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WO 2005/093533 PCT/US2005/006664 1 SYSTEM AND METHOD FOR
CONTROLLING CURRENT PROVIDED TO A STEPPING MOTOR 5
DESCRIPTION Field of the Invention This invention relates generally to a
Wéi’/%t’g?ﬁ’%t’ﬁﬁs method for controlling the electrical current pro%% FRgPo/006664
driving a stepper motor. More particularly, the invention relates to a
system and 10 method for providing a variable electrical current for
driving a stepper motor used within a iedical delivery device such as an
infusion pump. Background of the Invention A stepper motor is a type of
electric motor that moves in increments, or steps, rather than turning
smEMANEM ABEnVEITHGD SORICONIRGLEING/OURIENE BREVIUED
increment is is measured Tide $EEBEMNCYHVBDRIepending upon the
application. For instance, increments can be 0.9 or 1.8 degrees, with 400
or 200 increments thus representing a full circle. Moreover, the speed of
the motor is determined by the fis@RIBYIH@iveen each incremental
movement. Inside the typical stepper motor, sets of coils produce
Fielthafyhelioieatttsithat interact with the fields of permanent magnets. The

coll@}a}re SWI C{%Sr%lgﬁﬁ?ﬁ%ﬁ? gt 8aes ecn‘l%ﬁ%% eﬁh é%’tf)o? (E?Q?Iu the %12?.}% stcical cursent
proxorbmatﬁ drieitipex shfppémc(mkocmmqmmmw@ﬁdhwﬁﬁdn\ﬁ&m&H&Eacégd!ﬁem and
er motor re curr nt, the rotqr.shaft turns to a certain
e A a0 s B Bt S SRS aR B i medical
delitbﬂjtl&ﬁcsmntmstmmﬁﬁiﬁmtpmmpotor the stepper motor resists external
to the shaft once the shaft has come to rest with current
Stfce is typically called holding torque. 25 The holding
torgu etéﬁpamiﬁjmels m@;maﬁ@@tnonmamwmmm@mmmwsmmemma than

shaft maves from one full step positio the rlatlonl
torn i R BN, ST i A <L ALY e increment i

meaeieeﬂrma!d:gmuétané daovgualgstidéng hatt=ahthgphoidom Guesm'ﬁh&,dﬁmhents can be
ople can be a sinewave tor e th er
0.9 Q é K§ degrocs, W naabencr ents S Fepr ?{:a %:é%;l?i? e%eﬁ éhe speed

e mag nituae of edrren
of thie muwmmmyhhemm@dday between each incremental movement.

Inside the typical stepper motor, sets of coils produce magnetic fields that interact with the

~ fields of permanent magnets. The coils are switched on and off ina specific ‘sequence to canse the

motor shaft to turn through the desired angle. The typical motor can operate in either direction
{clockwise or counterclockwise). When the coils of a stepper motor receive current, the rotor shaft
turns to a certain positien and then stays there unless or until different coils are energized. Unlikea
conventional electric motor, the steppér_ motor resists external torque applied to the shaft once the
shaft has come to rest with current applied. This resistance is.typically called holding torgue.

* The holding torque of a steppermotor is not constant with position but varies as the shaft
moves from one full step position to the next. This variation is caused by the detent torque, which
adds and subtracts from the electrically induced torque as the shaft of the motor moves. The detent
torque can be approximated by a sinewave torque that repeats every full step of the motor. The
magnitude of the resultant current determines the torque available from the motor.

A stepper motor 1s also characterized by load torque. In order to avoid loss of step,
sufficient electrical current must be applied to overcome the load torque. However, the load torque

can vary considerably over a pumping cycle when the motor is used within an infusion purnp. Loss
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loss of step, sufficient electrical current must be applied to overcome the
“JB%QE%%% However, the load torque can vary considerab%g}i%rz&s 0666
pumping cycle when the motor is used within an infusion pump. Loss WO
2005/093533 PCT/US2005/006664 2 of step may result in a motor stall.
To recover from motor stall, the motor may need to be restarted at a
lower speed than that at which the stdll occurred, and then accelerated to
the original speed. This restart procedure requires a higher current to
produce the torque. This higher torque wastes energy. s As will be
of steppesoierelting msestadlvihig RV Hsenarotaistalil theapates olarioredfathe restarted
at o RIREPSHRANRE MADSINCHARS S PYRARMN G HRNRL9:IIRMEAE ESHA speca.

such proportions that the motor is positioned at some point between
Thisfrdbteteprefesdvre gosiifons highes cirentiorpiiss Sieppeve mbhbrhisherifzing wastes
Bmrgicf)th coils will result in the motor being positioned halfway between the
djacent full-step positions. This is referred to as half-stepping. A full step

magueifUrtrapeeiipdibethose hwﬁmﬁﬁ@@mmlﬁ%méigt@@f%@w
motgﬁ'ﬂxl‘é%%% PRl B%B{i@ﬁkg&%@di%ﬁﬁeﬁ%%?&ﬁmﬁ stEf H{fo%%ﬁ%ﬁg'&lgt%e motor
the o This'isre t

her phase. This erred to as microstepping. The motor torque is
is pesitionediehsofitheoieicieragmief fWé-Saprdeienbppitonto dhuk phaswo-phase stepper

mot!ﬂ,%%ﬁ%i% LRGP AN S A ISIGAS PRSI AREYEE LS the adjacent

stepper motor Is to control an infusion pump such as a volumetricor
full perngtesiitopaniguisnsusionep inmsdialiesgbetigo Adhsistoay bufmitistenbdivided by

_appi'o i, damedsantstapatiensnt e ligvidnesicantds.sypelied M &sine of the

ce of medicant and delivered to "the patient via a catheter or other
requijépesitdeicticrbermhnon tybis sfeéiuntiviessuiriofophineavErometiuideiue is a
m@{%}g%&% e Stalfcs b, a5t A1SElasRa-y ik SoRRIEBINR type of drive.

2,841, incorporated herein by reference. Within'this type of pump, a
plagtidndisethdaniviPRramomruibhef 8 FISPRGETOPIPRE HrioRitahentsigecn pump suchas a

vollAHYEIPYR Neadle g;e-;ﬁ@&{algmgqﬁ@%&r Hepsehpasaesihrtehiaer tiquid

special gate in which it'is occluded between a row of “fingers' which are

medisevisdorieatim rbada madieraiin sarditddren sea e rosmisaat and delivered to
the FHRMRVEL JREdRRE 5 SeRealedissalormed in an identical manner, thereby

over the course of time destroying the elastic recovery properties of the
tub é%ﬁmﬁﬁ@ﬂfﬁé’?ﬁ’éﬁﬁfﬁﬁﬁjﬁ%gfﬁ%@@“g fluids produces a peristaltic flow such

as that disclosed by U.S. Patent No. 5,842,841, incorporated herein by reference. Within this type '
of pump, aplastic tube leading from the bag or bottle oﬁ the drip stand to the intravenous needie
(i.e. the ‘giving set’ or ‘drip-set’) passes through a special gate in which it is occluded between a
row of ‘ﬁngers’ which are moved by a cam mechanism to squeeze the closed point forward.

However, the tube is repeatedly deformed in anidentical manner, thereby over the course of
time destroying the elastic recovery properties of the tube so that the tube maintains a compressed
aspect. This destroction of the elastic recovery properties of the tube results in the volumetric
output of the pump changing markedly over time.

Today, there is a desirability of operating infusion pnmps and other medical devices using a
battery power source. Accordingly, conservation of power is an important feature for operating

battery powered medical devices over a prolonged peried of time.



aspect. This destruction of the elastic recovery properties of the tube
results in the volumetric 25 output of the pump changing markedly over
time. Today, there is a desirability of operating infusion pumps and other
medical devices using a battery power source. Accordingly, conservation
of power is an important feature for gperating battery powered medical

g devicesfc%h/ei agrolonged period of time. 3 Summary of the Invention
LR A8 S invention disclose a system and method for
contratlingithentinpliticumest foradi sofusianspsimp stéppethniofor basedion the
inpRECUSIRITINCC TR RIS, Y5O CAN NG AMAN 1orque
controller and a non-volatife memo )? containing expecte loa torque
requgRieetRrolgh et Rienpuaipiaytide Revponsivattolitie aekpeotedvoiat coregrvory
co@iHfe RBAQIOILANERYRE RIGYIJERINGRIGPRELMOIOLYMIN RMAYIRG to the

electrical current for overcoming load torque at each point in the pumping

exXparefs. Ioad iR fadtsPs Hith BRSO BEALSSREY T VEI GRS SIeitricaith 2

varGi geélécilftl@%@ufllﬁl@ﬁ@ Br ipedudeninuticne t@ﬂit%m%gc@pb%ﬁ? %ﬁfﬁélﬁ@nping cycle.
ressure, and elapsed operating time. In g first aspect of the invention,
AR 5t 4 el S SRONG ST ik BER LT c SR iy
inctihécsteparefmadiarinihingtenpesition, inraspue preyela;sdeteeminipgiadlow
ratey and adjusting an-electical currept.value for diving anaflision , Bump .
stepper motor response, at Teastiin part, tofthe position in the pump
infgyole pimdntheotlovesaterasgdpartesfattclsewiisiainathesgiepsiof pump cycle;

deRFIRFRNING Al Accomplighas aticast. vl @{I}?e?np%l[x%vt%'luﬁﬂgi@ H&nfusion

stepper motor, and wherein the position in the pump cycle and an
PUBRERBR SRRV ERRE ke Yttsrst ith NG BSOS o db dhpuagpertpptehe

flolVERIQN: eI BIOMIARR A Y BIEMAQr GOMIIHNG A aBTHSIOR NN at lcast
comprising: a motor controller having an outggt responsive to a plurality

201 RBRRST BRSO Lol SHAPED ARG 40 ORI A Rsiipidt Sigmamiheyce

andaadjist theceleatrieal sigoatoacurreasdbier having an electrical current

* outbut responsive o the motor contraler clectical signal a steppcr mator
respOT AN B RS Slb LA BN ORI o A T Aat DL SR HAUHG

infasigupputitoctienniotg: eonttollepnivhidreimtives an output responsive to a piurality
of inputs, the motor controller configured to output an electrical signal and to adjust the
electrical signal; a current driver having an electrical current output responsive to the
motor controller electrical signal; a stepper motor responsive to the electrical current
output; and at least one sensor having an output to the motor controlier, wherein the
motor controller is configured to determine a position of the motor with respect to the
pump cycie or with respect to a flow rate of the pump, and wherein a table of an expected
current value for a plurality of motor positions or flow rates is stored in a data base
accessible by the motor controller, and wherein the database inciudes a tabie for an
expected current value based upon at least one of an ambient temperature, a backpressure
of the fluid pumped by the infusion pump, an age of the motor, and an age of the tubing
used in the infusion pump.

In a third aspect of the invention, there is provided a system for controlling an

infusion pump, comprising: an infusion pump; a motor controller having an output



motor controller is configured to determine a position of the motor with
respect to the pump cycle or with respect to a flow rate of the pump, and
wherein a table of an expected current value for a plurality of motor
positions or flow rates is stored in a data base accessible by the motor
controller, and wherein the databasegjncludes a table for an expected
current value based upon at least one of an ambient temperature, a
res TSl G e R DR b L SR B B B chlether o
monetnasittanage efdhil tabingtusedhin dhsdnfosimn puthin. fiearthistbn pump,
i SSREEH R s fpvention, ere s, provided &, system or.eontoling an copusotier
infusion pump, tomprising: an infusion pump; a'motor controller having an
configpreti 3a orgsponshlestoctH sigeasmdoatplitsthiberniston oo sioiddr cconfigudsiver

ha\'}%g Gif E@@H?ﬁcm h&ﬁ@@ﬁtaod{})%@fe%ﬂ)ée{OQHépﬁh%%&ﬂlwQtf%‘ife? WL Qr e onal; a

sensor output within the infusion pump, the controller having an output™
steppep GHEREVE D ealtHoiPTh PUTP e riSRPCE antteN deseeRifiifedits clectrical

cultPU @0 elacdrigab slgpal anddppdivstdherirsticalsignal @ usIent wherein
driver having an electrical current output responsiye to the mator

theBRERS IR BRLKEHT i DG RAIC A S SR HA 18P Wit HRSIMOSIoN Hurfi o the
puSiEpPEE Molamespensye o theelecthiealityreiat Wktpiih, aantslad feasikpected

one senso havinigl ap outPut to the n10t0r coniroller, wherein the moéO{ ,
current, vajue .lor a P ra i.(tjy of mtotor positions ofF o Iﬁftes 18, Stored 1 a .a% Dase
controller is configured to determine a position of the motor with respect to

acthesitparbp Sychaapwitbhnrespectita avflorinatboofitiepemipeiades wheddn @r an

t t lurality af iti
o e A ST g g o

e by the motor controller, a
thenfhareinitied dabasénfhelon gmnaiie fsr drthexpetteredrermegatiiéhe tubing
usBRedonAtisashape of an ambient temperature, a backpressure of the

fluid pumped by the infusion pump, an age of the motor, and an age of the

tu birfgtharsé”a%ww FUSIOHEPIIERS. OtHER FERtEREE TNy habarfBRenss tign the
folldvaRtigp-WitlheanpREEM faibeotollaning speeiticatinniaken in

canjunction with the following drawings. Brief Description of the Drawings
Brigldigpepniion 01 e IEvings crical schematic, in block diagram form, of a
systéitilURE 1 is a simplified electrical schematic, in block diagram form. of a system

for controiling the electrical current provided to a stepper motor in accordance with the
present invention;

FIGURE 2 is a simplified flowchart illustrating a method for controliing the
electrical current provided to a stepper motor in accordance with the present invention;

FIGURE 3 is a simplified flowchart iliustrating another embodiment of a method
for controliing the electrical current provided to a stepper motor in accordance with the
present invention;

FIGURE 4 is a simplified flowchart illustrating a modification to the method
depicted in FIGURE 3; and,

FIGURE 5 is a simplified flowchart illustrating yet another modification to the
method depicted in FIGURE 3.



for controlling the electrical current provided to a stepper motor in
accordance with the present invention; FIGURE 2 is a simplified flowchart
illustrating a method for controlling the electrical current provided to a
stepper motor in accordance with the present invention; FIGURE 3 is a
simplified flowchart illustrating anottir embodiment of a method for
controlling the electrical current provided to a stepper motor in accordance
W|th the present |nvent|on FIGURE 4 is a simplified flowchart illustrating
guihn 3% ] HetfeotddepimidehimFIGURE 3; and, FIGURE 5 is a
simafid fevighags !JlPﬁ%‘%El%MSE%%%B&M@H!E%'%@ IEeRIRIRShs, there
depicted in FIGURE 3. 3b Detailed Description of the Preferred
is sEpntoi the dranhiks ams rilkdimiein ke slesedpribie detaihbatrferaedsipbrtmpnt of

theqmﬁmnf%’ﬂﬂsth@“@ﬁ@eﬁaﬁhﬁ’ﬂgﬁlﬁ@tth% Arawinasandumlkheren d@sidered as an
e

described in detail a preferred embodiment of the invention with the

SXGIRRIEFSEHARIAG P e PiessantidRIGEL Rt B RLHFAG 3L the broad

aspR¥EoMplfiaatipnef ihepontiplesaf: thedmeation and is not intended to limit
the broad aspect of the invention to the embodiment illustrated. WO
2005/093533 PCT/US2005/006664 4 Turning to FIGURE 1, a simplified
electrical schematic, in block diagram form, is depicted of a system for
controlling the electrical current provided to a stepper motor in accordance
with the present invention. The system 10 includes a stepper motor 12, a
motor current driver 14, an infusion pump controller 16, a memory 18, a
temperature sensor 20, a backpressure sensor 22, a s motor position
sensor 24, a clock 26, a data input 28, and a power source (not shown).
As will be appreciated by those having ordinary skill in the art, each block
within FIGURE 1 includes electrical circuitry for performing a function or
task as herein described. In an embodiment, the stepper motor 12 is a
conventional stepper motor used in an infusion
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pump. Accordingly, the stepper motor 12 is operably connected to one or
more mechanical 10 structures (not shown) for mechanically controlling

ﬁ%ggl YN of fluid to a patient (not shown). As will be appregigted BY ooss6s
0sée avmg ordinary skill in the art, the mechanical structures use

within such infusion pumps are well known in the art. Therefore, such

structures are not discussed further hterern Electrical current for driving

the stepper motor 12 is provided by the motor current driver is 14 of

conventional design. In response to the motor drive signal 30 provided by

the motor control&ierlr?e 6, the iver 14 supplies electrical . .

cur R G e e P Lo PRt A r o) i p diced
ofaeﬂterﬁado@&mamﬁxgwaateeam@menﬁmmmm osteigter wegar dingptdance with the

amount of electrical curr e su |ed by the tor current dr|v r 14,
prese dRVAREC0 tHE §¥é§6‘é P‘i"ﬁ m"“"% Bioraive o S5,

S ance OI' drlve S|gna
infidE AR Rdeubitidigitakaignal &yhe«smpe:amm&@'zﬁewmmmm sepsor 22, a

current driver 14 providi o electrical current to the ste m tor

mo‘@ﬁ%“ﬁ‘ﬁefgﬁ &% aéb?ﬁ\%tgl@‘grae%ﬁt%l w?é;he ?:u en rdsn\}lg?egovr 28 will be
E@éiét@&iﬂ? &J@‘dﬂﬁ@i@ﬁrﬂm&@' thglstapperarmotath aﬁtmbbmaﬁwvm 1 includes
between "0" and "15" result in the curren dri ver r V|d onstant

deﬁmﬁmﬁﬂé’ﬁg@wgﬁ RIS pEY ?{crea%em he electrical 25

currgnirsispRliashiaitiie: stopremmoian 12: darasptivasexpmplimotheusadtorn infusion

drive signal 30 canbe a0 to5v analo nal wherein: about O volts
purpgsutbsTATiREb TR SRS Tﬁtﬂlrgé dingPf 8%? ERCEY %gb ?{r}en 35 P fraore mechanical

uﬁﬁ?&%@@%@%?f@ Mettﬂ@ﬁoaﬁ@b@mcﬁlﬂ@mesw&jmﬂmmﬁamaumm shown).
providing maximum electrical current to stepper motor; o
s RS RRTERI LGB DBt B SRTEL el R geT dieures used

ecu rr’en rver
witBiRUfNa RRIsasRedIng indl eases o theatedSesinrth euelettricakedare not discussed

current provided to the stepper motor 12. WO 2005/093533
9D005/006664 5 As will be appreciated by those having ordinary ‘
skill indhearihenc tordnlviiivbe tdisenperally sommedtedbiotize motor current driver

}4;%1 éﬁ?gggg?ﬁq%%%g: o Pt¥? not Shg)wtl‘rgoztngy z:pc%J & %%}rﬁ"@%ﬁ%{ﬁég B?/ the motor

A& power SUpply can b opera

coﬁ@él'ﬂﬁqt@dli@rﬁdslt@tt&ﬁmattm’@ml@gmpgbwehx(m@l mntz@mﬁgn’ma@ﬁ@ Sger moter
mwall socket), a battery, or the like. .

The motor drive signal 30 can be a digital or analog signal containing information or data
regarding the amoubt of electrical current to be supplied by the motor current driver 14 for driving
the stepper motor 12. i*“or instance, the motor drive signél 30 can be a four bit digital signal
wherein: ebinary “( results in the current driver 14 providing no electrical current to the stepper
motor 12; a binary “1111% (.., decimal 15) results in the current driver providing n}mmum
elecitical current to the stepper motor; and binary values between “0” and “15” result in the cwirent
driver providing constant incremental increases or varying incremental increases in the electrical
current supplied to the stepper motor 12. In avother example, the motor drive signal 30 canbe a0
to 5 volt analog signal wherein: about 0 volts results in the current driver 14 providing no electrical
current to the stepper motor 12; a voltage of about 5 volts results in the current driver providing
maximum electrical current to the stepper motor; and analog values between about 0 and 5 voIis
result in the current driver 14 providing corresponding increases or decreases in the electrical

current provided to the stepper motor 12.
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s In response to one or more inputs, the motor controller 16 provides the
motor driver 14 with the motor drive signal 30. These inputs to the motor
Wﬁgﬁg}l}l}gﬁ? can include, but are not limited to, the data pr%w;%%ﬁ&mo&sm
y 18, temperature sensor 20, backpressure sensor 22, motor
position sensor 24, clock 26, and input 28. In response to the inputs, the

motor controller 16 operates the stepper motor 12 with 10 sufficient
electrical current to avoid a loss of step, and thus possibly a motor stall.
However, the amount of electrical current provided to the stepper motor

12 by ke 9&%@&9@&9'@ #64s hasedRmnaeesk{i ¢ dRe.plaglicakem ieitr 14 is

is variable), er than just being set at a constant amperage. When and

operAgY IPRISHSITE AR BIIoNSh BPAIE RIS {oh haw biptAwrakiag B current to
the s_ﬂéﬂfy‘é@&%t@f‘f?ﬁg fRanua s RENFSEI 018 BRepRaLR coRrEA Yo HRQIEMAtIng voliage

input 12 can consist of data or is information regarding, for instance, the

souresétectimeenFRIABRY oMo bavallsariets b harifiedisn PUMP.
Gepgrally, e MBS RIMdesHe Psteaenteiie: A6 withatadore: 14 with

characterizing the load torque throughout the pum?lng cycle. In particular,.

the miesonrisinoFEnt Hbiddese drutsdaiRedpRIRtRG T8 1Ae! 45PN B Aot limited
to, {HHTHGRL IhGYiHRE SienRenmRPtes Ldmbaue-sacei basesRRAt PN AEdN00S motor

variables or factors. As described below, these variables or factors can

positipsisgesaetipafskits; ButigmEssure, motor position, and operating
durgfion, AGEoring e, MetaloeRISRHENELq8IpeiRie MMALRRRE dar 12 with

regarding the variables, the motor controller then compares or processes

suffipientcdenaenhfemsmiio ARt AR RS CHH B by I 2MGHYE Pl o wever, the

 amd AR ASNRIRIE S AEOPBIRRAINEI N AN R SINR! BO R REKBHNE s based on

stepper motor 12. 25 In an embodiment, the temperature sensor 20 is

need GriveacHEmed sersbit apdehlaigihabar SRS B8 St meenfiR hictBrrage:

configlle %ﬁ@ﬁ@&hﬂ@fﬁ%&g ek daishepgey dine:thaintalbe tle tRIARBSA Oy pically
about the system 10. As will be appreciated by those having ordinary skill
enquéﬁéaaﬂ?ﬂﬁh@t?ﬁiﬁ%pﬂ%maaagedfﬁﬁﬂﬁmm\shgéafaﬁ%| ErmEdiititioh data or

infoRHANENELS YN FhasameRER ySifithih R A Wiats RbOATENIGered by the infusion
manipulate as temperature decreases. Thus, in response to the 30 data
Puligtovided by the memory 18 and the temperature sensor 20, the motor

congiplign P increases V@réteiil3h3bRe it 00 9P G88 4obirharacterizing the
load torque throughout the pumping cycle. In particular, the memory 18 includes data
corresponding to the amount of electrical current that the stepper motor 12 should receive based on
one or more variables or factors. As described below, these variables or factors can include
temperature, backpressure, ﬁotor position, and operafing duration. Accordingly, the motor
controller receives informaﬁoﬁ or data regarding the variables, the motor controller then compares
or processes the received information with the data provided by the memory 18, and then generates
a corresponding motor drive si gnal 30 for operating the stepper motor 12.

In an embodiment, the temperature sensor 20 is conventional in operation and design. The
sensor 20 provides the motor coniroller 16 with information or data regarding the ambient
temperature about the system 10. As will be appreciated by those having ordinary skill in the art,
the typical tubing used within an IV set for applying medication intravenously wili become more
difficult for an infusion pump to manipulate as temperature decreases. Thus, in response to the

data provided by the memory 18 and the temperature sensor 20, the motor coniroller 16 increases
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the amount of electrical current provided to the stepper motor 12 as the
temperature decreases. Likewise, the motor controller 16 decreases the

War%%%ogsglgctncal current provided to the stepper motor %ﬂﬁ%sm{m&m
effperatlire increases. Moreover, on startup of the pump, the motor
controller 16 provides electrical current to operate the stepper motor 12
wherein the amount of electrical currgnt s is based, at least in part, on the
information received by the temperature sensor 20. The backpressure
sensor 22 is conventional in operation and design. The sensor 22

ihe ARIOVides the MmatrEFRRIaNRIdES withiniepmatiasiar daia drorrdiRg:the decreases.

backpressure (e.g., distal pressure) resisting the forward pressur
Likegiasethraeplsy METHNSSHABERTEEHA TGN (HEUESDPoTPABBdy e seppe
motdt’%?g.%dﬂﬂ@iMQefﬁ%%%é&éh@a@%@vefmﬂ@@&by D@ ERRMB L hatag digroller 16
o

ackpressure sensor 22, the motor controller. 16 jncreases the amoun
g{%;gg ecuxrent

provises lleptidea| QWIS P RIS ADE SIERR S @SS mBitsFets e ARE Ak

is ballreRses: Sipilarby theumatpiraniselord Bydpereaserhe samotimn.of

electrical current provided to the stepper motor 12 as tht%gackpres € ercor 22
dedreadeskPRufHE SRS AHiH SrHFETRIHP BTG BSh{rEieP16 2 509"

provRIBYIHE S SIBE LRI IITRN IR ORBFAIRilForieRRer A b udrgreimtage.g., distal

amount of electrical current is based, at least in part, on the  is information. "
presRITRYi VeSS BYRNe HABKBFERSETY ST 03 P RReSI BoUTB S BB 411 onton
intr&RRAYEATONal dnARREANION dadiRsIGH dbamOtabRastion Bensemddy 18 and the

provides the motor controller 16 with informatign or data r%ﬁardin

! the .
backnoetioig W@Z&%@pﬁfé{g}ﬁﬁ; @éﬁ@ﬁ?ﬁﬁsﬁéﬁﬁﬁ}?@tﬁ eé:tang?gcumntpmwded

" to ﬂﬁrﬁg&%glgé’tg? STILMOBY S ABERERASHIOR B8 RFPItRAmtNer Rt@SLIer 16 decreases

controller 16 increases or decreases the amount of electric%l current o
the pmsvileef PP SEPPEFIHOR 235D creAREE Bpderysgedsoreeses

FurfsPEE el IBrine SiRpUieohioldngrdiee e phisticoplataltdcoftato operate the

pump, the motor controller 16 provides electrical current to operate, the
SterBREpPOI SR GHE PR D I BF e EHEH VI 1s DAEY, Bpore-on he

g
nfdGAskIA RaE;RA thendniaipaliand egatding the motor position. The clock

26 provides the motor controller 26 with information or data for indicatin y
or TSt S 16 B SeR S PBBRE g ortHhary o osidon

inary

sensSkilbinaeiats thenplastionteueyesvniopadinaniibe dvduhingidecheassition of the
the tubing is repeatedly deformed hy the infusiqn, pump durin "

SeRREFAPRHBUS mEdtiott a‘éﬁ\‘?éi‘%f‘@rﬁ{?s?%ﬁé’fﬁ%ﬁ 5 D SRR LS A posiion

senBbDR, 10 MaRiPsiate Ak ibRalto wakeresthes erangyeffidieciriofisteppe provided
to ﬁr?eos}t%gpg%%?(l)lry I%eb%rs%c? ?11(233&11510&%2563 or decreases, respectively, in the amount of holding
torque. Also, on startup of the pump, the motor controlier 16 provides elecirical current to operate
the stepper motor 12 whe;:ein the amount of electrical current is based, at least in part, on the
infon‘naﬁon vegarding the motor position.

The clock 26 provides the motor controller 26 with information or data for indicating or
measuring time. As will be appreciated by those having ordinary skill in the art, the elastic
recovery properties of the IV tubing decrease as the tubing is repeatedly deformed by the infusion
pump during intravenous medication delivery. Thus, the tubing is easier for the infusion pump to
manipulate over time. However, the energy efficiency of stepper motors typically decreases as the

motors age.
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motors age. WO 2005/093533 PCT/US2005/006664 7 In response to the
data provided by the memory 18 and the clock 26, the motor controller 16
W e%%?&s%%s%bth(_a amount of elgctrical current provided to the ERRES ML 64
as the tubing installed within the pump ages. However, the motor
controller 16 increases the amount of electrical current provided to the
stepper motor 12 as the stepper motor ages. s Although the clock is
shown in FIGURE 1 as a separate bldck from the motor controller 16, the
clock can be integrated within the motor controller. For instance, the motor
controller can be a_central processing unit or a microcontroller having an

intdATAPRIBER NI BRREF OHifS HPEAOA BT tRabR A SrBIiobaRfeller 16
decRRL SRR REYEPAIAIEfRAN dheMPRNRRAYOUR! sRBh AWMHN TASHRBbidg Bistalled

integrated within the motor controller. 10 In an embodiment, the electrical

witlin thEmUBIR PRTE o HG B SIS Fat PR GRIICLRT BE Ikprass the ABOHRE GEHGGHHGE current
protRIEBAL] oid) felaatisal SueniERdasif agatepper Motor =Initial

Operating Electrical Current Based On Entered Data Input 28 +

Increiheneltheciesks s S ey EXSHRT & R seaiei Hork Toasiba whiopegaroller 16,
the FRALEHRSERIMIEISARSOM BhdtdpehamantalipcraasR OhDa6IsasRtals: can be a

Electrical Current Based On Data From-Backpressure Sensor 22 +
cenfyak REPRETHBE WEFOa3ESTOREP SR RE Rt iRcad tiftdh i Bofeatrbl ipafieforred that

the FEOB: VRN BRSHIAN SAASRE BésdndRe emanirl Reseass: QD8RSR FIGURE
Electrical Current Based On Elapsed Time That Tubing Has Been

1, onviaiaiadaditin tiemattor e dlificremental Increase Or Decrease In
ElegiricalthddamtBaned Lndalapsed: Tingdthal GtepRee Mtk doéd Hadxpressed as

Been Operated. 20 However, as will be appreciated by those having
the grlinvang SRIHahe art, any of the above factors within the above formula

canhg.macifiedaneienamittada TR RsiNRIfed flovwialectrical Current
iIIustratin%a method in accordance with thg@)}{esent invention. As shown

- in FreuRRERRHPRLIBEGHS Mestrs iponeiase Slitreeets By ofen] Current

embodimentgthe position in 25 the pump_ sequence is a tempora

I
cooRfRiEHGuteRt B QR B RS R oTR SHistnar + neremental Increase Or

Decrease In Electrical Current Based On Data From Motion Position Semsor 24 +
Incremental Increase Or Decrease In Elecirical Current Based On Flapsed Time That
Tubing Has Been Manipulated By The Motor 12 + Incremental Increase Or Decrease In
Electrical Current Based On Elapsed Time That Stepper Motor 12 Has Been Operated.
' However, as will be appreciated by those having ordinary skill in the art, any of the above
factors within the above formula can be modified and/or omitted.

FIGURE 2 is a simplified flowchart illustrating a method in accordance with the present
invention. As shown in FIGURE 2, the method begins at step 100, and continues to step 110, in
which a position in the pump cycle is determined. In one exemplary embodiment, the position in
the pump sequence is a .temporai coordinate relative to the start of a pump cycle. In another
exemplary embodiment, the position in the pump cycle is a temporal coordinate relative to the start
of a complete pump cycle. In another exemplary embodiment, the position in the pump cycle isa
temporal coordinate relative to the beginning of the use of an IV set for a single session. In another

exemplary embodiment, the position in the pump cycle is a temporal coordinate relative to the

beginning of use of the device.
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“exemplary embodiment, the position in the pump cycle is a temporal
coordinate relative to the start of a complete pump cycle. In another

Wexg)w%%%sembodlment, the position in the pump cycle is apmps%%ﬁ%m}ﬁﬁm

oordinate relative to the beginning of the use of an IV set for a singl

session. In another exemplary embodiment, the position in the pump

cycle is a temporal coordinate relative to the 30 beginning of use of the

device. WO 2005/093533 PCT/US20%51006664 8 Next, at step120, an

electrical current value is determined corresponding to the position in the

pump sequence. In one embodiment, the electrical current value is stored

in agatai 50 thatarsligrescr e prsticiumiiistpuip S eouepondingto the position in
the M§§Qﬂﬁﬂ&g glegie Qﬂb%ﬂﬁﬁé&y%@’aeéﬁdﬁdéﬁ%q vBfRY 19(?&)'}’6&%9&1 database that

database can be stored in a memory provided within a medical pump.
relafeietie passiep 3be pleenrealuing & (srappiading tstsiend parenbreluat fegndicated

yalue determined anhsiende? s Finalvodl SIERddd g maibed.eods,
e simplified flowchart e ing another ARy,

metfrod # siEECoYSlemedrivil e is spplidA ie HitoteDRsrshoiar pintE (G lURE B mined
af of .elg@tpggﬂggme tlﬁ%qgﬁﬁgge&&minues to step 210, in which a flow

rate is determined. The determined flow rate is a measure of to the

insEiftEREasilewismlifisd fande dllsiasne mydeyembydinseppir method in
acedNRIRL IHARE SEemRlaRLesbodiment, i&i‘ﬁ@?}ﬁﬁ@t’%ﬁé’{é‘&%&%}%ﬁﬁ%@&oo, and

In a computer register or memory for later use. In another exemplary
congpnboigdirrant] thin ddushailed wévwsdaeisisaskethindaicaatradiofy ralates measure of

’ A B _ nosition |
e D B S M Sy B E 1 one
exepglaw eisdmsineth desarored fiy warimesirsd Mredrmpparangiter ¢ thunory for

latept‘?s'%i.tiﬂpa!ﬁ‘omgr ngﬁﬂ]% I&%&ﬁ{&{mege{%tﬁgd%&v Ieﬁg i3 %Po%}&im a database for

parameter is the flow rate determined in step 210. In one exemplary
latepybodiment, the position in the pump cycle is retrieved from a database

tab&@e%%%cé@azg@,nmg& % BRI @?Wy}ﬂﬁ%}’aaﬁmgﬁptﬁg%gmp cycle is

temperature of the IV set is determined or approximated. Then, at
deteginsibrNstip 2 56p 2 b Y pitlirshciiem dalvrHa deterinsi deted anduie earameters.

TheAIMEHSIRHRINGAHR SleRios3d i&é%&ﬁ dificd AGEOMAIRA 18 18 240. The second
temperature determined in step 240. In one embodiment, :
parameter is the flow rate determined in step 210. In one exemplary embodiment, the position in

the pump cycle is retrieved from a database table stored in a computer or system memory.

Next, at step 240, the tempetrature of the IV set is determined or approximated. Then, at
decision step 250, a determination is made whether the electrical current value determined in step
23015 to Be modified according to the temperature determined in step 240. In one embodiment,
this determination is made based on the results of an algorithm relating a electrical current value at
the actual temperature reading to the electrical current value at a standard temperature reading. In
another embodiment, this determination is made based on values stored in one or more database
tables relating temperature to electrical current values.

If the electrical cusrent value is to be changed based on the determined temperature in step
240, then a change in the electrical current value is determined in step 260, and then processing

continues to step 270. However, if the electrical current value is not to be changed based on the

determined temperature in step 240, then processing continues directly to step 270,
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this determination is made based on the results of an algorithm relating a
electrical current value at the actual temperature reading to the electrical

u%g% g&ge at a standard temperature reading. In anothelr;m%g%%pgﬁ 4

i5 determination is made based on values stored in one or More’
database 25 tables relating temperature to electrical current values. If the
electrical current value is to be changed based on the determined
temperature in step 240, then a change in the electrical current value is
determined in step 260, and then processing continues to step 270.

However, if the electrical current value i t to be n b S
dexestpmat b srial Q@Wéspé?@@’{ﬂénng?o%neess%go%é\ %Utgs %E' gé%%% 1s the
backp%@&?e?x@mmagmg&e@z@é&zﬁ%@ﬁﬁéﬁw AstepsRigdhtheontinues to

distal pressure is determined. In one mb drr’pﬁcpr istal pres

step 2BACRBREBAAETITBIIG RTBHIS HIHEES He GERERAISH Y the pu rﬁé‘gh& further

modifi J@%%ﬁéf@&g‘%ntﬁ@@ﬁuﬁﬁr@sm@%i«ﬁ&iﬂlm@dﬂﬁrrﬁmaﬂemmmrhu@m this

whether the electrrcal current valye is,to be further mod fied according t9. a1
detentipagiidF predsere dtdhTn L%ﬁ% A op%eména%o %fé%% ‘t%E cartie

gisraldGIEERn AR @@%eel%&@&p@ﬁ%ﬁemﬁaoﬁamﬂgﬁrmmk@mﬂgmadmg In
lectrical current value at the distal re re drn o the elec
anothen piahp SRR gpa@ﬁ?ﬁ&%‘ﬂ?s‘%{’ﬁ%s%ﬁg 33 os'e&] oNe grl%g!)re database

rea n ano her
rableSPORAHIMERL s delepaipation lﬁu&%@d&bﬁsed on values stored in one or

more database tables relating dis ectrical.c
If Hhehe rdlentraeal CUFFERICGHIEL f%’ g& é%“%r Bagedgon ?ﬁlen%ae%%rgrﬁrnelg ep 270,
then DISSSUNE, I BRIGRS R st4P zbenmrﬂepasmmemmmag atrstapvabe: irsstepa current
90, the electrical current value is é %c rrerrg_tS S‘\{%Iu &%S? %ﬁt&g&%ﬂ% at
luceroaee UGS R A 16 LIBCELEing (o0 Lo e
step SHOP BRRvHOWRVRE dlcthecalenttian] \mimeemmatu@aschmgcﬁﬂmﬂdmrg@d determined

based on the determined tem erature |n hen proc 300, electrical
tempesRtFREsSHPect BB ST AS gf'emufé m éirtr%a %gﬁ%nfgﬁ the valiie

currdIE BrRINRo RlRRShEICK HE SiaRSTE 8ﬂ$t216ﬂ2602§ﬂ)} isr 9P lie@npligskto the stepper

stepper_is motor. Finally, 153 g 10, the method ends. FIGURE 4 is a
motagimply. foWeRh A HE %ﬁe Sdification to the method depicted in

FIGHRERS: Within bR Botydherdlbstricalumedificalien detbprmadgdepicted in

the method of FIGUR further det )
FIGHRR S A SO R R B o A FGEdRANR o IGURE 5

is further determined with reference to the elapsed time of a volumetric infusion pump motor
session.

Specifically, as stated previously, the method of FIGURE 3 includes steps wherein: at step
710 the flow rate is determined; at step 220 the position of the motor in the pumping cycle is
determined; at step 240 the temperature of the IV set is determined or approximated; and_, at step
270 the distal pressure is determined. Next, at step 240, a position in the pump cycle is determined.
Next, at step 250, a current value is determined based on the position m the pump cycie as
determined in step 240, es well as the flow rate as determined in step 210.

Next, decisions are made wherein: at step 230 an electrical current value is determined
based upon the flow rate and the position.of the stepper motor; at step 250 a determinationis made
whether the electrical current value is to be modified based on the temperature information; and, at
step 280 a determination is made whether the current value is to be modified based on the pressure

information.
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session. 20 Specifically, as stated previously, the method of FIGURE 3
includes steps wherein: at step 210 the flow rate is determined; at step
220 the position of the motor in the pumping cycle is determi ﬁ
WaRe é;:r’ﬁperature of the IV set is determined or approximpa@ ;Sﬁﬁﬁ%%m
step 270 the distal pressure is determined. Next, at step 240, a position in
the pump cycle is determined. Next; gt step 250, a current value is
determined based on the position in the pump cycle as 25 determined in
step 240, as well as the flow rate as determined in step 210. Next,
degiROSIRES mﬂqﬁdwﬁ%%@ﬁ@@pmd%a SARLEICAl.CHERRRE YA BS volumetric
determined based upon the flow rate and the position of the stepper _
infusip TOMDRTRESS S56ier dRdaisrmintib i rRTsab aiieie f misreRtegsesrRagettlock is
pollefaliedsdode napdifindhasedan hc femnarriredniormalione2ndoatn which a
step 280 a determination is made whether the current value is'to be )
determipatiienibasdervdictin iprasdifichsclastoril SHERMNA  BUS tOggdarpny changesin
torqu e 1SR00RA06864,-1 Ot HGHRE A RAAALCRE! Sterdef iz Riavidrturent
wherein the elapsed time of a volumetric infusion pump motor session is
shoubfiche mitditedirihenaTeRsBURERORINHEATE AP Bt Bs dseprdinalve R clers S Pl g current

valu%?ﬁ%%% ine Slapasd M PReralion£antinNe s A LenisinnieR 239 e, In one

ich a determination is made whether to modify the electrical Current
embaditnentothe detgrfortiompE Hi HEsih i apry eRIE R it Hlarperkiiar fa dripeniped by
appliieleimination ismads-nsier 3394hatmelesiteal caueaboehauld BSall other

madified, then processing continues at step 340. Accordingly, at step 340,

deteéned velnesyinraeihseenpetiurmidho sele it Rt amcabtatnsi Ay opriate to

‘ elap%%%l Werve &qu{gmn%@f?ﬁﬁqgﬁgﬂﬁ-ér&&%@ hediment Jbe daieHpiRatian Hues to

e current value appropriate to elapsed time is determined by applying a
elapshd it pBrrgesig dbmesaiguepitdeteitfined current value appropriate to
all ptherdQ.fetarminecyaliiesdn anather cobedimentdhaipiRriinatioR dified,

of the current value appropriate to elapsed time is determined b

then uasAsigeranianese SeneiPint sitrBROrsratwY Seapid by the
metliBG s Fraesasnoihen capliryes Bt sish30b-d-a Egiasmination s madeiaid ends.

step 330 that the electrical current should not be modified, then.

prod&EdRg &dnamineslifieddpatnriallusapiaso s shahpaptiicationia e gethod

ilusHeisrRineg RYHRe Wwithin FIGURE 5, the electrical current value determined in the method

of FIG—URE 3 is further determined with reference to the age of a volumetric infusion pump motor. |
Specifically, within FIGURE 5, an additional step 350 is provided wherein the age of a
volum.etric infusion pump motor is détermined. In one embodiment, the age of a vohunetric
infusion pump motor is a sum of the elapsed time of each volumetric infusion pump motor session.
In another embodiment, the age of a volumetric infusion pump motor is the elapsed time since a
predeﬁﬁed qualifyingevent. In one.e-mbodixﬁent, a predefined qualifying event is a date and time
stamp indicating a first usage ofa volumetric infusion pump. In another embodiment, a predefined
qualifying event is a date and time stamp indicating the date and time of a factory based event, for
example, the date and time of construction of the volumetric infusion pump or the date and time of
the end of the quality assurance process for 2 volumetric infusion pump.
In one embodiment, the age of a volumetric infusion pump motor is stored in a database. In
one embodiment, the age is associated with an identifier for a specific volumetric infusion pump

moior,
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15 method of FIGURES 3 and 4 is applied to the stepper motor. Finally, at
step 310, the method ends. FIGURE 5 is a simplified flowchart illustrating
W\éclet anoth_ers'modification to the method illustrated in FIGUR%@@M#QJS%MGM

@Eﬁg%? the electrical current value determined in the method of
FIGURE 3 is further determined with reference to the age of a volumetric
infusion pump motor. Specifically, within FIGURE 5, an additional step
350 is provided wherein the age of a 20 volumetric infusion pump motor
is determined. In one embodiment, the age of a volumetric infusion pump

MAIQLISARUM A {25 RIBPSEI LIS AR RORAR WRAHAE HIEYSINR BRI trical current

motor session. .In another embodiment, the age of a volumetric infusion

valuptmageavaidPigny ehanass sttt shice 28spidakriadiont sfhgnstranes fy decreases
in fr%g%rﬁr{m%flﬁn% B{@@iﬁgneﬁl%adgé!ifﬂ@t@rv SR, isr addater andmeSta e unique
n

Indicating a first usage of a volumetric infusion pump. In another :

manafatarnisribcaniete MuE s g aaTIS T SVeriSH B G tie Sesmp discussed
abm}é@dé&?tm&&la@ dajesand fimsefenfantony hased enaabdasiexamnple. dlieor such as

ate and time of construction of the volumetric infusion pump or the date
mangfrstiresf BEGAEcsHipRieRfality assurance process for a volumetric

infysionALMRLIRCNS AMbAdEN the: R REAVAHRRHIGHBIUSNHRMIRRA, then

motor is stored in a database. [n one embodiment, the age is associated

proogdting g tntie fiendPedineordiahetictimrddb s GHRPTSE MBIEH W isseto
valuggx?eér{r%%ﬁé% %M%@Q%ﬁéﬂg%a gecisiomstepi3fofpump. Inone

Ination is made whether to modify the electrical current value to

embadioent; fbe Seigrerpatinecofihe RTETH eIV ARpEORIaiR P RRsPd S isdstermined by

app#?ﬁ?ﬁ%ggegfegﬁﬁﬁﬁﬁ rIh R0 RartRlR FANGESHRHTHIE ikt RARBYBned values.
' acto

ctor can, if desired, be tailored to the unique manufacturer of the motor.

In aviofhso\erbafinenscihe erramtinn dfidticHTMLYaNS eherRddy abswnee of 2
volGRBRGlES & 1akinad aifAncRQuisiiiQUeBhRIas akisHES Obib @i turrent

such as manufacturer and motor specifications. If a determination is

valypeigein ate piIe0P REtHE BRESRR BV EMSSHItII IS Rt diilp 300
ProgesSIRgFANMIRMES AkSion 340365 anndinalys Al GER 4R shaurlecticahodified,

current value is set to a value appropriate to all determined values

then RS B ROEW S VR ANt HF0STh PR, AR5 RETeRb B drirsriined by the
metll deBTINALION ah IS IR 4ENIEARBFO PRy |G IRpSEId lifienisthod ends.

dEteI;i”;flgtegng’c){ler emsbodiment, the electrical current value determined in the method of
FIGURE 3 is further determined with reference to the voitage provided by a battery within the
infusion pump that supplies electrical power to the pmnj:;. Inan embodiment, the amount of current
provided to the motor is modified, an in particular increased, as the voltage potential of the battery
faﬂs below a nominal level. Moreover, the amount of current provided to the motor is modified, an

in particular decreased, as the voltage potential of the battery rises above a nominal level.
While the specific embodiment has been illustrated and described, numerous modifications

come to mind without significantly departing from the spirit of the invention, and the scope of

protection is only limited by the scope of the accompanying Claims.
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applying an age-dependent algorithm to a current value appropriate to all
other determined values. In another embodiment, the determination of the
current value appropriate to the age of a volumetric infusion pump is
determined by querying a database containing a table relating current
values to the age of a volumetric infligion pump. Processing then
continues at step 300. is If a determination is made at step 360 that the

CLAI®ctrical current should not be modified, then processing continues to
step 300. At step 300, current at the current value determined by the

. metho%?éoglG IRE 3 is a lied to the st(r%? per motor. F aII §tep 310,

C tHe R i Bt S{H%P EMBSient e &l e%trlca irrent value
JEEEFHGREIA PREHRBHHLY BIMRIBTOIRE 3 is further determined with
refseamoping thidovolrigeapdovided by a battery within the 20 infusion pump
thadjsspplies eleatiichlcpowertd dhéqgpdnpinin aniemiod ment sthgamoiot in

resporRb CHITERREQAAEE B dhR dmeto sy pdifipdyan: impariouay iaereaseshas
faml,ghe voltage potential of the battery falls below a nominal level. Moreover,

“efhel'eg'lut te%{ecgir(r)?% eli‘(l:)}f\l/llndlle}% g%) tPe?(r#I]cl)ét)% i} d E&’qeagg’ @ptllﬂ. rticr%@(%’iut'l()l} of
e VO ntial o ey rises above a
the Stqwa et E}ﬂé?éﬁﬁ%‘&?ﬁéﬁt‘ﬂ%@%’é%ﬁfﬁl% & SNRFESE B value
are Stqiiq?‘ﬁér@éétﬁbéwlcatlons 25 come to mind without significantly departing
from the spirit of the invention, and the scope of protection is only limited
2. bytberseenesfiibpraccanmpanyiam&slaingstl pts AN nd theftimeihatdarent

value FMPYRR P IURIOBRLMA MEIRLLEMPrising the steps of: determining a
position in a pump cycle; determining a flow rate' and adjusting an

. electrical c val ef r driving,an i fu3|on ste erm

3 ré%%wséhi’ﬂ’ TR a6 ha OSBRI ) CIEAr e, vl

are stoipd I SBFEIe 10 factors, wherein the steps of determlnlng are
accomplished at least 200 times per revolution of the stepper motor, and

4, wiksatethedpdsition in thieepumpcycktand mtheypegiedderreativaiuetcarad the

currerStPARE irasdatRbRASEdHBdsd ha dRetbRG kel atsidovRarRIBMBNISR fOtnd the

Aow RGNS FAMESIGIIEAL IR

5. The method of claim 1, further comprising the step of modifying the electrical current
value in response 10 temperature information.

6. The method of claim 1, further comprising the step of modifying the electrical current
value in response to distal pressure information.

7. The method of ¢laim 1, further comprising the step of modifying the electrical current
value in response to an elapsed time value.

8. The method of claim {, further comprising the step of modifying the electrical current
value in: response to the age of the infusion pump motor.

9. The method of claim 1, further comprising the step of half-stepping the infusion pump
motor.
10 The method of claim 1, further comprising the step of microstepping the infusion

punip motor.
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value are related to each other in a database. 3. The method of claim 1,
wherein values for temperature and electrical current value are stored in
a database. 20 4. The method of claim 1, wherein the position in the pump
cycle, the flow rate and the current value are stored in a database, and
wherein the position in the pump cythe and the flow rate are related to the
electrical current value. 25 5. The method of claim 1, further comprising

1. NeSeRetPesiing B PIRRIEIGA! SHHSNoYpGR. response to

temperature information. 6. The method of claim 1 further comprlsmg the
ste of mod?ﬂﬁg Sae electrical current value in r?flp(f}nsef:
gﬁife“?ﬂ BN 50 % FHRYHSIROY SF cathi 1 $tihie 188% g%"é

COBU"OE ﬁ@fﬁﬁBEﬁ%/fﬁé’W&?é‘&}Féﬁiﬁ%}r?W%Méqﬁ‘i‘é%sbg??s%lft@%‘??

timawraiialr8eThevingtho dlesftoihsurrduipripubragisisigee thtepe@pr controller
electricabslifyirlg the electrical current 35 value in response to the age of the

infuRigR:-PHIHR MEIRsnIvT e tmethed ehickairtds JUfﬁﬁ@re@@mprising the

ster.al AL staRRIng e LILSIAR YR MARTAR-A0c N drarad Alovor

rther com I’ISII‘I th est FP tIgrost he |nf |on pum

contmﬁer s C?_%F%lfe%\ tem oFca posit H‘ oL aic] USIO urﬁ%spgc erpmgB cycle or

with r?ﬁ%r%ﬂ%weﬁﬂwa%ﬁ eé’r‘r“@i‘@tﬁ‘&fir‘éf beag.eé 29! %Hé’ﬁ‘tlQFB aie‘se%@lm fora
pluraliystbmesnpeidioss wiidifradasoutpat shie rgiedrsigaramble E&?@éﬂﬁﬁ@f
contro@iectichhsigral;thealatdnsdrivdndmvingbbnietestricakcid entrontpatue based
upon dERRANSIERfRlherbRIRTGapialies, elostlipal sigRall hstBRGT MO by the
1nfu815ﬁ§%ﬂ§'\éﬁ Iedhe eleclica! sranLoMIYL-a0di A0 flleasiRNBBeRs P ump.

having an output to the motor controller, wherein the motor

12. The system of claim 11 further comprising a battery for operating the infusion pump.

I3. The system of claim 12 wherein the infusion pump provides for operation under
battery power.

14, The system of claim 11 wherein the sensor is a temperature sensor.
15.  The system of claim 11 wherein the sensor is a pressure sensor.
16. The system of claim 11 which includes an additional sensor, and wherein the output

of the additional sensor is responsive to changes in the position of the stepper motor.

17. The system of claim 11 wherein the output of the motor controller is responsive to
changes in the age of tubing used for administering medication.

18.  The system of claim 11 wherein the output of the motor controller 18 responsive to
changes in the age of the stepper motor.

19, The system of claim 11 further comprising a memory containing data wherein the
electrical carrent output is responsive to the data and the sensor output.

20, The system of claim 19 wherein the controller and memory are within a
microcontrolier.
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controller is configured to determine a position of the motor with respect to
the pump cycle or with respect to a flow rate of the pump, and wherein a
table of an expected current value for a plurality of motor positions or flow
rates is stored in a data base accessible by the motor controller, and
wherein the database includes a table for an expected current value
based 15 upon at least one of an ambient temperature, a backpressure of
21, thedlidarppediby theipfusion RUBR: dNRYSALINE RofhsdRt @ ReAgerature
e(gf the tubing used in the infusion pump. 12. The system of claim 11 further
comprising a battery for operating the infusion pump. 20 13. The system
of claim 12 wherein the infusion pump provides for operation under
22 phaerysyewer AdmThe wheiimtBr eribHL P WRSFEROTRLISEMUSHYS 19 backpressure
changgemperature sensor. 25 15. The system of claim 11 wherein the sensor is
a pressure sensor. 16. The system of claim 11 which includes an

23.  agrltigRahsensenand wheieiniDeceuipuidatdhel sdditignalisenselishe output
of the KAERAMSIVE IR ARG I8 thePasition, of the SISRRET SPHOLEPdmIhs.

system of claim 1 | wherein the output of the motor controller is responsive
to changes in the age of tubing used for administering medication. 18.
The system of claim 11 wherein the output of the motor controller is
responsive to changes in the age of the stepper motor. 35 19. The
system of claim | 1 further comprising a memory containing data wherein
the electrical current output is responsive to the data and the sensor
output. 20. The system of claim 19 wherein the controller and memory are
within a 40 microcontroller. 13a 21. The system of claim 11 wherein the
output of the sensor is responsive to temperature changes. 5 22. The
system of claim 11 wherein the output of the sensor is responsive to
backpressure changes.

chang
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23. The system of claim 11 which includes an additional sensor, and
wherein the output 10 of the additional sensor is responsive to changes in
the position of the stepper motor. 14 24. The system of claim 11 further
comprising one or more additional sensors having outputs, wherein the
output of the motor controller is respgénsive to the sensor outputs, and 5
wherein the output of at least one of the sensors is responsive to the

24.  PORUQREIIBE HIERPEN ARG cERpASRYSIRN dPhtRR ARG AN JBIUSI9Raving
outputgu\gﬂgrqu "RIH 3&%%?'9&98@9 é“r %E)(HSWQHQ rsa?s\ﬂpgu%hts and

tor COEUO er conf I

ut e to th t
e RO e o e, et sttt sl

motOrsensor output within the infusion pump, the controller having an output
responsive to a plurality of inputs, the motor controller configured to

25.  oAtputtan 8lectnicallHignah arfdsomdjush, tortheiglectrical signal; a current
driver having an electrical current output responsive to the motor controller

el&c&@iﬁ{%l’ a stepper motor within the infusion pump, the stepper

motor res ons Bo the elect{lc:ill current o H)H :and 20?;[1 ton
MOty nt10 Ing %m (h pU. IGQPOHSIVG N&'sensor o 2 IMotor
Sensor avmeg an output e motor controller, wherein t

controdhIHEFIEEd H”&? A SO SRIRCOF TGS %ﬁ‘%%%cé%’@&f% the
sensonRBPHTHEtRCIBCOR AR BYPBEIRS CONGW B DRREED GHIPUHREPRANEYSIH &
pluraltgbié iopais. ekpesied contertovalueipred pluratitytehralstoripdsitimas andfiowedjust
the eldatesisigioned in a data base accessible by the motor controller, and

whergihthedatabase includes atablefoLan eXRepiRMiCHREMNMANIS: controller

elecm%gls%g n at 25 Ieast one of an ambient temperature, a backpressure of

infusian n e of the motor, and an
o?ﬁ%éf’ﬁf’g S GEath RS AR S BU: 06 e S, e a0
elew%é&‘é’?ﬁ‘tﬁ%‘l&}tbu%‘ﬁ the sensor is responsive to temperature changes.

3@t least one sensor having an output to the motor controller, wherein the motor
controller is configured to determine a position of the motor with respect to the pump cycle or
with respect to a flow rate of the pump, and wherein a table of an expected current value for a
plurality of motor positions or flow rates is stored in a data base accessible by the motor
controller, and wherein the database includes a table for an expected current value based on at
least one of an ambient temperature, a backpressure of the fluid pumped by the infusion
pump, an age of the motor, and an age of the tubing used in the infusion pump.

26.  The system of claim 25 wherein the output of the sensor is responsive to temperature
changes.

27.  The system of claim 25 wherein the output of the sensor is responsive to backpressure
changes.

28.  The system of claim 25 further comprising an additional sensor, and wherein the
output of the additional sensor is responsive to changes in the position of the stepper motor.

29.  The system of claim 23 wherein the output of the motor controller is responstve to
changes in the age of tubing used for administering medication.

30.  The system of claim 25 wherein the output of the motor controller is responsive to
changes in the age of the stepper motor.
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27. The system of claim 25 wherein the output of the sensor is responsive
to backpressure changes. 28. The system of claim. 25 further comprising
an additional sensor, and wherein the 35 output of the additional sensor is
responsive to changes in the position of the stepper motor. 29. The
system of claim 25 wherein the outpdt of the motor controller is responsive
to changes in the age of tubing used for administering medication. 40 30.

31, ThResysiem af laipm2rhiereionhe auipHtbibe Motk septmaletiSerein the
electriggﬁpﬁqgﬁ\é%}%rﬁZ%[%%ﬁ]ﬂgi%%a%% 8&&‘&&‘&%%%%5@9&&@%3 31. The

system o er comprising a memory containing data wherein

the electrical current output is responsive to the data and the sensor
32 ollsuty BespofHaigy derherdraiiy Sk Sfie tHOSUSUF MY SehsGrigerature
changgasponsive to temperature changes. 33. The system of claim 31 wherein

the output of the sensor is responsive to backpressure 10 changes. 34.
33, Theesysiem of glaimB 1 fHERe! CRMPHSIG i adliHeNAlS8psakea8hackpressure
Changggherem the output of the additional sensor is responsive to changes in

the position of the stepper motor.

34. The system of claim 31 further comprising an additional sensor, and wherein the
output of the additional sensor is responsive to changes in the position of the stepper motor.



