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AUTOMATIC MEDICATION DELIVERY determining a dose amount of insulin delivered ; based on the 
TRACKING received or determined the blood sugar level and dose 

amount of insulin delivered , determining whether a prede 
CROSS - REFERENCE TO RELATED termined amount of insulin is needed to lower the blood 

APPLICATIONS sugar level to a predetermined blood sugar level ; and upon 
determination that the predetermined amount of insulin is 

This patent document is a 371 National Phase Application needed , determining when to prompt the user to administer 
of PCT Application No. PCT / US2017 / 015452 entitled an additional dose of insulin comprising the predetermined 
“ AUTOMATIC MEDICATION DELIVERY SYSTEM ” amount of insulin . 
filed on Jan. 27 , 2017 , which claims priorities to and benefits In an example embodiment of a method of reporting of 
of U.S. Provisional Patent Application No. 62 / 289,082 insulin delivery statistics , the method includes automatically 
entitled " AUTOMATIC MEDICATION DELIVERY scaling a medication delivery graph by setting a maximum 
TRACKING ” filed on Jan. 29 , 2016. The entire contents of dose value displayed on the graph based on a maximum dose 
the aforementioned patent applications are incorporated by entered into user settings . 
reference as part of the disclosure of this patent document . In an example embodiment of a method of activating 

periodic dose delivery settings , the method includes receiv 
TECHNICAL FIELD ing from a user a touch input indicating an activation of one 

or more of preexisting timed settings for delivering a dose of 
This patent document relates to medicine administering medication . 

and tracking systems , devices , and processes . In an example embodiment of a method of activating a 
medication delivery system , the method includes detecting , 

BACKGROUND at a companion device , a medication delivery device for 
pairing ; pairing with the detected medication delivery 

Diabetes mellitus , also referred to as diabetes , is a meta- device ; and disabling a dose calculator on the companion 
bolic disease associated with high blood sugar due to 25 device until the pairing is successful . 
insufficient production or use of insulin by the body . Dia- In an example embodiment of a mechanical sensor for 
betes is widely - spread globally , affecting hundreds of mil- tracking insulin delivery in a medication delivery device , the 
lions of people , and is among the leading causes of death mechanical sensor includes a multichannel encoder to pro 
globally . Diabetes has been categorized into three categories vide multiple normal states and multiple abnormal states , 
or types : type 1 , type 2 , and gestational diabetes . Type 1 30 wherein a detection of one of the abnormal states indicates 
diabetes is associated with the body's failure to produce an error on the encoder . 
sufficient levels of insulin for cells uptake glucose . Type 
2 diabetes is associated with insulin resistance , in which BRIEF DESCRIPTION OF THE DRAWINGS 
cells fail to use insulin properly . The third type of diabetes 
is commonly referred to as gestational diabetes , which can 35 FIG . 1A shows an example embodiment of a smart cap 
occur during pregnancy when a pregnant woman develops a implemented as a replacement cap device . 
high blood glucose level . Gestational diabetes can develop FIG . 1B shows an example embodiment of a smart cap 
into type 2 diabetes , but often resolves after the pregnancy . implemented as an attachment device . 

FIG . 1C shows an example embodiment of a smart cap 
SUMMARY 40 implemented as a carrying case device . 

FIG . 1D shows a diagram of an example embodiment of 
Systems , devices , and techniques are disclosed for admin- a smart device in accordance with the disclosed technology . 

istering and tracking medicine to patients and providing FIG . 2 shows an exemplary smart cap device pairing with 
health management capabilities for patients and caregivers . a companion device . 

In one aspect , a medication delivery tracking device for 45 FIG . 3 shows a block diagram of an example embodiment 
interfacing with and physical placement on a medication of a data processing unit of the smart device . 
delivery pen device is disclosed . The medication delivery 
tracking device can detect an occurrence of a delivery of a DETAILED DESCRIPTION 
medication by the medication delivery pen device . 

In an example embodiment of a device for tracking 50 Various diseases and medical conditions , such as diabetes , 
medication delivery by a medication delivery pen , the require a patient to self - administer doses of a fluid medica 
device includes a body structured to interface with and tion . Typically , when administering a fluid medication , the 
reversibly attach to a portion of a medication delivery pen ; appropriate dose amount is set and dispensed by the patient 
a sensor to detect an occurrence of a delivery of a medication using a syringe , a pen , or a pump . For example , self 
by the medication delivery pen ; and a data processing unit 55 administered medicaments or medicine include insulin used 
configured to communicate with a companion computing to treat diabetes , Follistim® used to treat infertility , or other 
device and transmit data associated with the detected occur- injectable medicines such as Humira® , Enbrel® , Lovenox® 
rence of the delivery of the medication by the medication and Ovidrel® , or others . 
delivery pen to the companion computing device . A medicament pen , also referred to as a pen , is a device 

In an example embodiment of a computer - implemented 60 that can be used to inject a quantity of a medicine ( e.g. , 
method of applying an artificial pancreas algorithm in a single or multiple boluses or doses of the medicine ) into a 
diabetes management system including a glucose monitor user's body , where more than one dose can be stored in a 
device , an insulin delivery pen , and a smartphone including medicine cartridge contained in the pen device . Pens offer 
a software application including instructions executable by the benefit of simplicity over other methods of delivery , such 
a processor of the smartphone to cause the smartphone to 65 as syringe or pump - based methods . For example , syringes 
implement the method , the method includes receiving or typically require more steps to deliver a dose , and pumps 
determining a blood sugar level of a user ; receiving or typically are more complicated to use and require a constant 
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tether to the patient . However , previously there has not been the carrying case may detect the amount of insulin used 
automated ways to track and communicate the doses given while the pen was removed , indicating the dose size . In some 
with the pen in a simple , effective and reliable manner . In implementations , the carrying case may recharge a smart 
addition , it can be difficult to know how much to dose with pen or smart device , such as smart cap 100 or 130 , attached 
the pen , when to dose , or if the patient dosed at all . 5 to a mechanical pen . In some implementations , the carrying 
As with the dosing of any medication , it is sometimes case may download data temporarily stored in a smart pen 

hard for a patient to remember if a dose has been given . For or smart device and relay it to a companion device such as 
this reason , for example , pill reminders have been developed a smartphone . 
where the patient places the medication for the day in a cup FIG . 1C shows an example embodiment of a carrying case 
labeled with that day . Once they take their medication , there 10 smart cap 140. The carrying case smart cap 140 includes a 
is no question it has been taken because the pills are no case body 142 having a cavity region 141 structured to allow 
longer in the cup . Yet , there are no widely acceptable the medication delivery pen 110 to be placed and held by the 
solutions that address this problem for injection - based thera- carrying case smart cap 140. The carrying case smart cap 
pies . Therefore , without simple , effective and reliable ways 140 includes a sensor 143 to detect the removal of the pen 
of tracking medicine doses , particularly for managing life- 15 110 from the cavity region 141. In some implementations , 
long or chronic conditions like diabetes , patients may easily the sensor 143 detects an amount of insulin to be delivered 
miss a dose or administer an incorrect dose ( e.g. , under - dose when the pen is removed , indicating the dose size . For 
or over - dose ) of their medicine which may result in serious , example , the cavity region 141 can allow an expanded cavity 
dangerous consequences to their health . portion where the sensor 143 is positioned and aligned 

Smart Cap for a Medication Pen 20 proximate to the dose dial - up component of the pen 110 . 
Various implementations and examples of the disclosed FIG . 1D shows a diagram of an example embodiment of 

technology can be used to develop a smart cap for a a smart device 150 for tracking medication delivery by a 
medication pen . The smart cap according to the disclosed medication delivery pen . The smart device 150 can include 
technology can be designed to be placed on or integrated various embodiments of the disclosed devices for tracking 
with a conventional medication pen , such as an insulin pen 25 medication delivery , e.g. , such as smart cap 100 , 130 or 140 . 
or other type of medication pen , to facilitate tracking of the As depicted in FIG . 1D , the smart device 150 includes a 
medicine delivered by that medication pen , e.g. , such as body 151 structured to interface with and reversibly attach 
tracking that a delivery event occurred , tracking the dose , to a portion of a medication delivery pen ( e.g. , pen 110 ) . The 
tracking the time of delivery , etc. In some implementations , smart device 150 includes a sensor 152 to detect an occur 
the smart cap can be designed for a rudimentary medication 30 rence of a delivery of a medication by the medication 
pen , such as a disposable insulin pen which typically does delivery pen 110. The sensor 152 can be coupled to the body 
not have a mechanism to track delivery of the medication 151 in a manner that integrates into the form factor of the 
from the disposable pen . The smart cap can track various smart device . In some implementations , the sensor 152 
data ( e.g. , dose and temperature ) related to the delivery of includes an audio transducer to detect a sound associated 
the medication by the medication pen and transmit the 35 with a dose setting or dispensing of the medication per 
tracked data to a companion device , such as a smartphone , formed by the pen 110 , a rate sensor to detect a motion 
tablet , wearable communication device such as a smart- associated with a dose setting or dispensing of the medica 
watch or the like , computer , web - server , etc. tion performed by the pen 110 , and / or a tactile sensor to 
Form Factor detect a force or pressure associated with a dose setting or 
The form factor for various embodiments of the smart cap 40 dispensing of the medication by the pen 110. The smart 

can be designed to be a replacement for the existing ordinary device 150 includes a data processing unit 300 configured to 
cap used to cover the needle of the pen . FIG . 1A shows an communicate with and transmit data and / or sensor signals to 
example embodiment of a replacement smart cap 100. The the companion device 200 associated with the detected 
replacement smart cap 100 fits on a medication pen 110 to occurrence of the delivery of the medication by the medi 
replace an existing ordinary cap ( not shown ) . In the replace- 45 cation delivery pen 110. The data processing unit 300 is 
ment implementation , the smart cap 100 can perform certain discussed later in FIG . 3. In various implementations of the 
operations when the smart cap is removed from the pen . For smart device , the sensor can include a microphone , an 
example , the smart cap 100 can be designed to transmit the accelerometer , a gyro sensor , and / or a strain gauge . 
tracked data when the smart cap 100 is removed from the Tracking Dose Delivery 
pen . Various embodiments of the disclosed smart cap can 

Alternatively , the smart cap can be designed as an attach- automatically track medication delivery without requiring 
ment device ( e.g. , a sleeve ) that attaches to or slips onto the additional steps . For example , the disclosed smart cap can 
medication pen . FIG . 1B shows an example embodiment of track that a dose ( or a pre - set size of a dose ) has been 
an attachment smart cap 130. The attachment smart cap 130 delivered regardless of whether or not the user has primed 
fits on a medication pen 110 as an attachment . In the 55 the pen . This way , the delivered dose can be accurately 
attachment implementation , the medication pen 110 can tracked without keeping track of any additional steps . 
maintain the existing ordinary cap 120. In the attachment The disclosed technology provides for a number of dif 
implementation , the smart cap 130 does not need to be ferent ways to track medication delivery using the smart cap . 
removed to perform certain operations , such as transmitting In some implementations , the smart cap can sense the 
the tracked data . The smart cap 130 implemented as an 60 audible or tactile feedback from the medication pen when 
attachment is removed from the medication pen 110 when the medication dose is “ dialed up . ” For example , the 
switching to a new pen . mechanical dosing component of the medication pen 

In some embodiments , the smart cap device may be a requires a user to “ dial up ” a dose by turning a dial or 
carrying case that holds the medication pen 110 ( and option- wheel - like mechanical component . The act of dialing a dose 
ally , additional pens or other devices ) . In implementations , 65 can provide audible ( e.g. , " clicking sound ” ) , rate ( e.g. , 
the carrying case can detect removal of the pen 110 , indi- translational and / or angular acceleration or velocity ) and 
cating that a dose is being taken . In some implementations , tactile ( e.g. , resistance or vibrations felt when turning the 

50 



US 10,864,327 B2 
5 6 

dial or wheel ) feedback . The smart cap can include an Prime Differentiation 
appropriate sound transducer or sensor , such as a micro- The smart cap can be implemented for long - acting insulin 
phone to listen for the clicks of the dial or wheel on the delivery and tracking applications . Typically , for example , 
medication pen to determine the dose size . Similar tech- for long - acting insulin delivery , the same amount of insulin 
niques can be applied to “ feel ” the clicks using a tactile 5 is delivered each time . Thus , the smart cap can be imple 
sensor , such as an accelerometer , pressure sensor and / or mented to track the delivery of the long acting insulin 
strain gauge . Also , techniques can be applied to detect the without necessarily tracking the size of the dose . In some 
rate a mechanical component of the pen , such as the dial or implementations , the smart cap includes a dosing dial that 
wheel , moves . the user interfaces to enter the constant dose one time . Then , 

Similarly , the smart cap can sense the audible or tactile 10 each time the smart cap is removed from the medication pen 
feedback when the dose is dispensed from the medication ( or replaced ) , the smart cap can transmit the dialed - in 
pen . In some implementations , the smart cap may be posi- constant dose to the companion device , such as a smart 
tioned over the pen’s dispensing button such that the smart phone . When the user needs to adjust a dose , the physical 
cap itself is pressed to dispense the dose . For example , a dial can be adjusted . In some implementations , the smart cap 
sensor such as an electromechanical switch can detect when 15 is designed to simply transmit that a dose delivery of the 
the dose is being dispensed so that it knows when to gather constant dose has occurred ( e.g. , whenever the smart cap is 
the audible or tactile input to detect dose size . removed or replaced from the medication pen ) . In this 

Insulin pens generally produce a clicking sound while manner , the dose data recorded on the companion device is 
dialing as an audio and a tactile feedback to the user , and only that of the constant dose that the patient injected into 
some also produce a clicking sound during dosing . The 20 his / her body using the pen . 
clicking by the insulin delivery pens is related to dose size In some implementations , the dose amount of the constant 
( e.g. , a 3 unit dose may produce 3 clicks ) . For example , the dose that is delivered when the smart cap transmits data that 
clicks are generated mechanically by a detent or other the dose has been delivered can be set on the companion 
snapping mechanism causing vibration which can be felt and device , such as on a smartphone using a smartphone appli 
heard . 25 cation ( also referred to as an “ app ” ) . In one example , the 

In some examples , the medicament pen may produce user sets a particular dose size and the application assumes 
different sounds when increasing or decreasing a pre - set that the user set dose was delivered each time a transmission 
dose , so that an audio sensor ( e.g. , sensor 152 ) can be used is received from the smart cap . The user can override or 
to differentiate between the different sounds , and thereby adjust the tracked dose size through the smartphone applia 
accurately deduce a final dialed dose amount . 30 cation as needed . 

In some implementations , the smart device 150 ( e.g. , Bonding / Pairing of the Pen and the Companion Device 
smart cap 100 , 130 ) can employ the sensor 152 , e.g. , an In order to transmit the tracked dose data to a companion 
audio transducer ( such as a microphone or piezoelectric device , the smart cap can pair or bond with the companion 
element ) and / or a vibration transducer ( such as an acceler- device . A paired or bonded smart cap can be unpaired or 
ometer or electromagnetic pickup ) , to detect the clicks 35 unbonded through a specific unpairing or unbonding pro 
produced by the pen 110 when the user is setting a dose or 
delivery a dose . For example , the smart device 150 can be FIG . 2 shows a smart cap bonding and unbonding with a 
attached to the pen 110 such that the sensor 152 is operably companion device 200. The example of FIG . 2 illustrates the 
coupled to the pen’s mechanism that sets and / or delivers a bonding or pairing of the smart cap 100 with the companion 
dose of the medication such that the sensor is able to detect 40 device 200 , but it is understood that other embodiments of 
the sound and / or vibration from the 110 in a manner detect- the smart cap can implement the bonding / unbonding or 
able at a much higher level than from other sources in the pairing / unpairing process , such as the smart cap 130. The 
environment , e.g. , in which the smart device 150 does not smart cap 100 can be ‘ bonded ' or “ paired ' to the companion 
falsely interpret environmental noise as dosing information . device 200 and ‘ unbonded ' or ' unpaired ' to the companion 

In some implementations , the smart device 150 can be 45 device 200 based on the following security communication 
coupled on or over the dispense button of the medication methods . For example , the bonding of a particular smart cap 
delivery pen 110 , such that pressing on the smart device 150 device belonging to the user to a particular companion 
will cause the pen 110 to dispense a dose , which would also device of the user ( e.g. , the user's smartphone device , tablet , 
allow an electrical pushbutton to be activated on the smart etc. ) may need to be reset or cleared so that the particular 
device 150 to detect when it is being depressed . In this way , 50 smart cap may be bonded to a new companion device of the 
for example , the smart device 150 detects clicks only when user or other ( e.g. , such as a new smartphone , tablet , etc. of 
a dose is being dispensed , counting the clicks to indicate a the user ) . The bonding security feature can include a security 
dispensed amount , and avoid falsely counting sound or code that the user enters on the companion device 200 via 
vibration from dialing or other handling of the device when the user interface of the software application after the smart 
not dispensing 55 cap 100 is detected by the companion device 200 as a smart 

In some implementations , the smart device 150 could cap device to be bonded . The unbonding security feature can 
detect the clicks associated with the pen 110 , in which include a program stored in the memory of the smart cap 100 
detection uses a threshold detector with a timeout between and / or in the cloud for providing to a new companion 
detections . For example , when sound level exceeds a pre- device , in which the program allows the unbonding to occur 
determined threshold ( e.g. , 60 dB ) , the smart device 150 60 upon a particular pattern of detectable implementation 
counts that as a click and waits a brief delay period ( e.g. , 1 events performed on the smart cap 100. For example , the 
ms ) for the sound to end before allowing detection of a program can unlock the smart cap companion device bond 
subsequent click . Additionally or alternatively , for example , ing between the smart cap 100 and the initial companion 
the smart device 150 can include a digital signal processor device 200 ( e.g. , which may have been lost , damaged , or 
that applies pattern recognition techniques to detect the 65 replaced by the user ) when the user implements the pattern , 
waveform of a click and differentiate it from environmental egy and therefore allowthe smart cap1Qqtobe bonded to 
noise . another companion device of the user . For example , the 
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program can include a pattern of events that correspond to app ( e.g. , as a background image on the user interface of the 
a sequence . In one example , such unbonding sequence is app ) to give an intuitive overview of user compliance or 
effectuated by removing the smart cap 100 for a minimum 
of 5 seconds , followed by replacing the smart cap 100 for a Customized User Profile for Administration of Medica 
minimum of 5 seconds , and repeating both steps again . Such 5 tion 
a sequence can cause the smart cap 100 to be set back in a In some implementations , the user application on the 
mode where it may be bonded or paired to a new companion companion device can include user customizable features . 
device 200. Alternatively , or additionally , a button can be For example , the user can enter his / her medication delivery 
positioned on the smart cap 100 that resets the bonding of parameters in a variety of periodic delivery settings . 
the smart cap 100. In one example , such a button is placed Any number of delivery settings can be available on the 
in a recessed position on the smart cap 100 , which can be application and the user can simply activate any number of 
reset using , for example , an end of a paper clip . the periodic delivery settings by simply touching a user 

In some implementations , the companion device can selectable button , for example . Activated periodic delivery 
display the reset pattern to the user , e.g. , to ensure that the setting ( s ) can be programmed with specifics including the 
user is aware of the pattern in the program capable of maximum dose amount , target blood sugar level , etc. In 
unbonding the pen - companion bonding relationship . some implementations , for example , four delivery settings 

Reporting of Medication Delivery Statistics can pre - exist on the application representing medication 
Reporting of medication ( e.g. , insulin ) delivery statistics delivery after breakfast , after lunch , after a snack , and after 

can be confusing . For example , it can be difficult to deter- 20 dinner . The exact time of day for each delivery setting can 
mine the appropriate max - min values to scale the graphs of be determined by the user . When active ( e.g. , by user touch 
the medication delivery so that the graphs are visually selection ) , the active delivery setting can provide an alarm , 
informative to the user . In some implementations , the maxi- such as a sound , a light , a text message , etc. , through the 
mum value of the graph can be set as the maximum dose companion device , the smart cap , a smart pen , or a combi 
value or a value based on the maximum dose value that has 25 nation of the devices . The alarm can remind the user to 
been entered into the user settings . The maximum dose value administer the medication delivery as indicated on the active 
A ) is the largest dose of the medication expected to be delivery settings . In some implementations , only one time 
delivered and B ) should be set at a max threshold that is not setting is provided , whereby a single set of delivery settings much higher than a usual dose for safety mitigation . Using 
the maximum value based on the maximum dose allows the 30 meal . In still other implementations , the user can have a 

are constantly active , e.g. , for any time of day or type of 
graphs to be scaled for each individual user and provides choice among two or more different time settings , whereby easily understandable visibility to the data in the graph . In 
this manner , for example , the max - min values scaled to the the delivery settings automatically change at preset times 
graph are automatically customized to the user , e.g. , reduc throughout the day . For example , the application makes 
ing complexities in the user's management of his / her health 35 available both the one and the four time settings such that 
condition , such as diabetes . In some implementations , the either the one or the four time settings can be selected . In 
maximum scale value does not need to be exactly the some implementations , the user can create additional set 
maximum dose setting but can be scaled based on the tings or remove existing settings to simplify the user inter 
maximum dose , such as 1.1x , 2x , etc. of the maximum dose . face on the application . In some implementations , the user 
Using the above described technique , a properly scaled 40 application on the companion device can include missed 
graph is provided to each user , in which the limits on the meal alarms ( which are different from the previously 
graph stay constant over time , allowing the user to clearly described alarms associated with periodic delivery timed 
view the relevant graphs on a consistent basis . The graph can settings ) . In particular , missed meal alarms can be set for any 
be produced in a report , which can be provided to the user meal separate from the timed settings . For example , the user 
and / or a healthcare provider of the user , e.g. , the user's 45 may want the same carb factor all day long but be reminded 
physician ( s ) , nurse ( s ) , and / or caregivers such as family to take the noontime dose . Or the user may want different 
members , friends , and the like . timed settings all day and be reminded of only one dose or 

In some implementations , when reporting insulin usage , none at all . 
the report differentiates between insulin for glucose level Mechanical Sensor for Detecting Water Ingress 
correction and insulin for covering carbohydrate intake 50 Tracking medication delivery through a medication pen or 
( “ carb covering ' ) , based on dose calculations . For example , a smart cap can be performed using an appropriate sensor . In 
reports can provide average daily amounts of correction and some aspects of the present technology , a mechanical 
carb covering insulin . For example , reports can provide encoder can be used to perform the medication delivery 
percentages of fast - acting insulin used for glucose level tracking . For example , a multichannel mechanical encoder 
correction and for covering carbs , and possibly also long- 55 can be used to detect impossible states that indicate a 
acting insulin . problematic issue , such as water ingress that causes short 

In some implementations , statistics are displayed graphi- circuiting of the system . In a multichannel encoder , a certain 
cally in an artistic image , animation , or video . In an pattern of the encoder states are expected . For example , in 
example , the statistics are graphically displayed as a new a 2 channel ( quadrature ) encoder , there are 4 possible states , 
animated flower blooms every time the dose calculator is 60 1 , 2 , 3 and 4. However , in a 3 or 4 channel encoder , there can 
used , so that over time many flowers are displayed , indicat- be positions or states which are not normally possible . 
ing that the dose calculator is being utilized frequently . This Detection of the not normally possible states can indicate 
informs a physician or caregiver at a glance , and helps that encoder lines are shorted due to water ingress into the 
reinforce good behavior to the user . For example , graphical encoder , for example . When water ingress is detected , the 
representation may be a separate report that may be viewed 65 medication pen or the smart cap can be disabled so as to 
or transmitted . For example , graphical representation may prevent administration of the medication delivery for safety 
be persistently visible on the companion device or the main mitigation . 
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Application of Artificial Pancreas Algorithms to Pen companion device and / or smart device ) presenting an alarm 
System to the user upon a determination that a required change in the 

In another aspect , artificial pancreas algorithms can be user's blood sugar level to return to a predetermined target 
applied to a pen system . Artificial pancreas algorithms are level ( or target level range ) is greater than or equal to a 
used to track the blood sugar level of a person and the insulin 5 particular value , e.g. , such as 20 , 50 or 100 mg / dL , over the 
dose delivered to determine when a person needs additional predetermined target blood sugar level or range . Implemen 
administration of insulin dose . When automatically deliv- tations of the method are operable on the companion device 
ered through a pump system , for example , it can result in via the application associated with the pen ( e.g. , pen 110 ) 
what appears to be slightly higher basal rate because the and / or smart device ( e.g. , smart cap 100 , 130 ) . 
artificial pancreas algorithms determine periodically ( e.g. , 10 In some implementations , the method can be applied for 
every 5 minutes or so ) that the person needs slightly more minimizing correction doses using the insulin pen system , in 
insulin and cause the pump system to deliver a dose auto- which the method includes determining when to prompt the 
matically . Such constant reminder of insulin delivery does user to intake ( e.g. , eat ) an amount of carbohydrates ( e.g. , to 
not work with a pen system because the user would not want raise blood sugar levels to a predetermined blood sugar 
to be alerted to take insulin every 5 minutes ( especially since 15 level ) . 
the delivery is not automatic and must be manually dosed ) . In some embodiments , the method of applying an artifi 
In addition , the incremental amount of insulin that may need cial pancreas algorithm includes a process to optimize 
to be dosed each 5 minutes ( or so ) may be smaller than the treatment recommendations and / or conditions to minimize 
smallest dose a pen can deliver . the number of injections per day . The process can include 
The disclosed technology can be used to implement a 20 receiving or determining a preferred number of doses for 

minimum correction dose delivery feature . Using this fea- injection per day , and / or preferred maximum number of 
ture , the system does not prompt a user to deliver a dose of doses for injection per day . For example , the preferred 
insulin until the system determines that the person needs at number of doses per day and the preferred maximum 
least a predetermined amount of insulin ( perhaps 1 , 2 or 5 number of doses per day can be predetermined or user 
units ) or that the user needs the required amount of insulin 25 selectable via the application on the companion device . The 
to lower his / her blood sugar by a predetermined amount process can include an override of the preferred maximum 
( perhaps 20 , 50 or 100 mg / dL ) based on current or fore- number of doses , e.g. , to be exceeded in severe or emer 
casted blood sugar level . The predetermined amount of gency cases . Similarly , the process to optimize treatment 
insulin or the predetermined amount of blood sugar level can recommendations and / or conditions can include receiving or 
be determined from the user's correction factor which 30 determining predetermined or user - selectable preferred 
governs how much insulin is needed to lower the user's minimum time delay between doses . In some implementa 
blood sugar level typically in units of mg / dL / Unit . For tions of the process to optimize treatment recommendations 
example , if the user had a correction factor of 50/1 mg / dl / U and / or conditions , the user may select a qualitative attribute , 
and a system required a minimum blood sugar change of 100 e.g. , such as " aggressive ” versus “ relaxed ” , which can cause 
mg / dl , then the system will not alert the user until the system 35 the system to adjust recommendation thresholds and there 
has determined that the user needs a minimum of 100 / 50 = 2 fore affect ( e.g. , minimize ) how often a dose is suggested . In 
units . This allows artificial pancreas style algorithms to be some implementations of the process to optimize treatment 
applied to pen systems essentially unchanged . When addi- recommendations and / or conditions , the user may select a 
tional insulin delivery is needed based on the tracking of the desired Alc or average glucose value ( or a relative change 
blood sugar level and the insulin delivery tracking , an alarm 40 value from the user's current levels of Alc or average 
can be sent through the pen system to alert the user that the glucose ) that the user desires to achieve . In such implemen 
user should administer another dose of insulin , including the tations , the algorithm is adjusted to affect how ‘ strictly ' the 
dose amount . In one implementation the following relation- algorithm manages glucose and how often doses are sug 
ship is used to determine an amount of insulin needed : gested to the user , e.g. , the prompting of the user to admin 

45 ister the additional doses . In some implementations , The 
Insulin needed = current blood sugar / correction fac process to optimize treatment recommendations and / or con 

ditions can include receiving or determining a minimum 
In some embodiments , a method of applying an artificial time between doses that is based on a last dose size , e.g. , 

pancreas algorithm to implement a minimum correction where the prompting of the user to administer an additional 
dose delivery using an insulin pen system includes tracking 50 dose is applied with respect to the minimum time and is 
a blood sugar level ( e.g. , glucose level ) of a user and thereby delayed longer after larger doses . The process to 
tracking at least one dose amount of insulin delivered to the optimize treatment recommendations and / or conditions can 
user . The method includes , based on the tracked blood sugar include receiving or determining a minimum time between 
level and dose amount of insulin delivered , determining doses that is based on IOB , e.g. , where the prompting of the 
when to prompt the user to administer an additional dose of 55 user to administer the additional dose is delayed to wait 
insulin , which is based on a determination that a predeter- longer when more insulin is active ( on board ) in the user's 
mined amount of insulin is needed to lower the blood sugar body . 
level to a predetermined blood sugar level . For example , the In some embodiments , the method of applying an artifi 
predetermined amount of insulin can include 1 , 2 , or 5 units cial pancreas algorithm includes a process to optimize 
of insulin . For example , the user can be prompted to 60 treatment recommendations and / or conditions for best Alc 
administer the additional dose of insulin by the system ( e.g. , levels with the fewest doses per day . The process can include 
app on the companion device and / or smart device ) present- delaying a correction recommendation if a scheduled dose is 
ing an alarm to the user upon a determination that an amount determined to occur soon , such as for lunchtime or bedtime . 
of the additional dose of insulin that needs to be adminis- For example , the process to delay a correction dose can 
tered exceeds one or more predetermined threshold values . 65 include , at least temporarily , increasing a triggering thresh 
Or , for example , the user can be prompted to administer the old for a correction dose recommendation . In some imple 
additional dose of insulin by the system ( e.g. , app on the mentations , the app is configured to provide a user interface 

tor - insulin on board . 
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allowing the user to “ snooze ” a dose recommendation , e.g. , ( MCU ) . For example , the memory 302 can include and store 
such as when the user knows he / she will be eating soon and processor - executable code , which when executed by the 
will need another dose anyway , so that doses may be processor , configures the data processing unit 300 to per 
combined into one . Similarly , for example , the smart device form various operations , e.g. , such as receiving information , 
( e.g. , smart cap 100 , 130 ) can be configured to provide the 5 commands , and / or data , processing information and data , 
dose recommendation alerts , e.g. , via an visual display , and transmitting or providing information / data to another haptic mechanism and / or audio display ( e.g. , speaker ) , and device . To support various functions of the data processing to provide an interface that allows the user to “ snooze ” the unit 300 , the memory 302 can store information and data , 
dose recommendation . such as instructions , software , values , images , and other data Similarly , the process to optimize treatment recommen- 10 processed or referenced by the processor . For example , dations and / or conditions for best Alc levels can include , at various types of Random Access Memory ( RAM ) devices , least temporarily , decreasing a triggering threshold for a 
correction dose recommendation if no other scheduled doses Read Only Memory ( ROM ) devices , Flash Memory devices , 
are determined to occur soon . For example , implementation and other suitable storage media can be used to implement 
of the process can manage glucose level corrections in 15 storage functions of the memory 302. In some implemen 
consideration of longer time periods , significantly reducing tations , the data processing unit 300 includes an input / output 
the area under the glucose curve even though the change in unit ( I / O ) 303 to interface the processor 301 and / or memory 
glucose may be small , which is contemplated to result in 302 to other modules , units or devices of the smart device , 
improved Alc levels . In an example , the process to tempo and / or external devices . The data processing unit 300 
rarily decrease a trigger threshold to prompt the user to make 20 includes a wireless communications unit 305 , e.g. , such as a 
a slight correction can be implemented one or more hours transmitter ( Tx ) or a transmitter / receiver ( Tx / Rx ) unit . In 
before bedtime . The process to optimize treatment recom- some implementations , the I / O 303 can interface the pro 
mendations and / or conditions for best Alc levels can include cessor 301 and memory 302 with the wireless communica 
delaying a dose and / or increasing a triggering threshold for tions unit 305 to utilize various types of wireless interfaces 
a dose recommendation when glucose is rising quickly so 25 compatible with typical data communication standards , for 
that a larger dose may be safely recommended , rather than example , which can be used in communications of the data 
an immediate small dose that may need to immediately be processing unit 300 with other devices such as the compan followed by another small dose . ion device 200 , e.g. , including , but not limited to , Bluetooth , In some implementations , the app is configured to provide Bluetooth low energy ( BLE ) , Zigbee , IEEE 802.11 , Wireless 
a user interface allowing the user to set preferred “ Do Not 30 Local Area Network ( WLAN ) , Wireless Personal Area Net Disturb ” times , such that alerts to recommend a dose are not work ( WPAN ) , Wireless Wide Area Network ( WWAN ) , executed . For example , the app can be configured to increase 
the recommendation threshold when the companion device WiMAX , IEEE 802.16 ( Worldwide Interoperability for 

Microwave Access ( WiMAX ) ) , 3G / 4G / LTE cellular com ( e.g. , smartphone ) is put in Do Not Disturb mode and concurrently monitor the glucose levels , so that a recom- 35 munication methods , and parallel interfaces . In some imple 
mendation will only be made in severe or emergency cases mentations , the data processing unit 300 can interface with 
with respect to a user's glucose levels . Similarly , the app can other devices using a wired connection via the I / O of the 
be configured to reduce the recommendation threshold prior data processing unit 300. The data processing unit 300 can 
to a Do Not Disturb time ( e.g. , a scheduled or pattern - based also interface with other external interfaces , sources of data 
Do Not Disturb mode setting ) so that a smaller correction 40 storage , and / or visual or audio display devices , etc. to 
may be suggested to minimize the chance of disruption . For retrieve and transfer data and information that can be pro 
example , the smaller correction dose may be based at least cessed by the processor 301 , stored in the memory 302 , 
in part on a current or forecasted glucose level . The app can exhibited on an output unit of the companion device 200 or 
be configured to warn the user if a disruption ( e.g. , a dose or an external device . In some implementations , the data pro 
carb recommendation ) is likely during an upcoming Do Not 45 cessing unit 300 can transmit raw or at least partially 
Disturb period based on a forecasted glucose level . For processed data or communication signals from the sensor of 
example , times may be pre - set , such as for sleep time ; times the smart device to the companion device 200. In some 
may be set in real - time , such as tapping a button when implementations , the data processing unit 300 can transmit 
arriving at a social event ; and times may be related to events raw or at least partially processed data to a computer system 
on the user's digital calendar , such as scheduled meetings . 50 or communication network accessible via the Internet ( re 

Safety Mitigation ferred to as “ the cloud ' ) that includes one or more remote 
In another aspect , a medication delivery pen system can computational processing devices ( e.g. , servers in the 

be implemented to disable the dose calculator until the pen cloud ) . 
system is coupled with a companion device . Because the 
medication pen device is dispensed to a user only under a 55 EXAMPLES 
doctor's prescription , when the medication pen pairs with a 
companion device , the dose calculator can change from In an example embodiment of a device for tracking 
disabled to activated to allow the user to start dose calcu- medication delivery by a medication delivery pen ( example 
lation and delivery . 1 ) , the device includes a body structured to interface with 
FIG . 3 shows a block diagram of an example embodiment 60 and reversibly attach to a portion of a medication delivery 

of a data processing unit 300 of a smart device in accordance pen ; a sensor to detect an occurrence of a delivery of a 
with the disclosed technology , e.g. , such as the smart cap medication by the medication delivery pen ; and a data 
100 and the smart cap 130. The data processing unit 300 can processing unit configured to communicate with a compan 
include a processor 301 to process data , and a memory 302 ion computing device and transmit data associated with the 
in communication with the processor 301 to store and / or 65 detected occurrence of the delivery of the medication by the 
buffer data . For example , the processor 301 can include a medication delivery pen to the companion computing 
central processing unit ( CPU ) or a microcontroller unit device . 

or 
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Example 2 includes the device of example 1 , in which the is needed , determining when to prompt the user to admin 
sensor includes one or more of an audio transducer , a rate ister an additional dose of insulin comprising the predeter 
sensor , or a tactile sensor . mined amount of insulin . 

Example 3 includes the device of example 2 , in which the Example 17 includes the method of example 16 , in which 
audio transducer includes a microphone . 5 the predetermined amount of insulin includes 1 , 2 , or 5 units 

Example 4 includes the device of example 2 , in which the of insulin . 
rate sensor includes one or both of an accelerometer or a Example 18 includes the method of example 16 , in which 

the determining when to prompt the user to administer the gyro sensor . 
Example 5 includes the device of example 2 , in which the additional dose of insulin includes presenting an alarm to the 

tactile sensor includes a strain gauge . 10 user upon a determination that an amount of additional dose 
of insulin that needs to be administered exceeds one or more Example 6 includes the device of example 2 , in which the predetermined threshold values . device is configured to detect an audible feedback , a motion Example 19 includes the method of example 16 , in which feedback , or a tactile feedback when a dose of the medica the determining when to prompt the user to administer the tion is set on the medication delivery pen . 15 additional dose of insulin includes presenting an alarm to the Example 7 includes the device of example 6 , in which the user upon a determination that a projected change in the 

audible feedback includes a sound associated with setting of blood sugar level caused by administration of the predeter the dose on the medication delivery pen . mined amount of insulin is greater than or equal to a 
Example 8 includes the device of example 1 , in which the particular value over the predetermined blood sugar level . 

device is configured to detect each instance of medication 20 Example 20 includes the method of example 19 , in which 
delivery by sensing removal or replacement of the device the particular value is in a range of 20 to 100 mg / dL over the 
from the portion of the medication delivery pen to which the predetermined blood sugar level . 
device is reversibly attached . Example 21 includes the method of example 16 , in which 

Example 9 includes the device of example 1 , in which the the determining whether the predetermined amount of insu 
device is configured to securely data pair with the compan- 25 lin is needed includes calculating an amount of insulin 
ion computing device and transmit data associated with the needed by : insulin needed = ( current blood sugar / correction 
detected occurrence of the delivery of the medication by the factor ) -insulin on board . 
medication delivery pen to the paired companion computing In an example embodiment of a method of reporting of 
device . insulin delivery statistics ( example 22 ) , the method includes 

Example 10 includes the device of example 1 , in which 30 automatically scaling a medication delivery graph by setting 
the device is a cap device shaped to fit on the medication a maximum dose value displayed on the graph based on a 
delivery pen and replace an existing cap . maximum dose entered into user settings . 

Example 11 includes the device of example 10 , in which Example 23 includes the method of example 22 , in which 
the cap device is configured to transmit data associated with the maximum dose value displayed is a multiple of the 
the detected occurrence of the delivery of the medication by 35 maximum dose entered into the use settings . 
the medication delivery pen to the paired companion com- In an example embodiment of a method of activating 
puting device when the cap device removed from the periodic dose delivery settings ( example 24 ) , the method 
medication delivery pen . includes receiving from a user a touch input indicating an 

Example 12 includes the device of example 1 , in which activation of one or more of preexisting timed settings for 
the device is an attachment device shaped to fit on the 40 delivering a dose of medication . 
medication delivery pen such that the attachment device Example 25 includes the method of example 24 , in which 
does not replace an existing cap of the medication delivery the preexisting timed settings include either single timed 
pen . setting or four timed settings . For example , the four timed 

Example 13 includes the device of example 12 , in which settings are associated with a breakfast meal , a lunch meal , 
the sensor of the attachment device is operable to when the 45 a dinner meal , and a snack . 
existing cap is removed from the medication delivery pen . In an example embodiment of a method of activating a 

Example 14 includes the device of example 1 , in which medication delivery system ( example 26 ) , the method 
the device is a carrying case configured to contain and store includes detecting , at a companion device , a medication 
the medication delivery pen , and in which the sensor is delivery device for pairing ; pairing with the detected medi 
operable to detect removal of the medication delivery pen . 50 cation delivery device ; and disabling a dose calculator on the 

Example 15 includes the device of example 1 , in which companion device until the pairing is successful . 
the device is configured to track delivery of long acting In an example embodiment of a mechanical sensor for 
insulin . tracking insulin delivery in a medication delivery device 

In an example embodiment of a computer - implemented ( example 27 ) , the mechanical sensor includes a multichan 
method of applying an artificial pancreas algorithm in a 55 nel encoder to provide multiple normal states and multiple 
diabetes management system including a glucose monitor abnormal states , wherein a detection of one of the abnormal 
device , an insulin delivery pen , and a smartphone including states indicates an error on the encoder . 
a software application including instructions executable by Example 28 includes the mechanical sensor of example 
a processor of the smartphone to cause the smartphone to 27 , in which the multichannel encoder includes three or 
implement the method ( example 16 ) , the method includes 60 more channels . 
receiving or determining a blood sugar level of a user ; Example 29 includes the mechanical sensor of example 
receiving or determining a dose amount of insulin delivered ; 27 , in which the detection of one of the abnormal states 
based on the received or determined the blood sugar level indicates the error including water ingress into the encoder . 
and dose amount of insulin delivered , determining whether In an example embodiment of a method of applying an 
a predetermined amount of insulin is needed to lower the 65 artificial pancreas algorithm in a diabetes management sys 
blood sugar level to a predetermined blood sugar level ; and tem using a smart device for tracking medication delivery by 
upon determination that the predetermined amount of insulin an insulin delivery pen as in example 1 , where the diabetes 
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management system includes a glucose monitor device and Example 40 includes the method of example 30 , in which 
the insulin delivery pen ( example 30 ) , the method imple- the determining whether the predetermined amount of insu 
mented by the smart device for tracking medication delivery lin is needed includes calculating an amount of insulin 
includes : receiving or determining , at the data processing needed by : insulin needed = ( current blood sugar / correction 
unit , a blood sugar level of a user ; receiving or determining , 5 factor ) -insulin on board . 
at the data processing unit , a dose amount of insulin deliv- In some aspects , a medication delivery tracking device for 
ered ; based on the received or determined the blood sugar interfacing with and physical placement on a medication 
level and dose amount of insulin delivered , determining at delivery pen device is disclosed . The medication delivery 
the data processing unit whether a predetermined amount of tracking device can detect an occurrence of a delivery of a 
insulin is needed to lower the blood sugar level to a 10 medication by the medication delivery pen device . The 
predetermined blood sugar level ; and upon determination medication delivery tracking device can be implemented in 
that the predetermined amount of insulin is needed , deter- various ways to provide one or more of the following 
mining at the data processing unit when to prompt the user features . For example , the medication delivery tracking 
to administer an additional dose of insulin comprising the device can detect each instance of the medication delivery 
predetermined amount of insulin . 15 by sensing removal or replacement of the medication deliv 

Example 31 includes the method of example 30 , in which ery tracking device from or on pen device . The medication 
the determining the dose amount of insulin delivered is delivery tracking device can pair with a companion device 
based at least in part on data received from the sensor and transmit data associated with the detected occurrence of 
detecting the delivery of the medication by the insulin the delivery of the medication by the medication delivery 
delivery pen . 20 pen device to the paired companion device . The medication 

Example 32 includes the method of example 30 , in which delivery tracking device can be a cap device shaped to fit on 
the predetermined amount of insulin includes 1 , 2 , or 5 units the medication delivery pen device and replace an existing 
of insulin . cap . The cap device can transmit the data when removed 

Example 33 includes the method of example 30 , in which from or replaced on the medication delivery pen device . The 
determining when to prompt the user to administer the 25 medication delivery tracking device can be an attachment 
additional dose of insulin includes presenting an alarm to the device shaped to fit on the medication delivery pen device 
user upon a determination that an amount of additional dose and not replace an existing cap device . The attachment 
of insulin that needs to be administered exceeds one or more device can transmit the data when removed from the medi 
predetermined threshold values . cation delivery pen device . The medication delivery tracking 

Example 34 includes the method of example 33 , in which 30 device can detect an audible or tactile feedback when a dose 
the alarm is presented by the smart device via one or more is set on the medication delivery pen device . The audible 
of an audio display , a visual display or a haptic display of the feedback can include sound associated with setting of the 
smart device . dose on the medication delivery pen device . The medication 

Example 35 includes the method of example 33 , in which delivery tracking device can track delivery of long acting 
the diabetes management system further includes a software 35 insulin . 
application operable on a mobile computing device such as In some aspects , a method of reporting of insulin delivery 
a smartphone , tablet , or wearable device , the software appli- statistics includes automatically scaling a medication deliv 
cation including instructions stored in a memory of and ery graph by setting a maximum dose value displayed on the 
executable by a processor of the mobile computing device , graph based on a maximum dose entered into user settings . 
and in which the determining when to prompt the user to 40 In one implementation , the preexisting timed settings 
administer the additional dose of insulin is determined by include either a single timed setting or four timed settings . 
the software application and the alarm is presented by the The method can be implemented in various ways to include 
mobile computing device . one or more of the following features . The maximum dose 

Example 36 includes the method of example 30 , in which value displayed can include a multiple of the maximum dose 
determining when to prompt the user to administer the 45 entered into the use settings . 
additional dose of insulin includes presenting an alarm to the In some aspects , a method of activating periodic dose 
user upon a determination that a projected change in the delivery settings includes receiving from a user , a touch 
blood sugar level caused by administration of the predeter- input indicating an activation of one or more of preexisting 
mined amount of insulin is greater than or equal to a timed settings for delivering a dose of medication . 
particular value over the predetermined blood sugar level . In some aspects , a mechanical sensor for tracking insulin 

Example 37 includes the method of example 36 , in which delivery in a medication delivery device includes a multi 
the particular value is in a range of 20 to 100 mg / dL over the channel encoder to provide multiple normal states and 
predetermined blood sugar level . multiple abnormal states . Detection of one of the abnormal 

Example 38 includes the method of example 36 , in which states indicates an error on the encoder . The mechanical 
the alarm is presented by the smart device via one or more 55 sensor can be implemented in various ways to include one 
of an audio display , a visual display or a haptic display of the or more of the following features . For example , the multi 
smart device . channel encoder can include 3 or more channels . The 

Example 39 includes the method of example 36 , in which detection of one of the abnormal states can indicate the error 
the diabetes management system further includes a software including water ingress into the encoder . 
application operable on a mobile computing device such as 60 In some aspects , a method of applying an artificial pan 
a smartphone , tablet , or wearable device , the software appli- creas algorithm in a pen system includes tracking a blood 
cation including instructions stored in a memory of and sugar level of a user ; tracking a dose amount of insulin 
executable by a processor of the mobile computing device , delivered ; and based on the tracking of the blood sugar level 
and in which the determining when to prompt the user to and the dose amount of insulin delivered , determining when 
administer the additional dose of insulin is determined by 65 to prompt the user to administer an additional dose of 
the software application and the alarm is presented by the insulin . The determining is based on a determination that a 
mobile computing device . predetermined amount of insulin is needed to lower the 

50 
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blood sugar level to a predetermined blood sugar level . The The processes and logic flows described in this specifi 
method can be implemented in various ways to include one cation can be performed by one or more programmable 
or more of the following features . For example , the prede- processors executing one or more computer programs to 
termined amount of insulin can include 1 , 2 , or 5 units of perform functions by operating on input data and generating 
insulin . In some implementations , determining when to 5 output . The processes and logic flows can also be performed 
prompt the user to administer the additional dose of insulin by , and apparatus can also be implemented as , special 
includes presenting an alarm to the user upon a determina purpose logic circuitry , e.g. , an FPGA ( field programmable 
tion that an amount of additional dose of insulin that needs gate array ) or an ASIC ( application specific integrated 
to be administered exceeds one or more predetermined circuit ) . 

Processors suitable for the execution of a computer pro threshold values . In some implementations , wherein deter 
mining when to prompt the user to administer the additional gram include , by way of example , both general and special 
dose of insulin includes presenting an alarm to the user upon purpose microprocessors , and any one or more processors of 
a determination that a projected change in the blood sugar any kind of digital computer . Generally , a processor will 

receive instructions and data from a read only memory or a level upon administration of the predetermined amount of 15 random access memory or both . The essential elements of a insulin is greater than or equal to a particular value over the computer are a processor for performing instructions and predetermined blood sugar level . The particular value can be one or more memory devices for storing instructions and 
one of 20 , 50 or 100 mg / dL . data . Generally , a computer will also include , or be opera 

In some aspects , a method of activating a medication tively coupled to receive data from or transfer data to , or 
delivery system includes detecting , at a companion device , 20 both , one or more mass storage devices for storing data , e.g. , 
a medication delivery device for pairing ; pairing with the magnetic , magneto optical disks , or optical disks . However , 
detected medication delivery device ; and disabling a dose a computer need not have such devices . Computer readable 
calculator on the companion device until the pairing is media suitable for storing computer program instructions 
successful . and data include all forms of nonvolatile memory , media and 

Implementations of the subject matter and the functional 25 memory devices , including by way of example semiconduc 
operations described in this patent document can be imple- tor memory devices , e.g. , EPROM , EEPROM , and flash 
mented in various systems , digital electronic circuitry , or in memory devices . The processor and the memory can be 
computer software , firmware , or hardware , including the supplemented by , or incorporated in , special purpose logic 
structures disclosed in this specification and their structural circuitry . 
equivalents , or in combinations of one or more of them . 30 It is intended that the specification , together with the 
Implementations of the subject matter described in this drawings , be considered exemplary only , where exemplary 
specification can be implemented as one or more computer means an example . As used herein , the singular forms “ a ” , 
program products , i.e. , one or more modules of computer " an " and " the " are intended include the plural forms as 
program instructions encoded on a tangible and non - transi- well , unless the context clearly indicates otherwise . Addi 
tory computer readable medium for execution by , or to 35 tionally , the use of “ or ” is intended to include " and / or ” , 
control the operation of , data processing apparatus . The unless the context clearly indicates otherwise . 
computer readable medium can be a machine - readable stor- While this patent document contains many specifics , these 
age device , a machine - readable storage substrate , a memory should not be construed as limitations on the scope of any 
device , a composition of matter effecting a machine - read- invention or of what may be claimed , but rather as descrip 
able propagated signal , or a combination of one or more of 40 tions of features that may be specific to particular embodi 
them . The term “ data processing unit ” or “ data processing ments of particular inventions . Certain features that are 
apparatus " encompasses all apparatus , devices , and described in this patent document in the context of separate 
machines for processing data , including by way of example embodiments can also be implemented in combination in a 
a programmable processor , a computer , or multiple proces- single embodiment . Conversely , various features that are 
sors or computers . The apparatus can include , in addition to 45 described in the context of a single embodiment can also be 
hardware , code that creates an execution environment for the implemented in multiple embodiments separately or in any 
computer program in question , e.g. , code that constitutes suitable subcombination . Moreover , although features may 
processor firmware , a protocol stack , a database manage- be described above as acting in certain combinations and 
ment system , an operating system , or a combination of one even initially claimed as such , one or more features from a 
or more of them . 50 claimed combination can in some cases be excised from the 
A computer program ( also known as a program , software , combination , and the claimed combination may be directed 

software application , script , or code ) can be written in any to a subcombination or variation of a subcombination . 
form of programming language , including compiled or Similarly , while operations are depicted in the drawings in 
interpreted languages , and it can be deployed in any form , a particular order , this should not be understood as requiring 
including as a stand - alone program or as a module , compo- 55 that such operations be performed in the particular order 
nent , subroutine , or other unit suitable for use in a computing shown or in sequential order , or that all illustrated operations 
environment . A computer program does not necessarily be performed , to achieve desirable results . Moreover , the 
correspond to a file in a file system . A program can be stored separation of various system components in the embodi 
in a portion of a file that holds other programs or data ( e.g. , ments described in this patent document should not be 
one or more scripts stored in a markup language document ) , 60 understood as requiring such separation in all embodiments . 
in a single file dedicated to the program in question , or in Only a few implementations and examples are described 
multiple coordinated files ( e.g. , files that store one or more and other implementations , enhancements and variations 
modules , sub programs , or portions of code ) . A computer can be made based on what is described and illustrated in 
program can be deployed to be executed on one computer or this patent document . 
on multiple computers that are located at one site or dis- 65 What is claimed is : 
tributed across multiple sites and interconnected by a com- 1. A computer - implemented method of applying an algo 
munication network . rithm in a diabetes management system including a glucose 
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monitor device , an insulin delivery pen , and a mobile the processor of the data processing unit , cause the 
communication device including a software application mobile communication device to receive or determine 
including instructions executable by a processor of the a blood sugar level of a patient ; receive or determine a 
mobile communication device to cause the mobile commu- dose amount of insulin delivered ; based on the received 
nication device to implement the method , the method com or determined blood sugar level and the received or 
prising : determined dose amount of insulin delivered , deter 

receiving or determining a blood sugar level of a user ; mine at the data processing unit whether a predeter 
receiving or determining a dose amount of insulin deliv mined amount of insulin is needed to lower the blood 

ered ; sugar level to a predetermined blood sugar level ; and 
based on the received or determined blood sugar level and 10 upon determination that the predetermined amount of 

the received or determined dose amount of insulin insulin is needed , determine at the data processing unit 
delivered , determining whether a predetermined when to prompt a user of the system to administer an 
amount of insulin is needed to lower the blood sugar additional dose of insulin comprising the predeter 
level to a predetermined blood sugar level ; and mined amount of insulin , 

upon determination that the predetermined amount of 15 wherein determining when to prompt the user to admin 
insulin is needed , determining when to prompt the user ister the additional dose of insulin includes presenting 
to administer an additional dose of insulin comprising a first alarm to the user upon a determination that a 
the predetermined amount of insulin , projected change in the blood sugar level caused by 

wherein the mobile communication device is imple- administration of the predetermined amount of insulin 
mented on a smartphone , a tablet , a wearable comput- 20 is greater than or equal to a particular value over the 
ing device including a smartwatch or smartglasses , or predetermined blood sugar level . 
one or more computers networked in a communication 7. The system of claim 6 , wherein the dose amount of 
network through the Internet , insulin delivered is determined based at mast in part on data 

wherein determining when to prompt the user to admin- received from the sensor detecting the dispensing event of 
ister the additional dose of insulin includes presenting 25 the insulin by the insulin delivery pen . 
a first alarm to the user upon a determination that a 8. The system of claim 6 , wherein the predetermined 
projected change in the blood sugar level caused by amount of insulin includes 1 , 2 , or 5 units of insulin . 
administration of the predetermined amount of insulin 9. The system of claim 6 , wherein determining when to 
is greater than or equal to particular value over the prompt the user to administer the additional dose of insulin 
predetermined blood sugar level . 30 includes presenting a second alarm to the user upon a 

2. The method of claim 1 , wherein the predetermined determination that an amount of additional dose of insulin 
amount of insulin includes 1 , 2 , or 5 units of insulin . that needs to be administered exceeds one or more prede 

3. The method of claim 1 , wherein determining when to termined threshold values . 
prompt the user to administer the additional dose of insulin 10. The system of claim 9 , wherein the second alarm is 
includes presenting a second alarm to the user upon a 35 presented via one or more of an audio display , a visual 
determination that an amount of additional dose of insulin display or a haptic display on one or both of the insulin 
that needs to be administered exceeds one or more prede- delivery pen and the mobile communication device . 
termined threshold values . 11. The system of claim 6 , wherein the particular value is 

4. The method of claim 1 , wherein the particular value is at least 20 mg / dL . 
at least 20 mg / dL . 12. The system of claim 6 , wherein the first alarm is 

5. The method of claim 1 , wherein the determining presented via one or more of an audio display , a visual 
whether the predetermined amount of insulin is needed display or a haptic display on one or both of the insulin 
includes calculating an amount of insulin needed by : delivery pen and the mobile communication device . 

13. The system of claim 6 , wherein the mobile commu 
insulin needed = ( ( current blood sugar - target blood 45 nication device is implemented on one or more of a smart sugar ) / correction factor ) -insulin on board . phone , a tablet , a wearable computing device including a 

6. A diabetes management system for applying an algo- smartwatch or smartglasses , a computer including a laptop 
rithm , comprising : computer , or one or more computers networked in a com 

an insulin delivery pen , including a dose setting and munication network through the Internet . 
dispensing mechanism to set and dispense a dose of 50 14. The system of claim 6 , wherein determining whether 
insulin , a sensor to detect an occurrence of a dispensing the predetermined amount of insulin is needed includes 
event of the insulin by the insulin delivery pen , and calculating an amount of insulin needed by : 
electronic circuits including a processor , a memory 
comprising instructions executable by the processor , insulin needed = ( ( current blood sugar - target blood 

sugar ) / correction factor ) -insulin on board . and a wireless transmitter , the processor of the insulin 55 
delivery pen configured to generate dose data associ- 15. A diabetes management system , comprising : 
ated with the dispensing event of the dose of the insulin an insulin delivery pen , including a dose setting and 
from the insulin delivery pen , and to wirelessly trans- dispensing mechanism to set and dispense a dose of 
mit the dose data ; and insulin , a sensor to detect an occurrence of a dispensing 

a mobile communication device in wireless communica- 60 event of the insulin by the insulin delivery pen , and 
tion with the insulin delivery pen , the mobile commu electronic circuits including a processor , a memory 
nication device including a data processing unit includ- comprising instructions executable by the processor , 
ing a processor and memory to receive and process the and a wireless transmitter , the processor of the insulin 
dose data , wherein the mobile communication device delivery pen configured to generate dose data associ 
includes a software application program product com- 65 ated with the dispensing event of the dose of the insulin 
prising a non - transitory computer - readable storage from the insulin delivery pen , and to wirelessly trans 
medium having instructions , which when executed by mit the dose data ; and 
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a mobile communication device in wireless communica enable the dose calculator module on the mobile com 
tion with the insulin delivery pen , the mobile commu munication device after the pairing is successful . 
nication device including a data processing unit includ- 16. The system of claim 15 , wherein the mobile commu 
ing a processor and memory to receive and process the nication device is configured to receive a user touch input 
dose data , wherein the mobile communication device 5 indicating an activation of one or more preexisting timed includes a software application program product com settings for delivering a dose of medication . prising a non - transitory computer - readable storage 17. The system of claim 16 , wherein the one or more medium having instructions executable by the proces preexisting timed settings include a single timed setting or sor of the data processing unit , wherein the data pro four timed settings including a breakfast meal , a lunch meal , cessing unit of the mobile communication device 10 
includes a dose calculator module that calculates a a dinner meal , and a snack . 
recommended dose of the insulin , and wherein the dose 18. The system of claim 15 , wherein the mobile commu 
calculator module is in a disabled state at default , nication device is implemented on one or more of a smart 

phone , a tablet , a wearable computing device including a wherein , when instructions of the software application 
product are executed by the processor of the data smartwatch or smartglasses , a computer including a laptop 
processing unit , cause the mobile communication computer , or one or more computers networked in a com 
device to detect the insulin delivery pen is available for munication network through the Internet . 
pairing ; pair with the detected insulin delivery pen ; and 
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