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GESTURE-BASED CONTROL OF DIABETES
THERAPY

[0001] This application 1s a continuation of U.S. Non-
Provisional patent application Ser. No. 17/004,969 filed
Aug. 27, 2020, which claims priority to U.S. Provisional
Application No. 62/893,717, filed Aug. 29, 2019, and U.S.
Provisional Application No. 62/893,722, filed Aug. 29,
2019, which are herein incorporated by reference in their
entireties for all purposes.

TECHNICAL FIELD

[0002] The disclosure relates to medical systems and,
more particularly, to medical systems for therapy for diabe-
tes.

BACKGROUND

[0003] A patient with diabetes receives insulin from a
pump or 1njection device to control the glucose level 1n his
or her bloodstream. Naturally produced insulin may not
control the glucose level in the bloodstream of a diabetes
patient due to msuthcient production of insulin and/or due to
insulin resistance. To control the glucose level, a patient’s
therapy routine may include dosages of basal insulin and
bolus msulin. Basal 1nsulin, also called background insulin,
tends to keep blood glucose levels at consistent levels during,
periods of fasting and 1s a long acting or intermediate acting,
insulin. Bolus insulin may be taken specifically at or near
mealtimes or other times where there may be a relatively fast
change 1n glucose level, and may therefore serve as a short
acting or rapid acting form of insulin dosage.

SUMMARY

[0004] Techniques disclosed herein relate to gesture-based
control of diabetes therapy. The techniques may be practiced
with a processor-implemented method, a system comprising,
one or more processors and one or more processor-readable
media, and/or one or more non-transitory processor-readable
media.

[0005] In some embodiments, the techmques may mvolve
identifying at least one gesture indicative of utilization of an
injection device for preparation of an insulin 1njection based
on user activity data obtained from a wearable device
disposed on an arm of a user. The techniques may further
involve based on the at least one 1dentified gesture, deter-
miming whether the insulin injection meets criteria of a
proper msulin injection. The techniques may turther mvolve
outputting information indicative of whether the criteria 1s
satisfied based on the determination.

[0006] The details of one or more aspects of the disclosure
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of this
disclosure will be apparent from the description and draw-
ings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 1s a block diagram illustrating an example
system for delivering or guiding therapy dosage, in accor-
dance with one or more examples described 1n this disclo-
sure.
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[0008] FIG. 2 1s a block diagram illustrating another
example system for delivering or guiding therapy dosage, 1n
accordance with one or more examples described in this
disclosure.

[0009] FIG. 3 1s a block diagram illustrating another
example system for delivering or guiding therapy dosage, 1n
accordance with one or more examples described in this
disclosure.

[0010] FIG. 41s a block diagram 1llustrating an example of
a patient device, 1n accordance with one or more examples
described 1n this disclosure.

[0011] FIG. S1sa block diagram illustrating an example of
a wearable device, 1n accordance with one or more examples
described 1n this disclosure.

[0012] FIG. 6 i1s a flowchart illustrating an example
method of operation, 1 accordance with one or more
examples described 1n this disclosure.

[0013] FIGS.7A and 7B are flowcharts 1llustrating another
example method of operation, 1n accordance with one or
more examples described 1n this disclosure.

DETAILED DESCRIPTION

[0014] Devices, systems, and techniques for managing
glucose level 1 a patient are described 1n this disclosure.
Circumstances may exist where the administration of dia-
betes therapy unintentionally aflects the patient’s health, for
example, causing the patient to receive an ineflective or
incorrect amount or type of msulin. Because some patients
manage their own diabetes therapy (e.g., via an injection
device for delivering a dose of insulin), these patients have
ample opportunities to 1mpact (e.g., oifset) their glucose
levels. Given that most people have busy lives, the patient
may become preoccupied and simply forget to take their
imsulin at a recommended time. Sometimes, several minor
disruptions throughout a given day interrupt the patient’s
recommended 1njection schedule. Even 1if the patient
remembers a scheduled insulin injection, the patient may
still forget the proper dosage amount or a type of msulin to
administer. The patient may forget which settings on the
injection device to apply 1n order to prepare an injection with
the proper amount and/or type of insulin. Even 1f the patient
employs a caregiver to assist his/herself with insulin injec-
tions or perform the 1nsulin injections, the caregiver also 1s
capable of making an error 1 admimstering diabetes
therapy.

[0015] It should be noted that a variety of injection devices
are described herein as being applicable to the devices,
systems, and techniques of the disclosure. Some 1njection
devices may be manual injection devices (e.g., a syringe)
while other 1njection devices (e.g., “smart” injection
devices) may be equipped with processing circuitry and/or
sensing technology. In some examples, “smart” caps may be
configured to attach to syringes or go over the insulin pens.
It should be noted that a cloud service (e.g., running on
servers of a network cloud) may provide a number of
benelits to the patient including remote medical services,
managed medical care, and/or access to a network of medi-
cal professionals. The cloud service may operate with a
number of devices (e.g., a patient device, a caregiver device,
the 1njection device, and/or any other compatible computing
device) to provide a remote monitoring system (e.g.,
MEDTRONIC® CARELINK™) through which the user
may be notified of pending improper diabetes therapy (e.g.,
improper insulin injections), general and diabetes-specific
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health 1ssues including those caused by improper diabetes
therapy, and other critical transmissions via alerts (e.g.,

CAREALERT™ notifications).

[0016] In this disclosure, the devices, systems, and tech-
niques for managing the patient’s glucose level include
devices, systems, and techniques for gesture-based control
of diabetes therapy. Gesture-based control, as described
herein, involves protecting the patient from the conse-
quences ol receiving incorrect and/or ineffective diabetes
therapy, for example, 1n form of improper insulin 1njections.
By detecting one or more gestures that indicate an insulin
injection 1s about to occur or 1s occurring, the devices,
systems, and techniques for gesture-based control may
determine whether some aspect of that injection 1s improper
with enough time to notity a user (e.g., the patient or a
caregiver) of one or more impropricties in the patient’s
pending injection (e.g., i the injective device’s settings)
before the user completes the insulin injection. In this
manner, the user 1s aflorded an opportunity to stop the
isulin 1mjection and/or modify the device’s settings to
remove at least one impropriety.

[0017] To 1illustrate by way of example, i1 the patient
forgets a recent insulin injection and attempts an insulin
injection at an improper time and/or with an insuilicient
interval between injections, the devices, systems, and tech-
niques described herein may output an alert indicative of the
improper msulin mnjection. As an alternative, 1f the patient
forgets the 1njection schedule and 1s about to miss a sched-
uled 1mection, the devices, systems, and techniques
described herein may output an alert indicative of the missed
injection. One or more processors (€.g., 1n a mobile com-
puting device known as the patient device, 1n a network
cloud server providing the cloud service, or 1n the 1njection
device 1tsell) may generate the alert to include any content
type (e.g., video, audio, text) and output that alert through
any mechanism (e.g., an electronic display, tactile responses
(¢.g., vibrations), and/or the like).

[0018] The one or more processors may generate the alert
to notify any user of the injection device, including the
patient via the patient device or the injection device or the
patient’s home caregiver via a caregiver device. The care-
giver may be a home caregiver (e.g., a family member or
friend, a nurse, and/or the like), a medical proiessional (e.g.,
a doctor or a nurse) 1 a medical facility (e.g., a hospital), or
another professional 1n charge of the patient’s health. The
one or more processors may communicate the alert from a
hand-held patient device to the injection device, to the
network cloud server, and/or to the caregiver device. As an
alternative, the one or more processors may communicate
the alert from the network cloud server to the injection
device, to the patient device, and/or to the caregiver device.
In some examples where processing circuitry within the
injection device executes logic (e.g., processor-executable
instructions or code) for gesture-based control, the 1njection
device may generate the alert for display on an electronic
display of the injection device itself and/or communicate, to
the patient device, a network cloud server, a caregiver
device, and/or another external device, the alert to notity the
patient, the cloud service, and/or the caregiver.

[0019] Even 11 the user prepares the mnsulin 1njection at a
proper time, the user i1s capable of preparing the injection
with an meflective dosage amount and/or type of insulin.
Some example patient gestures correspond to setting the
dosage amount and/or type on the injection device and by
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detecting these gestures, it 1s possible to ascertain actual
dosage amounts and/or types. 11, for instance, the 1njection
device has a dial for setting the dosage amount, the patient
may make a gesture moving the dial a number of clicks
where each click increases the mnsulin amount being loaded
into a chamber of the injection device. This gesture may be
detected by one or more sensors in a wearable device
attached to the user’s body, an activity monitor, and/or 1n the
injection device itself. If the detected dosage amount fails to
match the recommended dosage amount but 1s within a
certain range, the detected dosage amount may be consid-
ered ineflective while detected dosage amounts without the
certain range may be considered lethal. In some examples,
the patient may not face severe consequences ifrom being
given an inellective dosage of mnsulin 1n contrast with a
lethal dosage. In response to a predication of an 1mminent
injection of an ineflective or lethal dosage amount, the
devices, systems, and techniques for gesture-based control
may notily the patient by displaying, on an electronic
display, an alert configured to present various types of
content (e.g., text, graphical content, video content, and/or
the like) as well as tactile and audible alerts. In some
examples, the devices, systems, and techniques for gesture-
based control may display data informing the patient as to
which one or more device settings to modily 1n order to
correct the ineflective dosage amount.

[0020] Depending on which injection device a given dia-
betes patient utilizes, the mjection device may implement
one or more technologies to detect insulin 1njections (during
preparation or after occurrence), record various mnformation
for each injection, and/or notily the patient (e.g., via a
textual warning or audible alert) 1t there 1s a problem (e.g.,
impropriety) with any particular injection. Some manufac-
turers instrument their ijection devices with one or more
sensors to perform the detection, recordation, and notifica-
tion as mentioned above; however, some patients use 1njec-
tion devices that are equipped with either a mimimal level of
sensing technology or no sensing technology whatsoever,
leaving the patient or the patient’s caregiver the responsi-
bility of properly administering the patient’s diabetes
therapy. An external device (e.g., wearable device, the
patient device, or another mobile computing device) having
sensing technology may provide sensor data for identifying
one or more gestures indicative of the insulin injection.
Some of the injection devices described herein (e.g., insulin
pens or syringes) may be retrofit with sensing technology
(e.g., 1n a smart 1nsulin pen cap).

[0021] Injective devices other than those described herein
are unable to provide gesture-control and protection of
patient health. These devices are limited 1n a number of areas
including knowledge of the patient’s proper diabetes therapy
in terms ol dosage amount, msulin type (e.g., bolus insulin),
dosage schedule, and other parameters. Even if some injec-
tion devices are able to detect dosage amount or mnsulin type
through various means, none operate with a wearable or
another external device to identily dosage amount or insulin

type.

[0022] The devices, systems, and techniques described
herein are configured to mitigate or eliminate altogether the
injection device’s limitations as mentioned above. In some
examples, one or more sensors 1n one device may provide
one or more processors (e.g., processing circuitry) in the
same device or a different device with data describing
various user activities (e.g., patient activities or caregiver
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activities) including movement(s) of the user’s hand and/or
arm and/or pose(s) (e.g., positioning and/or orientation) of
the user’s hand while holding the 1njection device. Some
example sensors are communicably coupled to the one or
more processors while some sensors are directed coupled to
the one or more processors.

[0023] Hence, the one or more processors may receive
user activity data from one or more internal sensors, one or
more sensors in the injection device, and/or one or more
sensors 1n another device, such as a wearable device
attached to a body part of the patient. In one example, a
wearable device (known as a smart watch) may be attached
to one of the patient’s hands and instrumented with inertial
measurement units (e.g., one or more accelerometers)
capable of capturing user activities (e.g., user movements
and/or user poses) including gestures synonymous with an
insulin 1njection. If the mjection device i1s configured with
little or no sensing technology, an accelerometer 1n the
wearable device or another external device may provide the
user activity data enabling the prediction of an 1nsulin
injection and/or the imjection device data enabling confir-
mation (or rejection) of the prediction of an 1nsulin injection.

[0024] In some examples, the devices, systems, and tech-
niques described herein may leverage data provided by the
injection device to confirm a prediction of an msulin injec-
tion based upon an 1dentification of one or more gestures by
the user. To illustrate by way of example, after identilying a
gesture to set the dosage amount and type on the 1njection
device, a sensor may sense that a cartridge has been loaded
into the injection device 1n preparation for administering the
insulin mjection, confirming that gesture identification. The
user may provide nput data confirming preparation of the
insulin 1njection (e.g., a patient confirmation). Confirmation
may be achieved through 1njective device data provided by
other devices such as a device having a sensor to detect an
insulin dose 1n a syringe barrel. Sensor data may be used to
predict that the insulin 1njection has been prepared as well as
predict that the insulin 1mjection occurred (e.g., recently). A
sensor for reading insulin levels 1n the injection device may
measure first and second 1nsulin levels and determine that an
intervening 1sulin njection lowered the msulin level from
the first to the second level. One benefit of confirmation 1s
that the user activity data supporting the prediction may be
provided by an unreliable external sensor and/or include
inaccurate or incorrect sensor data; in eflect, the confirma-
tion serves to mitigate the unreliability of the external sensor
and the inaccuracy or incorrectness of the external sensor
data. As another benefit of the confirmation, the one or more
processors may operate with injection devices that do not
have any inertial measurement units or other sensors. In
ellect, confirmation via the 1njection device or the 1injection
device data allows the one or more processors to rely on the
wearable device for the user activity data without having to
implement an internal sensor or rely on the injection
device’s sensor(s).

[0025] FIG. 1 1s a block diagram illustrating an example
system for delivering or guiding therapy dosage, in accor-
dance with one or more examples described 1n this disclo-
sure. FIG. 1 1llustrates system 10A that includes patient 12,
insulin pump 14, tubing 16, infusion set 18, sensor 20, which
may be a glucose sensor, wearable device 22, patient device
24, and cloud 26. Cloud 26 represents a local, wide area or
global computing network including one or more processors
28A-28N (*“one or more processors 28”). In some examples,

Oct. 5, 2023

the various components may determine changes to therapy
based on determination of glucose level for sensor 20, and
therefore system 10A may be referred to as a continuous
glucose monitoring (CGM) system 10A.

[0026] Patient 12 may be diabetic (e.g., Type 1 diabetic or
Type 2 diabetic), and theretfore, the glucose level 1n patient
12 may be uncontrolled without delivery of supplemental
insulin. For example, patient 12 may not produce suflicient
isulin to control the glucose level or the amount of 1nsulin
that patient 12 produces may not be suflicient due to msulin
resistance that patient 12 may have developed.

[0027] o receive the supplemental insulin, patient 12 may
carry msulin pump 14 that couples to tubing 16 for delivery
of 1insulin 1nto patient 12. Infusion set 18 may connect to the
skin of patient 12 and include a cannula to deliver insulin
into patient 12. Sensor 20 may also be coupled to patient 12
to measure glucose level 1 patient 12. Insulin pump 14,
tubing 16, infusion set 18, and sensor 20 may together form
an 1msulin pump system. One example of the msulin pump
system 1s the MINIMED™ 670G INSULIN PUMP SYS-
TEM by Medtronic, Inc. However, other examples of insulin

pump systems may be used and the example techniques
should not be considered limited to the MINIMED™ 670G
INSULIN PUMP SYSTEM. For example, the techniques

-

described 1n this disclosure may be utilized 1n mnsulin pump
systems that include wireless communication capabilities.
However, the example techniques should not be considered
limited to insulin pump systems with wireless communica-
tion capabilities, and other types of communication, such as
wired communication, may be possible. In another example,
isulin pump 14, tubing 16, infusion set 18, and/or sensor 20
may be contained 1n the same housing.

[0028] Insulin pump 14 may be a relatively small device
that patient 12 can place 1n different locations. For 1nstance,
patient 12 may clip msulin pump 14 to the waistband of
pants worn by patient 12. In some examples, to be discreet,
patient 12 may place insulin pump 14 1n a pocket. In general,
insulin pump 14 can be worn 1n various places and patient
12 may place msulin pump 14 1n a location based on the
particular clothes patient 12 1s wearing.

[0029] To deliver insulin, 1nsulin pump 14 includes one or
more reservoirs (e.g., two reservoirs). A reservoir may be a
plastic cartridge that holds up to N units of insulin (e.g., up
to 300 units of 1nsulin) and 1s locked into msulin pump 14.
Insulin pump 14 may be a battery powered device that 1s
powered by replaceable and/or rechargeable batteries.

[0030] Tubing 16, sometimes called a catheter, connects
on a first end to a reservoir 1n insulin pump 14 and connects
on a second end to infusion set 18. Tubing 16 may carry the
insulin from the reservoir of msulin pump 14 to patient 12.
Tubing 16 may be flexible, allowing for looping or bends to
minimize concern ol tubing 16 becoming detached from
insulin pump 14 or infusion set 18 or concern from tubing

16 breaking.

[0031] Infusion set 18 may include a thin cannula that
patient 12 inserts into a layer of fat under the skin (e.g.,
subcutaneous connection). Infusion set 18 may rest near the
stomach of patient 12. The 1nsulin travels from the reservoir
of msulin pump 14, through tubing 16, and through the
cannula 1n infusion set 18, and into patient 12. In some
examples, patient 12 may utilize an infusion set 1nsertion
device. Patient 12 may place infusion set 18 into the infusion
set 1nsertion device, and with a push of a button on the
infusion set insertion device, the infusion set insertion
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device may isert the cannula of infusion set 18 into the
layer of fat of patient 12, and infusion set 18 may rest on top
of the skin of the patient with the cannula inserted into the
layer of fat of patient 12.

[0032] Sensor 20 may include a cannula that 1s nserted
under the skin of patient 12, such as near the stomach of
patient 12 or in the arm of patient 12 (e.g., subcutaneous
connection). Sensor 20 may be configured to measure the
interstitial glucose level, which 1s the glucose found 1n the
fluid between the cells of patient 12. Sensor 20 may be
configured to continuously or periodically sample the glu-
cose level and rate of change of the glucose level over time.

[0033] In one or more examples, msulin pump 14 and
sensor 20, and the various components 1llustrated in FIG. 1,
may together form a closed-loop therapy delivery system.
For example, patient 12 may set a target glucose level,
usually measured 1n units of milligrams per deciliter, on
insulin pump 14. Insulin pump 14 may receive the current
glucose level from sensor 20, and 1n response may increase
or decrease the amount of 1insulin delivered to patient 12. For
example, 11 the current glucose level 1s higher than the target
glucose level, msulin pump 14 may increase the msulin. If
the current glucose level 1s lower than the target glucose
level, insulin pump 14 may temporarily cease delivery of the
insulin. Insulin pump 14 may be considered as an example
of an automated insulin delivery (AID) device. Other
examples of AID devices may be possible, and the tech-
niques described in this disclosure may be applicable to

other AID devices.

[0034] For example, msulin pump 14 and sensor 20 may
be configured to operate together to mimic some of the ways
in which a healthy pancreas works. Insulin pump 14 may be
configured to deliver basal insulin, which 1s a small amount
of 1sulin released continuously throughout the day. There
may be times when glucose levels increase, such as due to
cating or some other activity that patient 12 undertakes.
Insulin pump 14 may be configured to deliver bolus insulin
on demand 1n association with food intake or to correct an
undesirably high glucose level 1n the bloodstream. In one or
more examples, 1f the glucose level rises above a target
level, then insulin pump 14 may increase the bolus 1nsulin
to address the increase 1 glucose level. Insulin pump 14
may be configured to compute basal and bolus insulin
delivery, and deliver the basal and bolus 1nsulin accordingly.
For instance, isulin pump 14 may determine the amount of
basal insulin to deliver continuously, and then determine the
amount of bolus msulin to deliver to reduce glucose level 1n
response to an increase in glucose level due to eating or
some other event.

[0035] Accordingly, 1n some examples, sensor 20 may
sample glucose level and rate of change 1n glucose level over
time. Sensor 20 may output the glucose level to insulin
pump 14 (e.g., through a wireless link connection like
Bluetooth or BLE). Insulin pump 14 may compare the
glucose level to a target glucose level (e.g., as set by patient
12 or clinician), and adjust the msulin dosage based on the
comparison. In some examples, sensor 20 may also output a
predicted glucose level (e.g., where glucose level 1s expected
to be 1n the next 30 minutes), and mmsulin pump 14 may
adjust msulin delivery based on the predicted glucose level.

[0036] As described above, patient 12 or a clinician may
set the target glucose level on msulin pump 14. There may
be various ways in which patient 12 or the clinician may set
the target glucose level on msulin pump 14. As one example,
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patient 12 or the clinician may utilize patient device 24 to
communicate with insulin pump 14. Examples of patient
device 24 include mobile devices, such as smartphones or
tablet computers, laptop computers, and the like. In some
examples, patient device 24 may be a special programmer or
controller for msulin pump 14. Although FIG. 1 illustrates
one patient device 24, 1n some examples, there may be a
plurality of patient devices. For instance, system 10A may
include a mobile device and a controller, each of which are
examples of patient device 24. For ease of description only,
the example techniques are described with respect to patient
device 24, with the understanding that patient device 24 may
be one or more patient devices.

[0037] Patient device 24 may also be configured to inter-
face with sensor 20. As one example, patient device 24 may
receive information from sensor 20 through insulin pump
14, where msulin pump 14 relays the information between
patient device 24 and sensor 20. As another example, patient
device 24 may receive information (e.g., glucose level or

rate of change of glucose level) directly from sensor 20 (e.g.,
through a wireless link).

[0038] In one or more examples, patient device 24 may
display a user interface with which patient 12 or the clinician
may control msulin pump 14. For example, patient device 24
may display a screen that allows patient 12 or the clinician
to enter the target glucose level. As another example, patient
device 24 may display a screen that outputs the current
and/or past glucose level. In some examples, patient device
24 may output notifications to patient 12, such as notifica-
tions 1f the glucose level 1s too high or too low, as well as
notifications regarding any action that patient 12 needs to
take. For example, 11 the batteries of insulin pump 14 are low
on charge, then msulin pump 14 may output a low battery
indication to patient device 24, and patient device 24 may 1n
turn output a notification to patient 12 to replace or recharge
the batteries.

[0039] Controlling insulin pump 14 through patient device
24 1s one example, and should not be considered limiting.
For example, insulin pump 14 may include a user interface
(e.g., pushbuttons) that allow patient 12 or the climician to
set the various glucose levels of 1nsulin pump 14. Also, 1n
some examples, insulin pump 14 1itself, or 1 addition to
patient device 24, may be configured to output notifications
to patient 12. For instance, 11 the glucose level 1s too high or
too low, msulin pump 14 may output an audible or haptic
output. As another example, 11 the battery 1s low, then 1insulin
pump 14 may output a low battery indication on a display of
isulin pump 14.

[0040] The above describes examples ways 1n which 1nsu-
lin pump 14 may deliver insulin to patient 12 based on the
current glucose levels (e.g., as measured by sensor 20). In
some cases, there may be therapeutic gains by proactively
delivering insulin to patient 12, rather than reacting to when
glucose levels become too high or too low.

[0041] The glucose level 1in patient 12 may increase due to
particular user actions. As one example, the glucose level in
patient 12 may increase due to patient 12 engaging in an
activity like eating or exercising. In some examples, there
may be therapeutic gains 1f it 1s possible to determine that
patient 12 1s engaging in the activity, and delivering insulin
based on the determination that patient 12 1s engaging 1n the
activity.

[0042] Forexample, patient 12 may forget to cause 1nsulin
pump 14 to deliver insulin after eating, resulting an 1nsulin
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shortfall. Alternatively, patient 12 may cause msulin pump
14 to deliver insulin after eating but may have forgotten that
patient 12 previously caused insulin pump 14 to deliver
insulin for the same meal event, resulting 1n an excessive
insulin dosage. Also, 1n examples where sensor 20 1s uti-
lized, insulin pump 14 may not take any action until after the
glucose level 1s greater than a target level. By proactively
determining that patient 12 1s engaging in an activity, insulin
pump 14 may be able to deliver insulin 1n such a manner that
the glucose level does not rise above the target level or rises
only slightly above the target level (i.e., rises by less than
what the glucose level would have risen 1f insulin were not
delivered proactively). In some cases, by proactively deter-
mimng that patient 12 1s engaging in an activity and deliv-
ering sulin accordingly, the glucose level of patient 12 may
increase more slowly.

[0043] Although the above describes proactive determi-
nation of patient 12 eating and delivering insulin accord-
ingly, the example techniques are not so limited. The
example techniques may be utilized for proactively deter-
miming an activity that patient 12 1s undertaking (e.g., eating,
exercising, sleeping, driving, etc.). Insulin pump 14 may
then deliver isulin based on the determination of the type
ol activity patient 12 1s undertaking.

[0044] As illustrated in FIG. 1, patient 12 may wear
wearable device 22. Examples of wearable device 22 include
a smartwatch or a fitness tracker, either of which may, 1n
some examples, be configured to be worn on a patient’s
wrist or arm. In one or more examples, wearable device 22
includes 1nertial measurement unit, such as a six-axis 1nertial
measurement unit. The six-axis inertial measurement unit
may couple a 3-axis accelerometer with a 3-axis gyroscope.
Accelerometers measure linear acceleration, while gyro-
scopes measure rotational motion. Wearable device 22 may
be configured to determine one or more movement charac-
teristics of patient 12. Examples of the one or more move-
ment characteristics include values relating to frequency,
amplitude, trajectory, position, velocity, acceleration and/or
pattern of movement instantaneously or over time. The
frequency of movement of the patient’s arm may refer to
how many times patient 12 repeated a movement within a
certain time (e.g., such as frequency of movement back and
forth between two positions). Wearable device 22 may be
configured to determine one or more posture characteristics
of patient 12 including values relating to position and/or an
orientation.

[0045] Patient 12 may wear wearable device 22 on his or
her wrist. However, the example techniques are not so
limited. Patient 12 may wear wearable device 22 on a finger,
forearm, or bicep. In general, patient 12 may wear wearable
device 22 anywhere that can be used to determine gestures
indicative of eating, such as movement characteristics of the
arm.

[0046] The manner in which patient 12 1s moving his or
her arm (1.e., the movement characteristics) may refer to the
direction, angle, and orientation of the movement of the arm
of patient 12, including values relating to frequency, ampli-
tude, trajectory, position, velocity, acceleration and/or pat-
tern of movement instantancously or over time. As an
example, 1f patient 12 1s eating, then the arm of patient 12
will be oriented 1n a particular way (e.g., thumb 1s facing
towards the body of patient 12), the angle of movement of
the arm will be approximately a 90-degree movement (e.g.,
starting from plate to mouth), and the direction of movement
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of the arm will be a path that follows from plate to mouth.
The forward/backward, up/down, pitch, roll, yaw measure-
ments from wearable device 22 may be indicative of the
manner 1n which patient 12 1s moving his or her arm. Also,
patient 12 may have a certain frequency at which patient 12
moves his or her arm or a pattern at which patient 12 moves
his or her arm that 1s more 1indicative of eating, as compared
to other activities, like smoking or vaping, where patient 12
may raise his or her arm to his or her mouth.

[0047] Although the above description describes wearable
device 22 as being utilized to determine whether patient 12
1s eating, wearable device 22 may be configured to detect
movements of the arm of patient 12 (e.g., one or more
movement characteristics), and the movement characteris-
tics may be utilized to determine an activity undertaken by
patient 12. For instance, the movement characteristics
detected by wearable device 22 may 1indicate whether patient
12 1s exercising, driving, sleeping, etc. As another example,
wearable device 22 may indicate posture of patient 12,
which may align with a posture for exercising, driving,
sleeping, eating, etc. Another term for movement character-
1stics may be gesture movements. Accordingly, wearable
device 22 may be configured to detect gesture movements
(1.e., movement characteristics of the arm of patient 12)
and/or posture, where the gesture and/or posture may be part
of various activities (e.g., eating, exercising, driving, sleep-
ing, mjecting insulin, etc.).

[0048] In some examples, wearable device 22 may be
configured to determine, based on the detected gestures
(e.g., movement characteristics of the arm of patient 12)
and/or posture, the particular activity patient 12 1s under-
taking. For example, wearable device 22 may be configured
to determine whether patient 12 1s eating, exercising, driv-
ing, sleeping, etc. In some examples, wearable device 22
may output information indicative of the movement char-
acteristics of the arm of patient 12 and/or posture of patient
12 to patient device 24, and patient device 24 may be
configured to determine the activity patient 12 1s undertak-
ng.

[0049] Wearable device 22 and/or patient device 24 may
be programmed with information that wearable device 22
and/or patient device 24 utilize to determine the particular
activity patient 12 i1s undertaking. For example, patient 12
may undertake various activities throughout the day where
the movement characteristics of the arm of patient 12 may
be similar to the movement characteristics of the arm of
patient 12 for a particular activity, but patient 12 1s not
undertaking that activity. As one example, patient 12 yawn-
ing and cupping his or her mouth may have a similar
movement as patient 12 eating. Patient 12 picking up
groceries may have similar movement as patient 12 exer-
cising. Also, 1n some examples, patient 12 may be under-
taking a particular activity, but wearable device 22 and/or
patient device 24 may fail to determine that patient 12 1s
undertaking the particular activity.

[0050] Accordingly, 1n one or more examples, wearable
device 22 and/or patient device 24 may “learn” to determine
whether patient 12 1s undertaking a particular activity.
However, the computing resources of wearable device 22
and patient device 24 may be insuilicient to performing the
learning needed to determine whether patient 12 1s under-
taking a particular activity. It may be possible for the
computing resources of wearable device 26 and patient
device 24 to be suflicient to perform the learning, but for
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case of description only, the following 1s described with
respect to one or more processors 28 1 cloud 26.

[0051] Asillustrated in FIG. 1, system 10A includes cloud
26 that includes one or more processors 28. For example,
cloud 26 includes a plurality of network devices (e.g.,
servers), and the plurality of devices each include one or
more processors. One or more processors 28 may be pro-
cessors of the plurality of network devices, and may be
located within a single one of the network devices, or may
be distributed across two or more of the network devices.
Cloud 26 represents a cloud infrastructure that supports one
or more processors 28 on which applications or operations
requested by one or more users run. For example, cloud 26
provides cloud computing for using one or more processors
28, to store, manage, and process data on the network
devices, rather than by personal device 24 or wearable
device 22. One or more processors 28 may share data or
resources for performing computations, and may be part of
computing servers, web servers, database servers, and the
like. One or more processors 28 may be 1n network devices
(e.g., servers) within a datacenter or may be distributed
across multiple datacenters. In some cases, the datacenters
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may be in different geographical locations.

[0052] One or more processors 28, as well as other pro-
cessing circuitry described herein, can include any one or
more microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field pro-
grammable gate arrays (FPGAs), or any other equivalent
integrated or discrete logic circuitry, as well as any combi-
nations of such components. The functions attributed one or
more processors 28, as well as other processing circuitry
described herein, herein may be embodied as hardware,
firmware, software or any combination thereof.

[0053] One or more processors 28 may be implemented as
fixed-function circuits, programmable circuits, or a combi-
nation thereof. Fixed-function circuits refer to circuits that
provide particular functionality, and are preset on the opera-
tions that can be performed. Programmable circuits refer to
circuits that can be programmed to perform various tasks,
and provide flexible functionality in the operations that can
be performed. For instance, programmable circuits may
execute software or firmware that cause the programmable
circuits to operate in the manner defined by 1nstructions of
the software or firmware. Fixed-function circuits may
execute soltware instructions (e.g., to recerve parameters or
output parameters), but the types of operations that the
fixed-function circuits perform are generally immutable. In
some examples, the one or more of the units may be distinct
circuit blocks (fixed-function or programmable), and 1n
some examples, the one or more units may be integrated
circuits. One or more processors 28 may include arithmetic
logic units (ALUs), elementary function units (EFUs), digi-
tal circuits, analog circuits, and/or programmable cores,
formed from programmable circuits. In examples where the
operations of one or more processors 28 are performed using
software executed by the programmable circuits, memory
(e.g., on the servers) accessible by one or more processors
28 may store the object code of the soitware that one or more
processors 28 receive and execute.

[0054] In some examples, one or more processors 28 may
be configured to determine patterns from gesture movements
(e.g., as one or more movement characteristics determined
by wearable device 22), and configured to determine a
particular activity patient 12 i1s undertaking. One or more
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processors 28 may provide responsive real-time cloud ser-
vices that can, on a responsive real-time basis, determine the
activity patient 12 1s undertaking, and in some examples,
provide recommended therapy (e.g., 1sulin dosage
amount). Cloud 26 and patient device 24 may communicate
via Wi-F1 or through a carrier network.

[0055] For example, as described above, 1n some
examples, wearable device 22 and/or patient device 24 may
be configured to determine that patient 12 1s undertaking an
activity. However, 1n some examples, patient device 24 may
output information indicative of the movement characteris-
tics ol movement of the arm of patient 12 to cloud 26, and
possibly with other contextual information like location or
time of day. One or more processors 28 of cloud 26 may then
determine the activity patient 12 i1s undertaking. Insulin
pump 14 may then deliver insulin based on the determined
activity of patient 12.

[0056] One example way 1n which one or more processors
28 may be configured to determine that patient 12 1s under-
taking an activity and determine therapy to deliver 1s
described in U.S. Patent Publication No. 2020/0135320 Al.
In general, one or more processors 28 may {irst go through
an 1nitial “learning” phase, in which one or more processors
28 receive mnformation to determine behavior patterns of
patient 12. Some of this mformation may be provided by
patient 12. For example, patient 12 may be prompted or may
himselt/herself enter mformation into patient device 24
indicating that patient 12 1s undertaking a particular activity,
the length of the activity, and other such information that one
or more processors 28 can utilize to predict behavior of
patient 12. After the initial learning phase, one or more
processors 28 may still update the behavior patterns based
on more recent recerved mformation, but require fewer to no
information from patient 12.

[0057] Intheinitial learning phase, patient 12 may provide
information about the dominant hand of patient 12 (e.g.,
right or left-handed) and where patient 12 wears wearable
device 22 (e.g., around the wrist of right hand or leit hand).
Patient 12 may be instructed to wear wearable device 22 on
the wrist of the hand patient 12 uses to eat. Patient 12 may
also provide iformation about the orientation of wearable
device 22 (e.g., face of wearable device 22 i1s on the top of
the wrist or bottom of the wrist).

[0058] In the imitial learning phase, patient 12 may enter,
proactively or in response to prompt/query, immiormation
(e.g., through patient device 24) indicating that patient 12 1s
engaging in an activity. During this time, wearable device 22
may continuously determine the one or more movement
and/or posture characteristics (e.g., gestures) of patient 12,
and output such information to patient device 24 that relays
the information to one or more processors 28. One or more
processors 28 may store information of the one or more
movement characteristics of movement of the arm of patient
12 during the activity to later determine whether patient 12
1s engaging in that activity (e.g., whether the received
information of the manner and frequency of movement of
the arm of patient 12 aligns with the stored immformation of
the manner and frequency of movement of the arm of patlent
12 when patient 12 was known to be engaging in that
activity).

[0059] The above describes arm movement as a factor 1n
determining whether patient 12 1s engaging in an activity.
However, there may be various other factors that can be used
separately or in combination with arm movement to deter-
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mine whether patient 12 1s engaging 1n an activity. As one
example, patient 12 may engage in the activity at regular
time 1nterval. As another example, patient 12 may engage in
the activity at certain locations. In the initial learning phase,
when patient 12 enters that he or she 1s engaging in the
activity (e.g., through patient device 24), patient device 24
may output information about the time of day and the
location of patient 12. For example, patient device 24 may
be equipped with a positioning device, such as global
positioning system (GPS) unit, and patient device 24 may
output location information determined by the GPS unait.
There may be other ways to determine location such as
based on Wi-Fi1 connection and/or access to 4G/5G LTE, or
some other form of access, such as based on telecom
database tracking device location of patient device 24. Time
of day and location are two examples of contextual infor-
mation that can be used to determine whether patient 12 1s
engaging in the activity.

[0060] However, there may be other examples of contex-
tual information for patient 12 such as sleep pattern, body
temperature, stress level (e.g., based on pulse and respira-
tion), heart rate, etc. In general, there may be various
biometric sensors (e.g., to measure temperature, pulse/heart
rate, breathing rate, etc.), which may be part of wearable
device 22 or may be separate sensors. In some examples, the
biometric sensors may be part of sensor 20.

[0061] The contextual information for patient 12 may
include conditional information. For example, patient 12
may eat every 3 hours, but the exact times of when patient
12 eats may be diflerent. In some examples, the conditional
information may be a determination of whether patient 12
has eaten and 11 a certain amount of time (e.g., 3 hours) has
passed since patient 12 ate. In general, any 1information that
establishes a pattern of behavior may be utilized to deter-
mine whether patient 12 1s engaging 1n a particular activity.
[0062] One or more processors 28 may utilize artificial
intelligence, such as machine-learning or other data analyt-
ics techniques, based on the information determined by
and/or collected by wearable device 22 and patient device 24
to determine whether patient 12 1s engaging in the activity.
As one example, during the 1mtial learning phase, one or
more processors 28 may utilize neural network techniques.
For example, one or more processors 28 may receive train-
ing data from patient 12 that 1s used to train a classifier
module executing on one or more processors 28. As
described above, one or more processors 28 may receive the
training data based on patient confirmation when patient
device 24 and/or wearable device 22 determine, based on
manner and frequency of movement of the arm of patient 12,
that patient 12 1s engaging in the activity (e.g., a gesture that
aligns with movement of arm for eating). One or more
processors 28 may generate and store a labeled data record
that includes the features related to the movement, along
with other contextual features, such as time of day or
location. One or more processors 28 may train the classifier
on a labeled dataset that includes multiple labeled data
records, and one or more processors 28 may use the traimned
classifier model to more accurately detect the start of a food
intake event.

[0063] Other examples that may be used for neural net-
works include behavior patterns. For example, patient 12
may only eat a particular food after exercising, and always
cats that particular food after exercising. Patient 12 may eat
at a particular time and/or place. Although described with
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respect to eating, there may be various conditions that
together indicate a pattern in behavior of patient 12 for
different activities.

[0064] As another example, one or more processors 28
may utilize k-means clustering techniques to determine
whether patient 12 1s engaging 1n an activity. For example,
during the 1nitial learning phase one or more processors 28
may receive different types of contextual information and
form clusters, where each cluster represents a behavior of
patient 12 (e.g., eating, sleeping, walking, exercising, etc.).
For example, patient 12 may enter information (e.g., into
patient device 24) indicating that he or she 1s walking. One
or more processors 28 may utilize all the contextual infor-
mation received when patient 12 1s walking to form a first
cluster associated with walking. Patient 12 may enter infor-
mation (e.g., into patient device 24) indicating that he or she
1s eating. One or more processors 28 may utilize all the
contextual information received when patient 12 1s eating to
form a second cluster associated with eating, and so on.
Then, based on received contextual information, one or
more processors 28 may determine which cluster aligns with
the contextual information, and determine the activity
patient 12 1s undertaking. As described in more detail, the
type of activity, and a prediction of when the activity will
occur, may be utilized to determine when to delivery 1nsulin
therapy. There may be other examples of machine learning,
and the example techniques are limited to any particular
machine learning techmique.

[0065] There may be various other ways 1n which one or
more processors 28 may determine the activity patient 12 1s
undertaking. This disclosure provides some example tech-
niques for determining the activity patient 12 1s undertaking,
but the example techniques should not be considered limit-
ng.

[0066] During the initial learming phase, patient 12 may
also enter information about the activity that patient 12 1s
undertaking. For example, with eating, patient 12 may enter
information indicating what patient 12 1s eating and/or how
many carbohydrates there are 1n the food that patient 12 1s
cating. As one example, at 9:00 every morning, patient 12
may enter that he or she 1s having a bagel or enter that the
patient 12 1s consuming 48 grams of carbohydrates.

[0067] In some examples, one or more processors 28 may
be configured to determine an amount of insulin (e.g.,
therapy dosage of bolus 1nsulin) to deliver to patient 12. As
one example, memory accessible by one or more processors
28 may store patient parameters of patient 12 (e.g., weight,
height, etc.). The memory may also store a look-up table that
indicates an amount of bolus 1msulin that 1s to be delivered
for different patient parameters and diflerent types of foods.
One or more processors 28 may access the memory and
based on the type of food patient 12 1s eating and patient
parameters may determine the amount of bolus insulin that
patient 12 1s to receive.

[0068] As another example, one or more processors 28
may be configured to utilize a “digital twin™ of patient 12 to
determine an amount of bolus insulin patient 12 1s to receive.
A digital twin may be a digital replica or model of patient 12.
The digital twin may be software executing on one or more
processors 28. The digital twin may receive, as input,
information about what patient 12 ate. Because the digital
twin 1s a digital replica of patient 12, the output from the
digital twin may be information about what the glucose level
of patient 12 may be after eating, as well as a recommen-
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dation of how much bolus insulin to deliver to patient 12 to
control the increase the glucose level.

[0069] For example, the digital twin may indicate what the
correct dose should have been for a meal that patient 12 ate
in the past. In one or more examples, patient 12 may enter
information indicative of food patient 12 ate and one or more
processors 28 may receive mnformation about glucose levels.
Utilizing information indicative of food that patient 12 ate
and glucose levels, one or more processors 28 may utilize
the digital twin to determine what the mnmsulin dose should
have been (e.g., based on how the digital twin models how
the food will aflect the patient’s glucose level). Then, at a
subsequent time when patient 12 1s predicted to eat the same
meal, one or more processors 28 may determine what the
insulin dose should be based on isulin dose amount that the
digital twin had previously determined.

[0070] Accordingly, in one or more examples, one or more
processors 28 may utilize information about the movement
characteristics ol movement of arm, eating pace, quantity of
food consumption, food content, etc., while also tracking
posture characteristics and other contextual information.
Examples of the contextual information include location
information, time ol day, wake up time, amount of time
since last eaten, calendar event, mnformation about person
patient 12 may be meeting, etc. One or more processors 28
may 1dentily patterns and correlations between all these
various factors to determine an activity patient 12 undertak-
ing, like eating, walking, sleeping, driving, etc.

[0071] Adter the mitial learming phase, one or more pro-
cessors 28 may automatically, and with minimal input from
patient 12, determine that patient 12 1s undertaking a par-
ticular activity, and determine an amount of bolus 1nsulin to
deliver based on the determination. One or more processors
28 may output the recommendation of the amount of bolus
insulin to deliver to patient device 24. Patient device 24, may
then 1n turn, control msulin pump 14 to deliver the deter-
mined amount of msulin. As one example, patient device 24
may output to msulin pump 14 the amount of bolus insulin
to deliver with or without user confirmation. As another
example, patient device 24 may output a target glucose level,
and isulin pump 14 may deliver the isulin to achieve the
target glucose level. In some examples, 1t may be possible
for one or more processors 28 to output to patient device 24
information indicative of the target glucose level, and patient
device 24 may output that information to mmsulin pump 14.
All of these examples may be considered as examples of one
or more processors 28 determining an amount of insulin to
deliver to patient 12.

[0072] The above describes example ways in which to
determine 1f patient 12 1s undertaking an activity, determin-
ing an amount of isulin to deliver, and causing the amount
of 1nsulin to be delivered. The example techniques may
require little to no intervention from patient 12. In this
manner, there 1s an 1ncrease 1n likelihood that patient 12 wall
receive the correct amount of dosage of msulin at the right
time, and decrease in likelihood of human error causing
1ssues (e.g., patient 12 forgetting to log meals, forgetting to
take 1nsulin, or taking insulin but forgetting to have taken
isulin).

[0073] While the above example techniques may be ben-
eficial 1n patient 12 receiving 1nsulin at the right time, this
disclosure describes example techniques to further proac-
tively control delivery of insulin to patient 12. For example,
the above describes examples where patient 12 1s wearing,
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insulin pump 14. However, there may be times where patient
12 could not wear insulin pump 14, and needs to manually
inject msulin. There may also be times where patient 12 does
not have insulin dosage for the reservoir of msulin pump 14.
The above techniques described for determining amounts of
insulin to deliver and when to deliver the msulin may also
be usetul 1n situations where 1nsulin pump 14 1s not avail-
able. For example, as described 1n more detail below with
respect to FIGS. 2 and 3, rather than insulin pump 14, patient
12 may utilize an mjection device, like msulin pen, syringe,
ctc. In utilizing the mjection device, even when notified to
inject himself/herself, patient 12 may miss the dosage or put
in the mcorrect amount of 1nsulin.

[0074] This disclosure describes examples of utilizing
activity data, to determine gesture information indicative of
patient 12 (or possibly a caregiver) preparing an insulin
injection or actually injecting insulin. The example tech-
niques may determine whether a criteria of proper 1nsulin
injection 1s satisfied or not to alert patient 12 in case the
criteria 1s not satisfied.

[0075] In particular, this disclosure describes example
techniques to control deliverance of therapy to a diabetes
patient where the therapy involves timely injections of an
ellective amount of a correct type of insulin. To eflectuate
these techniques, one or more processors 28 may first predict
that an 1nsulin 1njection 1s about to occur in response to an
identification ol one or more gestures indicative of the
insulin ijection and then, determine whether the predicted
insulin 1njection 1s proper or improper for patient 12 by
comparing parameter data and other information for the
insulin mjection with established criteria of a proper 1nsulin
injection. The parameter data and other information may be
indicative of an amount or a type of msulin dosage.

[0076] The established criteria may be communicated by
network servers of a cloud service 1n control over injection
device 30, patient device 24, or any other compatible device
and/or entered, as input, by medical professionals using
injection device 30, patient device 24, or any other compat-
ible device. The established criteria may include recom-
mended and/or eflective values/classifications for various
msulin 1njection parameters including insulin dosage
amount, mnsulin type, and/or mjection schedule (or alterna-
tively, a time iterval between injections). Examples of the
criteria of the proper imnsulin injection include one or more of
a number of clicks (or rotation(s) of an insulin pen dial) used
to set the insulin dosage amount, an amount of time that
clapsed between insulin 1njections, whether the user con-
sumed a meal between insulin 1njections, whether the patient
1s 1njecting with a basal sulin based on time of day, or
whether the patient 1s injecting with a bolus insulin based on
time of day. Some techniques employ additional parameters
and/or different parameters including an 1njection site/area,
trajectory, and/or the like. If the parameter data for the
insulin 1jection does not satisiy the criteria of a proper
insulin 1njection, one or more processors 28 may output, for
display on an electronic display, an alert notifying patient 12
that an 1mproper insulin injection 1s to occur.

[0077] In some examples, one or more processors 28 may
build a data model configured to distinguish between user
activities, such as between a user activity of injecting insulin
and a user activity of eating. In the initial learning phase, by
training the data model with user activity data and injection
device data, one or more processors 28 may generate the
data model to 1dentily any user activity mentioned 1n in the
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present disclosure. In some examples, one or more proces-
sors 28 may employ the trained data model to predict
whether or not patient 12 ate any food based upon features
derived from movement characteristics, posture character-
1stics, and other contextual information as features. In some
examples, one or more processors 28 may employ the
trained data model to determine whether patient 12 1s
predicted to use basal or bolus insulin.

[0078] FIG. 2 1s a block diagram illustrating another
example system for delivering or guiding therapy dosage, 1n
accordance with one or more examples described 1n this
disclosure. FIG. 2 illustrates system 10B that 1s similar to
system 10A of FIG. 1. However, 1 system 10B, patient 12
may not have isulin pump 14. Rather, patient 12 may utilize
a manual 1njection device (e.g., an insulin pen or syringe) to
deliver mnsulin. For example, rather than mnsulin pump 14
automatically delivering insulin, patient 12 (or possible a
caretaker of patient 12) may {ill a syringe with insulin or set
the dosage amount 1n an msulin pen and inject himself or

herself.

[0079] System 10B, implementing the example techniques
and devices described herein, protects patient 12 from
injecting himself or herself at an improper time and/or with
an 1mproper (e.g., mellective) dosage amount or type of
insulin. To effectuate this protection, one or more processors
28 may compare information indicative of a current time or
a set amount and/or type of a pending insulin i1njection to
criteria ol a proper nsulin 1njection and if that comparison
indicates non-satisfaction with at least one criterion, employ
a techmique to halt (or delay) the pending insulin 1njection
and/or modily the set amount and/or type of msulin. As a
result, one or more processors 28 prevent the patient from
being injected with an incorrect amount and/or type of
insulin and/or at an incorrect time. Consequences from
improper msulin injections may range from minor discoms-
fort to major declination 1n patient health. For example, if
not enough time elapsed between a previous insulin injec-
tion and a current insulin 1njection, there 1s a possibility that
the patient simply forgot about the previous insulin injec-
tion. If patient 12 did not eat any food between injections,
the patient may end up with low glucose level.

[0080] In system 10B, one or more processors 28 capture
sensor data provided by one or more inertial measurement
units (e.g., in wearable device 22) and indicative of various
user activities (1.e., user activity data). At least a portion of
this user activity data captures characteristics of user move-
ments and/or user posture while holding any injection
device; examples of such characteristics include user hand
movements, user hand pose (e.g., positioning/orientation),
and/or the like). The user may be patient 12, a caregiver of
patient 12, or any other provider of an insulin 1njection to
patient 12. As described herein, the captured user activity
data may be inclusive of all user activities and not specific
to user activities involving the isulin pen or the syringe or
another manual 1njection device. For at least this reason, the
user activity data may include gestures that could be mis-
taken for a gesture indicative of an insulin 1njection. For
example, refilling the syringe and preparing/administering
an insulin injection with the syringe may involve same or
similar gesture(s) and any user activity indicating such a
refill event constitutes indicia of non-occurrence of the
insulin injection.

[0081] In addition, the user activity data may include
inaccuracies, for example, resulting from limitations in one
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or more 1nertial measurement units. When an 1nertial mea-
surement unit 1n wearable device 22 generates sensor data
(e.g., accelerometer data), that data 1s often raw or unrefined.
The user activity data may be a higher-level abstraction of
the sensor data generated by the one or more sensors. While
the accelerometer data may describe two positions in three-
dimensional space and a movement between these positions,
the captured user activity data may describe the same
movement 1n a different space or a combination of two or
more movements between positions in three-dimensional
space. The user activity data may describe a gesture or a
portion thereol as a cohesive sequence of patient move-
ments.

[0082] For any type of injection device, one or more
processors 28, implementing the example techniques, may
build and train a data model until that data model 1s able to
distinguish between gestures indicative of an insulin injec-
tion ifrom other patient gestures. To illustrate, an example
data model may use accelerometer data to define movement
characteristics (e.g., vibrations, accelerations, and/or the
like), posture characteristics (e.g., positioning and orienta-
tion), and other characteristics for a gesture of holding the
injection device at a particular position and/or a particular
orientation for administrating diabetes therapy. The particu-
lar position and/or the particular orientation may be pre-
determined (e.g., by device manufacturer) and/or learned
over time. The particular position and/or the particular
orientation may be recommended by the patient caregiver
and/or determined to be effective (e.g., most eflective) for
diabetes therapy by a medical professional. Another detect-
able gesture includes setting an 1nsulin dosage amount for
the manual 1njection device (e.g., by pumping insulin into
syringe barrel, turning a dial on an 1msulin pen, and/or the
like). Other detectable user activity gestures corresponding
to a manual insulin 1njection include a gesture moving the
injection device closer to the patient’s body, a gesture
returning the manual 1mjection device to a sate location (e.g.,
in medical waste disposal umit), a gesture removing air
bubbles from the manual i1njection device (e.g., syringe
barrel), a gesture refilling the manual 1njection device with
a subsequent mnsulin dose (e.g., a refill event), among others.

[0083] A given data model for gesture detection may
define one or more detectable msulin injection 1nstances as
any combination of the above-mentioned gestures. Some
gestures rank higher than others and are given priority. Some
gestures are cotemporaneous, Ifrequently occurring when
isulin 1njections also occur. Some gestures correlate to a
possible impact on the effectiveness of the diabetes therapy
being administered to patient 12, such as the above-men-
tioned gesture to remove air bubbles from the manual
injection device. Although some example techniques and
systems employ multiple sensors 20, composite gestures for
delivering an insulin dose through the manual 1njection
device are detectable using data provided by a single sensor
20 known as an 1nertial measurement unit (e.g., acceleroms-
cter and gyroscope). Accomplishing gesture detection for
insulin 1njections as described herein benefits patient 12 with
immediate results when any user activity occurs or 1s about
to occur. Patient 12 1s not burdened with complicated setup
and/or operational tasks. In some examples, patient 12 does
not perform any activity other than corresponding user
activities for injecting an insulin dose while one or more

.
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processors 28 (and/or hardware/software component(s) of
patient device 24) predict that the msulin 1njection 1s about
to occur.

[0084] Prior to patient 12 or a caregiver ol patient 12
injecting the sulin, there may be benefits 1n ensuring that
the appropriate amount and/or correct type of insulin 1s
going to be injected. One or more processors 28 may
generate information mdicative of amount of msulin and/or
type of insulin dosage 1n the insulin 1njection that patient 12
or the caregiver of patient 12 1s most likely preparing based
on corresponding gesture(s). The one or more processors
may compare the mformation indicative of the amount or
type of imsulin dosage to a criteria of a proper insulin
injection. As described herein, the criteria of a proper insulin
injection may specily recommendations for the patent’s
diabetes therapy including recommended insulin dosage
amount(s), msulin type(s), dosage schedule, whether suth-
cient time has elapsed between insulin injections, whether a
meal 1s consumed between isulin injections, whether the
patient 1s using basal or bolus insulin based on time of day,
and/or the like. The criteria may further specily which
insulin pen settings to activate 1n order to satisiy the above
recommendations. If the criteria 1s not satisfied, the one or
more processors may output an alert so that patient 12 or the
caregiver of patient 12 does not 1nject patient 12 or, more
generally, perform some modification to correct an 1mpro-
priety associated with the sulin injection or increase the
eilicacy of the insulin 1njection.

[0085] To eflectuate the generation of information 1ndica-
tive of amount of insulin and/or type of insulin dosage in the
above-mentioned 1nsulin injection, one or more processors
28 may leverage the data model for detecting the corre-
sponding gesture(s). One example corresponding gesture to
set insulin dosage amount and/or type may involve a number
of clicks or amount of rotation on the insulin pen’s dial.
Another example corresponding gesture to set insulin dos-
age amount and/or type 1s to load a cartridge 1nto the insulin
pen or a similar 1njection device. One or more processors 28
increase an elliciency in detecting these gestures by way of
a device confirmation and/or a patient confirmation. Another
example corresponding gesture to set insulin dosage amount
and/or type 1n a syringe 1s to mtake, by suction, insulin into
the syringe barrel. Other contextual cues may (in part)
identify the insulin type, such as time of day and/or location.
For example, long acting insulin may generally be delivered
first thing in the morning or before bed in the evening, while
rapid acting may generally be delivered before meals. Tem-
poral and locational cues may discern between respective
time periods where long or rapid acting insulins are more
likely and proper.

[0086] Processing power and other resources are con-
sumed while traiming and/or applying the data model to
transform the user activity data into the detectable gestures.
While one or more processors 28 may leverage the trained
data model to distinguish insulin injections from other user
activities described 1n the user activity data, even with
training, structural and functional limitations may prevent
the data model from rendering accurate predictions. Other
limitations associated with inertial measurement unit(s) 1n
wearable device 22 may further reduce the utility of the user
activity data. While an example wearable device 22 (e.g., a
smartwatch) housing one or more 1nertial measurement units
may capture user activity data indicative of wrist and hand
movements, these movements, however, may not accurately
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reflect the movement of the manual 1njection device for a
number ol reasons. It 1s possible for the patient to move,
position, and/or orient the manual 1njection device without
creating even a non-trivial amount of user activity data. It 1s
possible for wearable device 22 to be on a different hand
from the hand holding the manual injection device. As
another limitation, a caretaker may administer the injection,
resulting 1n no meaningtul user activity data. In the wearable
device’s captured data, there 1s no mechanism to definitely
identify patient or caregiver utilization of the manual 1njec-
tion device or any other injection device.

[0087] To minimize the above-mentioned maccuracies n
cither the user activity data provided by wearable device 22
or 1n the data model and/or possibly reduce the resource
requirement for the detection, one or more processors 28
may confirm (e.g., a confidence level for) the detected
gestures using various datasets describing the patient or
caregiver utilization of the manual 1njection device, injec-
tion device 30, or any other insulin delivery device. These
datasets may be referred to herein as injection device data,
examples of which include user mnput data provided via an
input mechanism and/or sensor data provided by patient
device 24, a network device of a cloud service, the insulin
delivery device 1tsell, and/or an external device to patient
12. In eflect, confirmation of any detected gesture mitigates
the above-mentioned limitations 1n wearable device 22.

[0088] When the detected gestures possibly identify (e.g.,
predict) an insulin injection, in response to the possible
identification (e.g., prediction) of the 1nsulin 1mnjection, some
example devices, systems, and techniques of this disclosure
turther benefit patient 12 with example 1njection device data
indicating at least a device confirmation or a patient confir-
mation. In a patient confirmation, patient 12 1s presented
with a query as to whether an insulin 1njection 1s about to
occur or 1s occurring and by way of user mput, patient 12
either confirms or denies a pending or recent occurrence of
an insulin injection with any injection device embodiment
including any manual injection device. In a device confir-
mation, one or more processors 28 confirm or reject the
prediction with advantage of accurate data describing (e.g.,
user operation(s) of) the injection device including the
manual injection device of FIG. 3.

[0089] For the manual mjection device of FIG. 2, one or
more processors 28 may be configured to confirm or reject
predictions of insulin mjections with the injection device
data. Because the manual injection device may not be
equipped with any sensing technology to assist 1n confirm-
ing or rejecting such predictions, one or more processors 28
leverage another source to access the 1njection device data.
For some manual 1njection devices, one or more processors
28 may query the i1njection device data from patient device
24 or another device (e.g., smart cap attached to an insulin
pen, a smart phone, and/or the like). For example, a smart
phone may include sensing technology (e.g., an optical or
clectro-optical sensor, a combination of optical sensor and
LED, an accelerometer, an ambient light sensor, a magne-
tometer, a gyroscope, a camera, and/or the like) to record
example 1njection device data of a manual injection that has
recently occurred.

[0090] One or more processors 28 may establish various
criteria (e.g., standards, thresholds, conditions, etc.) for
confirming the 1sulin 1njection prediction based upon user
activity data provided by wearable device 22. Using an
example set of criteria to confirm (or reject) any given
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prediction, one or more processors 28 may leverage injec-
tion device data, a more accurate information source, for
evidence aflirming the imitial gesture detection based upon
the user activity data provided by wearable device 22.
Synthesizing the injection device data with the user activity
data provides a complete picture of the patient’s activities
while utilizing any injection device. One example set of
criteria may require only the above-mentioned vibration data
while another example set of criteria may require both the
vibration data. In addition (or as an alternative), one or more
processors 28 may compare the user activity data with the
injection device data for various indicia that the insulin
injection did not occur and if suflicient indicia 1s 1dentified
in the comparison, reject the opposing prediction. It should
be noted that machine learning concepts are incorporated
into gesture detection, as described herein; for at least this
reason, devices, systems, and techniques of this disclosure
may avail themselves of established learning mechanisms to
more accurately predict when an insulin 1njection 1s about to
occur or 1s occurring, regardless of whether one or more
processors 28 confirm or reject the predicted occurrence of
a manual mnsulin injection. Some example learning mecha-
nisms adjust the data model, for example, by adjusting an
insulin 1njection definition using different gestures, by
adjusting feature values or defining different features for a
gesture, by adjusting the data model’s prediction process
(c.g., a mathematical function, a probability distribution,
etc.), by adjusting the data model’s metric or method for
measuring user activities from data (e.g., accelerometer
data) provided by wearable device 22, and/or by adjusting
the data model 1n another manner.

[0091] FIG. 3 1s a block diagram illustrating another
example system for delivering or guiding therapy dosage, 1n

accordance with one or more examples described in this
disclosure. FIG. 3 illustrates system 10C that 1s similar to
system 10A of FIG. 1 and system 10B of FIG. 2. In system
10C, patient 12 may not have insulin pump 14. Rather,
patient 12 may utilize injection device 30 to deliver insulin.
For example, rather than insulin pump 14 automatically
delivering insulin, patient 12 (or possible a caretaker of
patient 12) may utilize injection device 30 to inject himself
or herself.

[0092] Inmjection device 30 may be different than a syringe
because injection device 30 may be a device that can
communicate with patient device 24 and/or other devices 1n
system 10C. Also, mjection device 30 may include a reser-
vorr, and based on information indicative of how much
therapy dosage to deliver may be able to dose out that much
insulin for delivery. For example, injection device 30 may
automatically set the amount of insulin based on the infor-
mation received from patient device 24. In some examples,
injection device 30 may be similar to msulin pump 14, but
not worn by patient 12. One example of mjection device 30
1s an 1nsulin pen, sometimes also called a smart insulin pen.
Another example of 1njection device 30 may be an 1nsulin
pen with a smart cap, where the smart cap can be used to set
particular doses of 1nsulin.

[0093] The above examples described msulin pump 14, a
syringe, and 1njection device 30 as example ways in which
to deliver insulin. In this disclosure, the term “insulin
delivery device” may generally refer to any device used to
deliver insulin. Examples of insulin delivery device include
msulin pump 14, a syringe, and injection device 30. As
described, the syringe may be a device used to inject insulin
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but 1s not necessarily capable of communicating or dosing a
particular amount of msulin. Imjection device 30, however,
may be a device used to imject isulin that may be capable
of commumicating with other devices (e.g., via Bluetooth,
BLE, and/or Wi1-Fi1) or may be capable of dosing a particular
amount of 1nsulin. Injection device 30 may be powered (e.g.,
battery powered) device, and the syringe may be device that
requires no power.

[0094] To provide gesture-based control of diabetes
therapy with an insulin delivery device (e.g., msulin pump
14, a syringe, and/or injection device 30), example tech-
niques and systems implement data models that define
certain user activities as gestures; examples of the defined
gestures 1nclude groups (e.g., sequences) of gestures that
when combined, form an example nsulin 1injection with the
insulin delivery device. One or more processors 28 of patient
device 24 may detect data indicative of msulin 1mnjections by
comparing user (e.g., patient) movement(s) and/or pose(s) of
a defined 1nsulin 1njection gesture 1n an example data model
implementation with patient movement(s) and/or patient
pose(s) corresponding to the gestures while patient 12 1s
holding the insulin delivery device.

[0095] For detecting gestures while patient 12 1s 1n control
of 1jection device 30, some example devices, systems, and
techniques 1n this disclosure implement the same or similar
data models used for detecting gestures while patient 12 1s
in control of a manual injection device. As one reason, user
activity data generated to record gestures by a user (e.g.,
patient 12 or a caregiver of patient 12) while holding manual
injection devices may be similar to user activity data gen-
erated to record gestures while the user (e.g., patient 12 or
a caregiver of patient 12) 1s holding injection device 30.
Even 1f the user activity data 1s somehow diflerent (e.g., 1n
a different format), substantially the same sensors are used
to record movement and/or posture characteristics of the
patient’s arm and hand while utilizing (e.g., holding and
operating) injection device 30. While there may be difler-
ences 1n how patient 12 performs a gesture to set an 1nsulin
dosage amount and/or type 1n mjection device 30 as opposed
to a syringe, those diflerences represent movement charac-
teristics which may be codified as a definition for the specific
gesture for imjection device 30. For instance, instead of
loading the syringe barrel with isulin, patient 12 1s oper-
ating dials and other controls on injection device 30 to set a
next msulin dosage amount and/or type. For at least these
reasons, one or more processors 28 of patient device 24 may
apply substantially the same data models to detect, 1n the
user activity data generated from data provided by one or
more (external) sensors 1n an external device such as wear-
able device 22, gestures (e.g., hand gestures) indicative of
isulin injections with imjection device 30.

[0096] Because the same external device, wearable device
22, operates as the source of the user activity data for both
manual mjection devices and examples of 1njections device
30, the same limitations may be present when predicting an
occurrence of an insulin injection by mjections device 30. To
mitigation and/or eliminate some or all of these limitations,
one or more processors 28 of patient device 24 may execute
a mechanism configured to confirm or reject a prediction
that the insulin 1njection 1s about to occur or 1s occurring. In
some examples, one or more processors 28 of patient device
24 provide a device confirmation and/or a patient confirma-
tion. In one example, one or more processors 28 of patient
device 24 may communicate to mnjection device 30 a request
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to confirm or reject the prediction of the 1nsulin 1njection by
way of a device confirmation and/or a patient confirmation.
In turn, mjection device 30 communicates a response indi-
cating a confirmation or a rejection based upon internal
injection device data and/or mput data from patient 12. If
injection device 30 has been set to inject patient 12 or has
already 1njected patient 12 and recorded the 1njection, 1njec-
tion device 30 responds the request with a positive device
confirmation. On the other hand, 1f 1injection device 30 has
not been set to iject patient 12 or has recently mjected
patient 12, mjection device 30 responds the request with a
negative device rejection. Injection device 30 may output an
inquiry to patient 12 regarding whether that patient 12 is
about to 1nject insulin and based upon input data provided by
patient and indicative of patient 12°s response, injection
device 30 may respond to patient device 24 with a positive
patient confirmation or a negative patient rejection (e.g., a
denial). In an example device confirmation, one or more
processors 28 of patient device 24 communicates to a
communication component of 1mjection device 30 a query
for medical record data, including record data for any recent
insulin injection. If a timestamp for a recent insulin 1njection
matches a timestamp for the predication that the insulin
injection 1s to occur, one or more processors 28 of patient
device 24 may determine that mjection device 30 1s con-
firming the prediction of the occurrence of the insulin
injection. In yet another example of a device confirmation,
one or more processors 28 of patient device 24 may access
an application programming interface provided by 1njection
device 30 and invoke an interface function configured to
provide a confirmation or a rejection of the predication of the
insulin injection.

[0097] The above examples described 1msulin pump 14, a
syringe, and 1njection device 30 as example ways in which
to deliver insulin. In this disclosure, the term “insulin
delivery device” may generally refer to a device used to
deliver insulin. Examples of insulin delivery device include
msulin pump 14, a syringe, and injection device 30. As
described, the syringe may be a device used to inject insulin
but 1s not necessarily capable of communicating or dosing a
particular amount of insulin. Imjection device 30, however,
may be a device used to 1nject isulin that may be capable
of communicating with other devices or may be capable of
dosing a particular amount of nsulin. Injection device 30
may be powered (e.g., battery powered) device, and the
syringe may be device that requires no power.

[0098] FIG. 4 1s a block diagram illustrating an example of
a patient device, 1n accordance with one or more examples
described in this disclosure. While patient device 24 may
generally be described as a hand-held computing device,
patient device 24 may be a notebook computer, a cell phone,
or a workstation, for example. In some examples, patient
device 24 may be a mobile device, such as a smartphone or
a tablet computer. In such examples, patient device 24 may
execute an application that allows patient device 24 to
perform example techniques described 1n this disclosure. In
some examples, patient device 24 may be specialized con-
troller for communicating with insulin pump 14, injection
device 30, or a smart cap for a manual 1njection device.

[0099] Although the examples are described with one
patient device 24, 1n some examples, patient device 24 may
be a combination of different devices (e.g., mobile device
and a controller). For instance, the mobile device may
provide access to one or more processors 28 of cloud 26
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through Wi-F1 or carrier network and the controller may
provide access to msulin pump 14. In such examples, the
mobile device and the controller may communicate with one
another through Bluetooth or BLE. Various combinations of
a mobile device and a controller together forming patient
device 24 are possible and the example techniques should
not be considered limited to any one particular configura-
tion.

[0100] As 1illustrated in FIG. 4, patient device 24 may
include a processing circuitry 32, memory 34, user interface
36, telemetry circuitry 38, and power source 39. Memory 34
may store program instructions that, when executed by
processing circuitry 32, cause processing circuitry 32 to
provide the functionality ascribed to patient device 24
throughout this disclosure.

[0101] In some examples, memory 34 of patient device 24
may store a plurality of parameters, such as amounts of
insulin to deliver, target glucose level, time of delivery etc.
Processing circuitry 32 (e.g., through telemetry circuitry 38)
may output the parameters stored in memory 34 to msulin
pump 14 or injection device 30 for delivery of insulin to
patient 12. In some examples, processing circuitry 32 may
execute a notification application, stored 1n memory 34, that
outputs notifications to patient 12, such as notification to
take 1nsulin, amount of insulin, and time to take the insulin,
via user interface 36.

[0102] Memory 34 may include any volatile, non-volatile,

fixed, removable, magnetic, optical, or electrical media,
such as RAM, ROM, hard disk, removable magnetic disk,

memory cards or sticks, NVRAM, EEPROM, flash memory,
and the like. Processing circuitry 32 can take the form one
or more microprocessors, DSPs, ASICs, FPGAs, program-
mable logic circuitry, or the like, and the functions attributed
to processing circuitry 32 herein may be embodied as
hardware, firmware, software or any combination thereof.

[0103] User interface 36 may include a button or keypad,
lights, a speaker for voice commands, and a display, such as
a liquad crystal (LCD). In some examples the display may be
a touchscreen. As discussed 1n this disclosure, processing
circuitry 32 may present and receive information relating to
therapy via user interface 36. For example, processing
circuitry 32 may receive patient input via user interface 36.
The patient input may be entered, for example, by pressing
a button on a keypad, entering text, or selecting an icon from
a touchscreen. The patient input may be information 1ndica-
tive of food that patient 12 eats, such as for the initial
learning phase, whether patient 12 took the mnsulin (e.g.,
through the syringe or injection device 30), and other such
information.

[0104] Telemetry circuitry 38 includes any suitable hard-
ware, lirmware, software or any combination thereol for
communicating with another device, such as cloud 26,
insulin pump 14 or injection device 30, as applicable,
wearable device 22, and sensor 20. Telemetry circuitry 38
may receive communication with the aid of an antenna,
which may be internal and/or external to patient device 24.
Telemetry circuitry 38 may be configured to communicate
with another computing device via wireless communication
techniques, or direct commumnication through a wired con-
nection. Examples of local wireless communication tech-
niques that may be employed to facilitate commumnication
between patient device 24 and another computing device
include RF communication according to IEEE 802.11, Blu-
ctooth, or BLE specification sets, inifrared communication,
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¢.g., according to an IrDA standard, or other standard or
proprietary telemetry protocols. Telemetry circuitry 38 may
also provide connection with carrier network for access to
cloud 26. In this manner, other devices may be capable of
communicating with patient device 24.

[0105] Power source 39 delivers operating power to the
components of patient device 24. In some examples, power
source 39 may include a battery, such as a rechargeable or
non-rechargeable battery. A non-rechargeable battery may
be selected to last for several years, while a rechargeable
battery may be inductively charged from an external device,
¢.g., on a daily or weekly basis. Recharging of a recharge-
able battery may be accomplished by using an alternating
current (AC) outlet or through proximal inductive interac-
tion between an external charger and an inductive charging
coil within patient device 24.

[0106] Prior to patient 12 or a caregiver of patient 12
injecting the insulin, there may be benefits 1n ensuring that
the appropriate amount and/or correct type ol insulin 1s
going to be injected. As mentioned herein, there are a
number of opportunities for a user of an insulin deliver
device to administer an improper insulin 1mjection. One or
more processors of processing circuitry 32 or one or more
processors 28 may access user activity data generated by one
or more inertial measurement units and then, based upon the
user activity data, generate information imndicative of amount
of msulin and/or type of insulin dosage in the insulin
injection that patient 12 or the caregiver of patient 12 1s most
likely preparing based on corresponding gesture(s). One or
more processors of processing circuitry 32 (or one or more
processors 28) may identily a corresponding gesture based
upon movement characteristics, posture characteristics, and
other examples 1n the user activity data. Processing circuitry
32 (or one or more processors 28) may compare the infor-
mation indicative of the amount or type of 1nsulin dosage to
a criteria ol a proper msulin injection. As described herein,
the criteria of a proper insulin 1njection may specily recom-
mendations for the patent’s diabetes therapy including rec-
ommended msulin dosage amount(s), imnsulin type(s), dosage
schedule, whether suflicient time has elapsed between 1nsu-
lin 1njections, whether a meal 1s consumed between 1nsulin
injections, whether the patient 1s using basal or bolus 1nsulin
based on time of day, and/or the like. The criteria may
turther specity which mnsulin pen settings to activate 1n order
to satisty the above recommendations. The criteria may be
determined by the patient, the caregiver, or any medical
proiessional with authority over patient device 24 or cloud
26. The purpose of comparing information describing the
time, amount and/or type set for a pending msulin 1njection
to the criteria of a proper 1sulin 1njection 1s to protect the
patient from injections of an imcorrect amount and/or type of
isulin and/or at an 1ncorrect time. Consequences from
improper msulin injections may range from minor discoms-
fort to major declination in patient health. For example, if
not enough time elapsed between a previous insulin 1njec-
tion and a current insulin 1njection, there 1s a possibility that
the patient simply forgot about the previous insulin 1njec-
tion. If patient 12 did not eat any food between injections,
the patient may end up with low glucose level.

[0107] If the criteria 1s not satisfied, processing circuitry
32 may output an alert so that patient 12 or the caregiver of
patient 12 does not inject patient 12 or, more generally,
perform some modification to correct an impropriety asso-
ciated with the msulin 1njection or increase the eflicacy of
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the msulin 1njection. In some examples, one or more pro-
cessors 28 communicates to patient device 28 instructions
directing patient device 28 to output the alert.

[0108] FIG. S1s ablock diagram illustrating an example of
a wearable device, 1n accordance with one or more examples
described 1n this disclosure. As 1illustrated, wearable device
22 includes processing circuitry 40, memory 42, user inter-
face 44, telemetry circuitry 46, power source 48, and inertial
measurement units 50. Processing circuitry 40, memory 42,
user interface 44, telemetry circuitry 46, and power source
48 may be similar to processing circuitry 32, memory 34,
user interface 36, telemetry circuitry 38, and power source
39 of FIG. 3, respectively.

[0109] Inertial measurement units 50 may include gyro-
scopes and/or various components to determine a pitch-roll-
yaw, and x-y-z coordinate of wearable device 22. In some
examples, inertial measurement units 50 may be considered
as a six-axis inertial measurement unit. For example, 1nertial
measurement units 30 may couple a 3-axis accelerometer
with a 3-axis gyroscope. The accelerometer may measure
linear acceleration, while the gyroscope may measure rota-
tional motion. Processing circuitry 40 may be configured to
determine one or more movement characteristics based on
values from 1nertial measurement units 30. For example,
processing circuitry 40 may determine based on values from
inertial measurement units 50 1f patient 12 1s moving his or
her arm upwards, downwards, leftwards, rightwards, for-
wards, backwards, or some combination, including values
related to frequency, amplitude, trajectory, position, veloc-
ity, acceleration, and/or pattern of movement. Processing
circuitry 40 may determine based on values from inertial
measurement units 50 orientation of the arm of patient 12,
such as whether the back of the hand or the front of the hand
1s facing patient 12, or i a side of the hand 1s facing patient
12, such that the thumb is facing patient 12 and the side of
the index finger 1s visible.

[0110] As one example, when patient 12 1s holding chop-
sticks to eat, patient 12 may orient his or her wrist 1n a
particular manner, which may be different than 1f patient 12
1s holding a sandwich. The frequency of patient 12 moving
his or her arm from a position where he or she 1s reaching
food to a position where he or she 1s placing food 1n mouth
may be different for different types of food. For example, the
frequency and pattern ol movement of eating with a fork
may be diflerent than eating with a spoon or a knife and fork,
which may be different than eating with hands, like a
sandwich or pi1zza. For all of these different food 1tems, there
may be a difference in the movement characteristics, and
different output values from inertial measurement units 50.
However, for all of the movement characteristics, one or
more processors (including processing circuitry 40 in some
examples) may be configured to determine that patient 12 1s
cating.

[0111] One or more inertial measurement units 50 may
output such information (e.g., pitch-roll-yaw and x-y-z coor-
dinates) of the arm of patient 12 to processing circuitry 40.
Telemetry circuitry 46 may then output the information from
processing circuitry 40 to patient device 24. Patient device
24 may forward the information to one or more processors
28 that can use the information to determine 1f patient 12 1s
cating (e.g., 1 a meal event 1s occurring).

[0112] 'To effectuate detection of gestures corresponding to
an 1nsulin 1mjection by patient 12, inertial measurement units
50 may generate, for output, various data (e.g., pitch-roll-
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yaw and x-y-z coordinates) indicative of patient 12’s activi-
ties including patient utilization of injection device 30, a
manual 1njection device, or any other device configured to
deliver a diabetes therapy. The data generated by inertial
measurement units 50 (e.g., accelerometer data) may be
processed 1nto user activity data indicative of patient move-
ment(s) and/or patient pose(s) corresponding the patient
utilization with injection device 30. By comparing the user
activity data to a data model configured to define gestures
corresponding to the msulin injection, one or more proces-
sors 28 of the patient device 24 may detect one or more of
these gestures and 1n response to that detection, determine
whether to predict an occurrence of the insulin injection.

[0113] If patient 12 1s using a manual 1njection device,
additional sensors provide manual 1njection data to confirm
the prediction. If patient 12 1s using injection device 30,
instead of having to use additional sensors and other hard-
ware/software components to acquire manual 1njection
device data, one or more processors 28 establishes a com-
munication channel with mjection device 30 and receives
(e.g., by request) data describing operational details of one
or more historical insulin injections. In this manner, the
prediction that the insulin injection 1s to occur or 1s occurring,
may be confirmed or rejected by the injection device data for
the manual injection device or injection device 30.

[0114] While the above example techmques may be ben-
eficial 1n patient 12 receiving 1nsulin at the right time, this
disclosure describes example techniques to further proac-
tively control delivery of insulin to patient 12. In particular,
this disclosure describes example techmiques to control
deliverance of therapy to a diabetes patient where the
therapy involves timely 1njections of an effective amount of
a correct type of insulin. To effectuate these techniques, one
or more processors 28 may determine whether an 1nsulin
injection that 1s about to occur i1s proper or improper for
patient 12 by comparing various injection parameters to
established criteria. As demonstrated above, the established
criteria may include recommended and/or eflective values/
classifications for injection parameters including insulin
dosage amount, insulin type, and/or injection schedule/time
(or alternatively, a time interval between injections). Some
techniques employ additional parameters and/or different
parameters including an 1injection site/area, trajectory, and/or

the like.

[0115] Once confirmed and deemed proper, record data for
the i1nsulin injection 1s stored and that record time may
include a time for the injection. Ensuring timely injections
of isulin prevents patient 12 from having low glucose
levels 1n the blood. The same data model 1s applied con-
tinuously to user activity data over time, and when a
subsequent insulin injection i1s detected, a time of that
detection 1s compared to the recorded time of the previous
injection. If a time difference falls below a recommended
time interval between proper insulin injections (i.e., too
carly), patient device 24 outputs an alert warning patient 12
with textual and/or audio output. For example, 1f patient 12
1s preparing an insulin injection but an msuthicient amount of
time elapsed from a previous insulin injection, there 1s a
possibility that patient 12 forgot about the previous 1nsulin
injection and 1f patient 12 1s not prevented from receiving a
dose prematurely, excess mnsulin may build up 1 patient 12°s
bloodstream causing cells 1 patient 12°s body to absorb too
much glucose from the blood and/or patient 12’°s liver to
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release less glucose (1.e., Hypoglycemia). These two ellects
are exemplary of the consequences of improper insulin
injections.

[0116] Meal events, depending on context, may or may not
cause low glucose levels 1n patient 12°s blood. If no meal 1s
detected between insulin 1njections, patient 12 may end up
with low glucose level, even if the subsequent insulin
injection 1s timely. This correlation holds 1n some 1nstances
where patient 12 does not even receive the subsequent
insulin 1njection. Applying the above-mentioned data model
continuously to the user activity data streamed from wear-
able device 22 may further ensure patient 12 ate something
before the subsequent insulin injection. If one or more
processors 28 (and/or one or more processors ol patient
device 24), based on the user activity data provided by
wearable device 22, detect a meal event and the subsequent
insulin 1njection at appropriate respective times, one or more
processors 28 may generate record data acknowledging the
diabetes therapy and then, store that record data as part of
patient 12’s medical history (i.e., medical record). On the
other hand, 1f, after monitoring the user activity data pro-
vided by wearable device 22, one or more processors 28
(and/or the one or more processors of patient device 24) fail
to detect a meal event before detecting the subsequent
insulin 1njection, patient device 24 may output an alert
notifying patient 12 (or a caregiver ol patient 12) of a
potential impropriety 1n that injection. In some examples,
patient device 24 outputs data requesting that patient 12 not
make the subsequent 1nsulin 1njection at this time and/or eat
betore the ijection. Patient device 24 may output data
indicative of an inquiry for patient 12 to answer regarding
whether or not that patient 12 ate a meal between injections.
[0117] Example reasons for injecting rapid acting msulin,
a first insulin type, may be to compensate for carbohydrates
or to correct for high blood sugar. When correcting for high
blood sugar, a subsequent insulin dose may account for
insulin-on-board from previous injections. If a dose 1s given
while patient 12 has normal blood sugar, and one or more
processors 28 fail to detect a meal within a certain time
period, for example, 15 minutes, then one or more proces-
sors 28 may output an alert to remind patient 12 to eat
something to account for msulin 1n that dose. If a dose 1s
given to correct high blood sugar and that dose was given
alter a recent similar dose, then one or more processors 28
may output an alert notifying patient 12 (and/or patient 12°s
caregiver) of a possible overcompensation of high blood
sugar. The alert may further suggest a need for the caregiver
to monitor patient 12’°s blood sugar and/or for patient 12 to
possibly eat something to prevent hypoglycemia.

[0118] Doses of long acting insulin, a second insulin type,
are generally delivered once per day; however, 1t 1s possible
for patient 12 to receive two long acting doses in a short
period of time or at different part of the day (e.g., a first dose
in the morning and a second dose 1n the evening). In some
examples, one or more processors 28 may output an alert
warning patient 12 before the second subsequent dose 1s
given and with suflicient time to prevent that dosage. In
other examples, 11 one or more processors 28 detect a proper
injection followed by a subsequent injection of long acting
insulin, one or more processors 28 may output an alert
notilying patient 12 to monitor their blood sugar for possible
lows over the next 12-24 hours.

[0119] While these alerts may, 1n effect, prevent patient 12
from consequences resulting from having msulin injections
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without a proper intervening meal event, some examples
confer one or more processors 28 (and/or one or more
processors of patient device 24) with more control over
patient 12°s injections. For instance, 11 injection device 30 1s
communicably coupled to one or more processors 28 (and/or
one or more processors of patient device 24), one or more
processors 28 (and/or one or more processors of patient
device 24) may communicate instructions to injection device
30 for halting (or delaying) the subsequent insulin 1njection
without first detecting the meal event. If no meal event 1s
detected and patient 12 1s preparing the subsequent 1nsulin
injection, one or more processors 28 (and/or one or more
processors of patient device 24) may 1ssue a command to
lock 1njection device 30 1n a non-operative state. This may
be executed automatically i1n response to detecting the
subsequent isulin 1njection without the meal event. In other
examples, 1njection device 30 may automatically shut down
operations by patient 12 after determining that patient 12
most likely did not eat anything before attempting the
subsequent msulin 1njection.

[0120] FIG. 6 i1s a flowchart illustrating an example
method of operation, 1 accordance with one or more
examples described 1n this disclosure. FIG. 6 1s described
with respect to one or more processors. The one or more
pProcessors may be one or more processors 28, one or more
processors of patient device 24 (e.g., processing circuitry
32), one or more processors ol wearable device 22 (e.g.,
processing circuitry 40), one or more processors of insulin
pump 14 (i available), or any combination thereof.

[0121] One or more processors may identify at least one
gesture indicative of utilization of an injection device for
preparation of an 1nsulin injection based on the user activity
data (60). The identification of the at least one gesture
implies that an insulin njection (recently) occurred, 1s to
occur, or 1s occurring. For example, the one or more pro-
cessors may be a first set of one or more processors (€.g., one
or more processors 28 on one or more servers of cloud 26)
that receive data indicative of user activities including data
indicative of gestures made by patient 12 or a caretaker of
patient 12 while utilizing an 1njection device (e.g., injection
device 30) in preparation of the insulin injection. An
example 1nsulin injection may consist of one or more
gestures where each gesture 1s defined 1n accordance with a
data model configured to distinguish msulin 1njections from
other user activities (e.g., user activity or caregiver activity).
In general, the present disclosure envisions user activities to
include any activity by a user of the injection device. In one
example, the data model includes a definition for each
gesture of a plurality of gestures (e.g., user activity gestures)
as well as a definition for each (detectable) example of an
isulin 1mjection by patient 12 as a combination of gestures.
It 1s possible for a data model to define an example 1nsulin
injection as comprised of only one gesture.

[0122] The one or more processors may, based upon the at
least one 1dentified gesture, generate information indicative
of at least one of an amount or a type of an insulin dosage
in the insulin imjection by the injection device (62). For
example, an iertial measurement unit 50 within wearable
device 22 provides one or more processors 28 vibration data
associated with movements of dials and other instruments
for setting the dosage amount and/or type. The one or more
processors may compare the generated information to a
criteria of a proper insulin 1njection (64). The criteria of the
proper imsulin injection includes any combination of a
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number of clicks used to set the msulin dosage, an amount
of time that elapsed between insulin 1njections, whether the
user consumed a meal between insulin injections, whether
the patient 1s injecting with a basal insulin based on time of
day, or whether the patient 1s injecting with a bolus 1nsulin
based on time of day. In some examples, the one or more
processors determine whether the user consumed a meal
based on user input and/or based on gesture data (e.g., as
described above). The purpose of comparing information
describing the time, amount and/or type set for a pending
insulin mjection to the criteria 1s to prevent the patient from
being injected with an incorrect amount and/or type of
insulin and/or at an incorrect time. Consequences from
improper isulin injections may range from minor discoms-
fort to major declination 1n patient health. For example, 1f
not enough time elapsed between a previous insulin 1njec-
tion and a current insulin injection, there 1s a possibility that
the patient simply forgot about the previous mnsulin 1njec-
tion. If patient 12 did not eat any food between injections,
the patient may end up with low glucose level.

[0123] The one or more processors may output informa-
tion 1ndicative of whether the critenia 1s satisfied based on
the comparison (66). In response to determining that the
criteria of the proper imsulin injection 1s not satisfied, the one
Or more processors may output an alert comprising at least
one of text, graphics, sound, or video operative to notify the
user of an improper 1msulin injection. The present disclosure
envisions multiple scenarios in which the criteria of the
proper msulin 1njection 1s not satisfied: Patient 12 receiving
an 1nsulin 1njection 1) without suflicient time elapsing after
a previous injection, 2) without adequate food in the body,
3) without an effective dose (e.g., amount) of 1nsulin, and/or
4) with an incorrect insulin type 1n the dose, among others.
To 1illustrate by way of example, injections of rapid acting
insulin, one type of insulin, may compensate for carbohy-
drates and/or correct for high blood sugar but when an
insulin dose of rapid acting insulin undercompensates (e.g.,
too low 1n amount) or overcompensates (e.g., too high in
amount), the one or more processors may output an alert
notifying the user of the undercompensation or overcom-
pensation, respectively. If the one or more processors fail to
detect a meal within a certain time period, for example,
fifteen minutes, the one or more processors may output an
alert to remind patient 12 to eat something, for example, to
account for the overcompensation of insulin. An alternative
alert may suggest a subsequent insulin injection to correct
for the undercompensation. An alert may be communicated
to the caregiver’s device, for example, prompting that care-
giver to monitor patient 12°s blood sugar, carbohydrates,
and/or food intake.

[0124] In some examples, 1n response to a confirmation
(e.g., device confirmation) of the insulin injection based
upon 1njection device data, the one or more processors may
generate at least one of: (1) for storage 1n a patient medical
data, data recording the insulin mjection, (2) for display on
an electronic display, data indicative of an identification of
isulin 1njection, or (3) for display on the electronic display,
data indicative of an improper insulin mjection when com-
pared to the criteria of a proper insulin injection. The
injection device data may be received from and communi-
cated by a device (e.g., a smart cap for any insulin pen)
communicably coupled to the injection device, a device
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(e.g., a smart phone) having sensors (e.g. an optical sensor)
for sensing the injection device (e.g., a syringe), or the
injection device itsell.

[0125] One or more processors may process from patient
12 mput data indicating a patient confirmation or a patient
denial. In some examples, patient 12 communicates the
input data as a response to a query submitted via a commu-
nication channel with patient device. Patient 12 may receive
the query as content presented on an electronic display of a
smart device or on an injection device. One or more pro-
cessors, 1n response to a patient rejection of the insulin
injection, may execute a learning technique to adjust the data
model. In some examples, the learning technique adjusts the
data model to more accurately predict msulin injections

from gestures by patient 12 during operation of the 1njection
device.

[0126] Insome examples, the one or more processors may
determine a time for a subsequent injection of isulin,
determine whether the user 1s attempting to use the 1njection
device to 1nject msulin based on movement detected by the
wearable device prior to the time for the subsequent 1njec-
tion of msulin, and output data presenting an alert to the user
that the user had already injected insulin based on the
determination that the patient 1s attempting to use the
injection device to mject msulin prior to the time for the
subsequent mjection of mnsulin.

[0127] FIGS.7A and 7B are flowcharts 1llustrating another
example method of operation, 1n accordance with one or
more examples described 1n this disclosure. Similar to FIG.
6, FIGS. 7A and 7B are described with respect to one or
more processors. The one or more processors may be one or
more processors 28, one or more processors ol patient
device 24 (e.g., processing circuitry 32), one or more
processors of wearable device 22 (e.g., processing circuitry
40), one or more processors of insulin pump 14 (if avail-
able), or any combination thereof.

[0128] As illustrated in FIG. 7A, one or more processors
may predict (e.g., determine) whether an 1nsulin 1njection 1s
to occur or 1s occurring, for example, by 1dentifying one or
more gestures indicative of utilization of an mjection device
for preparation of the msulin injection based on the user
activity data. For instance, the one or more processors may
determine whether the insulin injection 1s to occur or is
occurring based on a data model for a patient 12 where the
data model 1s configured to distinguish insulin injections
from other user activities (e.g., patient activities and/or
caregiver activities). An example 1nsulin injection may con-
s1st of multiple gestures where each gesture 1s defined 1n
accordance with a data model configured to distinguish
insulin injections from other user activities. In one example,
the data model includes a definition for each gesture of a
plurality of gestures (e.g., user activity gestures) as well as
a definition for each (detectable) example of an insulin
injection by patient 12 as a combination of gestures. It 1s
possible for a data model to define an example insulin
injection as comprised of only one gesture. If the one or
more processors determine that the insulin 1njection 1s not to
occur (1.e., a non-occurrence), there may be no change 1n
user activity, and patient 12 may continue with other non-
insulin i1njection gestures. As 1illustrated in FIG. 7A, while
gestures are made immediately prior to and during the
delivery of isulin (e.g., basal isulin (e.g., baseline
therapy)) to patient 12, the one or more processors may
continuously examine user activity data to identify defined
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gestures corresponding to an example msulin 1njection and
determine (e.g., predict) that an msulin 1njection 1s to occur
Or 18 occurring.

[0129] As further illustrated in FIG. 7A, one or more
processors may detect (e.g., determine) whether a compo-
nent 1sulin injection gesture such as a gesture to set a
dosage 1s to occur or 1s occurring (70). For instance, the one
or more processors may determine whether the any gesture,
including the above-mentioned component insulin 1njection
gesture, 1s to occur or 1s occurring based on user activity data
indicating one or more movement characteristics, posture
characteristics (e.g., position and/or orientation), and other
characteristics detected by wearable device 22. These char-
acteristics and other contextual information may be pro-
cessed from sensor data generated by wearable device 22. If
the one or more processors detect the gesture to set the
dosage 1s to occur or 1s occurring (YES branch of 70), the
one or more processors may determine a diabetes therapy
dosage amount and/or type (74). For example, the one or
more processors may determine an amount and/or a type of
insulin dosage based upon data (e.g., vibration data) from an
inertial measurement unit. If any of one of the insulin dosage
amount, or a dosage type deviates from criteria indicating
proper amount, dosage type, or time to deliver the insulin
dosage, such a determination 1s postponed until after pre-
diction and at least a device or patient confirmation. Such a
postponement preserves resources and provides enough time
to warn patient 12 and/or correct the insulin injection. It the
one or more processors do not detect the gesture to set the
dosage (NO branch of 70), the one or more processors may
determine that an 1nsulin 1njection has not been prepared or
1s not about to occur.

[0130] The one or more processors may detect (e.g.,
determine) whether a gesture to move the 1njection device
closer to patient 12 body, another component insulin injec-
tion gesture, 1s to occur or 1s occurring (76). Similar to other
gestures, the gesture to move the injection device close to
patient 12 body may be detected 1f user activity data
comprising patient movement characteristics and/or patient
pose characteristics matches the data model’s definition of
the gesture. If the one or more processors fail to detect, 1n the
user activity data (or other contextual data), the gesture to
move the 1njection device closer to patient 12 body (NO
branch of 76), the one or more processors may wait for
alternative gesture or predict no injection after a suitable
wait time (78). If the one or more processors detect that the
gesture to move the injection device closer to patient 12
body 1s to occur or 1s occurring (YES branch of 76), the one
or more processors may proceed to detect (e.g., determine)
whether a gesture to hold the injection device 1n specific
position/orientation, another gesture corresponding to the
insulin injection, 1s set to occur or 1s occurring (80).

[0131] If the one or more processors do not detect, 1n the
user activity data (or other contextual data), the above-
mentioned gesture to hold the injection device (NO branch
of 80), the one or more processors may monitor the user
activity data for alternative gestures corresponding to the
insulin mjection within a wait time (82). In some examples,
the wait time cannot exceed an amount of time consumed to
administer an 1nsulin 1njection.

[0132] If the one or more processors do detect the gesture
to hold the 1njection device 1n a specific position/orientation
(YES branch of 80), the one or more processors monitor the
user activity data for additional gestures and/or indicia of
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nonoccurrence within a wait time (84). The one or more
processors may 1dentity the above mentioned gestures cor-
responding to the insulin 1jection but there may be indica-
tion 1ndicators there may be user activity data indicative of
patient movements and/or patient pose contradicting a pre-
diction of the insulin injection. For example, 11 there 1s no
insulin 1n the ijection device, the above-mentioned gestures
cannot correspond to actual injection. If certain additional
gestures are detected where those gestures also correspond
to 1nsulin 1njections (e.g., a gesture to clear the msulin of air
bubbles), that detection counters any 1dentification of indicia
ol non-occurrence.

[0133] The one or more processors may determine
whether to predict the insulin injection 1s to occur or 1s
occurring based upon the detection of the above-mentioned
gestures, which are components of a composite insulin
injection gesture, and any indicia of non-occurrence for the
insulin mjection gesture (86). If the one or more processors
predict an occurrence of the msulin injection (YES branch of
86), the one or more processors proceed to FIG. 7B. If the
one or more processors cannot predict an occurrence of the
msulin 1jection (NO branch of 86), the one or more
processors detect a refill event or another user activity
gesture 1nstead of the mnsulin mjection (88). For example, 1f
suflicient i1ndicia ol non-occurrence are identified based
upon the user activity data, the one or more processors may
determine that the above-mentioned detection of the com-
ponent 1sulin 1njection gestures was a false positive. One
example of suflicient indicia of non-occurrence 1s a refill
event where 1njection 30 1s refilled with another cartridge of
isulin. Another example of suflicient indicia of non-occur-
rence 1s recent patient 12 activity without the injection
device.

[0134] If inyjection device 30 1s not available, then patient
12 may utilize a syringe to deliver the partial therapy dosage.
For example, the one or more processors may output infor-
mation to patient device 24 for the insulin dosage and/or
type, and patient 12 may then use the syringe to deliver the
partial therapy dosage based on the information that patient
device 24 outputs via user interface 36.

[0135] Turning to FIG. 7B, after the one or more proces-
sors predict the pending diabetes therapy in the form of an
insulin 1njection, the one or more processors may confirm
the prediction that the insulin injection 1s to occur or 1s
occurring (86).

[0136] For instance, the one or more processors may
predict (e.g., determine) whether the msulin 1njection 1s to
occur or 1s occurring based on one or more movement
characteristics, pose characteristics (e.g., position and/or
orientation), and other characteristics detected by wearable
device 22. These characteristics and other contextual infor-
mation may be acquired/captured (and then, processed) into
user activity data and compared with a data model defining
cach gesture corresponding to example insulin 1njections.

[0137] Ii, following FIG. 7A, the one or more processors
predict that the msulin 1mjection 1s to occur or 1s occurring,
the one or more processors execute a mechanism to confirm
or reject the prediction based upon injection device data
(90). If the prediction of an occurrence of the insulin
injection cannot be confirmed and/or 1s rejected (NO branch
of 90), then the one or more processors may execute a
machine learning mechanism to adjust the data model to
more accurately predict no injection (i.e., a non-occurrence)
for the captured user activity data and for msulin injections
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in general (92). If addition, the one or more processors may
continue monitoring the user activity data for msulin injec-
tions.

[0138] If the prediction of an occurrence of the insulin
injection 1s confirmed (YES branch of 90), the one or more
processors may determine whether criteria of a proper
insulin ijection are satisfied (94). For example, the one or
more processors may apply each criterion to parameters of
the predicted insulin injection to determine satisfaction or
non-satisfaction. Such parameters include insulin dosage
amount, msulin type, ijection time, and/or the like. The
criteria, therefore, includes correct (e.g., recommended and/
or eflective) versions of the same parameters and 1f an
isuflicient number of criterion 1s satisfied, the one or more
processers may identily an improper msulin injection 1s to
occur or 1s occurring. These parameters may be determined
from the user activity data and the insulin 1njection data to
the prediction. The criteria may be pre-determined or
learned over time.

[0139] If the criteria are satisfied (YES branch of 94), then
the one or more processors may store a record of the pending
insulin 1njection 1n medical record data (96). The one or
more processors may wait until the device or patient con-
firmation before storing the medical record data.

[0140] If the critenia are not satisfied (NO branch of 94),
then the one or more processors may determine whether to
modily the pending improper insulin injection (98). In some
examples, 1f the one or more processors determine that the
pending improper msulin ijection 1s to be modified (YES
branch of 98), the one or more processors may output, on an
clectronic display for patient device 24, various information
to patient device 24 and/or 1injection device 30; one example
of the outputted information includes information (e.g.,
content) describing a modification to correct an impropriety
and/or increase eflicacy 1n the pending insulin 1njection
(100). In some examples, the electronic display may be
included 1n user interface 36 of patient device 24. The one
Or more processors may output, on the electronic display, a
correct msulin dosage amount and/or insulin dosage type 1n
an attempt to modily the pending improper insulin dosage
amount and/or type, respectively. In some examples, the one
or more processors (€.g., 1 patient device 24 or a network
server 1 cloud 26) may output data directing injection
device 30 to automatically correct the insulin dosage amount
and/or msulin dosage type or prevent insulin injection from
occurring. The one or more processors may output a rec-
ommended and/or eflective orientation/position to hold
injection device 30 or the manual injection device before
administering the insulin.

[0141] As another example, the one or more processors
may output information for patient 12 or a caregiver of
patient 12 to follow where the output information may
include a set of instructions for properly administering the
diabetes therapy to the patient. The set of mstructions may
indicate a correct msulin type, an appropriate dose of the
correct msulin type, a sale injection area to receive the
appropriate dose of the correct msulin type, a recommend
trajectory when motiomng the mjection device to inject the
appropriate dose of the correct insulin, an orientation or a
position to hold the injection device before following the
recommended trajectory to the safe injection area (e.g., site),
injection time (or window of time), and/or a time interval
between insulin injections. The one or more processors may
output, on the electronic display of user interface 36, data
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comprising a graphical representation of a proper insulin
injection. In some examples, the one or more processors of
patient device 24 communicate, to a device maintained by a
caregiver for the patient, data indicative of content present-
ing the set of istructions and/or the graphical representa-
tion. To assist the caregiver’s administration of the diabetes
therapy, the graphical representation and/or the set of
istructions may be displayed, as output, on an electronic
display of the device maintained by the caregiver.

[0142] If the one or more processors determine not to
modily the improper insulin injection (NO branch of 98), the
one or more processors output an alert of the improper
msulin mjection (102). In response to determining that the
insulin mjection does not to satisty the criteria of the proper
insulin 1njection, the one or more processors may output, on
the electronic display of patient device 24, any combination
of text, graphics, sound, video, and/or other content types 1n
an alert operative to notily patient 12 of the improper insulin
injection. If, for example, the one or more processors
determine that preventing or delaying the improper insulin
injection 1s more beneficial than modifying the mjection, the
one or more processors may output such an alert to notity
patient 12 of the improper insulin 1injection. For example, 1
a current time does not comply with an injection schedule
recommended for patient 12, then the injection 1s improper
for being untimely and 1s to be prevented or delayed via the
alert. The alert may include text as well as an audible
warning. As another example, if suilicient time has not
clapsed between a previous injection, then this the subse-
quent 1njection 1s improper and 1s to be prevented or delayed
via the alert. In another example, patient device 24 or a
network device on cloud 26 may communicate nstructions
directing injection device 30 to halt the pending improper
insulin injection.

[0143] As described above, there may be various sensors
used to measure different contextual information. The fol-
lowing provides some example ways in which the sensor
information may be utilized. For example, based on move-
ment characteristics, one or more processors 28 may deter-
mine how much and when to deliver insulin. In some
examples, one or more processors 28 may withhold prompts
to patient 12, such as low battery, or other types of alerts like
if glucose 1s slightly out of range, based on the sensor data,
such as withhold prompts i1 patient 12 1s driving or sleeping.
The sensors may indicate changes 1n temperature, and one or
more processors 28 may set the target glucose level based on
the temperature. The sensors may indicate with patient 12 1s
exercising, and one or more processors 28 may set target
glucose levels based on 1f patient 12 1s exercising, and 1f
patient 12 1s performing aerobic or anerobic exercises.

[0144] In some examples, when patient device 24 and/or
wearable device 22 output information (e.g., broadcast) to
one or more processors 28 may be based on contextual
information of patient 12, such as biometrics, location, and
time of day. In some examples, patient device 24 and/or
wearable device 22 may output information in a way that
conserves power (e.g., broadcasting during sleep can be
reduced).

[0145] There may be other ways i which to utilize
information of location of patient 12 to assist with control-
ling glucose levels. As one example, patient device 24 may,
based on the location of patient 12 being that patient 12 1s
at a grocery store, output information of foods or food
companies that provide product that helps treat diabetes.
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[0146] Various aspects of the techniques may be 1mple-
mented within one or more processors, mcluding one or
more microprocessors, DSPs, ASICs, FPGAs, or any other
equivalent integrated or discrete logic circuitry, as well as
any combinations of such components, embodied 1n pro-
grammers, such as physician or patient programmers, elec-
trical stimulators, or other devices. The term “processor” or
“processing circuitry” may generally refer to any of the
foregoing logic circuitry, alone or in combination with other
logic circuitry, or any other equivalent circuitry.

[0147] In one or more examples, the functions described
in this disclosure may be implemented 1n hardware, sofit-
ware, firmware, or any combination thereof. If implemented
in software, the functions may be stored on, as one or more
instructions or code, a computer-readable medium and
executed by a hardware-based processing unit. Computer-
readable media may include computer-readable storage
media forming a tangible, non-transitory medium. Instruc-
tions may be executed by one or more processors, such as
one or more DSPs, ASICs, FPGAs, general purpose micro-
processors, or other equivalent integrated or discrete logic
circuitry. Accordingly, the term “processor,” as used herein
may refer to one or more of any of the foregoing structure
or any other structure suitable for implementation of the
techniques described herein.

[0148] In addition, in some aspects, the functionality
described herein may be provided within dedicated hard-
ware and/or software modules. Depiction of different fea-
tures as modules or units 1s mtended to highlight different
functional aspects and does not necessarily imply that such
modules or units must be realized by separate hardware or
soltware components. Rather, functionality associated with
one or more modules or units may be performed by separate
hardware or software components, or integrated within
common or separate hardware or soltware components.
Also, the techniques could be fully implemented 1n one or
more circuits or logic elements. The techniques of this
disclosure may be implemented 1n a wide variety of devices
or apparatuses, including one or more processors 28 of cloud
26, one or more processors of patient device 24, one or more
processors of wearable device 22, one or more processors of
isulin pump 14, or some combination thereof. The one or
more processors may be one or more integrated circuits
(ICs), and/or discrete electrical circuitry, residing 1n various
locations 1n the example systems described 1n this disclo-
sure.

[0149] The one or more processors or processing circuitry
utilized for example techniques described in this disclosure
may be implemented as fixed-function circuits, program-
mable circuits, or a combination thereof. Fixed-function
circuits refer to circuits that provide particular functionality,
and are preset on the operations that can be performed.
Programmable circuits refer to circuits that can be pro-
grammed to perform various tasks, and provide flexible
functionality in the operations that can be performed. For
instance, programmable circuits may execute soltware or
firmware that cause the programmable circuits to operate 1n
the manner defined by instructions of the soitware or firm-
ware. Fixed-function circuits may execute software mnstruc-
tions (e.g., to recerve parameters or output parameters), but
the types of operations that the fixed-function circuits per-
form are generally immutable. In some examples, the one or
more of the umts may be distinct circuit blocks (fixed-
function or programmable), and 1n some examples, the one
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or more units may be integrated circuits. The processors or
processing circuitry may include arithmetic logic units
(ALUs), elementary function unmits (EFUs), digital circuits,
analog circuits, and/or programmable cores, formed from
programmable circuits. In examples where the operations of
the processors or processing circuitry are performed using
software executed by the programmable circuits, memory
accessible by the processors or processing circuitry may
store the object code of the software that the processors or
processing circuitry receive and execute.

[0150] Various aspects of the disclosure have been
described. These and other aspects are within the scope of
the following claims.

What 1s claimed 1s:

1. A system for controlling delivery of therapy for diabe-
tes, the system comprising:

O1IC O IMOrc proccssors, and

one or more processor-readable media storing nstructions
which, when executed by the one or more processors,
cause performance of one or more operations includ-

ng:
identifying at least one gesture indicative of utilization
of an 1njection device for preparation of an insulin

injection based on user activity data obtained from a
wearable device disposed on an arm of a user;

based on the at least one 1dentified gesture, determining,
whether the mnsulin injection meets criteria of a
proper insulin injection; and

outputting information mndicative of whether the crite-
ria 1s satisiied based on the determination.

2. The system of claim 1, wherein causing identification
of the at least one gesture comprises:

identifying based on the user activity data, at least one of
(1) a first gesture to set at least one of an amount or a
type of a dosage 1n the insulin 1njection, (2) a second
gesture to move the mjection device closer to a patient
body, or (3) a third gesture to hold the mjection device
at a specific position or a specific orientation.

3. The system of claim 1, wherein the criteria of the proper
insulin 1njection comprises one or more of: a number of
clicks used to set an amount of an msulin dosage, an amount
of time that elapsed between insulin injections, whether a
patient consumed a meal between msulin injections, whether
the patient 1s being injected with a basal insulin based on
time of day, or whether the patient 1s being mjected with a
bolus 1nsulin based on time of day.

4. The system of claam 1, wherein causing output of
information indicative of whether the criteria 1s satisfied
COmMprises:

in response to determining that the criteria of the proper
insulin injection 1s not satisfied, outputting an alert
comprising at least one of text, graphics, sound, or
video operative to notily the user of an improper insulin
injection.
5. The system of claim 1, wherein the wearable device
COmprises:

one or more nertial measurement units to generate at least
a portion of the user activity data.

6. The system of claim 1, wherein the instructions further
cause performance of:
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recerving, from at least one of the injection device, a
device communicably coupled to the imjection device,
or a device having sensors for sensing the injection
device, a confirmation of the msulin 1njection.

7. The system of claim 1, further comprising a patient
device, wherein the patient device includes the one or more
Processors.

8. The system of claim 1, wherein the 1nstructions further
cause performance of:

determiming a time for a subsequent injection of isulin;

determining whether the user 1s attempting to use the
injection device to 1nject nsulin based on movement
detected by the wearable device prior to the time for the
subsequent injection of mnsulin; and

outputting data presenting an alert to the user that the user
had already injected insulin based on the determination
that the user 1s attempting to use the 1njection device to
inject msulin prior to the time for the subsequent
injection of msulin.

9. The system of claim 1, wherein the 1nstructions further

cause performance of:

outputting data indicative of a modification to correct an
impropriety associated with the insulin injection or
increase an etlicacy of the insulin injection based on the
determination indicating that the criteria 1s not satisfied.

10. The system of claim 1, wherein the instructions further
cause performance of:

outputting data directing the injection device to automati-
cally modity the insulin 1njection or prevent the insulin
injection based on the determination indicating that the
criteria 1s not satisiied.

11. The system of claim 1, wherein the instructions further
cause performance of:
generating data presenting a set of instructions for prop-
erly administering the therapy to a patient, the set of
instructions indicating a correct insulin type, an appro-
priate dose of the correct msulin type, a safe 1njection
arca to receive the appropriate dose of the correct
isulin type, a recommended trajectory when motion-
ing the injection device to 1nject the appropriate dose of
the correct msulin type, an orientation or a position to
hold the 1njection device before following the recom-
mended trajectory to the safe injection area, or a time
interval between insulin injections.
12. The system of claim 11, wherein the instructions
turther cause performance of:
communicating, to a device maintained by a caregiver for
the patient, the data presenting the set of instructions,
wherein the set of 1nstructions are displayed, as output,
on an electronic display of the device maintained by the
caregiver.
13. A processor-implemented method comprising:
identifying at least one gesture indicative of utilization of
an 1njection device for preparation of an insulin injec-
tion based on user activity data obtained from a wear-
able device disposed on an arm of a user;
based on the at least one 1dentified gesture, determining
whether the insulin injection meets criteria of a proper
insulin 1njection; and
outputting information indicative of whether the criteria 1s
satisfied based on the determination.
14. The processor-implemented method of claim 13,
wherein identifying the at least one gesture further com-
prises:
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identifying, based on the user activity data, at least one of
(1) a first gesture to set at least one of an amount or a
type of a dosage in the msulin 1njection, (2) a second
gesture to move the mjection device closer to a patient
body, or (3) a third gesture to hold the 1njection device
at a specific position or a specific orientation.

15. The processor-implemented method of claim 13,
wherein the criteria of the proper insulin 1njection comprises
one or more of: a number of clicks used to set an 1nsulin
dosage, an amount of time that elapsed between insulin
injections, whether a patient consumed a meal between
insulin 1njections, whether the patient 1s injecting with a
basal 1nsulin based on time of day, or whether the patient 1s
injecting with a bolus insulin based on time of day.

16. The processor-implemented method of claim 13,
wherein outputting the information indicative of whether the
criteria 1s satisiied further comprises:

in response to determining that the criteria of the proper

insulin injection 1s not satisfied, outputting an alert
comprising at least one of text, graphics, sound, or
video operative to notily the user of an improper insulin
injection.

17. The processor-implemented method of claim 13,
turther comprising:

receiving, Ifrom at least one of the injection device, a

device communicably coupled to the imjection device,
or a device having sensors for sensing the injection
device, a confirmation of the msulin 1njection.

18. The processor-implemented method of claim 13,
turther comprising:
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determining a time for a subsequent 1njection of mmsulin;

determining whether the user 1s attempting to use the
injection device to 1nject nsulin based on movement
detected by the wearable device prior to the time for the
subsequent 1njection of msulin; and

outputting data presenting an alert to the user that the user
had already 1njected insulin based on the determination
that the user 1s attempting to use the 1njection device to
inject msulin prior to the time for the subsequent
injection of msulin.

19. The processor-implemented method of claim 13,

further comprising:

outputting data indicative of a modification to correct an
impropriety associated with the insulin injection or
increase an eflicacy of the insulin injection based on the
determination indicating that the criteria 1s not satisfied.

20. One or more non-transitory processor-readable media
storing 1nstructions which, when executed by one or more
processors, cause performance of:

identifying at least one gesture indicative of utilization of
an 1njection device for preparation of an insulin injec-
tion based on user activity data obtained from a wear-
able device disposed on an arm of a user;

based on the at least one 1dentified gesture, determining
whether the 1msulin 1mnjection meets criteria of a proper
insulin injection; and
outputting information indicative ol whether the critena 1s
satisfied based on the determination.

G ex x = e



	Front Page
	Drawings
	Specification
	Claims

