the user 1s currently consuming the ingestible
substance by comparing the aggregated weighted difference value to a pre-defined
threshold value, and determining that the user is currently consuming the ingestibic

substance if the aggregated weighted difference vahue is less than the threshold value, If

25



WO 2016/007384 PCT/US2015/039052

computing device 4 determines that the user 18 currently consuming the mgestible
substance, computing device 4 may output reminder 26 to consume at least one
particular ingestible substance. Otherwise, corputing device 4 may determine that the
user is not currently consuming the ingestible substance and do nothing.

[8081] In some examples, explicit weights are not assigoned to difference values, In
some examples, where the pre~defined activity data includes a trained classifier, the
trained classifier may inherently include weights or some descriptor that defines how
heavily to weigh particular data points. As described in FIG. 1, in some examples, such
as where the pre-defined activity data comprises at least a trained classifier,
corparisons may not be made. Instead, coroputing device 4 may train a classifier using
a process such as Neural Network or Support Vector Machine (SVM). Computing
device 4 may train the classifier based on any of the other aforementioned pre~defined
activity data alone or in combination, such as image data of portions of food, a motion
profile, image data of portions of a cheekbone, image data of portions of utensils, a
mapping service to look up a restaurant, an eating schedule, an eating time, ambient
audio to determine co-presence of others who are cating, a blood sugar level, motion
data, or a databasc of coordinates of restaurants.

[B082] As an example, computing device 4 inputs the coraputer-gencerated indication
mto a trained classifier, performs a classification and provides an outputied value. The
outputted value {c.g., a number) may represent a probability, a distance measure
between the data and a hyper-surface, or some other type of data that indicates how
close, or otherwise similar, the computer-generated indication may be to the pre-defined
activity data. Computing device 4 may cormpare the number to a threshold to determine
a correlated confidence, which computing device 4 may use to determine whether the
user 18 currently consurning an ingestible substance. For instance, if the correlated
confidence is strong or high enough (i.e., above a confidence threshold}, the computing
device may deterrmmine that the user is currently consuming an ingestible substance.
[8083] In the particular example of FIG. 6, the flow diagram tHustrates how computing
device 4 may learn a user’s habits and more closely determine when the user is
consuming an ingestible substavce. Computing device 4 may determune that the user is
currently consuming an ingestible substance (80). Computing device 4 may determine
this by using any of the techniques described above, including the technique of F1G. 4

or FIG. 5.
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[80384] Responsive to determining that the user is currently consuming the ingestible
substance, computing device 4 may generate at lcast one difference between the at least
one computer-gencrated indication and the pre~defined activity data (82). For example,
computing device 4 may find a difference between the value and the expected value, as
described n FIG. 4.

18485] Computing device 4 may update the pre-defined activity data based on the at
least one difference (84). Using these updates, in a future instance of when computing
device 4 is determining whether the user is currently consuming an ingestible substance,
computing device 4 may determine whether the user 1s currently consuming an
mgestible substance based at least in part ov the at least one coraputer-generate
indication and the updated pre-defined activity data (86).

[8086] FIG. 7 s a flowchart ilastrating example operations of a computing device that
irmnpicments techniques for determining whether a user is consuming an ingestible
substance and outputting a reminder to consume at least one particular ingestible
substance, in accordance with one or more aspects of the present disclosure. For
purposcs of illustration only, the example operations are described below within the
context of computing device 4, as shown in FIGS. 1 and 2.

[8087] In the particular example of FIG 7, computing device 4 may generate at least
one computer~-generated indication (90). The at least one computer-generated
indication, in some examples, may be at least one of a picture of food, a picture of
utensils, motion data obtained from one or more seusors, a blood sugar level, a time, a
sound, a picture of a checkbone, and GPS coordinates.

[8088] Computing device 4 may deterrnine whether the user 18 currently consuming an
ingestible substance based at least in part on the at lecast one computer-generated
ndication and pre-defined activity data that are indicative of an act of a human
consuming an ingestible substance (82). In some examples, computing device 4 may
iraplement the techniques of FIGS. 1, 2, 4, 5, and/or 6 to determine whether the user 1s
currently consurning an ingestible substance. The pre-defined activity data, 1o soroe
cxamples, may be at least one of image data of portions of food, a motion profile, image
data of portions of a cheekbone, image data of portions of utensils, a mapping service to
look up a restaurant, an cating schedule, an cating time, ambient audio to determine co-
presence of others who are cating, & blood sugar level, motion data, a databasc of

coordinates of restaurants, and a trained classifier.
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[8689] Computing device 4 may output a reminder to consume at least one particular
ingestible substance responsive to determining that the user is currently consuming an
mgestible substance (94). 1o sorne exarples, such as the example of FIG 3, the
reminder may be at least one of a text message, an email, or an audio message. In some
exarnples, the reroinder may be output visually on computing device 4 at UID 6. In this
manner, techniques of the disclosure may provide more accurate medication reminders,
thereby reducing the nuraber of instances that a user must manually check a computing
device to determine whether to ingest medication and poteuntially saving power and/or
reducing wear and tear at the computing device.

[8696] FIG 8 13 a block diagram Ulusirating an example computing device that outputs
graphical content for display at a remote device, in accordance with one or more
techniques of the present disclosure. Graphical coutent, generally, may include any
visual information that may be output for display, such as text, images, a group of
moving images, ¢te. The example shown in FIG. R includes a computing device 4,
presence-sensitive display 6, communication unit 3¥, projector 162, projector screen
164, mobile device 168, and visual display device 172, Although shown for purposes of
example in FIGS. 1 and 2 as a stand-alone computing device, a computing device such
as corputing device 4 may, generally, be any component or systern that includes a
processor ot other suitable coraputing environment for executing software instructions
and, for example, need not include a presence-sensitive display.

{80917 As shown in the example of FIG. &, computing device 4 may be a processor that
includes functionality as described with respect to processor 36 in FIG 2. In such
exarnples, coraputing device 4 may be operatively coupled to presence-sensitive display
6 by a communication channel 152A, which may be a system bus or other suitable
connection. Computing deviee 4 may also be operatively coupled to communication
unit 138, further described below, by a communication channel 1528, which may also
be a system bus or other suitable connection. Although shown separately as an exaruple
m FIG. 8, computing device 4 may be operatively coupled to preseoce-~seusitive display
6 and communication unit 3¥ by any number of one or more communication channels.
{80921 In somwe examples, such as Hustrated previously by computing device 4 in FIGS.
1-2, a computing device may refer to a portable or mobile device such as mobile phones

{(including sruart phones), laptop coruputers, ete. In some examples, a computing device
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may be a desktop computers, tablet computers, smart television platforms, carmeras,
personal digital assistants (PDAs), servers, mainframes, cte.

18093] Presence-sensitive display 6, like presence-sensitive display 4 as shown i FIG
1, may include display device 148 and presence-sensitive input device 150, Display
device 148 may, for example, receive data from cormputing device 4 and display the
graphical content. In some examples, presence-sensitive input device 150 may
determine one or more user inputs {¢.g., continuous gestures, multi-touch gesturcs,
single~touch gestures, ¢ic.) at presence-sensitive display 6 using capacitive, inductive,
and/or optical recognition techniques and send indications of such user fnput to
computing device 4 using corrounication channel 152A. In some examples, presence-
sensitive input device 150 may be physically positioned on top of display device 148
such that, wheo a user posifions an mput unit over a graphical element displayed by
display device 148, the location at which presence-sensitive input device 150
corresponds to the location of display device 148 at which the graphical element is
displayed.

[8094] As shown i FIG ¥, computing device 4 may also include and/or be operatively
coupled with communication unit 38, Communication unit 38 may inchade
functionality of communication unit 38 as deseribed in FIG. 2. Examples of
comrnunication unit 38 may include a network interface card, an Ethernet card, an
optical transceiver, a radio frequency transceiver, or any other type of device that can
send and recetve information. Other examples of such communication units roay
include Bluetooth, 3G, and WiFi radios, Universal Serial Bus (USB) interfaces, etc.
Computing device 4 may also include and/or be operatively coupled with one or more
other devices, ¢.g., input devices, output devices, memory, storage devices, ¢te. that are
not shown in FIG. 8 for purposes of brevity and ilhustration.

(80957 FIG 8 also illustrates a projector 162 and projector screen 164, Other such
exarnples of projection devices may include clectronic whitcboards, holographic display
devices, aud any other suitable devices for displaying graphical content.  Projector 162
and projector screen 164 may include one or more communication units that enable the
respective devices to communicate with computing device 4. In some examples, the
one of Mmore communication units may enable communication between projector 162
and projector sereen 164, Projector 162 may receive data from computing device 4 that
includes graphical content. Projector 162, in response to receiving the data, may project
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the graphical content onto projecior screen 164, In some examples, projector 162 may
determine one or more user inputs {¢.g., continuous gestures, multi-touch gestures,
single~-touch gestures, eic.) at projector screen using optical recognition or other suitable
techniques and send indications of such user input using one or more communication
units to computing device 4. In such exaraples, projecior screen 164 may be
unnecessary, and projector 162 may project graphical content on any suitable medium
and detect one or more user inputs using optical recoguition or other such suitable
technigues.

[8096] Projector screen 164, in some cxamples, may mclude a presence-sensitive
display 166. Presence-sensitive display 166 may include a subset of functionality or all
of the functionality of Ul device 4 as described in this disclosure. In some examples,
presence~-sensitive display 166 may include additional functionality. Projector screen
164 (e.g., an clectronic whiteboard), may receive data from computing device 4 and
display the graphical content. In some exarples, presence-sensitive display 166 moay
determine one or more user inputs {¢.g., continuous gestures, multi-touch gestures,
single-touch gestures, cte.) at projector screen 164 using capacitive, inductive, and/or
optical recognition techniques and send indications of such user input using one or more
comraunication units to computing device 4.

[8097] FI1G. 8 also tllustrates mobile device 168 and visual display device 172, Mobile
device 16¥ and visual display device 172 may cach include computing and connectivity
capabilitics. Examples of mobile device 168 may melude e-reader devices, convertible
notebook devices, hybrid slate devices, cte. Examples of visual display device 172 may
include other semmi-stationary devices such as televisions, compuler mountiors, ctc. As
shown in FIG. 3, mobile device 16X may inchude a presence-sensitive display 170.
Visual display device 172 may inclade a presence-sensitive display 174, Presence-
sensitive displays 170, 174 may inclade a subset of functionality or all of the
functionality of presence-sensitive display 4 as deseribed in this disclosure. In some
exaraples, presence-sensitive displays 170, 174 may inclade additional functionality. In
any case, presence-sensitive display 174, for example, may receive data from computing
device 4 and display the graphical content. In some examples, presence-sensitive
display 174 may determine one or more user inputs {¢.g., continuous gestures, multi-

touch gestures, single-touch gestures, ete.} at projector screen using capacitive,
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mductive, and/or optical recognition technigues and send indications of such aser input
using one or more communication units to computing device 4.

[B098] As described above, in some examples, computing device 4 may output
graphical content for display at presence-sensitive display 6 that is coupled to
computing device 4 by a system bus or other suitable communication channel.
Computing device 4 may also output graphical content for dispiay at one or more
remote devices, such as projector 162, projector screen 164, mobile device 168, and
visual display device 172, For iustance, computing device 4 may execute one or more
msiructions to generate and/or modify graphical content in accordance with techniques
of the present disclosure. Computing device 4 roay output the data that joctades the
graphical content to a conmunication unit of computing device 4, such as
communication unit 38, Communtcation unit 38 may send the data to one or more of
the remote devices, such as projector 162, projector screen 164, mobile device 16¥,
and/or visual display device 172, Iu this way, computing device 4 may output the
graphical content for display at one or more of the remote devices. In some examples,
onc or more of the remote devices may output the graphical content at a presence-
sensitive display that is included in and/or operatively coupled to the respective remote
devices.

[8699] In some examples, computing device 4 roay not output graphical content at
presence-sensitive display 6 that is operatively coupled to computing device 4. In some
examples, computing device 4 may output graphical coutent for display at both a
presence-sensitive display 6 that is coupled to computing device 4 by communication
channel 152A, and at one or more remote devices. In such examples, the graphical
content may be displayed substantially contemporancously at cach respective device.
For nstance, some delay may be introduced by the communication latency to send the
data that inchudes the graphical content to the remote device. In some examples,
graphical content gencrated by computing device 4 and output for display at presence-
sensitive display 6 may be different than graphical coutent display output for display at
one or more remote devices.

[8186] Computing device 4 may send and receive data using any suitable
commmunication techniques. For example, computing device 4 may be operatively
coupled to external network 156 using network link 154A. Each of the remote devices

ittustrated in FIG. 8 may be operatively coupled to network external network 136 by one
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of respective network hinks 1548, 1534C, and 154D, External network 156 mway mclude
network hubs, network switches, network routers, ¢te., that are operatively inter-coupled
thereby providing for the exchange of information between computing device 4 and the
remote devices illustrated in FIG 6. In some examples, network links 154A-1540 may
be Ethernet, ATM or other network connections. Such connections may be wircless
and/or wired connections.

[8161] In some examples, computing device 4 may be operatively coupled to one or
more of the remote devices inchuded in FIG. 6 using direct device communication 160.
Direct device comynunication 160 may include commmumications through which
computing device 4 sends and receives data divectly with a remote device, using wired
or wircless commnumication. That is, in some examples of direct device communication
168, data sent by computing device 4 may not be forwarded by one or more additional
devices before being received at the remote device, and vice-versa. Examples of direct
device communication 160 may wnclude Bluctooth, Near-Field Comumunication,
Untversal Serial Bus, Wil infrared, etc. One or more of the remote devices tllustrated
in FIG. 6 may be operatively coupled with computing device 4 by comymunication hinks
158A-158D. In some examples, communication links 158A-158D may be connections
using Bluetooth, Near-Field Cormnmunication, Universal Serial Bus, mfrared, cte. Such
connections may be wireless and/or wired connections.

[8102] In accordance with techniques of the disclosure, computing device 4 may be
operatively coupled to visual display device 172 using exterval network 156,
Computing device 4 may output a graphical keyboard for display at presence-sensitive
display 174. For instance, computing device 4 may send data that includes g
representation of the reminder 26 (of FIG 1) to consume at least one particular
ingestible substance to cornmunication unit 38, Cormamunication untt 38 may send the
data that includes the representation of the remunder to visual display device 172 using
external network 156, Visual display device 172, in response to receiving the data using
external network 156, may caunse presence-sensitive display 174 to output the remiinder.
In response to a user performing a gesture at presence-sensitive display 174 {e.g., at a
region of presence-sensiiive display 174 that outputs the graphical keyboard}, visual
display device 172 may send an indication of the gesture to computing device 4 using
external network 156, Comumunication unit 38 of may receive the mndication of the
gesture, and send the indication to computing device 4.
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[81033] In response to receiving an indication of at least one gesture detected at a
presence-sensitive input device, computing device 4 may handle the reminder. For
example, computing device 4 may send data that includes an indication to stop
displaying the representation of the reminder to visual display device 172 using external
network 156, In some nstances, computing device 4 may send a second mstance of
data that includes the representation of the reminder to visual display device 172 using
external network 156 in an amount of time after the first instance. In some examples,
this amount of time may be § minutes, 15 minutes, 30 minutes, an amount of time
specificd by the user, an amount of time specified by the application developer, or some
other amount of time.

[8134] In some cxamples, a user may manually input data into computing device 4 to
wdicate that the user is currently eating. In another example, computing device 4 may
refer to a time schedule at which a user is supposed to take a medication. For instance,
a user may only need to take a medication in the morning, ouly at night, twice a day, or
once every two hours, among other things. Computing device 4 may only attempt to
determine whether a user 18 currently consuming an ingestible substance if the current
time is close to a time on the time schedule.

[8105] As described 1n this disclosure, rather than cutputting a medication reminder
based solely on timne or a location, a computing device way determine whether the user
18 cating bascd on activitics that are more correlative with eating than time and/or
location and issue a rerminder to consume at least one particular ingestible substance,
such as a medication, based on those correlative activities that may be different than a
fime and/or a location. For mstance, if a time-based rerminder 18 issucd before a user has
caten, then a user may forget by the time they actually consume food. Further, it a time-
based reminder 1s issued too far after a user has caten, the benefits of having food in a
user’s stomach when the medication is consumed may have passed. Other medication
rerninders may assurac that a user is cating based on a current location, but make no
determination if the user actually is eating, causing fmproper reminders to be issued to a
user. By making a determination of whether the user is currently consuming an
wgestible substance, rather than making an mfercuce of cating based solely on a time or
a current location, technigues of this disclosure allow for a more precise reminder
schedule that a user 1s more hikely follow when the schedule includes medication that

must be taken at around the same time that a user is eating.
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[8106] Example 1: A rocthod comprising generating, by one or more sensors of a
computing device and at approximately a time that a user is eating, at least one
computer-generated indication; deterroining, by the computing device and based at least
in part on the at least one computer-generated indication and pre-defined activity data
that arc indicative of an act of g hursan consuming an ingestible substance, whether the
user is currently consuming an ingestible substance; and responsive to determining that
the user 18 currently consuming the ingestible substance, outputting, by the cormputing
device, a reminder to consume at least one particular ingestible substance.

[8107] Example 2: The mcthod of example |, wherein determining whether the user is
currently consurmng the ingestible substance corprises determining, by the computing
device and based at least in part on the pre-defined activity data and the at [east one
computer-generated indication, a degree of confidence that indicates a confidence that
the user is currently consuming the ingestible substance; comparing, by the computing
device, the degree of confidence to a threshold to determine whether the degree of
confidence satisfies the threshold; and respounsive to determining that the degree of
confidence satistics the threshold, determining, by the computing device, that the user is
currently consuming the ingestible substance.

[8108] Example 3: The method of example 1, wherein the computer-generated
mdication is a first compuier-gencrated ndication and the pre-defined activity datais
first pre-defined activity data, wherein determining whether the user 1s currently
consuming the ingestible substance comprises: determining, by the computing device, a
first difference between the first computer-generated indication and the first pre-defined
activity data; determining, by the computing device, 4 second difference between a
second computer-generated indication and second pre~-defined activity data; applying,
by the computing device, a first weight, corresponding to the first computer-gencrated
indication, to the first difference to generate a first weighted difference value: applying,
by the computing device, a sccond weight, corresponding to the second computer-
generated fndication, to the second difference to generate a second weighted difference
value; aggregating, by the computing device, the first and second weighted difference
values to generate an aggregated weighted difference value; and determining, by the
computing device and based at least in part on the agpregated weighted difference

value, whether the user s currently consuming the ngestibie substance,
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[8109] Example 4: The rocthod of any of exaruples 1-3, wherein the at least one
computer-generated indication comprises at least one of a picture of food, a picture of
utensils, motion data obtained from the one or more sensors, a blood sugar level, a time,
a sound, a picture of a cheekbone, and GPS coordinates.

[8118] Example 5: The mcthod of any of exaraples 14, wherein the pre-defined
activity data comprises at least one of image data of portions of food, a motion profile,
image data of portions of a cheekbone, image data of portions of utensils, a mapping
service to look up a restaurant, an eating schedule, an eating time, ambient audio to
determine co-presence of others who are eating, a blood sugar level, motion data, a
database of coordinates of restaurants, and a trained classificr,

[8111] Example 6: The method of any of examples 1-5, wherein the at least one
particular ingestibie substance 1s at least one medication.

[8112] Example 7: The method of any of examples 16, further comprising: receiving,
by the computing device, data from the one or more seusors that are operably coupled to
the computing device, wherein the computing device generates the computer-generated
indication based on the data received from the one or more sensors.

[8113] Example 8: The method of example 7, wherein the one or more sensors
comprise at least one of an accelerometer, a gyrometer, a blood sugar measuring sonsor,
a camera, an audio input device, a global positioning system, and a clock.

[8114] Example 9: The method of any of examples 1-8, further cormprising responsive
to determining that the user 18 consuming the ingestible substance, generating, by the
computing device, at least one difference between the at least one computer-generated
indication and the pre-defined activity data; and updating, by the computing device, the
pre-defined activity data based on the at least one difference, wherein determining
whether the user is currently consurming the ingestible substance comprises determining,
by the computing device and based at least in part on the at least one computer-
generated mdication and the updated pre-detined activity data, whether the user is
currently consurmng the ingestible substance.

[8115] Example 10: The method of any of examples 1-9, wherein a time duration
comprises a range of time, wheren the determining the at least one corputer-generated
indication at the time that the user is eating is within the time duration.

[8116] Example 11: The method of any of exaraples 1-10, wherein the reminder

comprises at least one of a text message, an email, a vibration on a watch, a user
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mterface cleroent for display on the computing device, a flashing light mounted on
computing device, or an audio message.

{8117 Example 12: A computing device comprising: at least one processor; and at
least one module, operable by the at least one processor to: generate, at approximately a
time that a user is cating, at least one computer-generated mmdication; determine, based
at least in part on the at {east one computer-generated indication and pre-defined activity
data that are mdicative of an act of a human consuming an ingestible substance, whether
the user is currently consuming an ingestible substance; and responsive to determining
that the user is currently consuming the ingestible substance, output a reminder to
consume at least one particular ingestible substance.

[8118] Example 13: The computing device of example 12, wherein the at least one
module s further operable by the at least oue processor to: determine, based at least in
part on the pre-defined activity data and the at least one computer-generated indication,
a degree of confidence that indicates a confidence that the user is currently consuming
the ingestible substance: compare the degree of confidence to a threshold to determine
whether the degree of confidence satistics the threshold; and responsive to determining
that the degree of confidence satisfies the threshold, determine that the user is currently
consuring the ingestible substance.

[8119] Example 14: The coroputing device of example 12, wherein the computer-
generated indication is a first computer-generated indication and the pre-defined activity
data 1s first pre-defined activity data, and wherein the at least one module 1s operable by
the at lcast one processor to: determine a first difference between the first computer-
generated mdication and the first pre-defined activity data; determine a second
difference between a second computer-generated indication and second pre-defined
activity data; apply a first weight, corresponding to the first computer-generated
indication, to the first difference to generate a first weighted difference value; apply a
sccond weight, corresponding to the second computer-generated indication, to the
sccond difference to generate a second weighted difference value; aggregate the first
and second weighted difference values to generate an aggregated weighted difference
value; and determine, based at least in part ou the aggregated weighted difference value,
whether the user is currently consuming the ingestible substance.

[8128] Example 15: The coraputing device of any of exaraples 12-14, wherein the at

least one module is operable by the at least one processor to: responsive to determining
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that the user is consuming the mgestible substance, generate at least one difference
between the at least one computer-generated indication and the pre-defined activity
data; and update the pre-defined activity data based on the difference to generated
updated pre-defined activity data, wherein the at least one module is operable by the at
least one processor to determune, based at least in part on the at least one computer-
generated indication and the updated pre-defined activity data, whether the user is
currently consuming the ingestible substance.
(81217 Example 16: The computing device of any of examples 12-13, wherein the
computing device 1s at least one of a computerized watch, computerized cycwear,
computerized headwear, computerized gloves, a blood sugar monitoring device, a tablet
computer, a mobile phone, a personal digital assistant (PDA), a laptop computer, a
gaming system, a wedia player, au e-book reader, a television platform, an autoroobile
navigation system, and a camera.
[8122] Example 17: A computer-readable storage medium encoded with ostructions
that, when executed, cause at least one processor of a computing device to: generate, at
approximately g time that a user 1s cating, at least one conputer-generated indication;
determine, based at least in part on the at least one computer-generated indication and
pre-defined activity data that are jndicative of an act of a human consuming an
mgestible substance, whether the user is currently consuming an ingestible substance;
and responsive to determining that the user is currently consuming the ingestible
substance, output a reroinder to consume at least one medication.
[8123] Example 18 The computer readable storage medium of example 17, wherein
the instructions causing the at least one processor to deterrminge whether the user is
currently consuming the ingestible substance further comprise instructions that, when
xecuted, cause the at least one processor to: determune, based at least in part on the pre-
defined activity data and the at least one computer-generated indication, a degree of
confidence that indicates a confidence that the user 1s currently consurning the ingestible
substance; compare the degree of confidence to a threshold to determine whether the
degree of confidence satisfies the threshold; and responsive to determining that the
degree of confidence satisties the threshold, determine that the user s currently
consuming the ingestible substance.
[8124] Example 19: The coraputer readable storage medium of claim 17, wherein the

computer-generated indication is a first computer-generated indication and the pre-
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efined activity data is furst pre-defimed activity data, and wherein the instructions
causing the at least one processor to determine whether the user is currently consuming
the 1ngestible substance comprise tustructions that, when executed, cause the at least
one processor to; determinge a first difference between the first computer-generated
indication and the first pre-defined activity data; determine a second difference between
a second computer-generated indication and second pre-defined activity data; apply a
tirst weight, corresponding to the first cornputer-generated indication, to the first
difference to generate a first weighted difference value; apply a second weight,
corresponding to the second coraputer-generated indication, to the second difference to
generate a second weighted difference value; aggregate the first and second weighted
difference values to generate an aggregated weighted difference value; and determine,
based at least in part on the aggregated weighted difference value, whether the user 18
currently consuming the ingestible substance..
[8125] Example 20: The coroputer-readable storage voedivm of any of examples 17-19,
wherein the instructions, when executed, further cause the at least one processor to:
responsive to deterraining that the user 1s consuming the mgestible substance, generate
at least one difference between the at least one computer-generated indication and the
pre-defined activity data; and update the pre-defined activity data based on the
difference to generated updated pre~-defined activity data, wherein the computer-
readable storage medium is further encoded with instructions that, when executed, cause
the one or more processors o determine, based at least 1n part on the at least one
computer-generated indication and the updated pre-defined activity data, whether the
uscr is currently consuming the imgestible substance.
[8126] Example 21: The computer-readable storage medium of example 17, wherein
the nstructions, when executed, further cause the at lcast one processor to perform any
of the methods of examples 1-11.
(81271 Example 22 A computing deviee comprising mcans for generating, at
approximately a timne that a user is eating, at least one computer-generated indication;
means for determining, based at least in part on the at lcast one computer-generated
ndication and pre-defined activity data that are indicative of an act of a homan
consuming an ingestible substance, whether the user 18 currently consuming an

mngestible substance; and means for outputting, by the computing device, a reminder to
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consume at least one particular ingestibie substance responsive to determiuing that the
user is currently consuming the ingestible substance.

[8128] Example 23: A computing device comprising means for performing the wethod
of any of examples 1-11.

[8129] In onc or more cxamples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof., If implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or ¢code,
a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable racdia may include coraputer-readable storage racdia, which
corresponds to a tangible medium such as data storage roedia, or corarmunication media
including any medium that facilitates transfer of a computer program from one place to
another, ¢.g., according to a communication protocol. In this manner, computer-
readable media gencrally may correspond to (1) tangible computer-readable storage
media, which is non~transtiory or (2} a cornmunication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
ONIC OF MOYC COMPUECTS OF ONE OF MOTC Processors 1o retrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A
computer program product may include a computer-readable medium,

[8138] By way of example, and not limitation, such computer-readable storage media
can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic
disk storage, or other magnetic storage devices, flash memory, or any other medivm that
can be used to store desired program code in the form of mmstructions or data structures
and that can be accessed by a computer. Also, any connection is properly termed a
computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (BSL}, or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted patr, DSL, or wireless
techuologies such as infrared, radio, and microwave are cluded m the definttion of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, ot other transient
media, but are instead directed to non-transient, tangible storage media. Disk and disc,
as used, includes compact dise (CD), laser disc, optical dise, digital versatile dise
(DVD), floppy disk and Blu-ray disc, where disks usnally reproduce data magnetically,
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while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.

[8131] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
mtegrated circuits (ASICs), field prograrmable logic arrays (FPGAS), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used may refer to any of the foregoing structure or any other structure suitable for
implementation of the techuiques described. In addition, in some aspects, the
functionality described may be provided within dedicated hardware and/or software
modules. Also, the technigues could be fully implemented in one or more circuits or
logic clements.

18132] The technigues of this disclosure may be iaplemented m a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit {(IC} or a set of
ICs {e.g., a chip set). Various components, roodules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the
disclosed techniques, but do not necessarily require realization by different hardware
units. Rather, as described above, various units may be combined in a bardware unit or
provided by a collection of intcroperative hardware units, including one or ruore
processors as described above, in conjunction with suitable software and/or firmoware.
[9133] It 1s to be recognized that depending on the embodiment, certain acts or events
of any of the methods described herein can be performed tn a different sequence, may
be added, merged, or left out altogether (e.g., not all described acts or events are
necessary for the practice of the method). Moreover, in certain erabodiracnts, acts or
events may be performed concurrently, ¢.g., through multi-threaded processing,
mterrupt processing, or mukltiple processors, rather than sequentially.

[8134] o some examples, a computer-readable storage medium may include a non-
transitory medium. The term “non-transitory” may indicate that the storage medium is
not embodied 1o a carrier wave or a propagated signal. In certain examples, a non-
transitory storage medium may store data that can, over time, change {¢.g., in RAM or
cache).

[8135] Various exarmples have been described. These and other exampies are within the

scope of the following clairns.
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CLAIMS:

1. A computing device comprising:

at lcast ong processor; and

at least one module, operable by the at least one processor to:

generate, at approximately a time that a user is eating, at least one indication;

deterraine, based at least in part on the at least one indication and pre-defined
activity data that are indicative of an act of a human consuming an ingestible substance,
whether the uscr 1s currently consuming an ingestible substance; and

responsive to determining that the user s currently consuroing an ingestible

substance, output a reminder to consume at least one particular ingestible substance.

2. The computing device of claim |, wherein the at least one module is further
operable by the at least one processor to:

determine, based at least in part on the pre~defined activity data and the at least
onc mdication, a degree of confidence that indicates a confidence that the user is
currently consuming an ingestible substance;

compare the degree of confidence to a threshold to determine whether the degree
of confidence satisfies the threshold; and

responsive to determining that the degree of confidence satisfics the threshold,

determine that the user is currently consurning an ingestible substance,

41



WO 2016/007384 PCT/US2015/039052

-~

3. The computing device of any of claims 1 or 2, wherein the indication is a first
indication and the pre-defined activity data is first pre-defined activity data, and wherein
the at least one module s operable by the at least one processor to:

determine a first difference between the first indication and the first pre-defined
activity data;

determine a second difference between a second indication and second pre-
defined activity data;

apply a first weight, corresponding to the first indication, to the first difference
to generate g first weighted difference value;

apply a second weight, corresponding to the second wndication, to the second
difference to generate a second weighted difference value;

aggregate the first and second weighted difference values to generate an
aggregated weighted difference value; and
determine, based at least in part on the aggregated weighted differcunce vahue,

whether the user is currently consuming an ingestible substance.

4. The computing device of any of claims 1--3, wherein the at Jeast one module is
operable by the at least one processor to:

responsive to determuaning that the user is consurning an ingestible substance,
generate at least one difference between the at least one indication and the pre-defined
activity data; and

update the pre-defined activity data based on the difference to generated updated
pre-defined activity data,

wherein the at least one module is operable by the at least one processor to
determine, based at least in part on the at least one indication and the updated pre-
defined activity data, whether the user is currently consuming an ingestible substance,
and

wherein the computing device is at least one of a computerized watch,
computerized eyewear, computerized headwear, computerized gloves, a blood sugar
mounttoring device, a tablet computer, a mobile phone, a personal digital assistant
(PDA), a laptop computer, a gaming system, a media player, an c-book reader, a

television platform, an automobile navigation system, and a caracra.
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5. A method comprising:

generating, by one or more sensors of a computing device and at approximately
a time that a user 1s eating, at least one indication;

determining, by the computing device and based at feast in part on the at least
one mdication and pre-defined activity dats that are mdicative of an act of a human
consuming an ingestible substance, whether the user is currently consuming an
ngestible substance; and

responsive to determining that the user is currently consuming an ingestible
substance, outputting, by the computing device, a reminder to consume at lcast one

particalar ingestible substance.

6. The method of claima 5, wherein determining whether the user s currently
consuming an ingestible substance comprises:

determining, by the computing device and based at least in part on the pre-
defined activity data and the at least one indication, a degree of confidence that indicates
a confidence that the user is currently consuming an ingestible substance;

comparing, by the computing device, the degree of confidence to a threshold to
determine whether the degree of confidence satisties the threshold; and

responsive to deternining that the degree of confidence satisfies the threshold,
determining, by the computing device, that the user is currently consuming an ingestibie

substance,
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7. The method of any of claims 5 or 6, wherein the indication 1s a first indication
and the pre-defined activity data is first pre-defined activity data, wherein determining
whether the user is currently consurning the ingestible substance comprises:

determining, by the computing device, a first difference between the first
indication and the first pre-defined activity data;

determining, by the computing device, a second difference between a second
indication and second pre-defined activity data;

applying, by the computing device, a first weight, corresponding to the first
mdication, to the first difference to generate a first weighted difference value;

applying, by the coroputing device, a second weight, corresponding to the
second indication, to the second difference to generate a second weighted difference
value;

agegregating, by the computing device, the first and second weighted difference
values to generate an aggregated weighted difference valoe; and

determining, by the computing device and based at icast in part on the
aggregated weighted difference value, whether the user 1s currently consurming an

ingestible substance.

&. The method of any of claims 5-7, wherein the at least one indication comprises
at least one of a picture of food, a picture of utensils, motion data obtained from the one
or more sensors, a blood sugar level, a time, a sound, a picture of a checkbone, and GPS

coordinates.

8. The method of any of claims 3-8, wherein the pre-defined activity data
compriscs at least onc of image data of portions of food, a motion profile, image data of
portions of a cheekbone, timage data of portions of utensils, a mapping service to look
up a restaurant, an cating schedule, an cating time, ambient audio to deterruine co-
presence of others who are eating, a blood sugar level, motion data, a database of

coordinates of restaurants, and a trained classifier.

10.  The method of any of claims 5-9, wherein the at least one particular ingestibic

substance is at feast one medication.
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It The method of any of claims 510, further comprising:

receiving, by the computing device, data from the one or more sensors that are
operably coupled to the coroputing device,

wherein the computing device generates the indication based on the data
reccived from the one or more sensors, and

wherein the one or more sensors comprise at least one of an accelerometer, a
gyrometer, a blood sugar measuring sensor, 8 camera, an audio wmput device, a global

positioning system, and a clock.

12. The method of any of claims 511, further comprising:

responsive to determining that the user is consuming an ingestible substance,
generating, by the computing device, at least one difference between the at least one
indication and the pre-defined activity data; and

updating, by the computing device, the pre-defined activity data based on the at
least one difference,

wherein determining whether the user 1s currently consuming an mgestible
substance comprises determining, by the computing device and based at least in part on
the at least one indication and the updated pre-defined activity data, whether the user s

currently consurning an ingestible substance.

13. The method of any of claims 5-12,

wherein a time duration comprises a range of time,

wherein gencrating the at least one indication at approximately the time that the
user is eating comprises generating the at least one indication within the time duration,
and

wherein the reminder comprises at least one of a text message, an email, a
vibration on & watch, a user interface element for display on the computing deviee, a

flashing hight mounted on computing device, or an audio message.
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14. A computer-readable storage medium encoded with nstructions that, when
cxecuted, cause at least one processer of a computing device to:

generate, at approxirately a time that a user 1s cating, at least one computer-
generated indication;

determine, based at least in part on the at least one computer-generated
indication and pre~-defined activity data that are indicative of an act of a human
consuming an ingestible substance, whether the user is currently consuming an
ingestible substance; and

responsive to determining that the user 18 currently consurning the ingestible

substance, output a reminder to consume at {east one medication.
15, The computer-readable storage medium of claum 14, wherein the instructions,

when executed, further cause the at icast one processor to perform any of the methods of

claims 5-13.
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