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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit, under 35 U.S.C. § 119(e), of U.S. Application
No. 62/362,946, entitled "Dose Measurement Systems and Methods," filed on July 15, 2016.

BACKGROUND

[0002] Described herein relates generally to devices, systems, and methods for measuring a
quantity of a liquid disposed in a container, and in particular to measuring a volume or number
of doses remaining in a drug delivery device.

[0003] Many chronic disease patients are prescribed medications that need to be self-
administered, administered by a caregiver, or administered by an automated or semi-
automated delivery system using injection pens or similar drug delivery devices. For example,
patients diagnosed with Type | or Il diabetes need to regularly check their blood glucose levels
and self-administer an appropriate dose of insulin using an injection pen. In order to monitor
the efficacy of the medication, dose information must be recorded. The process of manually
logging dose information, particularly in an uncontrolled setting, is tedious and error prone.
Patients often forget to log the dose information when administering medicine. In addition,
many such patients may be minors or elderly who cannot efficiently and/or accurately track the
dose information.

[0004] Incomplete dosage records hinder the ability of the patient to self-manage disease
conditions and prevent caretakers from adjusting care plans through behavioral insights. Lack
of adherence to target dosage schedules for injectable medicine may result in an increased
need for critical care, which results in a significant increase in health care costs in countries
around the world.

[0005] Thus, a need exists for better technological aids to assist patients in improving their
ability to self-manage disease treatment. Such aids not only improve patient awareness and
education about their health, but also assist caregivers in better monitoring patient health. In
particular, there is a need for systems, devices, and methods that facilitate data acquisition on
patient behavior and that allow that data to be used to reduce the incidence of hospital visits
(e.g., re-admission), as well as to inform and educate patients, care providers, family and
financial service providers.

[0006] In US2016/030673, an apparatus for measuring liquid volume in a container includes a
plurality of light sources for emitting electromagnetic radiation (EMR) toward the container, a
plurality of sensors optically coupleable to the plurality of light sources, each sensor of the
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plurality of sensors for detecting the EMR emitted by at least a portion of the plurality of light
sources, a temperature sensor for measuring at least one temperature associated with a liquid
in the container, and at least one processor for receiving data representative of the portion of
the detected EMR for each of the plurality of sensors. The at least one measured temperature
is compared to a temperature guideline to identify any temperature events associated with the
received data. The received data is normalized based on any temperature events associated
with the received data, and the normalized data is converted into a signature representative of
the EMR detected by the plurality of sensors.

SUMMARY

[0007] The invention relates to an apparatus for measuring liquid in a container as defined in
any of the claims. The apparatus for measuring liquid volume in a container includes a light
source disposed and configured to emit electromagnetic radiation, a light guide disposed and
configured to receive at least a portion of the emitted electromagnetic radiation, the light guide
distributing at least a portion of the received electromagnetic radiation over a length of the light
guide and directing the distributed electromagnetic radiation toward the container, a plurality of
sensors optically coupleable to the light guide, each sensor of the plurality of sensors disposed
and configured to detect at least a portion of the distributed electromagnetic radiation, and a
processing unit configured to receive data representative of at least the portion of the detected
electromagnetic radiation from each of the plurality of sensors, the processing unit operable to
convert the received data into a signature representative of the electromagnetic radiation
detected by the plurality of sensors. The light guide includes diffused exit openings configured
to allow at least a portion of the received electromagnetic radiation to be transmitted out of the
light guide of the length of the light guide and to direct the transmitted electromagnetic
radiation toward different points along the container, wherein the diffused exit openings
produce wide beams of transmitted electromagnetic radiation.

[0008] It should be appreciated that all combinations of the foregoing concepts and additional
concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein.
In particular, all combinations of claimed subject matter appearing at the end of this disclosure
are contemplated as being part of the inventive subject matter disclosed herein. It should also
be appreciated that terminology explicitly employed herein should be accorded a meaning
most consistent with the particular concepts disclosed herein.

[0009] Other systems, processes, and features will become apparent to those skilled in the art
upon examination of the following drawings and detailed description. It is intended that all such
additional systems, processes, and features be included within this description, be within the
scope of the present invention, and be protected by the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0010] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the inventive subject matter described
herein. The drawings are not necessarily to scale; in some instances, various aspects of the
inventive subject matter disclosed herein may be shown exaggerated or enlarged in the
drawings to facilitate an understanding of different features. In the drawings, like reference
characters generally refer to like features (e.g., functionally similar and/or structurally similar
elements).

FIG.1 is a schematic block diagram of a dose measurement system in accordance with some
embodiments.

FIG. 2 is a perspective view of a dose measurement system in accordance with some
embodiments.

FIG. 3 is an exploded perspective view of the dose measurement system of FIG. 2 in
accordance with some embodiments.

FIG. 4 is an exploded top view of the dose measurement system of FIG. 2 in accordance with
some embodiments.

FIG. 5 is a schematic illustration of a communications interface, which may be included in the
dose measurement system of FIG 2 in accordance with some embodiments.

FIG. 6 is a schematic ray diagram of different modes of light transmission between a first
medium and a second medium in accordance with some embodiments.

FIG. 7 is a cross-sectional view of a dose measurement system in accordance with some
embodiments.

FIG. 8 is a cross-sectional view of a dose measurement system in accordance with some
embodiments.

FIG. 9 is a cross-sectional view of a dose measurement system in accordance with some
embodiments.

FIG. 10 is a cross-sectional side view of a dose measurement system in accordance with some
embodiments.

FIGS. 11A-11C are cross-sectional views of a dose measurement system, in a first, second
and third configuration, respectively, in accordance with some embodiments.

FIG. 12 is a cross-sectional view of the dose measurement system of FIG. 11A taken along line
A-A, in accordance with some embodiments.

FIG. 13 is a cross-sectional view of the dose measurement system of FIG. 11C taken along
line B-B, in accordance with some embodiments.
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FIG. 14 is a graph showing reference signature signals of sensors of a dose measurement
system in accordance with some embodiments.

FIG. 15 is a flow diagram of a method of operation of the dose measurement system in
accordance with some embodiments.

FIG. 16 is a flow diagram of a method of operation of the dose measurement system in
accordance with some embodiments.

FIG. 17 is a schematic block diagram of a health management system associated with a dose
measurement system in accordance with some embodiments.

FIG. 18 is a perspective view of a dose measurement system in accordance with some
embodiments.

FIG. 19 is an exploded perspective view of the dose measurement system of FIG. 18 in
accordance with some embodiments.

FIG. 20 is an exploded top view of the dose measurement system of FIG. 18 in accordance
with some embodiments.

FIG. 21 is a perspective view of a light guide of the dose measurement system of FIG. 18 in
accordance with some embodiments.

FIG. 22 is a schematic side view of the light guide of FIG. 18 in accordance with some
embodiments.

FIG. 23 is a cross-sectional perspective view of the dose measurement system of FIG. 18 in
accordance with some embodiments.

FIG. 24 is a cross-sectional side view of the dose measurement system of FIG. 18 in
accordance with some embodiments.

FIG. 25A is a cross-sectional schematic illustration of a dose measurement system in
accordance with some embodiments.

FIG. 25B is a cross-sectional schematic illustration of a dose measurement system in
accordance with some embodiments.

FIGS. 26A-26C are cross-sectional schematic illustrations of a dose measurement system, in a
first, second, and third configuration, respectively, in accordance with some embodiments.

FIG. 27 is an exploded perspective view of a drug delivery device with a dose measurement
system in accordance with some embodiments.

FIG. 28 is a schematic illustration of a dose measurement system, in accordance with some
embodiments.
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DETAILED DESCRIPTION

[0011] Described herein relates generally to devices, systems and methods for measuring a
quantity of a liquid disposed in a container, and in particular to a volume or number of doses
remaining in a drug delivery device. In some embodiments, a dose measurement system for
measuring the liquid volume in a container includes a light source and/or light guide disposed
and configured to emit/distribute electromagnetic radiation toward the container. A plurality of
sensors are optically coupleable to the light source and are disposed and configured to detect
at least a portion of the electromagnetic radiation emitted/distributed by the light source and/or
light guide. The apparatus also includes a processing unit configured to receive data
representing the portion of the detected electromagnetic radiation from each of the plurality of
sensors and to convert the received data into a signature representative of the electromagnetic
radiation detected by the plurality of sensors.

[0012] A method of estimating a volume of liquid in a drug delivery device may include causing
a light source and/or light guide to emit/distribute electromagnetic radiation toward a drug
container and detecting a signature of the emitted/distributed electromagnetic radiation
through the drug container with a plurality of sensors. The detected signature is then
compared to a plurality of reference signatures to determine the volume of liquid in the drug
container. Each of the plurality of reference signatures correspond to a volume level remaining
in the drug container. In some methods, detecting the signature of the emitted/distributed
electromagnetic radiation through the drug container includes detecting at least a portion of the
electromagnetic radiation emitted/distributed from the light source and/or light guide. The
portion of the electromagnetic radiation detected by each of the plurality of sensor devices may
be compiled into the signal signature.

[0013] The method may also include calculating a dose delivered to a patient based on the
volume of liquid in the drug container. In some methods, the dose delivered to a patient is
compared with a patient medication schedule to monitor compliance. The method may further
include correcting the signal signature for background light which can contribute to noise. The
correction may include comparing the signal signature with a background signature detected
by the plurality of sensors in a dark state of the light source. In some methods, the method also
includes generating the plurality of reference signatures by recording the signature for a range
of dose volumes in the drug container. The method also may include associating the signal
with the reference signature using probabilistic matching to determine the volume of liquid
remaining in the dose container.

[0014] A method for determining a dose delivered by an injection pen using the drug
measurement system may include causing a light source and/or light guide to emit/distribute
electromagnetic radiation toward the injection pen a first time and detecting a first signature of
the emitted/distributed electromagnetic radiation through the injection pen with a plurality of
sensors. The first signature is then compared to a plurality of reference signatures to
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determine the first volume of liquid in the injection pen. The method further includes causing
the light source and/or light guide to emit/distribute electromagnetic radiation toward the
injection pen a second time, after the first time, and detecting a second signature of the
emitted/distributed electromagnetic radiation through the injection pen with the plurality of
sensors. The second signature is then compared to the plurality of reference signatures to
determine the second volume of liquid in the injection pen. The second volume may be
deducted from the first volume to determine a dose delivered from the injection pen.

[0015] In some methods, the light source and the plurality of sensors are disposed in an
injection pen cap. In some methods, the method includes detecting the first signature prior to
the injection pen cap being removed from the injection pen and detecting the second signature
after the injection pen cap has been placed back on the injection pen. The method also may
include communicating the dose delivered information to an external device. In some methods,
the method includes switching the pen cap to a power save mode after a predetermined period
of inactivity of the pen cap and/or based on available power (e.g., battery level). In some
methods, the method further includes alerting the user if a volume of liquid remaining in the
drug container is critically low, if it is time to deliver a dose of medication, if available power
drops below a predetermined level, if an unexpected or incorrect medication is being used,
and/or if a medication is being delivered at an unexpected or incorrect time.

[0016] In some embodiments, a health management system includes a drug delivery device
including a drug reservoir, and a dose measurement system configured to be removably
coupleable to the drug delivery device. The dose measurement system includes a light source
and/or light guide disposed and configured to emit/distribute electromagnetic radiation toward
the drug reservoir a plurality of sensors optically coupleable to the light source disposed and
configured to detect a quantity of electromagnetic radiation communicated through the drug
reservoir. The quantity of electromagnetic radiation serves as a signature representative of the
volume of liquid remaining in the drug reservoir. The health management system also includes
a display configured to present information to a user indicative of the volume of liquid
remaining in the drug reservoir. The dose measurement system may be configured to
communicate data representative of the volume of liquid remaining in the drug reservoir to a
remote device, for example, to allow the remote device to calculate a dose delivered to the
patient. In some embodiments, the dose management system is configured to receive user
health data from the remote device which may include, for example user blood glucose level,
user diet, user exercise, and/or user home health monitored data.

[0017] In some embodiments, a light source includes a single light source (e.g., a single LED)
paired with a light guide. The light source is disposed and configured to emit electromagnetic
radiation into the light guide. The light guide is disposed and configured to receive the emitted
electromagnetic radiation. The light guide may be a light pipe or light tube for transporting,
redirecting, and/or otherwise distributing the received electromagnetic radiation toward the
container.

[0018] In some embodiments, the light guide comprises a hollow structure with reflective
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and/or absorptive inner walls for controlling leakage of and/or containing at least some of the
electromagnetic radiation (e.g., a prism light guide or a molded plastic light tube). The inner
walls may be lined and/or treated with a reflective material and/or absorbing material, such as

Laser Gold® reflective plating and/or Laser Black ' selectively absorbing coating (both available
from Epner Technology, Inc. (Brooklyn, NY)). A light guide may be designed to distribute
electromagnetic radiation over its length by defining, for example, one or more openings or
areas configured to allow at least some electromagnetic radiation to be transmitted out of the
light guide. The openings or areas may be disposed for directing electromagnetic radiation
toward different points along a container. The openings or areas function as a pseudo-plurality
of light sources.

[0019] In some embodiments, a light guide comprises a transparent solid structure for
controlling leakage of and/or containing at least some of the electromagnetic radiation by
internal reflection (e.g., an optical fiber). A light guide may be designed to transmit at least
some of the electromagnetic radiation toward different points along a container. The
distribution of the transmitted electromagnetic radiation may be uniform or nearly uniform (e.g.,
using microscopic prisms) over the length of the light guide, thereby functioning as a pseudo-
plurality of light sources.

[0020] The geometry and dimensions of a light guide may vary from other light guides or
between components of the light guide itself. For example, a cross-section of at least a portion
of a light guide may be round, square, hexagonal, etc. A light guide may not be straight, but
instead, may have one or more bends and/or angles. In some embodiments, a light guide
includes a dome or cupola for collecting and reflecting as much electromagnetic radiation as
possible into the light guide. A light guide also may have directional collector devices, reflector
devices, and/or lens devices (e.g., a Fresnel lens device) to assist in collecting additional
directional electromagnetic radiation. In some embodiments, a light guide includes one or more
diffusers to spread the light toward a container.

[0021] According to some embodiments, a plurality of sensors are optically coupleable to the
light guide and are disposed and configured to detect the electromagnetic radiation distributed
by at least a portion of the light guide (e.g., directed through at least one opening or area or
distributed over some length of the light guide). A processing unit may be configured to receive
data representing the portion of the detected electromagnetic radiation from each of the
plurality of sensors and to convert the received data into a signature representative of the
electromagnetic radiation detected by the plurality of sensors.

[0022] As used in this specification, the terms "about" and "approximately” generally include
plus or minus 10% of the value stated. For example, about 5 would include 4.5 to 5.5,
approximately 10 would include 9 to 11, and about 100 would include 90 to 110.

[0023] FIG. 1 is a schematic block diagram of a dose measurement system 100 for measuring
the dose in a drug delivery device 110. The dose measurement system 100 includes a lighting
module 140, a sensing module 150, a processing unit 160 and a communications module 170.
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The dose measurement system 100 may be configured to be removably coupleable to the
drug delivery device 110 that is used to deliver a drug dose to a target T such as, for example,
a human patient.

[0024] The drug delivery device 110 may be any drug delivery device 110 that can be used for
injecting a medication into a patient. For example, the drug delivery device 110 may be an
injection device or pen (e.g., insulin injection pen), a syringe, an infusion device or pump (e.g.,
insulin delivery pump), an ampoule, or a vial. The dose measurement system 100 may be
configured to be coupleable to a wide variety of drug delivery devices 110, using, for example,
different shapes, sizes, and drug volumes. In some embodiments, the dose measurement
system 100 is configured to receive a portion of the drug delivery device 110 (e.g., a portion
that defines an internal volume containing the drug, an injector, and/or plunger). In some
embodiments, the dose measurement system 100 is configured to be removable from the drug
delivery device 110 when the user is delivering a dose to the target T. In some embodiments,
the dose measurement system 110 can remain attached to the drug delivery device 110 when
the user is delivering a dose to the target T. In some embodiments, the dose measurement
system 100 is configured to be reusable. In some embodiments, the dose measurement
system 110 is permanently coupled to the drug delivery device 110, for example, integrated
into the body of the drug delivery device. In such embodiments, the dose measurement system
100 may be disposable.

[0025] The lighting module 140 may include a light source and/or light guide configured to
emit/distribute electromagnetic radiation toward the drug delivery device 110. In some
embodiments, the light source and/or light guide is configured to emit/distribute
electromagnetic radiation toward a drug reservoir (not shown) of the drug delivery device 110.
In some embodiments, the light source is a light emitting diode (LED). In some embodiments,
the light source is configured to emit infrared radiation or microwave radiation, such that the
electromagnetic radiation can penetrate through a housing and/or any internal components of
the drug delivery device 110, and/or the liquid drug contained therein. In some embodiments,
the light source is configured to emit continuous electromagnetic radiation for a predefined
time period. In some embodiments, the light source is configured to emit pulses of
electromagnetic radiation (e.g., a series of less than 100 microsecond pulses or pulses about
200 microseconds apart plus or minus 100 microseconds).

[0026] The lighting module 140 may include a light source and a light guide. The light source
may be configured to emit electromagnetic radiation toward and into the light guide. The light
guide may be configured to receive and reflect the electromagnetic radiation emitted by the
light source toward the drug delivery device 110. In some embodiments, the light guide is
configured to output electromagnetic radiation toward a drug reservoir (not shown) of the drug
delivery device 110. In some embodiments, the light source is a single LED. In some
embodiments, the light source is configured to emit infrared radiation or microwave radiation,
such that the electromagnetic radiation can travel through the light guide and penetrate
through a housing and any internal components of the drug delivery device 110, and/or the
liquid drug contained therein. In some embodiments, the light source is configured to emit
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continuous electromagnetic radiation for a predefined time period. In some embodiments, the
light source is configured to emit pulses of electromagnetic radiation (e.g., a series of less than
100 microsecond pulses or pulses about 200 microseconds apart plus or minus 100
microseconds).

[0027] The sensing module 150 includes a plurality of sensors that are optically coupleable to
the light source, the light guide, or a combination thereof. In some embodiments, each of the
plurality of sensors may be a photodetector. The plurality of sensors are disposed and
configured to detect at least a portion of the electromagnetic radiation emitted/distributed by
the light source and/or the light guide. In some embodiments, the detected electromagnetic
radiation includes transmitted, refracted, and/or reflected portions of the electromagnetic
radiation. In some embodiments, the refracted electromagnetic radiation includes multi-
directional refraction caused by a lensing effect of a curved surface of the housing of the drug
delivery device 110 and/or the drug reservoir.

[0028] The processing unit 160 is configured to receive the electromagnetic radiation signal
from the sensing module 150 (i.e., each of the plurality of sensors) and convert the received
data into a signal signature representative of the electromagnetic radiation detected by each of
the plurality of sensors. The processing unit 160 may include a processor, such as a
microcontroller, a microprocessor, an ASIC chip, an ARM chip, an analog to digital convertor
(ADC), and/or a programmable logic controller (PLC). In some embodiments, the processing
unit 160 includes a memory that is configured to temporarily store at least one of the
electromagnetic radiation data detected by each of the plurality of sensors and the signal
signature produced from it. In some embodiments, the memory also is configured to store a
plurality of reference signatures. Each of the plurality of reference signatures may be
representative of a drug volume in the drug delivery device 110. In some embodiments, the
processing unit 160 also includes an RFID chip configured to store information (e.g., remaining
volume or dose information) and to allow a near field communication (NFC) device to read the
stored information. In some embodiments, the processing unit 160 is configured to associate
the signal signature with the reference signature to determine a volume or number of doses
remaining in and/or injected by the drug delivery device 110. In some embodiments, the
processing unit 160 can also be configured to determine the type of drug delivery device 110
coupled to the dose measurement system 100, and/or the drug contained in the drug delivery
device 110. In some embodiments, the processing unit 160 also includes a global positioning
system (GPS) to, for example, determine a current location of the dose measurement system
100.

[0029] The communications module 170 may be configured to allow two-way communication
with an external device (e.g., a smart phone, a local computer, and/or a remote server). In
some embodiments, the communications module 170 includes a communication interface to
provide wired communication with the external device (via, e.g., a USB or firewire interface). In
some embodiments, the communication interface also is used to recharge a power source (not
shown), such as a rechargeable battery. In some embodiments, the communications module
170 includes means for wireless communication with the external device (e.g., Wi-Fi, Bluetooth
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° wireless technology, Bluetooth® low energy technology, Zigbee and the like).

[0030] In some embodiments, the communications module 170 includes a display configured
to communicate a status of the dose measurement system 100 to the user, including but not
limited to a volume or number of doses remaining, history of use, remaining battery life,
wireless connectivity status, and/or user reminders. In some embodiments, the status also
includes information on whether an injector, for example, a needle, is attached/detached to the
drug delivery device 110. Generally a user is required to attach a new injector (e.g., needle) to
the drug delivery device 110 prior to each drug injection. Status information on the injector
attachment/detachment can therefore inform the user and/or an external monitor (e.g., a
doctor) whether the user is replacing the injector after each injection.

[0031] In some embodiments, the communications module 170 also includes microphones
and/or vibration mechanisms to convey audio and tactile alerts. In some embodiments, the
communications module 170 includes a user input interface (e.g., a button, a switch, an
alphanumeric keypad, and/or a touch screen) to allow a user to, for example, input information
into the dose measurement system 100, power ON the system, power OFF the system, reset
the system, manually input details of a patient behavior, manually input details of drug delivery
device 110 usage, and/or manually initiate communication between the dose measurement
system 100 and a remote device.

[0032] The dose measurement system 100 may be disposed in a housing (not shown) that
can be configured to be removably coupleable to the drug delivery device 110. For example,
the lighting module 140, sensing module 150, processing unit 160, and/or the communications
module 170 may be incorporated into a housing. One or more individual components of the
dose measurement system 100 (e.g., the lighting module 140 and the sensing module 150)
may be incorporated into a first housing while one or more other components (e.g., the
processing unit 160 and communications module 170) may be separate and/or incorporated
into a second housing. In some embodiments, the housing is configured (e.g., shaped and
sized) to be removably coupled to at least a portion of the drug delivery device 110. For
example, the housing may have a recess and/or define a bore into which a portion of the drug
delivery device 110 can be received. The housing may have alignment features to allow the
dose measurement system 100 to be coupled to the drug delivery device 110 in a
predetermined radial orientation. The housing may be opaque and include an insulation
structure to prevent interference from ambient electromagnetic radiation (e.g., to increase
signal quality). For example, the insulation structure may be a metal lining configured to shield
the electronic components of the dose measurement system 100 from external
electromagnetic radiation. In some embodiments, the housing can substantially resemble a
cap to act as a replacement cap for the drug delivery device 110 (e.g., a pen cap for an
injection pen). In some embodiments, the insulating structure may include plastic mixed with a
metallic compound (e.g., titanium dioxide) to modify a property of the insulation structure. For
example, the addition of certain metallic compound can modify the light transmissivity of the
housing (e.g., to make it more opaque). In some embodiments, the addition of titanium dioxide
to plastic can be used to modify the coloring (e.g., improve the whiteness) of the housing. In
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some embodiments, an average of 3%-5% by volume of titanium dioxide can be added to
thermosetting and thermoplastic materials (e.g., polyolefins, polystyrene, ABS, polyvinyl
chloride, a combination thereof, and/or the like) to form the insulating structure. In some
embodiments, the insulating structure can shield the electronic components of the dose
measurement system 100 from external electromagnetic radiation. In some embodiments, the
opaque nature of the insulating structure due to addition of an opacifier such as titanium
dioxide, may prevent external infrared radiation from entering the housing. In this manner, the
insulating structure may shield the electronic components of the dose measurement system
100 from external electromagnetic radiation. In some embodiments, the insulating structure
may prevent the infrared radiation emitted by the lighting module 140 from passing through the
walls of the housing and/or the pen cap. That is, electromagnetic radiation emitted by the
lighting module 140 can be prevented from leaving the housing and/or the pen cap. This
prevents electromagnetic radiation emitted by the lighting module 140 from leaving the
housing, bouncing back off an external object (e.g., table, chair, cell phone, etc.) and then
returning back into the housing and/or pen cap. In this manner, in addition to canceling
ambient light the insulating structure may correct electromagnetic and/or infrared radiation that
may be reflected back into the housing and/or pen cap.

[0033] In some embodiments, the lighting module 140 and the sensing module 150 are
disposed and oriented in the housing of the dose measurement system 100, such that the light
source and/or the light guide is disposed on a first side, and the plurality of sensors are
disposed on a second side of the drug delivery device 110. In some embodiments, the light
source and/or the light guide is disposed at a first radial position with respect to the drug
delivery device 110, and the plurality of sensors are disposed at a second radial position which
is different than the first radial position (e.g., the second radial position is approximately 180
degrees from the first radial position). In other words, the dose management system 100 may
be arranged so that the light source and/or the light guide is disposed on one side of a drug
reservoir, and the plurality of sensors are disposed on the opposite side of the drug reservoir.
In some embodiments, the plurality of sensors are disposed in a substantially straight line. In
some embodiments, the plurality of sensors are disposed in a substantially straight line that is
substantially parallel to the elongate axis of the light guide. In some embodiments, the light
guide is disposed such that the distribution of electromagnetic radiation is parallel to and in line
of sight of at least one sensor. In other embodiments, the light guide is disposed such that
each opening or area for transmitting electromagnetic radiation is located adjacent to at least
one sensor, each opening or area also being located parallel to and in line of sight of at least
one sensor. In some embodiments, at least one of the light guide distribution, openings, or
areas and/or at least one of the plurality of sensors is located in an inclined orientation with
respect to a longitudinal axis of the drug delivery device 110. In some embodiments, the
number of the plurality of sensors is equal to, greater than, or less than a number of light guide
openings or areas for transmitting electromagnetic radiation. In some embodiments, the light
guide can be disposed along a light guide axis on a second side of the drug reservoir such that
the light guide axis is substantially parallel to the longitudinal axis of the dose measurement
system 100. In some embodiments, the plurality of sensors can be disposed along a sensor
axis on a first side of the drug reservoir such that the sensor axis is substantially parallel to the
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longitudinal axis of the dose measurement system 100. In some embodiments, the light source
can be disposed and configured to emit electromagnetic radiation along the light guide axis. In
some embodiment, the light source can be angled downwards and is not facing the first side of
the drug reservoir. That is, the light source is angled in such a manner that the light source is
approximately perpendicular to the plurality of sensors. In some embodiments, the dose
measurement system 100 can include at least one opening or area on the second side of the
drug reservoir to distribute at least a portion of the electromagnetic radiation emitted by the
light source. In some embodiments, the dose measurement system 100 can include a light
guide on the second side of the drug reservoir to distribute at least a portion of the
electromagnetic radiation emitted by the light source. In some embodiments, the light guide is
disposed such that the elongated axis of the light guide is substantially parallel to the plurality
of sensors. Scattered portions of the electromagnetic radiation emitted from the light guide
may be detected by the plurality of sensors.

[0034] In some embodiments, the light source and/or the light guide and the plurality of
sensors are configured such that the dose measurement system 110 can detect the volume of
drug in the drug delivery device 110 with a resolution of 1 unit of drug or smaller (e.g., fractions
of units of drug such as 0.1 units, 0.2 units, 0.5 unites, etc.). In some embodiments, the light
source and/or light guide and the plurality of sensors are configured such that the dose
measurement system 110 can detect the position of a plunger portion of an actuator disposed
in the drug delivery device 110 with a resolution of about 10 micrometers, about 20
micrometers, about 30 micrometers, about 40 micrometers, about 50 micrometers, about 60
micrometers, about 70 micrometers, about 80 micrometers, about 90 micrometers, about 100
micrometers, about 110 micrometers, about 120 micrometers, about 130 micrometers, about
140 micrometers, about 150 micrometers, about 160 micrometers, about 170 micrometers,
about 180 micrometers, or about 200 micrometers, inclusive of all ranges therebetween.

[0035] Having described above various general principles, several exemplary embodiments of
these concepts are now described. These embodiments are only examples, and many other
configurations of a dose measurement system, systems and/or methods for measuring dose
delivered by a drug delivery device and overall health of a patient are envisioned.

[0036] Referring now to FIGS. 2-4 a dose measurement system 200 may include a lighting
module 240, a sensing module 250, a processing unit 260, a communications module 270, and
a power source 286. The dose measurement system 200 may be configured to be removably
coupleable to a drug delivery device 210 (also referred to herein as "an injection pen 210").
The drug delivery device 210 may be configured to deliver a predefined quantity of a drug
(e.g., a dose) to a patient. Examples of the drug delivery device 210 include insulin injection
pens that can be used by a patient to self-administer insulin. As described herein, the drug
delivery device 210 may include a housing 212, an actuator 214, and an injector 216. The
housing 212 may be relatively opaque, such that it only allows select wavelengths of
electromagnetic radiation to be transmitted therethrough (e.g., infrared or microwave
radiation). The housing 210 defines an internal volume (e.g., a reservoir) for storing a drug.
The actuator 214 may include a plunger portion in fluid communication with the drug and
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configured to communicate a predefined quantity of drug to the patient. The actuator 214 may
be configurable (e.g., by the user) to dispense variable quantities of the drug. The injector 216
may be configured to penetrate a user's skin for intramuscular, subcutaneous, and/or
intravenous delivery of the drug.

[0037] The dose measurement system 200 includes a housing 220 that includes a top housing
portion 222 (also referred to herein as "top housing 222") and a bottom housing portion 224
(also referred to herein as "bottom housing 224"). The top housing portion 222 and the bottom
housing portion 224 may be removably or fixedly coupled together by, for example, gluing, hot
welding, a snap-fit mechanism, screws, or by any other suitable coupling means. The housing
220 may be made from a rigid, light weight, and opaque material including, but not limited to,
polytetrafluoroethylene, high density polyethylene, polycarbonate, other plastics, acrylic, sheet
metal, any other suitable material, or a combination thereof. The housing 220 may be
configured to shield the internal electronic components of the dose measurement system 200
from environmental electromagnetic noise. For example, the housing may include an insulation
structure (not shown) such as, for example, aluminum lining or any other metal sheet or foil
that can serve as an electromagnetic shield.

[0038] As shown in FIG. 3, the top housing portion 222 defines an internal volume for
substantially housing the lighting module 240, the sensing module 250, the processing unit
260, the communications module 270, and the power source 286. The bottom housing portion
224 defines a bore 226, shaped and sized to receive at least a portion of the drug delivery
device 210. For example, the bore 226 may be shaped and sized to receive only the drug
containing portion of the housing 212 and the injector 216. The bore 226 may be configured to
receive the drug delivery device 210 in a preferred orientation (e.g., a preferred radial
orientation). In some embodiments, the bore 226 is in close tolerance with the diameter of the
drug delivery device 210, for example, to form a friction fit with the drug delivery device 210. In
some embodiments, the bore 226 includes one or more notches, grooves, detents, any other
snap-fit mechanism, and/or threads, for removably coupling the drug delivery device 210 to the
bottom housing 224. In some embodiments, bottom housing portion 224 includes one or more
alignment features to allow the drug delivery device 210 to be coupleable with the dose
measurement system 200 in a predetermined radial orientation.

[0039] In some embodiments, the bottom housing 224 includes one or more apertures 228 for
receiving at least a portion of the light source and/or light guide 244 of the lighting module 240,
and/or sensors 254 of the sensing module 250. The apertures 228 may be configured to
provide mechanical support for the light source and/or light guide 244 and/or sensors 254, or
can serve as an alignment mechanism for the lighting module 240 and/or sensing module 250.

[0040] As shown in FIG. 4, the top housing 222 includes an opening 230 for receiving at least
a portion of the communications module 270 such as, for example, a communication interface
to provide wired communication with an external device, and/or an interface for charging the
power source 286. In some embodiments, the top housing 222 also includes features (e.g.,
recesses, apertures, cavities, etc.) for receiving a portion of the drug delivery device 210 such
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as the injector 216. In some embodiments, the housing 220 also includes a detection
mechanism (not shown) to detect if the drug delivery device 210 has been coupled to the dose
measurement system 200 (e.g., a push switch, a motion sensor, a position sensor, an optical
sensor, a piezoelectric sensor, an impedance sensor, or any other suitable sensor). The
housing 220 may be relatively smooth and free of sharp edges. In some embodiments, the
housing 220 is shaped to resemble a pen cap that has a form factor that occupies minimal
space (e.g., fits in the pocket of a user). In some embodiments, the housing 220 also includes
features for handling (e.g., clips for attaching to a user's shirt pocket) and/or various
ornamental features. In some embodiment, the dose measurement system 200 also serves as
a replacement cap for the drug delivery device 210. In some embodiments, the housing 220
also includes one or more sensors (e.g., optical sensors) to determine a status of the drug
delivery device 210, for example, if the injector 216 (e.g., a needle) is attached/detached to the
drug delivery device 210.

[0041] Referring still to FIGS. 3 and 4, the light source and/or light guide 244 (e.g., an LED) of
the lighting module 240 is mounted on, or otherwise disposed on, a printed circuit board (PCB)
242. The PCB 242 may be any standard PCB made by any commonly known process. In some
embodiments, the light source and/or light guide 244 is arranged to emit/distribute
electromagnetic radiation along the length of the housing such that, when the portion of the
drug delivery device 210 that defines the internal volume of the housing 212 holding the drug is
coupled with the dose measurement system 200, the light source and/or light guide 244 can
illuminate the entire internal volume. In some embodiments, the light source and/or light guide
244 is fabricated and oriented in another shape or configuration, such that the electromagnetic
radiation is distributed unequally, alternately with the sensors 254, in a zig-zag pattern, or using
any other configuration as described herein.

[0042] In some embodiments, the light sources and/or light guide 244 is configured to produce
an electromagnetic radiation of a wavelength that is capable of penetrating through the
housing 212 of the drug delivery device 210, the drug contained therein, and/or a portion of the
housing 220. For example, infrared radiation or microwave radiation can penetrate many of the
plastic materials that are commonly used in manufacturing drug delivery devices (e.g., injection
pens). In some embodiments, an electromagnetic radiation has a frequency that also can
penetrate through the internal components of the drug delivery device 210, such as the
plunger portion of the actuator 214. In some embodiments, the light source and/or light guide
is 244 configured to produce a wide beam of electromagnetic radiation (e.g., a wide-angled
LED or a diffused exit opening of a light guide). Said another way, the electromagnetic
radiation cone of a single light source and/or opening in a light guide 244 may have a wide
angle, and the electromagnetic radiation cones of adjacent openings in a light guide 244 may
overlap. In some embodiments, a light source and/or light guide 244 is configured to
emit/distribute pulses of electromagnetic radiation (e.g., a series of less than 100 microsecond
pulses or pulses about 200 microseconds apart plus or minus 100 microseconds).

[0043] The plurality of sensors 254 of the sensing module 250 may be mounted on, or
otherwise disposed on, a PCB 252. The PCB 252 may be any standard PCB made by any
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commonly known process. The plurality of sensors 254 may be any optical sensors (e.g.,
photodiodes) optically coupleable with the light source and/or light guide 244 and configured to
detect at least a portion of the electromagnetic radiation emitted/distributed by the light source
and/or light guide 244. The electromagnetic radiation may be transmitted radiation, refracted
radiation (e.g., refracted through air, drug, and/or body of drug delivery device 210), reflected
radiation (e.g., reflected from a wall of the housing 220 or internally reflected from a wall of the
drug delivery device 210), and/or multi-directional refraction/reflection caused by a lensing
effect of a curved surface of the housing 212 and/or the drug reservoir. The transmitted,
refracted, and/or reflected electromagnetic signal received by the plurality of sensors 254 may
be used to create a signal signature (e.g., by the processing unit 260). The signal signature
may then be associated with a reference signature to determine the volume or number of
doses remaining in the drug delivery device 210. In some embodiments, the signal response of
the sensors may be used to measure usability metrics such as, for example, determining the
presence of the injector 216 of the drug delivery device 210, and/or determining whether the
drug delivery device 210 is coupled or uncoupled to the dose measurement system 200. In
some embodiments, the signal response of the sensors 254 also may be used to determine
the type of a drug delivery device 210 is coupled to the dose measurement system 200, and/or
the type of drug present in the drug delivery device 210.

[0044] In some embodiments, the sensors 254 are arranged in a substantially similar
configuration to the light source and/or light guide 244. In some embodiments, the number of
sensors 254 is the same as, greater than, or less than the number of pseudo-light sources
created by the light source and light guide 244. In some embodiments, the light source and/or
light guide 244 and/or sensors 254 are arranged in an inclined orientation.

[0045] The processing unit 260 may include a PCB 262 and a processor 264. The PCB 262
may be any standard PCB made by any commonly known process and may include amplifiers,
transistors and/or any other electronic circuitry as necessary. The processor 264 may be any
processor, including, but not limited to, a microprocessor, a microcontroller, a PLC, an ASIC
chip, an ARM chip, an ADC, and/or any other suitable processor. The processing unit 260 may
be coupled to the lighting module 240 and the sensing module 250 using electronic couplings
266, such that the lighting module 240 and the sensing module 250 are oriented perpendicular
to the processing unit 260 and parallel to each other. In some embodiments, the processing
unit 260 includes an onboard memory for at least temporarily storing a signal signature, a
reference signature database, dose information, user health data (e.g., blood glucose level),
device location data (e.g., from a GPS optionally included in the dose measurement system
200 or from another GPS enabled device that is paired with the system 200 such as a blood
glucose meter or cellular phone), and/or any other data as might be useful for a patient to
manage their health. In some embodiments, the processing unit 260 includes an RFID chip
configured to store information and/or allow an NFC device to read the information stored
therein. The processing unit 260 may be configurable to control the operation of the dose
measurement system 200, for example, activation and timing of the light source and/or light
guide 244, and/or reading and processing of electromagnetic radiation data from the sensors
254. For example, the processing unit 260 may be configured to compare electromagnetic
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radiation signal signature obtained from the plurality of sensors 254 and associate it with the
reference signature database to determine the volume or quantity of doses remaining in the
drug delivery device 210 or the position of the actuator 214 (e.g., plunger) of the drug delivery
device 210.

[0046] In some embodiments, the processing unit 260 is configured to correct the signal
signature for background noise. For example, the processing unit 260 may be configured to
operate the sensing module 250 to detect a background signature with the lighting module in
dark state, i.e., the light source 244 switched off. The background signature can then be
associated with the signal signature to correct for background noise. In some embodiments,
the processing unit 260 also includes electronic signal filtering algorithms, including, but not
limited to, Fourier transforms, low pass filter, band filter, high pass filter, Bessel filter, and/or
any other digital filter to reduce noise and increase signal quality. The processing unit also may
be configured to obtain reference signatures by storing the electromagnetic radiation signal
detected by the sensing module 250 for a range of dose volumes in a representative drug
delivery device 210, including, but not limited to, electromagnetic radiation signal at drug
delivery device 210 being full, being empty, and a series of intervals there between (e.g., every
unit of dose dispensed from the drug delivery device and/or every 170 micrometer
displacement of a plunger portion of the actuator 214 included in the drug delivery device 210).

[0047] In some embodiments, the processing unit 260 is configured to include probabilistic
matching algorithms that can be used to associate the signal signature with the reference
signature to determine a volume of liquid in the drug delivery device 210. In some
embodiments, the processing unit 260 also includes algorithms to determine the type of drug
delivery device 210 coupled to the dose measurement system 200 and/or the drug contained
within the drug delivery device 210, from the signal signature. For example, drug delivery
devices 210 of the same form factor (i.e., size and shape) can include different drugs, for
example, insulin, epinephrine, or any other drug. In order to avoid confusion, delivery device
210 manufacturers often provide marking, labeling, and/or color coding to distinguish between
different drugs in delivery devices 210 that look similar. Said another way, once a drug delivery
device 210 company has designed and is manufacturing a particular delivery device 210, they
often use that same design for different drug therapies. Therefore, in some embodiments, the
algorithms included in the processing unit 260 are configured to determine the type of drug
delivery device 210 coupled to the dose measurement system 200 based on, for example,
material properties (e.g., color, refractive index, etc.) of the device. For example, different
materials and/or colors can have different refractive indexes, which may be used for
identification. In some embodiments, the type of drug included in the drug delivery device 210
also may be used to determine the type of delivery device 210 based on the refractive index of
the drug.

[0048] The processing unit 260 also may be configured to control and operate the
communications module 270. In some embodiments, the processing unit 260 is configured to
operate the system in a power efficient manner. For example, the processing unit 260 may turn
off the electronics powering the light source 244 (e.g., operational amplifiers) when they are
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not needed. The processing unit 260 may pulse the LEDs for a short period at high current to,
for example, save power and/or increase signal to noise ratio. The processing unit 260 also
may be configured to periodically activate the communications module 270 (e.g., about 1-10
times per day) and/or when the dose measurement system 200 is attached to the drug delivery
device 210. Similarly, the processing unit 260 may turn the communications module 270 off
when it is not needed. In some embodiments, the processing unit 260 also includes a global
positioning system (GPS) to, for example, determine a current location of the dose
measurement system 200.

[0049] The communications module 270 may be configured to communicate data to the user
and/or an external device, for example, a smart phone application, a local computer, and/or a
remote server. The communicated data may include, but is not limited to, initial system
activation, system ON/OFF, drug delivery device 210 coupled/uncoupled, injector
attached/detached from drug delivery device 210, volume remaining, number of doses
remaining, dose history, time, system or drug temperature, system location (GPS), drug
delivery device 210 coupling/uncoupling data, drug expiration date, velocity at which drug is
delivered, device collisions, device power remaining, step count, tampering with the system,
any other user health information, and/or any other usable data. In some embodiments, the
communications module 270 is configured to receive data, for example, new calibration data,
firmware updates, user health information (e.g., blood glucose levels, diet, exercise, dose
information) and/or any other information input by the user, or communicated by an external
device. The communications module 270 may include conventional electronics for data
communication and can use a standard communication protocol, including, but not limited to,

Wi-Fi, Bluetooth® wireless technology, Bluetooth® low energy technology, Zigbee, USB,
firewire, and/or near field communication (e.g., infrared). In some embodiments, the
communications module 270 is configured to periodically connect (e.g., about 1-10 times per
day) to the external device (e.g., a smart phone) to log any dose data stored in the onboard
memory. In some embodiments, the communications module 270 is activated on demand by
the user.

[0050] Referring now also to FIG. 5, in some embodiments, the communications module 270
includes a communication interface 271 located on an external surface of the housing 210 of
the dose measurement system 200 for communicating with the user. The communication
interface 271 may include a switch 272 (e.g., a power switch, a reset button, and/or a
communication switch) to manually initiate communication with an external device (to activate,

e.g., Bluetooth® wireless technology). In some embodiments, the communications interface
271 also includes an indicator 274 such as a light source (e.g., an LED) to indicate to the user,
for example, if the dose measurement system 200 is ON/OFF, or the communication module
270 is active. In some embodiments, the communication interface 271 includes a display 276
for visual communication of information to the user, including, but not limited to, the volume or
number of doses remaining 278 in the drug delivery device 210, the current time 280, system
power remaining 282, dose history 284 (e.g., average dose usage, time last dose taken, etc.),
an indication of charging status of the drug delivery device 210 (e.g., currently charging, fully
charged, etc.), and/or wireless connectivity status. In some embodiments, the communications
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interface 271 includes an alphanumeric keypad, and/or a touch screen to, for example, allow a
user to input information (e.g., food intake, exercise data, etc.) into the dose measurement
system 200. In some embodiments, the communications module 270 includes a speaker for
providing audible alerts or messages to the user (e.g., dose reminders and reinforcement
messages) and/or a microphone for receiving audio input from the user. In some
embodiments, the communications module 270 includes means for tactile alerts (e.g., a
vibration mechanism). In some embodiments, the communications module 270 can
communicate other information pertaining to user health, including, but not limited to, steps
taken, calories burned, blood glucose levels, and/or any other information.

[0051] The power source 286 may be any power source that can be used to power the dose
measurement system 200. In some embodiments, the power source 286 includes an energy
storage device (e.g., a disposable battery). In some embodiments, the power source 286
includes a rechargeable battery, including, but not limited to, a NiCad battery, a Li-ion battery,
Li-polymer battery, or any other battery that has a small form factor (e.g., of the type used in
cell phones), and/or does not to be charged frequently (e.g., charged once per month). In
some embodiments, the power source 286 is charged using an external power source,
including, but not limited to, though a power socket located on the housing 220 and/or through
a communication interface of the communications module 270 (e.g., a USB interface). In some
embodiments, the power source 286 is charged using solar energy and may include solar
panels. In some embodiments, the power source 286 is charged using kinetic energy and may
include mechanical energy transducers.

[0052] As described above, the plurality of sensors 254 of the sensing module 250 are
configured to receive at least one of a transmitted radiation, refracted radiation (e.g., refracted
through air, the liquid drug, the housing 212 of drug delivery device 210), reflected radiation
(e.g., reflected from a wall of the housing 220 or internally reflected from a wall of the internal
volume of the drug delivery device 210), and multi-directional reflection/refraction (e.g., caused
by a lensing effect of a curved surface of the housing 212 of the drug delivery device 210).
Referring now to FIG. 6, a light source L (e.g., a wide angle light source) can produce a
plurality of light rays emanating and diverging away from the light source. The light source L is
present in a first medium M1 (e.g., air) having a first refractive index n1. A second medium M2
(e.g., liquid drug) having a second refractive index n2, greater than the first refractive index
(i.e., n2 > n1), is bordered by the first medium M1 on both sides. The second medium M2 also
may include an opaque surface (e.g., a sidewall).

[0053] A first light ray L1 emitted by the light source L is incident on the interface of the first
medium M1 and the second medium M2 at a first angle of 0 degrees. This light ray does not
bend as it penetrates through the second medium M2 and transmits back into the first medium
M1 (the transmitted light) at the original angle of incidence. A second light ray L2 is incident on
the interface of the first medium M1 and the second medium M2 at a second angle > 0. The
second light ray L2 bends or refracts (the refracted light) as it penetrates the second medium
M2, and then bends again to its original angle of incidence as it reenters the first medium M1,
parallel to but offset from the emitted ray L2. A third light ray L3 is incident on the interface of
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the first medium M1 and the second medium M2 at a third angle greater than the second
angle. At this angle of incidence, the light ray L3 does not penetrate into the second medium
M2, but it is reflected back into the first medium M1 (the reflected light), such that angle of
reflection is equal to the angle of incidence. A fourth light ray L4 is incident on the interface of
the first medium M1 and the second medium M2 at a fourth angle less than the third angle,
such that the light ray L4 refracts in the second medium M2, but is now incident on the opaque
surface included in the second medium M2 (reflection from opaque surface). At least a portion
of the light ray L4 is reflected back into the second medium M2, which then reenters back into
the first medium M1 at a fifth angle, such that the fifth angle is not equal to the fourth angle.

[0054] As described herein, the electromagnetic radiation signal received by the plurality of
sensors 254 of the sensing module 250 may include a combination of the transmitted,
refracted and reflected portions of the electromagnetic radiation. A unique signal signature is
produced by the combination of the portions of the electromagnetic radiation at different dose
volumes remaining, and/or the actuator 216 position of the drug delivery device 210. This
signal signature may be compared with a reference signal signature database (also referred to
herein as "a calibration curve") to obtain the volume or number of doses remaining in drug
delivery device 210, as described in further detail herein.

[0055] Referring now to FIGS. 7-10, various configurations of the light source and/or light
guide and the sensors are shown and described. While the transmitted and reflected portion of
the electromagnetic radiation is shown, the refractive portion is not shown for clarity. As shown
in FIG. 7, a dose measurement system 300 includes a plurality or pseudo-plurality (using a
light guide) of light sources 344 and a plurality of sensors 354. A drug delivery device 310 is
coupled to the dose measurement system 300. The drug delivery device 310 includes a
housing 312 and an actuator 314 that collectively define an internal volume (e.g., a reservoir)
for containing a drug. The drug delivery device 310 also includes an injector 316 for
communicating the drug to a patient. The dose measurement system 300 is configured such
that the plurality or pseudo-plurality of light sources 344 are disposed on a first side of the
housing oriented toward the drug delivery device 310 and the plurality of sensors 354 are
disposed on a second side of the housing such that each of the plurality of sensors 354 is
substantially opposite to, and in optical communication with, at least one of the plurality or
pseudo-plurality of light sources 344. In some embodiments, the plurality or pseudo-plurality of
light sources 344 and/or the plurality of sensors 354 are disposed in a substantially linear
relationship (e.g., a straight line) with respect to each other. Each of the plurality of sensors
354 receive a combination of transmitted, refracted and reflected electromagnetic radiation
emitted/distributed by the plurality or pseudo-plurality of light sources 344. The reflection
portion of the electromagnetic radiation may be reflected from a plunger portion of the actuator
314, and/or reflected from a housing of the dose measurement system 300 or the housing 312
of the drug delivery device 310. The refraction may be from the housing 312 and/or from the
liquid drug disposed in the drug delivery device 310. The combination of the transmitted,
reflected, and refracted portions of the electromagnetic radiation detected by each of the
plurality of sensors yields a unique signal signature for a range of dose volumes remaining in
the drug delivery device 310.
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[0056] In some embodiments, a plurality or pseudo-plurality of light sources and a plurality of
sensors are alternately disposed both sides of a drug delivery device. As shown in FIG. 8, a
dose measurement system 400 includes a plurality or pseudo-plurality of light sources 444 and
a plurality of sensors 454. The drug delivery device 410 includes a housing 412 and an
actuator 414 that collectively define an internal volume (e.g., a reservoir) for containing a drug.
The drug delivery device 410 also includes an injector 416 for communicating the drug to a
patient. The dose measurement system 400 is configured such that the plurality or pseudo-
plurality of light sources 444 and the plurality of sensors 454 are disposed on both sides of the
drug delivery device. In other words, each side of the drug delivery device 410 has a plurality
or pseudo-plurality of light sources 444 and a plurality of sensors 454. For example, a light
guide may be shaped (e.g., as a helix) and configured to wind around the housing with
openings to distribute electromagnetic radiation from opposite sides of the drug delivery device
410. This may be advantageous as emission and detection of electromagnetic radiation is now
performed from both sides of the drug delivery device 410, which can, for example, remove
any biases.

[0057] In some embodiments, at least a portion of the plurality or pseudo-plurality of light
sources and/or the plurality of sensors are arranged in an angular orientation. As shown in
FIG. 9, a dose measurement system 500 includes a plurality or pseudo-plurality of light
sources 544 and a plurality of sensors 554. The drug delivery device 510 includes a housing
512 and an actuator 514 that collectively define an internal volume (e.g., a reservoir) for
containing a drug. The drug delivery device 510 also includes an injector 516 for
communicating the drug to a patient. The dose measurement system 500 is configured such
that the plurality or pseudo-plurality of light sources 544 and the plurality of sensors 554 are
disposed on both side of the drug delivery device 510 and have an angular orientation with
respect to a longitudinal axis of the dose measurement system 500 and drug delivery device
510. This orientation may ensure that the electromagnetic radiation emitted/distributed by the
plurality or pseudo-plurality of light sources 544 is incident on a larger portion of the drug
delivery device 510 than is achievable with the light source and/or light guide 544 oriented in a
straight line. Similarly, the plurality of sensors 554 may detect a greater portion of the
electromagnetic radiation. This can, for example, result in higher resolution of the sensors 554,
and/or reduce the quantity or pseudo-quantity of light sources 544 and/or sensors 554
required to achieve the desired resolution.

[0058] In some embodiments, diffused exit openings of a light guide, for example, may be
used to ensure that the electromagnetic radiation emitted/distributed by the light source and/or
light guide 544 is incident on a larger portion of the drug delivery device 510 than can be
achievable with a narrower beam light sources 544. A diffused exit opening presents random
critical angles to internal light rays, assuring the probability of light escaping from the light
guide. This may also be viewed as the diffused exit opening having random indices of
refraction. The exiting light rays are disbursed at random angles into a wide radiation pattern of
light.
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[0059] In other words, with a wider beam emitted/distributed by the light source and/or light
guide 544, a higher proportion of the overall drug delivery device 510 (or of the drug reservoir)
is in optical communication with the light source and/or light guide 544. Since a higher
proportion of the delivery device 510 is in optical communication with the light source and/or
light guide 544, a broader spectrum of electromagnetic radiation being transmitted, reflected,
and/or refracted through the drug delivery device can increase the signal strength detectable
by the plurality of sensors 554. Said another way, variability in the signal signatures (as
opposed to increased intensity of light incident on a sensor) increases with the broadening of
the beam of light incident on the delivery device, therefore increasing the resolution of the dose
measurement system 500. For example, wider angles may increase ability to distinguish states
of the drug delivery device, even though the overall intensity of light may be lower. This is
because distinguishing states is more about optimizing how the intensity of light changes from
state to state than it is about the absolute intensity of light.

[0060] In some embodiments, a dose measurement system is configured to detect a signal
signature from a location of an actuator of a drug delivery device, which may be used to
estimate the volume or number of doses remaining in the drug delivery device. As shown in
FIG. 10, a dose measurement system 600 includes a light source and/or light guide 644 and a
plurality of sensors 654. A drug delivery device 610 is coupled to the dose measurement
system 600. The drug delivery device 610 includes a housing 612 and an actuator 614 that
collectively define an interior volume (e.g. reservoir) for containing a drug. The dose
measurement system 600 is disposed generally about the actuator 614 portion of the drug
delivery device 610 as opposed to the dose measurement systems 300, 400, and 500 being
disposed generally around the drug reservoir as shown in FIGS. 7-9. The light source and/or
light guide 644 and sensors 654 are configured and arranged in a substantially similar way as
described above with reference to FIGS. 7. Electromagnetic radiation emitted/distributed by the
plurality or pseudo-plurality of light sources 644 may be transmitted unblocked by the actuator
614, blocked by a plunger portion of the actuator 614, reflected by a body or the plunger
portion of the actuator 614, and/or reflected/refracted by the housing of the drug delivery
device 610. The combination of the transmitted, reflected, and refracted portions of the
electromagnetic radiation detected by the plurality of sensors 654 are then used to generate a
signal signature at a given position of the actuator 614. Displacement of the actuator 614 from
a first position to a second position changes the transmission, reflection, and refraction pattern
of the electromagnetic radiation detected by the sensors 654, creating a unique signal
signature at each position of the actuator 614. This signature may be correlated to a volume or
number of doses remaining in the drug delivery device 610 (e.g., by association with a
reference signature).

[0061] Referring now to FIGS. 11A-11C, each sensor of the plurality of sensors of a dose
measurement system can detect the electromagnetic radiation emitted/distributed by at least a
portion of the plurality or pseudo-plurality of light sources, and the detected electromagnetic
radiation may be a combination of transmitted, reflected, and refracted electromagnetic
radiation. As shown, the dose measurement system 700 includes two light sources 744a and
744b (e.g., openings in a light guide), and two sensors 754a and 754b for clarity. The dose
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measurement system 700 is coupled to a drug delivery device 710 which includes a housing
712 and an actuator 714 that collectively define an internal volume (e.g., a reservoir) for
containing a liquid drug. The drug reservoir and at least a plunger portion of the actuator 714
are disposed substantially inside the dose measurement system 700 between the light sources
744a, 744b and sensors 754a, 754b.

[0062] As shown in FIG. 11A, the plunger portion of the actuator 714 is in a first position
(position 1) such that the plunger portion is not in the line of sight of light sources 744a and
744b and sensors 754a and 754b. When electromagnetic radiation is emitted/distributed by the
light sources 744a and 744b toward the drug delivery device 710, a significant portion of the
electromagnetic radiation is detected by the sensors 754a and 754b in position 1. The
electromagnetic radiation may include transmitted radiation, reflected radiation (e.g., by the
housing 712 of the drug delivery device 710), refracted radiation (e.g., by the liquid drug and/or
housing), and/or multi-direction reflection/refraction because of a curved surface of the housing
712 of the drug delivery device 710 as described in more detail below. As shown in this
example, sensor 754a value is 15.3 and sensor 754b value is 13.7, which indicates that a
significant portion of the electromagnetic radiation is detected by the sensors 754a and 754b.

[0063] As shown in FIG. 11B, the actuator is 714 has been displaced to a second position
(position 2) such that the plunger portion partially blocks the line of sight between the light
source 744b and the sensor 754b. In position 2, a significant portion of the electromagnetic
radiation emitted/distributed by the light source 744b is blocked from reaching the sensor 754b
by the actuator 714, but at least a portion of the electromagnetic radiation emitted/distributed
by light source 744a can still reach the sensor 754b along with any multi-directional
reflected/refracted electromagnetic radiation. Furthermore, sensor 754a can receive refracted
electromagnetic radiation from light source 744b and transmitted, refracted radiation from light
source 744a. Sensor 754a also receives electromagnetic radiation reflected by a surface of the
plunger that at least partially defines the drug reservoir. Therefore, at position 2 the sensor
754a detects an electromagnetic radiation value of 15.5 (greater than position 1), and sensor
754b detects an electromagnetic radiation value of 8.8 (less than position 1). The unique
values measured at position 2 can serve as the signal signature values for position 2.

[0064] As shown in FIG. 11C, the plunger portion of the actuator 714 is in a third position
(position 3) such that the plunger portion of the actuator 714 completely blocks the line of sight
of the sensor 754a from the electromagnetic radiation emitted/distributed by light source 744a,
such that substantially no transmitted and or reflected radiation from light source 744a can
reach the sensor 754a. A portion of the transmitted electromagnetic radiation
emitted/distributed by the light source 744b is also blocked by at least a portion of the actuator
714, from reaching the sensor 754b. Both the sensors 754a and 754b can still receive at least
a portion of the reflected and refracted portions of the electromagnetic radiation
emitted/distributed by any of the light sources 744a and/or 744b. Therefore, at position 3 the
sensor 754a detects an electromagnetic radiation value of 2.2 (less than positions 1 and 2),
and sensor 754b detects an electromagnetic radiation value of 12.0 (less than position 1, but
greater than position 2). The unique values measured at position 3 can serve as the signal
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signature values for position 3.

[0065] Referring now to FIG. 12, a cross section of the dose measurement system 700 taken
along line AAin FIG. 11Ais shown to illustrate the lensing effect caused by the curvature of the
drug reservoir. As shown, a light ray emitted/distributed at a zero degree angle by light source
744b is transmitted without bending toward the sensor 754b. Two more light rays
emitted/distributed by the light source 744b, at an angle away from the transmitted ray, are
caused to refract (bend) toward the transmitted ray as they enter the drug reservoir because
the liquid drug has a higher refractive index than air. This phenomenon is referred to herein as
"a lensing effect,"” which can result in focusing of the light rays toward the sensor 754b. A fourth
ray is emitted/distributed at an angle further away from the transmitted ray such that it refracts
at the air/drug interface, and then is further reflected by an internal surface of the housing 712
of the drug delivery system 710 such that it is incident on the sensor 754b. A fifth ray is
emitted/distributed at an angle, such that even after refraction it is not incident on the sensor
754b. As described above, the combination of these rays yields a detected electromagnetic
radiation value of 15.3 by sensor 754a and 13.7 by sensor 754b. These unique values
measured at position 1 can serve as the signal signature values for position 1.

[0066] Referring now to FIG. 13, a cross-section of the dose measurement system 700 taken
along line BB in FIG. 11C is shown to illustrate effect of the actuator 714 on the transmission of
light. As shown, a light ray emitted/distributed at a zero degree angle by light source 744b is
blocked by a portion of the actuator 714. Two more light rays emitted/distributed by the light
source 744b, at an angle away from the transmitted ray, pass unrefracted (refraction through
the housing is ignored) through the portion of the housing 712 of the drug delivery device 710
(there is no drug in this portion of the device 710) and are incident on the sensor 754b. A
fourth ray is emitted/distributed by the light source 744b at an angle, such that it is internally
reflected by the housing 712 and is incident on sensor 754b, while a fifth ray is internally
reflected by the housing 712 but is not incident on the sensor 754b. The combination of these
rays yields a detected electromagnetic radiation value of 2.2 by sensor 754a and 12.0 by
sensor 754b. These unique values measured at position 3 can serve as the signal signature
values for position 3. It is to be noted that although the line of sight of sensor 754a is
completely blocked from light source 744a, reflected and refracted portions of the
electromagnetic radiation still contribute to generation of a positive value.

[0067] Although the sensor values for particular positions are described as being absolute
values, individual sensor values relative to other sensor values may be used to infer and/or
determine the volume of liquid remaining in the drug reservoir. For example, sensor 754a
having a particular value that is different from sensor 754b value by a certain amount or a
certain percentage may be indicative of a position/drug volume remaining. Furthermore, a
sensor value relative to two or more other sensor values may be used to generate a calibration
curve of a drug delivery device 710.

[0068] A unique signal signature obtained at various configurations pertaining to the volume of
dose dispensed by a drug delivery device may be used to obtain a reference signature
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(calibration curve) of the dose measurement system. FIG. 14 shows an example of a reference
signal signature obtained for a drug delivery device using a dose measurement system that
includes a total of seven sensors. The dose measurement system may be any dose
measurement system as described herein. The electromagnetic radiation signature detected
by each of the plurality of sensors for a range of dose volumes dispensed is stored and used to
create the reference signature. As can be seen from the reference signature when the drug
delivery device is almost full, sensor 1 records low amplitude of electromagnetic radiation,
while sensor 7 records very high amplitude of electrode and all other sensors detect some
intermediate signal signature. In contrast, when the drug delivery is completely empty, sensor 1
records very high amplitude of electromagnetic radiation, while sensor 7 records low amplitude
and all other sensors detect some intermediate signal signature.

[0069] Sensor 8 detects a uniform sensor signal for a substantial portion of the dose delivered,
until the almost all the dose has been delivered or the drug delivery device is almost empty. In
some embodiments, the sensor 8 is used as the volume critically low sensor to indicate, for
example, that the drug delivery device is nearly or completely empty. In some embodiments,
the sensor 8 also is used as a usability metric sensor to detect if, for example, a drug delivery
device is coupled to the dose measurement system and/or an injector included in the drug
delivery device is present or not.

[0070] Therefore in this manner, the signal value recorded from all sensors for a range of drug
volumes remaining yields the signal signature for the entire volume of drug in the drug delivery
device. The range of drug volumes used for obtaining the signal signature may include, for
example, drug delivery device completely full, drug delivery device completely empty, and a
sufficient number of intermediate signatures (e.g., a signature obtained every unit of the total
fluid dispensed, inclusive of all percentages there between).

[0071] In some embodiments, the reference signature is corrected for background light. For
example a background signature can be detected by detecting the signal signature from the
plurality of sensors in a dark state of the light source. The signal signature may be compared
with the background signature to remove background noise. In some embodiments, the signal
signature is associated with the reference signature to determine a drug volume in the drug
delivery device, using probabilistic matching algorithms. In some embodiments, the plurality or
pseudo-plurality of light sources and the plurality of sensors are configured such that the dose
measurement system can detect the volume of drug in the drug delivery device with a
resolution of 1 unit of drug, and/or position of a plunger portion of an actuator disposed in the
drug delivery device 110 with a resolution of 100 micrometers, 110 micrometers, 120
micrometers, 130 micrometers, 140 micrometers, 150 micrometers, 160 micrometers, 170
micrometers, 180 micrometers, or 200 micrometers, inclusive of all ranges therebetween.

[0072] Fig. 15 illustrates a flow diagram showing a method 800 for measuring a volume or
number of doses remaining in a drug delivery device using any of the dose measurement
systems described herein. A user attaches a dose measurement system to a drug delivery
device 802. A plurality of sensors disposed in the dose measurement system scan the drug
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delivery device to determine the volume or number of doses remaining 804. For example, a
processing unit of the dose measurement system can associate the signal signature detected
by the plurality of sensors with a reference signature to determine the volume or number of
doses remaining. The sensor data is recorded on an onboard memory 806, such as an RFID
chip and/or a memory that is part of the processing unit of the dose measurement system. The
dose measurement system alerts the user if the volume or number of doses remaining is
critically low 808. Audio, visual, and/or tactile alerts may be used to alert the user. A
communications module of the dose measurement system searches for an external device

810. For example, a Bluetooth® wireless technology connection may be activated to search for
the external device, such as a smart phone app, a local computer or a remote server. The
dose measurement system pairs with the external device and logs remaining volume or dose
data on the external device and/or receives any firmware updates 812. Optionally, the dose
measurement system also may alert a user when it is time to take a dose 814. After dose data
has been recorded and transmitted to an external device, the user can remove the dose
measurement system from the drug delivery device 816. The user then injects a pre-
determined volume of the dose using the drug delivery device 818. The user finally replaces
the dose measurement system on the drug delivery device 820. The method 800 can then be
repeated.

[0073] FIG. 16 illustrates a flow diagram showing a method 900 for conserving power when
the dose measurement system is not in use. The method 900 described herein may be used
with any of the dose measurement systems described herein. In a first step, a detection
mechanism of the dose measurement system checks for a drug delivery device 902. The drug
delivery device can either be coupled or uncoupled to the dose measurement system 904. If
the drug delivery device is not attached, the dose measurement system automatically checks
for outstanding data in the memory to be logged to an external device or the user can activate
a communications module of the dose measurement system 906. In some embodiments, the
communications module is only activated when the dose measurement system is attached to a
drug delivery device. The dose measurement system then determines if there is onboard data
to be logged and if an external device was found 908. If there is no onboard data to be logged
and no external device was found, the dose measurement system goes into a power save
mode for a predefined time "X" 910. For example, a processing unit of the system can turn off
a communications module of the dose measurement system and/or turn off the electronics
controlling a light source and/or plurality of sensors of the dose measurement system. Time "X"
may be, for example, 1 minute, 10 minutes, 1 hour, or any time therebetween. Alternatively, if
there is data to be logged and an external device was found, the dose measurement system
pairs with the external device and logs data on the external device and/or receives any
firmware updates from the external device 912. The dose measurement system can then go
into the power save mode 910. If instead a drug delivery device was found to be attached to
the dose measurement system 904, the dose measurement system scans the drug delivery
device and collects signal from all of the plurality of sensors 914. The signal from each of the
plurality of sensors may be used to create a signal signature corresponding to the volume or
number of doses remaining in the drug delivery device. A processing unit of the dose
measurement system compares the signal signature with a reference signature to estimate the
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volume or number of doses remaining in the drug delivery device 916. The dose measurement
system determines if the dose injected was greater than zero 918. If the dose injected was
greater than zero, the dose measurement system time stamps and stores the dose on an
onboard memory 920. The dose measurement system then goes into the power save mode
for the time "X" 910. If the dose injected was not greater than zero 918, than the dose
measurement system directly goes into the power save mode for the time "X" 910.

[0074] In some embodiments, any of the dose measurement systems described herein may
be associated with a health management system to manage the health of a patient suffering
from Type | or |l diabetes. FIG. 17 shows a schematic block diagram of a health management
system 1000 for managing the health of a diabetic user U. In some embodiments, the health
management system includes a smart phone application. In some embodiments, the health
management system includes a local computer and/or a remote server. The health
management system is in two-way communication with a dose measurement system 1100 that
may be reversibly coupled to a drug delivery device 1110. The drug delivery device 1110 may
be an insulin injection pen or syringe for administering insulin to a user U. The dose
measurement system also may communicate information to a user or receive an input from the
user. The health management system 1000 is configured to receive the user exercise data E
and diet data D. The health management system 1000 is also configured to receive blood
glucose data from a blood glucose sensor 1200. The health management system 1000 can
further be configured to receive user health data from a home health monitor 1300 (e.g.,
weight, blood pressure, EKG, oxygen saturation, actigraphy measures, pulmonary function,
water retention, temperature, etc.). The health management system 1000 may be in two-way
communication with a network 1400. The network can be, for example, a remote server or a
call center. The network 1400 also may be in two-way communication with a monitor M and an
authorized drug dispenser DD. The monitor M may be a doctor, a care giver, a pharmacy,
and/or a clinical trial manager. The authorized drug dispenser DD may be a pharmacy or a
clinical trial manager.

[0075] In some embodiments, the dose measurement system 1100 communicates to the
health management system the insulin volume or number of insulin doses remaining in and/or
the insulin dose delivered to the user U by the drug delivery device 1110. In some
embodiments, the health management system also includes a memory for storing the user U
insulin dose regimen and/or any other medication schedule. The user U medication regimen
may be communicated to the health management system 1100 by, for example, the monitor M
and/or the authorized drug dispenser DD through the network 1400. In some embodiments,
the health management system 1100 is used to process user U health data, for example, user
U blood glucose levels, exercise data E, diet data D, and/or home health monitored data to
determine the status of patient health. In some embodiments, the health management system
1000 is configured to compare dose delivered to a patient with a patient medication schedule
to monitor compliance. In some embodiments, the health management system can
communicate the user health and dose information to the monitor M through the network 1400.
The monitor M can analyze user U health data and determine if any changes to the patient
medication plan, for example, insulin and/or any other medication dosage needs to be made. If
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a change is required, in some embodiments, the monitor M can communicate any changes to
the user's U medication regimen to the authorized drug dispenser DD. In some embodiments,
the monitor M also communicates this information to the health management system 1100
through the network 1400. In some embodiments, the health management system 1100 can
update and store the user U medication regimen and also communicate to the dose
measurement system 1100, the user U new medication regimen. The user U can then access
the dose measurement system 1400 to obtain the new measurement plan, for example, new
insulin dosage. In this manner, a diabetic user's U health may be monitored and managed and
the user's U medication schedule may be dynamically personalized to the user U. In some
embodiments, health management system also may communicate the user U health and
medication history on a periodic basis. The health and medication history may be used, for
example, to inform the user U of any changes that need to be made to improve the user's U
overall health. The medication history also may be communicated to the monitor M to analyze
the user's U progressive health.

[0076] In some embodiments, a light module includes a single light source and a light guide for
transporting, distributing, and/or redirecting light from the single light source. For example,
FIGS. 18-24 are various views of a dose measurement system 1500. The dose measurement
system 1500 includes a lighting module 1540, a sensing module 1550, a processing unit (not
shown), a communications module 1570, and a power source 1586 in accordance with some
embodiments. The lighting module 1540 may include a light source 1548 and a light guide
1546. The sensing module 1550 may include a plurality of sensors 1554. The dose
measurement system 1500 may be configured to be coupleable to a drug delivery device (not
shown) (also referred to herein as an "injection pen"). The drug delivery device may be
configured to deliver a predefined quantity of a drug (e.g., a dose) to a patient. Examples of
the drug delivery device include insulin injection pens that may be used by a patient to self-
administer insulin. The drug delivery device may have the same or similar structure and
function as the drug delivery device 210 described above with reference to the dose
measurement system 200 shown in FIGS. 2-4. For example, the drug delivery device may
include a housing, an actuator, and an injector. The housing may be relatively opaque, such
that it only allows select wavelengths of electromagnetic radiation to be transmitted
therethrough (e.g., infrared or microwave radiation). The housing defines an internal volume
(e.g., reservoir) for storing a drug. The actuator may include a plunger portion in fluid
communication with the drug and configured to communicate a predefined quantity of drug to
the patient. The actuator may be configurable (e.g., by the user) to dispense variable
quantities of the drug. The injector is configured to penetrate a user's skin for intramuscular,
subcutaneous, and/or intravenous delivery of the drug.

[0077] FIG. 18 is a perspective view of the dose measurement system 1500. As shown in FIG.
18, the dose measurement system 1500 includes a housing 1520 that includes a first housing
portion 1522 (also referred to herein as "first housing 1522") and a second housing portion
indicated at 1524 (also referred to herein as "second housing 1524"). At least a portion of the
second housing portion 1524 may be configured to be disposed within an internal volume
defined by the first housing portion 1522. The first housing portion 1522 and the second
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housing portion 1524 may be removably or fixedly coupled together by, for example, gluing,
hot welding, a snap-fit mechanism, screws, or by any other suitable coupling means. The
housing 1520 may be made from a rigid, light weight, and opaque material, such as
polytetrafluoroethylene, high density polyethylene, polycarbonate, another plastic, acrylic,
sheet metal, any other suitable material, or a combination thereof. The housing 1520 also may
be configured to shield the internal electronic components of the dose measurement system
1500 from environmental electromagnetic noise. For example, the housing may include an
insulation structure (not shown) that is, for example, lined with aluminum or any other metal
sheet or foil that can serve as an electromagnetic shield.

[0078] FIG. 19 is an exploded perspective view of the dose measurement system 1500. As
shown in FIG. 19, the first housing portion 1522 defines an internal volume for substantially
housing the lighting module 1540, the sensing module 1550, the processing unit, the
communications module 1570, the power source 1586, and at least a portion of the second
housing portion 1524. The second housing portion 1524 defines a bore 1526, shaped and
sized to receive at least a portion of the drug delivery device. For example, the bore 1526 may
be shaped and sized to receive only the drug containing portion of the housing and the injector
of the drug delivery device. The bore 1526 may be configured to receive the drug delivery
device in a preferred orientation, such as a preferred radial orientation. In some embodiments,
the bore 1526 is in close tolerance with the diameter of the drug delivery device, for example,
to form a friction fit with the drug delivery device. In some embodiments, the bore 1526
includes one or more notches, grooves, detents, any other snap-fit mechanism, and/or
threads, for removably coupling the drug delivery device to the second housing 1524. In some
embodiments, the second housing portion 1524 includes one or more alignment features to
allow the drug delivery device to be coupleable with the dose measurement system 1500 in a
predetermined radial orientation.

[0079] FIG. 20 is an exploded top view of the dose management system 1500. As shown in
FIG. 20, the first housing 1522 includes an opening 1530 for receiving at least a portion of the
communications module 1570 such as, for example, a communication interface to provide
wired communication with an external device and/or an interface for charging the power source
1586. In some embodiments, the first housing 1522 also includes features (e.g., recesses,
apertures, cavities, etc.) for receiving a portion of the drug delivery device such as the injector.
In some embodiments, the housing 1520 also includes a detection mechanism (not shown) to
detect if the drug delivery device has been coupled to the dose measurement system 1500
(e.g., a push switch, a motion sensor, a position sensor, an optical sensor, a piezoelectric
sensor, an impedance sensor, or any other suitable sensor). The housing 1520 may be
relatively smooth and free of sharp edges. In some embodiments, the housing 1520 is shaped
to resemble a pen cap that has a form factor that occupies minimal space (e.g., can fit in the
pocket of a user). In some embodiments, the housing 1520 also includes features (e.g., clips
for attaching to a user's shirt pocket) and/or other ornamental features. In some embodiments,
the dose measurement system 1500 also may serve as a replacement cap for the drug
delivery device.
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[0080] The processing unit may include a PCB (not shown) and a processor (not shown). The
processing unit may be the same or similar to the processing unit 260 described above with
reference to the dose measurement system 200 described above and will not be further
described herein. The communications module 1570 may be the same as or similar to the
communications module 270 described above with reference to the dose measurement system
200 and will not be further described herein. For example, the communications module 1570
may include a speaker 1575 for providing audible alerts or messages to the user, including, but
not limited to, dose reminders, reinforcement messages, and/or a microphone (not shown) for
receiving audio input from the user. The power source 1586 may be any power source that
can be used to power the dose measurement system 1500. The power source 1586 may be
the same or similar to the power source 286 described above with respect to the dose
measurement system 200 and will not be further described herein. In some embodiments, as
shown in FIG. 20, the dose measurement system 1500 includes a capacitor 1587.

[0081] FIG. 21 is a perspective view of the light guide 1546 of the light module 1540 according
to an embodiment. In some embodiments, the light guide 1546 is an internally reflective light
tube/pipe and/or other light distribution member) for transporting and/or distributing light. In
some embodiments, the light guide 1546 is formed from molded transparent plastic, such as,
for example, polycarbonate. In other embodiments, the light guide 1546 is formed of one or
more other optical grade materials such as acrylic resin, polycarbonate, epoxies, and glass. In
some embodiments, the light guide 1546 can be, for example, injection molded. The light guide
1546 may be a monolithic structure. Said another way, the light guide 1546 may be formed
from one piece of material.

[0082] The light guide 1546 may be configured to transport electromagnetic radiation (e.g.,
light) from the light source 1548 toward the sensor module 1550 with minimal loss by means of
total internal reflection. The light guide 1546 may have any suitable shape that allows for the
collection of electromagnetic radiation from the light source 1548 and output of
electromagnetic radiation toward the sensor module 1550. For example, as shown in FIG. 19,
the light guide 1546 may include an end wall 1545, a first wall 1547, and a second wall
indicated at 1549. The first wall 1547 may be angled relative to the second wall 1549 such that
the first wall 1547 is configured to reflect electromagnetic radiation toward the second wall
1549, Said another way, the light guide 1546 may be shaped as a wedge. For example, FIG.
22 is a schematic side view illustration of the light guide 1546. As shown in FIG. 22, a first light
ray Lg, a second light ray Lg, and a third light ray L; are emitted by a single light source 1548

through the end wall 1545, Each of the first light ray L5, the second light ray Lg, and the third
light ray L7 are reflected by the first wall 1547 toward the second wall 1549 and out of the light
guide 1546 via the second wall 1549.

[0083] The light guide 1546 and the light source 1548 may be mounted on, or otherwise
disposed on, the second housing portion 1524. Specifically, the light guide 1546 may be
mounted on, or otherwise disposed on, an aperture 1528 of the second housing portion 1524.
In some embodiments, light guide 1546 is arranged such that, when the portion of the drug
delivery device that defines the internal volume of the housing holding the drug is coupled with
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the dose measurement system 1500, the light guide 1546 can illuminate the entire internal
volume. While the light guide 1546 is shown and described as having a wedge shape, in some
embodiments the light guide 1546 is formed in any suitable shape configured for even
dispersal of electromagnetic radiation, including but not limited to straight, bent, and triangular.

[0084] In some embodiments, the light guide 1546 includes a reflective material (not shown)
on a portion of the light guide 1546 to direct electromagnetic radiation traveling through the
light guide 1546. For example, reflective material may be disposed on the first wall 1547 to
direct electromagnetic radiation through the second wall 1549 toward the interior of the second
housing 1524, the drug delivery device, and/or the sensors 1554 of the sensor module 1550.

[0085] The light source 1548 may be a single LED. The LED may be any suitable type of LED,
such as, for example, an infrared (IR) LED. The angle of output of the light source 1548 may
be arranged relative to the end wall 1545 of the light guide 1546 such that electromagnetic
radiation from the light source 1548 can travel through and be distributed by the light guide
1546. For example, the light source 1548 may be arranged at an angle relative to the end wall
1545 of the light guide 1546 such that the angle is optimized for even distribution of
electromagnetic radiation from the second wall 1549 toward the interior of the second housing
1524 and the sensors 1554 of the sensor module 1550.

[0086] In some embodiments, the light source 1548 is configured to produce an
electromagnetic radiation of a wavelength that is capable of being dispersed by the light guide
1546 and penetrating through the housing of the drug delivery device, the drug contained
therein, and/or a portion of the housing 1520. For example, infrared radiation or microwave
radiation can penetrate many of the plastic materials that are commonly used in manufacturing
drug delivery devices (e.g., injection pens). In some embodiments, an electromagnetic
radiation has a frequency that can penetrate through the internal components of the drug
delivery device, including, but not limited to, the plunger portion of the actuator. In some
embodiments, the light guide 1546 is configured to produce one or more wide beams of
electromagnetic radiation (e.g., via diffused exit openings). Said another way, the
electromagnetic radiation cone of each opening in the light guide 1546 may have a wide angle.
In some embodiments, the light source 1548 is configured to emit pulses of electromagnetic
radiation (e.g., a series of less than 100 microsecond pulses or pulses about 200
microseconds apart plus or minus 100 microseconds).

[0087] The plurality of sensors 1554 of the sensing module 1550 are mounted on, or otherwise
disposed on, a PCB 1552. The PCB 1552 may be any standard PCB made by any commonly
known process and may be the same or similar to the PCB 252 described above with
reference to the dose management system 200. The sensing module 1550 or, specifically, the
plurality of sensors 1554, may be the same as or similar to the sensing module 250 or the
plurality of sensors 254, respectively, described above with reference to the dose management
system 200. The plurality of sensors 1554 may be any optical sensors (e.g., photodiodes)
optically coupleable with the light guide 1546 and configured to detect at least a portion of the
electromagnetic radiation distributed by the light guide 1546. The electromagnetic radiation
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may be transmitted radiation, refracted radiation (e.g., refracted through air, drug, and/or body
of drug delivery device), reflected radiation (e.g., reflected from a wall of the housing 1520
and/or internally reflected from a wall of the drug delivery device), and/or multi-directional
refraction/reflection (e.g., caused by a lensing effect of a curved surface of the housing and/or
the drug reservoir). The transmitted, refracted, and/or reflected electromagnetic signal
received by the plurality of sensors 1554 may be used to create a signal signature (e.g., by the
processing unit). For example, the signal signature can then be associated with a reference
signature to determine the volume or number of doses remaining in the drug delivery device.
In some embodiments, the signal response of the sensors 1554 is used to measure usability
metrics such as, for example, determining the presence of the injector of the drug delivery
device, and/or determining whether the drug delivery device is coupled or uncoupled to the
dose measurement system 1500. In some embodiments, the number of the plurality of sensors
1554 is one or greater than one. In some embodiments, the light guide 1546 and/or sensors
1554 are arranged in an inclined orientation. In some embodiments, the plurality of sensors
are disposed in a substantially straight line that is substantially parallel to the elongate axis of
the light guide.

[0088] FIGS. 23 and 24 are a cross-sectional perspective view and a cross-sectional side view,
respectively, of the dose measurement system 1500. As shown in FIGS. 23 and 24, the second
housing 1524 can define apertures 1528 for receiving at least a portion of the light guide 1546
of the lighting module 1540 and/or sensors 1554 of the sensing module 1550. The apertures
1528 may be configured to provide mechanical support for the light guide 1546 and/or sensors
1554, or can serve as an alignment mechanism for the lighting module 1540 and/or sensing
module 1550.

[0089] As described herein, the electromagnetic radiation signal received by the plurality of
sensors 1554 of the sensing module 1550 may include a combination of the transmitted,
refracted and reflected portions of the electromagnetic radiation distributed by the light guide
1546. A unique signal signature is produced by the combination of the portions of the
electromagnetic radiation at different dose volumes remaining, and/or the actuator position of
the drug delivery device. This signal signature may be compared with a reference signal
signature database (also referred to herein as "a calibration curve") to obtain the volume or
number of doses remaining in drug delivery device, as described in further detail herein.

[0090] As described above, the light module 1540 includes only a single light source 1548 in
combination with the light guide 1546. Compared to embodiments that include multiple discrete
light sources which each have component-to-component variation, the use of a single light
source 1548 in combination with the light guide 1546 reduces the component-to-component
variability of the light module 1540 to zero. Said another way, the use of the light module 1540,
and particularly a single light source 1548, eliminates the need to compensate for the variation
between multiple discrete light sources. Additionally, the light guide 1546 is configured, as
described above, to reduce or eliminate the variation of electromagnetic radiation (i.e. the
electromagnetic radiation distribution profile from the light guide 1546) along the length of the
device among separate and distinct dose measurement systems 1500. The light guide 1546
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may be arranged and/or formed such that is distributes electromagnetic radiation in a
repeatable profile. Similarly, the light source 1548 may be arranged such that the light source
1548 directs electromagnetic radiation into the end wall 1545 of the light guide 1546 at
substantially the same angle in all dose measurement systems 1500. The light guide 1546 can
then distribute the electromagnetic radiation from the light source 1548 across the length of the
light guide 1546 to create a "bar” of light where the proportion of electromagnetic radiation
received from different areas of the light guide 1546 is substantially equal and/or repeatable.

[0091] Consider two dose measurement systems similar to system 1500: a first dose
measurement system 1500a and a second dose measurement system 1500b. Due to possible
variation in the brightness of light sources (e.g., LEDs) used as the single light source 1548,
the magnitude of the electromagnetic radiation (e.g., the brightness of the light) received by
the plurality of sensors 1554a from the light guide 1546a in the first dose measurement system
1500a can vary from the magnitude of the electromagnetic radiation received by the plurality of
sensors 1554b from the light guide 1546b in the second dose measurement system 1500b.
This variation in the magnitude of the electromagnetic radiation from the light source 1548 may
be compensated for by the sensing module and/or the processing module easily because each
of the plurality of sensors 1554a in the first dose measurement system 1500a (and each of the
plurality of sensors 1554b in the second dose measurement system 1500b) will detect the
same percentage change of light (e.g., the plurality of sensors 1554a in the first dose
measurement system 1500a may receive 20% more light from a 20% brighter light source
1548). For example, the first dose measurement system 1500a may include six sensors that
each measure a brightness value of 1.2 in a configuration where a drug delivery device and/or
the second housing do not interfere with the travel of light from the first light guide to the
plurality of sensors. The second dose measurement system 1500b may include six sensors
that each measure a brightness value of 0.7 in a configuration where a drug delivery device
and/or the second housing do not interfere with the travel of light from the first light guide to the
plurality of sensors. Therefore, the single light source of the second dose measurement
system 1500b is 7/12 the brightness value of the single light source of the first dose
measurement system 1500a, but the distribution profile is the same between the two dose
measurement systems. Because the distribution profile is the same, the sensing module 1550
of each dose measurement system can produce the same signal signature for each dose
measurement system.

[0092] FIG. 25A is a schematic illustration of a dose measurement system 1600a. As shown in
FIG. 25A, a dose measurement system 1600a includes a light guide 1646a and a plurality of
sensors 1654. While some of the transmitted and reflected portion of the electromagnetic
radiation distributed by the light guide 1646a is shown, the refractive portion is not shown for
clarity. A drug delivery device 1610 is coupled to the dose measurement system 1600a. The
drug delivery device 1610 includes a housing 1612 and an actuator 1614 that collectively
define an internal volume (e.g., a reservoir) for containing a drug. The drug delivery device
1610 also includes an injector 1616 for communicating the drug to a patient. The dose
measurement system 1600a is configured such that the light guide 1646a is disposed on a first
side of the housing oriented toward the drug delivery device 1610 and the plurality of sensors
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1654 are disposed on a second side of the housing such that each of the plurality of sensors
1654 is substantially opposite to, and in optical communication with, a portion of the light guide
1646a. In some embodiments, the light guide 1646a and/or the plurality of sensors 1654 are
disposed in a substantially linear relationship (e.g., a straight line) with respect to each other.
Each of the plurality of sensors 1654 receive a combination of transmitted, refracted and
reflected electromagnetic radiation distributed by the light guide 1646a. The reflection portion
of the electromagnetic radiation may be reflected from a plunger portion of the actuator 1614,
and/or reflected from a housing of the dose measurement system 1600a or the housing 1612
of the drug delivery device 1610. The refraction may be from the housing 1612 and/or from the
liquid drug disposed in the drug delivery device 1610. The combination of the transmitted,
reflected and refracted portions of the electromagnetic radiation detected by each of the
plurality of sensors yields a unique signal signature for a range of dose volumes remaining in
the drug delivery device 1610.

[0093] FIG. 25B is a schematic illustration of a dose measurement system 1600b. As shown in
FIG. 25B, the dose measurement system 1600b is the same in structure and function to the
dose measurement system 1600a (shown in FIG. 25A), except that the dose measurement
system 1600b includes a light pipe 1646b rather than light pipe 1646a. The light pipe 1646b is
similar to the light pipe 1646a except that the light pipe 1646b is wedge-shaped.

[0094] Referring now to FIGS. 26A-26C, each sensor of a plurality of sensors of a dose
measurement system may detect the electromagnetic radiation distributed by at least a portion
of a light guide, and the detected electromagnetic radiation can be a combination of
transmitted, reflected, and/or refracted electromagnetic radiation. As shown, a dose
measurement system 1700 includes a light guide 1746 and two sensors 1754a and 1754b for
clarity. The dose measurement system 1700 is coupled to a drug delivery device 1710 which
includes a housing 1712 and an actuator 1714 that collectively define an internal volume (e.g.,
a reservoir) for containing a liquid drug. The drug reservoir and at least a plunger portion of the
actuator 1714 are disposed substantially inside the dose measurement system 1700 between
the light guide 1746 and sensors 1754a, 1754b.

[0095] As shown in FIG. 26A, the plunger portion of the actuator 1714 is in a first position
(position 1) such that the plunger portion is not in the line of sight of the light guide 1746 and
sensors 1754a and 1754b. When electromagnetic radiation is distributed by the light guide
1746 toward the drug delivery device 1710, a significant portion of the electromagnetic
radiation is detected by the sensors 1754a and 1754b in position 1. The electromagnetic
radiation may include transmitted radiation, reflected radiation (e.g., by the housing 1712 of the
drug delivery device 1710) refraction (e.g., by the liquid drug and/or housing), and/or multi-
direction reflection/refraction (e.g., due to a curved surface of the housing 1712 of the drug
delivery device 1710) as described in more detail below. As shown in this example, sensor
1754a value is 15.3 and sensor 1754b value is 13.7, which indicates that a significant portion
of the electromagnetic radiation is detected by the sensors 1754a and 1754b.

[0096] As shown in FIG. 26B, the actuator is 1714 has been displaced to a second position
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(position 2) such that the plunger portion partially blocks the line of sight between a portion of
the light guide 1746 and the sensor 1754b. In position 2, a significant portion of the
electromagnetic radiation distributed by the light guide 1746 is blocked from reaching the
sensor 1754b by the actuator 1714, but at least a portion of the electromagnetic radiation
distributed by the light guide 1746 can still reach the sensor 1754b along with any multi-
directional reflected/refracted electromagnetic radiation. Furthermore, the sensor 1754a can
receive refracted electromagnetic radiation from sensor 1744b and transmitted, refracted
radiation from sensor 1744a. It also receives electromagnetic radiation reflected by a surface
of the plunger that at least partially defines the drug reservoir. Therefore, at position 2 the
sensor 1754a detects an electromagnetic radiation value of 15.5 (greater than position 1), and
sensor 1754b detects an electromagnetic radiation value of 8.8 (less than position 1). The
unique values measured at position 2 can serve as the signal signature values for position 2.

[0097] As shown in FIG. 26C, the plunger portion of the actuator 1714 is in a third position
(position 3) such that the plunger portion of the actuator 1714 completely blocks the line of
sight of the sensor 1754a from the electromagnetic radiation distributed by light guide 1746,
such that substantially no transmitted and or reflected radiation from light guide 1746 can
reach the sensor 1754a. A portion of the transmitted electromagnetic radiation distributed by
light guide 1746 is also blocked by at least a portion of the actuator 1714 from reaching the
sensor 1754b. Both the sensors 1754a and 1754b can still receive at least a portion of the
reflected and refracted portions of the electromagnetic radiation distributed by the light guide
1746. Therefore, at position 3 the sensor 1754a detects an electromagnetic radiation value of
2.2 (less than positions 1 and 2), and sensor 1754b detects an electromagnetic radiation value
of 12.0 (less than position 1, but greater than position 2). The unique values measured at
position 3 can serve as the signal signature values for position 3.

[0098] Although not shown, the curvature of the drug reservoir can cause a lensing effect in
the dose measurement system 1700 that is the same as or similar to the lensing effect
described above with respect to the dose measurement system 700 and with reference to
FIGS. 12 and 13. Similarly as described with respect to the dose management system 700, the
combination of rays that reach the sensor 1754a and the sensor 1754b from the light guide
1756 in each configuration of the dose measurement system 700 with respect to the drug
delivery device 1710 will produce the indicated electromagnetic radiation values in FIGS. 26A-
26B. Also similarly as described above with respect to the dose measurement system 700,
although the sensor values for particular positions are described as being absolute values,
individual sensor values relative to other sensor values may be used to infer and/or determine
the volume of liquid remaining in the drug reservoir. For example, sensor 1754a having a
particular value that is different from sensor 1754b value by a certain amount or a certain
percentage may be indicative of a position/drug volume remaining. Furthermore, a sensor
value relative to two or more other sensor values may be used to generate a calibration curve
of a drug delivery device 1710.

[0099] FIG. 27 is an exploded perspective view of a drug delivery device 1810 with a dose
measurement system 1800. The dose measurement system 1800 includes a lighting module
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1840, a sensing module 1850, a processing unit (not shown), a communications module 1870,
and a power source (not shown) in accordance with some embodiments. The dose
measurement system 1800 also includes a display assembly 1825 and a display lens 1827.
The display assembly 1825 may include a light emitting diode (LED). The lighting module 1840
may include a light source (not shown) and a light guide 1846. The sensing module 1850 may
include a plurality of sensors 1854. The dose measurement system 1800 may be configured to
be removably coupleable to the drug delivery device 1810 (also referred to herein as "an
injection pen 1810"). The drug delivery device 1810 may be configured to deliver a predefined
quantity of a drug (e.g., a dose) to a patient. Examples of the drug delivery device 1810 include
insulin injection pens that can be used by a patient to self-administer insulin. As described
herein, the drug delivery device 1810 may include a housing 1812, an actuator 1814, and an
injector 1816. The housing 1812 may be relatively opaque, such that it only allows select
wavelengths of electromagnetic radiation to be transmitted therethrough (e.g., infrared or
microwave radiation). The housing 1810 defines an internal volume (e.g., a reservoir) for
storing a drug. The actuator 1814 may include a plunger portion in fluid communication with
the drug and configured to communicate a predefined quantity of drug to the patient. The
actuator 1814 may be configurable (e.g., by the user) to dispense variable quantities of the
drug. The injector 1816 may be configured to penetrate a user's skin for intramuscular,
subcutaneous, and/or intravenous delivery of the drug.

[0100] The dose measurement system 1800 includes a housing 1820 that includes a first
housing portion 1822 (also referred to herein as "first housing 1822") and a second housing
portion indicated at 1824 (also referred to herein as "second housing 1824"). The first housing
portion 1822 includes a right first housing portion 1822a and a left first housing portion 1822b.
At least a portion of the second housing portion 1824 may be configured to be disposed within
an internal volume defined by the first housing portion 1822. The first housing portion 1822
and the second housing portion 1824 may be removably or fixedly coupled together by, for
example, gluing, hot welding, a snap-fit mechanism, screws, or by any other suitable coupling
means. Similarly, the right first housing portion 1822a and the left first housing portion 1822b
may be removably or fixedly coupled together by, for example, gluing, hot welding, a snap-fit
mechanism, screws, or by any other suitable coupling means. The housing 1820 may be made
from a rigid, light weight, and opaque material, such as polytetrafluoroethylene, high density
polyethylene, polycarbonate, another plastic, acrylic, sheet metal, any other suitable material,
or a combination thereof. The housing 1820 also may be configured to shield the internal
electronic components of the dose measurement system 1800 from environmental
electromagnetic noise. For example, the housing may include an insulation structure (not
shown) that is, for example, lined with aluminum or any other metal sheet or foil that can serve
as an electromagnetic shield.

[0101] The first housing portion 1822 defines an internal volume for substantially housing the
lighting module 1840, the sensing module 1850, the processing unit, the communications
module 1870, the power source 1886, the display assembly 1825, the display lens 1827, and
at least a portion of the second housing portion 1824. The second housing portion 1824
defines a bore 1826, shaped and sized to receive at least a portion of the drug delivery device
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1810. For example, the bore 1826 may be shaped and sized to receive only the drug
containing portion of the housing 1812 and the injector 1816 of the drug delivery device 1810.
The bore 1826 may be configured to receive the drug delivery device 1810 in a preferred
orientation, such as a preferred radial orientation. In some embodiments, the bore 1826 is in
close tolerance with the diameter of the drug delivery device 1810, for example, to form a
friction fit with the drug delivery device 1810. In some embodiments, the bore 1826 includes
one or more notches, grooves, detents, any other snap-fit mechanism, and/or threads, for
removably coupling the drug delivery device 1810 to the second housing 1824. In some
embodiments, the second housing portion 1824 includes one or more alignment features to
allow the drug delivery device 1810 to be coupleable with the dose measurement system 1800
in a predetermined radial orientation.

[0102] The right first housing portion 1822a and the left first housing portion 1822b collectively
define an opening 1830 for receiving at least a portion of the communications module 1870
such as, for example, a communication interface to provide wired communication with an
external device and/or an interface for charging the power source 1886. In some
embodiments, the right first housing portion 1822a and the left first housing portion 1822b also
include features (e.g., recesses, apertures, cavities, etc.) for receiving a portion of the drug
delivery device 1810 such as the injector 1816. In some embodiments, the housing 1820 also
includes a detection mechanism (not shown) to detect if the drug delivery device 1810 has
been coupled to the dose measurement system 1800 (e.g., a push switch, a motion sensor, a
position sensor, an optical sensor, a piezoelectric sensor, an impedance sensor, or any other
suitable sensor). The housing 1820 may be relatively smooth and free of sharp edges. In some
embodiments, the housing 1820 is shaped to resemble a pen cap that has a form factor that
occupies minimal space (e.g., can fit in the pocket of a user). In some embodiments, the
housing 1820 also includes features (e.g., clips for attaching to a user's shirt pocket) and/or
other ornamental features. In some embodiments, the dose measurement system 1800 also
may serve as a replacement cap for the drug delivery device 1810.

[0103] The processing unit may include a PCB (not shown) and a processor (not shown). The
processing unit may be the same or similar to the processing unit 1560 described above with
reference to the dose measurement system 1500 described above and will not be further
described herein. The communications module 1870 may be the same as or similar to the
communications module 1570 described above with reference to the dose measurement
system 1500 and will not be further described herein. For example, the communications
module 1870 may include a speaker (not shown) for providing audible alerts or messages to
the user, including, but not limited to, dose reminders, reinforcement messages, and/or a
microphone (not shown) for receiving audio input from the user. The power source may be any
power source that can be used to power the dose measurement system 1800. The power
source may be the same or similar to the power source 1586 described above with respect to
the dose measurement system 1500 and will not be further described herein. In some
embodiments, the dose measurement system 1800 includes a capacitor (not shown).

[0104] The light guide 1846 and the light source of the light module 1840 can be the same or
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similar to the light guide 1546 of the light module 1540 and will not be further described herein.
The plurality of sensors 1854 of the sensing module 1850 are mounted on, or otherwise
disposed on, a PCB 1852. The PCB 1852, the plurality of sensors 1854, and the sensing
module 1850 can the same or similar to the PCB 1552, the plurality of sensors 1554, and the
sensing module 1550 and will not be further described herein.

[0105] The second housing 1824 can define apertures 1828 for receiving at least a portion of
the light guide 1846 of the lighting module 1840 and/or sensors 1854 of the sensing module
1850. The apertures 1528 may be configured to provide mechanical support for the light guide
1546 and/or sensors 1554, or can serve as an alignment mechanism for the lighting module
1540 and/or sensing module 1550.

[0106] FIG. 28 is an illustration of a dose measurement system 1900 that can be structurally
and/or functionally similar to the dose measurement system 200 as shown in FIGS. 2-4,
according to some embodiments. In some embodiments, the light guide can be disposed on a
light guide axis such that the light guide axis is substantially parallel to a longitudinal axis
defined by the dose measurement system 1900. The light source 1944 can be disposed at an
angle such that the light source 1944 is facing downward (toward the injection pen 1910) and
is configured to emit electromagnetic radiation along the light guide axis. The sensors 1954
can be disposed on a sensor axis such that the sensor axis is substantially parallel to the
longitudinal axis defined by the dose measurement system 1900. That is light source 1944 is
configured to emit electromagnetic radiation approximately in a perpendicular direction to the
sensors 1952. Said another way, the sensors 1954 can be disposed on a first side 1955a of
the dose measurement system 1900 facing a second side 1955b of the dose measurement
system 1900 and the light guide can be disposed substantially parallel to the second side
1955b of the dose measurement system 1900. The light source 1944 can be disposed on the
second side 1955b of the dose measurement system such that the light source 1944 is facing
the injection pen 1910 and such that the light source 1944 can emit electromagnetic radiation
along the light guide. In some embodiments, the light source 1944 can be disposed at an angle
of about 90 degrees, about 100 degrees, about 110 degrees, about 120 degrees, about 130
degrees, about 140 degrees, about 150 degrees, about 160 degrees, about 170 degrees, or
about 180 degrees, inclusive of all ranges therebetween with respect to the longitudinal axis of
the dose measurement system 2800.

[0107] In some embodiments, the dose measurement system 1900 can include at least one
opening or area on the second side 1955b of the dose measurement system 1900 such that
the second side 1955b is opposite to and facing the first side 1955a of the dose measurement
system 1900. The opening or area may be configured to distribute at least a portion of the
electromagnetic radiation emitted by the light source 1944. In some embodiments, the dose
measurement system 1900 can include a light guide on the second side 1955b of the dose
measurement system 1900 that is configured to distribute at least a portion of the
electromagnetic radiation emitted by the light source 1944. In some embodiments, the light
guide is disposed such that the elongated axis of the light guide is substantially parallel to the
sensors 1954. In some embodiments, the light guide is disposed such that each opening or
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area for transmitting electromagnetic radiation is located parallel to at least one sensor.

[0108] In some embodiments, the downward angling of the light source 1944 such that the
light source is not directly facing the sensors 1954 can be configured to cause electromagnetic
radiation emitted by the light source 1944 to be scattered. The scattered portions of the
electromagnetic radiation may be detected by the plurality of sensors 1954. In some
embodiments, at least a portion of the electromagnetic radiation emitted by the light source
1944 may be detected by the sensors 1954. In some embodiments, the light guide and/or at
least the opening or the area on the second side of the dose measurement system 1900 can
be configured to distribute the scattered portions of the electromagnetic radiations in a manner
such that the scattered portions may be detected by the sensors 1954,

[0109] While various inventive embodiments have been described and illustrated herein, those
of ordinary skill in the art will readily envision a variety of other means and/or structures for
performing the function and/or obtaining the results and/or one or more of the advantages
described herein, and each of such variations and/or modifications is deemed to be within the
scope of the inventive embodiments described herein. More generally, those skilled in the art
will readily appreciate that all parameters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific application or applications for which the
inventive teachings is/are used. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific inventive
embodiments described herein. It is, therefore, to be understood that the foregoing
embodiments are presented by way of example only and that, within the scope of the
appended claims and equivalents thereto, inventive embodiments may be practiced otherwise
than as specifically described and claimed. Inventive embodiments of the present disclosure
are directed to each individual feature, system, article, material, and/or kit, described herein. In
addition, any combination of two or more such features, systems, articles, materials, and/or
kits, if such features, systems, articles, materials, and/or kits, are not mutually inconsistent, is
included within the inventive scope of the present disclosure.

[0110] The above-described embodiments can be implemented in any of numerous ways. For
example, embodiments may be implemented using hardware, software or a combination
thereof. When implemented in software, the software code can be executed on any suitable
processor or collection of processors, whether provided in a single computer or distributed
among multiple computers.

[0111] Further, it should be appreciated that a computer may be embodied in any of a number
of forms, such as a rack-mounted computer, a desktop computer, a laptop computer, or a
tablet computer. Additionally, a computer may be embedded in a device not generally regarded
as a computer but with suitable processing capabilities, including a Personal Digital Assistant
(PDA), a smart phone or any other suitable portable or fixed electronic device.

[0112] Also, a computer may have one or more input and output devices. These devices can
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be used, among other things, to present a user interface. Examples of output devices that can
be used to provide a user interface include printers or display screens for visual presentation of
output and speakers or other sound generating devices for audible presentation of output.
Examples of input devices that can be used for a user interface include keyboards, and
pointing devices, such as mice, touch pads, and digitizing tablets. As another example, a
computer may receive input information through speech recognition or in other audible format.

[0113] Such computers may be interconnected by one or more networks in any suitable form,
including a local area network or a wide area network, such as an enterprise network, and
intelligent network (IN) or the Internet. Such networks may be based on any suitable
technology and may operate according to any suitable protocol and may include wireless
networks, wired networks or fiber optic networks.

[0114] The various methods or processes outlined herein may be coded as software that is
executable on one or more processors that employ any one of a variety of operating systems
or platforms. Additionally, such software may be written using any of a number of suitable
programming languages and/or programming or scripting tools, and also may be compiled as
executable machine language code or intermediate code that is executed on a framework or
virtual machine.

[0115] Also, various inventive concepts may be embodied as one or more methods, of which
an example has been provided. The acts performed as part of the method may be ordered in
any suitable way. Accordingly, embodiments may be constructed in which acts are performed
in an order different than illustrated, which may include performing some acts simultaneously,
even though shown as sequential acts in illustrative embodiments.

[0116] All definitions, as defined and used herein, should be understood to control over
dictionary definitions, and/or ordinary meanings of the defined terms.

[0117] The indefinite articles "a" and "an," as used herein in the specification and in the claims,
unless clearly indicated to the contrary, should be understood to mean "at least one."

[0118] The phrase "and/or," as used herein in the specification and in the claims, should be
understood to mean "either or both" of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple elements
listed with "and/or" should be construed in the same fashion, i.e., "one or more" of the
elements so conjoined. Other elements may optionally be present other than the elements
specifically identified by the "and/or" clause, whether related or unrelated to those elements
specifically identified. Thus, as a non-limiting example, a reference to "A and/or B", when used
in conjunction with open-ended language such as "comprising” can refer, in one embodiment,
to A only (optionally including elements other than B); in another embodiment, to B only
(optionally including elements other than A); in yet another embodiment, to both A and B
(optionally including other elements); etc.
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[0119] As used herein in the specification and in the claims, "or" should be understood to have
the same meaning as "and/or" as defined above. For example, when separating items in a list,
"or" or "and/or" shall be interpreted as being inclusive, i.e., the inclusion of at least one, but
also including more than one, of a number or list of elements, and, optionally, additional
unlisted items. Only terms clearly indicated to the contrary, such as "only one of" or "exactly
one of," or, when used in the claims, "consisting of,” will refer to the inclusion of exactly one
element of a number or list of elements. In general, the term "or" as used herein shall only be
interpreted as indicating exclusive alternatives (i.e. "one or the other but not both") when
preceded by terms of exclusivity, such as "either," "one of," "only one of," or "exactly one of."
"Consisting essentially of," when used in the claims, shall have its ordinary meaning as used in
the field of patent law.

[0120] As used herein in the specification and in the claims, the phrase "at least one,” in
reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the list of
elements and not excluding any combinations of elements in the list of elements. This definition
also allows that elements may optionally be present other than the elements specifically
identified within the list of elements to which the phrase "at least one" refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, "at least
one of A and B" (or, equivalently, "at least one of A or B," or, equivalently "at least one of A
and/or B") can refer, in one embodiment, to at least one, optionally including more than one, A,
with no B present (and optionally including elements other than B); in another embodiment, to
at least one, optionally including more than one, B, with no A present (and optionally including
elements other than A); in yet another embodiment, to at least one, optionally including more
than one, A, and at least one, optionally including more than one, B (and optionally including
other elements); etc.

[0121] In the claims, as well as in the specification above, all transitional phrases such as
"comprising," "including,” "carrying,” "having,” "containing,” "involving,” "holding," "composed
of,” and the like are to be understood to be open-ended, i.e., to mean including but not limited
to. Only the transitional phrases "consisting of" and "consisting essentially of' shall be closed or

semi-closed transitional phrases.
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Patentkrav

Apparat til maling af veeskevolumen i en beholder, hvilket apparat omfatter:

en lyskilde, der er disponeret og konfigureret til at udsende elektromagnetisk straling;
en lysleder (244), der er disponeret og konfigureret til at modtage mindst en del af den
udsendte elektromagnetiske straling;

en flerhed af sensorer (254), der kan kobles optisk til lyslederen (244), hvor hver sensor
af flerheden af sensorer (254) er disponeret og konfigureret til at detektere mindst en
del af den transmitterede elektromagnetiske straling; og

en behandlingsenhed (160), der er konfigureret til at modtage data, derer
repreesentative for mindst delen af den detekterede elektromagnetiske straling, fra hver
af flerheden af sensorer (254), hvilken behandlingsenhed er i stand til at omdanne de
modtagne data til en signatur, der er repreesentativ for den elektromagnetiske straling,
der detekteres af flerheden af sensorer (254); og

er kendetegnet ved, at:

lyslederen (244) indbefatter spredte udgangsabninger, der er konfigureret til at
muliggere, at mindst en del af den modtagne elektromagnetiske straling transmitteres
ud af lyslederen (244) over en laengde af lyslederen (244), og at lede den
transmitterede elektromagnetiske straling mod forskellige punkter langs beholderen,
hvor de spredte udgangsabninger frembringer brede straler af transmitteret

elektromagnetisk straling.

Apparat ifslge krav 1, hvor:

beholderen er en leegemiddelbeholder i en laegemiddeladministrationsanordning, og
behandlingsenheden yderligere er konfigureret til baseret mindst til dels pa signaturen
at bestemme mindst én af: vaskevolumenet eller dosen af leegemidlet i
leegemiddeladministrationsanordningen, positionen af en stempeldel af en aktuator, der
er disponeret i l&egemiddeladministrationsanordningen, typen af

leegemiddeladministrationsanordningen og/eller typen af laegemidlet.

Apparat ifslge krav 1 eller 2, som yderligere omfatter:

et kommunikationsmodul, der er konfigureret til at muliggere tovejskommunikation med
en fiernenhed, eventuelt hvor kommunikationsmodulet er konfigureret til at
kommunikere data til fiernenheden, idet de kommunikerede data indbefatter mindst ét
af: resterende veeskevolumen af laegemiddel, resterende antal leegemiddeldoser,
dosishistorikken for leegemidlet, temperaturen i lsegemidlet, lsegemidlets udigbsdato,
hvor vidt leegemiddeladministrationsanordningen er koblet til apparatet, hvor vidt en

injektor er fastgjort til l,egemiddeladministrationsanordningen, manipulering med
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leegemiddeladministrationsanordningen og/eller

leegemiddeladministrationsanordningskollisioner.

Apparat ifslge krav 1, som yderligere omfatter:

en isoleringsstruktur til forbedring af signalkvaliteten.

Apparat ifglge krav 4, hvor isoleringsstrukturen indbefatter mindst én af en metalforing

eller et metalbaseret additiv.

Apparat ifglge krav 4 eller 5, hvor isoleringsstrukturen er konfigureret til at forhindre, at
den udsendte elektromagnetiske straling passerer gennem apparatet, eller afskaerme

de elektroniske komponenter i apparatet fra elektromagnetisk st@j.

Apparat ifglge krav 1, hvor lyslederen er disponeret pa en farste side af beholderen, og
flerheden af sensorer er disponeret pa en anden side af beholderen, idet den anden

side eri det veesentlige modsat den fagrste side.

Apparat ifglge krav 1, hvor lyslederen er disponeret pa en lyslederakse, hvilken
lyslederakse er i det veesentlige parallel med en leengdeakse, der defineres af

apparatet.

Apparat ifslge krav 8, hvor lyskilden er disponeret og konfigureret til at udsende

elektromagnetisk straling langs lyslederaksen.

Apparat ifglge krav 1, hvor lyslederen er indrettet saledes, at fordelingen af den

elektromagnetiske straling sker langs en i det vaesentlige lige linje.

Apparat ifslge krav 1, hvor lyskilden er den eneste lyskilde, der er disponeret og

konfigureret til at udsende elektromagnetisk straling ind i lyslederen.

Apparat ifslge krav 1, hvor beholderen er en lsegemiddelbeholderi en
leegemiddeladministrationsanordning, og behandlingsenheden yderligere er
konfigureret til at:

bestemme en dosis, der er administreret til en patient, baseret pa signaturen; og
sammenligne dosen, der er administreret til patienten, med en patientmedicineringsplan

til overvagning af overholdelse af patientmedicineringsplanen.

Apparat ifslge krav 3, hvor kommunikationsmodulet er konfigureret til at sende
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advarsler til en bruger.

Apparat ifglge krav 1, hvor beholderen omfatter et hus, og lyslederen er formet og
konfigureret til at omvikle huset, hvor de spredte udgangsabninger transmitterer

elektromagnetisk straling fra modsatte sider af beholderen.

Apparat ifglge krav 1, hvor hver spredte udgangsabning er placeret parallelt med

mindst én sensor fra flerheden af sensorer.
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