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MONITORING THE SEATING STATUS OF A 
FLUID RESERVOIR IN A FLUID INFUSION 

DEVICE 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The subject matter described here is related to the 
subject matter described in US. patent application Ser. No. 

(attorney docket 009.5024). 

TECHNICAL FIELD 

[0002] Embodiments of the subject matter described herein 
relate generally to medical devices. More particularly, 
embodiments of the subject matter relate to ?uid infusion 
devices such as personal insulin infusion pumps. 

BACKGROUND 

[0003] Portable medical devices are useful for patients that 
have conditions that must be monitored on a continuous or 
frequent basis. For example, diabetics are usually required to 
modify and monitor their daily lifestyle to keep their blood 
glucose (BG) in balance. Individuals With Type 1 diabetes and 
some individuals With Type 2 diabetes use insulin to control 
their BG levels. To do so, diabetics routinely keep strict 
schedules, including ingesting timely nutritious meals, par 
taking in exercise, monitoring BG levels daily, and adjusting 
and administering insulin dosages accordingly. 
[0004] The prior art includes a number of ?uid infusion 
devices and insulin pump systems that are designed to deliver 
accurate and measured doses of insulin via infusion sets (an 
infusion set delivers the insulin through a small diameter tube 
that terminates at, e.g., a cannula inserted under the patient’s 
skin) In lieu of a syringe, the patient can simply activate the 
insulin pump to administer an insulin bolus as needed, for 
example, in response to the patient’s high BG level. 
[0005] A typical infusion pump includes a housing, Which 
encloses a pump drive system, a ?uid containment assembly, 
an electronics system, and a poWer supply. The pump drive 
system typically includes a small motor (DC, stepper, sole 
noid, or other varieties) and drive train components such as 
gears, screWs, and levers that convert rotational motor motion 
to a translational displacement of a stopper in a reservoir. The 
?uid containment assembly typically includes the reservoir 
With the stopper, tubing, and a catheter or infusion set to 
create a ?uid path for carrying medication from the reservoir 
to the body of a user. The electronics system regulates poWer 
from the poWer supply to the motor. The electronics system 
may include programmable controls to operate the motor 
continuously or at periodic intervals to obtain a closely con 
trolled and accurate delivery of the medication over an 
extended period. 
[0006] Some ?uid infusion devices use sensors and alarm 
features designed to detect and indicate certain operating 
conditions, such as non-delivery of the medication to the 
patient due to a ?uid path occlusion. In this regard, a force 
sensor can be used in a ?uid infusion device to detect When the 
force applied to the ?uid reservoir stopper reaches a set point. 
The force sensor in such a ?uid infusion device could be 
positioned at the end of the drive motor assembly that actuates 
a rotatable lead screW, Which in turn advances the stopper of 
the reservoir. With such an arrangement, the force applied to 
the force sensor by the drive motor assembly is proportional 
to the pressure applied to the medication as a result of poWer 
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supplied to the drive system to advance the stopper. Thus, 
When a certain force threshold (a set point corresponding to an 
occlusion condition) is reached, the ?uid infusion device is 
triggered to generate an alarm to Warn the user. 

[0007] Early detection of an occlusion condition is helpful, 
because an occlusion can result in “under-dosing,” particu 
larly if the drive system continues to receive commands to 
deliver medication When the ?uid path is blocked. Accord 
ingly, proper operation of the force sensor is important for 
purposes of occlusion detection, and it is desirable to have 
some diagnostic capability related to the health of the force 
sensor. 

[0008] Existing force-based occlusion detection tech 
niques typically rely on a ?xed threshold or set point that is 
indicative of an occlusion condition. A threshold value is 
selected based on system tolerances. To avoid frequent false 
alarms, hoWever, it is necessary to set the threshold value 
above the maximum expected force, based on the interacting 
system components. Because the threshold value is set at the 
maximum expected force, if a patient has a particular pump 
system With a nominal delivery force, it may take slightly 
longer to reach the threshold force. Accordingly, it is desir 
able to have an occlusion detection technique that does not 
solely rely on a ?xed occlusion detection threshold force. 
[0009] Some ?uid infusion devices use replaceable ?uid 
reservoirs that are secured in the housing of the device and 
actuated by a drive assembly. One form of infusion pump 
utiliZes a threaded cap to seat and secure the ?uid reservoir in 
the housing of the pump. The user unscreWs the threaded cap 
to remove an empty reservoir, replaces the old reservoir With 
a neW reservoir, and reinstalls the threaded cap to secure the 
neW reservoir in place. During use, the threaded cap might be 
dislodged (especially if the ?uid infusion device is a portable 
unit that is Worn by the patient), resulting in an unseated or 
improperly installed reservoir. For example, if the user par 
ticipates in certain physical activities (e.g., sports, hiking, or 
rigorous exercise), then the cap might be unintentionally 
loosened by physical rotation. As another example, if the user 
is in a croWded environment (e.g., a concert, a nightclub, or a 
full elevator), then the cap might be inadvertently unscreWed 
through contact With another person or an object. For this 
reason, it is desirable to have a reservoir presence and/or 
seating detection technique for a ?uid infusion pump. 

BRIEF SUMMARY 

[0010] A method of operating a ?uid infusion device is 
provided. The ?uid infusion device includes a drive motor 
assembly and a force sensor associated With the drive motor 
assembly. The method activates a reWind operation of the 
drive motor assembly and determines a reWind force imparted 
to the force sensor during the reWind operation. The method 
initiates corrective action for the ?uid infusion device When 
the reWind force is less than a loWer threshold force or greater 
than an upper threshold force. 

[0011] Also provided is an exemplary embodiment of a 
device for delivering ?uid to a user. The device includes: a 
housing; a drive motor assembly in the housing to regulate 
delivery of ?uid by actuating a piston of a ?uid reservoir; a 
force sensor associated With the drive motor assembly to 
generate output levels in response to force imparted thereto; 
and an electronics module coupled to the force sensor to 
process the output levels to determine operating health of the 
force sensor. 
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[0012] Another embodiment of a method of operating a 
?uid infusion device is also provided. The ?uid infusion 
device includes a drive motor assembly and a force sensor 
associated With the drive motor assembly. The method 
involves determining a measure of actuation force imparted 
to the force sensor during a ?uid delivery action of the drive 
motor assembly, and comparing the measure of actuation 
force against a range of valid values that represents normally 
expected measures of actuation forces. When the measure of 
actuation force is outside the range of valid values, the 
method initiates corrective action for the ?uid infusion 
device. 
[0013] A method of determining a seating status of a ?uid 
reservoir in the reservoir cavity of a ?uid infusion device is 
also provided. The ?uid infusion device includes a drive 
motor assembly, a force sensor associated With the drive 
motor assembly, and a reservoir cavity that accommodates 
?uid reservoirs. The method begins by con?rming initial 
seating of the ?uid reservoir in the reservoir cavity. The 
method continues by determining a measure of actuation 
force imparted to the force sensor during a ?uid delivery 
action of the drive motor assembly, and comparing the mea 
sure of actuation force to an amount of force that is less than 
normally expected actuation forces of the ?uid infusion 
device, Where the amount of force is indicative of an unseated 
state of the ?uid reservoir. The method continues by initiating 
corrective action for the ?uid infusion device When the mea 
sure of actuation force is less than the amount of force. 

[0014] A device for delivering ?uid to a user is also pro 
vided. The device includes: a housing; a reservoir cavity 
Within the housing to accommodate ?uid reservoirs; a drive 
motor assembly in the housing to regulate delivery of ?uid by 
actuating a piston of a ?uid reservoir; a force sensor associ 
ated With the drive motor assembly to generate output levels 
in response to force imparted thereto; and an electronics 
module coupled to the force sensor to process the output 
levels to determine a seating status of the ?uid reservoir in the 
reservoir cavity. 
[0015] Another embodiment of a method of determining a 
seating status of a ?uid reservoir in the reservoir cavity of a 
?uid infusion device is provided. The method obtains base 
line actuation force imparted to a force sensor, after initial 
seating and priming of the ?uid reservoir. The method con 
tinues by determining a measured actuation force imparted to 
the force sensor, the measured actuation force corresponding 
to a designated delivery stroke of the drive motor assembly. 
The method also generates indicia of an unseated reservoir 
condition When the measured actuation force is less than the 
baseline actuation force by at least a predetermined amount of 
force. 

[0016] Also provided is a method of determining a seating 
status of a ?uid reservoir in a ?uid infusion device having a 
drive motor assembly that actuates the ?uid reservoir using 
discrete delivery pulses. The method obtains measures of 
actuation force imparted to the force sensor for a number of 
consecutive ?uid delivery pulses, and calculates a pulse-to 
pulse difference betWeen consecutive ?uid delivery pulses, 
the pulse-to-pulse difference based on respective measures of 
actuation force for the consecutive ?uid delivery pulses. The 
method continues by initiating corrective action for the ?uid 
infusion device When the pulse-to-pulse difference is greater 
than a threshold force value. 

[0017] Another embodiment of a method of determining a 
seating status of a ?uid reservoir in a ?uid infusion device is 
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provided. The infusion device has a drive motor assembly that 
actuates the ?uid reservoir using discrete delivery pulses, and 
the method involves: maintaining a count that is indicative of 
the seating status; storing an adaptive reference force value 
that corresponds to a previously recorded measure of actua 
tion force imparted to the force sensor during a previous ?uid 
delivery pulse; obtaining a current measure of actuation force 
imparted to the force sensor for a current ?uid delivery pulse; 
changing the count When the current measure of actuation 
force is less than the difference betWeen the adaptive refer 
ence force value and a threshold force value, resulting in an 
updated count; and generating a seating status alert When the 
updated count satis?es predetermined alert criteria. 

[0018] This summary is provided to introduce a selection of 
concepts in a simpli?ed form that are further described beloW 
in the detailed description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter, nor is it intended to be used as an aid in determin 
ing the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] A more complete understanding of the subject mat 
ter may be derived by referring to the detailed description and 
claims When considered in conjunction With the folloWing 
?gures, Wherein like reference numbers refer to similar ele 
ments throughout the ?gures. 
[0020] FIG. 1 is a schematic representation of an embodi 
ment of a ?uid infusion device; 

[0021] FIG. 2 is an exploded perspective vieW of the ?uid 
infusion device shoWn in FIG. 1; 

[0022] FIG. 3 is a cross sectional vieW of the ?uid infusion 
device shoWn in FIG. 1, corresponding to a cross section 
taken longitudinally through the drive motor assembly and 
the ?uid reservoir; 
[0023] FIG. 4 is a schematic block diagram representation 
of an embodiment of a ?uid infusion device; 

[0024] FIG. 5 is a ?oW chart that illustrates an embodiment 
of a process associated With the operation of a ?uid infusion 

device; 
[0025] FIG. 6 is a ?oW chart that illustrates an embodiment 
of a reWind force calibration process for a ?uid infusion 

device; 
[0026] FIG. 7 is a ?oW chart that illustrates another embodi 
ment of a process associated With the operation of a ?uid 
infusion device; 
[0027] FIG. 8 is a ?oW chart that illustrates an embodiment 
of a process that checks the seating status of a ?uid reservoir 
of a ?uid infusion device; 

[0028] FIG. 9 is a ?oW chart that illustrates another embodi 
ment of a process that checks the seating status of a ?uid 
reservoir of a ?uid infusion device; 

[0029] FIG. 10 is a ?oW chart that illustrates yet another 
embodiment of a process that checks the seating status of a 
?uid reservoir of a ?uid infusion device; 

[0030] FIG. 11 is a graph that illustrates measures of actua 
tion forces for a properly seated ?uid reservoir; 
[0031] FIG. 12 is a graph that illustrates measures of actua 
tion forces for a ?uid reservoir that becomes unseated; and 
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[0032] FIG. 13 is a ?oW chart that illustrates an embodi 
ment of an occlusion detection process for a ?uid infusion 
device. 

DETAILED DESCRIPTION 

[0033] The following detailed description is merely illus 
trative in nature and is not intended to limit the embodiments 
of the subject matter or the application and uses of such 
embodiments. As used herein, the Word “exemplary” means 
“serving as an example, instance, or illustration.”Any imple 
mentation described herein as exemplary is not necessarily to 
be construed as preferred or advantageous over other imple 
mentations. Furthermore, there is no intention to be bound by 
any expressed or implied theory presented in the preceding 
technical ?eld, background, brief summary or the folloWing 
detailed description. 
[0034] Techniques and technologies may be described 
herein in terms of functional and/or logical block compo 
nents, and With reference to symbolic representations of 
operations, processing tasks, and functions that may be per 
formed by various computing components or devices. It 
should be appreciated that the various block components 
shoWn in the ?gures may be realiZed by any number of hard 
Ware, softWare, and/or ?rmWare components con?gured to 
perform the speci?ed functions. For example, an embodiment 
of a system or a component may employ various integrated 
circuit components, e.g., memory elements, digital signal 
processing elements, logic elements, look-up tables, or the 
like, Which may carry out a variety of functions under the 
control of one or more microprocessors or other control 
devices. 
[0035] For the sake of brevity, conventional techniques 
related to infusion system operation, insulin pump and/or 
infusion set operation, blood glucose sensing and monitoring, 
force sensors, signal processing, and other functional aspects 
of the systems (and the individual operating components of 
the systems) may not be described in detail here. Examples of 
infusion pumps and/or related pump drive systems used to 
administer insulin and other medications may be of the type 
described in, but not limited to, Us. Pat. Nos. 4,562,751; 
4,678,408; 4,685,903; 5,080,653; 5,505,709; 5,097,122; 
6,485,465; 6,554,798; 6,558,351; 6,659,980; 6,752,787; 
6,817,990; 6,932,584; and 7,621,893; Which are herein incor 
porated by reference. 
[0036] The subject matter described here relates to a ?uid 
infusion device of the type used to treat a medical condition of 
a patient. The infusion device is used for infusing ?uid into 
the body of a user. The non-limiting examples described 
beloW relate to a medical device used to treat diabetes (more 
speci?cally, an insulin pump), although embodiments of the 
disclosed subject matter are not so limited. Accordingly, the 
infused ?uid is insulin in certain embodiments. In alternative 
embodiments, hoWever, many other ?uids may be adminis 
tered through infusion such as, but not limited to, disease 
treatments, drugs to treat pulmonary hypertension, iron che 
lation drugs, pain medications, anti-cancer treatments, medi 
cations, vitamins, hormones, or the like. 
[0037] A methodology for monitoring the operational 
health of a sensor (e.g., a force sensor) is implemented by an 
exemplary embodiment of a ?uid infusion device. The ?uid 
infusion device monitors force measurements obtained from 
the force sensor during a motor reWind operation to determine 
Whether or not the force sensor might be out of calibration, on 
the verge of failure, or the like. The force normally experi 
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enced by the force sensor during reWind operations should be 
Zero or close to Zero, due to the absence of a ?uid reservoir in 
the ?uid infusion device, and because the ?uid infusion 
device is driving in reWind mode, i.e., aWay from the plunger 
of the ?uid reservoir. Accordingly, the ?uid infusion device 
can assume that a properly functioning force sensor Will 
produce reWind force readings in the neighborhood of Zero or 
close to Zero. Thus, if a reWind force measurement signi? 
cantly deviates from the assumed baseline value (or range of 
values), then the ?uid infusion device can take appropriate 
corrective action. 

[0038] Another methodology for monitoring the opera 
tional health of a force sensor obtains force readings during a 
?uid delivery operation and compares the force readings to 
determine Whether or not the force sensor is operating as 
expected. This alternate methodology measures the forces 
associated With individual ?uid delivery strokes or drive 
motor pulses. Under normal and typical operating conditions, 
these forces Will be relatively stable during one ?uid delivery 
operation, and the variation from one stroke to another Will be 
slight (ab sent an external impact or shock suffered by the ?uid 
infusion device). Thus, if the force sensor reading is out of the 
expected operating range during a ?uid delivery operation, 
the ?uid infusion device can take appropriate corrective 
action. For example, if the force sensor output during ?uid 
delivery happens to be —0.5 pounds, then clearly there is a 
problem because in reality the measured force should not be 
a negative value. 

[0039] A ?uid infusion device may also have an occlusion 
detection feature that determines When the ?uid delivery path 
is occluded. Occlusion detection techniques are usually based 
on sensor measurements (force, pressure, stress) that are 
in?uenced by the ?oW status of the ?uid delivery path. An 
exemplary embodiment of a ?uid infusion device as 
described here employs an adaptive occlusion detection tech 
nique that need not rely on a ?xed occlusion detection force 
threshold. Instead, the adaptive occlusion detection technique 
evaluates the rate of change of a metric associated With force 
variations per units of ?uid to be delivered. For example, the 
typical force variation for a ?uid reservoir might result in a 
variation of about 1X pounds per unit (lb/U) over a set num 
ber of delivery strokes (or drive motor pulses). If, hoWever, 
the ?uid infusion device detects a signi?cant increase in this 
metric during a ?uid delivery operation (e. g., :Y lb/U, Where 
Y is signi?cantly larger than X) over the same set number of 
delivery strokes, then the ?uid infusion device can take appro 
priate corrective action. The values of X andY can also be in 
units of lb/pulse or the like. An example of a corrective action 
might be, but not limited to, immediately indicate or Warn of 
an occlusion or simply loWer the set threshold value by a set 
constant or percentage and alloW the pump to continue deliv 
ery for a set number of pulses or units to see if the pump 
recovers (recovery might occur in the case of a kinked can 
nula). The adaptive occlusion detection methodology alloWs 
the ?uid infusion device to determine the existence of an 
occlusion much quicker, relative to a ?xed threshold based 
methodology. Quicker occlusion detection is made possible 
because the ?uid infusion device need not be operated until a 
high threshold force is reached; rather, occlusion can be 
detected earlier Without having to Wait for a high force con 
dition. 

[0040] An exemplary embodiment of a ?uid infusion 
device may also be con?gured to determine Whether or not a 
?uid reservoir is properly seated and installed. The presence 
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(or lack thereof) of the ?uid reservoir is determined based 
upon force sensor readings that are obtained after proper 
initial installation and seating of the ?uid reservoir. In accor 
dance With one embodiment, one or more force thresholds are 
used to determine Whether or not the ?uid reservoir is prop 
erly seated. If a measured force does not satisfy a force 
threshold that is indicative of proper reservoir seating, then 
the ?uid infusion device can take corrective action. In accor 
dance With another exemplary embodiment, the ?uid infusion 
device measures and processes the forces associated With 
individual ?uid delivery strokes or drive motor pulses to 
determine When the ?uid reservoir has been dislodged, 
removed, or unseated. 
[0041] FIG. 1 is a plan vieW of an exemplary embodiment 
of a ?uid infusion device 100. FIG. 1 also shoWs an infusion 
set 102 coupled to the ?uid infusion device 100. The ?uid 
infusion device 100 is designed to be carried or Worn by the 
patient. The ?uid infusion device 100 may leverage a number 
of conventional features, components, elements, and charac 
teristics of existing ?uid infusion devices. For example, the 
?uid infusion device 100 may incorporate some of the fea 
tures, components, elements, and/ or characteristics described 
in Us. Pat. Nos. 6,485,465 and 7,621,893, the relevant con 
tent of Which is incorporated by reference herein. 
[0042] This embodiment shoWn in FIG. 1 includes a user 
interface 104 that includes several buttons that can be acti 
vated by the user. These buttons can be used to administer a 
bolus of insulin, to change therapy settings, to change user 
preferences, to select display features, and the like. Although 
not required, the illustrated embodiment of the ?uid infusion 
device 100 includes a display element 106. The display ele 
ment 106 can be used to present various types of information 
or data to the user, such as, Without limitation: the current 
glucose level of the patient; the time; a graph or chart of the 
patient’s glucose level versus time; device status indicators; 
etc. In some embodiments, the display element 106 is realiZed 
as a touch screen display element and, therefore, the display 
element 106 also serves as a user interface component. 

[0043] The ?uid infusion device 100 accommodates a ?uid 
reservoir (hidden from vieW in FIG. 1) for the ?uid to be 
delivered to the user. A length of tubing 108 is the ?oW path 
that couples the ?uid reservoir to the infusion set 102. The 
tubing 108 extends from the ?uid infusion device 100 to the 
infusion set 102, Which provides a ?uid pathWay With the 
body of the user. A removable cap or ?tting 110 is suitably 
siZed and con?gured to accommodate replacement of ?uid 
reservoirs (Which are typically disposable) as needed. In this 
regard, the ?tting 110 is designed to accommodate the ?uid 
path from the ?uid reservoir to the tubing 108. 
[0044] FIG. 2 is an exploded perspective vieW of the ?uid 
infusion device 100. For the sake of brevity and simplicity, 
FIG. 2 is a simpli?ed depiction of the ?uid infusion device 
1 00 that does not include all of the elements, components, and 
features that Would otherWise be present in a typical embodi 
ment. It should be appreciated that a deployed implementa 
tion of the ?uid infusion device 100 Will include additional 
features, components, and elements that are not shoWn in the 
?gures. 
[0045] The embodiment of the ?uid infusion device 100 
illustrated in FIG. 2 includes a housing 112 and a housing end 
cap 114 that is coupled to an end 116 of the housing 112 to 
enclose components Within the housing 112. These internal 
components include, Without limitation: a battery tube sub 
assembly 118; a sleeve 120; a slide 121; an electronics assem 
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bly 122; a drive motor assembly 124 having a drive screW 
125; a force sensor 126; and a motor support cap 128. FIG. 2 
also depicts some components that are located outside the 
housing 112, namely, a keypad assembly 130 and a graphic 
keypad overlay 132 for the keypad assembly 130. The keypad 
assembly 130 and the graphic keypad overlay 132 may be 
considered to be part of the user interface 104 of the ?uid 
infusion device 100. The outer edge of the motor support cap 
128 is attached to the interior side of the housing 112, and the 
motor support cap 128 contacts the force sensor 126 to 
remove assembly tolerances from the drive motor assembly 
124. FIG. 2 also depicts an exemplary ?uid reservoir 111, 
Which is inserted into a reservoir cavity de?ned Within the 
housing 112. The reservoir cavity is con?gured, siZed, and 
shaped to accommodate ?uid reservoirs, and the ?uid reser 
voir 111 is maintained in the reservoir cavity using the ?tting 
110. The electronics assembly 122 may include a suitably 
con?gured electronics module (not shoWn in FIG. 2; see FIG. 
4 and related description beloW), Which may include or coop 
erate With a poWer supply, at least one memory element, at 
least one processor, processing logic, and device softWare, 
?rmWare, and application programs. 
[0046] FIG. 3 is a cross sectional vieW of the ?uid infusion 
device 100, corresponding to a cross section taken longitudi 
nally through the drive motor assembly 124 and the ?uid 
reservoir 111. FIG. 3 depicts the state of the ?uid infusion 
device 100 after the ?uid reservoir 111 has been inserted into 
the reservoir cavity 134 and after the ?tting 110 has been 
secured to the housing 112 to hold the ?uid reservoir 111 in 
place. While certain embodiments accommodate disposable, 
pre?lled reservoirs, alternative embodiments may use re?ll 
able cartridges, syringes or the like. A cartridge can be pre 
?lled With insulin (or other drug or ?uid) and inserted into the 
housing 112. Alternatively, a cartridge could be ?lled by the 
user using an appropriate adapter and/or any suitable re?lling 
device. 

[0047] When assembled as shoWn in FIG. 3, the drive motor 
assembly 124 is located in the housing 112. The force sensor 
126 is operatively associated With the drive motor assembly 
124. For this particular embodiment, the force sensor 126 is 
coupled to the drive motor assembly 124, and it is located 
betWeen a base end of the drive motor assembly 124 and the 
motor support cap 128. In one implementation, the force 
sensor 126 is a?ixed to the base end of the drive motor 
assembly 124 such that the force sensor 126 reacts When it 
bears against the motor support cap 128. In another imple 
mentation, the force sensor 126 is a?ixed to the housing end 
cap 114 such that the force sensor 126 reacts When the drive 
motor assembly 124 bears against the force sensor 126. This 
con?guration and arrangement of the drive motor assembly 
124 and the force sensor 126 alloWs the force sensor 126 to 
react to forces imparted thereto by the drive motor assembly 
124 and/or forces imparted to the drive motor assembly 124 
via the ?uid pressure of the ?uid reservoir 111. 

[0048] The drive motor assembly 124 includes an electric 
motor 136 that is actuated and controlled by the electronics 
module of the ?uid infusion device 100. The motor 136 is 
preferably realiZed as a stepper motor that rotates in a step 
Wise or discrete manner corresponding to the desired number 
of ?uid delivery strokes.Alternatively, the motor 136 could be 
a DC motor, a solenoid, or the like. The motor 136 may 
optionally include an encoder (not shoWn), Which cooperates 
With the electronics module of the ?uid infusion device 100 to 
monitor the number of motor rotations or portions thereof. 
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This in turn can be used to accurately determine the position 
of the slide 121, thus providing information relating to the 
amount of ?uid dispensed from the ?uid reservoir 111. 
[0049] The drive motor assembly 124 can be mounted in 
the housing 112 using an appropriate mounting feature, struc 
ture, or element. Alternatively, the mounting could be accom 
plished using a shaft bearing and leaf spring or other knoWn 
compliance mountings. 
[0050] The illustrated embodiment of the drive motor 
assembly 124 includes a drive member (such as the externally 
threaded drive gear or drive screW 125) that engages an inter 
nally threaded second drive member (such as the slide 121) 
having a coupler 142. The coupler 142 may be attached to or 
integrated With the slide 121, as depicted in FIG. 2 and FIG. 
3. The slide 121 is siZed to ?t Within the housing of the ?uid 
reservoir 111, Which enables the slide 121 to operatively 
cooperate With the ?uid reservoir 111. The ?uid reservoir 111 
includes a plunger or piston 144 With at least one sealing 
element or feature (e. g., one or more O-rings, integral raised 
ridges, or a Washer) for forming a ?uid and air tight seal With 
the inner Wall of the ?uid reservoir 111. As mentioned previ 
ously, the ?uid reservoir 111 is secured into the housing 112 
With the ?tting 110, Which also serves as the interface 
betWeen the ?uid reservoir 111 and the infusion set tubing 
108. For this embodiment, the piston 144 is in contact With a 
linear actuation member, such as the slide 121. For example, 
the piston 144 may have a female portion 146 that receives the 
coupler 142 carried by the slide 121. The female portion 146 
is positioned at the end face of the piston 144, and it is siZed 
to receive and accommodate the coupler 142. In certain 
embodiments, the female portion 146 includes a threaded 
cavity that engages external threads of the coupler 142. 
[0051] Referring to FIG. 3, rotation of the drive shaft of the 
motor 136 results in corresponding rotation of the drive screW 
125, Which in turn drives the slide 121 via the threaded 
engagement. Thus, rotation of the drive screW 125 results in 
axial displacement of the slide 121 and, therefore, axial dis 
placement of the coupler 142. Such displacement of the cou 
pler 142 moves the piston 144 (upWard in FIG. 3) to deliver a 
predetermined or commanded amount of medication or liquid 
from the ?uid infusion device 100. In this manner, the drive 
motor assembly 124 is con?gured to regulate delivery of ?uid 
by actuating the piston 144 (under the control of the electron 
ics module and/ or control system of the ?uid infusion device 
100).As described above, if a stepper motor is employed, then 
the drive motor assembly 124 can regulate delivery of ?uid 
from the ?uid infusion device 100 in discrete actuation or 
delivery strokes. The ?uid infusion device 100 can employ the 
sleeve 120 or an equivalent feature (such as an anti-rotation 
key) to inhibit rotation of the drive motor assembly 124, 
Which might otherWise result from torque generated by the 
motor 136. In some embodiments, the drive shaft of the drive 
motor assembly 124, the drive screW 125, and the slide 121 
are all coaxially centered Within the longitudinal axis of travel 
of the piston 144. In certain alternative embodiments, one or 
more of these components may be offset from the center of 
the axis of travel and yet remain aligned With the axis of 
travel, Which extends along the length of the ?uid reservoir 
111. 

[0052] As mentioned above, certain embodiments of the 
?uid infusion device 100 accommodate removable and 
replaceable ?uid reservoirs. When the slide 121 and, there 
fore, the piston 144 of the ?uid reservoir 111 are in their fully 
extended positions, the piston 144 has forced most, if not all, 

Jun. 28, 2012 

of the ?uid out of the ?uid reservoir 111. After the piston 144 
has reached the end of its travel path, indicating that the ?uid 
reservoir 111 has been depleted, the ?uid reservoir 111 may 
be removed such that the female portion 146 of the piston 144 
disengages from the coupler 142 of the slide 121. After the 
empty (or otherWise used) ?uid reservoir 111 is removed, the 
electronics module or control system of the ?uid infusion 
device 100 initiates a reWind operation during Which the 
motor 136 rotates in the reverse direction to reWind the slide 
121 back to its fully retracted position. Thereafter, a neW or 
re?lled ?uid reservoir 111 can be installed, seated, and 
primed for use. In this regard, an embodiment provides for 
advancement of the slide 121 upon the insertion of a ?uid 
reservoir 111 into the housing 112. The slide 121 advances 
until its coupler 142 comes into contact With the piston 144 of 
the ?uid reservoir 111. In alternative embodiments having a 
threaded piston engagement, the slide 121 advances until the 
threads of the coupler 142 engage the threads in the female 
portion 146 of the piston 144. When the threads engage in this 
fashion, they need not do so by tWisting. Rather, they may 
ratchet over one another. In operation, the force sensor 126 
may be used to determine When the slide 121 contacts the 
piston 144, When the coupler 142 is properly seated in the 
female portion 146, and/or When the ?uid reservoir 111 has 
been primed and is ready to deliver measured doses of ?uid. 
[0053] Although the illustrated embodiment employs a 
coaxial or inline drive system, alternative con?gurations 
could be utiliZed. For example, a drive system that uses a lead 
screW, a drive nut, and actuation arms (of the type described in 
Us. Pat. No. 6,485,465) may be employed, With the force 
sensor 126 positioned in an appropriate location. In various 
embodiments, the drive train might include one or more lead 
screWs, cams, ratchets, jacks, pulleys, paWls, clamps, gears, 
nuts, slides, bearings, levers, beams, stoppers, plungers, slid 
ers, brackets, guides, bearings, supports, belloWs, caps, dia 
phragms, bags, heaters, or the like. Moreover, although the 
illustrated embodiment employs a sensor positioned at the 
end of the ?uid drive train, other arrangements could be 
deployed. For example, a sensor could be placed at or near the 
front end of the ?uid drive train. 

[0054] In particular embodiments, the force sensor 126 is 
used to detect When the slide 121 contacts the piston 144. 
Thus, after the ?uid reservoir 111 is placed into the ?uid 
infusion device 100, the motor 136 is activated to move the 
slide 121 toWard the ?uid reservoir 111 to engage the piston 
144. In this regard, When a shoulder region 150 (see FIG. 3) of 
the slide 121 ?rst contacts the piston 144, the electronics 
module detects an increase in force imparted to the force 
sensor 126. The measured force continues to increase as the 
motor 136 continues to drive forWard, in response to the ?uid 
resistance in the ?uid reservoir 111. When the slide 121 is 
properly seated With the piston 144, the measured force 
increases to the seating threshold level. During the seating 
operation, if the measured force exceeds this seating thresh 
old, the motor 136 is stopped until further commands are 
issued. The seating threshold is generally about 1.5 pounds. 
In alternative embodiments, higher or loWer seating thresh 
olds may be used depending on the force required to mate the 
slide 121 With the piston 144, the force required to urge ?uid 
from the ?uid reservoir 111, the speed of the motor 136, the 
accuracy and resolution of the force sensor 126, or the like. 

[0055] It should be appreciated that other force thresholds 
can be used for other purposes. During priming of ?uid res 
ervoirs, for example, a threshold of about 4.0 pounds is used. 
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In some embodiments, levels greater than about 5.0 pounds 
are used to detect shock loads that may be damaging to the 
?uid infusion device 100. 

[0056] The force sensor 126 is con?gured to react in 
response to force imparted thereto. In this regard, electrical, 
mechanical, magnetic, and/or other measurable or detectable 
characteristics of the force sensor 126 vary in accordance 
With the amount of force applied to the force sensor 126. In 
practice, the force sensor 126 might implement or otherWise 
leverage knoWn sensor technologies, such as the sensor tech 
nology described in Us. Pat. No. 6,485,465. As shoWn in 
FIG. 2, the force sensor 126 includes at least one electrical 
lead 154 that is electrically coupled to the electronics module 
(or controller) of the ?uid infusion device 100. Alternatively, 
the force sensor 126 could use Wireless data communication 
technology to provide force-related data to the electronics 
module. In certain implementations, the force sensor 126 is 
suitably con?gured to indicate or generate a plurality of dif 
ferent output levels that can be monitored and/ or determined 
by the electronics module. In practice, the output levels 
obtained from the force sensor 126 are initially conveyed as 
analog voltages or analog currents, and the electronics mod 
ule includes an analog-to-digital converter that transforms a 
sampled analog voltage into a digital representation. Conver 
sion of sensor voltage into the digital domain is desirable for 
ease of processing, comparison to threshold values, and the 
like. 

[0057] In particular embodiments, the force sensor 126 is 
realiZed as an electromechanical component having at least 
one variable resistance that changes as the force applied to the 
force sensor 126 changes. In alternative embodiments, the 
force sensor 126 is a capacitive sensor, a pieZoresistive sen 
sor, a pieZoelectric sensor, a magnetic sensor, an optical sen 
sor, a potentiometer, a micro-machined sensor, a linear trans 
ducer, an encoder, a strain gauge, or the like, and the 
detectable parameter or characteristic might be compression, 
shear, tension, displacement, distance, rotation, torque, force, 
pressure, or the like. In practice, changing characteristics of 
the force sensor 126 are associated With output signal char 
acteristics that are responsive to a physical parameter to be 
measured. Moreover, the range and resolution of the moni 
tored output signal provides for the desired number of output 
levels (e.g., different states, values, quantities, signals, mag 
nitudes, frequencies, steps, or the like) across the range of 
measurement. For example, the force sensor 126 might gen 
erate a loW or Zero value When the applied force is relatively 
loW, a high or maximum value When the applied force is 
relatively high, and intermediate values When the applied 
force is Within the detectable range. 

[0058] In certain exemplary embodiments, the electronics 
module of the ?uid infusion device 100 maintains a constant 
supply voltage across the force sensor 126, and the monitored 
output signal of the force sensor 126 is a signal current that 
passes through a resistive material of the force sensor 126. 
Thus, the signal current varies With the amount of force 
applied to the force sensor 126 because the resistance of the 
force sensor 126 varies With force and the supply voltage 
across the force sensor 126 is constant. The electronics mod 
ule converts the monitored signal current into a signal volt 
age, Which is then used as an indication of the force imparted 
to the force sensor 126 (Which may be caused by the drive 
motor assembly 124, by ?uid pressure in the ?uid reservoir 
111, by impact experienced by the ?uid infusion device 100, 
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etc.). In alternative embodiments, a constant supply current is 
used and the signal voltage across the force sensor 126 varies 
With force (?uid pressure). 
[0059] In certain embodiments, sensor measurements are 
taken prior to commanding the drive system to deliver ?uid, 
and soon after the drive system has stopped delivering ?uid. 
In alternative embodiments, sensor data is collected on a 
continuous basis at a particular sampling rate (for example, 
10.0 HZ, 3.0 HZ, once every 10 seconds, once a minute, once 
every ?ve minutes, or the like). In further alternative embodi 
ments, the sensor data is only collected prior to commanding 
the drive system to deliver ?uid. In still further alternative 
embodiments, sensor data is collected during ?uid delivery 
(during delivery strokes and/or betWeen delivery strokes). 
[0060] In practice, the force sensor 126 and associated elec 
tronics are designed to measure forces betWeen about Zero 
pounds and about ?ve pounds With a desired resolution of 
about 0.01 pounds. In preferred embodiments, the force sen 
sor 126 and associated electronics provide a relatively linear 
voltage output in response to forces applied to the force 
sensor 126 by one or more drive train components. In alter 
native embodiments, the range and resolution of the force 
sensor 126 might vary from that speci?ed above. Further 
more, the sensor range and/or resolution may vary in accor 
dance With the concentration of the ?uid being delivered, the 
diameter of the ?uid reservoir 111, the diameter of the ?uid 
path, the nominal range of force experienced during normal 
operation of the drive motor assembly 124, the amount of 
sensor noise, the algorithms applied to detect trends from 
sensor measurements, or the like. Moreover, the ?uid infusion 
device 100 and the force sensor 126 should be suitably con 
?gured to survive shock levels that result in much higher 
forces being applied to the force sensor 126 than the intended 
sensor measurement range. 

[0061] As mentioned previously, the ?uid infusion device 
100 is suitably con?gured to support a number of techniques, 
processes, and methodologies that utiliZe the force sensor 
126. In practice, the ?uid infusion device 100 includes an 
electronics module, processing logic, softWare applications, 
and/or other features that are used to carry out the various 
operating processes described here. In this regard, FIG. 4 is a 
schematic block diagram representation of an embodiment of 
the ?uid infusion device 100. FIG. 4 depicts some previously 
described elements of the ?uid infusion device 100 as func 
tional blocks or modules, namely, the display element 106; 
the user interface 104; the drive motor assembly 124; and the 
force sensor 126. FIG. 4 also depicts the ?uid reservoir 111 
and the infusion set 102 in block format. This particular 
embodiment of the ?uid infusion device 100 also includes, 
Without limitation: a suitable amount of memory 160; an 
electronics module 162 (Which may include or cooperate With 
one or more processors, processing modules, controllers, 
state machines, or the like); a poWer supply 164 such as a 
battery or a battery pack; and other infusion pump hardWare, 
softWare, and applications 166. The elements of the ?uid 
infusion device 100 may be coupled together via an intercon 
nection architecture 168 or arrangement that facilitates trans 
fer of data, commands, poWer, etc. 
[0062] The display element 106 represents the primary 
graphical interface of the ?uid infusion device 100. The dis 
play element 106 may leverage knoWn plasma, liquid crystal 
display (LCD), thin ?lm transistor (TFT), and/or other dis 
play technologies. The actual siZe, resolution, and operating 
speci?cations of the display element 106 can be selected to 
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suit the needs of the particular application. Notably, the dis 
play element 106 may include or be realized as a touch screen 
display element that can accommodate touch screen tech 
niques and technologies. In practice, the display element 106 
may be driven by a suitable display driver to enable the ?uid 
infusion device 100 to display physiological patient data, 
status information, clock information, alarms, alerts, and/or 
other information and data received or processed by the ?uid 
infusion device 100. 

[0063] The user interface 104 may include a variety of 
items such as, Without limitation: a keypad, keys, buttons, a 
keyboard, sWitches, knobs (Which may be rotary or push/ 
rotary), a touchpad, a microphone suitably adapted to receive 
voice commands, a joystick, a pointing device, an alphanu 
meric character entry device or touch element, a trackball, a 
motion sensor, a lever, a slider bar, a virtual Writing tablet, or 
any device, component, or function that enables the user to 
select options, input information, or otherWise control the 
operation of the ?uid infusion device 100. In this context, the 
user interface 104 may cooperate With or include a touch 
screen display element 106. The user interface 104 alloWs a 
user to control the delivery of ?uid via the infusion set 102. 

[0064] The electronics module 162 may include or be 
implemented With a general purpose processor, a content 
addressable memory, a digital signal processor, an applica 
tion speci?c integrated circuit, a ?eld programmable gate 
array, any suitable programmable logic device, discrete gate 
or transistor logic, discrete hardWare components, or any 
combination designed to perform the functions described 
here. A processor device may be realiZed as a microprocessor, 
a controller, a microcontroller, or a state machine. Moreover, 
a processor device may be implemented as a combination of 
computing devices, e.g., a combination of a digital signal 
processor and a microprocessor, a plurality of microproces 
sors, one or more microprocessors in conjunction With a 
digital signal processor core, or any other such con?guration. 
[0065] The electronics module 162 may include one pro 
cessor device or a plurality of cooperating processor devices. 
Moreover, a functional or logical module/component of the 
?uid infusion device 100 might be realiZed by, implemented 
With, and/ or controlled by processing logic maintained by or 
included With the electronics module 162. For example, the 
display element 106, the user interface 104, the drive motor 
assembly 124, and/or the infusion pump hardWare, softWare, 
and applications 166 (or portions thereof) may be imple 
mented in or controlled by the electronics module 162. 

[0066] The memory 160 may be realiZed as RAM memory, 
?ash memory, EPROM memory, EEPROM memory, regis 
ters, a hard disk, a removable disk, a CD-ROM, or any other 
form of storage medium knoWn in the art. In this regard, the 
memory 160 can be coupled to the electronics module 162 
such that the electronics module 162 can read information 
from, and Write information to, the memory 160. In the alter 
native, the memory 160 may be integral to the electronics 
module 162. As an example, a processor of the electronics 
module 162 and the memory 160 may reside in an ASIC. In 
practice, a functional or logical module/component of the 
?uid infusion device 100 might be realiZed using program 
code that is maintained in the memory 160. Moreover, the 
memory 160 can be used to store data utiliZed to support the 
operation of the ?uid infusion device 100, including, Without 
limitation, sensor data, force measurements, force thresholds, 
alert/alarm history, and the like (as Will become apparent 
from the folloWing description). 
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[0067] The infusion pump hardWare, softWare, and appli 
cations 166 are utiliZed to carry out ?uid infusion features, 
operations, and functionality. Thus, the infusion pump hard 
Ware, softWare, and applications 166 may include or cooper 
ate With the infusion set 102 and/or the ?uid reservoir 111 (as 
described above). It should be appreciated that the infusion 
pump hardWare, software, and applications 166 may leverage 
knoWn techniques to carry out conventional infusion pump 
functions and operations, and such knoWn aspects Will not be 
described in detail here. 

[0068] A ?uid infusion device can support one or more 
features or operations that enhance its ?uid infusion function 
ality and/or enhance the user experience of the ?uid infusion 
device. The folloWing sections include descriptions of vari 
ous processes and methods that may be performed by a ?uid 
infusion device. The various tasks performed in connection 
With a given process may be performed by softWare, hard 
Ware, ?rmWare, or any combination thereof. For illustrative 
purposes, a process might be described With reference to 
elements mentioned above in connection With FIGS. 1-4. In 
practice, portions of a given process may be performed by 
different elements of the described system, e.g., a sensor, a 
drive motor assembly, an electronics module, a processor, or 
the like. It should be appreciated that a described process may 
include any number of additional or alternative tasks, the 
tasks included in a particular ?oW chart need not be per 
formed in the illustrated order, an embodiment of a described 
process may omit one or more of the illustrated tasks, and a 
given process may be incorporated into a more comprehen 
sive procedure or process having additional functionality not 
described in detail herein. 

[0069] Sensor Health Monitoring 
[0070] For reasons presented above, the force sensor 126 in 
the ?uid infusion device 100 is an important component that, 
at a minimum, is used to determine When a neW ?uid reservoir 
111 is seated and When an occlusion has occurred. During 
use, the output and/or electromechanical characteristics of 
the force sensor 126 may drift over time. The drift can be 
attributed to the aging of mechanical components, impacts or 
shocks suffered by the ?uid infusion device 100, environmen 
tal exposure, etc. It is desirable to monitor sensor drift so that 
the ?uid infusion device 100 can alert the patient if the sensor 
drift exceeds a tolerable amount. Notably, the force sensor 
126 cannot be easily or conveniently calibrated, for example 
on a yearly basis, because it is not accessible. Consequently, 
the force sensor 126 shouldnot divert from a calibration curve 
(Which contemplates typical variations or drifting of the force 
sensor 126) over the life of the product. 
[0071] The sensor health monitoring features of the ?uid 
infusion device 100 can be utiliZed to determine and monitor 
the drift characteristics of the force sensor 126. In accordance 
With one approach, it is assumed that the force sensor 126 
experiences a consistent and relatively loW load during 
reWind operations, Which are performed before installing a 
neW ?uid reservoir 111. During a calibration routine (Which 
may be performed, for example, during manufacturing of the 
?uid infusion device 100), the device records force data col 
lected during one or more reWind stages. The force data is 
used to generate a nominal reWind force value, Which may 
represent an average of the collected values, the maximum 
collected value, the minimum collected value, or the like. 
This reWind force value is saved in the memory 160 of the 
?uid infusion device 100. Thereafter, When deployed and 
operating, the ?uid infusion device 100 performs a reWind 






















