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PCT/ US97/ 10978 5 | NFUSI-ON PUMP MONI TORI NG ENCODER/ DECODER
The present invention relates to positional encoder/decoders associ ated

wi th notor shafts in nmedical infusion punps.

Background oWwowsmeissmventi on 10 The admi ni strati on @CTUSPT/HITBNOUS
nmedical fluids to a patient is vveII knowninthe art. Typically, a
sol ution such as sal| : | la.a glass or
f1exibl & cont a s e , System t hrough a
conduit such as a pol yvinyl chI oride (PVC) I ntravenous (I1V) tube
which is accessed to the patient by a catheter. Many tines, the fluid

is infused under the forces of gravity, and the rate of flowis controlled
by a roller cl arfjhe ptSent inventidn nelatea ¢ positiovaltencadet/decoders assecistedwithmotor of t he

IV tube until the desired flowrate is obt ai ned. Fl ow
fromthe cohiftd in@iedical infi@iddduidRt al so i s known to be regul ated by neans

ot her than a roller clanp. It is beconming nore and nore common to use
an electronically . controlg uch i nfusion punps

I ncl ude, for exanple, perlstaltléﬁ‘ype'punps i ‘and val ve-type punps.
val ves W 3323[12 B ARt RHET b e RS i ﬁﬁﬁéﬂt%‘“&er. i D00
purps - po b cal L hnchude a0 SLLay,S emaiﬁe N Y BRSO each
container is fed into a patient’s venous system through a conduit such as a polyvinyl chloride
(PVC) intravenous (IV) tube which is accessed to the patient by a catheter. Many times, the
fluid is infused under the forces of gravity, and the rate of flow is controlled by a roller clamp
15 which is adjusted to restrict the flow lumen of the IV tube until the desired flow rate is
obtained.
Flow from the container to the patient also is known to be regulated by means other
than a roller clamp. It is becoming more and more common to use an electronically
controlled infusion pump. Such infusion pumps include, for example, peristaltic-type pumps
20  and valve-type pumps. Valve-type pumps employ pumping chambers and upstream and |
downstream valves to sequentially impart the propulsion to the fluid. Peristaltic-type pumps
typically include an array of cams angularly spaced from each other which drive cam
followers connected to pressure fingers. These elements cooperate to impart linear wave
motion on the pressure fingers. This linear wave motion is used to apply force to the IV tube,
25  which imparts the motion to the fluid in the IV tube, thereby propelling the fluid. An
alternative type of peristaltic pump employs a plurality of roller members which roll over the
IV tube to impart the motion to the fluid in the IV tube. Such infusion pumps include various

motors. Examples of such motors include driving motors which drive the pumping hardware



foll owers connected to pressure fingers. These el enents cooperate to inpart
| i near wave notion on the pressure fingers. This |linear wave notion
is used:to apply force to the IV tube, 25 which inparts the notion to
the;fluid in the IV tube, thereby propelling the fluid. An

alternative twoos/®i3speristaltic punp enploys a plurality of PEDUBHMONBNDeEr S
which roll over the |V tube to inpart the notion to the fluid in the
|V tube.,_ Such, i nf usi.on punps.jngl.ude, vari.ou t OL.S. anpl es of
such. ot r s 8P {eadE8 rGRE wiSh GrYe kY RAdiaR Fedweas. SpEISIGE mERERES
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PCT/ US97/ 109ariable speed m9tprs-ube | oadi ng not ors whi ch drive tube | oading

har dwar e. Such driving notors can be vari abl e speed notors.
The accur at e nonTheacewgteghonitaringiof the moteks ofisuth infifsionipumpp with clos¢d loop | osed
1 oop control systens is desirable in a nunber of areas. For exanple,

i nfusi on pusasrol systens indésirable in a minsbee of dreasp Forexample, infusionpubmpsicthe attf f ect s
on the rotation of the notor during the punping 10 period. Such

mechani cal  ghveRRd Sotéritial RE mieahiRdl diictsoR thedibh 6f thé RISRS Uadiny the padpiagi ONS,

vari able battery power, notor friction, tubing variances and peak torque

requirepent S... . g!ee?f;&%‘ Bl.aﬁﬂ:’l Fa‘ilﬁ-E sol ved
by adj us |ngerf)°\(§hme%ﬁldét§gf)}faf“g 0 E%lbde;%g%}d{ﬁgfﬂ? eégér!rl%gnsa e iéi? ﬁi’he
torque variation., Another area J.n.whjech accurate monitoring i s i ant
o fin moni « SIAE GBS o el i bie N riatses s Ptk paine R oM Eo o
nove in an 15 abnormal direction as a result of, for exam(:l)I e, |1 nproper
appl i cat i ond@}pctgqﬂu@rmqﬁhp@czg pﬁ;p&qqanbesolved by adjusting power supplied to the motor to

compensate for the torque variation. Another area in which accurate monitoring is important
is in monitoring the direction and rotation of the motor. Pump motors can move in an

15 -abnormal direction as a result of, for example, improper application of the driving signal.
When such abnormal operation occurs, it is desirable to signal such abnormal operation so
correction can be made.

Use of closed lodp control systems which employ positional transducers on the motor

shaft to monitor infusion pump motors is known in the art. Such electromechanical position

20  encoder/decoders generally comprise a quadrature shaft encoder whose two outputs sense the
presence or absence of an idicia or a flag to indicate motor shaft positional information
relative to some starting point. Use of two channels generating quadrature signals allows the
direction as well as the distance moved to be monitored and is further known in the art. The
resolution of the monitoring information is determined by the number of flags on the encoder

25  wheel. A decoder such as an up-down counter preceded by an appropriate state decoding
circuit is used to process the signals from the encoder. The state decoding logic samples the
input signals at a rate which ensures that, at the maximum signal frequency, consecutive
states are guaranteed to be sampled. The up-down counter output provides positional

information relative to the starting position.



When such abnormal operation occurs, it is desirable to signal such
abnormal operation so correction can be made. Use of
cl osed Loop control systens which enploy positional transducers on the
not or shaft to nmonitor infusion punp notors is known in the art.
Such el ect ronggbgipassal position 20 encoder/ decoders geneperiUgoNIONpr i Se a
quadrature shaft encoder whose two outputs sense the presence or
absence of an idicia or a flag to indicate nptor shaft paositional

i nf or mat? on Such;nagtgy shalt encoderfiepoders-fithe psiop ast,howeveresudfer from seveadinel s
generating quadrature signals allows the direction as well as the
di st ance nodesvbacksh@herinpint signals azeasynchrdnons todhe dacodan clook,tand ifithe stat¢idecoder
resolution of the nonitoring information is determ ned by the nunber of

flags on t hginangies thelhput sighsisht thé\sigeat ediel the dedodaramayents?-adestastable site r
preceded by an appropriate state decoding circuit is used to process

the signal swhichis indSte@iifRe fid mdy Rsuli ﬁtiﬁ:oﬁﬁ&%ﬁ&zﬁﬁﬁ lo® Position2 'WhifSthé ﬂﬁehhood

i nput signals at a rate which ensures that, at the naxi num si gnal
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'[2 he stagpin %cﬁ;ﬁaﬁésﬁ% joythe agt, implementation of these techniques increases the cost of such

PCT/ US97/ 10978 5 Such nmotor shaft encoder/decoders of the prior
art, howeveFyste®$ fer from several - drawbacks. The input signals are

asynchronous to the decoder clock, and if the state decoder
Thus, what is needed is a motor shaft encoder/decoder which avoids the issue of

metastability during state transitions of the signals from a quadrature shaft encoder. The
encoder/decoder also should effectively gather rotational directional information.
15 - Additionally, such a device should avoid use of a separate counter or clock. The device
should provide these benefits in a cost efficient and effective design.
Summary of the Invention
The present invention provides an encoder/decoder which effectively gathers
rotational directional information. The present invention obviates the necessity for separate
20 circuit for counting state transitions of the encoder/decoder. The present invention provides
these benefits with an efficient, cost effective design. The present invention achieves these
advantages by utilizing a state transition of a first sensor to initiate a sample of a constant

signal from a second sensor corresponding to the center of a flag or sector.



| ogi c sanples the input signals at the signal edge, the decoder may enter a
net astabl e state which is indetermnate and nay result in incorrect
‘updating of position. Wile the likelihood of netastability
occurring can be reduced to acceptable |levels by appropriate digital design
10 techni quagolgreoss i n the art, inplenentation of these teebowivgormoTs

I ncreases the cost of such syst ens. Thus, what is
needed is a notor shaft encoder/decoder mhlch av0|ds t he i ssue of
metastab?lity during state t r dxiefDeseripti ithe Dragiings from a guadr at ure
shaft encoder. The encoder/decoder also shoul d effectively gather
rotati onal direcFigured isiapkxspevtivé viaw of &% infusividivnipdn athich thespresentingentiop ean
shoul d avoi d use of a separate counter or clock. The device shoul d
provi de thegeutileedf its in a cost efficient and effective design.

Summary of the Invention The present invention provides an

encoder/ decoder wanfd RiafpRispicrife Vie@dr A poition of the uﬁﬂh&:ﬂhﬂ&adss&hﬂlfﬁfthena'
i nformati on. The present "invention obviates the necessity for separate 20

circuit for Q;eg&gpgfﬁéﬁ?%r ansi tions of the encode_r/_decoder The present

I nvention provi ese benefits with an efficient, cost effective

deS|gn he pres vent chi eves ese vant age utilizing
a statel ran5|t| Fxfxg?degmgfeatw%pp{hgpgfgw ?’bplﬂg Eﬂg ant
signal froma second s_enspr corr %pondl ng to the center of a flag or

sect or. assembly of the infusion pump o

Figure 4 is an exploded view of an encoder assembly made in accordance with the
principles of the present invention;
Figure 5 is an exploded elevational view of an encoder wheel and sensors made in
15  .accordance with the principles of the.present invention;
Figure 6 is a schematic drawing of the state wave form of a con\lrentional
encoder/decoder;
Figure 7 is a schematic drawing of the state wave form of an encoder/decoder made in
accordance with the principles of the present invention; and
20 Figure 8 isa ﬂo»'v chart of a method of mohitoring in accordance with the principles of
the present invention.
Detailed Descrintion of a Preferred Embodiment
Referring to figure 1, an infusion pump in which the present invention can be utilized
is referred to generally as 10. 'hle infusion pump 10.can be clamped onto a standard IV pole
25 12. The infusion pump 10 includes a main body portion 14 and at least one pump module
portion 16. In the embodiment depicted and described herein, two pump module portions 16
are provided.
Formed at the upper periphery of the main body portion 14 is a carrying handle 20.
The main body 14 further includes a liquid crystal display (LCD) area 23 which is used to

4
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PCT/ US97/ 10978 5 . Brief Description of the
Dr awi ngs Figure 1 is a perspective view of an infusion punp
in which the present invention can be utilized; Figure
2 is a perspgsddgnoisi ew of a portion of the punp hardwar e- aBCEUSINGE t he

I nfusi on punp of figure 1; 10 Figure 3 is an expl oded view of a
further portion of the infusion punp hardware- assenbly of the

i nf usi orf pueanveyf varioysinformation about the infusion pump } 0o she userand ProyidefORUSF ew of an
encoder assenbly made in accordance with the principles of the

present i nvigtfacewith the infusion pump 10%i The maif body includésaldtacently keyst 350 T vi ew
of an encoder wheel and sensors made in 15 accordance with the principles
of the presgphp mBNES Y6 itludes a tube-loading charelRTrahd @n vacuamsioesyednt displapateag of
the state wave formof a conventi onal encoder/ decoder;

Figure 7 isyq f&ﬁﬁﬂ@b&&@é@%&im afiliZed &n Sltaaftic'@YE10hA: desfibdi below.

encoder/ decoder nade I n

The main body portion 14 includes a slave microprocessor which is a slave to a
10  master microprocessor. In a preferred embodiment, the master microprocessor is a 80C186
EB available from Intel Corporation, Santa Clara, California, and the slave microprocessor is
a 80C552 available from Phillips Semiconductors, Sunnyvale, California. The pump
modules 16 further include a pump module microprocessor. In a preferred embodiment, the
pump module microprocessor is a 68 HC11 available from Motorola, Schaumburg, Iltinois.
15  The pump module microprocessor includes software in read-only memory (ROM) which
drives the monitoring functions described below
As shown in ﬁgures 2 and 3, the tubeloader sub-assembly is mounted on two shafts.
| These two shafts are the tubeloader camshaft 32 and the tubeloader layshaft 34. The
tubeloader layshaft 34 provides an axis about which parts driven by camshaft 32 rotate.
20  Moving upstream along layshaft 34, the most outboard of the elements associated therewith
are the downstream tubeloader pawls 36. The downstream tubeloader pawls 36 each consist
of an annular body 38 which is adapted to ride fixed on the tubeloader layshaft 34.
Extending forward of the pawl annulus 38 is the pawl arm 40. The pawl arm 40 has a
substantially linear section 42 and an arctuate section 44 extending outwardly and downward
25  from the pawl collet 38. The pawl tip 46 encompasses a plurality of areas. The interior side
of the pawl tip 46 defines a horizontal tube engagiﬁg surface 48, an angled tube engaging
surface 50, a vertical tube capture surface 52, and a horizontal tube misload activating surface
54. The exterior side of the pawl tip 46 defines an externally facing tube rejection surface 55.
These surfaces operate in concert with a downstream platen (not shown). The shape of the
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accordance with the principles of the present invention; and 20

Figure 8 is a flow chart of a method of nonitoring in accordance with the
pri nci pl.es of the present invention. .

Det ai | ed Description of a Preferred Enbodi nent Referring to
figure 1, an ywofegeen punp in which the present invention cacThsyutd?s zed
Is referred to generally as 10. The infusion punp 10 can be clanped onto a
standard IV pole 25 12. The infusion punp 10 includes a main body .
portion 4 Aseuate section 4 ofthe paywh36ipengh that when the pawlk 3648 fully lowered,the tube is
enbodi ment depi cted and described herein, two punp nodul e portions 16

are provi dedirmly wedged against therdommetceant platese Thepdesigp end thie imetiort conprehended tyody
portion 14 is a carrying handl e 20. The main body 14 further

i ncludes a |tubgloadecpa] tipl46ds repdated onlthéJower Rige dBan/dppehpuntp jaaesy. t 0
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PCT/ US97/ 10978  Syher(@bp8ihtor Y bty 4 fubOmitht ffusdiiiitimg {(Pariddicthate® hePUNP 10
to the user and provide for user interface with the infusion punp 10.

e e e T
25, T 1§05, 020,08 IS0 o Sl 1SR e e 5 P
m croproces So%rthemgpgrr}aivsﬂ?s;&g \t/oecén%lgtely close off the tube loading channel 27 on the |
outboard side of the infusion pump 10. Should a tube be partially inserted into the infusion
pump 10, yet remain wholly outside the tube loading channel 27, the tube reject surface 55
‘will operate to help expel the tube from the infusion pump 10. In the event a tube is loaded
15  partially within the tube loading channel 27, the misload activating surface 54 will help to
pinch the tube. When the tube is inserted into the tube loading channel 27 yet has not been
fully drawn into the infusion pump 10, the tube capture surface 52 will serve to draw the tube
rearwardly and thereby execﬁte a correct loading of the tube. The combination of the tui:e
reject surface 44, the misload activating surface 54 and the tube capture surface 52 provides
20 for a sharp discontinuity between the various loading scenarios.

The vertical tube capture surface 52 additionally works in combination with the
angled tube engaging surface 50 and the horizontal tube engaging surface 48 to hold the tube
securely in the infusion pump 10. This combination also helps provide for a deformation of
the tube by co-action of the angled surface 50 and the horizontal surface 48 to lock the tube

25  securely into the infusion pump 10. |

Referring now to figure 3, two helical gears 59, 61 are provided in a perpendicular
arrangement so as to transfer rotation from a tubeloader motor 63 to the transverse tubeloader
camshaft 32. The tubeloader motor 63 is a motor. The tubeloader motor 63 further
comprises a speed reduction gearset 65 operative to provide sufficient torque to rotate
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10 master mcroprocessor. In a preferred enbodi nent, the master

m cr oprocessor is a 80C1l86 EB avail able fromlIntel Corporation, Santa
Clara, California, and the slave m croprocessor is a 80C552 avail abl e
fromPhillips Sem conductors, Sunnyvale, California. The punp nodul es
16 further i nwoweks1as punp nodul e m croprocessor. |In a pref emoxseTieamsi nent
t he punp nodul e m croprocessor i-s a 68 HCl1l avail able from Mt orol a,
Schaunburg, Illinois. , 15 The punp nodul e m croprocessor includes software
i n read- 8nl yamshai32 agringhtheymg placed thereonsby the components i optactiherewith andn s
descri bed bel ow As shown in figures 2 and 3, the tubel oader
sub- assenbl yesidentronilayshafidd. Referririgafomsto figure 4, a tubsloader motorshaft 6Z extenslst he

t ubel oader canshaft 32 and the tubel oader |ayshaft 34. The

t ubel oader |feiwalrdlf frofyithe tubeloads® mtor 63 iafd pdssasithrelsghrthe fubeloadet! motorinduyit 69
canshaft 32 rotate. 20 Movi ng upstream al ong | ayshaft 34, the nost

out board of pykeyRlfeEenitat apt@RC7 IO thibdfaldinidior shaft 67 had(aat 1S defiia Sherdad M

t ubel oader pawl S 36. The downstream t ubel oader pawl s 36 each consi st
of an annul g whi wﬂ’é | ﬂ%g“ &%:&0?7 ader
| ayshaft 34%889&’%‘%% i ‘%@%&?ﬁ% %m&%&gfﬁ* pa anﬁ(’fj‘lk}iti}gk 8 is the
paw arm 40., The, pawl ,arm 40 .has a u%gsﬁt lally.line seqtiogn 42
Pd an 0t dneBebatien treaded saary 8 9 oo it g 90 BegA: e
pawl collet 38. The pawl tip 46 enconpasses a plurality of areas. The
i nterior si dithe rotationf thertubolnader drive geas 5§ &9 thatcof the thbaloadermator shaBS7engagi ng
surface 48, an angl ed tube engagin surface 50, a vertical tube
capture surface Referrimgbagk torfiguredsthe tubeloadenilrivecgear 67cis ahelidahent gearfwhersin
54. The exterior side ofthe pawl tip 46 defines an externally facing tube
rej ection suhdeeth ababout the circuhiferestiat peripherythaesd! Theseitstticangagy donmespgonding
downstream pl aten (not shown). The shape of the
S - teeth on the face of the tubeloader camshaft gear 61, thereby allowing perpendicular actuation
15  of the transversely mounted camshaft 32 by the longitudinally mounted tubeloader motor 63. -
A handwheel 79 is provided which includes a housing for a pivoting clutch tab 80. In
operation, actuation of the clutch tab 80 will cause the camshaft 32 to be freely rotated
manually by means of handwheel 79 without rotating the camshaft gear 61.
The camshaft 32 supports two compound cams denoted as the downstream cam 82
20  and the upstream cam 84. The downstream and upstreamn cams 82, 84 comprise, moving
outwardly from chassis, a camshaft deadstop 86, 88, which help to provide a positive stop for
camshaft rotation, tubeloader pawl cams 90, 92, which serve tb actuate the tubeloader pawls
36, valve loading cams 94, 96, which serve to lift valves out of the way during the loading
operation, and sensor arm cams 98, 100 which is operative to raise or lower the downstream
25 seﬁsor.
Referring again to figure 4, an exploded view of an encoder assembly 101 made in
accordance with the principles of the present invention is seen. The encoder assembly 101
comprises an encoder wheel 103 which is attached to the armature shaft 105 of motor 65.

The encoder assembly 101 resides in a pump motor encoder support collar 107 which
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PCT/ US97/ 10978 5 arctuate section 44 of the pawl 36 is such that when
the pawl. 36 is fully |owered, the tube is firmy wedged agai nst the
downstream pl aten. The design and the function conprehended by

t ubel oader pawlodsip346 is repeated on the |ower edge of an UHUIRSSHMOIYS | aw
57. When an operator is |loading a tube into the inf u5| on punp
10 and act uates the t ubel gadi ng cycl e by neans of an appropriate
actuator 3 t {Eovidesastidiae fit pespmotar housing 67 and is effixed;theretobyminch lamp in the
tube | oadi ng channel 27 which, in conbination with the | owering of

t he upper jﬁmﬁmﬁcde:oupisrstl(bl,dd&pteqxeﬁdeddﬂﬂdw'eekctﬁhdlytmmctedadth¢g!ssnhiamdeI
27 on the out board side of the infusion punp 10. Should a tube be

partial |y i nipgnakprocessib@eledisonicsbyia pritited circuit stripdenoted as the puihp Berisor sthiw t 15/
out side the tube | oading channel 27, the tube reject surface 55 wi ||

operate to hel p ReRling oS ﬂfe%ﬂ@ﬂdef‘ﬁhéel‘i@ﬁb@&nﬁﬂﬂ&ml%&éhc&&?vﬁx&éﬁma

tube is |oaded 15 partially W|th| n the tube | oading channel

m sl oad acti I"&ah f]é?:t%uﬂgng ﬂmn t he
tube is insé 1-.\5?5% rtltté %ﬁtfbgf&flé@l ct)gfc‘i{lﬁg g‘r’%ﬁe‘}“%““ é?’ g%as no &

fully drawn t 0.t f t ube u ce 52 W
sorve 0 APy Ap e ﬁsb%?%fg?fvémﬁwwﬁﬁw praliy e iisiepe

| oadi ng of t he tube. The c nat.i on of t ybe rej ect surface 44,
the m sl oad seeters\JA9 Wi btyiun laﬂs@ne%&tse%r H9s 8‘&6""’92’43‘? ovi des

20 for a sharp dlscontan|ty bet ween the various | oadi ng scenari os.

The verti calpresentdnventioncantesuplatesise SPencadir whoels hawingwnylwmber ofsatsonsand thus wi t h
t he angl ed tube engaging surface 50 and the horizontal tube engaging
surface 48 tanywddth. Likewisewhile in the embodiment described herein each flag 119 between each

sector 119 is 90° wide, the present invention contemplates use of encoder wheels having any

15 . number of flags and thus any width. The sectors 119:act to pass light while the flags 117 act
to block light. Blocked light can be assigned a digital logic high or 1 reference while passed
light can be assigned a digital logic low or 0 reference. These flags present a phurality of
optical images. The first of these images is defined by the edge 118 of the individual flag
117. The second image is defined by the central area 120 of the flag 117.

20 The flags 117 act in concert with the two optical couplers 111, 113 to fix the location
of the armature shaft 105 of the pump motor 65. The spacing of the two optical couplers 111,
113 is provided to obtain the desired quadrature signals with the signals nominally 90° out of
phase. Thus, the optical couplers 111, 113 are positioned such that when one is aligned with
the edge of a flag 118, the other optical coupler is aligned with the center of a flag 120. In the

25 embodiment described herein, the optical couplers are either 45° br 135° apart. If four flags
and four sectors were employed, the optical couplers would be 22 1/2°, 67 1/2°, 112 1/2° or
157 1/2° apart to achieve the nominal 90° phase shift.

In a preferred embodiment, the opticat couplers 111, 113 comprise a photo-electric

switch. In a further preferred embodiment, the photo electric switches comprise a first photo



securely in the infusion punp 10. This conbination also hel ps provide for a

def or mati on of the tube by co-action of the angled surface 50 and
the horizontal surface 48 to |lock the tube 25 securely into the infusion
punp 10. Referring nowto figure 3, two helical gears 59, 61
are provi ded woesngsspendi cul-ar arrangenent SO as t O HOTAISYY/HO78

rotation froma tubel oader notor 63 to the transverse tubel oader

canmshaf t 32 Th t ubel gad 63 is . a_ not The_ t ubel oa not or
further 3 ﬁ@éw@@&%é@w%cw SHL &?%emtﬂe/f@cpﬁeﬁpp i de
sufficient torque to rotate

6 with the plywlity3yf flogsbl 7 on the encoder wheel 103 thus acting to optically read the flags

PCT/ US97/ 10978 5 canshaft 32 against the drag placed thereon by the
conponent s 117 amiseetots 118 Asdesctibethid detail belowy the tiching ofdhe teadingethkendy. optical
Referring now to figure 4, a tubel oader notor shaft 67 extends

forwardly f E:&gilét!ﬂﬂt ulpshﬁyeeemmuedbﬁ&e pidflp RRAAGIE tniéroprObEBoriar Snalybe ShiBREE

not or nount y vvay of a central aperture 71. The tubel oader notor

shaft 67 hag QferhdiRe€ | The optical rea mﬁf%@c&l%ﬁﬁlﬁ:‘s‘éﬁ‘e doftvéHedV! de

a seat for t%e t Ube oa er ive gear setscrew I nserte
ther eby 18 W GB iehfla b Rl B Singting ckcyind BN NSR FOR prosemdtGolGREAR of
1 1) e o e et i B
are about the circunferential periphery thereof. These teeth engage
cor r espondi A{60 of a rotation of tubeloader camshaft 32.
As will be appreciated by those skilled in the art, the exact configuration of the
présent embodiment can be readily altered while maintaining the desired effect of the present
15 device. For instance, the optical couplers can be moved to an equivalent position which still
provides the desired effect. Additionally, encoder wheels having any number of flags and
sectors are contemplated as within the scope of the present invention. The present device can
be -coordinated with the use of different types of driving motors such as the driving motor of
the pumping motion. Of course, these various configurations are contemplated within the
20  scope of the present invention.
As can be seen in figure 6, the waveform of a conventional encoder/decoder
comprises two channels (A, B) wherein each channel has a first digital logic high state and a
second digital logic low state. Thus, in the conventional design, the state definition
correspond to four distinct stateQ. In the first state, defined as State 0, both channels (A, B)
25 are at a digital logic low (e.g. A, B). In state 1, the first channel (A) is at a digital logic high
while the second channel (B) is at a digital logic low (e.g. A, B). The state transition from

state 0 to state 1 occurs when the first optical coupler 111 detects the transition from a sector

119to a flag 117.



teeth on the face of the tubel oader canshaft gear 61, thereby all ow ng

per pendi cul ar actuation 15 of the transversely nounted canshaft 32 by
the | ongi tudinally nounted tubel oader notor 63. A handwheel 79 is
provi ded which includes a housing for a pivoting clutch tab 80. In
operation, aciweaisnensof the clutch tab 80 will cause the camndTaise7/8@78 o be
freely rotated manual | y by rreans of handwheel 79 wi thout rotating

t he canshaft gear 61. e.canshaft 32 supports two conpound cans

denoted &s the dmwrze%@ﬁmel@Olsﬁﬁ@@WOQﬁﬂﬁl@aﬁﬁm@.cﬁm B)is

downstream and upstream cans 82, 84 conprise, noving outwardly from
chassis, a @ammloﬂeaw(eg.saa).a&emmmmmd tpistatei Zeccursprdentlieve st op
for canshaft rotation, tubel oader pawl canms 90, 92, which serve to

act uat e t he secondloptichd coypderl133 detects the Hansitionl fom & setbri1¢9 ewaflagdill 7. I statef3, ch
serve to |ift valves out of the way during the |oading operati on,

and sensor ahdfifsAcHEnSdt (AJ{Rt NHeRAl logic RN tHe'sdobnd Hiafie] {18) ik BV Togic

downstream 25 sensor. Referring again to figure

expl oded vi q*ﬁtp(% SRR oh? th the
principles o gagf eZent Invention | s %%%%%%%3%odgpag§gﬁpwl
conpris an, .&neo 10 tach the armature shaft 105
of not o(raﬁ) coup &e&%etgﬁm% ?rg?%/ﬁ%(ﬁ P 90‘32 in a punp notor

encoder ort collar 10
7 SUPP Ai{msfg@/l%glfggte cpefimtlon returns to state 0, with both channels (A, B) ata

PCT/ US97/ 10978
digital logic low (e.g. A, B). The state transition from state 3 to state 0 occurs when the

second optical coupler 113 detects the transition from a flag 117 to a sector 119. Subsequent
state transitions rcpeat this pattern. This conventional design necessitates use of a clock state

15 . machine such as a decoder counter to keep successive counts in an internal register. For
example, a typical decoder counter which was utilized in conventional designs was a He;avlett
Packard HTCL 2000. The decoder counter includes means to address the metastability states
which may occur within the decbder counter internal logic during state transitions.’ |

In the present invention, two state waveforms (A’, B’) provide two encoder outputs.

20  However, in the present invention the state determination is self-clocking. In the present
invention, a state change in one of the waveforms (A’, B°) is registered as an interrupt or
internal control signal in the microprocessor. Rather than using an external clock or register,
the associated software recognizes each interrupt and causes a state change in the
microprocessor itself.

25 Referring to Figure 7, as determined by the method of the present invention, state 0 is
defined when the second optional coupler 113 detects the transition from a flag 117 to a
sector 119 or vice versa and the first optical coupler 111 detects the midpoint of a sector 119.
State 1 is defined when the first optical coupler 111 detects a transition from a sector 119to a

flag 117 or vice versa and the second optical coupler 113 detects the mid point of a sector

10



5 provides a sliding fit over notor housing 63 and is affixed thereto by

a pinch clanp 109. Two optical couplers 111,113 are provided which
are electrically connected to the associ ated si gnal processing

el ectronics by a printed circuit strip denoted as the punp sensor strip
115. wooss/aBeferring to figure 5, the encoder wheel gfifusomioomen in
detail. The encoder wheel 103 has, in the described enbodi nent of
the instant invention, two flags 117 extendln radially 10 outwardly

f r om t heS hub19.StateRds defined pen, I% 3Aptectsradransitipn fram a speter
equi space sectors 119. Vhlle |n the enbodlnent descri bed herein each
sector 119 119 ®k flugdd? or wise versa and the fisstopticalicouplen 1A deteats thephidpeiot ofadflagf
encoder wheel s havi ng any nunber of sectors and thus any wi dth.

Li kewi se whille in the enbodi ment described herein each flag 119 between
each sector 119 is 90[err] wide, the present invention contenplates

use of encoder wsﬁ?éﬁlslameagvmmeﬁi& [puEH!U&ﬁilerQﬁlﬁétwaﬁfﬂﬁnﬂdﬂlﬁon%‘ﬂa dth.
The sectors 119 act to pass light while the fl ags 117 act | ock

light. Bl oczﬁi Id%fﬁ%ﬁﬁ%%ggﬁl ¥ Aflef ﬁ'&ﬁeoﬁrthém&ﬁ) int 6f Y ©

whi | e passe og| c low or

f | it f t Th
firot ofb; noBe T o el G SeiaBichstitig sam 0o il Tep RO og
117. The second i mage i s _defined py the central area 120 of the flag 117.
20 ?fg 13 defects 4 trangition frony4 flag L1 te asectard 19 grd the firsgt apiinab s

111, 113 to f|x the |l ocation of the anmature shaft 105 of the punp
mot or 65. Theupigrddil defeess themidpoint of piseater!118.0Twsebyusingthe edge of a flag 317 er
provided to obtain the desired quadrature signals with the signals

nom nal | 'y 96¢ctorrl]l9 tatlock a reading of théistate bastll oa thetdpposite] non~dhangingpsignat, a811, 113
are positioned such that when one is aligned with the edge of a flag

a5 Lt gl el o o s SIS s, Bt 1201
45[err] 187 fneh&d dvof @l{etmetﬁsftabilﬁy fssid @ﬂ'fbut the use of expensive hardware. In addition,
the present invention retains the ability of the encoder/decoder to derive rotational directional
information.
Referring to figure 8, the method of the present invention is described. While
operating on a continuous loop, the optical sensors sense changes in the A’ or B’ waveforms.
20  This occurs if the optical sensor detects a transition from a flag 117 to a sector 119 or a sector
11910 a flag 117. If a change is sensed in the A’ waveform, at step 1, the B waveform is
sampled in step 3. If a change is not sensed on the A’ waveform, at step 1, the B’ waveform
is sensed, at step 2. If a change is sensed in the B’ waveform, at step 2, the A’ waveform is
sampled at step 4.
25 “The method includes three variables: the newstate variable, the oldstate variable and
the position variable. If at step 5 the B’ waveform is at a digital high, at step 7 newstate is

defined as three (3). If at step 5 the B’ waveform is at a digital low, at step 9 newstate is

defined as one (1). If at step 6 the A’ waveform is at a digital high, at step 8 newstate is

11



and four sectors were enployed, the optical couplers would be 22 1/2[err],

67 1/2[err], 112 1/2 or 157 1/2[err] apart to achi eve the nom nal
90[ err] phase shift In a preferred enbodi ment, the opti cal
couplers 111, 113 conprise a photo-electric switch. In a further

preferred enbegyssppizs t he photo electric switches conprise apdrosstng@hot o
8 WD 98/ 19135

PCT/ US97/ 10978 5 di ode 123 and a first photocel I 125. The opti cal
coupl er s 511 Mefinadzasdwe (B ilEatsten 6ithe Abwavelorayigat a digital Iy, apstem L0 pewstale ist y- of

flags 117 on the encoder wheel 103 thus acting to optically read the fl ags
117 and sectdefinedlds¥ero’®).descri bed in detail below, the timng of the
readi ngs taken by opti cal couplers 111, 113 may be controlled by the

punp nodul e m cr ok a&sKaE définedaystdye7 avthict (X)asldstate is ready siep 3 DgHDIdsttd ise
readi ngs thensel ves. The optical readings of optical couplers are converted

10 to digitwgl (), Wlﬁﬁemmnaﬁﬂﬁqﬁdmw&%%dlmv&m1§set

di gi tal processor contained in the m croprocessor. this presently

P%te;te{gﬁéosripqgée oa er‘;agigbr}éﬁap%%?&g@f :ﬁ%%ehﬁw%%dr%?ﬁd etatgppre% g{eed- by
erbodi melft A Sk 1 s o iiF R o e Pt gt B 38 I
the present 15 _ device. For instance, the optical Iers can be noved

to an equi vaat&wsp 15 gldstatedn zetp (Qnthen astep 17 the positiop ‘F EeTErRSY s ;|

Addi tionally, encoder wheels having any nunber of flags and
the oldstate variable is reset to the newstate variable value of three (3), at step 28. After

setting the oldstate variable, the loop continues. If at step 15 oldstate is not zero (0), a state
change in the waveform has been missed or the waveform has been misread and an error

15 condition occurs.

With newstate defined at step 9 as one (1), oldstate is tested at step 19. If oldstate is
zero (0), at step 21 the position variable is incremented by one, and the oldstate variable is set
to the newstate variable va)ue of iero (0), at step 28. After setting the oldstate variable, the
loop continues. If oldstate at step 19 is not zero (0), tﬁm oldstate is again tested at step 23. If

20  at step 23 oldstate is two (2), then at step 25 the position variable is decremented by one, and
the oldstate variable is reset to the newstate variable value of zero (0), at step 28. After
setting the oldstate variable, the loop continues. If at step 23 oldstate is not two (2), a state

| change in the waveform has been missed or the waveform has been misread and an error
condition occurs.

25 With newstate defined at step 8 as two (2), oldstate is tested at step 12. If _oldstate is
one (1), at step 14 the position variable is incremented by one, and the oldstate variable is set
to the newstate variable value of two (2), at step 28. After setting the oldstate variable, the
loop continues. If oldstate at step 12 is not one (1), then oldstate is again tested at step 16. If
at step 16 oldstate is three (3), then at step 18 the position variable is decremented by one, and

12



sectors are contenplated as within the scope of the present invention. The

present device can be coordinated with the use of different types of
driving notors such as the driving notor of t he punping notion. O
course, these various configurations are contenplated within the 20

scope of the Rpfessadissi nventi on. As can be seenpgmudorasie 6,

t he wavef orm of a conventi onal encoder/decoder corrpri ses two

channel s (A, B) wherein each channel has_ a first digital i C %iﬂgh state
and a 5 theoldsiaig veniable is setite)ihe aewiple yarigble valye of ?@)ﬂﬁéwe BB

design, the state definition correspond to four distinct states. In

the first stthd eldstate vaninbie, the I@ipatostiiyes.hifiahstethiwidstate (stnotg)ree(z)sastaw@acse a
digital logic low (e.g. A B). In state I, the first channel (A) is at a
di gi tal | ogQii tHeivgdveform has beshinlissed bﬂhemmmmmaaim{s&hdhﬂdﬁemdbmiﬁmis

logic low (e.g. A B). The state transition from state O to state 1
occurs when deky iy st optical coupler 111 detects the transition froma
sect or 19 to a flag 117.
9 MR SO deted

at 0), ol d fold
PCT/ Uso7/ 1007 "D pd, ot sfep, 10 ag 2erp (0), oldstate is fosted at step 20. 1£ oldstate is

i on (o.19°Afren 3 sl 22 e soRcen ve r}é‘?rﬁse&%feﬂﬁmmdm@&?%%n@ﬁ %ﬁg' ’
second optical coupler 113 detects the transition froma sector 119 to a
flag 117. | ekt thencystate variable value of zero (0), at step 28. After setting the oldstate variable,

the loop continues. If oldstate at step 20 is not three (3), then oldstate is again tested at step

24, If at step 24 oldstate is one (1), then at step 26 the position variable is decremented by

one, and the oldstate variable is.set to the newstate variable value of zero (0), at step 28.

15  After setting the oldstate variable, the loop continues. If at step 24 oldstate is not one (1), a
state change in the waveform has been missed or the waveform has been misread and an error
condition is designated.

It should be understood that various changes and rﬁodiﬁcations to the preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and

20 modifications can be made without departing from the spirit and scope of the present

invention and without diminishing its attendant advantages. It is therefore intended that such

changes and modifications be within the scope of the claims.
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the first channel (A) is at a digital logic | ow while the second channel
(B) is at a digital Iogl c \'ﬁuml" "ﬂlgﬂlllmuﬁ) The state transition
fromstate 2 to state occurs tical 10 coupl er 60
detects the transition froma flag 117 t0 & séctor 1109. After
state 3, the womsaodsfinition returns to state 0, w th bot h mirwssaies?§ A, B)
at a digital logic low (e.g. A B). The state transition fromstate
3 to state Q. occurs, when the second optical coupler 113 detects the
transitidn fﬂbﬁ-‘&-‘hﬂ&s‘ﬁﬂﬂ to a sector 119. Subsequent state -
transitions repeat this pattern. This conventional design necessitates use
of a clock dtat eA manitorfergnenitoring the pasition efacaefer shaB gAmpRsiEE keep successive
counts in an internal register. For exanpl e, a typical decoder
“counter which mamaﬂdoﬂézwhbelwmmdauthmbrmmmmmwmm at least
Packard HTCL 2000. The decoder counter includes nmeans to address the

net ast abi | i tdﬂemoakﬁgareaandaﬂmt@ﬁm]@mgw thin the decoder counter
internal logic during state transitions. In the present

invention, tWo Stg deRYeE i BBtedifp theprischlc b sbRnd T tRINIOAE g fed Stths. 20
However, in the present 1nvention the state determnation is self-clocking..
In the rese I nvention, a state change in one of the waveforns

1o eoger pigely

(A", B) as an interrupt or i nternal control signal in
the m cr opr ocessor. ther t xt er pal, cl ock or | St
the associ ated s@PFeR ée'F%‘e M‘%‘“@cﬁ& F&Wf]ﬁ’ﬁ @FLE'E agfeé“’%ﬁ%nge

in the m croprocessor itself. Referrlngto Figure 7,
as det er m ndhbe blocking.ameof thejenopd ‘!“I’Y@‘%‘F esent invention, state 0 is

defined when the second optional coupler 113 detects the transition froma
flag 117 to a  means for conelating Sheposition of the motorshaft torome of a pluradigyt oftstatescoupl er
111 detects the mdpoint of a sector 119. State 1 is defined when
the first opefified byctas platingd dfithé!RisCaidsecont detectoisi d from a sector 119 to a

flag 117 or vice versa and the second optical coupler 113 detects the md
poi nt ofysa sect Olpeans within the correlating means for transitioning from one state to another state
when a transition between a blocking area and a non-blocking area is detected by one detector
and for determining the state by the presence or absence of the blocking area as detected by
the second detector. |

2. The monitor of claim 1 wherein the encoder wheel contains a plurality of blocking

20  and non-blocking areas.

3. The monitor of claim 1 wherein the detectors are optical couplers.
4, The monitor of claim 3 wherein the optical coupler comprises a photo diode and a
photo cell.

5. The monitor of claim 1 wherein at least two states are defined.
25 6. The monitor of claim 5 where four states are defined.
7. The monitor of claim 1 wherein the correlating means is a microprocessor.
8. The monitor of claim 1 wherein the motor shaft is in an infusion pump.
9. The monitor of claim 8 further wherein the motor shaft is connected to a tube loading
motor.

14



10 WD 98/ 19135

PCT/ US97/ 10978 5 119. mmmummum"l' d when the second optical coupler
113 detects a transition 119 to a flag 117 or vice
versa and the first optical touplér £il*detects the midpoint of a flag
117. wO098/19188 ate 3 i s defined when the first opticalpcermispt/tes7sl1l
detects a transition froma flag . 117 to a sector 119 or vice versa
and the secqnd optical, coupler, 113 detects the njdpoint, of a 10 flag
117 ArtSr . War Romeifin o8 plopEoringithe pesitn of & OIon ShATLCHELISBE0 This ar i <0
when the second . optical coupler 113 detects a transitigon froma flag
117 to a sector definingas leastonebjogking grepang at least one neiplacking anes ofjan encoder; he
m dpoi nt of a sector 119. Thus, by using the edge of a flag 117 or

sector 119 twheellcomectedteteimmgorshaft;he st ate based on t he opposite,

non- changi ng signal, as opposed to using the edge of a flag or

sector to defi nedétbing it fredencdviiabseact of iticbloskifpiéa of tie encodee wheel avoi ds
the metastability issue without the use of expensive hardware. |In addition,

the present i ”Veﬂét'b&ﬁ?riﬁhﬁécﬂﬁdIo@&ioﬁ%éﬂr&één&fortaﬁfené‘d’&‘?ﬂ@ﬁlé [ oflthe deT i Ve
rotational directiona I nf or mat’ on. Referring to
figure % tggcoggll e(gl,of the present invention is described. Wile
operating on a continuous |oop, the optical sensors sense changes in the A

or B waveforns. 20 . This gccu if th tical. sensor tec
transition from SFeape qusﬁ“’ﬁ ogg'ft“lﬂt"rf%é)@ﬂnﬁ"tﬁe L“E?i‘%' of s defind by the
readings of the first and second detections; and

transitioning from one state to another state when a transition between a blocking area
and a non-blocking area is detected by one detection and for determining the state by the
15 presence orabsence of the blocking area as detected by the second detection.
11.  The method of claim 10 further including the steps of defining at least two states.
12.  The method of claim 11 further including the steps of defining at least four states.
13. A monitor for monitoring the position of a motor shaft comprising:
an encoder wheel connected to the motor shaft, the encoder wheel defining at least
20  one blocking area and at least one non-blocking area;
a first detector which detects the presence or absence of the blocking area of the
encoder wheel;
a second detector offset from the first detector which detects the presence or absence
of the blocking area of the encoder wheel;
25 a correlator which correlates the position of the motor shaft to one of a plurality of
states defined by the readings of the first and second detectors; and,
the correlator compﬂsing a transitioner which transitions from one state to another

state when a transition between a blocking area and a non-blocking area is detected by one

15



119 to a flag 117. If a change is sensed in the A° waveform at step 1, the

B waveformis sanpled in step 3. If ﬂuﬂﬁﬂﬂﬂmmlm)ﬂm,gnsed on the A
waveform at step 1, the B waveform i p 2 If a
change is sensed in the B waveform at step’2, ‘the A vavéformis

sanpl ed at st ¢y ¢8/191385 The met hod i ncl udes three varpEit®sesrse
newst ate vari able, the oldstate variable and the position variabl e.
If at step 5 the B waveformis at a digital high, at step 7 newstate is
defined &s deteeter gnd)a defermipor which defexntinestthe state by therpressnagor gbsgnesiafshe | ow, at
step 9 newstate is defined as one (1). If at step 6 the A waveform
is at a di gbloekinDiarph as détecdedlyy the sepomt deteetar.s WO 98/ 19135
PCT/ US97/ 10978 5 defined as two (2). If at step 6 the A waveformis at
a digital |qw afThéoRitcrdf ol | Rivliereth the encoder dhibélROAtaiNS a pRE4lity 8 blocking
Wth newstate defined at step 7 as three (3), oldstate is read at step 11.
I'f ol dst at e gh$non-blocking #eas 2) , at step 13 the position variable is

i ncrenented by one, and the ol dstate variable is set to the newstate

variabl e, o AE 76ué Py of i v Wbeiife b} S Bl bl U o Cu (o)

then ol qstate is ain tested tep 15. Jf at, step 15, .0o|dstate is
zero ()8 tfn aFhemgpitorst claim ﬁﬁ%&éﬁ%@%@lw&%‘ﬁ@ BA8, and
the oldstate variable is reset to the newstate variable value of three (3),
at step 28. phetoeell. setting the oldstate variable, the | oop continues.
If at step 15 oldstate is not zero (0), a state

17.  The monitor of claim 13 wherein at least two states are defined.

18.  The monitor of claim 13 where four states are defined.
19.  The monitor of claim 13 wherein the correlator is a microprocessor.
15 20. The monitor of claim 13 wherein the motor shaft is in an infusion pump.
21.  The monitor of claim 20 further wherein the motor shaft is connected to a tube

loading motor.
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e

chan i vef orm has been ni ssed or the waveform has been m sread and
an error 15 conditi on occurs. Wth newstate defined at

step 9 as one (1), oldstate is tested at step 19. If ol dstate J

zero (0), at step 21 the position variable is |ncrenemtﬂﬂﬁﬁvm 8 and the
ol dstate variable is set ' to the newstate variabl e val ue of zero (0),
at''step 28. After setting the oldstate variable, the | oop-conti nues.

| f ol dsigapesnatd5step 19 is not zero (0), then oldstate is again tested at
step 23. If 20 at step 23 oldstatgﬂi two (2), then at step 25 the
position variable is decrenented by and the ol dstate variabl e
is reset to the newstate vari able value of zero (0), at step 28. After
setting the oldstate variable, the |loop continues. If at step 23 oldstate
is not two (2), a state change, .. 4 he wavef orm has been m ssed or

t he waveform has been m sread and a ¥G.o condi tion occurs. 25
Wth newstate defined at step 8 as two (2), oldstate is tested at step 12.

If oldstate is "one (1), at step 14 the positio ariable is

i ncrenented by one, and the ol dstate variable is set to the newstate
vari abl e value of two (2), at step 28. After setting fih§{ ol dstate vari abl e,
t he | oop continues. If oldstate at step 12 | offt one (1), then

ol dstate is again teste st S ol dstate is three
(3), then at step 18 the postftTqn_variabl e_i cr by one, and

12 WD 98/ 19135
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5 the oldstate variable is set to the newstate variable value of two (2),
at step 28. After setting- the ol dstate variable, the |oop
continues. If at step 16 oldstate is not three (3), a state change

in the wavef orm has been m ssed or the waveform has been m sread and an
error conditiwo 9839135 desi gnat ed. Wt h newcraise7/mefsi ned
at step 10 as zero (0), oldstate is tested at step 20. If oldstate is 10
three (3), at step 22 the position variable is increnented by one, and the

ol dstate variable is set to the neggiate variabl e val ue of zero (0),

at step 28. After set 'g t he ol dst gbs vari abl e, the | oop conti nues.

If oldstate at step /9:’.) no), then ol dstate i an tested at
(RS step 26 the

step 24. | f_ SR Tara&-qne (1), then
posi tion vari abl %@t/‘/ «f’{a@v ~ bne, and the ol dstate vari abl e
Is set to the WI/‘{/}” .1.’?%’.‘: e ro (0), at step 28. 15 After
setting the ol Agis ,qf ey f ghti nues. |If at step 24 oldstate
. V Y e Ay /{//‘\\ .

is not one (1 : fe vvave}grm has been m ssed or

: Ié(( s
t he wavef or &-,1 o , ondition is designated.
It shoul d be Qfg .‘.i o!o 2 i ;
preferred DV ;ﬂwm .{ Sl g

gQd nodif e s, to the
Xy o
skilled in theNar R l '

i
Hle made
y fi on

wi t hout departh_r} N Ol 1 IPY in
and W t hOUt d| n| NI ‘\‘\. 1. SR > T aR0Tr € "'-\‘—; ded
that such . S5eha .,‘l \b Nk l‘r\oi/ oy
cl ai ns. 54 :
50
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13 WO 98/ 19135

PCT/ US97/ 10978 5 What is clained is: 1. A nonitor for nonitoring
the position of a notor shaft conpri sing: an encoder wheel
connected to the nmotor shaft, the encoder wheel defining at |east

one bl ocki ng whegiassl at | east one non-bl ocking area; PCT/US97/1098 f i r st
detector for detecting the presence or absence of the bl ocking area of the
10 encoder wheel ; a second detector offset fromthe first
detector for detecting the presence or ab e of t he bl ocki ng "ar ea
of the encoder wheel; means tor correlating the position of
the notor shaft to one of a plurality of states defined by the

readi ngs of the first and second detectors; and 15 mears~y t hi n

the correlating means for transitioning from.one state to anoth
when a transition between a bl ocking are ng a non-bl ocki ng ar/é®
detected by one detector fﬂdi




and for determning the state by the presence or absence of the bl ocking
area as detected by t he second detector. 2. The nonitor of
claim 1l wherein the encoder wheel contains a plurality of blocking 20

and non- bl ocki ng areas. 3. The nmonitor of claim|l wherein the
detectors ar gugpdainbfagl coupl ers. 4. The nonitor ofpciEsm®7dher ei n
the optical coupler conprises a photo diode and a photo cell.

5. The monitor of claiml wherein at |east two states are defined. 25
6. The monitor of claimb5 where four rc‘t es are defined. 7. °

The nonitor of claiml| wherein the correllating means is a m croprocessor.
8. The nonitor of claim1l wherein the notor shaft is in an infusion
punp. 9. The nonitor of claim@8 further wherein the notor shaft
is connected to a tube | oading mﬂgﬁ :

14 5 10. A method for noni't'0T1 Ag the position of a notor
shaft conpri sing: defining at |east one blocking area and at
| east one non-bl ocki ng area of an encod A wheel connected to the

not or shaft; 0.1 ,2y,3,0 .,A f-A

)
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detecting the presence or absence of the bl ocking area of the encoder

wheel ; detecting in a second | ocation the presence or absence
of the blocking area of the 10 encoder wheel; correlating
the position of the notor shaft to one of a plurallty of states defined by
t he I qp@lbdt3sof the first and second detections; andpCr/usy7/10978
transitioning fromone state to another state when a transition bet ween a
bl ocki ng area and a non-bLocking area is detected by one detection
and for determ ninggthe state by fhe d§(§? pnce or absen of the °~

bl ocki ng area as deffected by the econd ct ffon. 11§ The net hod

of claim 10 further |including the|steps of defijning at | eastj two states.
12. The net hod of clain1116£urt er inclgglng the stepg of Hdefining at
| east four stases. 13. A} moni t or roni toring thel position of a
not or shaft coRpriSMIT: — an éﬂmodes Wheel ‘ d to the
not or shaft, theélenaoddr wheel [deffin] ng at lleast {20 ong bkodki ng area
and at |east one |nog bljocki ng & la first|d@edtor which
detects the presgncg ol absenc the bl ocKi nt afea of t1e“ encoder
wheel ; W alsecond r of f sqt Ego the fif d t ect or which
detects the presencz orl absencg of tHe ogki ng ar he encoder
wheel ; 25 < alcorrel af ch correl & t he poki & of the
notor shaft to one gf a plurality st.tes defi ned t he readings
@iond detectors] and, the coyrel ator
conprising a transkt]i oner which tfansitions fghnqone state tp anot her

state when a transif\on between ajbl ocki mg area\and a non-bl pcking area is

detected by on A

NO

AT DIGITAL
HIGH

AT DIGITAL
HIGH 2

READ B’
WAVEFORM
READ A’
WAVEFORM

FIG. 8a
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PCT/ US97/ 10978 5 detector and a determ nor which determ nes the state

by the presence or absence of the bl ocki ng area as detected by the
second det ector. 14. The nmonitor of claim13 wherein the encoder
wheel contai ggyaaplsgral ity of bl ocking and non- bl ockirgyresswus7s

15. The nonitor of claim 13 wherein the detectors are optical couplers.
10 16. The nmonitor of claim 15 wherein the optical coupler conprises a
phot o di ode and a photo cell. /%J. The nonitor of claim 13
wherein at |east two states are defined.6. 18. The nmonitor of claim
13 where four states are defined. 19

The nonitor of claim 13
wherein the correlator is a mcroprocessof. s 20. The nonitor of
claim 13 wherein the notor shaft is in af 'ﬁgus on punp. . 21. The
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