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USE OF FUZZY LOGIC IN PREDICTING
USER BEHAVIOR AFFECTING BLOOD
GLUCOSE CONCENTRATION IN A CLOSED
LOOP CONTROL SYSTEM OF AN
AUTOMATED INSULIN DELIVERY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of U.S. Provisional Application Ser. No. 62/969,393, filed
Feb. 3, 2020, the entire contents of which are incorporated
herein by reference in their entirety.

BACKGROUND

[0002] Inautomated insulin delivery (AID) device, insulin
is delivered to a user automatically via a pumping mecha-
nism under the control of a controller, such as a processor.
The controller may implement a closed loop control
approach where a glucose monitor provides current infor-
mation regarding the glucose blood concentration of a user
and the glucose blood concentration of the user is used to
adjust the dosage of insulin delivered to the user. Typically,
the AID device seeks to keep the blood glucose concentra-
tion of the user within a range or seeks to achieve a target
blood glucose concentration.

[0003] One of the risks with treating a user with an AID
device is hypoglycemia. The user may take actions that
increase the risk of hypoglycemia. Examples of such user
actions include but are not limited to taking too large of
insulin boluses, taking too small of insulin boluses, overes-
timating the carbohydrate content of a meal, signaling a
desire to have a correction bolus and not ingesting a meal,
etc. Conventional AID systems do not adequately account
for these user actions that increase the risk of hypoglycemia.

SUMMARY

[0004] In accordance with an exemplary embodiment, a
method is performed by a processor for controlling an AID
device. Per this method blood glucose history, insulin bolus
history and/or meal event flags for a user of the AID device
are analyzed to identify when the user has ingested meals
and to categorize sizes of the ingested meals. The blood
glucose history, insulin delivery history and/or user-entered
information for the user are analyzed to identify when the
user has exercised and categorizing an intensity of the
identified user exercise. The blood glucose history for the
user and the insulin delivery history for the user are analyzed
to determine the likelihood that the user will take additional
action affecting blood glucose over time of day based on
when the meals are ingested, the categorized sizes of the
meals ingested, when the user exercises and the categorized
intensity of exercise of the user. Fuzzy sets are established
for categories of the determined likelihoods that the user will
take additional action affecting blood glucose. Each fuzzy
set is associated with a quantitative response to be taken by
the AID device according to the respective categories of
determined likelihoods that the user will take additional
action. For a given time of day, a set membership probability
for the user is determined for each of the fuzzy sets based on
the determined likelihood that the user will take additional
action affecting blood glucose for the given time of day. The
quantitative responses of each of the fuzzy sets are weighted
by the determined membership probabilities for the respec-
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tive fuzzy sets, and the weighted quantitative responses of
the fuzzy sets are summed to determine the cumulative
response to apply. The cumulative response is applied in the
AID device.

[0005] The identifying of when the user has ingested
meals and the categorizing of the sizes of ingested meals
may include analyzing blood glucose excursions in the
blood glucose history. The identifying of when the user has
ingested meals and the categorizing of the sizes of ingested
meals may include determining when a user delivers insulin
boluses and dosages of the insulin boluses. The dosages of
the insulin boluses may be analyzed to categorize the sizes
of the meals. The identifying of when the user has ingested
meals may include determining times of meal event flags.
The identifying when the user has exercised and categoriz-
ing an intensity of the identified user exercise may entail
identifying when the user has activated a mode that
decreases or halts automated delivery of insulin by the
insulin delivery device and determining the intensity of the
user exercise based on a duration that the mode remains
activated.

[0006] The identitfying when the user has exercised and
categorizing an intensity of the identified user exercise may
include analyzing the blood glucose history for an excursion
to identify when the user exercised and analyzing a magni-
tude and/or duration of the excursion to identify the intensity
of the user exercise. The identifying when the user has
exercised and categorizing an intensity of the identified user
exercise may entail analyzing insulin delivery history to
identify when insulin delivery decreased at least a threshold
amount and identifying a duration and/or magnitude of the
decrease of the insulin delivery decrease to identify the
intensity of the user exercise. The additional action affecting
blood glucose may be one or more of the user delivering an
excessive insulin bolus, the user delivering an insufficient
insulin bolus, the user overestimating meal carbohydrate
content, the user underestimating meal carbohydrate con-
tent, the user signaling exercise but not exercising and the
user signaling a need for a correction bolus but had not
ingested a meal. The cumulative response may be delivery
of'a specified amount of insulin to the user via the automated
insulin delivery device or halting delivery of insulin to the
user via the automated insulin delivery device.

[0007] Instructions for a processor to perform the method
may be stored on a non-transitory computer-readable storage
medium.

[0008] In accordance with an exemplary embodiment, an
electronic device may include a storage medium for storing
blood glucose history for a user, insulin delivery history for
a user and a control software for controlling AID to the user.
The electronic device may also a processor for executing the
control software to perform the following. Blood glucose
history, insulin bolus history and/or meal event flags for a
user of the AID device are analyzed to identify when the user
has ingested meals and to categorize sizes of the ingested
meals. The blood glucose history, insulin delivery history
and/or user-entered information for the user are analyzed to
identify when the user has exercised and categorizing an
intensity of the identified user exercise. The blood glucose
history for the user and the insulin delivery history for the
user are analyzed to determine the likelihood that the user
will take additional action affecting blood glucose over time
of day based on when the meals are ingested, the categorized
sizes of the meals ingested, when the user exercises and the
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categorized intensity of exercise of the user. Fuzzy sets are
established for categories of the determined likelihoods that
the user will take additional action affecting blood glucose,
wherein each fuzzy set is associated with a quantitative
response to be taken by the AID device according to the
respective categories of determined likelihoods that the user
will take additional action. For a given time of day, a set
membership probability is determined for each of the fuzzy
sets for the user based on the determined likelihood that the
user will take additional action affecting blood glucose for
the given time of day. The quantitative responses of each of
the fuzzy sets are weighted by the determined membership
probabilities for the respective fuzzy sets. The weighted
quantitative responses of the fuzzy sets are summed to
determine the cumulative response to apply and the cumu-
lative response is applied in the AID device.

BRIEF DESCRIPTION

[0009] FIG. 1 depicts a block diagram of a components
suitable for practicing an exemplary embodiment.

[0010] FIG. 2 depicts a block diagram of a device suitable
for controlling insulin delivery in by an insulin delivery
device.

[0011] FIG. 3 depicts a flowchart illustrating steps that
may be performed to locate meals in historical data for a
user.

[0012] FIG. 4 depicts a flowchart illustrating steps that
may be performed in determining the particulars of meals.
[0013] FIG. 5 depicts a flowchart of steps that may be
performed to identify meals and meal particulars from user
blood glucose history.

[0014] FIG. 6 depicts a flowchart of steps that may be
performed to identify meals and meal particulars from
insulin boluses.

[0015] FIG. 7 depicts a flowchart illustrating steps that
may be performed to locate exercise by a user in historical
data for the user.

[0016] FIG. 8 depicts a flowchart illustrating steps that
may be performed in determining the particulars of user
exercise.

[0017] FIG. 9 depicts a flowchart of steps that may be
performed to identify user exercise and user exercise par-
ticulars from mode information.

[0018] FIG. 10 depicts a flowchart of steps that may be
performed to identify user exercise and user exercise par-
ticulars from blood glucose information.

[0019] FIG. 11 depicts a flowchart of steps that may be
performed to identify a response derived from using fuzzy
sets.

[0020] FIG. 12 depicts an illustrative chart mapping meal
and exercise parameters to likelihood categories for addi-
tional user action that affects blood glucose concentration of
the user.

[0021] FIG. 13 depicts an illustration of a plot of prob-
abilities of exemplary fuzzy sets over time of day.

DETAILED DESCRIPTION

[0022] Exemplary embodiments may deploy fuzzy logic
to generate a response by an AID device to possible user
activity that will affect blood glucose concentration of a user
based on probabilities of such user activity derived from
empirical data. The problem of determining the appropriate
response to the prospect of such user activity lends itself to
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a fuzzy logic solution rather than a binary decision solution.
With the binary decision solution, the AID device would
either assume that the user is taking no additional action that
affects blood glucose concentration or would assume that the
user is taking such additional user action. However, with the
fuzzy logic solution of the exemplary embodiments, the
embodiments span a broader range of cases, such as a case
of low probability that the user will take additional user
action, a case of a moderate probability that the user will
take additional user action, a case of a high probability that
the user will take additional action and a case of a very high
probability of user action. The responses by the AID device
to each of these cases may reflect the probability of each
such case occurring as evidenced by empirical data. As such,
the exemplary embodiments adopt a solution more reflective
of the empirical data.

[0023] In the exemplary embodiments, a fuzzy set may be
defined for each case (e.g., low, moderate, high or very high
probability of the user taking additional action that affects
blood glucose concentration of the user). A membership
function may be provided for each fuzzy set. The member-
ship function may provide a probability of membership in
the set based on a parameter, such as time of day. Each fuzzy
set may have a response that is reflective of the likelihood of
additional user action associated with the fuzzy set. For
example, if a user has a low probability of taking additional
action that will affect blood glucose concentration of the
user, as in the “low” fuzzy set, the response for the fuzzy set
may be to maintain insulin delivery settings as they are.
However, if there is a very high probability that the user will
take additional action that will affect blood glucose concen-
tration of the user, as in the “very high” fuzzy set, the
response for the fuzzy set may be to aggressively adjust
insulin delivery settings from what they are (e.g., to modify
the amount of insulin delivered by a substantial amount).
The cumulative response may be determined by weighting
the response of each fuzzy set, such as by the probability of
the associated fuzzy set and summing the weighted
responses.

[0024] The probabilities provided by the membership
functions may be empirically derived based on histories of
the user. For instance, factors may be identified, like when
a user eats a meal, the size of the meal, when a user exercises
and the intensity of the exercise. Other factors may be used
in alternative cases. The other factors should have a corre-
lation to whether the user takes additional action that affects
blood glucose concentration. The effect these factors have
on the probability that the user will take additional action
may be determined by reviewing the histories and determin-
ing the likelihood that the user will take the additional action
given those factors. For example, suppose that a user took
additional action 3 out of 4 times when the user exercised
with a high intensity but ingested a small meal between 6 pm
and 8 pm. The membership function may reflect a high
probability for additional user action between 6 pm to 8 pm.

[0025] FIG. 1 depicts an illustrative drug delivery system
(100) that is suitable for delivering insulin to a user (108) in
an exemplary embodiment. The drug delivery system (100)
includes an insulin delivery device (102). The insulin deliv-
ery device (102) may be a wearable device that is worn on
the body of the user (108). The insulin delivery device (102)
may be directly coupled to a user (e.g., directly attached to
a body part and/or skin of the user (108) via an adhesive or
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the like). In an example, a surface of the insulin delivery
device (102) may include an adhesive to facilitate attach-
ment to the user (108).

[0026] The insulin delivery device (102) may include a
controller (110). The controller (110) may be implemented
in hardware, software, or any combination thereof. The
controller (110) may, for example, be a microprocessor, a
logic circuit, a field programmable gate array (FPGA), an
application specific integrated circuit (ASIC) or a microcon-
troller coupled to a memory. The controller (110) may
maintain a date and time as well as other functions (e.g.,
calculations or the like). The controller (110) may be oper-
able to execute a control application (116) stored in the
storage (114) that enables the controller (110) to direct
operation of the insulin delivery device (102). The storage
(114) may hold histories (113) for a user, such as a history
of automated insulin deliveries, a history of bolus insulin
deliveries, meal event history, exercise event history and the
like. In addition, the controller (110) may be operable to
receive data or information. The storage (114) may include
both primary memory and secondary memory. The storage
may include random access memory (RAM), read only
memory (ROM), optical storage, magnetic storage, remov-
able storage media, solid state storage or the like.

[0027] The insulin delivery device (102) may include an
insulin reservoir (112) for storing insulin for delivery to the
user (108) as warranted. A fluid path to the user (108) may
be provided, and the insulin delivery device (102) may expel
the insulin from the insulin reservoir (112) to deliver the
insulin to the user (108) via the fluid path. The fluid path
may, for example, include tubing coupling the drug delivery
device (102) to the user (108) (e.g., tubing coupling a
cannula to the insulin reservoir (112)).

[0028] There may be one or more communications links
with one or more devices physically separated from the
insulin delivery device (102) including, for example, a
management device (104) of the user and/or a caregiver of
the user and/or a glucose monitor (106). The communication
links may include any wired or wireless communication link
operating according to any known communications protocol
or standard, such as Bluetooth®, Wi-Fi, a near-field com-
munication standard, a cellular standard, or any other wire-
less protocol The insulin delivery device (102) may also
include a user interface (117), such as an integrated display
device for displaying information to the user (108) and in
some embodiments, receiving information from the user
(108). The user interface (117) may include a touchscreen
and/or one or more input devices, such as buttons, knob or
a keyboard.

[0029] The insulin delivery device (102) may interface
with a network (122). The network (122) may include a local
area network (LAN), a wide area network (WAN) or a
combination therein. A computing device (126) may be
interfaced with the network, and the computing device may
communicate with the insulin delivery device (102).
[0030] The drug delivery system 100 may include a glu-
cose monitor (106) for sensing the blood glucose concen-
tration levels of the user (108). The glucose monitor (106)
may provide periodic blood glucose concentration measure-
ments and may be a continuous glucose monitor (CGM), or
another type of device or sensor that provides blood glucose
measurements. The glucose monitor (106) may be physi-
cally separate from the insulin delivery device (102) or may
be an integrated component thereof. The glucose monitor
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(106) may provide the controller (110) with data indicative
of measured or detected blood glucose levels of the user
(108). The glucose monitor (106) may be coupled to the user
(108) by, for example, adhesive or the like and may provide
information or data on one or more medical conditions
and/or physical attributes of the user (108). The information
or data provided by the glucose monitor (106) may be used
to adjust drug delivery operations of the insulin delivery
device (102).

[0031] The drug delivery system (100) may also include
the management device (104). The management device
(104) may be a special purpose device, such as a dedicated
personal diabetes manager (PDM) device. The management
device (104) may be a programmed general purpose device,
such as any portable electronic device including, for
example, a dedicated controller, such as processor, a smart-
phone, or a tablet. The management device (104) may be
used to program or adjust operation of the drug delivery
device (102) and/or the sensor (104). The management
device (104) may be any portable electronic device includ-
ing, for example, a dedicated controller, a smartphone, or a
tablet. In the depicted example, the management device
(104) may include a processor (119) and a storage (118). The
processor (119) may execute processes to manage a user’s
blood glucose levels and for control the delivery of the drug
or therapeutic agent to the user (108). The processor (119)
may also be operable to execute programming code stored in
the storage (118). For example, the storage may be operable
to store one or more control applications (120) for execution
by the processor (119). The storage (118) may store the
control application (120), histories (121) like those
described above for the insulin delivery device (102) and
other data and/or programs.

[0032] The management device (104) may include a user
interface (123) for communicating with the user (108). The
user interface may include a display, such as a touchscreen,
for displaying information. The touchscreen may also be
used to receive input when it is a touch screen. The user
interface (123) may also include input elements, such as a
keyboard, button, knobs or the like.

[0033] The management device 104 may interface with a
network (124), such as a LAN or WAN or combination of
such networks. The management device (104) may commu-
nicate over network (124) with one or more servers or cloud
services (128). The role that the one or more servers or cloud
services (128) may play in the exemplary embodiments will
be described in more detail below.

[0034] FIG. 2 depicts a block diagram of a device (200)
suitable for performing the methods that will be described in
more detail below. The device (200) may in different exem-
plary embodiments be the insulin delivery device (102), the
management device (104), the computing device (126) or
the one or more servers (128). Where the device is the
computing device (126), or the one more servers or cloud
services (128), the device (200) may act in cooperation with
the management device (104) and the insulin delivery device
(102) to perform the methods. The device (200) includes a
processor (202) for executing programming instructions.
The processor (202) has access to a storage (204). The
storage (204) may store an application (206) for performing
the methods. This application (206) may be executed by the
processor (202). The storage (204) may store an insulin
delivery history (208) for the user. The insulin delivery
history (208) may contain data regarding the amount of
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insulin delivered as well as the date and time of the deliv-
eries. The insulin delivery history (208) may also identify if
each delivery is a basal delivery or a bolus delivery. The
storage (204) may store the blood glucose history (210). The
blood glucose history (210) may include blood glucose
concentration readings as well as the date and time of such
readings. These values may be obtained by the glucose
monitor (106). The storage (204) additionally may store
information regarding events (212), like meal events and
exercise events. The storage may hold information regarding
the fuzzy sets (213), including their associated member
functions.

[0035] The device (200) may include a network adapter
(214) for interfacing with networks, like networks (122 and
124). The device (200) may have a display device (216) for
displaying video information. The display device (216) may
be, for instance, a liquid crystal display (LCD) device, a
light emitting diode (LED) device, etc. The device (200)
may include one or more input devices (218) for enabling
input to be received. Examples of input devices include
keyboards, mice, pointing devices, touchscreen displays,
button, knobs or the like.

[0036] As was mentioned above, the exemplary embodi-
ments may analyze empirical data for the user to identify
instances where the user partakes in meals and to determine
information regarding such meals. Initially, information
regarding the meals must be identified in the empirical data.
For example, the empirical data may be analyzed to identify
when meals occur and the size of each meal. Thus, as shown
in the flowchart (300) of FIG. 3, the exemplary embodi-
ments may analyze the empirical data to locate a next meal
(302). The empirical data may hold data for multiple, days,
weeks or months. The data is analyzed in sequential fashion
from a start date/time to an end date/time. Once the next
meal is located, the particulars regarding the meal may be
determined and stored in a storage (304), such as storage
(204). A check is made whether there are indicators of a next
meal in the empirical data (306). If so, the process is
repeated beginning with (302). Otherwise the process is
completed for meals in the empirical data.

[0037] FIG. 4 shows a flowchart (400) of steps that may be
performed in identifying and storing meal particulars (304).
The process may determine and store information regarding
when a meal occurs (402). This may include, for example,
date, time and/or duration information for the meal. How the
meal is identified may depend on the nature of the empirical
data, as will explained below relative to examples with
different types of empirical data. The determining of the
meal particulars may also include identifying the size of the
meal ingested or alternatively determining the amount of
carbohydrates ingested (404). In general, the size of the meal
is a sufficient proxy for the amount of carbohydrates
ingested. Such information may be stored for future refer-
ence.

[0038] One type of empirical data may be blood glucose
concentration history for a user.

[0039] FIG. 5 shows a flowchart (500) for the steps that
may be performed to identify meal information when the
empirical data is blood glucose concentration history. In
looking for meals, the process may look for positive blood
glucose excursions in the blood glucose concentration his-
tory. Since ingesting a meal increases the blood glucose
concentration of the user, this should be reflected in the
blood glucose concentration history of the user as a positive
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excursion. Hence, the process identifies positive blood glu-
cose excursions in the blood glucose concentration history
(502). The start and end of the excursion may be noted to
determine the start time, end time and duration of the
excursion (504). Once the blood glucose excursion is noted,
the process may work backwards to figure out the time when
the meal was ingested based on the typical delay before the
meal is reflected in the blood glucose history. Alternatively,
the time which the blood glucose concentration increase
begins may be noted and used by the process to identify
when the meal that was ingested appears in the blood
glucose concentration history. The process also identifies the
size of the meal ingested (506). The magnitude of the
increase in blood concentration during the excursion may
reflect the size of the meal ingested. More particularly, the
process is interested in the amount of carbohydrates
ingested, which is generally reflected in the size of the meal
ingested. The duration of the blood glucose excursion may
also be used as an indicator of the size of the meal ingested.
This is because a bigger meal will result in a longer blood
glucose excursion than a smaller meal.

[0040] The empirical data may be the insulin bolus deliv-
ery history for the user. The history of insulin bolus deliv-
eries may be analyzed to determine when meals are ingested
and the size of meals. FIG. 6 depicts a flowchart (600)
depicting steps that may be performed in analyzing the
history of insulin bolus deliveries to the user. First, the
process begins by identifying an insulin bolus delivery to the
user in the history being analyzed (602). If the history
includes all insulin deliveries to the user, the boluses may be
identified by their magnitude as they are larger in dose than
basal insulin deliveries from the AID device. The time of the
insulin bolus delivery is identified (604). The time may
reflect the time of day alone or a combination of date and
time or day of the week and time. The dosage of the bolus
that was delivered is determined (606), and the dosage is
used as to estimate the size of the meal ingested (608).
Generally, a user chooses a dosage for an insulin bolus that
matches the size of meal they ingest. This assumes that the
user delivers a bolus of the correct amount.

[0041] As was mentioned above, other factors correlated
to whether a user takes additional action that affects blood
glucose concentration, such as user exercise and the inten-
sity of the user exercise, may be located and noted in the
empirical data. FIG. 7 depicts a flowchart (700) of steps that
may be performed by exemplary embodiments to identify
information regarding user exercise in the empirical data.
First, an exercise event is identified in the empirical data
(702). The particulars of the exercise event are determined
and stored (704). Analysis of the empirical data continues by
checking if there is another exercise event indicated by the
empirical data (706). If not, the process is complete. If so,
the process repeats for the next exercise event beginning at
(702).

[0042] FIG. 8 depicts a flowchart (800) depicting more
detail regarding the particulars that are determined and
stored for the exercise event (see 704). A determination is
made from the empirical data when the exercise event began
is stored (802). The intensity of the exercise is also deter-
mined and stored (804).

[0043] Some AID devices have a mode to indicate exer-
cise or to protect against hypoglycemia. The history of when
this mode is invoked and how long the remains active may
be analyzed to identify exercise events and the intensity of
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the exercise. FIG. 9 depicts a flowchart (900) illustrating
how such mode information may be analyzed. First, when
the mode changes may be determined to be when the
exercise event begins (902) and may be stored. This may be
recorded as time and optionally date information. The dura-
tion over which the mode is active may be determined from
the empirical data (904). The intensity of the exercise event
may be determined from the duration over which the mode
is active and stored (906). The duration roughly equates with
how long the user exercises and hence is reflective of the
intensity of the exercise.

[0044] The exercise event information may also be iden-
tified in empirical data in the form of blood glucose con-
centration history. FIG. 10 depicts a flowchart (1000) of
steps that may be performed to identify exercise event
information from blood glucose concentration history for a
user. Initially, a determination is made of when the rate of
decrease is blood glucose concentration is great enough to
indicate an exercise event (1002). When the rate of change
in the decrease in blood glucose concentration is great
enough, it is an indication of when the user began exercising
and is stored (1004). The intensity of the exercise may then
be determined and stored (1006). The duration of time over
which the rate of decrease in blood glucose concentration is
elevated may be used to determine how long the user
exercised and thus, may be used to determine the intensity
of user exercise and is stored (1008).

[0045] Once the meal particulars and the exercise particu-
lars have been identified in the empirical data, the meal
particulars and the exercise particulars may be used as
depicted in the flowchart (1100) of FIG. 11. Specifically, as
was discussed above, the empirical data is processed to
identify the likelihood that meal events and exercise events
may lead to additional action by the user that affects blood
glucose concentrations by the user (1102). Thus, the analysis
looks at when meals are ingested and the size of the meals
as well as when a user exercises and the intensity of the
exercise to determine a correlation to the user taking addi-
tional action that affects blood glucose concentration. FIG.
12 depicts an illustrative table 1200 that shows the correla-
tion. The columns (1202) each reflect an intensity level of
user exercise and the rows (1204) reflect a size of meal for
the user (relative to a normal size meal). There is a row
(1206) for a low sized meal, a row (1208) for a normal sized
meal and a row (1210) for a high sized meal. There are
columns for no exercise (1212), a column for low intensity
exercise (1214), a column for medium intensity exercise
(1216) and a column for high intensity exercise (1218).

[0046] Each entry reflects a likelihood that the user will
take additional action which will affect blood glucose con-
centration based on the size of meal ingested and the
intensity of user exercise. The empirical data is analyzed to
determine these likelihood categories. In the illustrative
table (1200), the empirical data indicates there is a low
likelihood of the user taking additional action that affects
blood glucose concentration if the user eats a normal size
meal and does not exercise as reflected by entry (1220).
However, there is a moderate probability of the user taking
additional action that affects blood glucose concentration if
the user eats a normal sized meal and exercises with a low
intensity as indicated by entry (1222). The likelihood
increases to a high probability if the user eats a high sized
meal and exercises with a low intensity as indicated by entry
(1224). The likelihood increases to a very high probability if
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the user eats a high sized meal and exercises with a high
intensity as indicated by entry (1226).

[0047] The probability of such categories of likelihood are
determined over time (a period of interest) (1104). This may
entail determining how often each of the meal size/exercise
intensity pairs of the table occur and what category is
associated with the pair. For example, the probability of the
moderate category can be determined by adding the prob-
ability for the entries having that category as a value (i.e., the
probability of the high meal size and no exercise and the
probability of the normal meal size and low intensity exer-
cise). FIG. 13 depicts a plot (1300) of probability curves for
the low likelihood category (1302), the moderate likelihood
category (1304), the high likelihood category (1306) and the
very high likelihood category (1308). As can be seen, each
curve contains probability values ranging from 0 to 1 that
vary over time of day beginning at midnight and extending
for 24 hours.

[0048] Those skilled in the art will appreciate that the
period of time for the probabilities need not be hours and
may extend beyond a single day to multiple days or weeks.
Moreover, different number of likelihood categories may be
used and different correlated factors may be used.

[0049] Fuzzy sets are created for each of the categories
(1106). Each of the categories has a response for the insulin
delivery settings that is reflective of the associated likeli-
hood that the user will take additional action that affects
blood glucose concentration. These settings may reflect
parameters, such as constraints that may be loosened or
tightened. Each fuzzy set has a membership function reflec-
tive of the probability of the likelihood category over time
of'day (as reflected by the curves (1302), (1304), (1306) and
(1308) in FIG. 13).

[0050] For any given point at time, the control application
may use membership function for each likelihood category
to obtain a probability of that category. The response of each
category may be weighted, such as by the probability
provided by the associate membership function, and the
cumulative response may be determined to the sum of the
category response weighted by their respective probabilities
(1108). For example, given respective probabilities of 0.5,
0.25, 0.25 and O for the fuzzy sets, the cumulative response
could be determined as:

Cumulative response=0.5*response of the low fuzzy
set+0.25*the response of moderate fuzzy set+0.
25*the response of high fuzzy set+0.0*the
response of the very high fuzzy set.

[0051] The weights also may include weighting coeffi-
cients and offsets in addition to the probability value.
[0052] While the present invention has been described
herein relative to exemplary embodiments, those skilled in
the art will appreciate that various changes in form and detail
may be made without departing from the intended scope as
defined by the appended claims.

1. A method performed by a processor for controlling an
automated insulin delivery device, comprising:

analyzing blood glucose history, insulin bolus history
and/or meal event flags for a user of the automated
insulin delivery device to identify when the user has
ingested meals and to categorize sizes of the ingested
meals;

analyzing the blood glucose history, insulin delivery his-
tory and/or user-entered information for the user to
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identify when the user has exercised and categorizing
an intensity of the identified user exercise;
analyzing the blood glucose history for the user and the
insulin delivery history for the user to determine the
likelihood that the user will take additional action
affecting blood glucose over time of day based on when
the meals are ingested, the categorized sizes of the
meals ingested, when the user exercises and the cat-
egorized intensity of exercise of the user;

establishing fuzzy sets for categories of the determined
likelihoods that the user will take additional action
affecting blood glucose, wherein each fuzzy set is
associated with a quantitative response to be taken by
the automated insulin delivery device according to the
respective categories of determined likelihoods that the
user will take additional action;

for a given time of day, determining a set membership

probability for each of the fuzzy sets for the user based
on the determined likelihood that the user will take
additional action affecting blood glucose for the given
time of day;

weighting the quantitative responses of each of the fuzzy

sets by the determined membership probabilities for the
respective fuzzy sets;

summing the weighted quantitative responses of the fuzzy

sets to determine the cumulative response to apply; and
apply the cumulative response in the automated insulin
delivery device.

2. The method of claim 1, wherein the identifying of when
the user has ingested meals and the categorizing of the sizes
of ingested meals comprises analyzing blood glucose excur-
sions in the blood glucose history.

3. The method of claim 1, wherein the identifying of when
the user has ingested meals and the categorizing of the sizes
of ingested meals comprises determining when a user deliv-
ers insulin boluses and dosages of the insulin boluses.

4. The method of claim 3, wherein the dosages of the
insulin boluses are analyzed to categorize the sizes of the
meals.

5. The method of claim 1, wherein the identifying of when
the user has ingested meals comprises determining times of
meal event flags.

6. The method of claim 1, wherein the identifying when
the user has exercised and categorizing an intensity of the
identified user exercise comprises identifying when the user
has activated a mode that decreases or halts automated
delivery of insulin by the insulin delivery device and deter-
mining the intensity of the user exercise based on a duration
that the mode remains activated.

7. The method of claim 1, wherein the identifying when
the user has exercised and categorizing an intensity of the
identified user exercise comprises analyzing the blood glu-
cose history for an excursion to identify when the user
exercised and analyzing a magnitude and/or duration of the
excursion to identify the intensity of the user exercise.

8. The method of claim 1, wherein the identifying when
the user has exercised and categorizing an intensity of the
identified user exercise comprises analyzing insulin delivery
history to identify when insulin delivery decreased at least a
threshold amount and identifying a duration and/or magni-
tude of the decrease of the insulin delivery decrease to
identify the intensity of the user exercise.

9. The method of claim 1, wherein the additional action
affecting blood glucose is one or more of the user delivering
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an excessive insulin bolus, the user delivering an insufficient
insulin bolus, the user overestimating meal carbohydrate
content, the user underestimating meal carbohydrate con-
tent, the user signaling exercise but not exercising and the
user signaling a need for a correction bolus but had not
ingested a meal.
10. The method of claim 1, wherein the cumulative
response is delivery of a specified amount of insulin to the
user via the automated insulin delivery device or halting
delivery of insulin to the user via the automated insulin
delivery device.
11. A non-transitory computer-readable storage medium
storing instructions that cause a processor to:
analyze blood glucose history, insulin bolus history and/or
meal event flags for a user of the automated insulin
delivery device to identify when the user has ingested
meals and to categorize sizes of the ingested meals;

analyze the blood glucose history, insulin delivery history
and/or user-entered information for the user to identify
when the user has exercised and categorizing an inten-
sity of the identified user exercise;

analyze the blood glucose history for the user and the

insulin delivery history for the user to determine the
likelihood that the user will take additional action
affecting blood glucose over time of day based on when
the meals are ingested, the categorized sizes of the
meals ingested, when the user exercises and the cat-
egorized intensity of exercise of the user;

establish fuzzy sets for categories of the determined

likelihoods that the user will take additional action
affecting blood glucose, wherein each fuzzy set is
associated with a quantitative response to be taken by
the automated insulin delivery device according to the
respective categories of determined likelihoods that the
user will take additional action;

for a given time of day, determine a set membership

probability for each of the fuzzy sets for the user based
on the determined likelihood that the user will take
additional action affecting blood glucose for the given
time of day;

weight the quantitative responses of each of the fuzzy sets

by the determined membership probabilities for the
respective fuzzy sets;

sum the weighted quantitative responses of the fuzzy sets

to determine the cumulative response to apply; and
apply the cumulative response in the automated insulin
delivery device.

12. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying of when the
user has ingested meals and the categorizing of the sizes of
ingested meals comprises analyzing blood glucose excur-
sions in the blood glucose history.

13. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying of when the
user has ingested meals and the categorizing of the sizes of
ingested meals comprises determining when a user delivers
insulin boluses and dosages of the insulin boluses.

14. The non-transitory computer-readable storage
medium of claim 13, wherein the dosages of the insulin
boluses are analyzed to categorize the sizes of the meals.

15. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying of when the
user has ingested meals comprises determining times of
meal event flags.
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16. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying when the user
has exercised and categorizing an intensity of the identified
user exercise comprises identifying when the user has acti-
vated a mode that decreases or halts automated delivery of
insulin by the insulin delivery device and determining the
intensity of the user exercise based on a duration that the
mode remains activated.

17. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying when the user
has exercised and categorizing an intensity of the identified
user exercise comprises analyzing the blood glucose history
for an excursion to identify when the user exercised and
analyzing a magnitude and/or duration of the excursion to
identify the intensity of the user exercise.

18. The non-transitory computer-readable storage
medium of claim 11, wherein the identifying when the user
has exercised and categorizing an intensity of the identified
user exercise comprises analyzing insulin delivery history to
identify when insulin delivery decreased at least a threshold
amount and identifying a duration and/or magnitude of the
decrease of the insulin delivery decrease to identify the
intensity of the user exercise.

19. The non-transitory computer-readable storage
medium of claim 11, wherein the additional action affecting
blood glucose is one or more of the user delivering an
excessive insulin bolus, the user delivering an insufficient
insulin bolus, the user overestimating meal carbohydrate
content, the user underestimating meal carbohydrate con-
tent, the user signaling exercise but not exercising and the
user signaling a need for a correction bolus but had not
ingested a meal.

20. The non-transitory computer-readable storage
medium of claim 11, wherein the cumulative response is one
of delivery of a specified amount of insulin to the user via
the automated insulin delivery device or halting delivery of
insulin to the user via the automated insulin delivery device.

21. An electronic device comprising:

a storage medium for storing blood glucose history for a
user, insulin delivery history for a user and a control
software for controlling automated insulin delivery to
the user; and
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a processor for executing the control software for:

analyzing blood glucose history, insulin bolus history
and/or meal event flags for a user of the automated
insulin delivery device to identify when the user has
ingested meals and to categorize sizes of the ingested
meals;

analyzing the blood glucose history, insulin delivery
history and/or user-entered information for the user
to identify when the user has exercised and catego-
rizing an intensity of the identified user exercise;

analyzing the blood glucose history for the user and the
insulin delivery history for the user to determine the
likelihood that the user will take additional action
affecting blood glucose over time of day based on
when the meals are ingested, the categorized sizes of
the meals ingested, when the user exercises and the
categorized intensity of exercise of the user;

establishing fuzzy sets for categories of the determined
likelihoods that the user will take additional action
affecting blood glucose, wherein each fuzzy set is
associated with a quantitative response to be taken
by the automated insulin delivery device according
to the respective categories of determined likeli-
hoods that the user will take additional action;

for a given time of day, determining a set membership
probability for each of the fuzzy sets for the user
based on the determined likelihood that the user will
take additional action affecting blood glucose for the
given time of day;

weighting the quantitative responses of each of the
fuzzy sets by the determined membership probabili-
ties for the respective fuzzy sets;

summing the weighted quantitative responses of the
fuzzy sets to determine the cumulative response to
apply; and

apply the cumulative response in the automated insulin
delivery device.
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