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FOR.JIEJ)J:CAL PROCBSSDIG DBVJ:CES 
Field of the :tnvention . 

The invent~on ·relates to·control systems ~nd 
5 user interfaces for fluid procf!ssinq systems, such 

as blood processinq systems and.the like. 
Background of tbe :tnvention 

Today people routinely separate whole blood by 
centrifuqation into its variou~ therapeutic compo-

10 nents, such as red blood cells., platelets, and plas­
ma. 

. . 

These and other medical processinq devices are 
often controlled us~nq microprocessors with resident 
proqram software. The microprocessors also usually 

15 include some tyPe of interface · throuqh which the 
operator views and comprehends i~.formation reqardinq 
the operation of the fluid proc~ssinq systems. 

As the operational and performance demands upon 
such fluid processing systems become more complex 

20 and sophisticated, the need exists for simp+ifyinq 
the control hie~archy of microprocessor based 
control systems. 

As the operational and.perf9~~ce demands also 
become mo·re complex and sophi3ticated, the need 

25 exists for strai.gh'tforward, yet -·~igher interactive 
user interfaces. 
supary of the xrivention - ' : . 

One aspect of-. the invention: a_ddresses the need 
for simple yet effective cont·r:o~ systems. This 

30 aspect provides an abstract, i·~iirtual" interface 
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betw~(!~ ·tlu( ~ciftware based appltc,ations resident in 
the contrcil.l.er and the hardwar.e elements of the 
fluid. ~l?ocessi,ng system. High l:evel process soft-. . .. . ·. ·. .· 

ware ·tesident in the controller .communicates with 
lower .• i~v~l> .implementing process .software in an 
instr\µlent ~ail.ager, instead of . communicating di­
rectly' ~ith>-hardware elements.· ·In this way, the 
inte~•di2lte instrument manager ,1.solates or "hides" 
all · haf.d~~;re.-~pecif ic commands ·from the high left 
coritro1'soft~~e. The data flow );>Ea.tween the instru­
ment maha.ge:rt·aiid the hardware elmnents of the . system 
is in~isibl~·t.o the high level a;oftware • 

. Th•ct~ation of the virtual interface between 
high · ley~l· :process software and ·the hardware ele-

15 ments .• pr,ovideas consider~le flexibility in adding or 
modifying the process software. 

An9the~"'aspect of the invention addresses the 
need for •tr~iqhtforward yet highly interactive user 
interfaces. <·This aspect of the invention provides 

20 an inter:fac~ :_having two ·distinct viewing regions, 
called ·t.he: &ltatus region and ·the working region. 
Preferal>lY, .ihe two viewing regions are fixed in 
relativ~ .. '.p6sition and· unchanging in size on the 

25 

.·. ··.:: 

interf.~·C'e ·. screen. This provides . continuity and 
consi~t:EmC:y.to the appearance of 1:h~ interface, even 
as the .. · · f.uncti~nal hardware ·of the system cycle 
through ·clif f~rerit proce~~ing mode~·. The uniform! ty 
and consistency of the dual viewJ.ng regions of the 
inter:fac~'-reduce operator confusioh and the likeli-

30 hood of .error.• 
Aceordin~ to the invention,.· the status region 

and the ~oi-k:i.ng.region are.each d~~{cated to differ­
ent types -and.;· levels of, infor;matici~.. Nevertheless, 
the two re9io¥e; are always displaY;~d simultaneously 

35 to provi;de tn$< operator views of both high level. 
·,.·.···:· ... '. 
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"biq picture". information (in~>the status reqion) and 
low level "det·ailed" informat.ion (in the workinq 
region). 

The two vf•wing regions-,~~o a~low the operator 
5 to use the interface quicJc+y to find and select 

among detailed ::procedures, t'.fui.c:tions, and options 
·.· . -~ . 

during system.· operation, 02: .>to perform off-line 
functions, without losinq to~Ch with the· overall 
status of the ongoing procedure. The two viewing 

10 reqions permit tlle operator to.navigate what is in 
reality a multiple-level menu stn.cture to attend to 
details on one menu level~·. without necessarily 
moving stepwise up and down the(.menu structure and 
without losing the ability to,_ bn command, immedi-

15 ately jump between higher and.~ower menu levels. 
The features and advant~qe~ of .the invention 

will· become apparent from the following description, 
the drawings, . and .the claims •. 
Brief Description of the nrawinqS 

20 Fig. l i·s a diagrammatic ,;j.~~ ~f a dual needle 

25 

30 

.35 

platelet collecti,on system th2lt ··includes a con-
. . . 

troller that 8iabodies the features· of the invention: 
Fig. 2 is a diagrammatic fl.ow.chart view o! the. 

controller and associated int•tface that embodies 

the features of the invention: :· ... ·.· 

Fig. 3 is a~other diagr~1nJn~1:ic view of the 
controller and. ~s~~_ciated interface_>·s~own in Fig. 2, 

and further show~~g the· comm~nd .;·and status flow 
-<· -_>.·: :: r~~ ·. ! 

hierarchy; · · 
Fig. 4 is a v~ew of the d~~1;····rf;\gion interface 

that embodies.th.a f~atures of th••J.:ri~~tion, showing 
the block and. totlch activatect(/·fields that the 
interface contains;:.. :> ::F · 

Fiq. sis a vi~w of the inter£~¢e shown in Fig. 

4 when in a full screen mode; , 
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· Fi,g. · 6'.1:11 a diagrammatic .. view of the detection 
and .. di~pla~:'.·o:f abnormal -·function conditions by the 

. ... .... .··· . v . 

cont~ollershown in Fiqs. 2 and 3; 
: ·. Flq .) 7\ is a view of the : aua.l reqion interface 

in an. .a'.ia~ <~ondition: 
·.·tiq. ,8'/·.i.s a view of the dual reqion interface 

in a'sy.e;t~start-up default_c~~dition, showinq the 
·.. . ~ . 

M•in )l_enu :tn the workinq reqfon of the interface 
····<. .. .. ,. ·. 

screen; 
10 .·P.J.,q. _·9_,_ is a view of tb..e condition of the 

interfac~ .sc~een with· the HELP .. button activated in 
the .. s.tatu.>r'eqion when the Main. Menu is active in· 
the ~or~in~· ~eqion of the scr~.~; 

.. -~iq .• 'io}is a view of the d~al region interface, 
. ···.. .·: .: ·- ' 

15 showiriq:the··select Procedures SUl:>Menu in the workinq 
reqi~h·:.~f -. .th~ :'interface screen{ ..... 

.. .. . J'ig~ ··1i,·:1s a view of the dtlal reqion interface, 

snow-in~ tl,,e:: :installation i~itruc .. ti~ns for the 
inst~~l .. mode ·,iri the workinq req'fon of the interface 

;··:·.-=.·:" . 

20 screen: 
·Fig~ i2 ··,is a view of the dtial region interface, 

show~nq .-_ th~ '.d;etailed procedu~~s display for the 
coll~cit~on· mod~ in the wo'rking ~eg~on .. of the inter­
£ ace scraaeril'-' 

25 Fiq. l:f:_,i91 a view of the dµal region interface, 
showing .... :the'~~-Ea,dit/modify sere~~', for the detailed 
procedures :di.splay in the working region of the 
interface.s6r~~n-durinq the coliection mode: 

.. · .. , .. · .... , ·: 

·Fig'.; 14 is a view of the dual' region interface, 
30 showing th~_,M.in Menu in the w~i-k~nq region of the 

inter-f~ee sC:feert durinq tne collection· mode: 
F,i_q. is(fs a view of the dliai:region.interface, 

showing the· si;>'$cial Features suhM'.~nu 'in the working 
region of the .·intei::f ace screen dl1rinq the col .. lection 

35 mod~;-
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Fig. 16 is a view of the du_al region interface, 
with the detailed procedures di~play for the collec­
tion mode in the working ·%'.~qion, and a return 
occlusion alarm in the status region; and 

· .. :::·.<··· I 

5 Fig. 17 is a view of the d,ual region interface, 
with the instructions for cc)rrecting the return 

... -;·, .. 

occlusion alarm in the workil).q,. region during the 
collection mode. 

'l'he invention may be embodi~d in several f crms 
lO without departing from its spirit or essential 

characteristics. The scope of· the invention is 
defined in the appended claims,·:rather than in the 
specific description preceding<~em. All embodi­
ments that fall within the mea:ning and range of 

15 equivalency of the claims are the'refore intended to 
be embraced by the claims. 
D@scription of th& Preferred Elilb9diPents 

Fig. l shows in diagra.~t;l.c form a fluid 
·: '·.:· 

processing system-lo. The ·system iO can be used for 
20 ·processing various fluids. Th~. system 10 is 

25 

particularly well suited for proc:.ssing fluids tor 
medical purposes, like whole blood.al)d other suspen­
sions of biological cellular mater~~l·s. Accordingly, 
the illustrated embodiment shows the system 10 used 
for this purpose. 

I. THE SEPARATION SYSTEM ' : · .. 
. ' .·. ·.· .. 

The system 10 includes an arrangmuent of durable 
hardware elements, ~ · Tne hardware . *lel!lents will vary 
according to the hature and type"';of processing 

30 system. In the context of proces~in9' whole blood, 
the hardware elements will include , a': .r:entrifuge 12, 

in which whole blood (WB) is s,epa~~ted into its 
various therapeutic' components,: <i~ite · platelets, 

.. ,.·· .: 

plasma, and red blood cell• {RBC) ,·/ · .. ,: The hardware 
. ,. -~ . 

35 elements will also include various p\imps, which are 

·.,·. 
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ty:g>i~ally·.·p~~istaltic (desig~-~~d-· Pl to P4); and 
vario.lis :·ir( line clamps and v~l~.~~ (designated Vl to 
vjr •' i{e:' C:bu:rse, other types·: ~f :·hardw~re elements 
~~il.: j:Y})~~~lly be present, wh,i.~:b,···. ~~9· 1 does not 

5 s}low, .::like solenoids, press11re\ llionitors, and the 
iii•~ ·>'"" . :: .: 

.· Th.e · .sy•t~ 10 typically a~so includes some form 

of· a d.~~~o~able fluid processinq.>~~s-ly 14 used in 
asso(:iatio~ with the· hardware'eiements. 

10 · : In;: the,:,.i11ustrated blood pr~cessinq system 10, 

15 

tile asilembly .14 includes. a tw~ .·•staqe . processinq 
' ._' ... ·· . . . 

chamber ... i·6/ ::_In use, the centri·~\lge 12 rotates the 
pr~ces~ing): chamber 16 to ceptr~:fugally separate 
bl6cSd·components. 

The;:·:c:onstl:'Uction of the two. stage processing 
For example, it can take the 
like the processing chambers 
al. u.s. .Patent 4, 146, 172. 

Al t•#ria~ively, . the processing · cha~er 16 can take 
20 the .fobn: cif 2ln elongated two st'.~qe inteqral ba9, 

lika.tii&lf:15ho~ in Brown· u.s. Patent 5,370,802. 

25 

30 

In. ·tlie ,·).llustrated blood processinq system 10, 

the: proe~;sinc{.assembly 14 also .in~ludes an array of 
fl~xi.b~.~· :;ttibinq that forms a '.fltiid circuit. The 
fluid .. eir~u1t.·: cc;>nveys liquids to and from the 
pro.~e~~~~~: ,- chaluber 16. The pumJ?~ Pl-P4 ·and the 
vaivel!5: vi.;V-3 ertgaqe the tubinq ":tb· govern the fluid 
flow tfi}?:Pie.cribed ways. The fluid· circuit further 
include~.·:;~ number of containers \.(d~signated Cl to 

. . . ;. . ~ 

CJ) ·to· cii.sspf!nse and receive liqu~d~. Q.urinq process-
inq. 

A controller 18 qoverns the :."·9p.ration of the 
various."-hardware elements to carry out one or more 
proc.essinq t.~sk.~ using the assenlbly.:,14. The inven-

35 tion · :spe'clfically concerns important attributes of 

.-: 

·=.· ·~ ·,.:.:.:;· . 

c 
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<'.the: controlier 18. · · · Th~ :syst... 10 can be confJ;gl.ired to accomplish 
di,ve~s$_tyPes of blood separation processes. Fiq. l 
~he>ws:'.·:/~e ~~s.tem 10 conf igurad : t~ · carry ou:t an 

s ~u.tomat.ici· twc:> needle platelet' '.c:o.llecti~n procedure. 
· : /.\ tn . ~ ''collection mode, a · f~'rst tul:>inq branch 2 o 
and -fh.~•- ·llrhole<·blood inlet pump':.· .P2 di~ect WB from a 
draw:\l,.eedle :22 into the firost stage 24 · of the 
pr<?c~ssin~ ·-• ~h1'1'lber 16. Meanwhile, an auxiliary 

lO t.ub~nq . ,,b~~c~·. 26 meters anti.cpa~lant from the 
ce>nta.in~r::c1 \to the WB flow through the antico-
agu~apt:•pµmp -Pl• · · . ·. " .. ~~~:~~ntain~r c2 holds sali~e. solutlon. Another 
au~iliaey·tul:>i:nq branch 28 conveys the saline into 

15 thta fi.rst· tu.bing br.anch 20, via 'the in line valve 
Vli fc,>r'•/'~e · i'n priming and putqing air from the 
sy~t4¢ ·l.0-beforf!.,processing begins. Saline solution 
is.: 'ai•o '.i~trod\iced again· after ·processing ends to 
flush :-re~ldu8.1 .c::;6mponents from the assembly 14 for 

2 o returh<tp: ·'t.lie do.:nor. 
. Aht.icoa.9\i1ated WB enters. a~d fills the first 

stacj°e• :24·_::_:··of. ····the processing ch2unJ:>er 24. There, 
cent.i;'ifuqal .force.s generated duriP9 ·rotation of the 
centrifugj . J..2. sepµ-ate WB into red ):>lood cells (RBC) 

25 and p.l'a'1:ei·t~rich,plasma (PRP). Th. :_l'RP ·pump .. .-P4 operates to ~J:.aw PRP from the 
first -staqa, 24 •. of:. the processing 'bhaml:>er 16 into a 
second :tubihq··· braneh 3 o for transpbrt to the second 
stage 32 ·.():f:','the p~ocessing chamber·16. There, the 

30 PRP i~ sep~rated into platelet conce~trate (PC) and 
platelet-p6,cr_:·p1a•m~ ··(PPP). · •. '. The sy~~taln. io,··_inciudes a recirculat~·on tubing 

., . . .· .... ·'·. 

:. ·, . 

branch 34 ··'and_:. an associated recirculation pump P3. 
The procet;~ihgc:on~roller 18 operates the pump P3 to 

35 divert_ a: portidn o:f· ·the PRP exiting ·.tile firs~ stage 
·-,.: 

·:"': . ."·_ · .. · 

" 
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24 of the prpcessinq chamber i,~ for remixinq with 
the WB enterinq the first st~qe ·. ~4 of the processinq 
chamber 16. 

As WB iss drawn into the f ir'.'t chamber staqe 24 
5. for separatic;m, the illustrate~ two neeadle system 

simultaneously returns RBC frb,, the first chamber 
staqe 2 4, a1c:1nq with a portion., .. Of the PPP from the 

· .. 
second chamber stage 3 2, to t~e donor through a 
return needle 3 6 through t~inq '.branches 3 s and 4 o 

10 and in line valve v2. 
The sys~em 10 also collects .. PC in some of the 

containers C3 through tubinq brahches 38 and 42 and 
in line valve V3 for storage a»d therapeutic use. 
'!'he system 10 can also collect :P·PP in sotne of the 

15 containers C3 throuqh the same tluid path. 

20 

:CI. 'l'HE $YSTEM CONTROLLER 
The controller 18 carrie~· out the 

process control and monitoring: functions 
system 10 as just ··described. 

overall 
for the 

In the illustr~ted and preferr~d embodiment (see 
Fiq. 2), the controller compr~ses a main processing 
unit (MPU) 44~ In the pref~rred embodiment, the MPU 
44 comprises a type 68030 mic;',oprocessor made by 
Motorola Corporation, althou~ti,. other types of 

25 conventional microprocessors c~ri-· })e· used. 
In the preferred embodiment1'.:'.it~e MPU 44 employs 

conventional .·real time :znulti-ta.Jtinq to allocate MPU 

cycles to processing tasks. . ' · A periodic timer 
. . . ' .. ~ 

interrupt (for example, evei:'¥; 5 milliseconds) 
30 preempts the executing task a~#·: schedules another 

that is in a ready .. state for.;: f!xecution. If a 
reschedule is requested, the }?-~~h·~s:t priority task 
in the ready state is scheduljc1.' ·Otherwise, the 
next task on the list in the r~~:ay state is sched-

35 ule. 
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· .•. A.· Functional ~llare control 
. . . - . . 

·:_:The: MPU 44 includes ~n application control 
. manaqer < 46 ~ The application control manager 46 

administ::ers . the activatiort ··. of . a library 48 of 
. .· . . ·' .- :·· .· I 

s cont#'ol .. applications (design•ted Al to A3). Each 

10 

15 

contrcSl .. ·appfi.cation Al-A3 pr._s(:ribes procedures for 
cam~9·>0Ut'. given functional . tasks using the system 
ha:rdwa~•<·(e.·q., the centrifuqe ·12, the pumps Pl-P4, 

and·'t;h..avalv~s Vl-V3) in a prlldetermined way. In the 
illu,s'trated: and preferred embodiment, the applica­
tions.:·A1~1d ·.~side as proces~· s.~~tware in EPROM' s in 
the.~·. 44·. · 

Th• ~.~~r of applicatiqrus. Al-A3. can vary. In 
the .i.i1u~trated and prefe~red embodiment, the 
lib~aey\ 4a··:1nd1udes at least · o~~· clinical. procedure 
applicati~l1 'A.1. 'l'he proced\lre application Al 
contai?ls . ;he . steps to carry out one prescribed 
clinic~i · prccessinq procedure.· For -the sake of 
exampl. :.irF.the·. illustrated enlbodj.iaent, the library 

20 48 incl~e11.>a procedure applica~ion Al for carryinq 
out the.·au~l.· needle platelet collection process, as 
already·gen.araliy described in connection with Fiq. 
l. Of c~\irse:ij additional procedur.e applications can 
be, anci>typi~ally will be·, iriCl\J,ded. For example, 

25 the libr~ey'4s/9an include a prpce;aure application 

30 

35 

... :""' .. ' :·· . 

for careyi119 · out a conventional sinqle needle 
platelet collection process. 

In th~· i.llustrated and pref•r:J:t!d· embodiment, the 
library 4:8 -~so:· .. includes at least' one additional, 
non-proc.ed\lrf!:'application.· The non~clinical proce­
dural appliqation contains the pr~cedures to carry 
out a syst$m ·.:C:onf'lquration or sup~~#t utility. For 
the sake ~f ~~a.ni~le in· the illul;t~•>ced embodiment, 
the libraryo 4,8·, iri.C1udes a confi~faiion application 
A2, which :.t:.~nt.~irts the procedures ·:e pr allowinq the 

... :,} 

.... ·:··.' ... _; 

\. 
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operator to .cicil'.lfigure the default operatinq parame-t~rs ~~-·the.fl~si;e:ni 10. The lib;ary 48 also includes . ·' .. ·· . ... . 
·. a main ·.l\\enu·:: application A3 I which coordinates the sel.ectiorl. o~· .. the various applications Al-A3 by the 5 . opera~or, . as'-: :will also be described in greater d~tail· later.:·· 

Of cour~~; additional non-clinical procedure application~· ):an be, ·and typi:cally will ·be, in­cludecf. · :Fo~>f!xample, the. library 48 can include a 10 diagn.o~is app~-.i,~ation, which co~~ins the procedures aiding se~i"ce _·personnel in diac;Jnosing and trouble-' . ·:· ... ·.' 
.. shootinq the.fUnctional integrity of the system, and a syst$mrest.art application, which performs a full ·restart :of t.h$. sy~tem, should the system become 15 unabl:e ;to" man8:qe or recover from an error condition. · ·. Al\· irustritm~t manager 50 also resides as process softwiare :in ~PROM' s in the MPtl 44. The instrument : :: .. )" . :...:· . ·.>.-:·.·:_,· • manaqer 50 c()l'Qmunicates with the application control manaqE!r· 46. .rh.~:· instr1nnent manager so a1so communi-20 cates · wit:ti ·1<>w/level peripheral controllers 52 for the .. pui\tps·, :•()~enoids, valv~s, and other functional hardwar.e, of ~-~.·system. 

As,Fiq. 3' st.Lows, the appiica:tion control manager 46 . sends .;spe&ified Perform Fu~ction# commands in . · . . : ... · ·. ·:·· .. - . 25 abstract -:+<:!~ :. ·;to the instrume~t manager 50, as called .up_: by: :the activated ap~,lication Al-A3. In response ·to the~·e. a~stract commands_, . ·the instrument manager so ident.ifies the_ ·peripiieral controller or controllers 52 ~or performing· the function and 30 compiles. hard~~t-e-specific Operate_Hardware# com-mands into tb~ ····'command tables :f:or the particul~r peripheral · coht:rollers 52. The p~ripheral control­. lers 52. c~mmilni.cate directly wi~ll the hardware to implement "th~:-~ha.rdware-specifid :.c~mmands qenerated 3 s by the instrUro.ent manager so, ca.using the hardware ... ··:,,'·."· 
.. .-::~.:· : (; 

... -··.· 
.· .. ,,· .. ·. 

( 
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to operate in: a specified way to car:ry out the abstract. ·Perform_Function# c-nds. A .communication .. :. ~: manager 54 manages low-lev.el P.:rc:>'tQco+ and comm.unica­tions<.between the instrum.eri~·:_ .• ~na~er so and the s pariphek~·r .cC>ntrollers s2. · · ·. · · ·1 

As ~icJ~. 3 also shows, the··:iri,s~rument manager so also. conv.ays Jback to the _appli·c;:~~ion : c;ontrol manaqer 46 status data about the operatio~al and functional condition~ o:f, the· processinq prciQedure. The status . 
. . 

.. . . 
. . ·~ . . 10 data is· e~r~ssed in terJlls ·. ~t.,.: for example, fluid flow rates, _·sensed pressures~' , and fl~id volumes measured. . :: < 

.,-.: 

The aPJ)1l.cation control mariagcer 4:6 processes and uses the status data in various.ways. In one way, 15 the application control manage~ 46 transmits se­lected. st~tU.~· data for 9-isplaylo the operator, as will be· desd~ibed later.. In·· another way, the applicatio1l-· c~ntrol manaqer 46 :.~u?nitors operational 
. . ' 

. ~-and functiona:J. conditions using <the status data to 20 detect ~normal. system conditions,req\iiring operator intervention< or system shutdown, as will also be de·scribE!!c:i in greater ·detail late~. 
In· the. p]:'~ferred embodiment-· (see Fig. 2), the MPµ 44 .also: i?lcludes a condit~on manager 56 that 25 res.ides . i~ :~hf!..: data flew path l:>.tween the instrument manager 50,: art~. the communication$ manager 54. The coriditi6~ Jti,an~qer 56 also monit.ots status data and other . operatiolia1 states of tpe'.j:iardware to detect 

: . . . :• : . : . ~ . : abnormal. conditions that are eith'er not detected or 
. . . . . . 

..... ; . . 3 o are; left· · '1nc6rrected by the jipplication control manager· 46.iUpo:n detecting such 'a:bno;rmal conditions, the: condi t·ion · ~anager s 6 prov id~,~'. :,fail •safe support by· suspen~ing :system operation:.\,:,turther details of this ,fail..;os.afe,·•:.·function and oth~r\reiated aspects of .35 the con~roller 18 will be descJ:ik_~d. later • .... . -.:· .... 

.. _.·,. 
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·. ·· 'l'he described control hierarchy creates an ab­
stract, "virtual" interface between the applications 
res~d~nt in the application control manager 46 and. 
the:·/ h~rdware elements of the system 10. The high 

5 level process software resident in the application 
.control manager 46 communicates with lower level 
implementing process software in the instrument 
manager so, instead of communicatinq directly with 

· .. ·. 

hardware elements. In this way, the intermediate 
10 instrument. manager 50 isolates er "hides" all 

hardware-specific commands from the application 
control manager 46. T~e_21,pplications pass abstract 
Perfo~_Function:# commands· to the instrument manager . . . . 

50, 21,nd the instrument manager so converts these 
15 abstrl!ct commands into the specific Oper­

ate.Jlardware# .commands unique t~ the particular 
~a~~are elements,.all without further participation 
by tll,e procedure applications Al-AJ themselves. The 
d.ata-~low between the instrument manager so and the 

20 hardwaZ""e elements of the system 10 is invisible to 
the l!c:tivated application Al-A3. 

The creation cf the virtual interface between 
high. Jevel precess software and the hardware ele­
ments- provides· considerable flexibility in adding or 

25 mo.dif~ing the precess software of the high level 
applications Al-A3 for controlling hardware func­
tions.' New or modified process ·software for the 
applications need. only to include specified 
hard.ware-non-specific abstract Perform_Function# 

30 commands to gain immediate linkage to the virtual 
hardware interface. Likewise, addition or modifica­
tion· of specific hardware requires only changes to 
the low level process software of the instrument 
manage.r so. Because of the virtual interface, 

35 hardware changes require minimal changes to the high 
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level software in the applicat~on control manager 
46. 

As described above, the iri15.:trument· manager so 
forms a part of the same MPU in'wh~ch the applica­
tion control manaqer 46 resid~s. Alternatively, 
because of the virtual nature of .·the interface, the 
instrument manager so c~n rea:±de on a separate 
processing unit. 

B. User :Interface control 
10 In the illustrated embodiment, the MPO 44 also 

includes an interactive user interface 58. The 
interface 58 allows the operator to view and compre­
hend information regarding tht! · operation of the 
system· 10 •. The interface 58 al~o allows the opera-

15 tor to select applications residing in the applica­
tion control manager 4 6, . as · J!ISll · as to change 
certain fqnctions and performance crit~ria of the 
system 10. 

The interface SS includes an interface screen 60 
20 and, prefe~ably, an .audio device 62. The interface 

screen 60 displays information for . viewing by the 
operator in alpha-numeric format and as qraphical 
images. The audio. device 62.: .. Provides audible 
prompts.either to gain the opera:torrs attention or 

25 to acknowledge operator actions.· 
In the illustrated and preferred embodiment, the . . 

interface screen 60 also serves es,:s an input device. 
It receives input from the operat?r by conventional 
touch activation, as will be:::aescribed later. 

30 Alternatively or in combination. :~ith touch activa­
tion, a mouse or keyboard could .be used as input 
devices-. 

An interface controller 64 communicates with the 
interface screen 60 and audio device 62. The inter-

.::.:-:-· 

35 face controller 64, in turn, communicates with an 
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in~EirfaC::e ·'.manager 66, which ±*1: .•. turn communicates 
w:Ltil' ~e }:;application contro.~:c.m.anager 46. '?he 

. in~~rf~~ .~htroller 64 and t,he:>'int•rface manager 66 

.. re·sidEa:•s··.p:r&:ess software .in :s:iR.bx•s in the MPU 44. 

. .··. ·;' ·: .·. . -: .... :::·· . -: .... 

5 · ·· .~~. l:J..se> th• application c:oti~ol manager 4 6 sends 
·to :·th.a. inter~ace manager 66 · sp•c~i'~fied. field values 

,'· . ·,. .... ·. . . 

reflecting' : ·~iected status data received from the . ' ·: , . . . . . . . . . -' ' . ~ •·. . 

insrt.rula.en:t/)Jn.anager so.. The :application control 
manage'i; ·· 46T•a.:1so send11 to the iri'l:erface manager 66 

10 prescii.6eci ·;:\ abstract .cr•~te Display# and 
··.· .... · .. ··.-:- .. :-.:·· ·; .. ' -

15 

20 

CreatEf.Au~iO:#. commands called ·fQr by the activated 
·appli.c~~io~~'_·: . 

'?be'> inti~.face manager ·66 pt-ocesses these field 
·· value~: i!hd }the abstract create 'iiisplay# commands to 

.. gene~~~~ .~Elcif ic Format_Displi~t# commands. . The 
Fof.mat ·~Di$pl~yt commands · cont.iol the particular 

-···' '·:;, :::::;,r:::t.::'t:; cl:~ 
interfa6e $dl:'•en 60. 

·.•:, ·,;,, 

prot.~C:ols necessary to 
the visual display on the 

Like~ise,.. the interface manaqer 66 processes the 
.abstr~~t: Cr~·~te Audio# commands t~; generate specific 
Forma.ti.l.tic!io#·'. c~mmands. The Fo~at_AuCi;io# commands 
.dici;at; .. th~;}:format and attri~lii::ces of the audio 
·out~ut.:.cai,J:~~: for by the activat_;ci application. 

25 The)iritet~face manager 66 cort~eys the processed 
Format;.:·.oisp:i.~~#· and _Audio# co~a~ds to the inter­
. fac~ c:c:>ft~r~t.ier 64. The inte#,t,ee controller 64 

provides:· 10~(.l.evel control functior,.s tbat draw boxes 
and lin:•s 1: .f~l:Jns text or qraphic'a,i ctl,aracters, and 

30 providE\s. t.h.e~ formatting ant '.·attributes of the 
display· on ii:{~ interface screen' ~.6\ 'I'.he interface 
contro':il,er .~~.4 alf!So provides :>i.C>~ level control 
functiorus th~t drive the audio dev~'~e ::62 based upon 
Format_Audio4f.: commands. receivedl·:.from 'the i~terface 

35 manager· 66 •. · · · 

f 
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'l'hl:_ interf~ce c_ontroller 64 also accepts 
.. ·'<·:·":·· .\.: ; .:::: 

-F$el_~f.J~~i,ect: commands generated· by touch activation 
of the in"t:erface screen 60, as will be described in 
g~ea~e~' d~tail later. The interfac, controller 64 ... . ... .. ... . . 

s passes1;his t~uch activated input to the interface 
man~~·~>66\ in .. the f-orm of Touch# Codes. The inter­
-tit.ca:: ~~nci.~er ~ ~6 process.s the' ;,uch# Codes to the 
appli.~~ti~n control . man~9er 46, . eithe-; as .function 
c~dej >C?r ~s c,ha~9ed field. val_ues. The application 

10 contro1m.na9er 46 implemente the function codes or 
chart949d.'.fl~ld ·-values ahd passes them· to the instru­
ment. ma?lager SO~ Further details of this will be 
provi4~4- i·~ter. 

This control hierarchy a-lso creates an abstract, 
15 "Virf.u~i-~•' .lnt$r~_ape between the f~nctional proces­

sors Of· .th~ coritrolle~ 18 and the interface -58 • 'l'he 
hiqh _ ptoc~~s ·'software of the interface manaqer 66 

isol2't~~ ~nd : ~hides" all formatting and protocol 
issues·''.-iis~d in creating the interface 58 from the 

20 appliC,~ti~hs U.11.d to control ha-rdware functions of 
.the -syst.~ni.>10.: · The process s.oftware of the applica­
tions ~:3.~A.3; th.rough the application control manager 

' '· -~. 

46, p_ass{ abstract field values and create_Display# 
and cre~te :.:Audio# commands to the. interface manager 

.... ······ .. · ·~, .. ··; . . 

25 66·. .The process software of the interface manager 
66 COrl~~r~~- th~_~e abstract C01Dl1Uill'ldS into the spe- -

-cifici' ~omu.ci.nds that control the textual and qraphic 
format~_':-~nq. audio formats of th$ operator interface 
58, with~U.~ further participation by the procedure 

30 applicatioris ,,-Al•A3 themselves. The data flow . ', .•... , : .. . 

betweenthe i?lterface manaqer·66 and the interface 
controller- -~4 \.-ls invisible to the data flow between . . ... . . ~ . 

the applic,ati9~,' control manager 4 6 and the instru­
ment 111art~g~r~_g·. 

35 Th~s _contro:l hierarchy lends further flexibility 

.:·;; -:.·.·· 
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in adding or .modifyin~ applicatlons for controllinq 
hardware functions. New or moe;iitied applications 
need only to include textual fiel.~~'V"alue outputs ·and 
the prescribed Create_Di_splayf.· .. or1 Create_Audiot 

5 commands to qain immediate li~219'e to the operator 
interface. 

(i) Interface screen Po.rmat 
• • ~ •• <. • •• •• • • 

In the illustrated and prefei:z:'e~ emb.odiment (see 
Fiq. 4), the Format_Display# coJDlll~loicis of the inter-

10 face manager 6·6 formats informa-;~on for display on 
the interface screen 60 in two .· distinct viewing 
regions, called the status region<.E>B and the working 
reqion 70. Preferably, the two _.v:J,ewinq reqions 68 
and 70 are fixed in relative position and unchanging 

15 in size on the interface screen 60. This provides 
continuity and consistency to the appearance of the · 

'. '· 

interface 58, even as the f:unctiorial hardware of the 
system cycle throuqh different.,'processinq modes. 
The uniformity and consistency o~ the dual viewinq 

20 regions 68 and 70 of the interfa~e 58 reduce opera­
tor confusion 'and the likelihood.·of error. 

The status region 68 and theworking region 70 
are each dedicated to different _t}rpes.and levels of 
information. Nevertheless, the ~wo regions 68 and 

25 70 are always displayed simu1t·ariE!()µs.ly to provide 
the operator views of· both hiqh ,l~yel "big picture" 
information and low ievel "deta&l.d" information. 

The working region 70 p~ovid~sJt!le means for the 
·operator to select and activ~~··:: any one of the 

30 system-resident applic~t:fons Al~A,3 ·• 'I'he working 
region 70 displays ali. specific:: pr~9,~ure-dependent 
information then called for by:·:,fh$: ·cteate Display# 
commands generated by ·the activ~£~d\ ··application Al­
A3. The considerable detail 6t' ·infbrmation dis-

35 played in the working region 70 allows the .operator 

\ ·. 

( 
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to monitor and chanqe the onqoing process in real 
time. 

On the other hand, the status region 68 continu­
ously shows prescribed procedur~-dependent informa-

5 tion of a more qeneral and "overview" nature, about 
·which.a operator routinely needs continuous knowl­
edge a~d immediate access. The status region 68 
continuously displays this general information to 
keep the operator appraised of the overall status of 

10 the ongoing process, even when the operator is using 
the working region 7 o to monitor and change more 
detailed aspects of the proces.ses. In the illus­
trated and preferred embodiment, the status reqion 
68 also provides means for the operator to respond 

15 to alarms or malfunctions. 
The two viewinq regions 68 ·and 70 allow the 

operator to use the interface 58 .. quickly· to find and . 
select amonq. detailed procedures, ·functions, and 
options during system operation, or to perform off-

20 line functions, without losing touch with the 
overall status of the onqoing procedure. The two 
viewing regions 68 and 70 permit the operator to 
navigate what is in reality a .multiple-level menu 
structure to attend to details on one menu level, 

25 without necessarily moving stepwise up and down the 
menu structure and without losing the ability to, on 
command, immedi'ately jump betw~~n higher and lower 
menu levels. 

;tn the illustrated enibod·i1llent, the viewing 
30 regions 68 and· 70 are vertica~ly separated l:>y a 

graphical line or line of characters 72, with the 
status reqion 68 occupying .the·: upper one-third of 
the screen 60 and the. working ~egion 70 occupying 
the lower two-thirds of the scre~n60. It should be 

35 appreciated, however, ·that the viewing regions 68 
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. and 70 could be separated horizontally in a side by 
side relationship, and occupy differing proportions 

.of the screen 60. 
The status region 68 and th~ working region 70 

5 display information in fi~lds: •. • The Format_Displayf 
for the particular disp.lay . ~:hat the interface 
manager 66 generates is composed of a list of such 
fields specifying, for each fi.eld, its location, 
size, and type in the reg;on and the format of 

10 information it contains. 

15 

As will be discussed in qre.~ter detail later, 
the fields can formatted as .individual touch 
selectable buttons. The fields.can also be format­
ted as an array ot touch selectable button fields, 
which present a field of choices to the operator. 

The fields can also be formatted as blocks 
comprisinq alpha or numeric data.strings, or textual 
data comprising multiple lines of line-wrapped, 
scrollable text, or graphic images. The fields can 

20 also be formatted to be bar graph fields, which . . . . 
display numeric format in qraph~cal form. 

The interface manager 66 includes constant (ROM­
based) structures in look-up table form that store 
data describinq the layout and 'formatting of all 

25 display attributes, including r•gions, field type, 
and field location within the r~~ions. The inter­
face manager 66 stores dynamic· . (~-bas.ed) struc­
tures that describe th~ present ~~ate of the inter­
face display. Upon receiving a giv•n Create_Display# 

30 command from the activated appl·~~ation, the inter­
face manager 66 examin~s the ROM.:..~ased table struc­
tures and the RAM-based status st;uctures to create 
or update the RAM-based status str'1ctures, as called 
for by the activated application. The interface 

35 manager .66 includes a time-tri99.~red task routine 
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that perform~ all operati.9J'.iS ,_:. r•quired to periodi­
cally update screen 60 and :-:audio outputs. . .... The 
interface manaqer 66 sends · thls' · p~ocessed informa­
tion to the interface controller 64 !for implementa-

5 tion. 
The interface manager 66 also holds a Func­

tion# Code associated with· ~~ch touch selectable 
butte~ field identified !:>y the:\rouch# Code . received 

. ._...... -
from the interface cont~oll:er 64 • The Func-

10 tion#_Codes are arranged in c;c::>nstant (ROM-based) 
look-up table form according to region and field 
location within the region, ~s identified by the 
Touch# Code. The. interface controller 64 registers , 
the region and field location wh~ a given button is ...... , . 

15 touched, passsing this informa-tion in the form of a 
Tou9h#_Code to the inte+face. · manaqer 66. The 
interface manaqer 66 includes: a process button 
utility that_ awaits and asyn9~ronously processes 
this information by examining the ROM-based table 

20 structure and sendinq the appro~riate Function#_Code 
to the application control manager 46 for implemen­
tation. 

The information and format se,lected for display 
. . . 

in the status region 68 and the, working region 70 
25 can vary. Fig. 4 shows a prefer;ed implementation. 

(ii) The·Status ~~~ion 
In the illustrated and prefe!:c;red implementation, 

: .. · ..... . 

the status region 68 includes a· ·-three blocks fields 
74/76/78 that provide general .:status information 

. . . 
3 0 about the procedure then being. run •. 

The MAJOR MODE field 74 cdn~a~ns the description 
of the clinical procedure acti.~~'ted. For example, 

. '· . . . ·'" . 

the procedure is "Dual Needle'P:~~:telet Collection," 
or any other application $eiedf~a by the user and 

35 resident in the application cbntfol .. manaqer 46. . . ... : .. 
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The MINOR MODE field 76 contains a one or two 
. ~- -~·:, .. ! . . 

word descripti~n of the prqc~du:re status. For 
f!Xample, for a Dual Needle Platei:.;t Collection, the 
M!NOR MODE field 7 6 can se~~ri~i~lly display an 

s install mode (for installing d4,~p9s~b.le elements on 
the hardware element~); a syst.•m check mode (for 
checkinq hardware operation b•'fore beginninq pro­
cessing); a prime mode (for r~~ovinq air from the 

. . 

system before processing); a·c::ollection mode (for 
10 collectinq whole blood for proce15s;inq)1 a flush and 

re~nfusion mode (for re~ovinq x:~sidual components 
from the system for . return to . the donor after 
processing): and a so-called· wrap-up mode (for 
removing disposable elements · from the hardware 

15 elements after processing). 
The WB PROCESSED field 78 corit~ins the amount of 

blood drawn from the donor throug~ the draw pump P2 
during processing, expressed nUlD.~ically in units of 
ml• The WB PROC~SSED field 78 is di.splayed when the 

2 o dual needle prqcedure enters the .co:llection mode and 
remains displayed until the proc.adure has ended or 
is terminated. 

In the illustrated_and prefen-ed·Qbodiment, the 
sta.tus region 68 also· includes _~n . array of touch 

25 selectable bu't:ton field.s 80/82/84/86. As before de­
scri.bed, the individual button_,fi.elds 80/82/84/86, 
when touch~d, each cause the int~r~a~e manaqer 66 to 
transmit a presc;:ribed function:co~e:for implementa­
tion by the application contrdi.~ana,ger 46. The 

30 touch selection. of a given bu~t:ofi:: .. field does not 
alter the display of inform,t'.i,~.~:· in the blocks 
fields 74/76/78 on the st~tµ~ .:,reg~on 68. Any 
change in the interf~ce ss re:S,ui-~lng : from touch 
selection of a given btttton in :·~h~: st~tU:s reqion 68 

35 typically occurs in the workinq J:"~qion 70. 

·.\,. 
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When touched, the HELP butt~n field 80 calls up 
·~ context-sensitive func1;ion that displays in the 
working . region 7 o genera.l, _:largely qualitative 

: 'ipformation regarding the proced\Jre status displayed 
. '\. :. 

5 · 1n the MINOR MOOE field 7 6. . ! 

When touQhed, the MENU button field 82 calls up 
. . 

a function that causes activation of the main menu 
application and the resulting :display of the Main 
Menu in th~ working region 70 (as Fig. 4 shows as a 

10 default condition). As will be described in greater 
detail later, th~ Main Menu a11C>,ws the operator to 
select for activation any application Al-A3 managed 

.. 15 

by the application control manager 46. . . .· 

When touched, the PROCEDUIU: PISPLAY button field 
8~,, (referred to in the drawings as 11 PROCED DIS­

PLAY'), calls up a function that displays in the 
.working region 70 the display of s,pecific procedure• 
dependent information then called. for the activated 
procedure application. 

20 The MENU button field 82 and ·the PROCEDURE DIS-
:, ... 

PLAY button field 84 in the status region 68 togeth-
er make possible.the rapid selection of other non­
clinical procedure applications while a qiven clini­
cal procedure application runs, ~hile retaining the 

25 ability to imme~iately return · :t;.o the particular 
display of specifi_c procedure-de:Pcandent information 

- .,. 

then called for by the activated clinical procedure, 
without the need to progress up .'.-~nd down through a 
menu tree structure or to find oh·~ t:s place in a se-

30 quence of menus that are intendea;::·i~ lead the opera­
tor stepwise through the proce4ure from start to 
finish. 

· When touched,· the PAUSE/ENO:· :button field 86 

calls up a function that· ~-•d.±ately pauses any 
35 currently operating clinical prog4dure application. 
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At the s~e time, the bµtton calls for the display 
in the workinq· region 70 ()f t}i~;~·display of specff ic 
procedure-dependent ·· in~Prlll.atio_lj;: ·called for-· by the 

activated procedµr~ at the tin\~"~at the PAUSE/END 
5 button 86 is :activated. At t,b;~j time, the workinq 

reqion 70 disptaY also prefer•~.le · includes a RESUME 
touch activated button field ·or an END touch acti-

10 

. ·,· ' .. : .... 

vated button field, to give the.<Qperator the choice 
of continuinq wi,th the procedure or haltinq it. 

. ' 

In the illus_trated implementation, the block 
. . 

fields 74/76/7~ occupy fixed locations in the center 
of the status region 68. The )!ENU button field 82 

and the PROCEDDRE DISPLAY butt.~n field 84 occupy 
fixed locations ·on the left si(!e, middle·and bottom 

15 positions, of. the status region_ 68, respectively. 
The HELP butt()n _:field, 80 occupie_s ·a fixed location 
on the riqht ;S!i~e, middle position, of the status 
reqion 68. The ·i>lt.USE/END butto~ field 86 occupies 
a fixed location·on the right side, bottom position, 

2 o of the status r•9.ion 68. 

The status, region 68 also includes context­
dependent NOTE/WARNING PROMPT J:)u.tton field 88 that 
occupies a fi¥ed:. location 'on the riqht side, top 

. . . 

position, of tpe S!tatus region 6,8 when an alarm or 
25 warning is activ•. · The NOTE/W~ING PROMPT button. 

field 88 is nc;>t.;:ci;splayed when :~-~ alarm or warninq 
is not active. > A:iruTE 'button fif!li'd 90· also occupies 

.... ,,, . ·'!; 

30 

35 

a fixed locatit?n d~ tbe left sid·,.,. top position, of 
the status reqion 68 when an a,l:arm is active. A 
WARNING/ALARM · bl~ck field als~. :. occupies a fixed 
location on the center, botto?I{ :: position, of the 
status reqion · wh~n. ari · alarm( 4,~' active. Further 

details of the aiarm~., and· th·· :~6TE/WARNING PROMPT 
;; . ···., .. · 

and MUTE buttons 8 8 and 9 0 and the WARNING ALARM 
block filed 92 ~ii1 be described later. . ,, . ·' 
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·.:·><:' (iii) The Working Reg~on 
In th_e. iilµstrated .and . pre.fatted : embodiment, the 

working r•g:J.o~- 7 o shows · by d:.ilta~l t the . Main Menu 
display called··tor by .the main. ,lllenu application A3. 

5 The Main l«eri\i display includes • an 1 array of touch 
selectable .. : .l:>~1:ton fields 94 an~·- 96 I labeled CHOOSE 

PROCEDURE and; SPECIAL .FEATURES •. 

When t.tiudlE!d, the CHOOSE PR~CEDt1RE button field 
. ·, ··"' :·.:. . . 

94 · calls ·~p <a function that . di$plays a Procedure 
10 Submenu in/ th• workinq reqie>n · io. The Procedure 

Submenu li~t's·, in an array of t9u~, s•lectable button 
fields all >~1.inical procedure ·::app_lications adminis­
tered by the·ipplication control manager 46, which 
in the illustrated implementatior{ ·i.s the Dual Needle . . .. . . . . . 

15 Procedµ:re °Appi:ication Al. When te>uched, a procedure 
applicati~* button field '?alls .. \lp .a function that 
directs . ~e . application control manaqer 4 6 to 
activate th.e a.:lsociated applicat·ion. 'l'he activated 
application·q~nerates its own desiqnated cre-

2 o ate_Displai#- commands, which t!l~-·. interface manager · 
66 implemerits to change the di~p_lay in the working 
reqion 10. :'rurt,her details of th~s will be provided 
later. 

When toueh~d, the SPECIAL FE~TURES button field 
.: : .. · .. 

25 96 calls up • function that, '(1.isplays a Special 
Features s~enu in the working·. region 70. The 

. . .. . ~:· 

30 

35 

Features Subm~nu lists in aif· array of touch 
selectable -button fields de~.i.'<1ned non-clinical 
proced\lJ::e specific application~.~dministered by the 
application:c::on't;rol managar 
trated im:p1el1i.eptation is 
Procedure • Appi.ication A2. 

46,:~hich.in the illus­
th~~· · <conf iqure system 

Wh•ri .. _\a .· qi ven special 
..• .:, .,.. ·! 

procedurEas ·,application button:>> ±.s touched, that 
application'· i.s activated and :::.;t~e. -·display in the 
working r~9i()rl 70 changes in 'response to the 



WO 9(j/15489 PCTIUS95/06241 

- 24· -

create_Display# commands of th~a(;:tivated applica­
tion. Further details Of this will be provided 
later. 

According to the protocol/ e$tabli115hed by the 
5 interface manager 66 in the ~.~~~·ftEad ... implementa-

. tion:, only one display is active ·a:t·:;ariy given time 
in the status and working regi~ns· ~68. and 70. '?he 
operator can make input selections using the active 

··...... .·: ..... , . 

display, and the interface manaqe:z:'. .66 1.1P dates and 
.·. ':-. . . : 

10 refreshes the active display with: real ti~e informa-
tion received from the activat-d application. 

Conceptually, workinq displays on each reqion 68 

and 70 lie on top of each o'th~r, w;itb the most 
recent "active" ·display lyinq '.on top, .the first 

15 precedinq active display layinq inactive beneath it, 
and so on. If the act·ive display is deleted or 
closed by the activated application, or by one of 
the functions called by a touch activated· button 
field~ without a new Create-Display# command, the 

. 
20 interface ·manaqer 66 makes the first precedinq 

display visible and active. A· di.sp.lay called for by 
a create display command is pla(:ed on top ~nd made 
active until termi~ated,. closed', or replaced by a 
successive create display command. 

25 Preferably, the inte~:face .~~.~ager 66 includes 

30 

additional RAM-based memory to p~~format frequently 
used displays before displayinq .~em. such "virtual 
displays" remain inactive unt~~· called for an 
activated application.or by a c~ilable function. 

In the illustrated and pref•rreq.ambodiment, the 
interface manager 66 also supports .. a f.ull screen 60 

mode (see Fig. 5), which can be .e~a~iea or disabled 
:by any particular application.·'~': :±n the full screen 
60 mode, the interfac~. screen 6o<inciudes a. single 

35 textual or graphical· :block field., 98 forming single 
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display region. The full scr,en mode can be used, 
for example, during system. stait:,~up, initialization, 
and some diagnostic modes. .·· . 

'rhe following example illu~tra;tes the operation . .. . ! 

5 of the dual region interface. 
IXample 

Fig. 8 shows the default ctinaition of the dual 
reqion interface screen'·· 60 th~t eimodies 'the fea­
tures of the invention, as it. eX:ists before the 

10 selection of a procedure appl'1c:ation. 'l'he status 
req ion 68 is thus free Of ~-... MAJOR. MODE, MINOR 
MODE, WB PROCESSED, and BLOCK'WAJu.iING/ALARM fields 
74/76/78/92 (see Fiq. 4 for comparison). In addi­
tion; the MUTE and WARNING/Non:''~utton fields 88 and 

15 90 (also see Fiq. 4 for compari,son) are also empty. 
The working region 70 shows the,Main Menu, showing 
a CHOOSE PROCEDURE button field 94 and a SPECIAL 

. -
FEA'I'ORES button field 96 already described. 

Fig·. 9 shows the condition "of the dual region 
2·0 interface screen 60, after the OIJerator has selected 

the HELP b~tton field 80 in thestatus region 68. 

The status region 68 shows no change. However, a 
textual field 102 has been opened in the working 
region 70, overlying and hiding/the Main Menu. The 

. 25 textual field 102 provides genera+ information about 
the Main Menu and the selection ~pt.ions avaiiable in 
the Main Menu and in the status region 68. By touch 
selectinq the· MAIN MENU. butt6tt·)S2 in the status 
region 68, the operator immedi2t~~l:Y returns to the 

30 Main Menu in the working region 'i<i~ as Fiq. a shows. 
Fiq. 10 shows the co~ditiori: ~t the dual reqion 

interface screen 60, after the operator has selected 
the CHOOSE PROCEDURE but~9n fie:ic:f,·~94 in the working 
reqion 70. The status region ::6a'·.: E,;hows no. change. 

35 The working region 70 shows i~ ~~fton fields 104 and 
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106 the clinic::al procedure app~i.c:a.tio.ns resident in the applic.~~'ion contro~ m~naq~:~:'.46 •. In the illus­trat~d e~~ciiment, a button ~i~id :104 labeled the . :~al Needle··~1atelet Procedure ·1$ ~hown for ac:tivat-5 · · .inq the ~pplication Al. Additi'6nal button fields 

10 

would al$~,.- •xist- (for .exami>le) ·.a Sinqle Needle .Platel«at ptdeedure l;>utton field. ·:106·, _.as shown) equal in number.:to the number of prC)~~dure applications residl,nq·i~~the-applicatiori_cont~()l 11an~ger 46. F~g •. -il.:' shows_ the condition :of the dual region interface,sd:reen 60, after the op~J:ator has selected the Dual Need.le Platelet butter{ .-field 104 in the .working r-~l·on 70. The statu~'~eqion 68 shows in the MAJOR M'.o:OE field 74 that the.Dual Needle Plate-
. . 

.... 15 . let ColleOtlon Procedure has been selected. The ·. Status region 68 also shows· in thta ·MINOR -MODE field 
. 

~ . . . . . 
.. 76 that the'\procedure is in th«a,~ilstall mode. The . status reqion shows in the WB .:~ROCESSED FIELD 78 · that no wlible blood has been c~llected yet. The :.·;;_. 

. 20 . working reg~on 70 shows in the :textual field 108 · ... instructiofiil'L:for the operator to ,follow in install­.· inq the dis~~osable elements on · ~he hardware ele­. ments. 'i'h..· ... -Working region 70 also. shows a touch a·<::tivate¢1 ¢oNTINUE button field'; _110 which, when 25 tC)uched, · c~-iises the instruction~:- in the textual ··· .. · _.,.. 
.., ;.,:._. field 108 tC,,:progress, taking th~,-·:9perator stepwise through the~·' 'i~s~a,llation procedur~·,·until complete. The MINOit~·MbOE field 76 in t;h~<e;tatus region 68 changes as<· the activated prq'ce~ure. progresses 3 o through su~,C::~1;sive modes includi11c;f a: check of hard­ware functioriality, priming of ~t!:tiui<i flow paths ·.· .... . ... ,·····:· ; ,· ·· . . to remove .~j,:r., procedure start-~p:~--'-;:-~n'd :venipuncture tasks, eit,h.t. automati~~lly or lW:itf~;tb'.e assistance of the oper~~()r. The textual· fi~l.d. ios :in the work-35 inq region 76 also changes to display information, 

·l:' 

c 



----- --------~~----------------··- - -------· 

W096/1S489 PCT/US95/06241 

- 27 -
. . 

as approp;tate~ -to prompt the ~pera'.t:C?r.to take steps 
tQ aid .·in acc~ntplishinq these. tasks .. ·. In all--other 
respects, .. < the·. ~ther visual asp-·ct.s of the status 

·· region·· 68· and .~orkinq re~ion 7&"·r4!ll\,irf uncha~qed. 
5 Fiq. · .:J.2· l!lilows the C()ndi tio#. of. :'th~ dual reqion 

interface- scre•:ri 60, when the: proc.edure enters the 
collectionmod~.·· Durinq 'the" co~lec~io~ mode, whole 
blood is drawno:·from the donor·, . centrifugally sepa­
rated int_() .. cc?iuponent pa;-ts, ·and. _.its components 

10 either ret\lrne~ to the donor· or·· c911ected, as 
earlier described. "' 

The· s~atus: ~egion 68 conti-rfo.ou~ly: .shows in the 
MINOR MOOE; fi~~d 76 that the ~rOCttd~l:,"e is in the 
collectiorf mod..'. The status -~eg,ipn continuously 

15 shows in the wB_·°.PROCESSEO FIELD 78 the "volume of WB 
.. drawn fr~~··: the·.'.donor. Tha lo~atipn and attributes 
of the othe~ ~}ltton fields ao/~·~/84/8.6 remain un­
chanqed, Unles~- the procedur~ ¢hanqes operational 
mode, at which>'time the MINOR .MODE field 76 will 

. ' . . . . 

20 change to_refleC:t this mode c~C9,~ge. 
The worki"J'l~-::;.reqion 7o continuously shows in an 

array of. ~resc~ibed textual block fields 112 and 
;associated pr~sbribed ·touch activated button fields 
114 se1ectf!ad ti._eld values detail·ing the proqre·ss of 

. . .. 

25 the ongoingpro~~dure. 
The , type '~f :'.lnformation selected by the proce­

dure applidati~rifor display as~"field value in the 
.. ' ·.· : ": 

working region ·. 70 durinq the ; collection mode can 
vary. I~ the .i.11ustrated e~ociiment, the block 

30 fields 112 :·li~t by way of examp;J..e. ·-the donor weight, 
the antic9agul~n~ (AC) ra.tio, ·"the ra~e of infusing 
citrate carrie~ ""by the PPP returned< to the donor 1 . 

. . .. ~- . ' ,. ; . :·· . . . : ' . . .. 

35 

the volume .of .. ·PPP collect~d ft\1:' •l:'e:~1.ispending col­
lected PC, the>:~ount of additi~naf P~P. 6011eoted as 
a by-prodµct) and the amount df··~hoie blood yet to 

::' .. :.·: >:·:<;.::::'.: . 
. · .. :.: .· :·· .. 

1 ··. 
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be ;pro.ceased to me~t the PC yi'9ld selected for the 
procedure. The associated button fields ll4 contain 
·tne · Q\;rrent status· of. these <',Perational factors, 
whiQh ··are displayed as field values within the 

5 button. fields 114. · 
Field values in the button :'.field 114 change to 

retle'ct chanqes in the current .. status, when they 
.·· . . 

occur. For example, the amount of WB to be processed 
dee .re111ents over time toward ze~(>. When ·the WB to 

10 prc,::ess button field 114 is zero, the application 
prompts the operator to begin tJ:ie,flush and reinfu­
sion mode. 

:tnthe illustrated and pi::efe:i;.-red embodiment, the 
opeJ:'~tor ca.n, by touch selectinq a qiven button 

15 fieldl.14, modify the displayed: field value. Fiq. 
13 shews the condition of the .. display screen 60 

when, for example, the operator to,uch selects the WB 
TO PROC1':SS button field J.-14 in th.e working region 70 
to change the volume of whole blood to be processed 

20 during the procedure. The working region 70 display 
changes to display a touch activated numeric keypad 
116, along with block fields 118 showing the field 
value to be changed, it present value, and the units 
in whic?l it is expressed. By to':lch activating the 

25 keypad 116, the operator changes ·<ai;id enters the new 
value, then selects the touch: activated Return 
butto.n field 120 to return to the_ l17orking display 70 
shown in Fig. 12. The field v~lµe in the WB TO 
PROCESS ·button field 114 will ref~~ct the new field 

30 value. ·::.. . 
As Fig. 13 shows, as the ~6~king region 70 

display chanqes to . accommodate_· .'"~the edi t/~odify 
procedure just described, tpe :s~atus: region 68 

display remains visible and · uncl)anqed,' except to 
35 reflect changes in the volume of ,,whole blood pro-

.. ··. 

c 
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cessed during the edit/modify . procedure or any 
change in operational mode called fo~ by the acti­
vated application. 

At any time the operator may choose to return to 
5 the ·main menu by touch selectinq the MENU button 

field 82 in the status region 68. Fig. 14 shows the 
condition of the display screen 60 should the 
operator make this choice after having completed the 
exit/modify procedure just described. 

10 As Fiq. 14 shows, the working reqion 70 of the' 
screen changes to show the Main ·Menu. The status 
region 68 display remains visible and unchanged, 
reflecting the status information at the time the 
MENU button field 82 was •ctivat.ed by the operator, 

15 except to reflect ongoing changes in the volume of 
blood processed (as a ·comparison of Fig. 14 to Fig. 
12 shows) or a cha~ge in operational mode. 

The operator can next proceed to touch select 
the Special Features button field 96, if desired. 

20 Fig~ 15 shows the condition of the display screen 
when this selected is made. As Fiq. 15 shows, the 
working reqi~n 70 of the screen 68 changes to show 
the Features Submenu. The Fea~ures Submenu lists in 
an array of touch selectable button fields 122, 124, 

25 and 12 6 the non-procedure specific applications 
administered by the application control manaqer 46. 

Touch button field 122 activates the Conf iqure 
system Procedure Appl !cation A2 • ·.By way of further 
example, Fiq. 15 assumes that additional non-clini-

30 cal procedural applications are also resident in the 
application control manager 46, such as the diaqno­
sis application (which touch . but:ton field 124 

activates) and sy:stem r~start :a;pplication. (which 
touch button field 126 activates), as previously 

35 discussed. 
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As Fig,~· J.s sho~s, __ the st~~~~; :reg'.ion 68 display 
reinains vif!ible and unQhanged /~·:·;~.e~· working region 
10 display· ch'anqes to show tb.~\:''.F.atures Submenu. 

:,_.~ . _..:>· -~- . :.::::-:::::._:;-:··,.= .. ~.~!.>. . 
The status ·region 68 continues . to ''reflect the status 

5 · informatiQri·at,the time th~ SP~C~~"'~EA'l'URES button 
: . . . . . . , ...... , 

10 

field 96 llas ii:ctivated by th•,;''();P9~2'.tbr, except to 
reflect o~~~in~ ch~nqes in the·t~i.~e:of blood pro­
ces;sed (as 'a cdinparison of Fiq. ':Jis ~ to Fiq. 14 shows) 
or chanqe~,)"i~ the operational Jtt~de ~ . .... . :•.-:··.:··:,-

The operator may proceed to'to'1,Qb select· a qiven 
button fi.ei~ l:Z<2, 124, 126 in t~~.>'~~.r~inq reqion 70 
shown in f4°.q. 15. The selectid:'''.·l:>utton field will 
activate th6°ta-~ociatec:l applicat~o~~ M49anwhile, the 
status re~ion ;68 remains vis:.t)?~e and unchanqec:l, 

15 except.to ~eflect status changes'in the information 
fields it J6nta1ns. .· 

At any.>'ti~e, and reqardl~f515 of the active 
display pr_;sently in the worlt~Jl9 ·region 70, the 
operator ma~ choose to aqain v:i.:e:W' _de.tailed status 

20 ·information ':-&bollt the clinical p#o:c:,:edure then being 
implemented (as·_ shown in the MI~9~ MODE field 76). 
'l'o do s;o, ·the.operator need only to,.touch select the 
PROc;EDURE oi_s~~y field button .:s•, which remains 
continuous1Y:,:vi~ible· and accessib,l •. at all times to 

25 the operatob' in,i,the status reqic)~_/:68. 'l'he working 
region 70 d-ispla;r returns to the:'-~.br.m~t and attrib­
utes shown. iii F~g. 12 Ci~ the p~bd~ss is still in 

. : ···:. ... ' ··' .. 

30 

the collection ·:mode), or whatever. the format or 
attributes ~f'.the procedure display<:~s ~or the mode 
identified ::t.ri. :the MINOR MODE field "7:6. 

In thi~;)liay, the status r4!~ic)n .,, 68 keeps the 
operator contin\i'ously informed a:S.'._if6, -~he "biq pic­
ture" as the'- "workinq reqion 70 . charige~ to provide 
access to tJi~':details of pr~cessi~~.· The· status 

35 reqion 68 a~~~- provides the mean~;ff.c:>r the operator 

l .. 

( 
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to -·q\iic)tl.y. j\lmp through the ~ultiple-level ·menu 
stfuC::ture Of .. ,the· interface 58 , to attend. to details 
oh :oh•. ~~n\l ... level, ·without _:~ecessarily movinq 
s~ep"1ise up arid. down the menu structure and without 

s losing ;tn·e. ability to, on command,. immediately jump 
. .. . ,; .. : ,, . 

betw.etan bi9her · and lower menu ·1eve1s • 
. · TliE!l· MINOR·.·f.iQDE fiel.d 76 changes to reflect mode 

. . ,·.·. . 

changes ·made-'.':.'1).nder the control. of the activated 
applid~tio~. ·::°A.tter collection ertds. (i.e., when the 

10 desiqnated- ws-/TO PROCESS field value shown in Fig. 
12 decrements ·to zero), the procedure prompts the 
operator to'efiter the RBC flush and-reinfusion mode, 
d'1ririg .-which ~~$sidual RBC are -f~ushed and returned 
to···the -donor;) 'l'he .p;rocedure then:·enters a Procedure 

15 Wrap Up: mocie, .:::in. which the operator is instructed to 
re'move -the::dii:lposable comp~nents. 

· ·c~•--. <'Abnormal Operational conditions 
.. , ... ,. ~:;:-..\·: ·:. 

·· ··. L'-(i) Detection 
Each p~~c~~ure application·(,ee Fiq. 6) defines 

2 o abnormal funci~:ic:mal and operational states . that 
requij:;e'op~ratC:sr:awareness and/oroperator interven­
ti~n. ·The prod.:dure application Ai processes status 
data :received\ .from the instrume.nt mana9er 50 to 
determirte "'1h.~~her any _ '?urrent ~~eratinq· condition 

25 coristitl.1te'5 a ·i:>rescribed abnorme.l functional state. 
If so~ .t~-· ap~J,,ication control '.manaqer 46 issues 
presct'ibedO co~ands to notify tn'e: operator throuqh 
the user il'lterf'&~e 58 and, under.C:ertain conditions, 
suspend'· ~y~t~ ·bperation. . 

30 AS earliet::described, the MPu 44 also includes 
the conditioh: '. manaqer 56 to .:provide fail-safe 
support to~~riq; detect~on functi~h~ of the applica­
tion contrc»i ;ana9er 4 6. It sh.~u'lci be appreciated 
that, al t~~n~~_ively, the condi t:ion manager· 5 6 can 

35 re.side in an ··a'1~iliary processi11q unit (APU) (for 

l 



W096/15489 PC?/US9S/06241 

- 32 ... 

example, a second type 68030 .. >-:microprocessor), or 
partly in the MPU 44 and .partit:: i~. an APU. 

The condition manager 56'contains a list detin-
. .: .:::>·, . ' , 

ing abnormal functional and: <e;>p~rational states. 
5 so~e of the defined states in.the/~ondition manager 

56 are the same as the st:at.es.; defined in the 
application control manager ·~~·:, :~_,l\'hil'e. others are 

~·· •. .!, . • .. . 

independent cross checks of · hardware control com­
mands and status .. data to ve~ify"':h.ardware integrity 

, .. :·. 

10 that only the condition manager 56 undertakes. 
The condition manager 56 monitors the flow of 

data between the lnstrument manager so and the pe­
ripheral hardware controllers 54 '(shown in Fig. 2) 
to determine w,hether any current ,.Qperating condition 

15 meets the cri te+ia defined for an abnormal func­
tional state. Where possible, the condition manager 
56 preferable includes a time-out,period for condi­
tions that the application col}.t:rol manager 46 also 
monitors, to thereby allow the:. a.pplication control 

20 manager 46 a period of time to ~or:rect the abnormal 
state. 

As Fig. 6 shows, the condition ·manager 56 con­
tinuously sends an OK.:...State status to the applica­
tion control manager 4 6 as lo_nq as no current 

25 operating condition constitutes:·:a ·defined abnormal 
functio~al state,.or as long as,t}le time-out period 

. . . . . ; . 

for a sensed abnormal functional).state, if applica-
~ . .. . -.: . : : . . . 

ble, has not laps~_d. .. 
When the condition 111ana9er s6.~etects a current 

30 operating condition that meets.:,th!':e]:'iteria define~ 
for an abnormal functional state.;: :and if the time­
out period, if applicable, has. ~apised,_ the condition 
manager 56 sends: a :Not_OK_st:,Z,.t~·#, ·status to the 
application contr~l manager 46~ ,, ·:The Not_OK-state# 

status identifies :to the applicatign control manager 35 
= .• 
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.46 the abnormal condition detect~. Upon receipt o:f 
the Not_o!(_,tate# status :from the con~i~_ion manager 

_56, and regardless whether the activated procedure 
.application· also detects the : same abnormal func-

5 tional st•t:a, the application control manager· 46 
issues ·. pr._Elcribed commands to ; notify the operator 
:through the,; user interface SB. 

Upon issuing a Not_ox_statef status, the· control 
man.ager 56_goes fail-safe, suspending system opera-

10 tion and ··'i,nterrupting .all further communication 
between th"',application control manager 46 and the 
peripheral controllers 52 until the abnormal state 
is correcte'd. 

15 

(ii) Class if !cation· 
In the· -preferred· embodiment, the application 

control milnager 46 .cat•gorizes defined abnormal 
functional :and operational states-either as an alarm 
condition ··o:r as an attention condition. 'l'he alarm 
co~ditions comprise functional and operational 

20 states req\.iirinq immediate operator intervention. 
The atten~~C:>n co.nditions comprise functional and 
operational•· conditions that. may. be transient and 

.self-correc::ting over time, or t}?.at otherwise do not 
require immedi_ate operator interve.ntion. In the pre-

25 ferred embodiment, .the application control manager 
46 automat;~c::ally upgrade.s an attention condition 
that remains' uncorrected for a pre~cribed period of 
time after :cifatec:rt;ion (for exalnple, 2 minutes) to an 
alarm conditlon. The application pontrol manager 46 

30 also automatically treats a Not~OK_State# status 
from the con.d.it~on manage~ 56 as:an.alarm condition. 

Examples of.abnormal operation.~! states that can 
. . . ' . . . 

be· treated:-:_a:s alarm conditions, include pump motor 
direct.ion -error; pump mc:>tor sp~-d error; liquid 

· 35 spill detec:ted indide the centrufuge; cen.trifuqe 
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rotor . imb~lance; control V()ltaqe ·. :power failure; centrif\lg~ ',door open; centrifuq.. door not locked r empty anti~oa911lant container:~ : ' . . 
Exa:mPles of abnormal operat.lona:t.states that can 

.. : .. ''. .. ·.. < ' ::;: · ... . :~:: ..... ·:. f. s .·, b.e. ·treatecf.'as alarm conditions·.-~nc1u4e temperature cin •· centrifµqe above limiti· .. ~eiqh.t. scale limits . ·· exceeded: .. 2Lnd anticoaqulant· ieye::L, · 1ow .• 
·As .. Fi9~.6 shows, upon dete~~ion; of a condition tha1; represents an alarm condi~~~~, :the application 10 . control. .. :111~nager 46 qenerates·· ·a~d. 't;;r,ansmits a pre-scribed Cr~ate_Alarm#_Display co.and to the inter­face man~qE!f 66. Likewise, upon>·J;taction of condi­tion that·<· represents an 8,ttention · state, the applicatiori: :Qontrol manage·r 46.,qert~r.ates and trans-15 mits a ,p~es¢ribed create_Note#"'_r)i.splay command to the ·interfatie manager 66. 
Upon feceipt of a prescribed create~Alarmf or _..Notej_Od,;sp~:ay, the interface -manaqer 66 examines the ROM .. bas~d table st~ctures .and the RAM-based ·. 20 status· structures to create or update the display codes to.il11piement the designation display and audio throuqh.the·interface controller.64 using the inter­face a;creeh ·60 and audio device. 62·. 
In th.e-'illustrated and prefe%1±•d embodiment, the 25 interfa9e; 1D.~n.aqer 66 pl~ces all.dissplays generated in respo~se.' to create_Alarm,~·,,oi.splay or cre­ate Note#.Display commands ini,tllaily in the status reqion E).8 ~t tlle interface scZ,~~n 60, as Fiq. 4 shows. ·The':' interface manaqer .. ~6 '°.reserves the · top 30 positi.on ~:>rt-the left and riqht s¥c1'4!l~ and the bottom center p~sit~on of the status .. >re~ion es for the alarm and· n.ot~ fields 88/90/92. :··-:'I'h.se positions on the status :reqion 68 re111:ain f±~e·.;of any display character .. of indicia in ·the abs:erice of a sensed 35· alarll\ or ~tten.tion condition. 



WO 96J1S489. PCf/US95/06241 

- 35 -

a. Warning; )J.arji · :tnterface 

·*~:; 1 ,;espoa~c;;;····st; ei.'.·v·······ta·. ote,.da Create~ii.~~-~Display command 
:trom::\~e procedµ~~- . application, the 

.· i~teri~ce.manaJer 66 creates .the: .• t()~ch selectable, 
s · bUttorf ·fi~ld a~-<(see Pig. 4) o~·-t:h~ !right side, top . . . . ··. . ~. . . .; : ....... ;.... . ..... ' . . .. ·, . . : . 

J;;9si,tf~n, :':of tne;'status regio?l.:.;~8..,· ·±n•the preferred 
. · iinPJ..811\~n~tation,: :ln an alarm st~t~·;· J:he button field 

as; is c9l.ored "rtad (the interh~t•iC,#.~l alarzn color) 
and contains the word "Warning'.~·· or.: e;ome other word 

10 ... or W()rd~ ~O deno'.te a sense of; ti;gE!~·cy. 
·The interfac~.manaqer 66 aiso.C:reates the touch 

selectabl~ mute<_button field.$'?.. on; .1:he left side, 
top position, ;whe~ an alarm s~ate.:~.IS active. Touch 
selection. of th~ mute butt9n· ... ti~id .· 9o turns off a 

15 1>re~cril)edtime·~~riod any au~ible.alarm associated 
with the _a.la1"Jll $~_ate. . · .. 

With.the creation of th• J)utton field 88, the . . ... . . ..,. 

interface.manager 66 creates tbe.al.arm_block .field 
~2 at t:he;:botf<>m o~ the statu~•.:rcaqion 68. In an 

20 alarin_ state, "t~ca. block field' 9,2:; ·:. also preferably 
cplore:a. red anci·.:bar-shaped, con.ta~ns a description 
of thcaW~J:'ning ¢c:)ndition of app~cpriate length. 

Wheri: ~e :•·· opet"ator touch ·. selects the warning 
aiarm b\itt~n ti~i.'1 88 (as Piq. 7 ::shows), the inter-... ,. . .... · .. 

25 fape · Dta;rtagt!r 6:6>femoves. the buttpn field 88- and the 
block' ·i:i~id g:{ .from the status reqion 68 and dis• 
plays in ·a'. te~tti~'1 field 100 i~."'t~e working region 
70 more ;de:tailed>'.information reg_arding the appro­
priate r~sponsesY'i,or the opera~<>¥- ,to follow in cor-

3 o rectirtq the; sensE!d: alarm state. · . :w~rking through the 
interfac• Jl\anacj~r': 66, the alarm,j•~•te of the acti-

35 

( . .:-:."· 

vated procedur~~:'.appl.ication m~·.ilnt.~~~s control over 
the workilici re~iC?rl: 70 of the i~;t•#:f~c;:e, allowing no 
display ~xcjapt :~O!Je relating t(). ~e ···alarm state and 
associated.cofrective measures·£o be active, until . . . . ... . . . . . , . ·-~-· 
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the copditj,orf ~nager 56 and tliE!l ,aJ>Pl..-1.:cation control manager.46 sense the removal of.°the;/aiarm state. . . . . _:,,"·.·· :-.-: 
__ ..... ::·'"· . ' . 

b. Note Aicirii xrit.•rface 
. J:n. re.sponse to a create 1lot1at. Display command .. ···.:_.: ..... ,··. ·,: ...... ·· ·_; ' -"'!':·:: ~.:: ::""'' ~-~ .-:"·.····.: 5 from: the ··activated proced:a.irea,_:, appt,;c:ation, the in~e:r:;a~e.:manaqer 66 creates ,~~·.;,t~~~h ·selectable, button ~i~~d,8~ on the riqht side·, :top<position, of . 1:he statu~ regJ~n 68 (see Fig. ·~f·.·· in' ~e preferred impl.,mentation, in an attention: "st~~-, the button 10 field as ).~ ::colored yellow o:r~-)~not~er cautionary . ~, ·. . .. ' color c:iistingt1ishable from the. :(:dlor' 'of the button field:Ss: ,izt :an:-.·~larm condition •. <rrhe·:button field as 

contains · the ~ord "Note'' er 15501ne othe:zi. : cautionary word or w~rds ... ~eadily distingui~h~bl:~ : from the word . ·... . . .. 
.·. . .. 15 containe(i 1ri the field 88 when in an al.arm state. . 
.·· ·Th.a inter'fa~e manager 66 also:·. creates the touch selectab1·'.··:mut~ button field 90 ·on the left side,· top · pO.s~tion~ ·'1fhen an attentip~ state is active.· · Touch ~~l~cti~n of the mute bUt~on field 90 turns 20 off a.pr~~~rlbeq time period any·~udible alarm asso-ciated' ~ith th-~ ; attention stat~.: . . . : . . . . . . 

with· : the" creation of the note alarm button field ~S~, thfi irtterfac~ manaqer ;66 creates the block ti•ici ~2 ~~:th. bottom middle C)'f the status region . · .. ·. ·, ·. 
' •' 25 68. The ,bibclt field 92, pre:ferabl~, colored the same color as:.~e :lote alarm button fi~ld and bar-shaped, contain:s·a>descJ:.ipticn of the aft~htion condition of apprcpria.te ~e~~th. 

When, the operator touch sel..'cts the note alarm 30 . button fieald.):a_'s, the interface~<m~na.ger 66 removes the · blo.ck ii~i~. from the statu~ :'tegicrt 68 and dis-

:~:~:,:n't±i'J,;~~alm::t~.~:i~!:tia j::~: ~i:: :: 
regardinq< th~·. 'cappropriate respo~~e~ 'f cir : the operator ''·,·.. . . 35 to foll.c:>W in correcting the sensed attention state, . ; :-.~. .. . :•'' 

·. •·. ;· 

c 
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•it. apprC)pr~ate. Working through the interface 
mai-tager\_66, the attention state of the activated p.roc_edtir~.·:;.pplication maintains control over the 

·.workiri1f >r:egion 70 of the interface, allowing no ~- . . ·. . . . . ..... -:·: ' : ! 5 . display, taXC:ept those relating to the attention stat'9 .. a.h~ ."assC>'ciail.ted. corrective. measures to be active, ~n:til th~-· '~pndi ti on manaqer 56 and :th• application 
controlm8.ti~giar· 46 sense the removal of the atten­tibn st~t~~ . 

10 : In· .·theO" preferred embodiment, the alarm/note 
fields as 'il.na 92 relate only to a single alarm or 
note cc:ni~:it;~on at the same time. There are never 
mA+tipl~:·C:t~splays of these fields at a given time, 
even whe#.Jnilltiple Create_Aiarm#_Display and/or Cre-

15 ate. Note# Dlsplay commands are received. In this =- · .. - ..... · 
circums~~nc•, the user interface manager 66 stacks 
the . mul_ti~le ~ommands in an alarm queue and an 
attention ·qu.. as receive~. The user interface mazi:ag~r . 6·f5 ... nd implements the commands for display 20 one at. a ·time, on a first-in, first-out basis, 
except th~'t,::·-~ alarm state takes precedence over any 
att.entiort ·-$tate. Touch ·activating the active 
alan,i/n¢tE:l ·-button field . 88 to open the associated 
ala.rm/note.; t.~xtual field 100 in the working region 25 10·,: opens the alarm/warning fields 88 and 92 relat­
ing. to 1:h~· :.ri~xt prio~itized alarm/attention command 
in the st~1:~s region 68. ThU&l 1 in the case of m~ltiple ·petjding alarm/attention conditions, as the 
ope:rator· wp~ks in the working region 70 to remove 30 one: condi~ibn,. the status region 68 informs the . . . . . .. .. 

. operator· '(:)~·o: another condition that next requires .. · .. ·::.. . •. ·attention.: . . . . 
. "The following example illustrates the operation 

of the int~l:face when an· alarm/a-ttention condition 
35 is sensed • 

. : .· ... '· 
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Example 
Fiq. 16 shows the condition of the interface 

screen 60 should an occlusion in the tubinq branch 
40 (see Fig. l) returning RBC ~nd PPP to the donor 

5 .·be sens·ed by the application control manager 46 in 
the manner described above. Fig. 16 assumes that, 
at the time that occlusion is detected, the screen 
60 had a display like that shown in Fig. 12. 

As Fiq. 16 sliows, the. display in the status 
10 region 68 changes to include the button field 88, 

which is displayed in red to (!esignate an alarm 
state (as contrasted with an attention state). The 
status region 68 also changes to show the block 
field 92, which is ·also in red, .and which contains 

15 ·text identifyinq the nature of the alarm (Return 
Occlusion Detected). The status reqion 68 also 
shows the MUTE button field 90, allowing the opera­
tor to mute any audible alarm · called for by the 
application control manager 46. for the identified 

.20 alarm. state. The working regio,n 70 continues to 
show the display that was active at the time the 
alarm condition was detected. 

Fig •.. 17 shows the condition of the screen 70 
after the operator touch !15elect11 the ala~ field 

25 button 88. The display .in the:. status region 68 
Changes by the removal of the alarm button field 88 
and associated block field ~2. ~he display in the 
working region 70 changes to sh.c:;>w the text block 
field 100 (also shown in Fig. 7) ,c~ntaining informa-

30 tion about the detected alarm c·gndition and sug­
gested ways of correcting it.. Thei\working region 70 
also includes touch se].ected button fields 128 and 
130. The button field 128 .. allow$ the operator to . . .... 

resmne the procedure, once the 'aiarm condi~ion is 
35 corrected. The button field 130 glves the. operator 

i .· 

( 
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the option of endinq the procedure. 
Upon correcting the ala~- .9.9ndi tion and touch 

selection of 'the button f iftl;~ :: ~28, the working 
region 70. Of the display SCX'ee.n>60 returns to the 

.. . ! : 

5 display that was active at th•; tilll.e ·.the alarm condi-
~ion was first display~d, w:tiic;ti in.- the illustrated 
~odiment would be Fiq. 12. ·. 

The specific computer code:· use.d for impiementinq 
the appl~cations A1-A3, the \·appl,ication control 

10 manager 46, the ins~rument -~nager_ 56, condition 
'Jl1anaqer 56 I the interface . Jn~haqer 66 I and the 
interface controller 64 depends upon the computer 
lanquage beitlq used and the ·preferences of the 
programmer. The procedures and commands described 

15 in this specification can all be·written by normally 
skilled proqrammers in. var.ious conventional 
lanqauqes, like C; Pascal; PIM; ADA; and multiple 
taskinq BASIC, based upon the descriptions provided 
herein. 

2.0 Various feat-ures of the invention are set forth 
in the followinq claims. 
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1. A flu:l.d processinq, s,yst:em including a 
user interac:t:l.ve interface, t;h~-:~ystem comprising 

an array of . hardware ei-~e-ritst 
control .• ••ans for actuatiilg <'the ; hardware ele-

5 m•nts to ca~ry out a predeterl'll£r.;d,~1'1id process;ng 
procedure, ibe: ·co~trol means incl._,idinq · e1n. ou~put for 
transmitting a. p;:ocessing statt,ts va.lue that changes 
over time a.s the, hardware el.~~:pts carry out the 

10 

fluid processinq_procedure, 
an interface screen havf J'lc:r a. first display 

reqion and a. se~ond display> .r•q~on spaced and 
di~tinct from :the ·first displa.y: r~gion, 

an i~'t•r:f,ce manaqer co .. unica~inq with the 
interface s~.reen and the control means output, the 

15 interface ma,naqer includinq 

·•• m~ans.. for qenerat~~g a first display 
includinq a ,·first. touch activat.d field and another 
field display.ing the qhanging processinq status .. . . . 

value in response:to the contrc)l means output, 
···. ·:. . . _.. \ 

2 o mE!ari~ for qenerating a second display 
different 1:1.lan the first displll'Y1 

means for q.enerat:i,ng a third display 
different than th• first and sep~nd display, . . . . . . . 

: meah~··· fdr activat".inq · the first display 
' . · .. 

25 · in the fiJ:'st r:egion to dispi:l\y chanqes in the 
processing ~tatu~_.value in res~onse to the control 
means outpu-t;, 

. mean·s· for activating ·"tt.he second display 
. . ··. ;- .... 

in the seco:nd. region. while slm#l.taneously keeping 
30 the first displ'ay. active in·· ~er, first region to 

display chanqes in:the process~riq~status value, and 
·'means responsive tc{:'touching the fil:'.st 

touch activated field in the firs:t.display while the 
the second display is active in the second region 

-, . -·· --:-:-:··----~-.-; -··· 

111111~111 UUU11 ~Ill 
·• , .• * .. t : ·L ; M S 

c 
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i~i1JU1i1UI(-
35 :fc·:r: inac:_t'ivat:.iJ:iq the second dis.play and activating th.e. ~~ir~: dis.play in the second region while simµltainec>usly keeping the first display active in -th-e -fl~s~ . regiC,n to display _ch~nge~ ,in the process-

( 

ing ·status:_ value. · 
2. •.:. A ~ystem accordinq _ to claim 1 
-Wherein -~'the means for gener2f.tinq the first display includ~nq means f OJ:'. qeperating a second touch activated.field in the first_display different 5 th~n th$ ~i.rst' 1:.ouch activat•d field, _and 
wher,ein the interface manaqer :further includes . . .. 

means :r:~sJ;>onsive to touching ·the second touch 

10 

acti va'l:e~_ -f~eld _in the first display while the_ third display is-active in the second region for inacti­vating theithi~d display and activatinq the second . ' . 

di$play _in: the.- second reqion while simultaneously kee~inq the)firiJ;t display active in the first region to display changes in the processing status value. -3·. '\A· system according to claim l 
wh~r~in 'the means for generating the first display, -__ i:ncluding means for qenerating a second touch activ~tec:l"field in the first display different 

. . .. .. . 
5 than the 'first'touch activated field, and 

wherein -:· ;the interface manac;er includes 
<;' me~s for activating the second display in the se~ond .. ,region whenever the second touch activated tielcf _is touched while simultaneously 10 keeping th.e_-first: display active in the first region : ..... 

to display c;:hanges in the processing status value. 4 • >A fl~id processing system including 
an arr.ay ':of hardware elemeJ:its , and 
control l\leans for actuating 0 the hardware ele­ments to carry out a predetermined fluid processing 5 procedure, t.h.e c_ontrol means including 

f:i:fst proqram means for defininq the •>.;' ; 

·1:1 llJlll··-111111-11111:11111 .. 11'1111,-*' ·• «; · L ·Ii ·.· S * 
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f\lnctional steps of the procedure and qeneratinq 
prescribed abstract Perform.FUnction# commands based . . - .... .. 

upon the defined steps,· 
10 second proqram meaJ:l~>° .co:ma~nicating with 

the first proqram means for . ."9.enerating specific 
operate Hardware# comma11ds in r~~~on~e.to receiving the . Pe;form_Function# . commancisr' :qene~ated by the 
first proqram means, and 

15 peripheral control llleans communicating 
with the hardware elements and with the second 
program means, and not with tlle first proqranm · 
means, for actuatinq the h.ar4ware elements in 
response to receivinq the Operat~-.:Hardware# commands 

2·0 qenerated by the second proqram means. 
s. A system for specify-ing a user interface 

comprisinq 
an interface device, 
first proqram means for qen19,rating prescribed 

5 abstract Create Display# comman<ts, 
second proqram means C01Ulllunicatinq with the 

first program means for generating specific For­
mat Display# commands in response to receivinq the - . . ·.: 

Cre•te_Display# commands generated by the first 
10 proqram means,._ and 

interface i:ontrol means coiran,unicatinq with the 
interface device and.with the sec::~nd program means, 
and, not with the first proqranm 1*~ans, for creatinq 
a display on the interface device in response to 

15 receiving the Format_oisplay# col'Dl1\ands qenerated by 
the second proqram means. 

6. A system according .to>claim 5 
wherein the display create:C5 .... by the interface 

: .·:· ... 

. control means includes at least one touch activated 
field, 

s wherein the interface contr~l means is opera-

-·-. -·· -----·-----------:;----
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· .•. · 

ti ve .for· .. qene~ating a Touch_CQ~•t in response to touchi~q 'the ·touch activat·ea fi~ld for transmittal to· the ·'seC:ond .proqram means, · · · · 
·;·wh.Ea:tefit 'the second proqrail\ means is operative for. t~·n~ittinq a Func::t~()n_.ci~.at

1 

to. the first 
in response .~ _.t:.:o . recej_pt of the 

. . 

first pr.~qr~inq m;aans includes means, :.fo#'-_g~neratinq output ~as.ad upon the Func­tion_C:odef'· .. · 

... ::: 


