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DESCRIPTION

Field

[0001] The invention relates to a sensor device removably attachable to a drug delivery device
such as an injection pen.

Background

[0002] A variety of diseases exists that require regular treatment by injection of a medicament.
Such injection can be performed by using injection devices, which are applied either by medical
personnel or by patients themselves. As an example, type-1 and type-2 diabetes can be
treated by patients themselves by injection of insulin doses, for example once or several times
per day. For instance, a pre-filled disposable insulin pen can be used as an injection device.
Alternatively, a re-usable pen may be used. A re-usable pen allows replacement of an empty
medicament cartridge by a new one. Either pen may come with a set of one-way needles that
are replaced before each use. The insulin dose to be injected can then for instance be
manually selected at the insulin pen by turning (dialling) a dosage knob and observing the
actual dose from a dose window or display of the insulin pen. The dose is then injected by
inserting the needle into a suited skin portion and pressing an injection button of the insulin
pen. To be able to monitor insulin injection, for instance to prevent false handling of the insulin
pen or to keep track of the doses already applied, it is desirable to measure information related
to a condition and/or use of the injection device, such as for instance information on the
injected insulin type and dose.

[0003] It has been described, for instance in WO 2011/117212, to provide a supplementary
device comprising a mating unit for releasably attaching the device to an injection/drug delivery
device. The device includes a camera and is configured to perform optical character
recognition (OCR) on captured images visible through a dosage window of the injection pen,
thereby to determine a dose of medicament that has been dialled into the injection device. In
order for such a supplementary device to successfully determine the dose, the dosage window
must remain stationary. However not all drug delivery devices operate in this way.

[0004] WO2004/009163A1, WO2011/032960A1, US2009/299279A1, WO2006/120182A1, and
WO02013/004844A1 relate to sensor devices for drug delivery devices configured to provide
information relating to the operation of the drug delivery device.

Summary

[0005] In accordance with the present invention, there is provided a sensor device according
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to claim 1. Further embodiments of the invention are described in the dependent claims.

[0006] According to an aspect of the invention there is provided a sensor device removably
attachable to a drug delivery device, the sensor device comprising:

an array of optical sensors arranged within the sensor device such that, when the sensor
device is attached to the drug delivery device, the drug delivery device having a first movable
element which is configured to move along a path parallel to the longitudinal axis of the drug
delivery device, each optical sensor is operable to detect light received at different locations
along the linear path and to output a signal indicative of an amount of detected light; and

circuitry configured to receive the signals output from the optical sensors and, based on the
received signals, to determine information associated with a location along the path of the first
movable element.

[0007] This can allow detection of the approximate longitudinal position of the movable
element of the drug delivery device with a relatively simple arrangement in the sensor device.
The rotational position of the moveable element or a related element can be detected through
a separate sensor arrangement.

[0008] Each of the optical sensors may have a corresponding light source arranged to emit
light towards the externally visible path when the sensor device is attached to the drug delivery
device, each of the optical sensors being arranged to detect the emitted light reflected from the
externally visible path.

[0009] Each of the optical sensors may be a PIN diode, for instance.

[0010] The array of optical sensors may be arranged within the sensor device such that, when
the sensor device is attached to the drug delivery device, the optical sensors of the array are
generally equidistantly spaced from one another along a length corresponding to the length of
the visible path.

[0011] The array of optical sensors may extend generally along an axis.

[0012] When the sensor device is attached to the drug delivery device, the axis along which
the array of optical sensors may extend may be generally parallel to a longitudinal axis of the
drug delivery device.

[0013] The sensor device further comprises: a sensing arrangement arranged within the
sensor device such that, when the sensor device is attached to the drug delivery device, the
sensing arrangement is operable to read encoded information that is externally visible on the
drug delivery device, wherein the circuitry is configured to determine, based on the encoded
information, information relating to operation of the drug delivery device.
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[0014] Here, the circuitry may be configured to determine based on the encoded information
and the location along the path of the first movable element, information relating to a drug
dose to which the drug delivery device is currently dialled.

[0015] At least part of the encoded information is provided on at least a second movable
element of the drug delivery device, the second movable element being rotatable within the
drug delivery device and wherein the circuitry is configured to determine based on the encoded
information a degree of rotation of the second movable element within the drug delivery
device. The circuitry may be configured to determine the information relating to currently-
dialled drug dose based on the location along the visible path of the first movable element and
the degree of rotation of the second movable element.

[0016] The movement of the first and second movable elements may be interdependent.

[0017] The circuitry is configured to determine based on the encoded information an
operational mode of the drug delivery device.

[0018] The encoded information is dependent on a position of a further movable element
within the drug delivery device, the position of which may be dependent on whether the drug
delivery device is in dialling mode or dispensing mode.

[0019] The circuitry may be configured to determine based on the encoded information a drug
for which the drug delivery device is being used to dispense.

[0020] At least part of the encoded information may be externally visible through an aperture
or window formed in the delivery device, wherein the sensing arrangement is arranged within
the sensor device such that, when the sensor device is attached to the drug delivery device,
the sensing arrangement is operable to detect light received from the aperture or window.
Here, the sensing arrangement may comprise:

a light source arrangement configured to project light towards the aperture or window in the
drug delivery device when the sensor device is attached to the drug delivery device; and

a photosensor arrangement configured to receive light reflected from the aperture or window.

[0021] The light source arrangement may comprise a light source and a light guide arranged
together to project light towards the aperture or window in the drug delivery device.

[0022] The photosensor arrangement may comprise a photo-sensor configured to receive light
the aperture or window and one or more lenses configured to focus an image of the aperture
or window towards the photo-sensor.



DK/EP 3155378 T3

[0023] Another aspect of the invention provides a drug delivery system comprising:
the sensor device above; and

the drug delivery device having the first movable element which is configured to move along
the externally visible path.

[0024] The first movable element may be moveable along an underlying element and is
configured such that movement of the first movable element in a particular direction causes the
underlying element to become visible at successive locations along the externally visible path,
wherein at least part of the first movable element has a first reflectance and the underlying
element has a second, different reflectance.

[0025] The first moveable element may be movable relative to the underlying element such
that movement in a first direction along the externally visible path causes an increasing length
of the underlying element to become visible in the externally visible path.

[0026] Alternatively, the first moveable element may comprise a first region having the first
reflectance and a window or aperture provided in the first region through which the underlying
element is externally visible.

[0027] The drug delivery device may comprise:

a drug dispensing mechanism, actuation of which causes the drug to be dispensed to the user;
and

a further movable element configured to be movable from a first position to a second position
in response to actuation of the drug dispensing mechanism, a first part of the further movable
element being externally visible through a window or aperture of the drug delivery device when
the further movable element is in one of the first and second positions,

wherein the sensor device comprises a sensing arrangement overlying the window or aperture
and configured to output signals to the circuitry based on which the circuitry is operable to
determine whether or not the first part of the further movable element is externally visible
through the aperture or window and thereby to determine when the drug dispensing
mechanism has been actuated.

[0028] The drug delivery device may comprise a second movable element which is rotatable
within the device, wherein rotation of the second movable element and movement of the first
movable element are interdependent, the second movable element comprising a code
provided around a portion of its exterior, a part of the code being externally visible through a
window or aperture formed in the drug delivery device and wherein the sensor device
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comprises a sensing arrangement overlying the window or aperture and configured to read the
portion of the code that is externally visible through the window or aperture, the circuitry being
configured to determine, based on the externally visible portion of the code and the position
along the path of the first movable element, information relating to drug dose to which the drug
delivery device is currently dialled.

Brief Description of the Figures

[0029] For a more complete understanding of example embodiments of the present invention,
reference is now made to the following description taken in connection with the following
Figures, in which:

Figure 1 shows two views of a drug delivery device 1 with which a sensor device according to
various embodiments of the invention may be used;

Figures 2A to 2E are illustrative simplified views of various components, and combinations of
components, of a drug delivery device such as that of Figure 1 with which a sensor device
according to various embodiments may be used;

Figure 3 shows is a simplified cut-away view of the drug delivery device components depicted
in Figure 2D in combination with part of a sensor device according to various embodiments of
the invention;

Figures 4A to 4D show various views of the drug delivery device and the sensor array of the
sensor device of Figure 3 for the purpose of illustrating the operation of the sensor device;

Figure 5 shows a different arrangement of the sensor array relative to the drug delivery device
to that shown in Figures 3 and 4A to 4D;

Figures 6A to 6C are illustrative simplified views of various components of an alternative drug
delivery device with which sensor devices according to various embodiments of the invention
may be used;

Figure 6D is a simplified view of a sensor device according to embodiments of the invention in
combination with the drug delivery device of Figures 6A to 6C;

Figure 7 is simplified block diagram of a sensor device according to embodiments of the
invention;

Figure 8 shows an example of a physical arrangement of the components of the sensor device
depicted in Figure 7;

Figure 9 shows the sensor device as depicted in Figure 8 in situ on a drug delivery device;

Figures 10A and 10B show examples of encoded information which may be read by the sensor
device according to various embodiments of the invention; and
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Figure 11 shows a component of a drug delivery device for use with the sensor device
according to various embodiments of the invention.

Detailed Description

[0030] In the description and drawings, like reference numerals refer to like elements
throughout.

[0031] Figure 1 shows two views of a drug delivery device 1, in this example an injection
device, with which a sensor device (also referred to as a supplementary device - not shown)
according to various embodiments of the invention may be used.

[0032] The drug delivery device 1 of Figure 1 is configured such that a user is able to adjust
the drug dosage (or number of drug doses) that is to be delivered (or dispensed) using the
device 1. In the example of Figure 1, this is achieved by rotating (or dialling) a dose selector 10
which causes an internal dialling mechanism (not shown) to adjust an amount of the drug that
is to be dispensed once a drug delivery mechanism (not shown) is actuated. In this example,
the drug delivery mechanism is actuated by pressing a button 11 on the device.

[0033] The drug delivery device 1 comprises an external housing 12 in which is formed at least
one aperture or window 13A, 13B. As will be appreciated, an aperture may simply be a cut-
away area of the external housing 12, whereas a window may be a transparent portion of the
housing through which components of the device may be seen. For convenience, the at least
one aperture or window 13A, 13B, will hereafter simply be referred to as the at least one
window.

[0034] The at least one window 13A, 13B allows a movable gauge element 14 to be visible
from the exterior of the housing 12. The drug delivery device is configured such that as the
dose selector 10 is dialled, the movable gauge element 14 is caused to be moved thereby to
indicate a selected dose to the user. More specifically, as the dose selector 10 is dialled, the
gauge element 14 moves axially along an underlying surface 15A, 15B thereby to indicate the
selected dose. In the example of Figure 1, a surface 15A underlying at least part of the gauge
element 14 comprises a number sleeve 15A. The number sleeve 15A has numbers indicative
of drug doses provided on its outer surface, with the number indicating the currently selected
dose being visible through the at least one window 13A, 13B. In this example, the number
sleeve 15Ais visible through a gauge window (or aperture) 14-1 formed in the movable gauge
element. Other parts of the movable gauge element 14 are discussed below.

[0035] The uppermost view of the drug delivery device 1 shown in Figure 1 illustrates the
situation before any dialling has been performed. Consequently, the movable gauge element
14 is at its first (or initial) position at a first end of the path along which it is able to move. In this
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example, when the movable gauge element 14 is at the first end of its path, the portion of the
number sleeve 15A that is visible through the gauge window 14-1 shows the number zero (i.e.
a zero dose).

[0036] The bottommost view of the drug delivery device 1 shown in Figure 1 illustrates the
situation after dialling has been performed. Consequently, the movable gauge element 14 has
moved axially along the path that is visible through the first window 13A away from its first
position. In this example, the device 1 has been dialled to its maximum dose and as such, the
movable gauge element 14 has moved to the second end of its path. The maximum dose in
this example is "100" and so the portion of the number sleeve 15A that is visible through the
gauge window 14-1 shows the number "100".

[0037] In this example, the device 1 comprises first and second windows 13A, 13B. The
number sleeve 15A underlies and is visible through the first window 13A, whereas a further
underlying element 15B underlies and is sometimes visible through the second window 13B.
The further underlying element 15B may or may not include any numbers. The further
underlying surface 15B is visually distinguishable from a second part 14-2 of the movable
gauge element 14 which overlies it and which is configured to move axially along it. For
instance, the second part 14-2 of the movable gauge element 14 may be of a different
reflectance to the further underlying surface 15B. For example, one of the gauge element 14
and the underlying surface 15B may be of a light colour (e.g. may be made of a light coloured
polymer) and the other may be of dark colour (e.g. may be made of a dark coloured polymer).
The user may, therefore, be able to determine the selected dose by determining the proportion
of the second window 13A in which the gauge element 14 (specifically, the second part 14-2) is
visible compared to the proportion in which the further underlying surface 15B is visible. This
can be seen from Figure 1, in which, when the device 1 is dialled to its zero dose, the gauge
element 14 covers the entire length of the path that is visible through the second window 13B.
In contrast, when the device 1 is dialled to its maximum dose, none of the gauge element 14 is
visible through the second window. Instead, the further underlying surface 15B is visible along
the entire length of the path defined by the second window 13B.

[0038] The number sleeve 15A (which is also surface underlying the gauge element 14) is also
visually distinguishable from the movable gauge element 14 which overlies it and which is
configured to move axially along it. For instance, gauge element 14 may be of a different
reflectance to the number sleeve 15A. For example, one of the gauge element 14 and the
underlying surface 15A may be of a light colour (e.g. may be made of a light coloured polymer)
and the other may be of dark colour (e.g. may be made of a dark coloured polymer). In the
examples shown in the Figures, the number sleeve 15A and underlying surface 15B are of a
higher reflectance than the movable gauge element 14.

[0039] Figures 2A to 2E are simplified schematics of components of a drug delivery device
such as that of Figure 1. The purpose of Figures 2A to 2E is to illustrate the operation of a drug
delivery device 1 such as that of Figure 1; they are not intended to be accurate representations
of the exact design of the components.
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[0040] Figure 2A is a simplified schematic of the number sleeve 15A. The sleeve 15A has
numbers provided on its surface. In some examples, the numbers, ranging from the minimum
dose to the maximum dose, may be provided helically around the surface of the number
sleeve.

[0041] Figure 2B is a simplified schematic of a movable gauge element 14. The gauge
element 14 comprises a first section 14-4 in which the gauge window 14-1 is provided. In this
example, the first section is 14-1 a collar which is configured to encircle the number sleeve 15A
(as can be seen in Figures 2C and 2D). Extending in opposite directions from the first section
14-4 are the second part 14-2 and a third part 14-2. The second and third parts 14-2, 14-3
extend generally parallel to the longitudinal axis of the number sleeve.

[0042] The second part 14-2 of the movable gauge element is configured to extend from the
first part 14-2 by a length sufficient to fill the entire second window 13B when the movable
gauge is in its first position. The second part 14-2 may also serve to obscure a portion of the
exterior surface of the number sleeve 15A, when the gauge element moves away from its first
position. The third part of the movable gauge element 15-3 is configured to obscure a portion
of the exterior surface of the number sleeve 15A, when the gauge elements moves between its
first and second positions. In this way, only the portion of the number sleeve that underlies the
gauge window 14-1 is visible through the first window 13A of the device housing 12.

[0043] The number sleeve 15Ais rotatable about its longitudinal axis within the device housing
12. As such, the number sleeve 15A may be referred to as a movable (or rotatable) element.
Rotation of the number sleeve 15A is in some embodiments caused by rotation of the dose
selector 10. The rotational movement NSgr of the number sleeve 15Aand axial movement Gg
of the gauge element 14 are interdependent. Put another way, the dialling mechanism of the
device 1 is configured such that when number sleeve 15A is caused to rotate, the gauge
element 14 is caused to move or translate axially along its path. Moreover, the degree of
rotation of the number sleeve 15A corresponds proportionally to the extent of axial movement
of the gauge element 14.

[0044] Figure 2C shows the gauge element 14 in its initial position in which, in this example, it
indicates a zero dose. Figure 2D shows the number sleeve 15A and gauge element 14
following rotation of the number sleeve 15A and translation of the gauge element 14 from its
first position. Figure 2E shows this arrangement of Figure 2D within a simplified version of the
device housing 12.

[0045] Various dialling mechanisms for adjusting a dose to be delivered to a user which
transform rotation of a dose selector 10 into rotational movement of a number sleeve 15 A and
axial movement of a gauge element 14 (as described above) are known in the art. Two such
mechanisms are described in WO02013/110538A1 and WO2008/145171A1. As such
mechanisms (and also drug delivery mechanisms which cause delivery of the drug once the
dose has been dialled) are known in the art, they will not be described herein in any detail.
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[0046] Figure 3 shows an extremely simplified cut-away view of the components of the delivery
device 1 as depicted in Figure 2D and a simplified schematic illustration of a sensor device 2
for use with a delivery device 1 such as that described with reference to Figures 1 to 2D.

[0047] The sensor device 2 comprises an array 20 of optical sensors 20-1 to 20-5 arranged
such that, when the sensor device 2 is in place on the drug delivery device 1, each optical
sensor 20-1 to 20-5 in the array 20 is operable to detect light received from a different location
along an externally visible path defined by one of the at least one window 13A, 13B. Each
optical sensor 20-1 to 20-5 then outputs a signal indicative of an amount of detected light. The
sensor device 2 further comprises circuitry 21 configured to receive the signals output from the
optical sensors 20-1 to 20-5 of the array 20 and, based on the received signals, to determine
information associated with a location along the path defined by the window 13A, 13B of the
movable gauge element 14. The circuitry 21 may be further configured to control operation of
the array 20.

[0048] When the sensor device 2 is in place adjacent an externally visible path of the drug
delivery device 1, the optical sensors 20-1 to 20-5 of the array 20 are spaced along the path.
The optical sensors 20-1 to 20-5 may be substantially equidistantly spaced from one another
along a length generally corresponding to the length of the visible path. The length over which
the optical sensors 20-1 to 20-5 are spaced may not be exactly the same as the length of the
visible path along which the gauge element 14 moves but may be dependent on the length of
the visible path with which the sensor device 2 is designed to be used.

[0049] In some embodiments, the array 20 of optical sensors 20-1 to 20-5 extends generally
along an axis which, when the sensor device 2 is coupled to the delivery device 2, is generally
parallel with the axis along which the moveable gauge element 14 is configured to move. The
axis along which the array 20 of optical sensors extends is therefore also generally parallel with
the longitudinal axis of the window 13A, 13B that it overlies. The axis along which the array 20
extends is also generally parallel to the longitudinal axis of the drug delivery device 1. The
optical sensors 20-1 to 20-5 may be equidistantly spaced from one another along the axis.

[0050] Each of the optical sensors 20-1 to 20-5 has a corresponding light source (not shown)
arranged to emit light towards the externally visible path (defined by the window 13A, 13B)
when the sensor device 2 is attached to the drug delivery device 1. The light emitted by each
light source is then reflected off the visible path back to the corresponding optical sensor 20-1
to 20-5. Each optical sensor 20-1 to 20-5 may be provided in a single package with its
corresponding light source. Each of the optical sensors 20-1 to 20-5 may comprise a PIN
photodiode, for example. Each of the light sources may, for instance, comprise an LED.

[0051] Because the visible path towards which the array 20 is oriented is formed by the gauge
element 14 and/or the underlying element 15A, 15B, which are visually distinguishable from
one another (e.g. because they are different colours), the amount of light reflected back to
each of the optical sensors 20-1 to 20-5 will vary in dependence on the position of the movable
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gauge element 14 along its path.

[0052] The optical sensors of the array 20 may be configured such that, when the amount of
detected light is one-side of a threshold, an output signal having a first value is provided to the
circuitry 21 and, when the amount of detected light is on the other side of the threshold, an
output signal having a second value is provided to the circuitry. In examples in which the optical
sensors 20 are PIN photodiodes, when the amount of detected light is below a threshold, the
output signal is LOW and when the detected light is above the threshold, the output is HIGH.
As will be appreciated the exact threshold of the optical sensors and the values of the signals
output by the sensors may be dependent on a number of factors including, for example, the
bias applied to the sensors.

[0053] The drug delivery device 1 may be configured such that either one of the underlying
surface 15A, 15B and the movable gauge element 14 has a reflectance which is sufficiently low
such that the light reflected therefrom falls on one side of the sensor threshold. The other one
of the underlying surface 15A, 15B and the movable gauge element 14 has a reflectance which
is sufficiently high such that the light reflected therefrom falls on the other side of the threshold.
In the examples described herein, the underlying surface 15A, 15B has a sufficiently high
reflectance to overcome the sensor threshold, whereas the movable gauge element 14 has a
sufficiently low reflectance so as not to surpass the sensor threshold. Consequently, in
examples in which the sensors 20-1 to 20-5 are PIN photodiodes, sensors located above a
section of path at which the gauge element 14 is externally visible output a LOW signal,
whereas sensors located above a section of path at which the underlying element 15A, 15B is
visible output a HIGH signal.

[0054] Figures 4A and 4D illustrate the operation of the sensor device 2 when the movable
element is at different positions along its path. In this example, the array 20 comprises first to
fifth optical sensors 20-1 to 20-5, with the first sensor 20-1 being located above a first end of
the window 13B at which the movable gauge element 14 is present only when the minimum
dose is dialled. The fifth sensor 20-5 is located above a second end of the window 13B at
which the gauge element 14 is visible/present unless the maximum dose is dialled.

[0055] In Figure 4A, the movable gauge element 14 is at its initial position (e.g. when the dose
is at its minimum). Consequently, the dark coloured (and low reflectance) gauge element 14
covers the entire path underlying the array 20. As such, a sufficient quantity of light to surpass
the threshold is not detected by any of the sensors 20-1 to 20-5. As such, all five sensors 20-1
to 20-5 output a LOW signal.

[0056] In Figure 4B, the gauge element 14 has moved to approximately the 20% dose
position. In this situation, the light coloured (and high reflectance) underlying surface 15B is
visible to the first sensor 20-1. Consequently, sufficient light to surpass the threshold is
reflected back from the underlying surface 15B to the first sensor 20-1 and so the first sensor
outputs a HIGH signal. As the gauge element 14, is below each of the other sensors 20-2 to
20-5, these output a LOW signal.
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[0057] In Figure 4C, the gauge element 14 has moved to approximately the 40% dose position
and so the light coloured (and high reflectance) underlying surface 15B is visible to the first and
second sensors 20-1, 20-2, which therefore output a HIGH signal. The third to fifth sensors 20-
3 to 20-5 output a LOW signal.

[0058] Finally, in Figure 4D, the gauge element 14 has moved to approximately the 80% dose
position and so the light coloured (and high reflectance) underlying surface 15B is visible to the
first to fourth sensors 20-1 to 20-4, which output a HIGH signal. The fifth sensor element
outputs a LOW signal.

[0059] From the above, it is clear how the signals output from the optical sensors 20-1 to 20-5
can be used by the circuitry 21 to determine the dialled dose. This is illustrated in Table 1
below:

Table 1

Determined {1stgensor {2"dsensor {3@sensor {4Msensor |5 sensor
Dose output output output output output

0% LOW LOW LOW LOW LOW
20% approx. {HIGH LOW LOW LOW LOW
40% approx. {HIGH HIGH LOW LOW LOW
60% approx. {HIGH HIGH HIGH LOW LOW
80% approx. {HIGH HIGH HIGH HIGH LOW
100% HIGH HIGH HIGH HIGH HIGH

[0060] Figure 5 shows an alternative position of the array of optical sensors 20 with respect to
the delivery device 1 to that shown in Figures 3 and 4A to 4D. More specifically, in Figure 5, the
sensor array 20 is positioned to overlie the first window 13A, through which the number sleeve
15 is visible via the gauge window 14-1. When used in this configuration, all of the optical
sensors 20-1 to 20-5 will provide the same output except that overlying the current location of
the gauge window 14-1. This is because, in the first window, the gauge element 14 fills the
entire window except for the part at which the gauge window 14-1 is positioned. As such,
where the gauge element 14 is of low reflectance compared to the number sleeve 15B, only
the sensor element located above the gauge window 14-1 will detect sufficient light to surpass
its threshold. In the example of Figure 5, the circuitry 21 may be configured to determine the
location of the movable element 14 within the first window 13A based on the signals output by
the sensors in the array, as shown in Table 2:

Table 2

Determined {1Stsensor {2™sensor {3@sensor {4thsensor {5t sensor
Dose output output output output output

0% approx {LOW LOW LOW LOW LOW

20% approx. {HIGH LOW LOW LOW LOW
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Determined {1stgsensor {2™sensor {3@sensor {4thsensor {5t sensor
Dose output output output output output
40% approx. {LOW HIGH LOW LOW LOW
60% approx. {LOW LOW HIGH LOW LOW
80% approx. {LOW LOW LOW HIGH LOW
100% LOW LOW LOW LOW HIGH
approx.

[0061] Although the above examples describe optical sensors having a threshold and two
distinct outputs (HIGH and LOW), it will be appreciated that sensors which do not have such a
threshold and which instead output a signal from which the amount of detected light is
derivable (e.g. because the output signal is proportional to the amount of light detected) may
instead be used. In such examples, the circuitry 21 is still configured to determine, based on
the received signals, whether the movable gauge element 14 or the underlying surface 15A,
15B is visible to a particular optical sensor.

[0062] As will be appreciated, the accuracy with which the dose can be determined using the
array 20 of optical sensors 20-1 to 20-5 is limited by the number of sensors in the array, with a
higher number of sensors providing a higher accuracy. An alternative mechanism for improving
the accuracy of the sensor device 2 (instead of simply increasing the number of sensors in the
array 20) is discussed with reference to Figures 6A to 6D.

[0063] Figure 6A shows an example of a rotatable element 65A, in this instance a number
sleeve 65A, which may form part of a drug delivery device 6 for use with sensor devices 1
according to embodiments of the invention. Figures 6B and 6C show two different simplified
views of a delivery device 6 including the rotatable element 65A of Figure 6A. The delivery
device of Figures 6 and 6A may be generally the same as that described with reference to the
previous figures except for the differences described below.

[0064] As with the previously described delivery device 1, the rotation of the rotatable element
65A is interdependent with the axial movement of the movable gauge element 14. The degree
of rotation may be proportional to the axial movement of the movable gauge element 14. In the
examples of Figure 6A, the rotatable element 65A has, provided around its exterior surface, a
visually-distinguishable code 66 for allowing its rotational orientation to be determined. For
instance, the code may enable determination by the sensor device 2 as to whether the
rotational orientation is zero degrees, 90 degrees, 180 degrees, 270 degrees. A rotation of
zero degrees corresponds to the initial orientation of the rotatable element 65A when the dose
of the delivery device 6 is dialled to its minimum. It also corresponds to the orientation after
every complete rotation of the rotatable element 65A. In other examples, the code 66 may
allow a higher or lower accuracy with regards the rotational orientation of the rotatable element
65A. For instance, the code 66 may allow an accuracy of the 30 or 45 degrees or may allow an
accuracy of only 180 degrees. The code 66 may take any suitable form so long as it allows the
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rotational orientation of rotatable element to be determined by the sensor device 2. In this
example, the code 66 is provided at an end of the number sleeve 65A.

[0065] The housing 12 of the drug delivery device 6 includes a further aperture or window 63
through which a portion of the rotatable element 65A, on which part of the code 66 is provided,
is visible. The further window 63 is positioned and oriented relative to the rotatable element
65A such that a portion of the code is externally visible through the further window 63
regardless of the rotational orientation of the rotatable element 65A. The further window 63 is
positioned and oriented relative to the rotatable element 65A such that, as the rotatable
element rotates through a single complete rotation, a different section of the code 66 is visible
at each rotational orientation. The further aperture is, in this example, provided on a different
side of the device housing 12 (or, if the housing is cylindrical or otherwise rounded, around the
exterior surface of the device housing 12) from the at least one window 13A, 13B through
which the movable gauge element 14 is visible. In this way, the movable gauge element 14
does not obstruct the code from view.

[0066] As shown schematically in Figure 6D, the sensor device 2 may, in addition to the array
20 of optical sensors 20-1 to 20-5, include a further sensing arrangement 23. The sensing
arrangement 23 is arranged within the sensor device 2 such that, when the sensor device 2 is
attached to the drug delivery device 6, the sensing arrangement 23 is operable to read
encoded information 660 (which may include the code 66) that is externally visible on the drug
delivery device 6. In this example, at least part of the encoded information 660 is visible
through the further window 63. In some other examples, such as are discussed below, at least
part of the encoded information may be provided on a portion of the exterior of the housing 12
which underlies the sensing arrangement 23.

[0067] The sensing arrangement 23 may be of any suitable type as long as it enables the
encoded information 660 to be read. For instance, the sensing arrangement may be an optical
sensing arrangement comprising a camera or a small array of sensing elements, a magnetic or
inductive sensing arrangement or a conductance/resistance sensing arrangement.

[0068] The circuitry 21 of the sensor device 2 of Figure 6D is configured to determine, based
on the encoded information 660, information relating to operation of the drug delivery device 6.
In some specific examples, the circuitry 21 is configured to determine a current dose to which
the device 6 is dialled, based on the encoded information 660 and the signals output from the
optical sensors of the array 20. For instance, the signals output from the array 20 may be
utilised by the circuitry 21 to determine the number of complete rotations of the rotatable
element 65A that have occurred and the encoded information 660 read by the sensing
arrangement 23 may be utilised to determine the rotational orientation of the rotatable element
65A. Put another way, the signals output from the array 20 may be used to determine roughly
the extent of axial translation of the moveable gauge element, with the encoded information
660 read by the sensing arrangement being used with the rough determination to more
precisely determine the extent of translation of the movable gauge element 14 (thereby to
determine the currently dialled dose).
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[0069] The array 20 may comprise the same number of optical sensors 20-1 to 20-5 as the
number of complete rotations of the rotatable element 65A that are required to move the
movable gauge element 14 from its initial to final position. The sensors 20-1 to 20-5 may be
distributed adjacent the visible path of the movable gauge element such that after every
complete rotation of the rotatable element 65A, the output of a successive optical sensor in the
array 20 changes. For instance, using the example described with reference to Figures 4A to
4D and Table 1, after the first complete rotation of the rotatable element 65A, the output of the
first sensor 20-1 in the array 20 changes from LOW to HIGH. After the second rotation, the
output of the second sensor 20-2 changes from LOW to HIGH. After the third complete
rotation, the output of the third sensor 20-2 changes from LOW to HIGH and so on until the
fifth complete rotation at which point the output of the fifth sensor 20-5 changes from LOW to
HIGH. It will thus be appreciated that the signals output by the sensors of the array 20 can be
used to determine the number of complete rotations.

[0070] The encoded information 660 (specifically, code 66) read by the sensing arrangement
23 is then used by the circuitry 21 to determine the extent of any partial rotations of the
rotatable element 65A. The determined extent of partial rotation of the rotatable element 65A is
then combined with the determined number of complete rotations to determine the currently
dialled dose of the drug delivery device 6. This determination is illustrated in Table 3 below:
Table 3

Dose §1st 2" sensor {39 sensor 4" sensor {51 sensor {Partial Rotation
sensor joutput output output output (degrees)
output

0% LOW {LOW LOW LOW LOW 0

10% {LOW {LOW LOW LOW LOW 180

20% {HIGH {LOW LOW LOW LOW 0

30% {HIGH {LOW LOW LOW LOW 180

40% {HIGH {HIGH LOW LOW LOW 0

50% {HIGH {HIGH LOW LOW LOW 180

60% {HIGH {HIGH HIGH LOW LOW 0

70% {HIGH {HIGH HIGH LOW LOW 180

80% {HIGH {HIGH HIGH HIGH LOW 0

90% {HIGH {HIGH HIGH HIGH LOW 180

100% {HIGH {HIGH HIGH HIGH HIGH 0

[0071] It will be understood that the accuracy of the sensor device 2 can be improved by
increasing the accuracy with which partial rotations can be determined. For instance, in the
above example, if quarter rotations (i.e. every 90 degrees) were instead identifiable, the
circuitry 21 would be able to determine the dialled dose to an accuracy of $%.
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[0072] Up until now, the composition of the electronic device 2 has been described at a very
high level. Figures 7, 8 and 9 depict the sensor device 2 in more detail.

[0073] Figure 7 is a simplified schematic block diagram of a sensor device 2 according to
various embodiments. As described above, the sensor device 2 comprises the array 20 of
optical sensors 20-1 to 20-5 which are configured to output signals to the circuitry 21. In some
embodiments, the device 2 comprises the further sensing arrangement 23 which is configured
to output signals indicative of the encoded information to the circuitry 21.

[0074] The circuitry 21 may be of any suitable composition and may comprise any combination
of one or more processors and/or microprocessors 210 (for simplicity, hereafter referred to as
"the at least one processor") suitable for causing the functionality described herein to be
performed. The circuitry 21 may additionally or alternatively comprise any combination of one
or more hardware-only components such as ASICs, FPGAs etc. (which are not shown in
Figure 7).

[0075] The circuitry 21 may further comprise any combination of one or more non-transitory
computer readable memory media 211, such as one or both of ROM and RAM, which is
coupled to the at least one processor 210. The memory 211 may have computer-readable
instructions 211A stored thereon. The computer readable instructions 210, when executed by
the at least one processor 210 may cause the sensor device 2 to perform the functionality
described in this specification, such as controlling operation of the array 20 and sensing
arrangement 23 and interpreting the signals received therefrom.

[0076] The sensing arrangement 23 comprises at least a light source 23-2 and a photosensor
23-1. The light source 23-2 is for illuminating the encoded information 66 that is visible within
the further window 63 formed in the device housing 62. The photosensor 23-1 is configured
read the encoded information by detecting an image (which includes the encoded information
660) which is visible to the photosensor (i.e. which underlies the photosensor). The image is
detected by detecting the light reflected back from different parts of the surface(s) on which the
image is provided. The encoded information 660 is then passed to the circuitry 21. The
sensing arrangement 23 may comprise further non-electrical components, which are not
shown on Figure 7. These non-electrical components of the sensing arrangement 23 are
described with reference to Figure 8.

[0077] The sensor device 2 may further comprise one or both of a display screen 24 (such as
an LED or LCD screen) and a data port 25. The display screen 24 may be operable under the
control of the circuitry 21 to display information regarding operation of the drug delivery device
1 to the user. For instance, the information determined by the sensor device 2 may be
displayed to the user. The information determined by the sensor device 2 may include the
dialled dose. Other information which can be determined by the sensor device 2 includes the
drug being dispensed, the mode of the drug delivery device 1, 6, and or a history of previously-
dispensed doses. The determination of this "other information" is discussed below with respect
to Figures 10A, 10B and 11.
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[0078] The data port 25 may be used to transfer stored information relating to the operation of
the drug delivery device 6 from the memory 211 to a remote device such a PC, tablet
computer, or smartphone. Similarly, new software/frmware may be transferred to the sensor
device via the data port 25. The data port 25 may be a physical port such as a USB port or
may be a virtual, or wireless, port such as an IR, WiFi or Bluetooth transceiver.

[0079] The sensor device 2 may further comprise a removable or permanent (preferably
rechargeable with e.g. photovoltaic cells) battery 26 for powering the other components of the
device 2. Instead of the battery 26, a photovoltaic or capacitor power source may be used.
Other electrical components which are not shown in Figure 7, but which may nonetheless be
included in the sensor device 2 include a trigger buffer 27-1, a regulator 27-2, a voltage
suppressor 27-3 and a charger chip 27-4, for charging the rechargeable battery if present.

[0080] Figure 8 shows an example of a physical arrangement of the components of the sensor
device of Figure 7. The optical sensors 20-1 to 20-5 of the array 20 are arranged on a first
surface of a PCB 28-1 in a way that is determined by the shape of the visible path of the
movable element 14 with which the sensor device 2 is designed to be used. In the examples
described herein, the visible path is linear and, consequently, the optical sensors 20-1 to 20-5
of the array 20 are linearly arranged on the PCB 28-1. When the sensor device 2 is attached to
the drug delivery device 1, 6, the first surface of the PCB 28-1 faces the at least one window
13A, 13B of the drug delivery device 1, 6.

[0081] One or more of: the light source 23-2 of the sensor arrangement 23, the at least one
processor 210, the memory 211, the charger chip 27-4, the voltage suppressor 27-3, the
regulator 27-2 and the trigger buffer 27-1 may also be provided on the first surface of the PCB
28-1.

[0082] The screen 24 is provided on the opposite side of the PCB to the 28-1 to the array 20 of
optical sensors 20-1 to 20-5, such that it is visible to the user when the sensor device 2 is
attached to the drug delivery device 1, 6. The sensor device 2 may be configured so as to
extend over the entire area of the at least one window 13A, 13B such that the at least one
window 13A, 13B is not visible to the user when the sensor device 2 is attached.

[0083] When the drug delivery device 6 includes the further window 63 which is located on a
different side of the device housing 62 to the at least one window 13A, 13B in which the
movable gauge element 14 is visible, the photosensor 23-1 of the sensing arrangement 23
may not be provided on the PCB 28-1. Instead, the photosensor 23-1 may be provided on a
support element 28-2 which extends from the PCB 28-1. In the example of Figure 1, the
support element 28-2 extends perpendicularly from the PCB, such that when it is attached to
the drug delivery device 6, it wraps around a side of the device 6.

[0084] As will be appreciated the exact physical arrangement of the components within the
sensor device 2 may not be crucial as long as, when the sensor device 2 is attached to the
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drug delivery device 1, 6, the array 20 of optical sensors is aligned with and faces the visible
path of the movable element 14. In embodiments including the further sensing arrangement
23, it may also be important that the photosensor 23-1 of the sensing arrangement 23 is
positioned so as to overlie further window 63 formed in the housing 12 of the drug delivery
device 6.

[0085] The sensing arrangement 23, in this example, further comprises a light guide 23-3 for
guiding the light from the light source 23-2 to the further window 63 of the drug delivery device
6. The sensing arrangement 23 also comprises a lens array 23-4 for focussing on the
photosensor 23-1 the light reflected back from the surface(s) underlying the photosensor 23-1.
Put another way, the lens array 23-4 is configured to focus the image, which is provided on the
surface(s) underlying the photosensor 23-1, on to the photosensor 23-2.

[0086] Figure 9 shows the sensor device 2, without a housing, in position on the drug delivery
device 1, 6. Although not shown, the sensor device 2 may be configured to be removably
attached in position on the drug delivery device 1, 6. For instance, the housing (not shown) of
the sensor device 2 may include a coupling mechanism for securely affixing the sensor device
2 to the drug delivery device 1, 6. Alternatively, any other means for securing the sensor device
2 in position on the drug delivery device 1, 6 may be used.

[0087] As discussed above, the encoded information 660 that is read by the sensing
arrangement 23 may include a portion of a code 66 for enabling the circuitry to determine the
rotational orientation of the rotatable element 15A, 65A. However, in some embodiments, other
operational information may alternatively or additionally be included in the encoded information
660 that is read by the sensing arrangement. For instance, the encoded information 660 may
include a portion 67 (for instance in the form of a bar code) for indicating the drug that is being
delivered. This can be seen in Figures 10A and 10B which show examples of two different
views of the encoded information that may be visible to the photosensor of the sensing
arrangement 23. At least part of the encoded information 660 (such as the portion of the code
66) may be visible through the further window 63 of the drug delivery device 6. The drug
indication code portion 67 may be provided on, for instance, a portion of a drug cartridge that
is inserted into the drug delivery device 1, 6 and which is visible through the further window 63
and so can be read by the sensing arrangement 23. Alternatively, it may be provided on a
portion of the exterior of the delivery device housing 12 that is adjacent the further window 63
and which is also beneath (and so readable by) the photosensor 23-1 of the sensing
arrangement 23 when the sensor device 2 attached to the drug delivery device 1, 6.

[0088] The encoded information 660 may further include a portion 68 for indicating a mode of
the drug delivery device 1, 6. This can be seen in Figures 10A and 10B which show the
encoded information 660 when the device 1, 6 is in each of a dialling mode and delivery mode.
In this example, when the device is in the dialling mode, the mode indicator 68 is not part of the
encoded information (as shown in Figure 10B) and when the device in the delivery mode, the
mode indicator 68 is part of the encoded information 660. Consequently, by determining
whether or not the mode indicator 68 is present in the encoded information 660, the circuitry
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21 can determine the mode of the device 1, 6.

[0089] The mode indictor 68 may be provided on an internal element that is caused to move in
response to actuation of the drug delivery mechanism (for instance by pushing the button 11).
The movable internal element and drug delivery mechanism are together configured such that
actuation of the drug delivery mechanism thereby to switch from dialling mode to delivery
mode, causes the mode indicator 68 to become visible (or to disappear from) within the further
window 63. An example of such an internal movable element 69 is shown in Figure 11 and is a
"locking arm". When situated within the drug delivery device 16, the locking arm 69 is
configured to move from a first position to a second position in response to actuation of the
drug delivery mechanism. The locking arm 69 may be further configured to move from the
second position back to the first position in response to subsequent actuation of the drug
dialling mechanism. The mode indicator 68 is only visible through the window 63 when the
locking arm 69 is in one of the first and second positions. In this way, the sensor device 2 is
able to determine the mode of the drug delivery device 6 to which it is attached.

[0090] In some embodiments, the sensor device 2 is configured to store a history of dispensed
drug doses. This may be carried out by storing information indicative of the currently dialled
dose, when a change from dialling mode to delivery mode is detected based on the mode
indicator 68. A timestamp indicative of a time at which the mode change occurred may also be
stored in association with the information indicative of the dose. In addition or alternatively,
information indicative of the type of the dispensed drug, which is determined based on the drug
indication code portion 67, may be stored in association with the dose information. This may be
repeated each time a dose of a drug is dispensed

[0091] Although the drug delivery devices described herein include two windows 13A, 13B
through which the movable gauge element 14 is visible, it will be appreciated (particularly from
the discussions of Figures 4A to 4D and 5) that sensor devices 2 according to embodiments of
the invention may be used with drug delivery devices 1, 6 which include only one of these
windows 13A, 13B.

[0092] It should be realized that the foregoing embodiments should not be construed as
limiting. Other variations and modifications will be apparent to persons skilled in the art upon
reading the present application, without departing from the scope of the appended claims.
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Patentkrav
1. Sensoranordning (2), der kan fastgeres aftageligt til en
legemiddeladministrationsanordning (12), hvilken
sensoranordning omfatter:
et array (20) af optiske sensorer, der er anbragt i

sensoranordningen, saledes at nar sensoranordningen er fastgjort
til legemiddeladministrationsanordningen, sa har
legemiddeladministrationsanordningen et forste bevaegeligt
element (14), der er konfigureret til at bevage sig langs en
bane parallelt med lengdeaksen af
legemiddeladministrationsanordningen, hvor hver optiske sensor
er 1 stand til at pavise 1lys, der modtages 1 forskellige
positioner langs den lineare bane, og udsende et signal, der
angiver en mengde af pavist lys;

et kredslgb (21), der er konfigureret til at modtage signalerne,
der udsendes fra de optiske sensorer, og pa basis af de modtagne
signaler bestemme information, der er forbundet med en position
langs banen af det fegrste bevagelige element; og

en fglerindretning (23), der er anbragt i sensoranordningen (2),
saledes at nar sensoranordningen (2) er fastgjort til
legemiddeladministrationsanordningen (12), sa er
fglerindretningen (23) 1 stand til at lase kodet information
(660), der er synligt eksternt pa
legemiddeladministrationsanordningen (12),

hvor mindst en del af den kodede information (660) er
tilvejebragt pa mindst et andet bevageligt element (65A) af
legemiddeladministrationsanordningen (12), hvilket andet
bevaegelige element (65A) kan rotere i
legemiddeladministrationsanordningen (12), og

hvor kredslgbet (21) er konfigureret til pa basis af den kodede
information (660) at bestemme en grad af rotation af det andet
bevegelige element (65A) i1 lagemiddeladministrationsanordningen
(12) og pa basis af positionen langs den synlige bane af det
foerste bevaegelige element (14) og graden af rotation af det
andet bevaegelige element (65A) bestemme information vedrgrende
en laegemiddeldosis, som laegemiddeladministrationsanordningen
(12) aktuelt er indstillet til.
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2. Sensoranordning ifglge krav 1, hvor hver af de optiske
sensorer har en tilsvarende lyskilde (23), der er indrettet til
at udsende lys mod den eksternt synlige bane, nar
sensoranordningen er fastgjort til
legemiddeladministrationsanordningen, hvor hver af de optiske
sensorer er indrettet til at pavise det udsendte 1lys, der

reflekteres fra den eksternt synlige bane.

3. Sensoranordning ifglge krav 1 eller krav 2, hvor arrayet
af optiske sensorer er anbragt i sensoranordningen, saledes at
nar sensoranordningen er fastgjort til
legemiddeladministrationsanordningen, sa er de optiske sensorer
i arrayet anbragt med overvejende samme afstand fra hinanden

langs en l&ngde, der svarer til laengden af den synlige bane.

4. Sensoranordning ifelge et hvilket som helst af kravene 1
til 3, hvor kredslgbet er konfigureret til pa basis af den kodede
information at Dbestemme, om den operationelle tilstand af
legemiddeladministrationsanordningen er en indstillingstilstand

eller en dispenseringstilstand.

5. Sensoranordning ifelge et hvilket som helst af kravene 1
til 4, hvor kredslgbet er konfigureret til pa basis af den kodede
information at bestemme et legemiddel, som
legemiddeladministrationsanordningen anvendes til dispensering
af.

6. Sensoranordning ifelge et hvilket som helst af kravene 1
til 5, hvor mindst en del af den kodede information er synlig
eksternt gennem en abning eller et vindue (13), der er dannet i
administrationsanordningen, hvor fglerindretningen er anbragt i
sensoranordningen, saledes at nar sensoranordningen er fastgjort
til legemiddeladministrationsanordningen, sa er
fglerindretningen i stand til at pavise lys, der modtages fra

abningen eller vinduet.

7. Sensoranordning 1ifglge krav 6, hvor fglerindretningen
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_3_
omfatter:
en lyskilde (23)-indretning, der er konfigureret til at
projicere lys mod abningen eller vinduet i

legemiddeladministrationsanordningen, nar sensoranordningen er
fastgjort til legemiddeladministrationsanordningen; og en
fotosensorindretning, der er konfigureret til at modtage lys,

der reflekteres fra abningen eller vinduet.

8. Legemiddeladministrationssystem, der omfatter:
sensoranordningen ifglge et hvilket som helst af kravene 1 til
7; 0g

legemiddeladministrationsanordningen, der har det forste
bevaegelige element, som er konfigureret til at bevaege sig langs

den eksternt synlige bane.

9. Legemiddeladministrationssystem ifglge krav 8, hvor det
fgrste bevagelige element kan bevages langs et underliggende
element og er konfigureret, saledes at bevagelse af det fegrste
bevaegelige element 1 en bestemt retning forarsager, at det
underliggende element bliver synligt 1 successive positioner
langs den eksternt synlige bane, hvor mindst en del af det fgrste
bevaegelige element har en fgrste refleksionskoefficient, og det
underliggende element har en anden, anderledes

refleksionskoefficient.

10. Lagemiddeladministrationssystem ifglge krav 9, hvor det
fgrste bevaegelige element er Dbevageligt 1 forhold til det
underliggende element, saledes at bevagelse 1 en fgrste retning
langs den eksternt synlige Dbane forarsager, at en stigende
lengde af det underliggende element Dbliver synligt 1 den

eksternt synlige bane.

11. Legemiddeladministrationssystem if@lge et hvilket som helst
af kravene 8 til 10, hvor laegemiddeladministrationsanordningen
omfatter et andet Dbevageligt element, der kan rotere 1
anordningen, hvor rotation af det andet bevagelige element og
bevegelse af det fgrste bevagelige element er afhengige af

hinanden, idet det andet bevagelige element omfatter en kode,
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der er tilvejebragt omkring en del af dets yderside, hvor en del
af koden er eksternt synlig gennem et vindue eller en abning,
der er dannet 1 legemiddeladministrationsanordningen, og hvor
sensoranordningen omfatter en fglerindretning, der ligger over
vinduet eller abningen og er konfigureret til at lase den del
af koden, der er eksternt synligt gennem vinduet eller abningen,
hvor kredslgbet er konfigureret til pa basis af den eksternt
synlige del af koden og positionen langs banen af det fgrste
bevaegelige element at bestemme information vedrgrende
legemiddeldosis, som legemiddeladministrationsanordningen
aktuelt er indstillet til.
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FIGURE 8
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