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DETERMINATION OF A DOSE IN A MEDICATION DELIVERY DEVICE USING TWO MOVING
ARRAYS WITH TEETH AND A SENSOR

BACKGROUND OF THE INVENTION

The present invention pertains to medication delivery devices, and in particular to a
sensing system in a medication delivery device.

A variety of medication delivery devices, including for example pen injectors, infusion
pumps and syringes, are commonly used for periodic administration of medications. It is
important that the proper amount of medication be supplied at these times as the health of the
patient is at stake. In many instances, failure to accurately deliver the appropriate amount of
medication may have serious implications for the patient.

The administration of a proper amount of medication requires that the actual dosing by
the medication delivery device be accurate. The term “dosing” as used herein refers to the two
key phases of administering a dose, namely, setting the dose amount and delivering the amount
of the set dose. Assuring that an accurate dose is administered requires that the medication
delivery device perform properly during both of these key phases of dosing.

Medication delivery devices generally utilize mechanical systems in which various
members rotate or translate relative to one another. In most instances, these relative movements
between members are proportional to the dose amount set and/or delivered by operation of the
device. Accordingly, the art has endeavored to provide reliable systems that accurately measure
the relative movement of members of a medication delivery device in order to assess the dose set
and/or delivered. Such systems may include a sensor which is coupled with a first member of
the medication delivery device and detects the relative movement of sensed components coupled
with a second member of the device. The prior art has described a variety of sensing systems
based upon the movement of objects through a sensed area, including optical, tactile, electrical

and magnetic systems.
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BRIEF SUMMARY OF THE INVENTION

In one form thereof, the present invention provides a sensing system for a medication
delivery device comprising a first member of the medication delivery device; a second member
of the medication delivery device moveable relative to the first member in proportion to at least
one of an amount of a dose set and an amount of a dose delivered by operation of the medication
delivery device; a sensor coupled with the first member, the sensor being operable to detect a
sensed parameter within a sensed area of the sensor; a first, passive target coupled with the
second member and having an array of first teeth positioned to move through the sensed area as
the second member moves relative to the first member, the first teeth being substantially
identical in shape and uniformly spaced a first distance; a second, passive target coupled with the
second member and having an array of second teeth positioned to move through the sensed area
as the second member moves relative to the first member, the second teeth being substantially
identical in shape and uniformly spaced a second distance different from the first distance, the
first target being fixed against movement relative to the second target, the sensor being operable
to sense a characteristic of the sensed parameter representative of a relative position between the
first and second members based on the combined positions of the first and second teeth within
the sensed area, and to generate an output correlated to the sensed characteristic; and a processor
operably connected to the sensor to receive the output from the sensor, the processor being
configured to identify the position of the first member relative to the second member based on
the sensor output.

In another form thereof, the present invention provides a medication delivery device
comprising: a first member of the medication delivery device; a second member of the
medication delivery device moveable relative to the first member in proportion to at least one of
the amount of a dose set and the amount of a dose delivered by operation of the medication
delivery device; a sensor coupled with the first member, the sensor being operable to detect a
sensed parameter within a sensed area of the sensor; a first, passive target coupled with the
second member and having an array of first teeth positioned to move through the sensed area as
the second member moves relative to the first member, the first teeth being substantially
identical in shape and uniformly spaced a first distance; a second, passive target coupled with the

second member and having an array of second teeth positioned to move through the sensed area
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as the second member moves relative to the first member, the second teeth being substantially
identical in shape and uniformly spaced a second distance different from the first distance, the
first target being fixed against movement relative to the second target, the sensor being operable
to sense a characteristic of the sensed parameter representative of a relative position between the
first and second members based on the combined positions of the first and second teeth within
the sensed area, and to generate an output correlated to the sensed characteristic; and a processor
operably connected to the sensor to receive the output from the sensor, the processor being
configured to identify the position of the first member relative to the second member based on
the sensor output.

One advantage of the present invention is that a sensing system may be provided that
provides an accurate and reliable assessment of the amount of medication that has been set
and/or delivered by a medication delivery device.

Another advantage of the present invention is that a sensing system may be provided that
requires few individual parts, and is compact and readily adapted to a variety of medication
delivery devices.

Further objects, features and embodiments of the present invention will become apparent

from the detailed description and drawings provided herewith.
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BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other advantages and objects of this invention, and the manner
of attaining them, will become more apparent, and the invention itself will be better understood,
by reference to the following description of embodiments of the invention taken in conjunction
with the accompanying drawings, wherein:

FIGS. 1 and 2 are schematic views of the prior art generally showing the sensing of a
target having an array of spaced teeth.

FIG. 3 is a perspective view showing an arrangement of components of a sensing system.

FIG. 4 is a front view of the sensing system of FIG. 3.

FIG. 5 is a perspective view of components of a medication delivery device including a
sensing system.

FIG. 6 is a plan view, partially in cross section, of the medication delivery device of FIG.

FIG. 7 is a partial cross-sectional view of a medication delivery device equipped with a
sensing system.

FIG. 8 is a partial schematic view of a sensing system in a medication delivery device.

Corresponding reference characters indicate corresponding parts throughout the several
views. Although the drawings represent embodiments of the present invention, the drawings are
not necessarily to scale, and certain features may be exaggerated or omitted in some of the

drawings in order to better illustrate and explain the present invention.
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DETAILED DESCRIPTION

For the purpose of promoting an understanding of the principles of the invention,
references are made herein to examples illustrated in the drawings, and specific language is used
to describe the same. It will nevertheless be understood that no limitation of the scope of the
invention is thereby intended. Any alterations and further modifications in the described
embodiments, and any further applications of the concepts disclosed herein, are contemplated as
would normally occur to one skilled in the relevant art. Examples of these concepts are shown in
detail, but it will be apparent that some features and details have been omitted for the sake of
clarity.

The present invention relates generally to sensing systems for determining the amount of
a dose set and/or delivered by a medication delivery device. In particular, the present invention
relates to the measurement of relative movement between members of the medication delivery
device. The relative movements may be typically rotational (angular), translational (linear), or a
combination of both. The medication delivery device may be any device which is used to set or
deliver a dose of a medication, such as pen injectors, infusion pumps and syringes. The
medication may be any of a type that may be administered by such a medication delivery device.

The system includes a first member of a medication delivery device that moves relative to
a second member during dose setting and/or delivery in a manner that is proportional to the
amount of the set or delivered dose. The sensing system includes a sensor coupled with the first
member and the combination of at least two sensed components, herein referred to as “targets”,
coupled with the second member.

The term “coupled” encompasses any manner of fixing the position of the sensor and the
targets to the respective members of the medication delivery device. For example, the sensor
and/or targets may be separate components which are directly positioned on, received within or
attached to the associated members. Alternatively, there may be one or more other components
which indirectly connect the sensing system components with the members. In other
embodiments, the sensor and/or targets may include components, such as a sensing element or
teeth, which are formed integrally with the members. It will be appreciated by those skilled in
the art that it is a sufficient “coupling” of the sensing system components if the sensor and the
targets are thereby caused to move in unison, or proportionally, with the first and second

members as those members move relative to one another during dose setting and/or delivery.
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The sensor is operable to detect a parameter within a sensed area. Each target includes an
array of teeth which may be positioned within the sensed area and which as a result have an
effect on the sensed parameter. In particular, the sensor and targets are coupled with the first and
second members, respectively, to cause the teeth to move through the sensed area of the sensor
during relative movement between the members. The term sensor refers to any device which
detects a characteristic of a sensed parameter which varies in relationship to the positions of the
teeth within the sensed area. The term teeth refers to any series of projections from the targets
which extend into the sensed area of the sensor and which directly or indirectly affect the sensed
parameter.

The sensed parameter may be anything affected by the positions of the teeth within the
sensed area. The sensed parameter may, for example, be a capacitance, conductance, resistance,
impedance or voltage sensed by the sensor. The sensed parameter may be detected in various
manners known in the art. For example, the sensed parameter may be associated with a field,
such as a magnetic field, which is imposed upon the sensed area and which is altered based upon
the positions of the teeth within the field. The alterations of the field then change the sensed
parameter in direct relation to the positions of the teeth in the sensed area.

In one embodiment, the sensing system includes a sensing element located within a field
in a position that an attribute of the sensing element is affected by the applied field. For
example, in a magneto-resistive type sensor the distortion of an applied magnetic field results in
a characteristic change in the resistance of the sensing element. Similarly, Hall Effect sensors
detect changes in the voltage resulting from distortions in an applied magnetic field. Each
different position of the combined targets presents a unique physical profile of teeth relative to
the sensed area, which has an associated effect on the sensed parameter of the sensor. The
different positions of the targets therefore result in a value for the sensed parameter that is
characteristic of the relative positions of the sensor and the targets.

The sensing system is thereby able to identify the positions of the teeth, and therefore
also the specific positions of the targets relative to the sensor. Identifying the starting and ending
positions of the targets when setting or delivering a dose provides an indication of the relative
movement of the two members. Since this movement is proportional to the amount of dose that

is set or delivered, the dose amounts can be determined.
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The teeth perform as passive targets, meaning that they are not active compnents such as
permanent magnets. The teeth distort the sensed parameter, rather than creating it. The targets
may be constructed of any material(s) suitable for inclusion in the medication delivery device
and effecting a detectable change in the sensed parameter based on the configuration of the teeth
in the sensed area. Preferably, the teeth of the targets, or the entire targets, may be configured
and made of a material which enhances the operation of the sensing system. For example, the
use of a ferromagnetic material can significantly induce or amplify the effect of the positions of
the teeth on a magnetic field.

General principles involved with the sensing system are exemplified in the prior art as
shown in FIGS 1-2. Sensing system 20 comprises a magneto-resistive sensor 22 including a
sensing element 24 and a magnet 26 comprising a pole 28 and an opposed pole 30. The sensing
system further comprises a target 32 which includes a disc-shaped body 34 carrying a
circumferential array of teeth 36. Magnet 26 creates a magnetic field represented by flux lines
38 illustrated as passing through sensing element 24, magnet 26, teeth 36, and body 34. The
teeth are thereby positioned to move through a sensed area 40 of the sensor 22. Further, teeth 36
may comprise a material, such as a ferromagnetic material, to enhance the distortions in the
magnetic field as represented by the pattern of magnetic flux lines 38. The differing positions of
the teeth within the sensed area produce changes in the magnetic field which are detected by the
sensor 22.

Each different position of teeth 36 relative to sensor 22 results in a flux pattern that is a
characteristic “signature” corresponding to that position. The density, direction, and/or intensity
of magnetic flux lines 38 vary as peaks and valleys of teeth 36 fall in different positions, thus
changing the sensed parameter of sensing element 24. For example, comparing FIGS. 1 and 2 it
is apparent that the magnetic field distortions have changed as teeth 36 assumed different
positions relative to sensing element 24. These different magnetic field patterns modify, for
example, the resistance measured for sensing element 24. In the example of FIGS. 1-2 only a
single target is shown and all of the teeth have the same shape and are equally spaced.
Consequently, the sensor does not distinguish between two different teeth located in the same
position relative to the sensor.

By way of example, the following disclosure relates to a sensing system which is based

on the detection of variations in an imposed magnetic field caused by two arrays of teeth. In a
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preferred embodiment, the sensing system utilizes a magneto-resistive sensor which assess
changes to a measured resistance resulting from variations in the surrounding magnetic field.
However, any sensing system based on the effect caused by movement of two arrays of teeth
through the sensed area may be used. Other examples of sensors useful in the present invention
are sensors which measure changes in capacitance, conductance, voltage or other properties.

The present sensing system combines at least first and second targets including arrays of
spaced teeth, respectively. The two targets are coupled directly or indirectly to the same member
of the medication delivery device such that there is no relative movement between the two
targets and they act essentially as a single target for the sensor. In certain embodiments, the
targets are attached to each other or comprise an integral unit. The relative positioning of one
target to the other may be easily provided by a key or other mechanism to positively couple the
targets to the medication delivery device and/or to each other.

The sensor and the targets are positioned such that both arrays of teeth pass through the
sensed area of the sensor as the members of the medication delivery device move relative to one
another. The teeth thereby provide a physical profile within the sensed area of a single sensor
that is a combination of teeth from both targets. This “combined profile” presents a more
complex and varied profile than would be caused by either target alone. For a given position of
the targets, the sensor generates one output representing the combined positions of the teeth of
both targets.

The first target includes an array of first teeth which preferably are substantially or
completely identical in shape and are uniformly spaced. The second target includes an array of
second teeth which preferably are substantially or completely identical in shape, which shape
may be the same as or different from the shape of the first teeth. The teeth of the second target
also are preferably uniformly spaced, but the spacing is different than for the first teeth. This use
of targets having uniformly shaped and spaced teeth allows for the use of simple physical
structures as the targets that are readily and inexpensively produced.

The relative spacing for the two arrays is selected to provide any of a variety of desired
effects. For example, if the spacing of one set of teeth is twice that of the other, then there will
be an alternating pattern for the combined profile of the teeth as presented in the sensed area.

There will then also be a corresponding alternating effect on the sensed parameter. Other
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pairings for the spacing of the teeth result in patterns which repeat, for example, every three or
four teeth.

A preferred embodiment includes positions of the first and second teeth that provide
unique combined profiles of teeth throughout the expanse of teeth passing through the sensed
area. This results when the spacing of the teeth on the first target is such that there is no repeat
of the relative positions of the first teeth with the teeth on the second target. This will occur, for
example, for circular arrays of teeth in which the second array has one more tooth than the first
array. In this embodiment, the relative positions of teeth of the two targets will differ throughout
the circumferences of the targets. This approach is particularly advantageous in that it provides a
unique profile, and resulting signature, for each position of the targets.

The resolution of the sensing element will be affected by the closeness of the teeth.

Teeth which are spaced closer together will provide a greater number of influences on the sensed
parameter for a given distance of travel. For example, a circular array of thirty-two teeth would
have a spacing of 11.25 degrees, whereas one with fifty teeth would have a spacing of about 7.2
degrees.

In one application of the present invention, the sensing system detects the positions of
first and second members which relatively rotate about an axis. The targets preferably comprise
circular arrays of outwardly-extending teeth positioned to rotate about the same axis. The two
targets are positioned such that the teeth of both targets pass through the same sensed area of a
single sensor. For circular arrays of teeth, this generally means that the two arrays will have a
similar radius.

The “combined profiles” of teeth are demonstrated in the embodiment of FIGS. 3-4. First
target 32 includes sixteen teeth 36 (solid lines) and second target 42 includes fifteen teeth 44
(dotted lines in Fig. 4). The spacing of the teeth for first target 32 is therefore smaller than the
spacing of the teeth for second target 42. This difference in spacing results in varying relative
positions of the teeth for one target versus the other such that a unique physical configuration of
teeth occurs throughout the perimeters of the targets. For example, at position “A”, tooth 46 of
first target 32 is aligned with a tooth of second target 42 not visible behind tooth 46. However,
at position “B” the teeth 48 and 50 are displaced by an amount 52. At positions “C” and “D” on
target 32, the teeth 36 and 44 are displaced by successively larger amounts 54 and 56. It will
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therefore be observed that in this embodiment sensing system 58 has no relative positions of
teeth 36 and 44 which are duplicated.

The effect of the teeth on the magnetic field therefore provides a different and distinctive
signature for each position around the targets. This allows the sensing system 20 to specifically
identify the relative position of one member of the medication delivery device relative to another
with which it relatively rotates. For example, the sensing system can determine when position
“A” of target 32 is within the sensed area when it detects the signature associated with this
aligned position of the teeth on the two targets. The sensing system is also able to identify the
relative direction of movement based on a comparison of successive, uniquely-identifiable
positions of the targets relative to the sensor.

A medication delivery device is typically configured such that only discrete increments of
doses can be achieved, e.g., a whole number, possibly with half amounts, of dose units. There
may therefore be a known degree of angular displacement of the relatively rotating members
which corresponds to one unit of dose. In accordance with the present invention, it is possible to
correlate the spacing of the teeth with the movement related to setting or delivering, for example,
a unit dose for the medication delivery device. For example, the spacing for a circular array of
sixteen teeth is 22.5 degrees. Thus, if the medication delivery device requires a relative rotation
of the first and second members of 22.5 degrees to set or deliver a unit of dose, then the use of a
circular array of sixteen teeth may be selected.

Since the sensing system is able to identify different specific positions, it is able to
identify start and stop positions between the first and second members during dose setting or
delivery. Identifying these positions allows for the determination of the overall relative
movement between the members. This in turn can be converted to the amount of the set or
delivered dose. The sensing system may also determine intermediate positions and determine the
extent of rotation by counting the successive movements from start to finish.

Referring now to Figs. 5-7, there is shown a medication delivery device comprising a
pen-shaped injection device 100 which is manually handled by a user to selectively set a dose
and then to inject that set dose. Injection devices of this general type are well known, and the
description herein of device 100 is merely illustrative. The sensing system is shown in use with

this described embodiment, but it is readily adaptable for use in variously constructed medication
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delivery devices for which the relative movement of component members is indicative of the
amount of a dose that is set and/or delivered.

Medication injection device 100 includes a casing 102 that supports the internal
components of the device. The casing is shown as having a housing 104 and a cartridge retainer
106. Housing 104 holds a mechanical drive mechanism, described hereafter, which is operated
to set and deliver a dose of medication. Cartridge retainer 106 holds a cartridge 108 filled with
medication to be delivered by the device. Cartridge retainer 106 is detachably mountable to
housing 104 via external threading 110 on a protruding collar portion 112 of housing 104 which
mates with internal threading 114 on a ring portion 116 at the proximal end of cartridge retainer
106. Suitable detachable mounting elements other than threadings 110 and 114, such as a
bayonet fitting, are known in the art and naturally may instead be employed.

Cartridge retainer 106 includes an internal hollow 118 suited to removably receive
cartridge 108, thereby allowing a cartridge to be inserted therein, and then removed therefrom
when depleted and replaced with a fresh cartridge of similar design. Openings 120 in cartridge
retainer 106 allow visibility of the cartridge contents.

Medication cartridge 108 is of conventional design, including a body 122 having an
interior reservoir filled with medication which is sealed at one end by a slidable plunger or piston
124 and sealed at the other end by a septum 126 held by a crimp ring 128.

A needle assembly 130 is detachably mountable to an externally threaded distal end 132
of cartridge retainer 106 and pierces the septum 126 when so mounted. The pierced septum
through which the needle extends serves as an outlet during dispensing for the medication within
the reservoir of body 122, which medication is delivered through the needle assembly 130 by
operation of device 100. The cartridge 108 can hold multiple doses of medication, or even a
single dose, depending on the purpose of device 100.

Medication injection device 100 is shown in Fig. 5 in its “zero position” at which the
device has not been set for delivery of any dose. In Fig. 6, device 100 is arranged after being
manipulated to set a dose for delivery.

Medication delivery device 100 is typical of many such devices in including a manually-
powered dose delivery mechanism that controls forward advancement of a drive member,
generally designated at 134. Drive member 134 advances within the cartridge body 122 to

directly engage and advance plunger 124. As shown in Fig. 6, the dose delivery mechanism
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includes a dose knob 136 connected via a dial sleeve 138 to a mechanical drive assembly within
housing 104. When dose knob 136 is turned by a user to set a dose for injection, dose knob 136
and dial sleeve 138 screw out together from housing 104. When a user applies a plunging force
on the proximal end 140 of dose knob 136, the resulting forward motion of dose knob 136 and
dial sleeve 138 into housing 104 is converted by the mechanical drive assembly into a smaller
motion of drive member 134 forward from housing 104 into the interior of cartridge body 122.

Drive member 134 is formed in two pieces including a forward end 142 that directly
engages the cartridge plunger 124, and a shaft 144 that axially extends from housing 104. The
shaft 144 has external threads 146 and is engaged with the mechanical drive assembly to be
driven out from housing 104. Forward end 142 is provided in the form of an enlarged foot that is
mounted on shaft 144,

Medication delivery device 100 may include a mechanical drive assembly 200 such as
shown in cross section in FIG. 7. A barrel 202 is received within housing 104 and is rotatable
relative to the housing about axis 204. Barrel 202 is biased in the proximal direction (to the right
in FIG. 7) by a spring 206 and clicker 208. Housing 104 includes a flange 210 which rests
against a shoulder 212 of housing 104 when the barrel is in the proximal position. In this
position, circumferentially-spaced teeth 214 on barrel 202 are received and move freely within
circumferential groove 216 in its interior surface during relative rotation of the barrel and the
housing.

Barrel 202 has an alternate position moved distally such that teeth 214 are received by
complementary positioned teeth 218 of the housing, locking the barrel against rotation relative to
the housing. Alternately, for example, the barrel may be locked by teeth on the barrel bottoming
out within the teeth of clicker 208, which is keyed to housing 104.

Dial sleeve 138 is received within barrel 202. A key 220 on dial sleeve 138 is received
within longitudinal keyway 222 in barrel 202. This allows the dial sleeve to move axially
relative to the barrel, but prevents relative rotation between the two members. The dial sleeve
includes tabs 224 and 226 which are engaged with external threads 228 of a drive sleeve 230.
Rotation of the dial sleeve relative to the drive sleeve causes the dial sleeve to move axially as
tabs 224 and 226 travel along threads 228.

Rotation of the drive sleeve is used to move drive member 134 to deliver a set dose. In

one embodiment, for example, drive sleeve 230 is coupled with a drive nut (not shown) that has
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an internal thread. The internal thread of the drive nut engages the external thread 132 on drive
member 134 which is fixed against rotation relative to the housing. In this embodiment, the
rotation of the drive sleeve rotates the drive nut, which in turn advances the drive member
distally to administer the set dose. It will be appreciated that various other ways are also well
known in the art to use the forward movement of the dial sleeve 138 to advance the drive
member 134.

The setting of a dose for the foregoing device occurs as follows. Barrel 202 is initially in
the proximal position relative to the housing 104 (FIG.7) and rotates with the teeth 214 spinning
freely within circumferential groove 216. Drive sleeve 230 is rotationally fixed by
complementary splines (not shown) relative to housing 104. During dose setting, dial sleeve 138
is rotated and spirals up drive sleeve 230. The keyed connection of the barrel and the dial sleeve
causes barrel 202 to rotate in unison with dial sleeve 138. However, barrel 202 at the same time
is prevented from moving proximally relative to the housing in view of flange 210 being
received against shoulder 212. There is therefore relative rotational movement between the
housing and the barrel during dose setting which represents the amount of dose set by the
medication delivery device, and this movement is detected by sensing system 20.

Targets 32 and 42 are attached to barrel 202. Each of these targets carries an array of
teeth. Sensor 22 is coupled with the interior surface of housing 104 such that the teeth of targets
32 and 42 pass through the area sensed by the sensor 22. The sensing system 20 is thereby
positioned and operable to detect the relative position of the targets to the sensor, as previously
described. The sensor generates outputs that are therefore representative of the relative positions
of the barrel and the housing during dose setting.

In order to deliver the set dose, dial sleeve 138 is manually pushed distally. The
frictional engagement of the dial sleeve tabs 224 and 226 with the drive sleeve threads 228
initially causes the drive sleeve 230 to advance. An outwardly-extending flange 232 of drive
sleeve 230 rests adjacent an interior shoulder 234 of barrel 202 and therefore causes barrel 202
also to move distally. This movement causes the barrel teeth 214 to engage with the housing
teeth 218. As a result, further distal movement of drive sleeve 230 and barrel 202 relative to
housing 104 is prevented. Further, barrel 202 and keyed dial sleeve 138 are thus also locked

against rotation relative to the housing, but the dial sleeve 138 is free to move distally with
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respect to barrel 202. This distal movement of drive sleeve 230 also disengages the splines
fixing the drive sleeve from rotation relative to the housing during dose setting.

At this point, the dial sleeve 138 is free to move distally, but not rotationally, relative to
housing 104, and drive sleeve 230 is free to rotate, but not move distally, relative to housing 104.
Further force on dial sleeve 138 therefore overcomes the frictional engagement between the tabs
224 and 226 and drive sleeve threads 228, and drive sleeve 230 rotates relative to housing 104.
This results in rotation of the drive nut and advancement of the drive member 134 to administer
the dose as previously described. Thus, during dose delivery the drive sleeve rotates relative to
both the barrel and the housing. This rotation of drive sleeve 230 relative to housing 104 during
dose delivery is representative of the amount of dose delivered by the medication delivery
device.

As another example, the medication delivery device of FIG. 7 is shown also to comprise
a pair of toothed targets 240 and 242 attached to the exterior of the drive sleeve 230. Targets 240
and 242 may be identical to or substantially the same as targets 32 and 42, but that is not
required. Sensing system 244 further includes a sensor 246 coupled with housing 104. Rotation
of drive sleeve 230 relative to housing 104 causes teeth extending radially outward from targets
240 and 242 to pass through the sensed area of sensor 246. The sensing system is thereby
operable to detect the relative positions of drive sleeve 230 and housing 104 during dose
delivery. As previously described, relative movement between start and stop positions during
dose delivery is directly related to the amount of the dose delivered, and this movement is
detected by sensing system 244.

The sensor provides output signals indicative of the characteristic of the sensed parameter
corresponding to the relative positions of the members during dose setting and/or delivery. For
example, a magneto-resistive sensing system detects a resistance for the sensing element for a
given position of the targets relative to the sensor. A processor 248 is operably connected to the
sensing system to receive the output from the sensor. The processor may include conventional
components such as a controller, power supply, memory, microprocessors, etc. The processor is
configured to identify the angular position of the first member relative to the second member
based on the received sensor output. The processor 248 is further configured to receive two
separate outputs from the sensor corresponding to the start and end relative positions of the first

and second members during dose setting and/or dose delivery. The start and end positions are
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used to determine the amount of the dose set and/or delivered from the received sensor outputs,
such as by comparison to a stored table. In one embodiment, the processor is configured to
receive sensor outputs from two different sensing systems and to determine both the amount of
dose set and the amount of dose delivered from those outputs.

The sensing system may also be used to determine relative translational movement
between two members of a medication delivery device. Shown diagrammatically in FIG. 8 is a
portion of a medication delivery device including housing 104 carrying a sensor 250. The device
includes a drive member 134 which moves longitudinally relative to housing 104 along axis 204
during dose administration. Coupled with drive member 134 are targets 252 and 254 comprising
arrays of teeth. For each array the teeth are substantially identical in shape and uniformly spaced
apart. However, the spacing of the teeth for target 252 is different than the spacing of the teeth
for target 254.

In the manner previously described, drive member 134 moves axially relative to housing
104 during dose delivery. This axial movement results in different positions of teeth of targets
252 and 254 being received within the sensed area of sensor 250. The one sensor is thereby
positioned to detect the effect of the teeth on both targets as they pass through the sensed area.
The sensing system is therefore able to detect these different relative positions and to generate
outputs representing the relative positions of the members during dose delivery. This
information is converted to a value for the dose amount delivered, which may be displayed and
recorded by the device. Similarly, the dial sleeve 138 in the embodiment of FIG. 7 moves
axially relative to the barrel and the housing during dose delivery and this relative axial
movement may be used to determine the amount of dose delivered.

The sensing system of the present invention enables the reliable and accurate
determination of an amount of a dose that is set and/or delivered by operation of a medication
delivery device. Broadly speaking, the medication delivery device includes first and second
members which move relative to one another during dose setting. The members of the
medication delivery device have an initial relative position prior to dose setting. This “start
position” corresponds to a relative position of the sensor to the targets. The sensing system is
used to determine this start position by detecting the sensed parameter for the sensed area. For a
magneto-resistive sensor, for example, this initial position may be reflected by a signature

resistance that uniquely identifies the position of the teeth within the sensed area. This in turn
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identifies the position of the targets relative to the sensor, and an output is provided to the
processor which records this information.

The sensor thus is operable to sense a characteristic of the sensed parameter
representative of a relative position between the first and second members based on the positions
of the first and second teeth within the sensed area, and to generate an output correlated to the
sensed characteristic. A processor is operably connected to the sensor to receive outputs from
the sensor. The processor is configured to identify the position of the first member relative to the
second member based on the received sensor output. The processor is further configured to
receive two separate outputs from the sensor corresponding to the start and end relative positions
of the first and second members for at least one of a dose setting or a dose administration, and to
determine the amount of the dose set or administered based on the received outputs.

The medication delivery device may include a plurality of sensing systems as disclosed
herein, such as shown in the embodiment of Fig. 7. Different sensing systems may be used to
measure dose setting and to measure dose delivery. Multiple sensing systems may also be used
for either dose setting or dose delivery to provide redundancy. In a preferred embodiment, the
medication delivery device includes multiple sensing systems and the processor is configured to
determine the amount of both a set dose and a delivered dose based on corresponding outputs
from the sensing systems.

The determined amount of the dose set or administered may be recorded by the
medication delivery device and displayed to the patient. An alarm may be provided in the event
the dose setting falls outside of an acceptable range. Similarly, an alarm may be provided if the
amount of dose delivered does not correspond to the amount set, which may for example be an
indication that not all of the set dose was delivered or that the device has otherwise
malfunctioned.

Since the sensing system measures relative movement, the particular members with
which the sensor and targets are associated are completely reversible. For example, if the two
members comprise the housing and the barrel of the medication delivery device, as in FIG. 7,
then the sensor may be attached to either member and the targets are then attached to the other
member. However, the placement of two sensing system components may be dictated to some
extent on other factors, such as the space that is available. Positioning of the sensor on the

housing is advantageous to facilitate its connection to a power supply and with electronics used
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to receive, process, display and record the determined amount of dose that is set and/or delivered.
In preferred embodiments, the arrays of teeth operate as passive elements of the sensing system,
and it therefore is not required for the targets to be connected to other components of the sensing
system. In a typical embodiment for measuring relative rotation, the sensor is coupled with an
outer member such as the housing, and the targets are coupled with an opposed, inner member.

It will be appreciated that it is sufficient that the sensor and targets move at least
proportionally to the movement of the respective members to which they are coupled.
Preferably, the relative movement between the sensor and targets is the same as the relative
movement between the first and second members. In a particularly preferred embodiment, the
sensor is coupled directly with the first member and the targets are coupled directly with the
second member.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in character.
All changes, equivalents, and modifications that come within the spirit of the inventions defined

by the claims included herein are desired to be protected.
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CLAIMS
What is claimed is:
1. A sensing system for a medication delivery device comprising:

a first member of the medication delivery device;

a second member of the medication delivery device moveable relative to the first member
in proportion to at least one of an amount of a dose set and an amount of a dose delivered by
operation of the medication delivery device;

a sensor coupled with the first member, the sensor being operable to detect a sensed
parameter within a sensed area of the sensor;

a first, passive target coupled with the second member and having an array of first teeth
positioned to move through the sensed area as the second member moves relative to the first
member, the first teeth being substantially identical in shape and uniformly spaced a first
distance;

a second, passive target coupled with the second member and having an array of second
teeth positioned to move through the sensed area as the second member moves relative to the
first member, the second teeth being substantially identical in shape and uniformly spaced a
second distance different from the first distance, the first target being fixed against movement
relative to the second target,

the sensor being operable to sense a characteristic of the sensed parameter representative
of a relative position between the first and second members based on the combined positions of
the first and second teeth within the sensed area, and to generate an output correlated to the
sensed characteristic; and

a processor operably connected to the sensor to receive the output from the sensor, the
processor being configured to identify the position of the first member relative to the second

member based on the sensor output.

2. The sensing system of claim 1 in which the sensor is operable to generate a first output
corresponding to the start position and a second output corresponding to the end position of the
first and second members for at least one of a dose setting or a dose delivery, and the processor is
further configured to receive the first and second outputs from the sensor and to determine the

amount of the dose set and/or delivered from the first and second sensor outputs.
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3. The sensing system of claim 1 in which each of the first and second targets has a circular

array of outwardly extending teeth.

4. The sensing system of claim 3 in which the first target has one more tooth than the

second target.

5. The sensing system of claim 1 in which the sensor comprises a magnetic sensor.

6. The sensing system of claim 5 in which the first and second targets comprise a

ferromagnetic material.

7. A medication delivery device comprising:

a first member of the medication delivery device;

a second member of the medication delivery device moveable relative to the first member
in proportion to at least one of the amount of a dose set and the amount of a dose delivered by
operation of the medication delivery device;

a sensor coupled with the first member, the sensor being operable to detect a sensed
parameter within a sensed area of the sensor;

a first, passive target coupled with the second member and having an array of first teeth
positioned to move through the sensed area as the second member moves relative to the first
member, the first teeth being substantially identical in shape and uniformly spaced a first
distance;

a second, passive target coupled with the second member and having an array of second
teeth positioned to move through the sensed area as the second member moves relative to the
first member, the second teeth being substantially identical in shape and uniformly spaced a
second distance different from the first distance, the first target being fixed against movement
relative to the second target,

the sensor being operable to sense a characteristic of the sensed parameter representative

of a relative position between the first and second members based on the combined positions of
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the first and second teeth within the sensed area, and to generate an output correlated to the
sensed characteristic; and

a processor operably connected to the sensor to receive the output from the sensor, the
processor being configured to identify the position of the first member relative to the second

member based on the sensor output.

8. The medication delivery device of claim 7 in which the sensor is operable to generate a
first output corresponding to the start position and a second output corresponding to the end
position of the first and second members for at least one of a dose setting or a dose delivery, and
the processor is further configured to receive the first and second outputs from the sensor and to

determine the amount of the dose set and/or delivered from the first and second sensor outputs..

9. The medication delivery device of claim 7 in which the processor is configured to

determine the amount of a set dose.

10. The medication delivery device of claim 7 in which the processor is configured to

determine the amount of a delivered dose.

11. The medication delivery device of claim 7 in which the second member and the first and

second targets rotate relative to the first member.

12. The medication delivery device of claim 7 in which each of the first and second targets

has a circular array of outwardly extending teeth.

13. The sensing system of claim 12 in which the first target has one more tooth than the

second target.

14. The sensing system of claim 7 in which the sensor comprises a magnetic sensor.

15. The medication delivery device of claim 7 which includes a housing, and the sensor is

coupled with the housing.
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