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The invention'relates to:control systems and
user interfaces for fluid processing systems, such
as blood processing systems andfthe like.
Background of the Invention

Today people routinely separate whole blood by
centrifugation into its various therapeutic compo-
nents, such as red blood cells, platelets, and plas-
ma. -

These and other hedical'processing devices are
often controlled using microprocessors with resident
program software. The microprodéssors also usually
include some type of interface through which the
operator views and comprehends information regarding
the operation of the fluid processing systems.

As the operational and performance demands upon
such fluid processing systems become more complex
and sophisticated, the need exists for simplifying
the control hierarchy of microprocessor based
control systems..' .:

As the operational and. performance demands also
become more complex and sophi.sticated, the need
exists for straightforward, yet higher interactive
user interfaces. : :

Summary of the Invention :

One aspect of the invention addresses the need
for simple yet effective control systens. This
aspect provides an abstract, "Virtual" interface

#OR MEDI CAL PROCESSI NG DEVI CES Field of the Inventlon S 241 The
i nvent i onWOR6H848? t 0 control systems and 5  user i nt er f ac&S ForoPi2t
processi ng systens, such as bl ood processing systens and the Ilke.
Background of the Invention - 13 Joday people routinely separate
whol e bl ood by centrifugation into its various therapeutic conpo- 10
nents, such as red blood cells, platelets, and plas- nma. :

These and ot her nedi cal processing devices are often control |l ed using
m croprocessors wth resident program software. The m croprocessors



15 I ncl ude-sone, type of interface through which the oper at or
vi ews and conprehends.: |nfornat|on regar di ng the operation of the

fluid prowossiisgdsyst ens. As the operational anBCHEFI¥SRnce
dermands upon ' “such f|UId processi ng systens becone nore conpl ex 20
and sophi sti cat ed, the need exists for sinmplifying the control

hi erarchy of m croprocessor based = 2 <ontrol systens. As

t he operational and- perfornance demands al so beconme nore conpl ex and
sophi sti cat ed ts for strai htformard yet higher '

interactive e %”eeﬂsgg lﬁPgFVEEES ased ap; reeldantninon,
One aspect of thiee - contrblleradsds the thardvmﬂe elemeﬁﬂs %fﬂptﬁeyet

effective contgy giiééﬁtc%@ssmg'f Ngetln. BIBRCh VL S65-80s 203 R
96/ 15489 ware resident in the controllerpcnmmgnﬂdxﬁms with
8 lower level implementing process software in an
instrument manager, instead of . communicating di-
rectlyywith hardware elements. In this way, the
intermediate instrument manager isolates or "hides"
all hardware-specific commands ‘from the high left
10 control software. The data flow between the instru-
ment manager¢and the hardware elements of the system
is aniSIblegtO the high level software. ‘
.The creation of the virtual interface between
high level process software and the hardware ele-
15 ments . provides ‘considerable flexibility in adding or
modifying the process software. .
Anothe- ‘aspect of the invention addresses the
need for straightforward yet highly interactive user
interfaces.= This aspect of the invention provides
20 an interface having two distinct viewing regions,
called the status region and ‘the working region.
Preferably, the two viewing regions are fixed in
relative position and  unchanging in size on the
interface screen. This provides continuity and
25 consistency to the appearance of the interface, even
as the functional hardware of the system cycle
through different processing modes. The uniformity
and consistency of the dual viewing regions of the
interface reduce operator confusion and the likeli=-
30 hood of . error o ; U
According to the invention, the status region
and the working_region are each dedicated to differ-
ent types and'levels of information. Nevertheless,
the two regions:are always displayed simultaneously
35 to provide the operator views of both high level
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- 2- bet ween the software based applications resident in t he

gontroller -and the hardware el enents of the fluid processing system .
H gh | evelwpogfagms soft- ware resident in the control | PCTUSMSR4ICAt €S - |
with 5 lower |evel inplenenting process software in an

i nstrunent nanager, instead of communicating di- rectly wth

hardware el enents. In this way, the . 3 dnternediate instrunent nmanager

i sol ates or "hides" al |l hardware-specific commands fromthe high | eft

10 control software. The data fl ow between the instru- ment

manager and the'diay @dmtarel"ettnﬂbsmatibhe(susﬂsm statusiseydohyi &ha to the
hi gh | evel soft e f.th hual _ | ace
bet ween l\&ﬂ &ve p"r%ecteasjél sof t %&%&%%&Qﬁﬁ: §%¥ \%‘rLé g{:gkiﬁg ment s

provi des conS|G@Qi9n9¢IeX|b|I|ty |n addlng or nodi fyi ng the process
sof tware. Thé\ 513,;1 f V@il d he

need for strai forward 3‘ e oﬁiﬁl\% Slg'é'r‘ﬁntﬁg Bﬁiérg]:t’aero?aces Thi s
aspect of the (9ReRPRort ‘bg e TRACKHY etincEindyians t RB18F% i nct

Vi ewi ng regIOH%mong detaaléadpdvceauﬁeo,r:aneaiand1ﬂxhdméﬁtmenseglon

and unchangi ng SHF e Bl *8b8RaIR,  bHCEd Cpersorn [RrELLXRGIOT. "
continuity andwsctionsnswithont tboshngamsnaranvdtbi the oweraldce, even

as the fU”Ct“NsﬂaiﬁsdH@rQhﬁfdﬂ&bfﬂﬁ“ﬁf&&¥&ﬁfe. The two viewing
10 regions permitzthe operator to;navigate what is in
reality a multiple-level menu-stipcture to attend to
~ details on -onez'menu 1eve1},fﬁithout necessarily
moving stepwise up and down theiﬁenu structure and
without losing the ability to, oh command, immedi-
15 ately jump between higher and}iower menu levels.
The features and advantﬁées'of_the invention
will become apparent from the goi;owing description,
the drawings, and the claims.- |
20 Fig. 1 is a diagrammatic 6i§w of a dual needle
platelet collection system 'théﬁi"includes a con-
troller that embodies the featu;ésfof the invention:
Fig. 2 is a diagrammatic fiowﬁchart view of the
controller and associated inteffAce that embodies
25 the features of the invention,ifg
Fig. 3 is another diagrummatzc view of the
controller and. associated interface shown in Fig. 2,
and further show1ng the command and status flow
hierarchy:
30 Fig. 4 is a view of the dual region interface
that embodies the features of the
the block and touch actlvated
interface contains. _ _
Fig. 5 is a v1ew of the interfa e shown in Fig.
35 4 when in a full screen mode; '

vention, showing
ields that the



t hrough different . processing nodes. The uniformty. and consi stency

of the dual view ng regions of the - interface reduce operator

conf usi onwaderidage | i keli- ~30 hood of error. RCENWAR4M 0 t he

i nvention, the status region and the -working region are each

dedi cated to differ- - ent types and | evel s of information.

Nevert hel ess, the two regions & & a ways di splayed sinultaneously 35
-to provide t he- oper:ator ‘¥i.ews of both high IeveI
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"big picture" |nfor?§shoﬁ @Bnatﬁéagrammehigyvigweptjthe detemtiowel

"detail ed” infopgagiiapia mﬁaﬂ functibﬁg'c@?y)d tions by the /"€ tWo
vi ewi ng regions’ al'so_al L:0w, t he qper 5 »to use the Inter ace qui ckly

to find and seF@BFr?} er:&ﬁﬂﬂ& zf ﬁ?d%%@u?es functions, and options -

in a- systemastart-up default condition, showing the

Main Menu :
screen; A
10 Fig.=59g is a view of the condition of the
interface ‘screen with the HELP, button activated in
the statuf:fegion when the Main Menu is active in-
the working_aegion of the screen;
3ﬂig. io s a view of the dual region interface,
15 shoWin 'the elect Procedures SubMenu in the working
< the ‘interface screenj
ﬁFig. 11 s a view of the dual region interface,
showing _the finstallation instructions for the
install mod_ n the working region of the interface
20 screen; :

Fig. 12 is a view of the dual region interface,
showing the detailed procedures display for the
oollection mode in the working region of the inter-
face screen, ' . i

25 o Fig. 13 is a view of the dual region interface,
showing the’ ‘edit/modify screen for the detailed
procedures -di splay in the working region of the
interface'scr_gn during the collection mode;

_ a:ijis:a view of the dual region interface,
30 show;ng the ain Menu in the working region of the
interface sc een during the collecticn mode;

Fig. 15 is'a view of the dual region interface,
showing the cial Features SubMenu in the working
region of thef nterface screen dgring the collection

35 mode, . - s

”:the working region of the interface




functions, without |osing touch with the overall status of the

ﬁngor ng procedure The two view ng 10 regions permt the operator to
navigate what is in reality a multiple-level nmenu strpt&% attend
to Wewv6ils48%on one nenu | evel, without necessarily

stepwi se up and down the nenu structure and wi t hout | osing the
ability to, on command, i mmedi- §te|y jump between hi gher and | ower
menu | evel s. The features nd advant ages of the invention

wi |l becone appar ent fromthe foll ow ng description, the drawi ngs, -
and the cl ai ns. Iirsr 1Y @%ﬁ%pbf%gfdﬁﬁ ,l[:gq'»i/)% Fig. 1
is a diagrammatic vr ew 0 need et co ectron system

that includesWatBohbe detaflec} Preseduras &#E&#é?s ke thea eRld®ast t he
lnventilon, ‘a'.ion nodeFifn %He a:dimat;arrﬁ‘gggsnfl%hahadthr%wf thef ]
controller and _associ at eq_i_nt t__emodi.es the features of the
i'nvention; oce us:.c% ﬁq’ i’%%ﬁ%&t ﬁ?‘q” ew of the

control §er and asszi(g.atlﬂd isnmeviaweofhthe ﬂnalzr region interfacws) furt her
showi ng the ¢ fad Fig. 4is
a view of the dua regr ofrf;%th ergi% for c?%@%éﬁ%ggdlégetﬁgtf eatures of
the inventionpesigminn alarm dme $recwozkdngoraginn i durdngfithels that the

interface congaiiection mode. Fig- 5 is awviewof the interface shown in
Flg. .35 4 when ' ¥ a.’mveln'L'.iség'xr ?nearslr g% einbodied in several forms

10 without departing from its e_p__irit or essential -
characteristics. The scope of the invention is
defined in the appended claim'_s,‘_-;______‘_f"_fr'ather than in the
specific description precedin'g?"“ihem. All embodi-
ments that fall within the meaning and range of

15 equivalency of the claims are tﬁé};efore' intended to
be embraced by the claims. :

Fig. 1 shows in diagrammatic form a fluia
processing system 10. The system 10 can be used for
20 ‘processing various fluids. The . system 10 is
particularly well suited for processing fluids for
medical purposes, like whole hlood and other suspen-
gions of biological cellular materials. Accordingly,
. the illustrated embodiment shows thedsystem 10 used

25 for this purpose. -
I. THE SEPARATION SYSTEM :
The system 10 includes an arrangement of durable
hardware elements, The hardware . elements will vary
according to the nature and type iof processing
30 system. In the context of processing whole blood,
the hardware elements will include' centrifuge 12,
in which whole blood (WB) is s arated into its
various therapeutic components,§ like -platelets,
plasma, and red blood cells (RBC)“"The hardware
35 elements will also include variousygﬁpbs, which are
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-4- Fig.6 is a diagrammatic view of the detection and
di spl ay o;vgasgﬂg“gal function conditions by the - cont r ¢ RUSISI0624D | N
Figs. 2 an : Fig. 7 is a view of the dual region interface 5
In an al arm condition. : Fig.8 is a view of the dual region

I nterface in a systemstart-up -ed'ault condition, showi ng the

Mai n Menu i n the working gion of the interface screen; 10

Fig. 9 is a view of ‘the:condition of the - interface screen with the °

HELP butt on a&ﬁﬁﬂeﬁ@dlxnp_ermtal@ﬁé st@esignatedn Binckot Ré)Nniandenu is
active in — varidis el Hise eldpeladd v IVd¥ (desiqnated V16, 10 is a

view of the d on-interfac shot el ec Pr ocedures

SubMenu i n thg)aq/b‘r k’ﬁ course, r8§?‘8ﬁ FYReR ¢ tg'ralrgé"@r&r

Fig. 11 is awdlw ti_rpﬁ.bel&yalbe eprenent;emwch'_'_rig. 1 ﬂc:en ngott he

installgtion sﬁ'@&ruﬁﬁﬂnssolgﬂoidge pressur_ _onitors , and the
like. '

The system 10 typically also includes some form
of a disposable fluid processing assembly 14 used in
association with the hardware elements.

10 Inp he illustrated blood processing system 10,
the assembly 14 includes a two stage proces:ing
chamber lS‘"iIn use, the centrifuge 12 rotates the (

processingp chamber 16 to centrifugally separate

blood components.

"onstruotion of the two stage processing

: For example, it can take the

like the-processing chambers

wn n--.-'Cunis et al. U.S. Patent 4,146,172.
Alternatively, the processinc'chamber 16 can take

20 the form'of ‘an elongated two ‘stage integral bag,
like tha shown in Brown U.S. Patent 5,370,802.

- In the illustrated bloecd processinq systen 10,
the processing assembly 14 also includes an array of

] tubing that forms a fluid circuit. The

25 fluid c rcuit ~conveys liquids to and from the
processing' chamber 16. The pumps P1-P4 and the

£ Vﬁ engage the tubing to govern the fluid

flow i_ prescribed ways. The fluid_circuit further
1de }number of containers (designated Cl to

30 - €3) to"d spwnse and receive liquids during process-
ing.

15

A controller 18 governs the operation of the
various rdware elenments to carry "-:out one or more
processing tasks using the assembly 14. The inven~-

35 tion :sp '“1fically concerns n.mportant attributes of




instal | node i n.theworking region of the interface 20 screen;

Fig. 12 is a ¥ 6 %he dual region interface, showi ng the detailed
procedures di splray Tor -t he - collection node in the working region of
the inter- . faceé screen; 25 © Fig.- 13 is a view of %%s dual
region interface, ~ showing the edit/nodify screen for the US9586241
procedures display in:the working region of_the I nterface screen
during the collection rode;” Ifl'g? 14 is a view of the dual region
interface, 30 - “ghowW. g, theiMain Menu in the working region of the
interface screen%érﬂll\érzlggfﬁ@léerl aeti on node; . | Fig. 15 is a view
of the dual region:ikRefsgstan 0 Show ng t he Speci al Features SubMenu
in the working -divergefg,Qn :of tJ’n_e ??\Febﬁa(nbx_sﬁmegug ng the collection
35 - rmde; Sho Lla bk O
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with the detailed procedures display for the collec- tion node in the

wor ki ng region and a return occlusion alarmin the status region
and 5 17 is a view of the dual region interface CTRE

t he |nstrdﬂp%ﬂ¥ or correcting the return - occl usi on a armin t e
wor ki ng regi on durlng t he ' col | ecti on node. The invention
may be enbodi ed in several forns 10 n%thout departing from its spirit
or essenti al characteristics. scope of the invention is
defined in the appended clains, rather than in the specific
description prege e lg 4 . st I Lthin the
meani ng and ra%%ed%fgﬁég &ogéérsvg{géﬁ%iam?erh Fglglm? are jf‘l&gr{g?'#rle

i ntended to e W@eea#sréwdtby ﬁ\és | gFage 2_4 of thespregessings the
Preferred Enbo@dn@i¥er 16. - ~ Fig. 1 shows: in diagrammatic forma fluid

processing system e, sygtem 19 _can be used for rocegsi ng
various fluids. Ehﬁaagyi? %?aYB gpg tg lf%ﬁﬂ é% ﬁﬁ?ﬁe gited for
processi Bg fIwﬁnrfaeparationwe¢haﬂixnmemSatedlmMa\mgedielsydtand ot her
suspen- ’ﬁgﬁt g | r 0

the illustrat ecf%'e od£|)‘rlrr?3§1)‘%1 ._.s oage%\ ggs%égrﬁggﬁuse%' ?’51% ?grhﬂtgh

pur pose. stage |24, aiongPuiily anpoytion. of the PPPTﬁ§°§y§h§n110

Ilncl udtes anI ?r rs’ﬁtﬁ&'i@mcﬂefmhélﬂathge 32, her%eaeheﬁerﬁmﬂ@e Rar dwar e
elenents w \'

system In ther%%"?ﬁ"éx?eﬁ?'fﬁrgéeé: t%&u@%%iﬁ;f{‘c $dP§gOhnR" 3gessi N9 30

10 and in line valve V2. : _

The system 10 also collectéﬂpc in some of the
containers €3 through tubing brﬁhches 38 and 42 and
'in line valve V3 for storage and therapeutic use.
The system 10 can also collect :PPP in some of the

15 containers C3 through the same;fiuid path.

II. THE SYSTEM CONTROLLER

The controller 18 carries out the overall
process control and monitoriﬁé%functions for the
system 10 as just described.

20 In the illustrated and preferred embodiment (see
Fig. 2), the controller compri ses a main processing
unit (MPU) 44. In the preferred embodiment, the MPU
44 comprises a type 68030 mlcroprocessor made by
Motorola Corperation, altht:augh_._= other types of

25 conventional microprocessors can

In the preferred embodiment;:the MPU 44 employs
conventional real time multi-tasking to allocate MPU

cycles to processing tasks. fiiA periodic timer
interrupt (for example, every 5 milliseconds)
30 preempts the executing task a: schedules another

that is in a ready  state for execution. If a

reschedule is requested, the high;st priority task

in the ready state is scheduled{ Otherwise, the

next task on the list in the reﬁﬁy_state is sched-
35 ule. o
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“the hardware el enents will include a centrifuge 12, - in which mhole

bl ood (WB) i s separated into its various therapeuti C!ﬁﬁ

“like plat HQR64 9- .plasma, and red bl ood cells (RBC). % ar mare 35
el enents will also |nclude vari ous punps, mhlch are WO 96/ 15489 .
PCT/ US97/ 06241 . 6 typically peristaltic
(designated Pl to P4)_ nd varloug ..n" line clanps and val ves
(designated V1 to. ) O course, ot her types of hardware el enents
will typically be presgpt 'aﬂhl 7 tcéhtrolshOMl i ke

sol enoi ds, pressur.e nonitors, The system 10

typically also |ncPBGESM§Hne for ludesofa%.dﬂ@ﬁb%%ﬁF%°$lLﬁQﬂ%ﬁ essi ng
assenbly 14 uspdnager - 46.assyneatappl icatishe ool emaha s4610

el e, oS e Rk $5° bR WUEAER Br, o | 24R0BEE0EE0 1 e 10
rot ates Bhe control applications (designated Al to As) Each
: contrcl application Al-A3 prescribes procedures for
carrying{out ‘given functional ‘tasks using the systenm
hardware;(e g., the centrifuge 12, the pumps Pl-P4,
and- the valves V1i-V3) in a predetermined way. In the
10 illustrated and preferred embodiment, the applica-
tions AlqA3 reside as process software in EPROM's in

The number of applications Al=-A3 can vary. In

the illustrated and preferred embodiment, the

15 library 48 includes at least one clinical procedure

application Al. The procedure application al

contains the steps to carry - out one prescribed

'clinical processing procedure. For the sake of

example in the illustrated embodiment, the library

20 48 includes a procedure application Al for carrying

out the dual needle platelet collection process, as

already generally described in connection with Fig.

1. Oof course, additicnal procedure applications can

be, and typically will be, included. For example,

25 the library_48 ‘can include a prccedure application

for carryinc Jout a ccnventional single needle
platelet. collection process. e

In the illustrated and preferred enbodiment, the

library 48 also -includes at least one additional,

30 ncn-procedure application. The" non-clinical proce~

dural appli“ation contains the procedures to carry

out a system configuration or suppo“t utility. For

the sake of exa fle in' the illu"rated embodiment,

the library 48 includes a configura_ion application

35 A2, which contains the procedures for allowing the




chahber-iGeto centrifugally separate bl ood conponents. 15

processing chanber 16 can vary.

onstruction of the two stage processing €
-Ilz_g(ra eia‘nplwos'snm take the ~formof double bggsba{'eﬁSC%R%zmk_
rocessing chanber s shown in CQullis et al. ;% e
Klternatlvely, t he proce55|ngbchanber 1§inﬂetﬁﬁgt Shown it Brown U o
a -
Ppeogat ed ;SDSEEage_[ntegral Ingthe il lustrated bl ood processing systfnng
ratent 5 3 14 al'sq includes an array of flexible tubing

the processing . iquids to
hat For e o PRRFREBELR: ¢ nﬂ%suas(;hefdefahlthéﬁérgiiﬁ "g&¥Snkl
and fromthe ters Zﬁr-wesg?%&ﬁq%ve?#st]h%?%g?a SO ingluties f

| ves VI -V3 egg ] er o
g?eggrlbed mayg %ﬂﬁk ﬂ;?ﬁ# a@&%&ﬁq ¥ tA2r which comtdfiestésn

cont ai ners (d§§|1§ﬁ$t1§éﬁ et thé()vari&is hgpd,l 8%?1%;,561 Jgiel ve CIUI ds

control1er
during p50ceSSoperator!' Cg?| ous %ar%?eb@ cResCTibedca Ry @neam or nore

gfﬁﬁ?éé?ﬂgozaiagtaéinéatns-assenbly 14. The inven- 35 “tion specifically

concer ns |nportant0£tt¢0ﬁH§€$ Ydditional non-clinical procedure

applications can be, ana typically will ‘be, in-

-cluded.; Fori‘xample, the. library 48 can include a

10 diagnosis app ;cation, which contains the procedures

aiding. servicejpersonnel in diagnosing and trouble-

shooting the'functional integrity of the system, and

a system restart application, which performs a full

'restart of the system, should the system become

15 unable to manage Or recover from an error condition.

An instrument manager 50 also resides as process

software in EPROM's in the MPU 44. The instrument

manager 50 communicates with the application control

_ manager 46. T”.iinstrument manager 50 also communi-

20 cates with lo ﬂlevel peripheral controllers 52 for

the pumps, so enoids, valves, and other functional
hardware of the system.

-AS. Fig. 3'fhows, the application control manager

46 - sends specified Perform _Function# commands in

25 abstract form 'to the instrument. manager 50, as

called " up in’he activated application Al-23. In

response to these abstract commands, the instrument

manager 50 identifies the peripheral controller or

controllers m52" for performing  the function and

30 compiles hardware-specific Operate _Hardware# com-

mands into the command tables for the particular

peripheral controllers 52. The- peripheral control-

" lers 52. communicate directly with the hardware to

implement the'hardware-specific ‘Commands generated

35 by the instrum'nt manager 50, causing the hardware
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PCT/US95/ 06241 The system 10 can be configured
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’ﬁé@?ﬁ?ggﬁsgﬁgﬁ ot VI , for

S ' 36551 Ng - end:
sol ution is al salisot cotveod Bﬂék%égﬁﬁétﬁggqsaséingqcontrol manager

rei ul cnoet

- 20 flush resﬁgugFagﬂﬁpgﬁgﬁt 3bpugnthiee Otmlﬁijdﬁa:hﬂ ?g,q FEIHLLY ¢ he

donor s.

10

15

20

25

30

.35

cgnditidnf'o'g%;lthe' pro‘cessing?ﬁ?@igedur; . The status
data is expressed in terns of, . for example, fluid

flow raté_é-, sensed Pressures; and fluid volumes
measured, ' | L

The -.applié_:_ation control manager 46 processes and
u}s_é ‘the status data in varidﬁs'!_'iw"ays. In one way,
the appi-iit_;:'_atfi;_.fen control managgff 46 transmits se-
lected 'sté_‘ﬁi_{”data for display to the operator, as
will be ﬁdés&}ibed later. In another way, the

applica?fc.i..o;i“_fcféntrol manager 46 monitors operational

ihtervehti@nfi;ﬁbr system shutdown, as will also pe
described in greater ‘detail later.

In the preferred embodiment ‘(see Fig. 2), the
MPU 44 also includes a condition manager 56 that
re-ﬁs;_;i'.de__s in the data flow path between the instrument
max@_-ag_e:ﬁb;{”&ﬁi the communications manager s4. The
condition’ manager 56 also monitors status data ang

rther details of
elated aspects of

diverse ,typeS, O



Anticoagul ated WB enters and fills the first Cnncagu ner*
WE -enterssalnd: fill8the irs stage 24 of the

processi n&&?@%g 24. There, centrifugal forces generated dggi g,ﬁﬁpon
1

of the ce 2 seperate WB into red bl ood cells (RBC) 25

pl atel et-rich plasm (PRP) The PRP punp P4 operates to draw PRP_fromthe
- first stage 24 of the processing canheryql@ into a tag - 40 h

Prces ngcha ther ~16linto ant second t ubi ng branch 30 for

transport to the-second - r n o] t e S Cc n stage

32 of the prt(ncF:)esmmnecJa@Mibh@ Htﬁm-oi hﬁ%aﬁyseaeaehsdahma@-pl ?tgl et
concentrate and p ) sa t.em |nc udes a
recircul ation- %ﬁ?ﬁg "é*ﬁ#\ ajﬁbt%&q%q%%t}’@uﬁé
The processi ngreomdentl in3 tiyee mpipdsicati gninpoptrol manager 46 and, .
18uoper at esi r h{g r{ma p | f the prp
oxi t1ng t ho fI?St "Wxtardware elements 98?1@@9 syéjde‘ﬁ? 102 PREL HigH
PCT/ US95% 062411eve1 proceszu saftvare veeidenty inatber appligation xing with
_.c.ontx:ol manager 46 communicates with lower level
implementing process software in the instrument
manager 50, instead of c_ommunica_ting directly with
hardware elements. In this way, the intermediate

10 instrument manager 50 isolates or "hides" all
hardware-specific commands from the application
control manager 46. The applications pass abstract ‘

Perform Function# commands to the instrument manager
50, and the instrument manager 50 converts these

15 abst:act ‘commands into the specific Oper-
ate;ﬁardware# comnmands unique to the particular
na;aﬁa:e elements, all without further participation
by the procedure applications Al-A3 themselves. The
data flow between the instrument manager 50 and the

20 hardware elements of the system 10 is invisible to
the activated application Al-aA3.

The creation of the virtual interface between
hiqhdlevel process software and the hardware ele-
ments°provide5'considerable flexibility in adding or

25 modifying the process software of the high level
applications Al1=-A3 for controlling hardware func-
tions. New or modified process software for the
applications' need only to include specified
hardﬁare-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
managet 50._ Because of the virtual interface,
35 hardware changes require minimal changes to the high



the WB entering the first stage 24 of the processing chanber
As WB is WOLHIS48% 0 the first chanber stage 24 5 for sengQFFBﬂm%ghe

illustrated two needl e system

first chanber

si mul taneously returns RBC fromthe

stage 24, along with. a portion of the PPP fromthe

second chanber stage 32, to the donor @Breugh a. return needl e 36

t hrough tubi ng branches 38 and 40 10 and in line valve V2. The
- system 10 al sQ collect _ PC in sone of contai ners C3 through

tubi ng br anchaeV&l Fefhvagagin thelﬂPPFﬁéaFéPﬂeqkﬂﬁﬁﬁlsﬂéﬂagﬁxand

t-herapeutic usss, - The system 10 can al so-collect PPP in some of the 15

containers C3 thro

CONTROLLER

B 4 iRRe abbie" e dnymment nephger,fl |

process cont r dloxmsi aparor ofigtheneamen MErin hwhich thesappdchs as j ust
describegd. 20¢4ien coh%rb&e ﬁéﬁé%éf algd f@giaégf er rﬁftﬁ%Q@'i%’i& (

Fig. 2), the controll conprls

see

mai n p ('MPU) 44 .

In the prefen@ﬁ?ﬁﬂﬂﬁu93n§hg “ qaiJnature Qﬁ Bbﬁpin§§§facﬁypém88030
mi Cr opr ocessoringtluient manadé¥ 050 acafor PEEEAEO b %l t Bepairatd

types of 25

conventional, m croprocessors can be used

preferred emb FRRNERTS B 44 enpl oys - conventlonal r eal
mul ti-tasking to aIIocaBe MAiser InterfaktesComtmodcessi ng tasks.

peri odigg ti mer | : gt g?iliuggr E w eMes Ve 4qi Iglis?conds) 30

preenpts.the execu

15

20

25

30

35

ncludes an interactive user interface 58. The
interface 58 allows the operator to view and compre-
hend information regarding the operation of the
system 10. The interface 58 also allows the opera-
tor to select applications residing in the applica-
tion control manager 46,. as well as to change
certain functions and performance criteria of the
system 10. !

The interface 58 includes an interface screen 60
and, preferably, an audio device 62. The interface
screen 60 displays information for viewing by the
operator in alpha~numeric format and as graphical
images. The audio device 62 :provides audible
prompts either to gein the operiﬁor's attention or
to acknowledge operator actions.

In the_illustrated and preferred embodiment, the
interface screen 60 also serves.ég an input device.
It receivesfinput from the operater'by conventional
touch activation, as will be ‘‘described later.

Alternatively or in combination Wlth touch activa-
tion, a mouse or keybcard could be used as input
devices.

An interface controller 64 coﬁ@unicates with the
interface screen 60 and audio devige 62. The inter-
face controller €4, in turn, coﬁﬁﬁnicates with an

her

In the
time
A



that is in a ready .state for execution. If a reschedule is

requested, the hi ghest priority task I'n the ready state is
schedul ed. { g e, the" next task on the list in thepcHESBSOS2AtEe |S
Sohed. 5o WOMRsMSE. Lhe, o 15489
PCT/ US95/ 06241 - - -9- A
Functional Hardware Cont rol -1y -MPU 44 incl udes an application
control "~ managet 46..:: The appl i catlon control manager 46

~admi ni sters the actlvatlon of a library 48 of 5 control applications

(desi gnat edeI ittestace Mnahager 66;0NWROERAMN. Iﬁai-norckoﬂmﬁ«&dwe@h ribes
procedures for gart ve i-opal fasks,ysing Lhe system
hardware (e.g witHé Fg%tr%#ﬁglg%gigbheg ﬁ#g@i mgéager 48 and tM val ves .
VI-V3) in a préaaenyeqomyonart% ad the M@jmgﬁmfe&red
enbodi nment , thgegmagl 83 pr t s QPEw g afégfpﬁ ware in
EPROMs in - t'he: LP 2cess ﬂéAﬁ‘ nUbe of a catlgin&s Al - A3 can
vary. | in use the applicaticn ccntr ; manager 46 sends

_-anager 50. The application control
1ager 46 also sends to the interface manager 66
10 presc abstract Create _Display# and

15

20

25 :
-Forma'{;.Displ__: y# and Aucuo# commands to the inter-
face controller 64. The interface controller 64

30

display on ;;'_ _
contrcller 64 also provides low J_.evel control
functicns that drive the audio de e 62 based upon
Format Audio# commands . rece:,ved from ‘the interface
35 - manager 66.




the illustrated. and preferred enbodinent, the 15 library 48

i ncl udes WO $62#5489 one cl.i ni cal procedure appl i cat i on PAI/US!

procedure application o contains the steps to carry out one
prescri bed clinic rocessi ng procedure. For the sake of

exanple in that illustra enbodi mend ;3§ he library 20 48 includes a
procedure application Al carrying out the dual needle platel et
col l ection process, “as ' ::- - -already generally described in connection

\l/)\n t'h Fldg - 1frh|éaf dmteadaceddi tonteblpepceds e aDSbi Cadceptscan

e, an typlc o] ary 48 can
include a proced%r%&-aé%,_l cat%q’% ger%ra@e?n’%& tﬁééh ﬁFItI}S'a&}%\?en%/l onal
single needl eof the interface screentfon pSoUééé be described din he -
itlustrated aﬂﬁré&%

or a@iaargbos&'e@m -rhae interfaéé bééhtréilé!rs @4 ncl udes
at |east_one addi tiong

race. 5C RRPAPSASHLACSAMGR GRLYFed EOBRE RO tbe doteRtase | ou

a system conf |magenm0rxﬁumerfoml bt Youchdr Codes. e daitered exanple
LgnEPSULL{PEErgégﬁ ‘ag%g#ﬂ§7;5 pfﬁcewﬁ%%ﬁ€§n£§§4F6$;$3%+%g§§ur ® for
al l owi ng the applicating g@ntpqxamanager 46, either as function
'PCT/ US95/ 06241g0des -6 as changed field values. The application
10 .control manager 46 implements the function codes or
changedﬁfield values and passes them to the instru-~
ment. manager 50. Further details of this will be
ided later.
. This control .hierarchy also creates an abstract,
15 "virtuai"“interface between the functional proces-
~ sors ofﬂthe_controller 18 and the interface 58. The
high process software of the interface manager 66
'isolates and “hides“ all formatting and protocol
" _sed 1n creating the interface 58 from the
applicatlfns used to control hardware functions of
the systemilo._ The process software of the applica-
, tions Al-As, through the application control manager
46, pass abstract fzeld values and Create Display#
and CreateiAudlo# commands to the interface manager
25 66. Th process software of the interface manager
66 con erts these abstract commands into the spe-'
'cific] ommands that control the textual and graphic
formatsf'ndhaudlo formats of the operator interface
58, wzthout further particlpation by the procedure
30 applicat 'ns ?Al—A3 themselves. The data flow
between” the interface manager- 66 and the interface
controller 64 is invisible to the data flow between
the applicati'n}control manager 46 and the instru-

20

35 This control hlerarchy lends further flexlbillty



- 10 - operator to configure the default operating parane-

ters of the system 10. The library 48 al so incl udes a main nmenu
applicati A i ch coordlnates t he sel ection of t j

applicati &Eg@(}“ﬁg by the operator, as wll also be gggg?ﬁ’odea

greater det ai | Iater. O course, additiona

non-clinical procedure applications..can be, and typically wll

'be, in- . cluded. For exanple,~t¥e lerary 48 can include a 10

di agnosi s application, which contains the procedures ai di ng service -

personnel in djagn and t hoot i n the funct onal

integrity of t gﬁﬁﬁﬁﬁﬁa df*&ing ﬁpg}éFéﬁiﬂ&ﬁ whi ch
perforns a fulhardware ﬂunﬁtﬂdnsof wasqntnodifiedmatpﬂtngbﬁamm1becone
15 unable Lo JRnaeey Ao 'S ie ARG Fidla Wild Rikouts An

i nstrument manager |50 FOSI 065 as Drocess - i#LporoM s in”
t he. MPU 44, 'I'Wéel ne¥egfeibed creaﬁ&a&é@@%ko%m%&ﬂuﬁwﬁe

appl i catg on COcE'ézﬁﬁands to gdtAdeimetfiaddel IARAGETRE! tI) A rakbRl SO

conmuni - g gs with | ow | evel peripherdl™controllers 52 for
t he. punps; sol%ﬂ 4CGal ves, and ot her functional har dwar e of the
system As Fig. 3(13homtermwr8ewén¢omtrol manager

46 sends spect fi edzRerlgr 3 ELORL 88"n 8 BRDFdda dumoassfbifl " fde O™ 1O

t he i nstrunent nmanager
Fig. 4), the Format _Display# commands of the inter-

10 face manager 66 formats information for display on
the interface screen 60 in t.wo ‘distinct viewing
regions, called the status region 68 and the working
region 70. Preferably, the two;viewing regions 68
and 70 are fixed in relative posiiion and unchanging

is5 in size on the interface. soreeniso. This provides
continuity and consistency to the appearance of the -
interface 58, even as the functional hardware of the
system cycle through differentvprocessimg modes.

_ The uniformity and consistencylof the dual viewing

20 regions 68 and 70 of the interface 58 reduce opera-
tor confusion and the likelihood”of error.

The status region 68 and the working region 70
are each dedicated to different types and levels of
information. Nevertheless, the,gwo regions 68 and

25 70 are always displayed simulﬁaﬁeogsly to provide
the operator views of‘both:high:ieﬁel "big picture"
information and low level "detailed" information.

The working region 70 provides the means for the

' operator to select and activa{i ‘any one of the

30 system-resident applications A _ﬂ' The working
region 70 displays all specificf rocedure-dependent
information then called for by? _ reate _Display#
commands generated by the aotivate pplication Al-
A3, The considerable detail of ‘information dis-

35 played in the working region 70 a}lows the operator




called up by the activated application Al-A3. In res onse to hese

abstract wopsHS489, t he instrunent manager 50 identif

peri pheral controller or controllers 52 for perfornlng the

function and 30 conpi | es hardwar e-speci fic Oper. at eHar dware# com

mands into the command tables for the particul ar peri pher al
controllers 52. The peripheral controt-17 = | ers 52 communicate directly .
with the hardware to i npl.ement the hardware-specific comands
generated 35 by the instrument nmanager 50, causing the hardware

WO 96/ 15489 to monitor and change e ongoingppxpggss/daampal

- 11 - timel O operate in a specified way to carry out the

abstract Perform Functjon# co nd comuni cati o manager 54
manages | ow | evel BPo%onPtE n@g ﬁé%% status reg{hﬂ(ﬁﬁ;?ﬂﬁ ™t he

i nstrunent naeagty SRowsdptréscribéd preoedure-depundernt |Riforwa-

As Fiqg. al so

to the appli caFigﬁ\A@S %kﬁ?kﬁaﬁégg?g& %I&ag%%fgsiteﬁ" é’%‘fﬁe'a;%ﬁ%%weys back

oper ational anwhighct mperator routipelyt hesdsoicontdmyons: dwiowlprocedure.
The status edge and 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 70 to menitor and change more
detailed aspects of the processes. 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 viewing regions 68 and 70 allow the
operator to use the interface 58 quickly to find and .
select among detailed procedures, functions, and
options during system operation, or to perform off-
20 line functions, without 1losing touch with the
overall status of the ongoing 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 1os;ng the ability to, on
command, 1mmediately Jump hetween higher and lower
menu levels. _ ':_
In the illustrated eﬁbo&iment, the viewing
30 regions 68 and 70 are verticaily separated by a
graphical line or line of characters 72, with the
status region 68 occupying the: upper one-third of
the screen 60 and the,worklng reglon 70 occupying
the lower two-thirds of the screen 60. It should be
35 . appreciated, however, that the viewing regions 68



.10 data is expressed in terns of, for exanple, fluid flow

. rates, sensed pressures, and fluid vol unes nmeasur ed.
The appl i gﬂ?‘} ntrol manager 46 processes and . us gf,ﬁgzﬁt us
data in v g@@“&g In one way, 15 the application ?EE?§O manager
46 transmts se- | ected status data for display to the operator, as-
w || be Edescribed |ater. I n anot her way, the application
control nmanager 46 nonitors operatlonaJl and functional conditions
using the status data to 20 det ect %bnornal system condi ti ons :
requiring operator I ntervention or systen1shutdomn as wll also be

described in g t I t odi nment
(see Fig. 2), aﬁ& %o Esita béaééﬁafat?dlncfigonhgl tlon nanééﬁ? 56 t hat

25 reS|dess#ﬁetﬁﬁlﬂﬁfﬁﬁﬁhﬁﬂwpﬁFﬂ SEF%EEnd@ﬁgeF meQPrt ons  pmnager.
50 and t he conggnthat setreemngager 54. The _ condi tion nanager 56

al so nonitors stat d d t he erafl st at,es t he
hardware to detect&ieéﬁé&éﬂhﬂﬁﬁ?&ﬁncgﬁd??éo tW&Fgng Qqﬂ*ﬁn;iﬁ det ect ed
or 30 5 are fésplaycinfermatiion inefépiﬁscatmhn Formad_Displayidanager

46. Upon det ect ieg sm@abpamhumd' Wi day ! that ! e ONY] réadfﬁaéﬁmagef o6

provides fail-safe su system ope i"on Furt her
details of mana[g}qrs Gréauqers%naete%n%suwmae tﬁﬁr ar diste®BEngh s of 35

the controllerfields | speciiggergpeddrieach f£ield, its location,
size, and type in the region and the format of

10 information it contains. _
5 ' As will be discussed in greater detail later, |
i w the fields can formatted as . individual touch

selectable buttons. .The.fields}can also be format-
ted as an array of touch selectahle button fields,
15 which present a field of choices to the operator.

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

20 also be formatted to be bar gtaph fields, which
display numeric format in graphi§al form.

The interface manéger 66 inc;udes constant (ROM-
based) structures in look-up table form that store
data describing the layout andiformatting of all

25 display attributes, including rggions, field type,
and field location within the regions. The inter-
face manager 66 stores dynamicfngM-based) struc-~
tures that describe the presént-gtate of the inter-
face display. Upon receiving a giﬁén Create_Display#

30 command from the activated applicatlon, the inter-
face manager 66 examlnes the ROM-based table struc-~
tures and the RAM-based status stguctures to create
or update the RAM-based_status ét?@ctures, as called

' for by the ,activated“ applicatiox;. The interface
35 manager 66 includes a time—trigggfed task routine .
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" The descr @ipsk/&agy rol hierarchy creates an ab- st ract , PCU/US9506241

i nterface between the applications resident in the application
control manager 46 and the hardware el ements of the system 10. The
high 5 | evel process software resi_dﬁg‘t <-n the application control
manager 46 conmuni cates with |ower |eve I npl enmenti ng process
software in the instrunent manager 50, instead of comunicating

directly with that ﬁaﬁﬂmﬁe anmye&-atidhé hfaqu-edt%'g 33&§Late 10

- instrument, nana sol at es war e- speC| fic

;
comands from Fﬁgﬁgp pég{:gorpcreen &ht P&g n%'ﬁgg@r %tpu%e apPPecat i ons
pass abstract interfided arandgerté6nsendsmthis tprodessedt infernaranager

o Cthes | oRSGHTES AR EREL-PRCEBURLEAIBEEY LOrar ARTRRRERZ" T e

parti cul &r tionhar dware el enents,all w thout further participation
by the procedure appd Ciht&ﬁaé'e Aﬁaﬁﬂé&ﬁmé@sals-oheholds a Func-

tion#_Code associated with each touch selectable
button field identified by the Touch# Code received
from the interface controllg_r 64. The Func-
10 tion#_Codes are arranged in "c,ionstant (ROM=-based)
look=-up table form accor_ding ,{_jl_:o region and field
location within the region, as identified by the
Touch#_Code. The interface controller 64 registers
the region and field location when a given button is
15 touched, passlng this infonnation in the form of a
Touch#_Code to the J.nterface_ “manager 66. The
interface manager 66 inclndes a process button
utility that awaits and asynchronously processes
this information by examxning the ROM-based table

20 structure and sending the appropriate Function#_cCode
to the application contrel manager 46 for implemen-
tation.

The information and format selected for display
in the status region 68 and the working region 70
25 can vary. Fig. 4 shows a pre:erred implementation.
- (1i) The Status Region
In the illustrated and preferred implementation,
- the status region 68 includes a’ three blocks fields
74/76/78 that_provzde general etatus information
30 about the procedure then being run..

The MAJOR MODE field 74 contains the description
of the clinical procedure activa ed. For example,
the procedure is "Dual Needle ’latelet Collection,”
or any other application selec ed by the user and

35 resident in the applicationlcbntro;"manager 46,




only

to include speC|f i ed

ar dwar e- non-speci fi c abstrac

Per f or nFunct i on# Xhe Iﬁgﬁnﬂﬁg?tQﬁ%ﬁQrﬂ?nﬁBBF&%Eslﬁﬂ&ﬁﬁe?% twe
har dwar e i nt erfcae®. desdedption addi tthe Pro®ediréastatus. i Per

software of tf

speci fic har dvvare equ:ﬁgﬁs orB“y % 19)‘:&)4‘_‘53:ie‘%eégﬁ%I%‘g:)‘\év.?’Iqex\r/]gl:9

i nterface,
WO 96/1%589

-13-

10

15

20

25

30

35

insta mode (for nstall dispos: §¥-L§?éﬁgﬁtélon

vvare tIO con

_the hardware elements a system check mode {for

checking hardware operation before beginning pro-
cessing); a prime node (for removing air from the
system before processing); a’ collection mode (for
collecting whole blood for processing), a flush and
reinfusion mode (for removing residual components
from the system for return to . the donor after
processing): and a so-called;fﬁrap-up mode (for
removing disposable elements trom the hardware
elenents after processing).

. The WB PROCESSED field 78 contains the amount of
bleood drawn from the donor thropgh the draw pump P2
during processing, expressed nunerically in units of
ml. The WB PROCESSED field 78 is displayed when the
dual needle procedure enters the collection mode and
remains displayed until the procedure has ended or
is terminated. :

In the illustrated and preferred embodiment, the
status region 68 also includes .an array of touch
selectable button fields 80/82/84}8%J As before de-
scribed, the individual button fields 80/82/84/86,
when touched, each cause the interface manager 66 to
transmit a prescribed function code ‘for implementa-
tion by the application contro anager 46. The
touch selection of a given button: field does not
alter the display of information: in. the blocks
fields 74/76/78 on the statu "
change in the interface 58 re ult'ing from touch
selection of a given button 1n:t_ _status region 68
typically occurs in the working region 70.

data fl ow between the instrunment nmanager 50 and the 20 har dwar e

el ements of the system10 is invisible to . the activated application
Al - A3. The creation of the virtual .interface betppgp hi gh
| evel pro¥@184¥ ware and the hardware el e- nent s prowglyesg,m‘l
considerable flexibility in adding or 25 nodi-fyi ng the process software
-of the high | evel applications 20- A3 for controlling hardware func-
tions. New or nodified process softmare for the - applications need

t

vi rt ual
of
rocess
rtual

35 MINORr MODE: f!nehgegﬁ eganr eseqmenhiathpngﬁsplcag hanhi gh



46. As described above, the instrunent manager ?’1 so624’ B @
manag

part of PRI MPU in which the applica- 5 tion contro er 46
resi des. Al ternatively, - because of the virtual nature of the
interface, the i nstrument nanagesy 50 can reside on a separate
processing unit. B. User Interface Control 10 In the
i1 lustrated enbodi nent, the MPU 44 al so I ncludes an interactive user

interface 58.. i Tgﬁenf toucltzaafirﬁneeng&pabh%@ﬁ ffe.e.qmeraﬁd Qialtﬂs gew and t
conpr e- end ,jnformatipon, regardin er system
S0 The i nt ofr SRR ETARRe RS “BibeBTan, Lll dleglagp oy dne
~applications weskdngy megilon a7l | general, lamhontmﬂlw 46, as
wel |l as to ch ; iﬁgpé?- ia of the
system 10. ?..B%rmatzsm Esﬁég‘?{hégﬂ% nc %5 an-inter céiés%%ieen 60 20
and, pr§ferabﬁ9 the MINOR MOPE Liwdd 17 i nterface screen 60
di spl ays i nf or mat ymenf Qbu&hﬁw,nﬁhléym button %Géﬁi 2 icaplPhgpnuneric

format and as ad" hi.c audi o, device 62 provides
ndi bl e oo o, that chURER achaVASAeR GE R MARR RERR 28 to
acknow edge opppiticratdwn carsd the resultilzrgtcmhsplay!sbtattme aMalimreferred
enbodi nent, t n ve put device.
It receives |%uu Poﬁﬁh %89}&%; y convghsé)oﬁn% € gﬁmg#]o%]% &
activalPon, &efault cmdiﬁégvhbeas W&lbrbeaﬁescrmeérhatqmyenr in
combi nati on WddtdQLCla€ét) Vehe Main Menu allows the cperator to

select for activation any application Al-A3 managed
by the application control manager 46.

- When touched, the PROCEDURE DISPIAY button field
“gléjd"_ 84, (referred to in the drawings as "PROCED DIS-
7" praY'), calls up a function that displays in the

- working region 70 the display of specific 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 statﬁe'region 68 togeth-
er make possible the rapid selection of other non-
clinical procedure applications while a given clini-
cal procedure application runs, éhile retaining the
25 ability to immediately return: 'Eo the particular
display of specific procedure-dependent 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 one's place in a se-

30 quence of menus that are intended to lead the opera-
tor stepwise through the procedure from start to
finish. ;

When touched, the _E_’AUSE/EI}_I button field 86
calls up a function that i,.mé_di}ately pauses any
35 currently operating clinical procedure application.




tion, a nouse or keyboard could be used as input devi ces.

An interface controller 64 communi cates with the I nterface screen 60
and aUdiOF8§“%%§ The inter- 35 face control |l er 64, poirisese241
conmuni ca : MO 96/ 15489 -

PCT/ US95/ 06241 o2 14 - I nterface

manager 66, which in turn confruni cat es with the application .contro
manager 46. The i nterface conFFoIIer 64 and the interface nanager
66 reside as process software in EPRCNIs in the MPU 44. 5 In
use, the appl i %I%ceaﬁéotiﬁana&ae Hartdlcalls £6 tHe hgb?’laﬁﬁe ranager
66. speci fied flel val ues, ectlng S 7 ted status ecei ved

fromthe GWE#FQQMﬁﬂﬁi°n of kﬁ?,aﬂ sPiayi 8f sperds
manager 46 alprbseaube-t@eﬁmdeﬁter g c&f14a fouarls?cweed

355: Lgcgct i Vataec?ﬁa[tesd)aé%oceguﬁ at the ieﬁat ?ti'f‘ajg gﬁecgmwl led-for
5 button 86 is activated. at this ‘time, the working
region 70 display also preferable 'includes a RESUME
- touch activated button field;or_an END touch acti-~
vated button field, to give the .operator the choice
of continuing with the procedure or halting it.
10 In the illustrated 1mplementation, the block
fields 74/76/78 occupy fixed 1ocations in the center
of the status. region 68. The MENU button field 82
and the PROCEDURE DISPLAY button field 84 occupy
fixed locations ‘on the left side, middle ‘and bottom
15 positions, of the status region €8, respectively.
The HELP button field 80 occupies a fixed location
on the right side, middle position, of the status
region 68. The. PAUSE/END button field 86 occupies
a fixed location on the right side, bottom position,
20 of the status region 68. :

The status region 68 also includes context~
dependent NOTE/WARNING PROMPT hutton field 88 that
occupies a fixed location on the right side, top
position, of the status region 68 when an alarm or

25 warning is active. The NOTE/WARNING PROMPT button
field 88 is not displayed when &n alarm or warning
is not active. “a MUTE_button field 90 alsc occupies
a fixed location-on the left side, top position, of
the status region 68 when an alarm is active. A
30 WARNING/ALARM block field also
location on the_center, botto ‘position, of the
status region 'wﬁen an alarm active. Further
details of the alarms and: the_WOTE/WARNING PROMPT
and MUTE buttons 88 and 90 and ‘the WARNING ALARM
35 block filed 92.w;ll be described later.

ccupies a fixed




The interface manager 66 processes these field val ues and the
abstract @eaéifsqbd spl ay# commands to 15 generate speci f iRCIFIR95#06241

Di spl ay# commands. The . Format _Di spl ay# commands control the

parti cul ar ' format, ,: attr| butes, and protocols necessary to

create, refresh, and cl ose.the vi sual-d2§p1-ay on the I nterface screen
60. 20 Li kewi se, theinterface manager "66 processes the

abstract Create_Audi o# ca nds, t.0 gener.ate,specifi,c ' For mat _Audi o#
- commands. The Format Audio# ntge Working; Regien the format and

attributes of the andthe. illustﬁatedt anal podférred)yeﬁlmdﬁﬁnwatﬂde

Pt D1 opi o BORIAR ARELER TR VR PR AP B8 ML ORERETT | o,

For mat _Di spl a 1.
64. The int edﬁ&p&ayonal&eﬂefoouy the madgyimern |applima#immsol

functiong that a e _ y | r t
gﬂ% WO Sfeny. dis LR83uake’ Th sﬂ»agt rdybut S of he

char act er S, provi-de ormatt+tng ant

di spl ay on thesﬁl\@é’ﬁa@@ RYERaR felfds Pht épﬁa@ér labeled, FHOPSEr 64
al so provi des PROCEDURH gnmtspﬂcnm FEACE’ERESJ ons that drive the audio

device 52 based Unihon vopensll, "t i TANIAF IGELA AM4®
PCT/ US95/ 0624194 calls up a . function that . d_:plays a Procedure
10 Submenu in the working region 70. The Procedure
Submenu lists in an array of touch .selectable button

fields all’ clinical procedure applications adminis-

tered by the application control manager 46, which

in the illustrated implementation is the Dual Needle

15 Procedure Application Al. When touched, a procedure
application button field calls up a function that

directs the ;application control manager 46 to

activate the associated application. The activated
application:fgenerates its own designated Cre-

20 ate Display# commands, which the interface manager’

66 implements to change the display in the working

region 70. _Further details of this will be provided

later.
When touched the ‘SPECIAL FEATURES button field
25 96 calls up a -function that displays a Special

Features Submenu in the working region 70. The
Features Submenu lists 4in an array of touch
selectable button fields designed non-clinical
procedure specific applications _'administered by the
30 - application: control managexy 46,' "'hich in the illus-
trated implementation is thi 'ontigure System
Procedure Application A2. Wh - ‘given special
procedures - application button__ -is "Eouched, that
application is ‘activated and:t "’display in the
35 working region 70 changes 1n response to the




- 15 - The interface controller 64 also accepts

Fi el d#_Sel ect commands generated by touch activation of the
sinterface screen 60, as will be described in greater B

The i nt er 'WOLABrol | er 64 5 passes this touch activate ’ﬁﬁﬂoﬁfh t he
I nterface manager 66 in the form of Toueh#_Codes. The inter-

face manager 66. processes the Touch# Cbggs to the application control
manager 46, either as function s or .as changed field values. The

application 10 control manager 46 inplenents the function codes or

h d field 50.
) L s sl L1 s it
control hierar &4Phal sBUEtBeresdekaibs: @€t V111V|?ﬁué9r07¥@€¢face

bet ween the funetieanal proces- sors of" the controller 18 and t he '_
Interface 58. The g re of t erfac nanager 66
| sol ates and "hldeéJc ??d%{éngP éhf ﬁﬁgg oot -:bff é ®d in

creating5t he i intréxfacésnanagerhé620in thepgﬂn ' _' n_a& implle:nentaﬁt rol :

Lo TUnct e olongy gt AEeBLAVETs! Aessi ¥ Uaep Sy oph g0l (e

46, pass abstréﬁ:#h%lﬁtﬂﬁﬂﬁeénénwﬂyk%RQEI?§%9%§#53 and CFhat e Audi o#

commands t o t hggdiaidracan Hakee input selections using the active
_display, and the interface manager 66 up dates and

10 refreshes the active display Wlth real time informa-

tion received from the activated application.
-Conceptually, working displays on each region 68

and 70 lie on top of each other,'with the most

recent "active" ‘display 1lying on top, the first

15 preceding active display laying inactive beneath it,
and so on. If the active dieplay is deleted or
closed by the activated application, or by one of
the functions called by a tcuch activated button
field, without a new Create-Display# command, the

20 interface manager 66 makes the first preceding
display visible and active. A-display called for by
a create display command is plaéed on top and made
‘active until terminated, closed, or replaced by a
successive create display command.

25 - Preferably, the interface manager 66 includes
additional RAM=-based nmemory to prefcrmat frequently
used displays before displaying them. Such "virtual
displays" remain inactive until called for an
activated application or by a callable functioen.

30 In the illustrated and preferred embodiment, the
interface manager 66 also suppcrts agfull screen 60
mode (see Fig. 5), which can be“ena'led or disabled
by any particular applicaticn. the full screen
60 mode, the interface screen 60-1ncludes a single

35 textual or graphical block field 98 fcrming 51ngle




25 66.

The process software of the interface manager

converts twipamAassst ract commands into the spe- C|f|crﬂﬁﬂﬁﬁﬂﬂﬁﬂﬂhal
control the textual and graphic formats and audio formats of the
operator interface 58, without further participation by the
procedure 30 applications Al -A3 +h2&sel ves. The data flow
between the interface nanager 66 and the interface - controller 64
invisible to the data fl ow between ‘the application control manager

46 and the insiigplay regigm RhrgEalloscgeen mode cmn e cased)

hi erarchy | endgo# Ust&mpld ) cdhPind t st strt/@z 6/%11 N
PCT/ US95/ 06241 awple) g systenm sta 19' zation,

I n addi ng or
nmodi fyi ng appl?%ﬁt?Bﬁ? P&Fgﬁﬁﬁﬁ¥ﬁlq hardmare functions. New or
" nodi fied applicati®he followﬁagdexahplboﬂhﬂﬂstkaﬁ&sitﬁé épetratiohue

out put s @nd
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€. oper at or.

Fig. 8 shows the default condition of the dual
region interface screen 60 that embodles the fea-
tures of the invention, as it;exists before the
selection of a procedure appiioétion, The status
region 68 is thus free of the MAJOR MODE, MINOR
MODE, WB PROCESSED, and BLOCK' WARNING/ALARM fields
74/76/78/92 (see Fig. 4 for comparison) In addi-
tion, the MUTE and WARNING/NOTE button fields 88 and
90 (also see Fig. 4 for compargson) are also empty.
The working region 70 shows the:Main Menu, showing
a CHOOSE PROCEDURE button field 94 and a SPECIAL
FEATURES button field 96 already described.

Fig. 9 shows the conditionﬁof the dual region
interface screen 60, after the oﬁérator has selected
the HELP button field 80 in théfStatus region 68.
The status region 68 shows no ¢hahge. However, a
textual field 102 has been obéﬂad in the working
region 70, overlying and hidingfthe Main Menu. The
textual field 102 provides general information about
the Main Menu and the selection §§tions available in
the Main Menu and in the status;fégion 68. By touch
selecting the MAIN MENU button 32 in the status
region 68, the operator 1mmed1ate1y returns to the
Main Menu in the working region 70, as Fig. 8 shows.

Fig. 10 shows the conditlonzof the dual region
interface screen 60, after the of rator has selected
the CHOOSE PROCEDURE button field:94 in the working
region 70. The status reglon BMShows no change.
The worklng region 70 shows in bu ton fields 104 and

: e e I éﬁ% splay# or Create Audio# 5
commands  to ga‘lmE thg i"é agex}q

'S



i ' For mat : I n

[ (i) Interface Screen | cor mat
Iﬂterr?ﬁgfrated'and preferred enbodi nent (see _Flg].c 4)’t;hfﬁf0rnation
tDi gp: ay# cOND®ats4sef the inter- 10 face,_m_ana?er g'Gst :)chr? _ et
| ” e i 60 in.two di
' i on the interface screen \ _ -y
: Iggigthng||ed t he status reglpnn286§?d t he gﬁak;ggare fixggg:gnrelative _

iewing regio . .
'gggrs;gﬁlghdtnﬁcagﬁgYng 159 gin si ze é% the interface screen 60. This

.provi des "~ continuity and consistency to the appearance of the

. 1 I

‘interface 58, e%Qﬁlﬁhﬁt.;uﬁiqaiipwméemgfg %2%%#$§Pﬁifﬁséﬁ§¥§gﬁg:g?gngy

L ough o e-r’e“-‘%pég%ﬂ oD BherolL, manasen 46 i Incthace1fdaceduce

' | - e _ bR e
groe'; g_e _dual_ v f%ﬂ:alg% f GEPeAingaty ha | battohogdedd qrd@rlal?]e.hee%i the

_ el P o are eac ed to
status regi.on @Aan Nddil e iaited ot Pradl agﬁg{ﬁgﬂ§hgﬁﬁvﬁp¥hgcgggatthe t wo

e ors B 40 B, a1 etommn st e o
the operator vINRIGS sl bxyst cpsbr” Nt e or RERGLPegNeRTTS provi des
P vl for paus 1‘*'90?%?2?% bpgten, Sé?léngp_éctawaslmwmnyeqn% of, ;Bfaig
cyst om r osi dentIaRRSY) S8 the A ees Criaroctlure ppl i Elods, byt ho
al | specific presddirmy Ci@i)ﬁﬁlf%‘;ﬂp licatio bg,oé?@lgcw%gea 4fplication Al -
%?at '?‘hé?bzglng?/ﬁ or agilgdgfl? 3\ys_ih}19_rﬁenddnidhsé;?éf-th_e dual region
L interfaceﬁsq;een 60, after the operator has selected
‘the Dual Needle Platelet buttQﬁAfield 104 in the
. working rééibn 70. The statusi?égion 68 shows in
~ the MAJOR MODE field 74 that the Dual Needle Plate-
15 .let COllgéﬁion Procedure has been selected. The
- - Status region 68 also shows in the MINOR MODE field
76 that thé;procédure is in the install mode. The
. .8tatus region shows in the Wp "PROCESSED FIELD 78
.. that no Wﬁéie:blood has been collected yet. The
"zp_;:_fworking_r gion 70 shows in the textual field 108
o '?:;instructid_ :dr the operator toufbllow in install-
‘ing the diépbsable elements op:;he hardware ele-
- ‘ments. Tﬁéﬁwdrking region 70 éisq shows a touch
- activated CONTINUE button field 110 which, when
25 'téuched, 'égﬁses the instructiof :.in._the textual
field 108 to progress, taking the operator stepwise
through th -ihé;allatign procedufé_gntil complete.
The MINOR MODE field 76 in tﬁe?@ﬁatus region 68
changes a _’the activateq prd@é@uret progresses
30 through successive modes ipcludinéféiengck of hard-
| ware functionality, Priming of th luid flow paths
-to remove air, procedure start-up nd ‘venipuncture
tasks, eiﬁhgifautomatiéaliy'or_hit_ﬁ?ﬁé assistance
-of the opéréﬁér. The téxtuhlffiéid i68:in the work-
35 ing regionffﬁ-also_changes to diéﬁ;ay information,

-




35 played in the morklng region 70 alloms t he operator WO 96/ 15489
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and change the ong0|ng process in real time. ~On the other
hand, the status region 68 conti nu- ousty shows prescribed

procedure dependent
nat ure, about whi ¢

tiop 94 @ nore general and "overview
operator routlnely needs continuous know -
edge and i mredi ate access -The status region 68 .~ continuously

di spl ays thi s aeneplai-o PLRES] ttéf‘pr@mpt the kSeritr OpSreaRe @L@pai sed of
t he overall tus ,Qf- 10 : pi ng,_proce even whe Lhe ogerator S
usi ng g % raec'g‘? el?gsr}?ﬁn%ﬁgFﬁF Z’ﬁ(?]iﬁ‘rangglr% T detailed
aspects of therespeetex;thenothenlvisual aspectsedfamhenstetﬁsd

enbodi nment , ugs e operat or
to respond 15 feéiah grﬁghpWorﬁ%nﬁf¥§§#éﬁ 960¥éﬂ§§n”33%ﬁ35%§&

regi ons B8 and 70 gdgleaKshows the condition of -the dual regiogmnng
zinterface screen 60, when the procedure enters the
collection mode.' During the collection mode, whole
blood is. drawn from the donor,_centrifugally sepa-
rated into component parts, and its components
10 ‘either returned to the donor or: collected as
earlier described. -

The status region €8 continuously shows in the
"MINOR MODE field 76 that the: procedure is in the
collection mode. The status region continuously

15 shows in the WB PROCESSED FIELD 78 the volume of WB
drawn from: th .donor. The location and attributes
cf the other'hutton fields 80/82/84/86 remain un-
changed, unless'the procedure changes operational
mode, at which time the MINOR MDDE field 76 will

20 change to reflect this mode change.

The workingfregion 70 continuously shows in an
array of. prescribed textual bleck fields 112 and
associated prescribed touch activated button fields
114 selected field values detailing the progress of

25 ~ the ongoing procedure.

The .type 'of ‘information selected by the proce-
dure applicatio for display as a ‘field value in the
working region 70 during the. collection mode can
vary. In the illustrated embodiment, the block

30 fields 112" list by way of examp :fthe donor weight,
the anticoagul"t (AC) ratio, the rate of infusing
citrate carriei?by the PPP returned to the donor,.
the volume: o' PP collected £ resuspending col-
lected Pc,'th' anount of additio al PPP collected as

35 a by-product, and the amount of;_hole bloeod yet to




operator to use the interface 58 quickly to find and sel ect anong
detail ed procedures funct I ons, and options during system operation,

or to perw % line functions, wthout | o0singpcrssokostth
t he I stat us of the ongoing procedure. The two Vi ewi ng

regi ons 68 and 70 permt the operator to navigate what is in reality
a nultiple-level nenu structure Jg . attend to details on one nenu

| evel , 25 wi t hout necessarily noving stepw se up and down the

menu structure and without losing the ability to, on conmand,

Lhmred: Ftt ely th%@ %égeeeeal tbﬁhe%%d HHevepc yield gsmed:gg%%g the I'n
e illustrated. e plmen Wi, N ns an are -
vertical ly seRReRe4PIR, t'n‘ @ﬁﬁ%c%“tltpﬁefggagﬁnéldf okt ers 72,
with the thetanmermglstaﬁﬁsowpyheget epeymeionak- thictba,
t he screen 60 @ﬂﬂcﬁh r !SQ! Vi
two-thirds of scfae%&r:]) é&%%l sﬁzou%d gf&g@ %%%%rga’%, qﬁgéwever,
that thé vi enibitrenithelds 114. VO 96/ 15489
PCT/US95/06241  Field values in the button'field 114 change to
reflect changes in the current status, when they
occur. ‘For example, the amount c_: WB to be p&:ocessed
decrements over time toward zerc. When the WB to

10 prc-.e‘s‘"s button field 114 is zefo, the application
prompts the operator to begin the flush and reinfu-
sion mode. (

In the illustrated and preferred embodiment, the
ope_:e?__:_cr can, by touch selecting a given button
15 field 114, modify the displayed‘?z"field value. Fig.
: 13 shows the condition of the. display screen 60
when, for example, the operator touch selects the WB
TO PROQESS button field 114 in the working region 70
to change the volume of whole blood to be processed
20 during the procedure. The wcrking 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 velue, and the units
in which it is expressed. By tegch activating the
25 keyp'ad".lls, the operator changes :“:*}at‘,_zd enters the new
value, ,'then selects the touc‘l-x_-__g-:f_l-_:activated Return
button field 120 to return to the"ﬁcrking display 70
shown in Fig. 12. The field value in the WB TO
PROCESS button field 114 will reflect the new field
30 value. _ ':'5 -

As Fig. 13 shows, as the kizig' region 70
display changes to | acccmmodate._ "lthe edlt/modify
procedure - just described, the status region 68
display remains visible and unchanged except to

35 reflect changes in the wvolume cf whcle blood pro-




- 18 - and 70 coul d be separated horizontally in a side by

si de rel ati onshi and occupy differing proportions of n 60.
The st at uqugé 68 and the working region 70 5 di spl ayP| n orggnlgfiﬁgn in
. fields.. The Format Di spl ay# for the particular display that the
- interface manager 66 gener ates ig conposed of a list of such
~fields specifying, for each field, iTs ?ocatlon size, and type in
the region and the format of 10 information it contains.

-rglhagfegisggégg 5 EgﬁhsioggkaiLdie}ééPégyébPEBEEFP%hg!gihégﬁyelds can

al so be forrraphange m perational apode coddiedsfoxcthbitheacti-fiel ds, 15

Bl'so be for o Arges abplicHAdiRs {0 ther?E.ernator ha or nuneric data
strings, or textudft any igmﬁaF9°CBRﬁFP PR pee | to ccetyprn; te. mmapped

scrol | agl e t exhe atiai apena wyageouchﬂmfem& cenezm.*NU bhstohe

s ol o R16H8 o 3R chbrhda ﬁ?%?#%%‘n%ge?*’é% 24 R R ot (Rowe
based) struct momﬂitﬁ.qmoloﬁjpthabl @isplayt hsereepr e¢60 shoulddt athiescri bi ng
the.'ayOUt.angmﬁﬁﬁﬁﬁkthﬁﬂeoﬁhﬁk|cﬁéice afiaP! Riv fid édub Pered "ehedi Ng

regions, fieldtype,
' exit/modify procedure just described.
10 . As Fig. 14 shows, the working region 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 activated 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 change 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 Fig. 15 shows, the
working region 70 of the screen 68 changes to show
the Features Submenu. The Features Submenu lists in
an array of touch selectable button fields 122, 124,
25 and 126 the non-procedure specific applications
' administered by the application control manager 46.
Touch button 'fieid 122 activates the Configure
System Procedure Application Az,fsy way of further
example, Fig. 15 assumes that additicnal non-clini-
30 cal procedural applications are also resident in the
application control manager 46, spch as the diagno-
sis application (which touch button field 124
activates) and system restart ie‘nppl:i.t':a‘t:ic.n'n. (which
touch button field 126 actlvates), as previously

35 discussed.



and field location wthin the regions. The inter- face manager 66
stores dynam ¢ (RAM based) struc-

é%?ﬁvbgggr_ oo"

face manager 66 exam nes
RAM based status structu
as called .

state of
Cr eat eDi
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manager

The operator may proceed to t _ch select a given
button field 122, 124, 126 in t: working region 70
shown in Fig._ls. The selecte button field will
activate the associated application. ‘Meanwhile, the
status region 68 remains vis: le and unchanged,
except to reflect status changes in the information
fields it contains.

At any time, and regardless of the active

display presently in the working region 70, <the

operator may choose to again vi widetailed status
information about the clinical pr_cedure then being
implemented (as shown in the MINOR MODE field 76).
To do so,: the operator need only to ‘touch select the
PROCEDURE DISPLAY field button-84, which remains
continuously“visible and accessible at all times to
the operator in ‘the status region,68. The working °
region 70 display returns to the ormat and attrib-
utes shown in Fig. 12 (if the process is still in
the collection mode), or whatever.the format or
attributes of the procedure displaufis for the mode
identified in the MINOR MODE field 7.

¥, the status re*i' .68 keeps the
operator continuously informed a the "big pic-
ture" as the working region 70 changes to provide
access to the details of processing. The status
region 68 also.provides the means"for the operator-

tures that describe the present

f.ace display. Upon receiving a JpPRs9sne241
ind fromthe acti‘vated -application, the inter-

e ROM based tabl & struc- _ tures and the
or . update the RAM based st at us

'g&gcaﬂﬂﬁubmnnmolds a



button field identified by the Touch#_Code received from the
Interface_ controller 64. The Func- 10 tion#_Codes arm-rajsogpsaf | n
const ant Eﬁgtd) - Jook-up table formaccording to reglion ang
field ~location within the region, as identified by the

Touch#_Code. The |nterface controller 64 registers t he regi on and
field locati on when a giv ubutton I S, t ouched, passing this
information in the form Touc # Code to the interface manager
66. The : interfa nanager 66 includes a process button

utility that aa@I mé.yasgnﬁ&v oeﬁﬂahghpre@smtiple-iéﬂls fnahar mation by
exam ni ng the sed-t

t aj th t
Funct] ong CodETUCEiTe oF (e RERRERGH Shn( FB) SFARAGCEOIBSFaALRp! oron:

tatlﬁn on - ofée mehur nhevel, andithoutt ‘aetessadiiyr dovinay

In the status L r [ F|g 4
shows a pref eréree%”p#‘#b?%rg nt: %h&"w &&gméﬁg ggr&gt&;e a‘f‘fl ?’%@% atu

Regi on 5 losing th }dbil%tYated endcpmnaadpeammsﬁianeayadum@

t he stat t f 74/ 76/ 78 t hat
e status reg?éawéén'ﬁilﬁydssaaa ﬁ."o%zblnfe&'%lé\ﬂlhe or ocedu a

provi de gener status | r.hat 1 on re then being
run. NEPRE  f4p4d776.6RAREAS EReTEEIECT MAGS of

t he cl'i ni cal pémﬁduse me Ynder Feheexfont ol of thé haciiseda e is

vt Neodl e ALElaleLahl PCARER: o ogtsBh, ARSD LSk SORHA IR S0 o'
10 'designated WB. TO PROCESS field value shown in Fig.

12 decrement ;"o zero), the procedure prompts the
operator to \_r the RBC flush and reinfusion mode,
during which residual RBC are. flushed and returned
~ to the donor. The procedure then_enters a Procedure
15 Wrap Up mode, in which the operator is instructed to
.remove the disposable components.
. normal Operational Conditions
:) Detection
Each proce”ure application (see Fig. 6) defines

20 dabnormal functional and operational states that
require operator awareness and/or operator interven-
tion.: The procedure application Al processes status
data received from the instrument manager 50 to
determine whether any current operating condition

25 constitutes a;prescrihed abnormal functional state.
If so, the application control .manager 46 issues
prescribed commands to notify the _operator through
the user interface 58 and, under certain conditions,
suspend systemfoperation. ?

30 As earlier described, the MPU 44 also includes
the conditio:';manager 56 to - i rovide fail-safe
support to rror detection functions of the applica-
tion control manager i6. It s'i:ld be appreciated
that, alterna“ively, the condition manager 56 can

35 reside in an uxiliary processing unit (APU) (for
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- 20 - The M NOR MODE field 76 contains a one or two wor d
descripti %P&l § procedure st at us. For exanpl e, f ecTAUSESIRd24NNeed] e
Pl at el et ection, the M NOR MODE field 76 can sequentially display
an 5 install node (for installing disposable elenents on t he :
hardware el enents); a system check node (for " checki ng hardware
operati on before begi nning pro- - @3&%ng); a prinme node (for renoving
air fromthe syst em before processing);-a collection node (for 10
col l ecting whol e blood for processing); a flush and rei nf usi on node

(for renmovi ng $%¥aPRL8) GonpRFenRds tyPe 6803M THCXARNQGRSSAT et @FN to t he
donor after partpyomsahegmm MdaﬁdsEamu&ednwaapam.mde (for '

remouing, & SPosalge ELER S SNl e BRAUEISa Iz 11nE BRELLR, T,
bl ood dr awn fringtrabmbrmalttﬁunqﬁionai(Mandjj”pprﬁzional statesy
processiglg, exgoinsSef! {HETddFAdd LCatBh! $nOk ‘condition manager
56 are the same as the states defined in the
application control manager_4";ﬁwhile others are
independent cross checks of'nhrdware control com-
mands and status data to verify ‘hardware integrity
10 that only the conditlon manager 56 undertakes.
The condition manager 56 monitors the flow of ‘
data between the instrument manager 50 and the pe-
ripheral hardware controllers 54 (shown in Fig. 2)
to determine whether any eurrentgepefating condition
15 meets the criteria defined for an abnormal func-
tional state. Where possible, the condition manager
56 preferable includes a time-ocut period for condi-
tions that the application conttol manager 46 also
monitors, to thereby allow theiapplication control
20 manager 46 a period of time to correct the abnormal
state.

As Fig. 6 shows, the condition manager 56 con=-
tinuously sends an OK State status to the applica-
tion control manager 46 as long as no current

25 operating condition constitutes .a 'defined abnormal
functional state, or as long as;the time-out period
for a sensed abnormal functional
ble, has not lapsed, :

When the conditzon manager 56 detects a current

30 operating condition that meets .th criteria defined
for an abnormal functional state}iand if the time-
out period, if appllcable, has lapsed, the condition
manager 56 sends a Not OK State# status to the
application centrol manager 46." “The Not_OK-State#

35 status identifies to the appllcatign control manager

ate, if applica-




m. The WB PROCESSED field 78 is displayed when the 20 dual needl e

procedurewﬁm o t he collection node and remai ns di spcyeshsagdar! t he
procedur e % ed or - is term nated. In the illustrated

and preferred enbodi nent, the status region 68 also includes an
array of touch 25 sel ect abl e but t0o3 % il ds 80/ 82/ 84/86. As before de-
scri bed, the individual buttonfields 80/82/ 84/ 86, when t ouched, each
- cause the interface manager 66 to transmt a prescribed function
~code for inpldferkhe abnormali condificne detectedsi olpoonresieipmanr 46.

The -30 UGS HAC OrOBeRle ) S ELEH Lhl BoRBIRIAN manager A TOT hE

di spl ay of informti Oh st at us

‘region 68. ARy and reEﬂHﬁ&Gan%l}W e‘m%cﬁcggvﬁ§§él PELRFFAWIR t ouch
sel ection of ampVisabidhoalise toetebeeustnegemeG&Bﬁomaiymﬁﬁi-ly occurs

:D?:T} ng Bg'zzgl’cigx%f nstgte, thg\o a%gl]isca?@ion oﬂ:trol manager' 4§..,
t ouched, the HEsuest pmsf:irébadsocmandapto nottty:othextommar ve
function that Eﬂﬁﬁg’ﬂ%& WB&r interface 58.
Upon issuing a Not_OK_State# status, the control
manager 56 goes fail-safe, suspending system opera-
10 tion and - interrupting all further communication
between the;applioation control manager 46 and the
peripheral controllers 52 until the abnormal state
is corrected.
©(id) CIassification |
15 In the ‘preferred embodiment, the application
control manager 46 categorizes defined abnormal
functional and operational states .either as an alarm
condition. or as an attention condition. The alarm
conditions comprise functional and operational
20 states requiring immediate operator intervention.
The attention conditions comprise functional and
operational " conditions that. may be transient and
,self-correcting over time, or that otherwise do not
require immediate operator intervention. In the pre-
25 '.ferred emﬁodiment,.the application control manager
46 -automatiéally upgrades an attention condition
that remains“uncorrected for a prescribed period of
time after detection (for example, 2 minutes) to an
alarm condition. The application control manager 46
30 also automatically treats a Not -OK _State# status
from the condition manager 56 as an alarm condition.
Examples of abnormal operational states that can
be treated: as alarm conditions ' include pump motor
direction error, pump motor speed error; liquid
35 spill detected indide the centrufuge, centrifuge



litative i nformation
[ lon 70 general, largely qua ‘ ation
\r,\ggrgglrglgngr'?gla procedure status displayed 5 i'n the M NOR MODE

64 ' ' t hat
. Wen toucheW09 #9ENU button field 82 caglpgl |u£at on aﬁdftjﬂgt |Pon swq@“
' Causes activation of the’nﬁézuanuthe wor ki ng reglon 70 (af Fig. 4 shggfaaf
ribed in greater
2 oper bt ot ‘select for activation

splay of the Min
gllg _y def aul t condi tion).

or to
later, the Min Menu allows the operat y the application control manager 46.

\E}ngalto 8[113512;' Otnﬁét%- e ?f%PLﬁP’bEPE%n volét‘U]‘S pOlYpe ‘24;3%5}[‘?{# ¢ ﬁgt Ho
0 the draw ng<°#atrhfumEDdses open; °Bhe¥iké‘|gggi &y of Pehe dOGkedsr ocedur e-

0,.the
di spl ays in theampty anﬂﬂéoagﬁléﬁg'g?ngﬁéngeflVated " or ocedur e
dependent i nf or rratlé)n then N p DURE DI S-
appl i cati on. q#ﬁ% ﬂﬂﬂmai1dpeﬁwti%3a? ch@@s BESE

PLAY but ton"f i é?Qi Bneahedhdsshghﬁ RH U d O:Enc da, ‘éamppratmtere

f .ot her _non-
ossi bl e the r;i Sk © Bove  1lmigs ' scangl | g geg uns.
gppllcatlons WA 1vé¢|4§||ﬂ it4l  wedghty Eg

whi | e retalnlnﬁﬁﬂﬂgqﬁﬁ and&antiob%ﬁulaﬁé %?%g yoéﬁt“r” tOtLen ﬁg[fgﬁuigﬁ
di spl ay of spec'f'wpf?’d”@ecfééﬁgg et\ﬁqqm afhea neendieigpogr ess up
by the act|vat%ﬁ g |np%%se rouapr@dammwndnditiﬁnt‘tﬁér%?é?f itglace in a
and down throug to 1ead iH i tor
se- 30 10 quenomhﬂbhﬁnaﬁagéﬁt4ar %ﬁﬁ%&%%j nd %ransm ts a pre-
st epwi se thrOUQEz&B@dpEgggg rﬁlgr%nl%i%play command to the inter-
face manager 66. Likewise, upon detection of condi-
tion tnatifrepresents an attention state, the
application control manager 46 generates and trans-
15 mits a- prescribed Create_Note# Display command to
' " the interface manager 66.
Upon receipt of a prescribed Create Alarm# or
Note# Display, the interface manager 66 examines
the RDM-based table structures and the RAM-based
- 20 status structures to create or update the display
codes to implement the designation display and audio
through the interface controller 64 using the inter-
face’ screen 60 and audio device §2. '
In the illustrated and preferred embodiment, the
25 interface manager 66 places all displays generated
in response to Create Alarm# )isplay or Cre-
ate Note# Display commands initially in the status
region 68_of the interface scr n 60, as Fig. 4
shows. ‘The

eserves the  top

’ldes and the bottom
center position of the status region 68 for the

alarm and note fields 88/90/92; These positions on
the status region 68 remain free 'of any display
: character;oﬁ indicia in the absence of a ~sensed
35 alarm or attention condition.

30




finish.
up a func

time, the but

the display of specific

by the
86 is activat

preferable in
touch acti -

of continuing
illustrated i

| ocationS in thuttentﬁield 8

field 82

When touched, the PAUSE/ END button field 86
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ton calls f

‘activated pro

cl uded
fromh

bR

, n?the preferred
the button field

'jaa is colored red (the international .alarm color)

10

15

© 20

- 25

30

35

;and contains the word "Warnin'

'or some other word
or words to dencte a sense of urg'ncy.

The interface:manager 66 alsozcreates the touch
selectable" muteubutton field. 90 on the left side,
top position, when an alarm stat”'is active. Touch
selection ‘of the mute button'field 90 turns off a
prescribed timefieriod any audible alarm associated
with the alarm state. ;

_ With the creaticn of the button field 88, the
.interface manager 66 creates the alarm block fiela
92 at the. bottom of the status region 68. In an
_alarm state, the block field 92,'also preferably
:colored red andfbar-shaped, contains a description
of the’ warning “ondition of appropriate length.

" When the’o erator touch selects the warning
alarm button fiela 88 (as Fig. 7 shows), the inter-
;face manager 6 moves. the button field 88 and the
block field 92 rom the status region 68 and dis-
=plays in a textual field 100 in the working region
70 more detailed*information regarding the appro-
priate response;'for the operatormto follow in cor-
recting the sensed'alarm state. orking through the
interface manag 266 the alarm state of the acti-
vated procedureyapplication ma. tains contreol over
the working region;7o of the inte face, allowing no
'display except“th_se relating to the“alarm state and
associated corrective measures»tc'be active, until

calls

8@6{'&% i redi atel y pauses any 35 currently opefpidsngadt
clinical procedure appli T

PCT/ US95/ 06241 : -3 - 22- At the same
he di spl ay 5= in t he working region 70 of

~procedur e-dependent information called for

T ocedure ND 5
ed. At thi's time, t ema?#%m%ﬁ%o#%%splay al so
4 TREDONSe | to ats‘aehtagb, xnggd Display fdastmamd an END
& buldiivated d, i-QcaaMQ_ ! haggaqraawcﬂ he «eﬁ@' ce
rocedure halt n TQP §§
sace BRRdAr f freated the Jousl mslestaRiMy fixed
{ one “"fﬁﬁght'aradMENunbutton

button



ROCEDURE [ i e fixed | ocations on
DURE DI SPLAY button field 84 occupy
?Eg fgftPS|de m ddl e and bottom 15 positions, of the status region 68,

respecti vel WO 9615489 The HELP button field 80 occup..l_ es a Ilexleg | ogag%llo%r‘l’é

on the right side, mddle. p03|t|on of the status ocatiom gn no ?ight
PAUSE/ END button field 86 -occupi es a fixed |loca et
side, bottom position, 20: 2 0f the stat s region %E/ VARNI NG P .

- 68 al so |ncludes cor ext - dependent ECNP de
oo fixed location on the right si

op € post 1 &djﬁ%an?fcn%%%'gg?eéﬁoanésmeinpgmiaaaignoeo%b%fo(}l var i ng
is active. Themﬁmﬁmm mw\?ﬁngféﬁg?ﬁeo .tne %l:)l'% # 8+ 90 al so
when an alarm or marnlng . f|onloﬁ *th ?EﬁtA%?HE Ingpracetion, of ol ok
?ﬁguglgfus regi on 6§§Miﬂﬁamnéﬁam“'3 Create thé#%ggsﬁﬂﬁ?“ g?éké asi tion,
field als® occuﬁmemlathexedctivated gcg%%??saggslSglpggpahépn, the details .
of the e SigbGd '%M SPreReates the uhdh e Duttapseds and 90
Ond 1 e VIARN NeBWEBEM $5eld BBook thecdighwiigdiadle ¢ S5 Boslion, ‘o
_the status; egion 68 (see Fig.__ 5‘ In the preferred
implementation, in an attentionﬁstate, the butten
10 field 88 isJColcred yvellow o; nother'cautionary
' color distinguishable from the_“_lor ©f the button
field '88 in‘an alarm condition. “:The:'button field ss
contains the word "Note" or some other rcautionary
word or words readily distinguishable from the word
15 contained in ‘the field 88 when in an alarm state.
' The. interface manager 66 also .Creates the touch
-selectable mute button fielq 90 ©on the left side,
top position;fwhen an attention state is active.-
'ﬂTouch selection of the mute button field 90 turns
20 off a prescribed time period any audible alarm asso-
B ciated with the attention state.
With the Creation of the note alarm button
fiela 88 the interface manager 66 creates the block
:field 92 atwthe bottom middile. of ‘the status region
25 68. The block field 92, preferably colored the same
color as- the note alarm button field and bar-shaped,
contains ‘a: description of the at; 3
appropriate length. :
When theaoperator touch selects ‘the note alarm
30 -button field 88, the interface manager €66 removes

i ,xtual field 100 (see Fig. 7) in the
working” region_ 70 more detailed

regarding the :ppropriate responsewnfor the operator
35 to follow l q
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[ [ - 1n the
- - (iii) The Working Regrion .
il Izﬁst rat eygzglsp'r”ef erred enbodi ment, the wor ki ng regi o"rP‘ﬁﬁ’g'ﬂWé by

default the Main Menu =~ di spl ay cal led for by the main nmenu application

of touch sel ect abl e
. A3. 5 The Main Menu display includes $£p array

. button fields 94 and 96, | abel ed CHOOCSE PROCEDUREba?;:I SPFFleiNa

'. FEATURES. S When t ouched, the CHOOSE PROCEDURE button

t he '
94 .calls up a fmctappmpnaiaﬂespl a%ﬁ(ﬂ ubrren CE'I‘#gts < n‘b‘g ng.rfng? of touCh
wor ki ng ‘regi on n?é’nag&‘e_sp?,“%g %ttaq%o&m sgaggee;retrg@pactatraued adni ni s-
sel ectabl e button el o8 i U ust r at ed
tered by the arﬁﬂ‘?‘é%ﬁlﬂ’{ﬂ cgmnlr?atﬁ;)mgmai‘ri%aiwy on%:l:'olc.atlon AFh
i npl.enent at i on w&kiﬁg%___i"&? I7I o or?hbutflgﬁ f%ég'ceﬁlilé’w%l nenct i on

Eﬁgfhed 52 prof@%pslag ﬁé:c' &elasingr bb thenattentién! Qtaggt on
|
activate the a@duti a_sedcd.!amlsdcaéoﬁﬁectfﬂ?ﬁ Hdd s} %dsp?aﬁ? BGFiKEs. whi ch

generates its gy é?é g‘%ggii’ﬁpﬁéﬁéﬂ?? &6 mg@m hgpﬂltpﬁbj{onn t he

the interface nanager - -

GonkrAml maragencd 6debnsles tiie irnfouil |
Y\g[ Elr.ng tiod/\yga_-_rhgé)uched t he SPECI AL FEATURES utton e%g
: 10 - In ‘the” preferred embodiment, the alarm/note

fields 88 .and 92 relate only to a single alarm or

note co ition at the same time. There are never
'multipl‘.e_;displays of these fields at a given time,

.even when multiple Create_Alarm# _Display and/or cre-

5 .ate Note# Display commands are received. In this
' circumstance » the user interface manager 66 stacks
the multiple commands in an alarm queue and an
attention que as received. - The user interface

- "manager ‘66 .and implements the commands for display

20 :_one at - a me, on a first-in, first-out basis,
' : except tha an alarm state takes Precedence over any
attention- state. Touch activating the active
alarm/note }Button field 88 to open the associated
" extual field 100 in the working region
25 ' 70 opens the alarm/warning fields 88 and 92 relat-
' - ing’ to the next prioritized alarm/attention command
in the status region 68. Thus, in the case of
multiple- pending alarm/attention conditions, as the
operator" works in the working region 70 to remove

30 one condii fon, the status region 68 informs the
. operator _of_h_ another condition that next requires
'attention.

The following example illustrates the operation

of the interface when an alarm/attention condition
35 is sensed.




25 96 calls up a function that displays a Speci al Feat ures

Submenu in the working region 70. The Features Subnmenu lists in

an array of touch - - selectable button fields desi

non-clin?d&ﬂ9ﬁﬂ5ﬂ9 procedure specific applications adninis?%?@ﬁwﬁymﬂhe 30
“application control manager 46, which in the illus- trated

I npl enmentation is the configure System Procedure Application A2.
When a gi ven speci al procedures Hpptication button is touched, that
application is activated and the display in the 35 working region 70
changes in response to the "WD 96/ 15489 :
~PCT/ US95/ 06241 Example . o4 . Creat eDi spl ay#

‘comrands of the acPigat ak aghdweathe condition b i datarieacael this
wi ||l be provi

established b E?ﬁeeg soliiﬁ&&qeﬂﬁe?&ﬁéﬁég ggl ﬁet%£§F§r£%8%O | ement a-

tion, only one4@| {prayFig.ad)i wetarning RBGrand iBPP to the Hbmoxt atus and
“Drm'K3569'0n5e6§eﬁﬁﬁd7%y éﬂ&aapplication 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 Fig. 16 shows, the display in the status
10 region 68 changes to inqludé the button field ss,
which is displayed in red to designate 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 identifying the nature of the alarm (Retura
' Occlusion Detected). The status region 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 region 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 opérator touch aelect§ the alarm 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 92. The display in the
working region 70 changes to shcw the text block
- field 100 (also shown in Fig. 7)fc9ntaining informa-
30 tion about the detected alarm condition and sug-
gested ways of correcting it.” Thej orking region 70
also includes touch selected buttcn fields 128 and
130. The button field 128 allows the operator to
resume the procedure, once the alarm condition is
. 35 corrected. The button field 130 qives the operator




operator can nake input selections using the active di spl'ay, and the

i nterface ﬁﬁ?ﬁﬁ@ﬁmﬁ6 up dates and 10 refreshes the acti vepchresssag2dali t h
I ntor na-

real tinme tion received fromthe activated application.
Conceptual Iy, working displays on each region 68 and 70 lie on top
of each other, with the nost recegy ~active" display lying on top,
the first. 15 preceding active display l aying inactive beneath it,

and so on. |If the active display is deleted or cl osed by t he
activated appl ithei option bf endieiy the prddwdirections cal | ed by a touch
activated button f o] a N Cf I f C d, the
20 - I nterface nang er%?éékig!AQ Eﬁe 41 T§§é§F§|Eg g?g ay

vi si bl e and actsetectioni spfajthel Il@d:ﬁ@ kﬁ}-eld 128, ctl;&t eWGrkpngy

conmand is pl aCngiBnt%aé‘ﬁ fREcdisplay 6&&& ughi 'réﬁ{ﬁé‘aégdthﬁ' osed,
or replaced by a successi ve greate |sp-i%econnan

Preferabl¥, theQifPARY ERARWRS ACH V?n%?uﬁ%% t the Al arsneendim based
memory to prefotfioh Waedfinidty displayedodwiiien dys t1eé oiE1ds8phtrENg t hem.

Such "virtual ctive until called for an

acti vat ed appl|8§P°8%gﬁigba€§¥§ﬂ#gTﬁégfdﬂ%t|on ~In the
illustrated and preﬁherspec&ﬁ&dlqemputenecode usednforfﬁmpleaaagénQGG al so
supportsa & ful kngcl ggp198ations mdﬁsgseeha JapPlickRich cagnbognabl ed

or disabl ed ng particul ar ap Ilcatlon screen
60 node,X@he i n@éﬂa&,eé' fecthisd iRstyyRent s‘%@#ﬁeBS 56, t@?ﬂéé# en

graphi cal bl ockmhin@lg®:98 56qr MkR@ SiAgeface | manager 66, and the
' interface controller 64 depends upon the computer
language being used and the preferences of the
programmer. The procedures and commands described
15 in this specification can all be written by normally
skilled programmers in. various conventional
langauges, like C; Pascal; PLM; ADA; and multiple
tasking BASIC, based upon the descriptions provided

_ herein. .
20 Various features of the invention are set forth

in the following claims.
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- 25 - display region. _The full screen node can be used, for
exanpl e, d&Ug@H:’ stem start - upf THIG gugé,r ﬁé and smHUdésmgmst i c
nodes. he foll ow ng nxarrplg%ﬂ‘_ ;ﬁt ﬁ}s t he- opefa{teﬁ B

the dual region interface. ' owWs It condltlon
of the dual region interface screeg 60 that enbo epaced
tures of the invention, as it exists b®oTe the 10 : l

procedure application. The status region 68 is th :
MAJOR MODE, M 1ajm MODE, VB PROCESSED, and BLOCK WARNI NG ALARM f i el ds
74/ 76/ 78/ 92 (see Fig. 4 for conparison). In addi- tion, the MJTE and

WARNI NG/ NOTE but t on fheel ds 2esEbpid 1 processing systen Angluding a
conpari son) arasah:SQn%@&h\etive ‘{ntebmaod KHg: éfgteﬂ cOmpRouEnghe Main

Menu, show ng aan array oF%zEDéJware eig:rx{,nts 94 and a SPECI AL
control means for actuating':the hardware ele-

5 ~ ments to carry out a predeterm: d fluid processing
procedure, the control means including an output for
transmitting a processing status value ‘that changes
over time as the hardware elements carry out the
fluid processing procedure,

10 an interface screen having a first display
region and ‘a second display region spaced and
distinct from the first display region,

' an interface manager communicating with the
interface screen .and the control means output, the

15 interface manager including )

means for generating a first display
including a first touch activated field and another
fiela displaying the changing processing status
value in response to the control means output,

20 " 'means for generating a second display
different than the first display,

means for generating a third display
different than the first and second display,
means for activating the first display

25 in the first region to display changes in the
processing status wvalue in response to the control
means output, ' i

- means- for activating the second display
in the second. region while simultaneously keeping

30 the first display active in- ! _
dispiay changes in the processing’fstatus value,

means responsive to touching the first

touch activated field in the first display while the

the second .displ___a_y is active in the second region

HII\II\ \l\l\\ |II|\ \ll\l | |||\




E button field 96 already rdes hed,
Esﬁgluﬂzgn g‘?"’t’ﬁ’ésﬁaal. regi on 20 TH?ﬁtSHE‘Ea‘qepAggic-?ﬁ

has sel ect ed t he HELPbut tjon fig n the stat-'?“gi;}‘fg' T
The status region 65 shous na change .r. ".D 70 over |l yi ngjw .
field 102 provi des general i

Fig. -9 Shows the

60, afterp s%%t o_r

has been opened in the wor

- . R - e~d-
~Mai.n.Menu. The 25 t ext ual

_ 42 oot i ilable in the Main Menu
and in (38 ot at BT fagk ety 5 00 00 anaBBLET, ahd BHE VAT et ur ns
button 82 in ththet 'athi-:dif;di,sgg‘i% °in §B8n #Scond Frggimmhoiriie
L e o " ATali L5, o0 00 T, PR FResomhaile 0
Fig. 10 shows the conarrryfiyr keep. HLeplay BECIVR S ol 4 o
after the oper athe fitxst atepies "°T?,iesg%§fu§ﬁ$§§$ niB3t8RomFoseasirange. 35
|n.the o «ing i:(‘)gr; %Baé %{}\gg?':ﬁgbut ton fields 104 and ' WO 96/ 15489
gg% ‘G’ggg} Bgzaig 2. w A system according to A%im 1
' _ ' '.whje;jgin the means for generating the first

display -in'clﬁ{;;lng neans for generating a second

touch activated field in the first display different
5 than_thgffi}sﬁigouch activated field, and
- wherein the interface manager further includes
: means_-:gsbonsive to touching - the second touch
activated field in the first display while the thirg
display isfac:i?e in the second region for inacti-
10 vating'theithiid display and acﬁivating the second
: display_iﬁfthé,second'region vhile simultanecusly
keeping théffiéé; display active in the first region
to displayféhanégs in the processing status value.
3. A systenm according to claim 1
whe:éihfshe means for generating the first
display-’__.in_'i:__luc:l;iling means for geherating a second
touch acti?;te&;field in the first display different
5 than-theﬁfiiétftouch activated field, and
whérginifkhe interface manager includes
: “ihééns'for activating the second display
in the second region whenever the second touch
activated:-fieidi:is touched while simultaneocusly
10 keeping the;firéf_display active in the first region
to display'ghanégé in the processing status value,
4. A fluia processing system including
an array of hardware elements, and
cohtrSl_ﬁéans for actuating the hardware ele-
ments to Ca#tyfbgt a predetermined fluid processing
5 Procedure, #ﬁéﬁéontrol means including _
;ﬁiggt program means for defining the

e



106 the clinical procedure applications resident in t he application

control manager 46. In the ill us- trated enbodi ment, a button
field 104 t he - Needle—Rl-atelet Procedur
-activat - &@pﬂssg’ ng the applic atTan SHECT HAGdBEGNhal but top:fields
-woul d al so exist (for exanple,|a SirifiRLABEDd] e Pl ajys
“button field 106, as shown) equal P Tmomer to the
“praocedure applications residil ng 1 n the appl i cation
-46. 10 Fig. 11 shows the condition of the dual region

LS5 o] Tt e e . Bescsia g unecasy O
status region 3%? %s%ract bFF§°MnH%En#| GPB”FlPthﬁasﬁﬁ’é Dual

“Needl e Pl at e- upth the edeﬁrheecstepsPr ocedur e 'has been selected. The

St at us ylgegi on 68 al so sho at the
procedurlbe s in the i nstaw? é%a%%% MS é?ﬁsﬁ‘gif‘&&rt ﬁ%\%s in the
VB PROCESSED v DEiFSt programatmeanahdfer bigsneratingespecifict ed yet .
.The 20 bp&awm&a%ﬁp%mﬁ&@ iRxtus ?fx 1 éclggceivin}g

I nstructions fg¢ g, erator to, foll'owin insta ;
di sposabl e el t FRnchiont o Gemmands gm%tedTMw&hh ng region
70 al so shows ﬁnsmqkrogram mea;nsyaand CONTI NUE button fieéld 110 which,

U0 288, g, LouCe et iRl LS, Hodhs LothiRhcating 10
with the hardware elements and with the second
program means, and not with the first progranm
means, for actuating the hardware elements in ‘
_ response to receiving the Operate=Hardware# commands
20 generated by the second program means.
5. A system for specifying a user interface
comprising o
an interface device,
first program means for generating prescribed
5 'abstrect Create_Display# commands,
' - second program means communicating with the
- first program means for generating specific For-
mat_Display# commands in respcnseﬂto receiving the
_ Create Dlsplay# commands generated by the first
10 program means, and
' interface control means communicating with the
interface device and with the secc%d program means,
and not with the first progranm means, for creating
. a display on the interface device in response to
15 receiving the Format_Display# connands generated by
the second program means. d;'
6. A system according to_clalm 5
wherein the display created;by the interface
control means includes at least one touch activated
field, _ _
5 wherein the interface control means is opera-

HIIlIII Illlll IIIl\ \lllI ll lIl\



t hrough the installation procedure | . The M NOR

MODE field WO961848% st at us regip ' ET dHmoes as theg ﬁ)tsé%@%%d
procedure progresses 30 t hrjpugh REPCESSH ve -mgdes i ncl udi ng of
har d- warefunctlonallty, pri  fljuid fl ow pat hs

renpve air procedure start«up and veni RURGE Ur e t asks, either

automatically or -w th the:assistance of the operator. The textual

field 108 in thgtivmrk ‘3575, ing region 70 al so changes to displ ay

i nformation, ve ﬁ@m@ming a Touch_Code# in respons

PCT/ US95/ 06241 touching the touch activated £ill 2P opri at e,

to pronpt the o r%thor ?o t ake s?eps a efiofaﬂed-q rf%ctﬂ'ﬁphsmhttﬂthese

tasks. In all: QN RxQgran meanser Vi sual aspects of the status

regi on 68 and vvor k| ng’ wlmj-éﬁ’n the @Eﬂd};&lf#ﬁt&}tﬁ Fig. 12 shows the
condi ti opgof . th@o@ak hﬁ'@! l i nterfac &ﬁ?rﬁ) iw:m\m ocedur e
enters the o __col Fection’ aDuFPﬁStﬂ-RG Goﬂhdtctton thele, b e

. . progrgmming -.means in response l___to receipt of the
.--Touch .c::d #, and '

15

This Sheet Has.Been Replaced

IIlIIIIIIIIII I III

T




| collected, as . earlie

bl ood is drawn fromthe donor, centrifugally sepa- ~ rated into

. conponent ' pWQ6/1S48nd i ts: corrponents 10 ei ther returned t g or
r.-descri bed. R The Status ?Egﬁ§%9@§9

; contlnuously shows in the.- M NOR MODE field 76 that the procedure is

i.in the col | ection nDdeu The stat up/T®gi on continuously 15 shows

! in the WB PROCESSED FI ELD:78:t he vol ume of WB drawn fromthe donor.

- The location and attributes:* of the other button fields 80/82/84/86

remain un- changed, -unl ess the procedure changes oper at i onal

nmode, at which tIHH:Lh M NCR MODE field 76 will 20 change to refl ect

this node change. _ : i gt=ei, 70 conti nuousl Ws in an

array of prescribed textual ]

prescribed touch actlvated-

detailing the progress: of:

of information sel ected by

as a field value in the -~

can vary. 1n the

112 list by way of exanple

ratio, the rate of infusing.. citrate cafried by the PPP refurned to

t he donor, t heval‘une::of \PPP col | ected] for resuspendi ng cpl -

|l ected PC, the anpunt of -addi‘ti qnal PPP ¢ sted as 35 a by-aroqyct,
and the amount of vxhol___yz_l__a_____l Q_@_Q_I yet to a . Pl : G.,' 22

L

s/ € appl i cation '

wor ki ng region} 70 during the coll gction node
luatrated enbodi ngnt, the block 30 fields
hd%donor wei ght, =26t he anti coagpaai.2§ AC)

12
24 .' / o “
:\)__#:.4 | rac r g_

prRP || —
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- 28 - WO 9¢/t54p9 ocessed to neet the PC yield selected for the
procedure. The associ ated” button fields 114 contain t he RGHPEI§06241
status of these operational.f: which are displayed as field
values within the 5 t ' fields 1149117 Field values in the
button field 114 .change to . reflect changes in the current status,

when they . - occur. For ex_nple t he anount of WB to be processed
decrenents over tlne tomard ero. When the WB.te 10 .. .process button field
114 is zerps : . .. pronpts the operator to begin the flush
and rei nf ur ™ the=it I-us-t-r-at-ed-.a.nd.pr,ej_erred

enbodi nent, the by touch selectlng a given button 15._

field 114 nndlfyd#$ daalue  Fiig. 13 shows the

condi tion of t he i

touch selects the ﬁ?
| .

WD 96/ 15489

1
[
' ]
' I
| !
I 1
| l
: - 1
. R !
] I : | So—
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CONTROLLER T64 T | MANAGER 56 1
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TO PROCESS button field 114 in the working region 70 to change the
vol unme of Wm961S48%0d to be processed 20 during the proceﬁétﬁmgyd%?q
wor ki ng region 70 di spl ay changes to display a touch activate
nunmeri c keypad 116; .along with block fields 118 showing the field .
value to be changed, it present value, 3ff7the units in whichit is
~expressed. - By touch activating the 25 keypad 116, the operator changes
and enters the new .val ue, then selects the touch activated Return
button field 120 to return to the working display 70. shown in Fig.
12. The field value in the WB TO PROCESS button field 114 will

- reflect the new field 30 : val ue. y As Fig. 13 shows, as the
wor ki ng region 70 . “display changes to accommopdate the
edit/nodify procedire just described, the status region 68

di splay remains visible and unchanged, R0 35 refl ect changes in
t he volune o _ pro- 15489 - -
h I f wy I vé?!g;

- PCT/ US95/ 06241 - 297 48

i
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cessed during the edit/nodify procedure or any change i n operational

node cal | ewd 96715489 t he acti - : vat ed application. PCT/US9s/06M1 L | ne
t he operator may choose to return to 5 the main nmenu by touch sel ecting
the MENU button = - field 82 in the status region 68. Fig. 14 shows the .
condition of the display screen 60 shoufdgighe operator meke this
choice after having conpleted the exit/nodi fy procedure just
described. 10 As Fig. 14 shows, the working region 70 of the=

screen changes to show the Main Menu. The status regi on 68 display
remai ns visible and unchanged, reflecting the status information at
the tinme the - MENU button-field 82 was activated by the operator, 15
except to reflect ongoing changes in the vol unme of bl ood processed

J_Zjhﬂws) or _a change in

rd

(as a corrparéﬂs)__ of_ Fig. 14 to Fig

oper ati onal

t he Speci al F-f"fﬁ?"lu w e - e \ne
condition of - he dlsplay scrﬁkn when t hi‘s selected i s_nade Hi Q.
15 shows, the! O ng xegi on 68 ch
t he Feat ur gg-i§ 'MIUTEhe Feat ures g@rrenu ¢i| @@n a]a 88
touch sel ect fle button f a(kﬂ&22 124, 25 ‘and 126 the qan procedu ¢
speci fic appl cat - Bpp! i catioflcontro
manager 46. Tnurh hut- on fi pﬂmgﬁ ngl{jlgg es the Confioure
Systen1Prog9g ref Aqnhnnat on12%. By _way _of fuppher. HELP 30
' ' MENU WB PROCESSED FIELD
— 92 )
84. q=~PROCED X S 86
- -_. DISPLAY BLOCK WARNING/ALARM END

24 - 9

\ )

. ) 1 1
CHOOSE "' SPECIAL
 PROCEDURE | FEATURES

FIG. 4




exanple, Fig. 15 assunmes that additional non-clini- 30 cal procedural

appl i cat i MEIS48%| so resident in the appl i cati on co®CTaIs9sresater
. 46, such as the diagno- sis application (which touch button field
L 124 ‘activates) and systemrestart application. (which t ouch
- button field 126 actlvates) as previ @817 35 di scussed. VO
. 96/ 15489 R PCT/ US95/ 06241
i- 30 - ' As Flg 15 shows,, the status region 68 display
: “remains visible and unchanged as the working region 70 di spl ay
~+changes to show the. Features Subnenu. The status region 68 continues
“to, reflect the status 5 .’ |nfornat|on at the tine the SPECIﬁh)FEATURES
“button fleld 961-L 5 [ he operator, except to

. .:f p
_ conparlson of Frg g j=ﬁ”_. or changes in the Ogerational
~node. _ : g

PLEASE WAIT

THE SYSTEM IS
INITIALIZING ...

FIG.5




10 The operator may proceed to touch select a given but t on

field 122, 124. 126 .in the working.region 70 shown in Fig. 15. The
sel ect ed buﬂtb?f’llsl‘@ d will activate the associ ated appl PCHUEN6241
Meanwhi |l e, the stat.us region 68 remins visible and unchanged, 15
except to reflect status changes in the information fields it
contains. - -7 At cany time, and r6§dd@dless of the active
~displ ay presently in the wor ki ng reglon 70, the oper at or .may choose
“to again view detailed st atus 20 i nformati on about the clinical
procedure then being % inplemented (as shown in the M NOR MODE field.
76). - - To do so,-.the: opmr need only totouch select the
PROCEDURE DI SPLAY f ield- butt 46 whi-ch renains conti nuously
vi si bl e and acceSS|bIe at aII times to 25 the operator in the status
regi on 68. The working" region 70 digplay returns to the format and
attrib- - utes shownln Flg 12(|f ttﬁ?processw still in t he
col | ection .node)., or wrATEVEr The format—or ottt cﬁ_o.f_
procedure display is for.the node 30 - iddntified in the M|NOR field
76. : In thi§ way, the status regi on 68 keeps t he oper at gr
continuously inforned{as to the "big pic- ... ture" as thg KT
regi on 70 changes to provi dRPPLICATIONCEONTROL MANEGER s Of
The status 35 reg| bn. '-.68' al so provides the nmeans for the o
. ' STATUS
CREATE_NOTE#_
-DISPLAY
CREATE_AUDIO#
— INSTRUMENT
MANAGER
6
i /
FORMAT _NOTE#_ | | Cﬁﬂ? ;Eg: -
DISPLAY '

FORMAT_AUDIO# |

FAILSAFE
INTERRUPT

v

HARDWARE

e 60/62

SELECTION
(TOUCH ACTIVATED)
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- 31 - to quickly junmp through the multiple-Ilevel nenu

structure BO9/IB48Nterface 58, to attend to details’ ONPONVESOSAISR41

| evel , w thout necessarily novi ng stepwi se up and down the nenu

structure and without 5 |l osing the ability to, on command, imredi ately

junp bet ween hi gher and | ower nen#/1@vels. The M NOR MODE

. field 76 changes to reflect node changes made under the control of
.the activated = - appllcatlon After collection ends (i.e., mh;. the 10

‘desi gnat ed - al-te—shown—n-E g HEPYt-s, to
zero), the pr o operator to .enter the RBC flfish and
rei nf usi on pla _"

to the dono in
Wi ch the,oRj :
conponents. |:: a RBTYOT e Cpar atT onar ConarTi ons
(1) Det ec | i - d.(,ll proce(mb% Mpd)r ' |l())n (.bee f' g. 6) deff hes
- HELP RO
wB I:ROCESSED FIELD
- PROCED": : \78 86

. | DISPLAY .

INFORMATION ABOUT

CORRECTING

‘THE ALARM CONDITION

RS




20 - abnormal functional and operational states that require

operator awareness and/or. operator interven- tion. The procedure
appl i cati oWO96/15489cesses - st at us data received from t h®CIrAIS5/0624ht
manager 50 to : det er mi ne whet her any current operating condition 25
constitutes a prescribed. abnornal funcéH).Pal state, If so, the
application control manager 46 issues prescribed conmands to notify
the operator through -~ © the user interface 58 and, under certain

condi ti ons, . suspend system operation. 30 As earlier

descri bed, the MPU 44" also I ncl udes ' the condi tion nanager 56 to
provi de fall-sa-' - . L aVals

G@fifol manager 46
the’ pondltlon manager 56 can 35

appl i ca- -
t hat alterna'lvely,
aUX|I|ary Pr Olc g
PCT/U895/06211‘&2-

)
~ /CHO SPECIAL
" PROCEDURE FEATURES




partly in the MPU 44 and partly in an APU. The condi ti on manager

56 contains a |ist defin- i ng abnormal functional and operationa
states. 5 WO9Q5#89 of the defined states in the condition nePGRE89S06241 56
are the sane as the states defined in the - application control manager
46, while others are |ndependent#i[ s checks of hardware control

com mands and status data to ve ﬁﬁnmudmare integrity 10 t hat
only the condi tion manager: 56 undert akes. The condition manager
56 monitors the- flom10f60-., data between the i-nstrunment manager 50 and
~the pe- pITET Al ITar UWar € CUO O T ers—54{stow o > to

det erm ne mhe ho ;;;:w A aheLalbiad canditian o he PPAtsri a
defined for rn
condi tion naf
condi -

noni tors, tQ:

el - o “tional state. Were possible,
-ger' S preferable includes a time-out period
‘tions that the application control nmanager 46 al so
hereby allom/the application control ‘20 manager 46 a

period of tij' st at e. As Fig} |6
shows, the cpndi :ﬁ RS con- ti nuously sends an CKState
status to thifa ;J-= ~~ tion control manager g6 as |on ﬁiEpg doal
25 oper at§ ng ﬂconstltutes a defined a ormal — 1 nc 'qna
state, or asjf ‘me- out peri od - for a sensed Q
functional sip ca- bl e;- has not .| apsed. . an
the conditi o ‘det8&ts a current 30 éwerating - tihat
meets the cry. K =T PAUSE/

- END

g WELCOME TO THE MAIN MENU.

.SELECT A PROCEDURE OR A SPECIAL
- |- PROCEDURE BY TOUCHING THE APPROPRIATE
:;'}'-:BU'ITON IN' THE WORKING REGION.

B YOU CAN RETURN TO THE MAIN MENU TO
/|- MAKE YOUR SELECTION BY TOUCHING THE

_| APPROPRIATE BUTTON IN THE STATUS

| REGION

.|"YOUMAY END THE PROCEDURE BY
|, TOUCHING THE APPROPRIATE BUTTON IN THE
‘| STATUS REGION.

FIG. 9




for an abnornmal functional state, and if the time- out, period, if

-appl i cabl e

has 1 apsed, ‘the condition _ manager 56 sends a

Net 'OK St ate@ 96/ us to’the . - application control nmana@&XU$e5/0624he -

" Not _OK-State# 35 . - stat
PCTr US9SMD6241 WD 96/ 15

rdentlfles to the application control manager
: - 33 - 46

~ .the abnornmal condition de=_ d. Upon1ﬂ@657pt of t he Not OK St ate#
~‘status fromthe conditi6n nanager 56, and regardl ess whet her the
~activated procedure - application also detects the same abnormal func-
'S5 tional state, the application control nanager 46 . | ssues
-prescribed connands to: notl;;. Hb ~. .through the user ingg(face
58. ' ~t6-——t-he—control— ager

56 goes fail

all -further/fc

and the
corrected.

Caﬁﬁuthéfféh ”ftf:betmeen'fhe appllcat[on control . 46
' perlpheraJ ontrollers 52 until -the abnormal state B3
. (ii) dassifjcation

(Froces. s D 86 PAUSE/
DISPLAY TR

{

SINGLE
s .~ NEEDLE
“ . “PLATELET .. PLATELET

* PROCEDURE

N ;:--PROCEDURE

FI1G. 10




15 In the preferred enbodi nent, the application control

manager 46 categorizes defined abnornal functional and operational
states ei tWweroéas4san al arm . condition or as an attenti opCTasosée29n.
The al arm - conditi ons_ conprise functional and operational 20

Qoperator intervention. The attention
onal and 11/15berational conditions that may
-correcting over tine, or that otherw se do not

states requiring i mediat:
condi ti ons conpri.se func
be transi ent and

requi re i-mredi at'e- operator “i:-ntervention. In the pre- 25 ferred

‘enbodi ment; the appbdsati o%-- ontrol manager 46 automatically
'upgrades an attentlon Ondlt_‘-l n that remains uncorrect ed for a
prescribed peryod.of.___. Ty . det ectl on Tor S)
al so aut omatf ¢ Fotr e SStater—st n
‘manager 56 as : _I‘armcondl‘t PWLNEEDLEPLAMC@WCEb

oper at i onal st';-- t hat ‘Can pe Treared as atarmcond tlons I ncl aﬁe
punp- not or ¥ “direction: @ rTor—puMpMOLOT TSpEEtETTOT

spill detect ed |nd€de the centruf uge; _cerlf\STy e gP15489

PCT/.U895/ 06%41 - '; - . . HELP
o - MENU : WB PROCESSED : 0 ML
: L e - T \73 _ |
86 PAUSE/
END

. I
INSTRUCTIONS FOR INSTALLATION I \
1 Install d:sposable on top panel.

2 Close pmch clamps on antx-coagulant and saline lmes and spike
soluuan bags .

3 Load separanon chamber i mto centrifuge.

4. Close roller clamp on draw line. Lead roller clamp open on return
lme et

5. Press CONTINUE when done installing disposable.

CONTINUE

FIG. 11




- 34 - rotor inbal ance; control Vol tage power failure:

centrifuge door open; centrifuge door not | ocked; enpty
©anti coagul MO /MBI ner . Exanpl es of abnornmal oparCIUSssas241
- states that can 5 be treated as al arm conditions include tenperatue
in centrifuge above limt;weight scale ljmts exceeded; and
.anticoagul ant l[evel . |ow i'b. 6 shows, upon detection of a
- condition. that represents an alarmcondition, the application 10
- control manager 46 generates and transnits a pre- scribed Create
-, Atarm# Displ ay CW to the inter- face rranager 66. Li kewr&ﬁe
upon detection gf-c |- tion that repre gn

state; the appl i cation control 15

manager. 66. | ' nﬁxewﬁngtmﬁw&&ﬁ

Not e#_Di spl ay § the | nterfac nppnager exam nes

tabl e structy es and the RAM hased status structures 6 create @
update the df §pl odmmmicbmmatl n di sBPay 3
audi o - ) nte

face screen o @ ] In the illusitr& a
._ preferred errb D wgqaxi@ggssgnagsun X8, pl aceps| al | di spy 4

gener ated .

86

114

DONORWEIGHT | [1701Bs|] ‘

uz

AC RATIO | [WB TO PROCESS J

112

i .
t— ) . 000
CITRATE. 125

INFUSION RATE MG/KG/MIN
1}2 I . 114
PPPFORPC

112"
\

PPP FOR
BY-PRODUCT

FIG. 12



I n response' to Create AlarmDi splay or Cre- ate_Not e#_Di spl ay

commands iwWoldsAkdgs i N the status region 68 of the Intﬁ,@iﬁ heen
60, as Fig. 4 - shows. - . The interface manager 66 reserves top 30
position on the left and: rlght sides and the bottom center position
of the status region 68 fori'the 18fa7m and note fields 88/ 90/92. These
positions on the_ tus region 68 remain free of any display
character or indicia int gbsence of a sensed 35 alarmor attention
condi tion. dl\Q_QG 9

PCT/ US97/ 06241 6 - : .35 -

a. \arning _ response to a

Creat eAl ar | S ) d h _aC d

applicati o th nterface nanader -bb creates . fel &ctlabl e,
5 button flel d 88 (see FWA&NE%%L@?LM‘EEET&F@ELM posi tgdn, of
the statug Q 68 In:tthe_preferred enent at Jon,md N an aggrm
state, thef} ~....88 is colored red ('rhemﬂy? ' hfar m

col or) f’-iCURRENT MODE: COLLEC!‘ION /1

W PROCESSED ; %0ML |
'PROCED |84 78
DiseLay T

— wBT ?kécESS }

EDIT/MODIFY SCREEN




and contains the word "Warning" or sone other word 10 or words to

denote a SWE®6/15489 Ur gency. The i nterface nmanager d@g o6dagat es
t he touch sel ectable nute button field 90 on the left si

top position, when an alarmstate is active. Touch sel ection of the
mute button field 90 turns off. a 15 MAp,Fpribed tine period any audible.
al arm associ at ed w th the alarm state. Wth the creation
of the button field 88, the i nterface manager 66 creates the alarm
bl ock field 92 at the bottom of the status region 68. In an 20
alarmstate the blgmc-lsf‘l el d 92 , also preferabl y colored red and
bar - shaped, gesTTTptTon of—tfe ' bt
appropriate l£ngth. ~\Wen the operator touch selects th B8 ng
alarmbutto iy _' e 66
renmoves the[bfitton fle'm 88 are—thre et—Fet-d—02-f t afus
region 68 and dis- @EMEEMBEATEIEWMLEGTPH’

regi on i A FegTTmformatTomT-Teyardrng—tre—ap

priate respong ": ator—to—fot-owtmrecer—36 ecting

sensed al armk \thrGU%EN\'EMODE’ COLLECTION ma:;ager 66 e
alarmstatejd co o vared proceaure apprTTatTon

control ove ':_ g Teyron—ro—of—the—nterface;

di spl ay excép ing to t 5&19@55@;;5&51&"35

corrective ¥ acT Ve, —untit

PROCED | ._8
DISPLAY |-

- 9%

|

LY
-‘CHOOSE >
- ‘CHO( SPECIAL
'PROCEDURE FEATURES

FIG. 14




WD 96/ 15489 , PCT/ US95/ 06241

- 36 - wo9s/1sige condi tion manager 56 and the applicati onpeanisebe241
manager 46, sense the renoval of the alarm state.

b. Note AlarmlInterface _ In response to a Create Note#_Di spl ay
conmmand 5 from the activated g®jqegiure application, the

I nterface manager 66 creates the touch sel ectabl e, button field 88
on the right side, top position, of the status region 68 (see Fig.
4). In the preferred i mpl enentation: in an attention state, the
button 10 field 8™ col ored yel | ow or ~anot her cautionary

col or distinguipsfiable Tromthe color of the putton

al arm condi ti “V-S= R RN TR eTe R A=V ET
sonme other c
the word 15
The interfac

NEEDIEE PLATELET QOLLECT!

button field ; bl 0 SO an atfentio
state is act h s€URRENT MODE:«COLLECTIONON fliel d 90 tur
20 off a

—pet ot ally.“au;u; bt-e a: - M-asso M
T = HELP
WB PROCESSED: 540 ML

84 78 - g6 PAUSE/
| : END

122

\ -IIT

% :
CONFIGURE [ piaGNoSE
'SYSTEM - | SYSTEM

RESTART'
SYSTEM




ciated with the attenti on state. Wth the creation of the
not e al ar Riydyvé/ifage

field 88 the interface nanager 66 @CTAISSSodNE

bl ock - field 92 at the bottommiddle of the status region 25

. The block field 92, preferably, colored the same
-~ alarmbutton field and bar-shaped,

. attention conditioniof
operator touch selects the note alarm 30
manager 66 rempves

di s-

~ wor ki ng regiory’.
appropriate r fpor
sensed attentj ¢n 2
PCT/ US97/ 06241 §90~+

appropriate..

attention staﬁ E',.
control over_a;fj--

16/12Zontains a description of the
appropriate |ength. When t he

-@0h_ybl ock field fromthe status region 68 and

T tne Texruar 11erd T00 (See Frg. 1) 1T e,

NaV¥a¥

”_'-%—967"1'5’4 [oxv) g
DUAL NEEDLE PLATELE?‘)COLLECT

codar T Cat

~"CURRENT MODE: COLLE&FION

76
WB PROCESSED : 500 ML
. | Y

R DONORVWﬂGHT

78
RETURN OCCLUSION DETECTED
92

PAUSE/
END

| 112

ac RATIO

| INFUSION RATE

i

| [ppp FORPC

-_ [PPP FOR.

114
i

112
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112

L3000 ML

: (HTRAIE 1:25
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BY-PRODUCT e
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FIG. 16

color as the note

button field 88, the interface




wor ki ng region 70 of the interface, allow ng no 5 display except those

rel ating Nmbtymg;t ention state and associ at ed cor rPCI/USes/08BASUr €S
to be active, - - unti1 the condition nanager 56 and the application
control manager 46 sense the renoval of the atten- tion state. 10
In the preferred: embodi rrent , the al arh¥/Te fields 88 and 92 relate
only to a single alarmor . : not e condltlon at the sanme tinme. There
are never - - multiple: 'di splays of thes6OMelds at a given tine,
~even when mul A ple Cre68 yAl ar m#_Di spl ay and/or Cre- 15 at e_Not e#

Di spl ay COMTEN g = —————"— : !

i nterface h'e__r' _ S P e
and an } T ek

manager 66 2N
on a first-in,§ €lLSt=.
precedence qvef ‘any’ - :
active .| Bl preRete-puti-en—i-+etd o ef—tHe—e eAt-e

al ar_m not es} o] ~nt-heaprki ng- r nnl on._25 7f) mshg t he
al ar nf war ni dgiﬁ'- TRl & J af _" 192 rel WBPROCESSEIMS(IO(MUWG nexf{|prioritif
alarnfattentli g Seuidiiiched - - h i
of . myl t; pI “ as the

operator worlks§ i 1 PROCS ‘_' LigY T egi on780 to renove 3035 onef cp,
the status rledqd o HSprAOYns t! operator of anot her ﬁﬁi )at

next requirds:

| INFORMATION ABOUT
CORRECTING

R THE ALARM CONDITION

J
130

i [f"ktsuﬁi'iinocsnum ] [?{?-:END PROCEDURE
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Q) eet Has Been Replaced

“atte The follow ng exanple illustr *zg;ggraun

“of t%l%iﬂl en analarnd at't ention condition Hangiad i |
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- 38 - RERLACE® showg the condition of §he inaPRASE7 .
screen 60 shoul d an occtrustomt! t he tuddng branch 40 (see FIE 1)
returning gé}rid PPP to the donor 5 be sensed by t | '

control nmana the manner described abgve. Fig. 16 _assujpes
t hat, at the t| me that occlusion is detected, the screen - 60 had
adlsplayllkethat shown in Fig. 12.. . As Fig. 16 shows, the
display in the st peoceSing. sysmglfmpi'ecusﬂagghndstbnmnﬂmahputmsemmdmgf ield
88, which is dISD|8. ed.in red to desi na‘te an alarm state (as
contrast ed whHeLIEIAGH ‘ﬁf?ﬁfa atixg)syste %s

an array of hardware elements,
control means for actuating the hardware clements to carry out a
predetermmed ftuid processing procedure-, the control means including an
output for transmlttmg a processing status. value that changes over time as
the hardware elements carry out the ﬂuld processmg procedure,
an interface screenhavmg a first display region and.a second display region spaced
- and distinct from the first display region.
an interface manager communicating with the i_nt_erface screen and the control
means oumut‘,-' the interface manager including
means for generatin'g' a first display including a'first touch activated field and
| another field dlsplaymg the changing processmg status value in response to
the control means output,
means for generatmg a second display dlfferent than the first display,
means for generating a ‘third display different thanthe first and second display,
means for showing the first display in the first region to display cMnées in the
processing status value in response to the control means output,
means for showing the second display in the seodnd region while simultaneously
" keeping the first dlsplay showing in the first reglon to dlsplay changes in the
processing status value, and :
means responsive to touchmg the first touch acttvated field in the first display
while the se -;‘drtsplay is showing mth second region for thereafter
blanking the second display and showmg the third display in the second
region whlle s1multaneous1y keepmg the first display showing in the first
region to dlsplay changes in the processmg status value.

o2, Asystemaccordmgtoclaunl o
wherein the means for generating the first d1splay mcludes means for generating
a second touch actwated field in the first dlsplay different than the first
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This Sheet Has Been Reﬁlaced

\s__t.at us region 68 al so changes to B“ﬁﬂll“&“’lﬁ H
also in red, and which cont ains 1 tifyiRE

alarm ((Return ""‘”"‘ﬁ%‘ ustef—bet ect ed) . The statyis]region 68 al sp , '
shows the MJTE Eﬁhé ¢ 8A8 REEN jal | owi ng t he oper a- 9 PR 1997 mut €l any
audi bl e al arm tal l ed E@ t he - application c m rol manager 4

the identified 20 alarmstate The working regio _
show t he di splay that was active at the tinme the al arm condi tijon was
det ect ed. / oysy t he condition of the screen 70 -
after the operat otrou %E‘% a sel %@ e alarmfield 25 button 88. The
display in thvheﬁimthesmtec@wmaﬁﬁgerﬂmhermﬂ&ﬂ@emems responsivsny abuchingtthe al arm
button field 88 and associ ated bl ock fiel'd 92. The display in the

wor ki ng regi on 705ecARd yuchrastivated, fiekbin hefirsy display while the jthird) disply (81 so
shown in Fig. 7) m,ﬁg%aﬁgee&gf@gm ¥therédf@?b tﬂx@&ﬁﬁf @gﬁg%&' arm -

condi tion and sug- geste ys of correcting ing region
70 al so i nshowiag tholsedsbnﬂedlepihﬁdntthé tsecorid pdgiin Hille asimhultaneously 130.
RS o Lo B S o s o 5 o e
oper at or the processmg statis value.
3. A systemaccordmg %o claim 1
" wherein the means for. generating the first display including means for generating
| a second touchactlvated field in the first-display different than the first
touch acﬁvated'_ﬁeld, and
wherein the interfaee.-mana'ger includes means for showing the second display in
‘the second- regmn whenever the second touch activated field is touched
while s1muItaneous1y keepmg the first dlsplay showing in the first region
to display changes in the pljocessmg status value.
4, A whole blood processmg system mcludmg
an array of hardware elements and
control means foractnatmg_ the hardware elements to carry out a predetermined -

fluid processmg ‘procedure, the control means including
first program eans’_.:for def'mmg the flmctlonal steps of the procedure and
gene__ratmg-.pl;escnbed abstract fune_t;ot___l selectlon commands based

second program. means commumcatmg w1th the first program means for
generatmg specific hardware selectlon commands in response to
recexvmg the functlon selectxon commands generated by the first

program eans, and

peripheral control. means communicating, w1th the hardware elements and

with the second program means, aml not with the first program

mean__s__, : fqr _a__ematmg the hardware ele_m__ents in response to receiving




ﬁﬁm Replaced - 39 - REP LAGENIER“ IS:Hﬁhﬁ
|‘! i ure o Upon correcting thel aj arm condrtTot gnd

n field 128, the Ki RgAPR 1997 ' €gijon 70
e display screé& %{EEH: b the 5 di spl hat vva§ actiJe jat the
tlrre t he al arm cqndi -

s i 43t dlspl ayeqd,”’ wh-ef—t-the-d’

i l.lustrated , i _ be Fig. 12. The specifiq
conput er code used for inplkementi the applications AT-A3, T
application contr chﬂ%&aﬁd& e qﬁqﬂé greﬁﬁ dition
manager 56, the %\eter?ace anager ?B&ﬁt&l mtg ace cont’rol | er
64 depends upon the conputer _ | anguage being used and the preferences
of the progr.anmmer. :-The prqcedures and_command escribed 15, in
Chi s speci 1 8at | otk CUo 1ot PeRlEIRg anuby KRR & whole biggd prgessing
programmers b QY SRR onal | angauges, |ike C, Pascal;
.PLM ADA, anép‘??ﬁ?ug'? 9._,‘ ag?asggng BASI C, based upon the descriptions
provi ded hanentnrfa'__ ice, = Various features of the invention are set
forth in t foI 1 oW i '

program n?eaxclls %rrrgeneratmg prescribed abstract display selection .
second pmgram __ means communicating with the first program means for
generatmg spec1ﬁc format control commands in response to receiving the

W display selectlo coinmands generated by the first program means, and

wherein the mtetface control means is operative for generatmg a selected touch
indicator code response to touching the touch activated field for

wherein the second pro gram_means is operauve for transmlttmg a function control

code to th_ irst programmmg means in response to receipt of the selected
touch mdxcator code, and _
wherein the first;p _:' means includes means for generatmg output based
upon the _fuxictlon control code.
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1. A processing systemfor processing fluids for
"including a user interactive interface, the systemco HB '
array of hardware el ements, control neans for m
el enents to carry out a : predeterm ned fluid prdcds 11% Q@gg@dude,

t he control neans including an- 58Ut put for trangmit 3 cessiing
status value that changes over tinme a t he har re_elenents . cargy

out the flyedigpPcessi ng procedure, an interface scregn havi ng a first
di splay region and a second di spl ay regi on spaced

the first display region. an interface manager comuni cating with the

I nterface screen and the contr s_out the i nterfgace nmanager
i ncl udi ng ﬁ'eansAf W&%YF%POJ W?%‘Fmar@ﬁ&%?ﬂﬁ &lﬁﬂlﬂ\ﬁp‘éﬁeﬁm% ‘?Pﬁuch __
activated £l %&?ﬂ:t\ve mterfac@rtﬁ&@gstenl'&hﬂ:rﬁi@pl ayi ng the changi ng

processi ng status value 1n:-response to t he control neans out put,
means for generanangya)fdmnhmtedanem different than the first display,

nmeans for generati a th| r fferent th the f| rst and second
dlhspl ay, rre?Es “"gh W‘E‘f@é aﬁs&r@%w 4P ALY Mt 3 d|t sp: ay
changes in e ?r@&sﬁﬁg UShd Sortfol RR%EE ‘ﬁﬂf afontro
means out put, ngans or shovm t he ?conca‘tfl splay 1n the second region

whil e sinult aneoutphyfor transmlttmg d processing status value that changes over time as
the hardware elements carry out the fluid processing procedure,

an interface screen havmg a first display region and a second display region spaced
and distinct from the first display region.
an interface manager commumcatmg with the interface screen and the control
means output, .t_he_ interface manager including
means for generating 'a'.fir-st display including a first touch activated field and .
another field d1splaymg the changing processing status value in response to
the control means output, '
- means for generating a. second display dlfferent than the first display,
means for generating a thu'd dlsplay different than the first and second display,
.means for showing the ﬁrst display in the first region to display changes in the
processing status value in response to the control means output,
means for showing the seeond display in the second region while simultaneously
owing in the first region to display changes in the
processing status value" and
means responsive to touching the first touch activated field in the first display
while the second dlsplay is showing in the second region for thereafter
blanking the seeond &1splay and showing the third display in the second
region while: sxmulmneously keeping the first display showing in the first
region to dlsp__la_g_ hanges in the processing status value.

2. A system accordmg to claim 1 h
wherein the means for__ generatmg the first dlsplay includes means for generatmg
- a second touch aeuvated field in the first display different than the first

: "-*--_-:g'efc'z L M S *




‘keepi ng the first dlsplay showing in the first regio

t he processing status val ue, and neans responsive to R

touch activated field in the_flrst di spl ay

is showing in the second regi‘on for thereafter

di spl ay and showi ng the third display in,the second

si mul t aneously keeping th irst displaglshomﬁng I nft

[ . the processing status

-Jjahe means for generati ,
1 a second touch activated f|eId in

Iax changes in
- f| g st
Hel - d‘l,spl ay

bl,ﬁw\lﬂ}\zg?t he _s&cgnd

according to cIa|
I ncl udes neans for ge

the first diwhereiy the iﬁtem b han fi,
41 touch acti vated -fi: tﬂ?‘i’?ﬁf '%ﬁ‘t@f‘@ Weﬂﬁel'ﬁsmmﬁmﬁﬁﬁﬂ% the!r t her

i ncl udes neans ré@‘iﬂﬂdsmdlawvmtbﬁemmt nd touch activated
' muethethd.h}e 'Splgy\?ﬁi?ﬂw display sy i n

field in the f|r ay:
t he second region ?‘gir@?lﬁ Mrss@mtpngnerwter ltﬁﬁi%ﬂ%
showi ng t he secosho pﬁﬁy Wongh‘; i on- Whl | € sinu Msﬂﬂ
keeping the firs d| Spl&l%ﬁ?shgw ng -l r@%WlnledsmﬂWges in
th i t t di

€ processig s lisplay showing in the ﬂrst region to display changes in

the processmg sm valte,
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(57) Abstract

A controller (18) provides an abstract, “virtual"
interface (60-66) between the software based applications
(A1-A3) resident in the! controller.(18) and the hardware
elements (52) of the ﬂ_uxd processing system (10). The
controller (18) also provides a ‘straight forward yet very
interactive dual region user interface (60).
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