11 COVPUTER SYSTEM FOR QUALI TY CONTROL CORRELATI ONS CROSS REFERENCE TO
RELATED APPLI CATI ON This applicatign is a continuation-in-part of 5

US S N 08/257,800 entitled CIWP ER SYTEM FOR QUALI TY CONTROL 1
CORRELATI ONS and filed June 10, '1994. 1. Field of the Invention. BEIY\P
This invention Tel ates generally to a conputer systemfor a manufacturing
facility for the production of ophthaln1c contact |enses, and, in
particular to da supervisory systemor mdnitoring the productlon l'ine
processes used in the manufacture of contact lenses in a 15 contact |ens
fabrication faci tbMpuTreReSYETEM PR QURLITYe CONFROD! CORRESATIANISNG and ;
optimizing the process of contact lens sterilization. 2. DescrlptlonJof
the Prior Art. 20 The direct nolding of hydrogel contact |lenses is

di scl osed i nCRDSS REFERENGE4®0, BEBATEDLAPBBACATISN Pat ent 4, 680, 336 t 4

Larsen et al., US. Pa%gggnépig§ 348 o0 E9f§egoagggﬂgk§bn9§56ggré,@ , 489

to Larsen et al., the |sclosures 0 are here %
i ncor por at @dUb§ - BeNer 88¢@5i7n 800 entdttded HOMBURER oPY TEM sEQR| QUALITYhese

references dtéﬁ&ﬁéﬁ éBRﬁELR@Ebﬁé §AA 81 elehEner 0lCiH98 . process wherein
each | ens I's formed by sandw chi ng a nononer bet ween back curve

(upper) and front curve (lower) 30 nold sections. The nononmer IS
pol yneri zed, thusifornFpgld of the Invention.

10 This invention relates generally to a computer -
system for a manufacturing facility for the production of )
ophthalmic contact lenses, and, in particular to a “%;Qf
supervisory system for monitoring the production line
processes used in the manufacture of contact lenses in a

15 contact lens fabrication facility, specifically, with the
goal of investigating and optimizing the process of

contact lens sterilization.

2. Description of the Prior Art.

20
The direct molding of hydrogel contact lenses is
disclosed in U.S. Patent 4,495,313 to Larsen, U.S. Patent
4,680,336 to Larsen et al., U.S. Patent 4,565,348 to
Larsen, and U.S. Patent 4,640,489 to Larsen et al., the
25 entire disclosures of which are hereby incorporated by
reference in this patent application. Essentially, these
references disclose an automated contact lens production

process wherein each is formed by sandwiching a .

30 mold sections. T'

v ey !"""
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35~ -2- alens, whichis then renoved fromthe nold sections and 1
further treated and packaged for consuner use. The manufacturing of contact
qu§es requires tightly controlled conditions and processes, many of which
are nonitored by conputers and other control devices. 5 Mich information
in the formof process conditions and ¢@itrol data, for e.g., that occur
during contact |ens manufacturing, may be. gathered for quality control and

regul at ory approval purposes.. However, thi acquisition. of a
tremendous aRoLRRS of WRAEH +§rtﬁﬁﬁhrﬁﬂ°ﬁﬁﬂtgf Ighg Tﬂ£§ $€ bfﬁﬂﬁcﬁﬁd and,
add|t|onaliyfufemgrreﬁeate@aaﬁdfpacmwgéesﬁmngcémguﬂbtau@@qU|red in a may

that is suitable for b ra ors n n SO
that they may properly %%rX@Wﬁ&Fﬁ uFngnc |o§§£€ gré%é?% ere&%%%e he need
to provide atigltly\cditmdritedlcongdditdonshand erocessasy imaaly pfaelgiche
process contiol {43hd erdl dyp! Lofblikr8l dIRNUGBAEY! IdUhdYSICCasy £OBE! O | er s

that control various aspects o ntact |ens production process
stations §rMugh éﬂﬁ?ﬁ@@thénslﬁaﬁbﬁaéﬂmmlﬁff&ﬁﬁqqﬁilC%ﬂﬁFt%?ﬁﬁ 2ad

aut omat i cal | yorOr 1 O8RES tff%:daéagfortﬁ@al ottle @uifingy cuitktastchighsg
purposes. ml\ébriuef gt[.ttul:frlljg?rmgy tbrc]aergeatl_lxselgieclpe?or quaqity control and
regulatory approval purposes. However, this entails the
acquisition of a tremendous amount of data for each
10 contact lens that is produced, and, additionally, requires
a means for processing the data acquired in a way that is
suitable for use by operators, engineers, and supervisors,
etc., so that they may properly perform their functions.

There is therefore the need to provide a quality

15 control system that can automatically acquire process
control data from a plurality of manufacturing process
controllers that control various aspects of contact lens
production at process _stations in a contact lens
manufacturing facility, and, that can automatically

o0 process the data for real-time display and archiving
purposes. More particularly, there is a need for a
quality control system that can automatically acquire data
generated from a sterilization controller that controls a
sterilization process performed to contact lenses that are

25 individually packaged but not cartoned, and that is
performed prior to their cartoning.

It would additionally be highly desirable to
provide a quality control system that can automatically
gather sterilization process control data for contact

30 lenses for subsequent generation of sterilizer cycle
condition records that includes: sterilization run
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guat ity control systemthat can automatically acquire data generated froma
sterilization controller that controls a sterilization process perforned to
contact lenses that are 25 individually packaged but not cartoned, and that
is performed prior to their cartoning. It would additionally be hlghly
desirable to provide a quality control “systemthat can automatical [y gather
sterilization process control data for contact 30 |l enses for subsequent

t f ste I di t ds that
Jeri i zati orecrssital fied A S8R 10 RERRPZ 4 PBR SPEFRERRLIOR ang
sterilizatj arur nuﬂbénn‘ﬂeomf e tslteritl&rzlelrl zemtowodtlen.l erThesthefblés | es may
be stored in anoffs APeed %,f%a%%fs&%%gsa@rssssangtas 56! hEgyCanyp@nal yze
the trend of%‘fet?lﬁ 8

b or mance ~Over
Furthernnre.retrzgmemdhmc@nélvwehth%etrmw@nQiv%t%tbbb%%éspﬁég%¥m%@@ehereln

these files g b POAGCBREY o0 RUIANRLI CabDEHIBHSAL © (PPRELSrdlteare

suitable for conplianc ederal Food and Dru A mnisgrati

recor d- kepivigcht &d\8 ABYERLd Ve REOGRRSEF s‘!fif'sre‘fttﬁd giduck FFFy?hbé? he
sterilizer. ndy SSANVPRIcOEsEHE toNduW¥b@dWically generate reports that

are suitable for compliance with Federal Food and Drug
Administration ("FDA") record-keeping requirements, and
are also useful for re-certifying the sterilizer.

10
SUMMARY OF THE INVENTION

An object of the instant invention is to provide
a quality control system for a contact lens manufacturing

15 facility that automatically acquires process control data
from a plurality of manufacturing process controllers that
control contact lens production, and, that can
automatically process the data for real-time display and
off-1line analysis purposes.

20 Another object of the invention is to provide a
guality control system for a contact lens manufacturing
facility that implements a sterilization process for
sterilizing individual contact lens packages after their
primary-packaging in blister packages and prior to their

25 cartooning.

Still another object of the invention is to
provide a quality control system for a contact lens
manufacturing facility that includes a .sterilization
apparatus controlled by a sterilization controller for

30 sterilizing individual contact lens packages prior to
théir cartooning. Additionally, another object of the
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An ©object of the instant invention is to provide a quality control system
for a contact |ens manufacturing 15 facility that automatically acquires
praocess control data froma plurality of manufacturing process controllers
t hat control cont act | ens production, and, that can automatically
process the data for real-time display #1d off-1ine anal ysi s purposes. 20
Anot her object of the invention is to provide a quality control system for

a contact |eps manufacturing facility that #‘nﬁl ements sterl | i z%b ?n
process for SREPRF{ORndS n vP&&é(ll deoft aBbatLRY SO %Y“fteer"“ A
primary pagk@,gtmgrsn stesibizptténgeprorespricontmol heiarta25 frant otheng.

Still anot het ct_pt the |inyent | P, | al i r.Ql
system for a s%%ﬂ{gtfaﬁéﬂg many gc%t l}%ii}ng r}e{gl I%@égﬁ‘é&g ééggggfteg
sterilizati ostepphiztns cyctleol | edndit bost errelcpmsi oritfoaint r dhcépdesr 30
sterilizing é@&'ﬂ’iﬁk‘é'{l R“f@ﬁtsfdé‘:ﬁéséffé?ﬂ.ﬁsg RidicdtQ dr1€i1otC AuhBaR!, Ng-

Addi tional Iy, anot J ect I nvention is to provi de a
qual ity contdefl sgseahlipationgaieh s Bueberi 2 £5o%h p?’&ﬁ:es§t€6hl|169rdata
fromthe stespptZa@lii@n.controller and subsequently generates

Yet still another object of the invention is to
provide a quality control system for a contact lens
manufacturing facility that includes an apparatus for

10 secondary packaging of sterilized blister packages
containing individual contact lenses in cartons.

A further object of the invention is to provide
a quality control system that ihcorporates means for
automatically printing and correlating labelling

15 information including lot number identification for all
contact lens packages produced. _

The above objects are achieved in a quality
control system for an automated production line producing
contact lenses, the production line having a plurality of-

o0 contact lens process stations, including an automated
sterilization station for sterilizing a plurality of
contact lenses after their manufacture, and a packaging
station for packaging said lenses after sterilization,
wherein the system comprises:

25 (a) a first means for receiving contact lens
data including an associated lot number and lens power for
a lens lot prior to their manufacture; the lens 1lot
defining at least one batch of contact lenses;

(b) a plurality of process controllers for

30 controlling one or more process stations, each of the
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sterilizer cycle condition records that includes: sterilization run
success/failure indication, lot nunber, 5 and sterilization run nunber from
the sterilizer controller. Yet still another object of the invention is to
provide a quality control systemfor a contact |lens manufacturing facility
t hat includes an apparatus for 10 secontRTy packaging of sterilized blister
packages containing individual contact |enses in cartons. A further object
of the invention is_to provide a, uaI|t control systemthat |ncor rates

nmeans for aufGR&TPLAPEF TeFYIAY lurabtt¥) Qfi Rrocesh el
i nformati o u@@hudsnat|Qhenp&beéssdenbtﬁbnanlon for all contact Iens

K duced. Th b hi_eved |

Bt o Tor o aut ot ol Ch BRA0E 1H8F R kPG nEvERens So Y pirsileyd
production | oife lemsiesy de filnedalbiy yth&)flems cbot atromebbeppdeead igyatwifons,

I ncluding an %Eggaaﬁg st&tidhead %ﬂessaib.gat&er tiéxeﬁliazﬂﬂﬂn %tﬁltlircﬁll ity of

contact |ens® herr manufacture a packagl ng station
packagi ng 5apnd| shecpagkagingt 6EALASAEI on, wherein the systen1conpr|ses 25

(a) a first nmeans for 8‘?C§~‘é<\!éﬂ@! lﬂ‘é&ﬁ@@bﬂ Eaéeﬂai 'd%#%@&e%%n&&wl at ed
| ot nunmber and | ens omer for a pr.i or r nanufac%gle t he

ns.lo
| ens | ot defFﬁPnQ“QPeFe8§t18ﬁ§eSaFEﬁtoPr€bﬁP§PF F€n§ steril Mal ity
of process cgfht@bheandfdcording sterilization data for each batch of

the lens lot together with reason codes for contact lenses
10 lost at the sterilization station;

(e) means for generating a summary report of the
total number of lenses input to the sterilization chamber
for a predetermined lens lot and the actual number of
lenses sterilized and packaged from the lot, the summary

15 report including lot number, expiration date, power and
sterilization data for each batch of contact lenses.

Further benefits and advantages of the invention
will become apparent from a consideration of the following
detailed description given with reference to the

oo accompanying drawings, which specify and show preferred
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The foregoing objects and advantages of a
quality control system for an automated production line
for producing contact lenses of the present invention, may
be more readily understood by one skilled in the art with
reference being had to the following detailed description

30 of several preferred embodiments thereof, taken in
conjunction with the accompanying drawings wherein like
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30-controlling one or nore process stations, each of the 35 - 5-
controllers regulating a plurality of process control 1 devices at the
process stations; (c) nmeans for tracking novenent of the plurality of

| erises defined by the lens lot fromthe plurality of processing stations to
the automatic sterilization station 5 agd the packagi ng station; (d) second
nmeans for receiving data representing the nunber of |enses that are input
to the sterilization station and recording sterilization data for each
batch of theelementst aregeiesdignaitield rhyasintentitizal f vefevencet nuparadsio | ost
at the steyig ' t L0 sfo epgr a summary report of
t he totalgf n% %ﬁannggg ?ﬁﬁﬁ?g%g?t e sté?? ??aﬁﬁgﬁgchanber for a

pr edet er m ned Iens | ot Fhgurend 46t @n ongaitizafiionk cQvereiey  98dthRd

packaged frogtépellohtibNmSHITGY ing BysRer bfi tRe UhdWan Ol nentalon .

expiration date, power and st rlllzatlon data for_ eac h of contact
| enses. Further benefif$9%h8 g t&ﬁbmﬁﬁggﬁfloﬁ° F9“68§

apparent fg oot a thens esdsatingn S).ipélh&lécﬂl'}l' owoing redt asystlemedd0 pshowngi ven
wth reference £oeLbeq2Q,35¢ OPRENSRE 14138 Gon LI PREUEY ANdaRBOW

preferred
sterilizer controller 25 of the instant invention.

Figure 3 illustrates a detailed hardware

overview of the supervisory controller's sterilizer
10 monitoring node 20 and data flow therein.

Figure 4 is a state data flow diagram showing
the internal states of the sterilizer monitoring node
while receiving data from the sterilizer controller 25.

Figures 5(a) and 5(b) illustrate, in detail, the

15 steri comm data acquisition process 50.
Figure 6 illustrates the major functional blocks
of the steri server process 50.
| Figure 7 illustrates the characterizeLine
algorithm 300 for determining the nature of the data line
20 sent by the sterilization controller.

Figure 8 illustrates the processDatalLine
algorithm 405 for processing the twelve {12) variables of
sterilizer phase data from the data line.

Figure 9 illustrates the makePhaseFileEntry

25 algorithm 440 to format the process variable information
- for entry as a line in the corresponding phase file.

Figures 10(a) and 10(b) illustrate the
evaluateTextline process 450 for processing textual data
from the input data line.

30
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enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS 25

The foregoing objects and advantages of a quality control systemfor
an automat ed production line for producing contact |enses of the present

i nvention, may be nore readily understood by one skilled in the art with
reference being had to the follow ng dethfled description of several
preferred enbodinments thereof, taken in conjunction with the
acconpanyi ng draw ngs wherein like 35 -6- elepents_are i gpated by

i dentical reference nuFdP4Fe 1 ldhr AHHRETIERS se ?alsgﬁﬁﬁg?igﬁgvfﬁgwhich
Figure 1 i pRocegapezabicoiavokee whan of $ter Bl bzéd i zant | basmskiartedng
syst em of thﬁ ins#gnt invention. Figure 2 illustrates the hardware
configuratio r8hy ?hgegiPB%Pﬂg supervi sory control system 100 shown
interfaced with the stEighreer 12oniibkuskratai 26henddoEpdPERunEvVEDtt rol | er

25 of the | NskaBbalPyelbo lhvdkélheh 'the Bhtab e Belalililft hainase
overvi ew of e supervisory controller's sterilizer 10 nonitoring node 20
and data f3 obeenedetractedgure 4 is a state data flow di agram showi ng the

internal states of thepsgfré! i 18" HDRUBRIaBEsNO€Ae processAlarmLine
algorithm 500 for processing alarm data from the input

data line. _
Figure 14 illustrates the updateAlarmStatus

10 algorithm 550 for updating alarm status after every line

' evaluation.
Figure 15 illustrates the finishSteriRunReport
procedure 485 to generate the sterilizer run report.
Figure 16 illustrates the doEndOfRunCleanup

15 procedure 486 to finish the text line processing and print
the steri run report.

Figure 17 illustrates the addDurations procedure
630 for adding the phase time durations to the sterilizer
run report.

20 Figure 18 illustrates the addMinMax procedure
640 for adding the minimum and maximum phase variable
data to the sterilizer run report.

Figure 19 illustrates the openSteriRunReport
procedure for opening the steri run report file.

25 Figure 20 illustrates the closeAndPrintRunReport
procedure for closing the steri run report file.

Figure 21 illustrates in detail the
wakeUpCmdFunc process 280 invoked by the CELLworks system.
Figure 22 illustrates in ‘detail the

30 endRunReportForTimeout process 290 that is called to

update the steri run report file.
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whi<l e receiving data fromthe sterilizer controller 25. Figures 5(a) and
5(b) illustrate, in detail, the 15 steri comm data acquisition process 50.
Figure 6 illustrates the major functional blocks of the steri server
process 50. Figure 7 illustrates the characterizeLine algorithm 300 for
determning the nature of the data |line-g0 sent by the sterilization
controller. Figure 8 illustrates the processDatalLine algorithm 405 for
processing the twelve (12) variables of sterilizer phase data fromthe data
line. Figure 9 illustr&tigarehe 28kePhiddlefstixtiesy 2bnal gdetahin 44@heo

f t th . Labl e j.nf | ' '
7L PRI AR B S S, AL 08 2
eval uat eText FPmplpteceserdidzpsiopr 6¥64€-ng textual data fromthe input

data line. 30 .35  -7pihlgdr 84 1i11hsUsa€&4 Ohd hal YA RYIEEORtalt
procedure 466 invoked whén a, sterilizer run-has started fromthe begi nning.

Figure 12 il LB88r 4PEsnumRegokRfOFRAREDB ENLLY -
5 Figures 25(a) and 25(b) illustrate the

respective data structures stored in the statistics server
for the lot information before primary packaging (Figure
25(a)) and after primary packaging (Figure 25(b)}.
Figure 26 illustrates a data flow diagram for
10 moving a lot by operator request.

Figure 27 illustrates the movelot algorithm 680
for tracking lens lot movement throughout the production
line.

Figure 28 illustrates the start of the lot

15 reconciliation process which entails the reporting of the
quantity of lenses input to the sterilizer.

Figure 29 illustrates the procedure for entering
the number of lenses removed from the secondary packaging
process.

20 Figure 30 illustrates the lot close out flow
diagram.

Figure 31 illustrates a table depicting phase
file data entries in the four sterilizer phase files.

Figure 32 illustrates the

25 sterilization/secondary packaging lot reconciliation
"sheet.

30
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procedure 480 i nvoked when the end of a sterilizer run has 5 been detected.
Figure 13 illustrates the processAl arniine al gorithm 500 for processing
alarmdata fromthe input data line. Figure 14 illustrates the
updat eAl arnSt at us 10 al gorithm 550 for updating alarm status after every
line evaluation. Figure 15 illustrates the finishSteri RunReport procedure
485 to generate the sterilizer run report. Figure 16 illustrates the
doEndOf RunCl eanup 15 procedure 486 to finish the text |ine processing and
print the st @ESCRIPTHINIOF THE) BRREFERRED [EMBORIMENThe addDur ations
procedure §30 for adding the phase time durations to the sterilizer run
report. Figure 18 illustrates the addM nMax procedure 640 for
addi ng t he m ni mum and FMebishratsdasa Fhiduas d dat @ tgeneralstsgheamatdc r un
report. Figurd sk-do 'gﬂﬁ&%ﬁd@e a@@eeglﬁamtm RIIAHANE Jﬁtéﬁpe”' ng

the steri run report gure 20 illustrates the
cIoseAndPrlnﬂﬁhnﬁ@ﬁBrtpﬁF%é%ﬂhYe FBFlEPBéPﬁg the sséerildzatdps t and e

Figure 23 sdddrtddplpfckadinhg odetantactt lnenwais&&b%unmg)rmssbe%o
i nvoked byt he LLwor ks _system Flgg;e ﬁ |IIu trat 1l t_icletal
e 30 endruTRBIGRARS TRAe ST Bte SEoWs CEIF ooy 11i2ation

monitoring system 10 of the invention is configured

specifically to process sterilizer serial data and
generate sterilization run reports.

10 As shown in Fiqure 1, the sterilization
monitoring system 10 comprises a sterilization chamber 15
having a sterilizer control device 25,- which, in the
preferred embodiment, is a PLC or dedicated process
controller that controls the sterilization process and

15 serially broadcasts the sterilization process data 16 and
alarm data (when an alarm condition exists) as formatted
ASCII characters to a dedicated printer 17, via data line
l6a, as well as an intercepting sterilization monitoring
node 20, via data line 16b, that is interfaced with an

o0 existing contact lens production line supervisor quality
control system 100 ("existing supervisor system"). As
will be explained in detail below, the sterilization node
20 will ©process the ASCII sterilizer data and
automatically generates a sterilization run report, a

25 portion of which is shown in Figure 22, and explained in
detail below, at a second printer 18. The operational
details of the existing contact 1lens production line
supervisor quality control system 100 are disclosed in the
above-identified co-pending patent application U.S.S.N.

30 08/257,800 entitled "Computer Program for Quality Control
Correlations", assigned to the same assignee as the
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update the steri run report file. 35 Fi gure 23 Il lustrates I n

det ai | the 1 sterilization run report autonmatically generated for a
conplete sterilization cycle. Figure 24 illustrates the algorithmfor
contact lens |ot nunber information entry. 5 Fi gures 25(a)
and 25(b) Il lustrate the respectiveggdata structures stored in the

statistics server for the lot information before prinmary packagi ng (Figure
25(a)) and after prinmary packaging (Figure 25(b)). Figure 26 illustrates a

_dfllta flow di ﬁﬂéﬁghforl_inlr@nlfﬂl\dﬂ_’lghﬁhéé ggpfbyippeaaik@ﬁ l’a?h@UEtﬁzfscfd»W@ ot

il lustrates the novelot al gorit or tracking | ens | ot venent

t hr oughoutd t‘l’ﬂglﬁggdact’i'}ﬁ?xlg‘?cfﬁa.t gi eSSy bY| Eglf?gfe&§et ﬁé’%ﬁego[ of RFhe | ot
15 reconci | idésonipedcess whheh ebbuetisdehtifibedrtcogpehdihg gpanenty of

| enses '”pUta%%?l ggtf{ﬁrb'.’s?gr.n.FbﬂV%?f?ob' 'Hﬁé@&ﬁgtihs 9{1%@9%&:“ or

entering the of | ensés ' rénoved ffom thé Secondary pac I Nng process.
20 systemrautomatical  itacquires mragesse comtriolodagaadram a

5 plurality of programmable and non-programmable control
devices that control and monitor various manufacturing
processes, and, automatically processes the data for real-
time display and off-line engineering analysis and quality
assurance purposes.

10 Figure 2 illustrates the hardware configuration
of the existing Supervisor system 100 interfaced with the
sterilizer monitoring node 20 and sterilizer controller 25
via ARCNET HUB network devices 99a and 99b that support
communication between the sterilizer monitoring node, two

15 operator terminals 29a,29b (preferably manufactured by
Dynaterm), and, the existing supervisor system 100.
Preferably, the sterilizer monitoring node 20 includes a
33 MHz Intel '486 computer having the following modules
for performing the sterilization monitoring process:

op Sterilization communication module and process 50,
sterilization server module and process 60, a time server
70, and a file server 80. Each of these modules will be
described in greater detail hereinbelow.

Briefly, the supervisor system 100 interfaces

25 with and obtains control parameter data from the
sterilization monitoring node, and, at least seven
programmable logic controllers that control various
contact lens manufacturing processes such as disclosed in
co-pending patent application U.S.S.N. 08/257,654 entitled

30 "Consclidated Contact Lens Molding", assigned to the same
assignee as the instant invention, the specification and
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Figure 31 illustrates a table depicting phase file data entries in the four
sterilizer phase files. Figure 32 Il lustrates the 25
sterilization/secondary packaging lot reconciliation sheet. 30 35 -9
- DESCRI PTI ON OF THE PREFERRED EMBODI MENT Il lustrated in Figure 1 is a
general schematic diagramillustrating 4gye- sterilization nonitoring system
10 for passively nonitoring the sterilization and 5 secondary packagi ng of
contact |ens packages. As will be explained in greater detail below, the
steri :c @ zalt : ommﬂdwﬁm@smiﬁh 1% dfnc_td}lﬁpddfanﬁén i logre in m}ﬂfﬂ@éx&_d?qe. _
specifically. 0 process rillizer ri_al _dat ng gener sterilization
run report}.ﬁﬁ?éé maﬁufgégiéln%hgﬁ%%efﬁe%ﬁtﬁkgugij Qfﬁggﬁgféippiféﬁion
moni t ori ng s)istiEatli®rcerpdedefrantteurve Zansomodidsnbercdfr hewipal lets

sterilizer cqntral [ , igh, +1i e fgggggﬂnﬁg, | a PLC
or dedicated%%rgggggﬁgé%?réglggﬁtﬁgf %gﬁ?%gﬁgpéﬁé éfgg? I zat1 on Hfg%iss and
15 serial |y baskicasve drassmelfri sat Farrpescallets 29 cuHarul kgdnRiat a

(when an akappccoigli t hoRoREESEIN 13ngf FMEéSRtact lens mold assembly
operations as controlled by PLC 33; the precure, UV
curing, and lens de-mold operations as controlled by PLC
34; transfer of the front curve mold halves containing
molded contact lenses to a hydration chamber for contact

10 lens hydration as controlled by PLC 35; post hydration
operations including the generation of contact lens
inspection data consisting of pass/fail results as
determined by an automatic vision system incorporated in
an automatic lens inspection station as controlled by PLC

15 36; and, the primary contact lens packaging and 1lens
package consolidation aspect of the 1lens packaging
processes including such processes as solution exchange,
saline fill, package foil heat seal, etc., which occur
about a rotary index (packaging) dial (not shown) as

oo controlled by PLC 37. An eighth PLC, may be provided for
controlling various aspects of the secondary packaging
including transfer of packages from the sterilization
chamber to a secondary packaging area where the blister
packs are labelled and sealed in secondary packaging

p5 cartons as described in co-pending patent application
U.S.S.N. 08/257,788 entitled "Apparatus and Method for
Sterilization and Secondary Packaging" assigned to the
same assignee as the instant invention and, the disclosure
of which is incorporated by reference herein. Secondary

30 packaging briefly includes the steps of printing/applying

bar-coded lot-number on the carton, printing the power and
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ASA | characters to a dedicated printer 17, via data line 16a, as well as
an intercepting sterilization nonitoring node 20, via data |ine 16b, that
is.interfaced with an 20 existing contact |ens production |ine supervisor

quality control system 100 ("existing supervisor systeni). As will be
explained in detail below, the sterilizaiaon node 20 w Il process the
ASCI| sterilizer data and automatically generates a sterilization run

report, a 25 portion of which is shown in Figure 22, and explained in
detail bel owexpimatscmondapei noer thie carfhenppeindentniaig dehai | slidtene
exi sting cgntac SHP ' gy_ta,! r tem 100
are disclo e é}k%ie a o'%gull'q]i (%E'lf%c(;a}g co- éynﬁ% pat e %ip:) %c%?%é(né

U S.S.N. 30 0825 sioiamtdf [tde '1osdnpumberpr @gréﬁicethnapftphmwex

Correlati 0”3"an@38k99§9t58nt hfa@”ew@§§hgﬂée t@x’% t@&r@én Lohering"Sdrdt

i nvention, the specification and disclosure -of 1s7] ncorqﬁ)orat ed
herein by refhHAY the epge and pRLEYingths, CPW@ &BB@&H apdei Foading
co- pendi nggparRtccuiiild g Ahd) éiﬁé‘t &Yed 24pp Bfihg tH1ee gra Blée gl SgPs Vi sor

oystem sul STt a1 " SGa0 g0 BLegner biflodBLD, | ERThREcOMIRh 1y O

vari ous manufaaclursygtem 545 (Texas Instruments) and may include a TI
386/ATM coprocessor module for communicating with the
respective PLC across the backplane or by serial link (not

10 shown). It is understood that each PLC has its own memory
and addressing capabilities for storing and updating
blocks of data.

As shown in Figure 2, other programmable device
controllers, for example, those manufactured by Yushin

15 Corp., are provided in a contact lens production line for
controlling, respectively, the front curve mold machine
39a which produces the front curve lens molds at a rate of
eight every six seconds, back curve mold machine 39b which
produces the back curve lens molds, the primary packaging

o0 machine 39c for producing the contact lens packages in
which the manufactured contact lens is inspected and
packaged. Another device controller 39d controls a vision
system (not shown) that automatically inspects the contact
lenses prior to their primary paékaging.

25 Furthermore, in Figure 2, the existing
supervisory control system (control system) 100 includes
five (5) types of processing nodes: a Data Acquisition
Node 205 for communicating with each of the eight (8)
programmable logic controllers (PLCs), discussed above, by

30 means of communication lines 41 and TIWAY adapter card 42,
and also, for communicating with the device controllers of

35



processes, and, automatically processes the data for real- tine display and
of f-1ine engineering analysis and quality assurance purposes. 10

Figure 2 illustrates the hardware configuration of the existing Supervisor
system 100 interfaced with the sterilizer nonitoring node 20 and sterilizer
controller 25 via ARCNET HUB network deviges 99a and 99b that support
communi cati on between the sterilizer nonitoring node, two 15 operator
termnals 29a, 29b (preferably manufactured by Dynaternm), and, the existing
supervi sor syshemnhf$e nérlef maahlinest, handtheé Ivizeiominispecitignnmdeh 2fie

i ncl udes a_3 elg' C r vi_ng the fql | gw r
perform nglt ﬁbeyMgi%Ar'F‘li’ iéfatélﬁgga ﬁ%eﬁi r?g plragcé:?§% f ’s?}g??ﬁi ggg:ﬂ%ﬁéiﬁa
conmuni cat i onth®duachinesr dees i cattest | asyachaenousyesernbdll el ines

process 60, a3AME, SeTafd dD a H¥ltildad PRtaWastOnobach 18! vhieReraRgul es

wi |l be described 1n greater get ail hereinbelow Briefly, the supervisor

system 100 i if@tatteRabsdaraRaghyd safitsiare cohd r andpdnglides Bk aledsh t he
sterilizatigore s t 200 Nfle§aBgteamdrdald ilskas tprovirie N ¢PPab] fe | @8t&
controller§ that _contraol various %gntaqi Iggs nanufaaturin géocgsses such
as di scl osed TP efGMST R8N GpBTPRUT TN UFEC8IRS 6%”%5 PRIZLRHR t | ed
30 "Consol i dataedch Chhsaotrrikens dvbl Anabys isis angneRbutnindieNeder 22051 ghiee as

the instant iya A0 mbDE 3FGHd C@éf%za@dtﬁét is used to initiate
data gathering and processing of raw data from the eight

10 PLCs, and, that maintains "real-time databases". The
analysis and routing node 220 comprises modules such as:
the Statistics Server 225 that stores data within logical
user defined groups or datasets, is capable of generating
statistics and (optional) alarms on data sets, and, that

15 support statistical control charts and other displays; a
poller 226 which coordinates the acquisition of all data
from the PLCs, Mold Machines, and the Vision Inspection
Machine; a C-language Control Server 228 which is a
companion module to the Statistics server and directs the

oo Statistics Server to perform statistical functions needed
to support active displays; and, an alarm control server
229 which handles and maintains workcell alarms, warnings,
and exceptions that are activated according to defined
conditions.

o5 The supervisor system 100 further includes four
or more identically-configured Operator Stations 230 that
handle the presentation of graphs and displays for the
operators of the production line including a module 90 to
support lot information entry and lot changes, and for

30 performing contact lens lot tracking and reconciliation as
will be described below; and, an Offline Analysis Node 240
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di sel osure of which is incorporated herein by reference. 1 These

manuf acturing processes include: transferring of injection nolded front
curve lens nolds to carrier pallets as controlled by PLC 31, transferring
of injection nolded back curve lens nolds to carrier pallets as controlled
by 5 PLC 32; nmononer filling and contact-1&ns nold assenbly operations as
controlled by PLC 33; the precure, W curing, and |ens de-nold operations
as controlled by PLC 34; transfer of the front curve nold hal ves contai ni ng
mol ded cont actthagnspeoyibdes hfdratanmlyshisbef fdatacorwhbectied | énsohythrent i on
as control "]Ed RO G d&‘%?balwrl@&dé)rhﬁ@f ﬂ%ﬂeo%%efanﬁ]@q{d"q]&r{;%xged}ﬁ—r ation
of contact fens iInspection data consisting of pass/fail results as

det ermi ned by ldMequtiofati @4eY o Fi¥eRnFPAcBEpbhat ddnpn adSa@hewl iid | ens

i nspection st atjigWredy COMENET elinb¥rPael2a®ls 204, 2116 2p1I, MM ,CHHBAC
| ens packagln% and | ens package consoLég?tlon spect of the | ens packagi ng
processes incliéddi ng R h pPLEEILdEL 5 ut i B BxchER§REtiVPne MAades

package f oi % 203!, 24€3/122061260,, aski @& amrsuppmrtt comuaricatitex Heaweagi ng)
dial (not shoyRy, a5, 290N LOlLET il PhEie3Tanicki Gl Bu maYpbe rovi ded

for controlling varrous aspec o] e secondary packagi'ng ‘i nclu
transfer of parefeased: emboddmend:, |4ldatd forthehabave-ment ioneshdenyers

ngtgg: 23 ar egréheg andgrd! CHIRWAIEHK Ss8EewhrBe!tRt alfe SRt dd a3850Ndary
available software modules manufactured by FASTech
10 Integration located in Lincoln, Mass.

As mentioned above in view of Figure 2, there
are three types of input sources for the existing
Supervisor Controller 100: the eight PLCs, the controllers
39a-d for the Injection Molding, Vision Inspection and

15 primary packaging machines, and, data from the
sterilization monitoring node 20. The structures of event
blocks and data blocks that the supervisory control system
100 reads from each of the eight PLCs and the Vision
Inspection and primary packaging machines are described in

oo detail in the above-mentioned <co-pending patent
application U.S.S.N. 08/257,800. Additionally, as
described in detail in the above-identified, co-pending
application, a relational database is created that is used
to store production records and long-term data histories.

25'The existing supervisory controller system 100 provides
for on-line and off-line access to this database and
includes the mechanism for generating informative graphs
including, but not limited to: scattergrams of process
parameters vs. contact lens inspection results, histograms

30 of defects by position on pallet, parieto chart of alarm

count and duration by machine, time plot of cumulative
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25 eartons as described in co-pending patent application U S.S. N
08/ 257,788 entitled "Apparatus and Method for Sterilization and Secondary
Packagi ng" assigned to the sane assignee as the instant invention and, the
di scl-osure of which is incorporated by reference herein. Secondary 30
packagi ng briefly includes the steps of qsnting/ applying bar-coded
| ot - nunber on the carton, printing the power and 35 -12- expiration date
on the carton, inserting the blister 1 packages into the carton and gl ui ng
carton flaps dinspedticari fesaltsp m’easlue'ekiotandmbadpu\latiaﬁi qmnametsrs he
power and explr | e, L ghin A r n | e
case and ap I %tttt%ﬁjqugasetm% ?é g ét}ﬁpogd}’ggn %gle%%r’}%l g’trlrelr?gstf‘r}g(etpﬂl | et
and appl yi ng fth@epascélleﬁab@‘e ﬁﬁa%hébbﬁeffé?réboﬂmﬁﬁﬁ%ﬂvgr adamteise 31- 38
is a Tl systemopds ,( tRNAS, ldid Wedkat.s) and may include a TI 386/ ATM
coprocessor nodul e for ‘conmunicating with the respective PLC across the
backpl ane or by serial link (not 10 shown). It is understood that each PLC
has its owng MeRiRI lakh tidi eRmiing rdagaModet i es for storing and updating
bl ocks of dgta As shown 1 n Figure 2, other progranmabl e device
controllers, for exanple, those nanufactured by Yushin

As shown in the detailed hardware configuration of

Figure 3, the sterilizer monitoring node 20 interfaces
with the existing supervisory system 100 by means of an
10 ARCNET interface card 21 to provide communication with the
existing supervisor system. An 8-channel serial card 22,
receives serial data from the sterilizer controller 25
from a dedicated asynchronous serial line 16b that is
split from the main sterilizer data line output 16 (Figure
15 2). A serial port 19 is provided in the node 20 for
communication of completed lines of sterilization process
data for complete or incomplete sterilizer runs, messages
indicating that data is complete or incomplete, or, that
a sterilizer run was or was not successful, and error log
20 information and phase file information to the report
printer 18 for sterilizer run, error log, and phase file
report generation.
The sterilization monitoring process 10 to be
described in greater detail hereinbelow comprises two
25 functional modules: the sterilization communications
module 50 ("steri comm server") and the sterilization
server module 60 ("steri server"). Briefly, the
sterilizer communication server 50 functions to receive
characters generated by the sterilizer controller via the
30 8~-channel serial card 22. The sterilizer server module 60
processes all of the inputs and produces reports for a
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15 Corp., are provided in a contact |ens production line for controlling,
respectively, the front curve nold machi ne 39a which produces the front
curve lens nolds at a rate of eight every six seconds, back curve nold
machi ne 39b whi ch produces the back curve |l ens nolds, the prinmary packagi ng
20 machi ne 39c for producing the contact Yéens packages I n which the

manuf actured contact lens is inspected and packaged. Another device
controller 39d controls a vision_ system (not shomg hat autonaﬁiCMIg/

i nspects the ¥@migky EnYESTHri FOX I NHAN Y AP OB kA i i
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conmuni cat i on di;nes A |5 s
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R e
i a Rel ationa abase e |c runs
rel ational daBEERLe 114 tg\kﬂ'% 595 grForndnfesmatio z'\fgtq ng term

disk storage 23. Preferably, the disk storage capacity is
at least 324MB but this is easily modifiable to any
10 capacity and may constitute any data storage media. Any
alarm or process data point that needs to be immediately
acted upon, processed, or stored for later off-line
analysis is routed to the existing supervisory controller
100 via ARCNET interface card 21 and ARCNET hub 99%a
15 (Figure 1). Details of the sterilization monitoring
process 10 and the sterilizer process modules 50, 60
therein will be described in greater detail below.

Sterilizer Controller

20 Figure 4 illustrates a schematic state diagram
showing the internal states of the sterilizer monitor node
20. Barring any alarm errors or communication timeout

errors, a normal sterilization run will begin after a
batch comprising a quantity ranging from about 1-~14,000

25 individually primary (blister) packaged contact lenses are
loaded in the sterilization chamber, in the manner as
described in the above-mentioned co-pending patent
application U.S.S.N. 08/257,788 entitled "Apparatus and
Method for Sterilization and Secondary Packaging"”.

30 As shown in Figure 4, a normal sterilization run comprises
five consecutive states or phases: A START phase 161, a
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5 three 200 negabyte hard di sks provide for off-line data storage

consi sting of production records and |ong-termdata histories; an Anal ysis
and.Routing Node 220 that contains nost of the software that is used to
initiate data gathering and processing of raw data fromthe eight 10 PLCs,
and, that maintains "real -tine databasesl?7- The anal ysis and routing node
220 conprises nmodul es such as: the Statistics Server 225 that stores data
wi thin logical user defined groups or datasets, is capable of e(rfqrﬂ%i ng

statistics aftEADROMhaPhase al i, oANdEXROSURE, Phage b B

statistica GHade!1gdArdrid AN GidIE cOMALENS ptagol ey, 226 which
coordi nates the acquisitjon of all ata fromthe PLCs, Mol d%fm and
the Vision Inspection L, &Ehe nede i b ikath Lerit is a

conpani on noenicHh oisheifhiaiasbdcsatserther sbdrdi reft 2 t ran20whent ithe cs

Server to perfar tatistical fu | e t up t ' |,spl ays;
and, an al ar r%t(%éﬁ]tlﬁo%fse%’\5&?‘5559nﬁvx%u#%‘ﬂgﬁgan&%ggugﬁé‘%m?ﬁ%ai%@%ﬂ%@f’r
al arns, wa nisivgs i ldrzd tebage pthamber haendr doraadssmt devicedr ghegetis dre ned

conditions. 3Ritjalized, HE SPRATYIPHASES A8 109 f Uibh@hdereudesy four
or nore identically-configured Operataor, Stations 230 that handl e the

present at i on V8FYgr MR and WMresiaps ritikse BherafbeTidizere Fhamkas on
l'ine includi gempetradur® 9@st obgonghtt WPt tionf ehevt pHvcess I setippbimis .

chanoee 2" puirie AL B G 2 A APl ey el ot e

10 attains its maximum operating temperature of approximately
122.5° C., under optimal pressure conditions. In
preferred operating conditions, the HEAT LOAD phase is for
a duration of approximately five and one-half minutes (5.5
min.). During the EXPOSURE phase 163, as shown in Figure

15 4, the batch of lenses are maximally exposed to
sterilization conditions for a duration of approximately
thirty-one (31) minutes. During the COOL LOAD phase 164,
as shown in Figure 4, a drop of both temperature and
pressure conditions in the chamber is effected to enable

20 the batch of 1lenses to cool for a duration of
approximately ten (10) minutes. After the COOL LOAD
phase, the sterilizer enters the CYCLE COMPLETE phase 165,
where the sterilization process terminates for a time
duration of under one minute under normal conditions, and

o5 a signal 167 is initiated to put the sterilizer node in a
standby or wait state 159. After this phase, the trays
containing the now sterilized lenses are positioned for
output from the sterilization chamber and the
sterilization chamber is either put in an idle or rest

30 state 159 before the next batch of contact lenses is to be
sterilized.
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35 ° -14- that provides for analysis of data collected into the 1
Rel ati onal Database Node after the data is no longer on- line, i.e., after
a gi-ven run of the line. As shown in Figure 2, ARCNET interface cards

201, 211, 221, 231, and, 241 are provi ded for each respective
nodes 5 205, 210, 220, 230, and 240 to suppol&-communi cati on between the
various nodes via the ARCNET hub 99a. In the preferred enbodi nent, al
of the above-nentioned servers are standard CELLworks software that are
commerci al |y avail abl e &%f shawa ntluFéguryenut acedded 3 PXPIadmedp in

I ntegratio Ifé@é@&r | dbtld I YLowWVPIF afS aBRBEMANCEVEREV EChinyh f¥aL{of! gur €
2, there are tThree tyfes of input sources for the existl n%(‘fsfgﬁjﬁ)erw sor
e

Control | er 100iMmeoit ol @B} PEEWrst HUTripd: ARY| Ofs the SFARS BnjBEAT on

Mol di ng, Vi simoAD NEXEISURE 2dOoLs LoaD aand PICKBICONPLETRCPh&SSs, tkéd,
dat a from the sterilization nnnitq@ing nqde 20. The i}rQFturgé.of event
FVi & rf; &) r

bl ocks and dd&¥3f oRRY tbﬁat”t"h%rg‘fﬁb‘é °87ﬂr8¥ §f§ n-td& Sfrom
each of thg eliefd, R, odh titetajiandn L6Specs oshewn [hni nigupackagiag

T heniing © SEREHEELI Dodibiicorifn ibqur hpiroteitigiet o,
as the sterilizer node has not obtained any data for a
specified time period, which, in the preferred embodiment,
is approximately one line of data every 60 seconds. If
10 the event that caused the timeout is rectified, signal 169
is generated to enable the sterilization monitor node 20
to again process data from the sterilizer controller 25.
Since the sterilizer controller 25 was still communicating
data during the timeout condition, logic built in to the
15 algorithms explained below will direct the sterilizer node
20, via signals 161b,162b,163b, 164b, and 165b, to resume
the sterilization monitoring process at the appropriate
sterilizer phase.

o0 Sterilization Monitor Processes

As shown in Figqures 1 and 3, the sterilizer
controller 25 provides one way communication with the
sterilizer monitoring node 20 through an ASCII data stream
on an- RS-232 serial interface, and, the sterilizer

25 monitoring node 20 is in two-way communication with the
existing supervisory system 100 through the ARCNET hub
99%a. In the preferred embodiment, during each of the
above-described sterilization phases, the sterilizer
controller 25 sends out one line of sterilization process

30 readings at a frequency of preferably once per minute. If
an alarm condition exists, as will be explained in further
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described in detail in the above-identified, co-pending application, a

rel ati onal database is created that is used to store production records and
| ong-term data histories. 25 The existing supervisory controller system 100
provides for on-line and off-line access to this database and includes the
mechani sm for generating informative graphs including, but not limted to:
scattergrans of process paraneters vs. contact |ens inspection results,

hi stograns 30 of defects by position on pallet, parieto chart of alarm
count and durdgtiagnl beloschthe, sténklpration aanhriclilien 255will-psoduce

i nspectio aggggg tad Qaf h&héylopP! Ghi€deyeryti NE
as a S|ngl tren3ﬁ7 erein tregg!flxggkgiﬁe scal e aﬁe a3a|€ﬁ e tor%hom/
data over mlﬁHQxﬁe %. days, and weeks. 5 Sterilization Mnitoring Node
As shown in the detallqﬁihar ﬁﬁ(@@n%hgu&gglgnaﬁa Bl othérs. g éﬁ§t§1p%|lizer

nonitoring n 20 I nt erfaces he existin ervisory system 100 by
means of an fg AREERTE St ?af:g’%a? gi ) Br&g'pdg’or@&nﬁnﬁ HeBHLFEH t he
exi sting stipatonitar isysireide A0 Sydtaemefors arortiralbl thd X he eteewiki ser | al

dat a f10m T e, Slieidd i kPTp, Q0L 0! | ehs ZReht 9BhBataH0w, o h RRHHR s SO 1 2

implemented by each of the sterilization monitoring node
20 processing modules, i.e., the sterilization_
communications server 50 and the sterilization server 60
10 to enable passiVe monitoring of all the data information
output from the sterilizer and, to communicate the data to
the data acquisition and analysis nodes of the existing
supervisor system 100. All information generated from the
sterilizer controller 25 is serially input to the
15 sterilization communication server 50 of the sterilizer
monitor node 20 for data acquisition. Specifically, the
sterilization controller 25 broadcasts complete lines of
serial data during each phase of the sterilization process
to the steri comm server 50. Each line of data will
20 comprise a number of characters, in the form of twelve
sterilizer process variable data, alarm information data
describing an alarm condition, or, textual information.
The steri server 60 incorporates data processing
capabilities for processing the input data acquired by the
25 steri comm server 50 to produce sterilizer run files and
reports 75, phase files and reports 85, error log files
95, etc., as will be described in greater detail below.
Additionally, as will be explained in greater
detail below, the following additional information is
30 input to the sterilizer server module 60: lot number
information which is input from the Statistics Server 225
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spl¥t fromthe main sterilizer data |line output 16 (Figure 15 2). A
serial port 19 is provided in the node 20 for comruni cation of conpleted
lings of sterilization process data for conplete or inconplete sterilizer
runs, nessages indicating that data is conplete or inconplete, or, that a
sterilizer run was or was not successfaR9-and error log 20 information and
phase file information to the report printer 18 for sterilizer run, error

| og, and phase file report generatjon. The sterilization nonitoringlprocess

10 to be desefibbe ¢xigting FURRFEIFORFEFtARIION icaRdri Edve; fptosy

functional npdikap: dabe whech! 18 ajémer SO8ALN GRiperivdTedbae i80bY” sheri comm
server") and the sterili '

ti server . odule 60 . (".steri .serv n"é.
Briefly, thBlBECPPFYSE: TR iE e Srauondaden 2l SRE HEEPEEANG.
characters gseeial ecoriyurt heatsien it imesuteont The | stewi seriver3précesanmel
serial card gg. oIbesheokh|ZpkofBEYEE PRAY' 8200 BLOGERECHstheOkehlie 1 NPULS
and produces reBor s Tor a3 -16- variety of users. For Instance, as
shown in Bi guime3raw hetdr bl Ez¢f iprICess maasi(rqmeadedads .t ko ganNBrakei on to
formsteriligge £ 6RPRG! SafSe P d i firS funiberP bt 28orage. and
additional ly, generates he sterilization run report )
subsequent reporting by the statistics server 225 (Figure
1); alarm messages, for input to the alarm control server
229 (Figure 1); sterilizer phase file data containing
10 information for each specific phase of the sterilization
process for storage in hard disk file 23 (Figure 3);
Sterilization Run Report file information, which is input
to the hard disk storage 23 for subsequent generation of
sterilizer run reports to be described in detail below;
15 and, sterilizer parameter value information which is input
to the control server 228 of the existing supervisor
control system 100 (Figure 1). Each of the above-
mentioned sterilizer data processing functions will be
described in greater detail below.
20
Sterilizer Comm Process

. CELLworks system is configured to execute the

steri comm server 50 when data is to be received. Figures
5(a) and 5(b) illustrate the steri comm data acquisition
o5 Process 50. The first step of calling the Cellworks steri
comm server 50 is to initialize the serial port hardware
as indicated as step 110. Next, at step 113 the serial
port is opened for communication and the input data buffer
(not shown) is flushed. Next, at step 115, the get_a line
30 function is called by an infinite loop for acquiring a
line of serial data from the sterilization controller one
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file, sterilizer phase report file containing sterilizer 5 phase

I nformation of the four nmajor sterilizer phases (heat |oad, exposure, cool

| oad, and cycle conplete), and, error log file for error information al

for long termdi sk storage 23. Preferably, the disk storage capacity is at

| east 324MB but this is easily nodifiabR&-to any 10 capacity and may
constitute any data storage nedia. Any alarmor process data point that
needs to be inmediately acted upon, processed, or stored for later off-line
anal ysis is cbaradtes tdte @xitdmeng sﬁpe€&f$§ﬁ91¥0nﬁ¥blik&uﬂxxﬁﬂeé.ARCNET

interface Cafgﬁgéeaﬁﬂbﬁmwwtfﬁ%% %%e%':igh”etﬂé .charditdy Toint! he
sterilization AONItoOrI process he sterilizer process nodules 50,
60 therein V\/ilmltbélélégér i HRd zeFOogr cat@Xtget F | AR 28t Mg | SUETEJLt rol | er
20 | chEra?te:# ddulnltsltlr@t @csmlaaﬁﬁdnemtgc thleatsd z& agf abhehawpng t he
internal states_of the.steri |zer or node arring an arm
errors or a%ﬂ%ﬁ?ﬁaﬂﬂ&%tﬁ %%ﬁeﬁqqqﬁafgoﬁr§6§%ﬁll

begi n aftﬁr théat dthecoimppusi rtglfefamaalzey rtdoegy nan brwnrabm&sage4,1900 25

i vi duall yoptLOBAY obld ket 2 PAGKATSY CANAR N 3RR AFELLORMET g the

sterilizatio nmanner ove- nenti oned
co- pendi ng perefaesappgi tatepnli8ls. S As @)8!195&?57‘989 é’rhﬁltalcé@r' Aeuatai@s and

Met hod for Sjgs! ithahi AheANthpPE OBIREYr Pagkagi BEeps3A AS SPWI33Nakkgure 4,
a nor mal sterlllzatlon run conprises five consecutive states or ghases: A
START phase B®1! formed for retrieving each successive character tep
10 131) and comparing the character to determine if it is an
end of file character (step 133). If the character is not
the end of file character, then the character is saved in
the input buffer at step 135, the character count is
incremented at step 138, and a determination is made as to
15 whether the character was an end of line character at step
140. If the character was not the end of line character,
then the process returns to step 126 to acquire the next
character. If the character was the end of line
character, then the process returns the number of
oo characters in the input line (step 141) and the line of
data is sent to the steri server's mailbox, i.e., buffer
location, at step 155 as shown in Figure 5(a). When the
current character is determined to be the end of file
character, this indicates that a serious error has
25 occurred. This may be occur when the serial line is
disconnected then reconnected. Therefor, if the current
character is determined to be the end of file character at
step 133, then, at step 144 of Figure 5(b), the serial
device is closed, reopened, and initialized. At step 145,
30 @ determination is made as to whether an error occurred
when the serial port was opened. If no error has
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35 ¥ -17- HEAT LOAD phase 162, an EXPOSURE phase 163, a COOL LOAD 1 phase
164, and, a CYCLE COVMPLETE phase 165. After the node is in a start of run
statie 160, which is initiated at the start of a run when the sterilizer
process hardware including the controller, 5 sterilization chanber, and
process devices therein are initiali zed’,zé‘he START PHASE state 161, is
entered for very short duration while the sterilizer chanber tenperature is

brought up to the process setpoints. During the HEAT D phase 162 the
ster P11 zabi o CHHRS . 107ei 110 HehFRACTREA IR GRISRTSR 1o oA ing
appr oxi mat¢l sk¥p 5166y}, UvAdan eptormhaspressiymed.cothiédi ans.errod n
preferred operating conditiqns, _th QAD.p e s for |.on of
appr oxi mat el ;‘/“%sls\? and g’rfe’“—%aﬁq‘ ar% %&F@Ieé ngin ER‘% st)éfll ncgmﬁﬁgg%ﬁlRE
phase 163, a$OH@vwabortRdjate sittepl, 19%he batch of |enses are maxinmally
exposed to sterilization conditions for a duration of approxinmtely

thirty-one (31) mnutes. During the COOL LOAD phase 164, as shown in Figure
4, a drop ®f sure conditions in the chanber is

effected to enable 20 tggyfrd ¢hiPlubensees tthe adljolrOfudceiofal BLSUks
appr oxi mat el %ft etr}\é 1g}:ermin%te%§fer p'Ar‘.fotceersst h&) Cvgpfckoégmprises a steri
server QNX Mailbox System, indicated as element 250. The
ONX Mailbox System is the primary message routing engine
10 for the node, and, each server in the sterilizer node 20
is provided with a mailbox that accepts and sends command
or data messages. Depending upon the source of the
message, the steri server process 60 will implement either
of three functions: startCmdFunc 260; getSteriDataFromMbx
15 270; and, wakeUpCmdFunc 280, as illustrated in Figure 6
and explained in further detail below.

The CELLworks system is configured upon startup
to execute the startCmdFunc 260 when the command to start
steri server process 60 is received. This function

oo ensures that the steri server 60' and internal variables
therein are initialized and that all the QNX communication
mailboxes (not shown) are setup. Additionally, an entry
is placed in the error log file 95 (Figure 3) to indicate
that the system has started up, and, a request is made for

o5 @ future wake-up message from the Time Server 70 at a
prespecified time.

CELLworks is configured to implement the calling
of the getSteriDataFromMbx functional block 270 whenever
a message comprising the complete line of data from the

30 sterilizer comm process 50 appears in the Steri Server
mailbox. The getSteriDataFromMbx process 270 functions to
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phase, the sterilizer enters the CYCLE COWLETE phase 165, where the

sterilization process termnates for a tine duration of under one m nute

under nor nal

sterilizer node in a standby or wait state 159. After this phase,

containing t

conditions, and 25 a signal 167 is initiated to put the

he now sterilized | enses ar@3positioned for output fro

sterilization chanber and the sterilization chanber is either
an idle or rest 30 state 159 before the next batch _of contact |enses is ta
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terilization monitor onlyolf the proper message 1line
ending is present. As will be explained below,
determining the nature of the line of sterilizer data
information and the processing of this data will involve
one or more of the following functions: evalTextline
indicated as block 440; processDatalLine indicated as block
405; processAlarmLine indicated as block 500;
openSteriRunReport indicated as block 320; and,
updateAlarmStatus indicated as block 550.

As shown in Figure 7, the first step 302 of the
characterizelLine algorithm 300 is to record the current
time to aid in the detection of a possible communication
timeout. The next step 304 is to massage the line of data
to remove spurious printer control characters sent by the
sterilization monitor that could interfere with
characterization of the line as a line of data. Next, at
step 306, a determination is made as to if there are any
printable characters in the line and whether a sterilizer
run report file 85 has not bheen opened. If there are
printable characters in the line and a sterilizer run
report file has not been opened, then the
openSteriRunReport ("steri run report") file algorithm is
implemented at step 320.

The procedure for opening the steri run report
is illustrated in Figure 19, and as a redundant check the

the trays

t he
in



to again process data fromthe sterilizer controller 25. Since the
sterilizer controller 25 was still communicating data during the tineout
condition, logic built in to the 15 algorithnms expl ai ned below wi |l direct
the sterilizer node 20, via signals 161b, 162b, 163b, 164b, and 165b, to
resune the sterilization nonitoring pr6@8ss at the appropriate sterilizer
phase. 20 Sterilization Mnitor Processes As shown in Figures 1 and 3, the
sterilizer 8ntro||er 2 ovi des an cation with the sF%rlllzer

moni t ori ng n&&&550 SR ah® A e|Pe§§FE¥§Fré mBIF SFEEEE 25YNS EPPR
i nterface,; afidiet is adeeadyzepedgdionilffothegstede 2ﬁn|repnrtmdamuyls

connunlcatlonp%%ththgﬁeﬁ?égg%gg gﬂggrvk§gﬁ¥nsy§5enhlgg Ebgugg th HARCNET

hub 99a. e pre enbodi ment eac e above scrlbed
sterilizati onhprasterienbineepirpiress ¢6ﬁ9n§9|éa 251§eﬁb§ dddeohs noke of

sterilizatiogph9CeHenOt h€2¢id19dwihg? Jﬁﬁweafa Qe AP Y1 GACR oPET
mnute. |If an alarn1cond|t|on exi sts, be explained in further 35

-19- detaid BeeBhNItHR therPrerhiFem ’Eﬁﬁﬂ‘?tolqjelre s \ﬁtﬁp 38ducEirsknd
broadcast a atnetefp daRa, atthe fmeAURGRY adld Qe myer yallvess efmndeach

variable of each phase of the sterilizer is initialized.
Then, at step 326, the saved start and stop times for each
phase are initialized for 1later calculation of phase
10 duration explained in detail below. Next, at step 328,
the initial run report file is set up with a default name
comprising the current date and time, "date_time_RPT", as
indicated. At step 330, the run report file is opened.
If it is determined at step 332 that an error has occurred
15 when opening up the report file, then, at step 334, a
retry file is set up to open every 15 minutes in the
preferred embodiment, and, at step 336, the error is
logged in the log report file. If it is determined at
step 332 that an error has not occurred when opening up
oo the report file, then, at step 338, a request is made for
the previously entered lot number to be sent to this
process from the statistics server, and the process
returns to the line characterization algorithm (Figure 7).
If a steri run report file has already been
25 opened in Fiqure 7, then communication timeout detection .
is enabled at step 308. The algorithm then proceeds by
determining at step 310 if the 1line beglns with a time
signature of the form:

30 hh:mm:ss (hours,minutes, seconds)
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Wth regard to Figures 1 and 3, there generally illustrates the flow of
data to and fromthe sterilizer 5 nonitoring node 20 systemfor controlling
the sterilizer nonitoring process. As nentioned above, algorithnms are

i mpl enented by each of the sterilization nonitoring node 20 processi ng
nodul es, i.e., t he sterilization-@mruni cations server 50 and the
sterilization server 60 10 to enable passive nonitoring of all the data
information output fromthe sterilizer and, to comunicate the data to the
data acqui si fiforthend ifaldesss bRER withhsushi 3t tdges sionatage syidedn 100.
Al infornat ke 0pPEEESSHataDIMé N 1Yo IHW €L sCOMVAREET a5 sBepenion |y

I nput to t'he 15 sterilization .co ni cati on server 50 of the steril.izer

noni t or nodei?§LF3F18§t§%§§nﬁQﬁ{g%%ﬁ gi@ﬁiFPE&P&?? PROCEEE: VATLARSh
control |l er 2@altmodaecasdd ngonpledve |(i129s vafriabliesl ofatsxedidiizgrephlasghase of
the sterilizgtiQn pr Ss _to tgr i _comn, r . <E e dat a
will . 20 corrpglgsf‘g"a rli:g% ér a:').'f sté%?r ?&?érg, :ar?t'?ﬁjé“\iﬁigrt% 0 ltﬁvvg\(‘:’\?gI sa'ltg;ert%}c I zer
process va i wbesheat an alarm cordiwbenoexiata. debt ramiadgram cangdpion

condi tion, Opy;ke¥lUghehNERE BEbEssAErmi.Bhe SEGULILIR i GIVINA @t data
processing capabilities for proce55|anthe | nput” dat a aCQU|red by the 25

steri comm s&8F€Fr 590 FOHRFRRES NG iThocrlath ArFRs2AAJUPERELPY e phase
files and regohirm Tontdd10rsépget i beS the Exfstimg Buperbesdeselysites i n

LS P, S ol B e it

bel ow, ow [
10 nature, then the evalTextLine algorithm is invoked at step
450, for processing the text data. Whenever the

processing of an incoming line has been completed, the
updateAlarmStatus process is called at step 550 to the
check whether the alarm status has changed.

15 Figure 8 illustrates the processDataLine
algorithm 405 for processing the twelve (12) variables of
sterilizer phase data from the data line. After removing
any other remaining printer control characters from the
line at step 407, the line of data is added to the steri

20 Trun report at step 409. Next, the getDataLinetime
algorithm is invoked at step 410 to ensure that, for each
of the five sterilizer phases, the start time of the
current operating phase in addition to the phase stop time
of the previous sterilizer phase has been recorded in the

25 appropriate phase file. Next at step 412, the 12 process
variable values of the current data line are isolated and
saved as text. Then, the convertAndDoMinMax algorithm is
called at step 420 for converting each of the sterilizer
process readings from text format to floating point

30 format, and, updating the maximum and minimum values for
each of the twelve variables for the current sterilizer
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30 nput to the sterilizer server nodule 60: |ot nunber information which
Is input fromthe Statistics Server 225 35 -20- of the existing
supervi sor system 100; and, tine interval 1 wakeup data which is generated
on a periodic basis by the time server 70 of the sterilization node 20 for
detecting serial commrunication ti meout $28The steri server processor 60
particularly processes this data as well as the real- 5 tine raw sterilizer

Punber for SPBABe arl CHERBGAZRe fEpdrt der el 48, Fh i baBb, &2 Hoc
(Figure 1)1 updatrengdengearidbiesnpnt tthe tphase afilesnt r ol f spoter theo
(Floure 1); BtecbbbzCrobhipng id € cid!l dchaphatar ifelfnk fOIgEY i f o cach
specific phaSe of the sterilization process for storage in hard disk file
23 (Figure 3jndscatedi Ak i shcRurft Repor tI1Fi LB i4F ob MBI &9, WPdakei $henput to
the hard di skagtiabdge,28hbfr afUDEEEUERG, O MRS d g waIf L ISR ifloir@i] at'ed
reports to be _descriped in detail bel ow, 15 and terplizer paraneter val ue
o mat i n GRRCIEPRE | st thE ¢ FenbEnl  cema c2Bocokr iR BRIGEIAG
supervi sor csupeoiiseystentré0Osy$femul@0 tid .makeddie aiwellve floating
gg[‘;: f”ggl zfAﬁEBLEEEr VA YL e554 PMPab HOCELP P 1ayP e PESHEIRGT WRq0r eat er
inclusion in the engineering database (not shown) in the
manner as explained in detail in the above-mentioned co-

10 Ppending patent application U.S.5.N. 08/257,800. A
determination is then made at step 435 whether the current
sterilizer phase is in the heat load, exposure, cycle
complete or cool load phase. If the sterilizer is in one
of these phases, then the makePhaseFileEntry process is

15 called at step 440. If the sterilizer is not in one 6f
these phases, then a return is made to the calling
characterizeLine algorithm 280.

As shown in Figure 9, the makePhaseFileEntry
process 440 is called from the Process Data line algorithm

o0 405 to format the process variable information for entry
as a line in the corresponding phase file. In the
preferred embodiment, there is a separate phase file on
disk for each of the four major sterilizer phases. When
a new entry is made, it is added to the end of the

25 appropriate phase file as follows: First, at step 445, it
is determined if process data has been obtained from the
start of the sterilizer run. If not, then the process
will return to the processDataLine algorithm at step 446.

If the current phase has started from the start cycle,

30 then the following information is gathered in line format:

the current lot number at step 448; the sterilizer run
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20 Sterilizer Conm Process CELLworks systemis configured to execute the
steri comm server 50 when data is to be received. Figures 5(a) and 5(b)
illustrate the steri commdata acquisition 25 process 50. The first step
of calling the Cellworks steri commserver 50 is to initialize the serial
port hardware as indicated as step 11072Next, at step 113 the serial port
I s opened for comrunication and the input data buffer (not shown) is
flushed. Next, at step 115, the get a Iline 30 function s called by an
infinite | oBWRST &dqFitshgo4d 7| th %?t‘%e‘?tfa?t%t4§ ir &he hémE: &Fi $¥SRt i on
controll ef &% ;35an indlicatbar act ecomteys wheeher FpedYammldgndision
illustrated jn 1 Figure.5 , at Lr te 24 he ar ount is
initializedqﬂfﬁﬁﬁ%fb eﬁéé?% é% éﬁ%pLEZE&fﬁk g%%?eﬁP&éhéﬁgitégéﬁ%ﬁ%t is
conpar ed wi ttiwetllwe sprecesst ialuapufobuther curgendh@herilizer tpun odtar act er

count is greqldy 2sghan Fhgalngyt Duf Geepsi 760, L RER AhEIFOT 11RESane i S
printed at step 127 and no chafacters are returned for processing (step

128). As5| Widtden e dhe fterentohasss 1ides: t han the input buffer size,
steps 131 and 133 are mrjdr ned {DIustiateyi BHecEORmalC OFS N albevact er

(step described entries of a phase file 876 for storing
sterilizer phase information. Each row in the table of
Figure 31 illustrates represents one entry in the phase

10 file. The lot numbers are entered by the operators on the
operator stations 230 (Figure 1) of the supervisory
controller, and, the "mode" entry is a single character
designation of whether the sterilizer controller indicated
an alarm at that time or not.

15 Returning to the characterizeLine algorithm 300
as shown in Figure 7, if the data obtained from the
sterilizer controller is not alarm data or process
variable data, then the evalTextline is called at step 450
to process the line of text.

20 Figures 10(a) and 10(b) illustrate the
evaluateTextline process 450 for processing textual data
from the input data line. The first step 461 of the
evaluate text line process is to remove any remaining
printer control characters from the line, and, at step

25 462, adding the line to the steri run report. A
determination is made at step 463 if the text indicates
the start of a sterilizer run. 1f so, then a
StartOfRunEvent procedure is called at step 465 to perform
the following steps as shown in Figure 11: First, at step

30 467, an entry into the error log 95 (Figure 3) is made
indicating that the sterilizer run has started. Then, at
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10 131) and conparing the character to determine if it is an end of file
character (step 133). If the character is not the end of file character,
then the character is saved in the input buffer at step 135, the character
count is increnented at step 138, and a determination is made as to 15
whet her the character was an end of li ne?8haracter at step 140. If the
character was not the end of | ine character, then the process returns to

step 126 to ac he n character he

end of [|iné 4&% Fo%%s%"‘?%ﬁﬁ%r;teq%é%a}b%b‘té %?X\gorurg
charactersyi matshesual;mid | £avm (tshepbégmt)nmlgi ($arti nef fteatbhizer sam) to t he
steri server r C ég¥¥%}' £N
Figure 5(a). Maﬁ?e Clﬁ‘rﬁﬁnt (b:ﬁg;rgc%ljlé) (?‘ssf%éek%té?érﬁénée%plt% eélt e end of file
character, thun isthted eNedtat at sehep BT @robrFiguresll o umessnge ithis my

be occur whensddie 86" ikMe | é68t £81 dga&ea&ec‘d@dthae@xwtq pecslﬁder\;rmlefor
if the current character is determ ned to be %hg | e characgter at

step 133, Hh&Ystam sthat 15he currgnte siahe ¢ EEr?&Frdé\}?Eé i1 ¢
reopened, anagdait ioFl raadstétesang ﬂ@,pr%e&sdebeumaatomha&mm to

\Qﬁpsgt\e[}agn?,grtrhor oc_ctur].rlendevg?daéahe”_siegrdraé 7)p_ort was opened. If no

In Figure 10(a), if the text did not indicate

the start of a sterilizer run at step 463, then, at step

10 464, a determination is made if the text indicates the

beginning of the start phase. If the text indicates the

beginning of the sterilizer start phase, then the

doStartPhaseEvent procedure is called at step 465 to set

a flag that the current state is the sterilizer start

15 phase, and, to send a message to the control server of the

existing supervisor system that the current state is the

sterilizer start phase state before returning to

characterize the next line of data (step 550, Figure 7).

If the text did not indicate the beginning of

20 the sterilizer start phase at step 464, then, at step 471,

a determination is made if the text indicates the

beginning of the sterilizer heat load phase. If the text

indicates the beginning of the sterilizer heat load phase,

then the doHeatLoadPhaseEvent procedure is called at step

25 472 to set a flag that the current state is the sterilizer

heat load phase, and, to send a message to the control

server of the existing supervisor system that the current

sterilizer state is the heat load phase. Additionally,

the HeatLoad phase file is opened for writing data thereto

30 and the procedure returns to characterize the next line of
data.
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occurred, then no characters are returned for processing 1 (step 146).

If an error has occurred, then an error nessage is printed at step 149 and
the.steri comm process 60 is aborted at step 152. 5 Sterilizer Server
Process Figure 6 illustrates the major functional blocks of the ster
server process 60 which conprises a ster?” server Q\NX Mail box System

indi cated as el ement 250. The ONX Mailbox Systemis the prinary nessage

routing engine 10 for t » t% F QE'ddl aﬁgtsqrn\éq atd e ?ﬁirld‘at%g Jypde 20

is provided with a mail accep s and “sends Comman nessages.
Dependi ng upd&he heegbudeadofphare n@%sagep #d rsttdren.seatyeftpPoddSs 60 wil |

i npl ement e dileQf i ddY £6h Tl GldRNS* %herﬁmFymlaé&sgesét Ogi?ﬁmF g omvbx
15 270; and, vvakeU CndFunc. 280, as illustrated in Figure expl alned in

further deta9f @%Wtwm{vﬁf?&s“ﬁ%t@ﬁq% conf i tdlﬁé’tf’ino‘ﬂ‘ Cé’rttqﬁp to

execute the mt&wﬂméwm s e icloarean te st po i i tplfatsyl IRV @theDr 0CESS
60 i s recei v%d ensures 1 hat ;ﬂtue st ser\, r Q»_% and

i nternal Vari qtﬁxé)s(’ﬁ‘ff'?PJT%S géveq%lgxf AITES aH TR e%l f tﬁgea\lﬁ
comuni cat i osertai Bbokbag ( tdb@atshbhw) carsenst uptaeldiilsi obhel stearildimery i s

placed in theyird ogndsee AhdlFigSeil hO ekl ocd MEhe! ROrtsRem has

started up, areq est {s m a futur ke-up nessage fromthe
Ti me Server ?@raﬁeraogf-ré%‘ﬁeéﬁﬂﬁédngl fBPeLELEQBr K¥sStam ciehat d’tﬂ%d:“cr(?qf“ﬁpl ement

the calling state is the sterilizer exposure phase. Additionally,
10 before returning to characterize the next line of data,
the Heat load phase file is closed and the Exposure phase

file is opened for writing the data thereto.

If the text did not indicate the beginning of
the sterilizer exposure phase at step 473, then, at step

15 475, a determination is made if the text indicates the
beginning of the sterilizer cool load phase. If the text
indicates the beginning of the sterilizer cool load phase,
then the doCoolLoadPhaseEvent procedure is called at step
476 to set a flag that the current state is the sterilizer

20 coecl load phase, and, to send a message to the control
server of the existing supervisor system that the current
state is the sterilizer cool load phase. Additionally,
before returning to characterize the next line of data,
the Exposure phase file is closed and the Cool load phasé

25 file is opened for writing the data thereto.

If the text did not indicate the beginning of
the sterilizer cool load phase at step 475, then, at step
477, a determination is made if the text indicates the
beginning of the sterilizer cycle complete phase. If the

30 text indicates the beginning of the sterilizer cycle
complete phase, then the doCycComplPhaseEvent procedure is

- 35



of the get Steri DataFromVox functional block 270 whenever a nessage
conprising the conplete line of data fromthe 30 sterilizer comm process 50
appears in the Steri Server mail box. The get Steri Dat aFronivbx process 270
functions to 35 -23- copy the nessage fromthe mail box into | ocal ster
server 1 input buffer (not shown) and inBd@rate the processing of the
nmessage. Additionally, a check is made to determne if the proper nessage

line ending is present. The get St eri Dat aFr onivbx functional bl ock 270
calls the 5 cﬁﬁhﬁf’e‘?Fz%i?Ple“aqg & ister’ima3§ga?o'?h%fetté‘remclll‘irﬁ&"tth@tﬁg'ﬁu & of
the line off stheilseerillipder i nfyalent compsede fphasd,heanterito zatdmh aonitor

only if the proper nessa | i IS r 0) (I | .
expl ai ned beT%gfaggt Pngﬁfnsgﬁﬁgggagg gegfoghgﬁgi%51%¥l§§e?$%%%g%9§§ta 10
i nfornati on asystes phadesthegcuirrenits state wis| theyv@dteridnizer awrcdeof the

foll ow ng fungti o€V tlinea;R9k6§ S b 40, DatgglLi ne
i ndi cat ed asn%+%§£é285'Bh;g%ocesskFggEE?thIQfnd#%gégé rgﬁﬁ?ﬁ%ﬁgckié 500;

openSteriR&nP@%%F?CteFﬁachhédnex&s11“@(ﬂﬁ(da?RthheeQR911%°ad phase
updat eAl arnStgf s i Hd el ad Bheckyb28. codmp Bdeavprasdifgulee i 8, opbRedi I St

step 302 of the character LAELL08a2LASLLES™ SB0elS ERe " BE0LYsE Bt LAE
to step 550, Figure 7 to characterize the next line of
data.

10 If the text did not indicate the beginning of
the sterilizer cycle complete phase at step 477, then, at
step 479, a determination is made if the text indicates
the end of the sterilizer run. If it is the end of a
sterilizer run, then a doEndOfRunEvent procedure is called

15 at step 480 to perform the following steps as shown in
Figure 12. First, at step 481 of Figure 12, an entry is
made in the error log that the sterilizer run has ended.
Then, at step 482, a flag is set to indicate that the
current state is the end of run state. Next, at step 483

oo ©f Figure 12, the Cycle Complete phase file is closed. At
step 484, the time of the most recent data line is saved
as the stop time for the Cycle Complete phase. Then, at
step 485, the finishSteriRunReport procedure is called to
generate the sterilizer run report as will be explained in

25 greater detail belaow. Another procgdure indicated as the
doEndOfRunCleanup is performed at step 486 to finish the
text line processing and print the steri run report as
explained in greater detail below. Finally, at step 487,
since it is not known when the next sterilizer run will

30 begin, the communication timeout detection is disabled.

Referring back to Figure 10(a), if the text did
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time to aid in the detection of a possible communication timeout. The next
step 304 is to nmassage the line of data 20 to renove spurious printer
cont-rol characters sent by the sterilization noni t or t hat coul d
interfere wth characterization of the line as a line of data. Next, at
step 306, a determination is nmade as to3if there are any printable
characters in the line and whether a sterilizer 25 run report file 85 has

not been opened. If there are printable characters in the |ine and a
sterilizer ru@triépdicatef the enda®f they stepddizengairft steRn47%¢ he

opensSt eri Eunae@@rtaé"&éprl 4880 rFegeré"lo{b) e al getétmimasibnpienmaged at
step 320. 730 rocedure for

eni ng teri ryyreport is
illustrated th FP@Mr%PEEF"%nge§§ ‘FEﬂuﬁﬁﬁﬁEagﬁ%cw&Fhéf H@h- frst
step 322 is ¢@reeher mme |doéd161ﬁﬂ5catéumhleemxﬁe 1 thér ithealdatayispened.

If the steri run,rse %%liéeg QSB"?’Q" %?_%C%Ts%c%iiywplsl t(r)e{H%n &gﬁéﬁgeSOB of

the charact €f3 % ei % ess € I'S not open, n the
fol | ow ng5sttegest arle.r@rpwpnedup‘el or tIf Stbgentugrent t Hdnet edpesunneeport

fileat stemnpplate she dheslPndr) at Nerdhnhobn &l Eushingt ¥oh ups for
each vari abl e each phase of e Sterilizer is'initialized
mad e if the current text line contains the cycle count.

If the current line does contain the cycle count, then the
count is saved at step 491 and the makeSteriRunNumber

10 Procedure is called at step 492 for building the
sterilization run number and sending the sterilization
number to the control server of the existing supervisor
system. In the preferred embodiment, the sterilization
run number is put together as a combination of the date,

15 sterilizer number, and the sterilizer cycle count and is
of the form:

YP1NNNN

where Y is the last digit of the year, Pl is the
sterilizer number of the production line, and, the NNNN is
20 the sterilizer cycle count. After the sterilization run
number is obtained, the process returns to the line
characterization algorithm.
If the current line does not contain the cycle
count, then nothing is done with the line as indicated as
25 step 494, and the process returns to the calling
characterizeLine algorithm (step 550, Figure 7).
Figure 13 illustrates the processAlarmLine
algorithm 500 for processing alarm data from the serial
data line. After removing any other remaining printer

30

control characters from the line at step 502, a list of

35



Theh, at step 326, the saved start and stop tinmes for each phase are
initialized for later cal culation of phase 10 duration expl ained in detai
bel ow. Next, at step 328, the initial run report file is set up with a
default nane conprising the current date and tine, "date tineRPT", as

i ndicated. At step 330, the run report BRFe is opened. If it is determ ned
at step 332 that an error has occurred 15 when opening up the report file,
then, at step 334, a retry file is set up to open every 15 mi nutes in the
preferred enspawnealarmpirages i sgagchedeat $ERP| 303 d’gfgéd‘qiﬁ’attﬁe ifog

report file.a khowh &BafiRlcyrd inerbriledlsts .33Pablat 1 AnEMal1d1@s bedbw
occurred en eni n

file, t st t
is made for th ﬁPE@goHSF;OEﬁtQ}QH IBbrﬂ%ﬁge?na abagge%?ggog?ﬁ?sap;ggggg

fromthe staffrstrcs server, and tne p

characterizaffion al bprmhiekkri §uee 3 eriii§e§t§?PtF9hlﬁéport flleﬁlﬂﬁﬂ Code
al ready beenFRsspaRet Il O SO TG OO Pttt F S e
enabl ed atg sj ep 308. The aIgorcLbnNtBEBAmrnoweds by detern1n|ng at step 310
if the |ine pbegin pMthog e siogphature-of the form. 30 hhmma-ss.
(hours, mi nutfes, seconds) 35 cdﬁb-WATER LOW 2
IL COMP. AIR LOW 3
CYCLE ABORT 4
10
DOORS NOT CLSD 5
DOORS NOT SEALED 6 i
. i
FAN FAILURE 7
15 HIGH TEMPERATURE 8
HIGH WATER 9
LOW TEMPERATURE 10
OVER PRESSURE 11
20
PLANT STEAM LOW , 12
POWER FAIL 13
PRES SENS. ERROR 14
25 PT ISOLATED 15
' SAM FAILURE 16
STEAM FAILURE _ 17 n
30 TEMP SENS. ERROR i8 “
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If the line does begin with such a tinme signature, then 1 the
processDat aLi ne algorithmis invoked at step 405 indicating that the data
| ine contains process variable data including twelve (12) vari abl es of
sterilizer phase data. Else, at step 312, a determnation is made as to 5
whet her an alarmcondition exists. If am3tarm condition exists, then the
processAlarniine algorithmis invoked at step 500 for processing the alarm
data and updating the alarmcontrol server of the existing supervisar
system 100. Kf the line of datay e ' to be textual in [0 nat yrge,

t hen the aliText Li ne alqorlthntygEgn%géggﬂgg step 450, for proce Fg!

the text ~ddta. th o) [ f [ ng.line has n
conpl et ed, t fle ud%a¥ng a usehgécggéélgg%glvﬁgnagﬁggép 50 to thep%%eck
whet her the alarntsta@hérMabeéhah@%@ igonot recognizefgyre

t he pr ocess Baaimre—atgorim40=fer—processag—tre—twelye=t r—~vorroir e
of sterilizer phase data frontthe dat a I|ne After renDV|ng an other

get Dat aLi net

of the five ¢§
phase in add
has been recorded in the 25 approprlate phase flle. hbxt at step 412 t he
12 process vari abl e valnafezhef al Aemctionéit iontiss knknowns isel ateduaatmh

10 jis not found between the alarm data phrase and the alarm
phrase table at step 507, then, at step 508, a
communication is made to the alarm control server of the
existing supervisor system that an unknown alarm has been
received and an active alarm condition is recorded. The

15 process then proceeds to step 515 to add the alarm line to
the steri run report. If a known alarm condition exists,
i.e., a match is found between the alarm data phrase and
the alarm phrase table at step 507, a determination is
made at step 509 if the alarm indicates a successful run.

20 If the indicator is a successful run alarm, it is recorded
at step 511 and the alarm line is added to the steri run
report at step 515. If the indicator is not a successful
run alarm, then, at step 513, a communication is made to
the alarm control server of the existing supervisor system

25 which alarm condition has occurred and it is recorded that
an active alarm condition exists. Finally, at step 515
the alarm line is added to the steri run report and the
process returns to the calling characterizelLine algorithm.

As mentioned above in view of Figure 7

30 illustrating the characterizelLine algorithm, after a line
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saved as text. Then, the convert AndDoM nMax al gorithmis called at step 420
for converting each of the sterilizer process readings fromtext fornmat to
floating point 30 format, and, updating the maxi num and m ni num val ues for

each of the twelve variables for the current sterilizer 35 -26- phase.
At step 425, it is determined if it is %" to 1 update the variables in
the phase files. If not, the process returns to the characterizeLine

algorithmas, indicated-at s pdat e t he

ep 427.
Tat abl oe. - ChBIBATREERE katd AndBosss A 1B LPLIRHR Al SREAGeRE Lo ¢ he
control ser VEéxEQBlocﬂatéleuebmsﬁamrsu;sepwos:esmdmttlmé ﬂmhemt]a%st @snmake

the tvelve fLoabEAG BLOCSISYRE! ARl SoayAlA Al { Vs s BBke bieRdapo. and

inclusion in e engl eerl ng
expl ai ned i n5%8@t aifigure 4 abbuetnehesowe@l undatisa\lqmusltnguSpauentmn

application il gefakl. 0%35fi1§99 step'?‘ %Ei%gh@ét bﬁes{:é t§§E nggetat step

435 whet her the current steri |zerfp ase 1s in osure,
cycl e conpl cdet@Fming| thgagtakuse © fatPﬁF%ﬁ%ﬁ?#|&%9t|%P?WanEh6 iRese

phases, ther‘s&ﬂﬂﬁlﬂ@heﬁhﬁﬁﬂﬂdiﬂ@t iY PdR¢esddrim 15r61ﬁ| ltgié abrekemigde. |f

t he sterlllzer { Pf in one of ese ases, (Pe eturn is Tade to the
cal l'ing ontrolier is curren 1ve, ‘an sending data lines

every two seconds as descrlbed above. If so, then at step
554, a determination is made whether there is enough time
10 to clear the alarm or whether the currently active alarm
should be cleared by force. If not enough time has
elapsed to clear the alarm, i.e., if the time between the
last sterilizer data entry and the previous data entry is
two (2) seconds indicating that the alarm condition should
15 be cleared by force, then, at step 556, the current
sterilizer alarm state is set to indicate that no steri
alarms are active. If there is enough time to clear the
alarm, i.e., the time between the last sterilizer data
entry and the previous data entry is greater than two (2)
oo Seconds indicating that the alarm condition data is not to
be cleared by force, then a determination is made at step
559 if a communication timeout alarm is active and if
recent data has been input. As mentioned above, a
communication timeout alarm occurs when data is received
25 at an interval greater than one minute, for e.g., when the
serial data line is temporarily disconnected. If a
communication timeout alarm is active and recent data has
been input, then at step 561, the current communication
alarm state forced to indicate that no communication
30 alarms are active and is set to provide such indication.
If a communication timeout alarm is not active or, recent
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characteri zeLine algorithm 280. As shown in Figure 9, the
makePhaseFi | eEntry process 440 is called fromthe Process Data |ine
algarithm 20 405 to format the process variable information for entry as a
line in the correspondi ng phase file. In the preferred enbodi nent, there
is a separate phase file on disk for ead%-of the four nmajor sterilizer
phases. Wen a new entry is nade, it is added to the end of the 25
appropriate phase file as follows: First, at step 445, it _is determned if
process datada® bhag dmMtai REENf romithe $PErte@ - t &Nk ePf| iz eFURUNSE | f

222 , }Penhf haeﬁ@iﬁﬁﬁﬁﬁ\/ﬂdd hligt Ukdtd ogtpeswprc]gssDamLialal ahggﬁhé Em@t hst ep
. t He cyrrent, phase: started fromthe start cycle t hen .t he
f ol | owi ng ianﬁﬁﬁﬁqﬂ1iigggﬁﬁefgﬁqq?Iqqﬁa??ﬁ?ﬁﬁF thiéﬁffgnt%PSP Afber at

step 448; thetepebbbi,zarmesnadd is seht tiouther aharmt epnibdl] sdrvearatof at

step 452; th i p y i.adi.cat t Y% wWhgtan ; | arm
condition cur%rhtgnt y%&féfsséPégﬁgsgg sss}g%(é@S%;ro aﬁ%,ggghg)‘[(]fur r gr%’?ltl\;%rse '
process vag uselpged rlaxmrg ent Edseri Lifzallr alanmsstape4Bgt clpamalthe  at

step 460, thg 8RrahCrbtlPnsSte ¥Md (dalN ing ERaraBteeikePIng prdsesd gure 31
illustrates the format of the abqve .

Referring back to Fiqure 12, at step 485, the
finishSteriRunReport procedure 485 is invoked when the end

of a sterilizer run is detected. As shown in Figure 15,

10 the first step 610 of the finishSteriRunReport procedure
is to determine if the flag to indicate that the current
run has started from the beginning (start of sterilizer
run) had been set as indicated above with respect to step
468, Figure 11. If the flag indicating that the cycle has

15 étarted from the beginning of the sterilization run is not
set, then, at step 612, a 1line is added to the
sterilization run report indicating that the data is
incomplete, and, at step 614, an entry is made to the
error log indicating that the data is incomplete. The

o Process then resumes to step 617. If the flag indicating
that the cycle has started from the beginning of the
sterilization run is set, then, at step 611, the
sterilization run number is added to the steri run report.
Next, at step 613, a determination is made as to whether

o5 any of the four major sterilization phases has been
missed. If any of the four sterilization phases has been
missed in the current run, then a line is added to the
sterilization run report indicating that the data is
incomplete (step 612), and, an entry is made to the error

30 log indicating that the data is incomplete (step 614). If
none of the four sterilization phases has been missed in
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described entries of a phase file 876 for storing sterilizer phase

I nformation. Each rowin the table of Figure 31 illustrates represents one
entry in the phase 10 file. The |lot nunbers are entered by the operators on
the operator stations 230 (Figure 1) of the supervisory controller, and,
the "node" entry is a single character “#8si gnati on of whet her the
sterilizer controller indicated an alarmat that time or not.

Returning to_ihe characterizeline algorith as, shown i

the dat & obt ENRCGNFFBRE(FaN e R 1 A BEER POPPeP T Lm0l aﬂ%’ﬁd% Eng; '
process variabkeiddtatibhenriame mm:lrﬁexlhdheatﬁngalﬂrm athet efatkb0 is0
process the L t ex 2

illustrate h@segg uat% ng f%eSte cégé i%gaggr pro%%%5|n Pe%%gﬁp dat a
fromthe |npb§ dh§e§¢|4ﬁ§erﬁuiﬁelﬁltb? stepi higation wondrallere issred i ne
process is tg r@ﬁf@a@s@ﬂulr%mmﬂw aharicse@h ol 5 Chad 1B ey dfiledMakhe

line, and, a steg 25 462 addlng o_ the_ steri run report
A det er ni Bat P8RCT IPRAqAPIVes ALy SEER P#lvhglﬂéfﬁ tAdi cifed BHECESEENL a
sterilizer run.alarhfinddcatiihgna eaSIiar t@E:BunExenbeehogedufatea bel | ed at

Shep 350,50 PRSI T PLoR U ARG "Rty BBV, Bseik, T
t hat the steaqitliedemrtﬁme rm@esibxzmorﬂmn repa3s mdlcatmg that the
run was successful. If a successful run alarm indicating
10 @ valid cycle has not been generated by the sterilization
controller, then, at step 621, a line is added to the
sterilization run report file indicating that the run was
NOT successful. Finally, at step 630, a procedure is
called to add the time durations for each of the major
15 sterilization phases to the steri run report file, and, at
step 640, a procedure is called to add the minimum and
maximum values of the process variables for each of the
major sterilization phases to the steri run report file.
The addbDurations procedure 630 of the
oo finishSteriRunReport procedure begins by adding the Phase
Duration header line of the sterilization run report as
indicated as step 631 of Figure 17. Next, a pointer is
set to the first of the four major phases, as indicated at
step 632. The following steps indicate the printing of
o5 phase durations: At step 633, a label for the phase
duration is obtained; then, at step 634, the phase
duration is calculated using the saved phase start and
stop times obtained at step 326 of the openSteriRunReport
algorithm (Figure 19). Next, a determination is made at
30 step 635 as to whether the phase duration values for all
four major sterilizer phases have been processed. If the
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-28- step 468, a flag is set to indicate that the current
fromthe beginning (start of sterilizer run) and, at step
curyent state is the start of run state. Next, at step 47
nmessage is sent to the control server of the existing sup
that the current state of the sterilizer31s the start of

process returns to characterize the next line of data (F
10(a), if the text did not indicate the start of a steri

run 1 has started
469, that the
0 of Figure 11, a
ervisor 5 system
run state and the
gure 7). In Figure
i zer run at step

463, then, aPhasepdegazden waduesrfenalibious maderistenbl 126% nhadesat es
the begi nnj ngiadle b@ensgﬁaéeegaae thén) & 1stdlp 658, CBhEsrdSiaL Ay N0 of

the sterilTzer start

ase hen the doStart PhaseE vent procedure is called

at step 465 hgvddg &hPI c8lrniatefcPRase dnrakians ifor pachief ithe &oukiart 15

phase, and, m;w@terrmsme phasidie iGordddd 3 \the Gftdrie ran Hepogt
supervi sor I;éemth t t e current stateﬁls th sterlllz§§tstart Qhase

Eur A ChaFSEEM 2& T HEWexi9 i r?e’egf

state before

X §teph§30

Figure 7).5 f1nhsh8¢zmumuﬁﬂaupntn@ro&eduthe(Begunalhg)of 1D thee phiasei | i zer

start phase ahrﬁkﬁggggéquQGQOF h1%t Quf % %ﬁi é¥1

text indicates th nni ng o he Stefi eat
i ndi cates t h§°ﬁegpﬂﬁ!‘ng”€ﬂc?9n%e%¢ efihen;eptapat §¢dhd aﬁlﬁ‘asé

repeated for each successive phase pointed by
as indicated at step 638 of Figure 17.

és%sm?t% e f the
EﬁESe t he text
4 will be
the pointer

10 The addMinMax procedure 640 called by the

finishSteriRunReport procedure begins by

adding the

. Min/Max header line to the sterilization run report file

15

20

25

30

35

as indicated as step 641 of Figure 18. Next, as indicated
at step 642, a line containing the twelve variable names
are added to the run report file. Then, a pointer is set
to the first of the four major phases, as indicated at
step 643a. For each phase, a line for the minimum
readings and a line for the maximum readings are to be
added to the file. The following steps indicate the
printing of minimum and maximum readings: at step 644, a
label for the phase's minimum values is added at the
beginning of a first line of the file; then, at step 645,
a line containing the twelve minimum values for the
variables for this phase are added; at step 646, the
resulting line of minimum values is added to the steri run
report file; at step 647, a label for the phase's maximum
values is added at the beginning of a second line of the
file; then, at step 648, a line containing the twelve
maximum values for the variables for this phase are added;
and, at step 649, the resulting line of maximum values is
added to the steri run report file. Next, a determination



then the doHeat LoadPhaseEvent procedure is called at step 25 472 to set a
flag that the current state is the sterilizer heat |oad phase, and, to send
a nmessage to the control server of the existing supervisor systemthat the
current sterilizer state is the heat |oad phase. Additionally, the

Heat Load phase file is opened for witind8data thereto 30 and the procedure
returns to characterize the next line of data. 35 -29- If the text did

not indicate the beginning of 1 the heat |oad phase at step 471, then, at
step 473, a d’e?e‘P?r‘i’%a?Foﬁg?g fralicas rte h‘éh?EQ?riWc%f%/sm?’ﬁe"%]e‘b‘?ﬁn ¥ of
the steril hze4sl1 bxpotur magbasetekiilibert phasieadinadtec bddie daddinioigtivé t he

sterilizer exposure_phase, then .the Exposuyr ePhaseEyven rocedure_i s
called at step-a7h ¥§bs ?p%fﬁléifﬁfhéﬁ gﬁ@ QSP?@ﬁf ¥?§Psgi§°$h%f§t i zer
exposur e phasesjend steriddmbra pbesege havehdeamt palintedyer thént hehe

exi sting SUPELNESQEs SYﬁéﬁmﬂé’attJlB%é:%%rﬁ% Shat erhae 'HSERdSFREAERENt

exposur e phase. Addi tionally, re returning to characterize the
next |ine Bf REQECAYFR faiPniddd nghadethpel stpsidia8EdPhdte thratdntir e

phase file i ympenednéomin/makngaiResdatsr t el ettour! md 1o t£odr di teaot

| ndi cate the‘B$ éégnﬁgkéﬁbeen printed, step 644 through step 649 will
be repeated for each phase pointed to by the pointer as
indicated at step 643b of Figure 18.

10 Finally, after performing the addDurations and
addMinMax values, a return is made to the doEndofRunEvent
procedure 480 where the doEndOfRunCleanup proceddie is
performed at step 486, as indicated in Figure 12.

Figure 16 illustrates the doEndOfRunCleanup

15 procedure 486. As shown at step 651, this procedure
implements the closeAndPrintRunReport procedure for
closing and printing the sterilization run report, as
described in further detail below with respect to Figure
20 steps 660 through 669. Furthermore, the

oo doEndOfRunCleanup procedure of Figure 16 will: initialize
all internal variables to no-run-in-progress conditions at
step 652; invoke the update alarm status procedure at step
653 and as described above with respect to Figure 14 steps
552 through 565; close the error log at step 654; and, at

25 step 655, communicate to the control server that the
sterilizer is currently in a standby or waiting state.
Finally, a return is made to step 487 of the
doEndofRunEvent procedure of Figure 12.

As illustrated in Figure 20, to close and print

30 the sterilization run report, the first step 660 is to
close the run report file. As mentioned above, if a
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the sterilizer exposure phase at step 473, then, at step 15 475, a
determnation is nmade if the text indicates the beginning of the
sterilizer cool |oad phase. If the text indicates the beginning of the
sterilizer cool |oad phase, then the doCool LoadPhaseEvent procedure is
called at step 476 to set a flag that t38-current state is the sterilizer
20 cool | oad phase, and, to send a nessage to the control server of the
exi sting supervisor systemthat the current state is the sterilizer cool

| oad phase. stAdikizemnl Icyclleef wae réetermined o tohabact énrompiatenexd |ine

of data, {he FxnosyE {}ﬁﬂ-ﬁﬁna{ | a 'M%M Hdthn Giftlaimadl fhasgnes file

i s opene for writing ere the text did not indicate the
begi nni ng ofinqpmEketq ity C'Héﬁr*P%'Efrprﬁé'seSteﬁP $&6&h prsiewemingtian ep 477,

a determ natﬂé)nna&e npglea i fstbmltlezshbadmat asmbee hag flﬂéé’i?hdﬁ%éﬂ%d
S e

sterilizer cle conpl ete ph 30 .t.ext indicat i nni ng of
the sterili c%'}ngBle gt gipﬁafeterilﬁéﬁattﬁg Ty &t BHP ﬁﬁa?@gvg% °
procedur esi ob¥ained Ior cahbeduat, shep, 448 stteps665a &l agwtimn remoxtur r ent
state is 1 6 StgLl 'écfrﬁh@(’ cf CHIR! ev}rflf)hgﬁ:%’fe%‘iiyl §Epg MggRAge to

the control server I Ng Ssupervis system't ha e current state
i s the steristexdrligatlion run number followed by an underscore and the

lot number. At step 667, the run report file is renamed to
the new configuration. Finally, the run report file is

10 Printed at step 669. If a sterilization run number had
not been obtained for this run, then, at step 663, an
entry is placed in the error log indicating that there is
no steri run number and the run report file is printed at
step 669 with the default file name which is initially

15 assigned as comprising the date and time as described
above with respect to step 328, Figure 19. After the run
report file is printed at step 669, the process returns to
step 652 of the doEndOfRunCleanup procedure 486 (Figure
16).

20 The printed sterilizer run report 800 for a
valid and complete run, as shown in Figure 23, and printed
by the printer 18 connected to the node 20, consists of:
the updated steri run report file name comprising the
sterilization run number followed by an underscore and the

25 lot number, as indicated as line 810; heading data,
indicated as lines 815, that includes: the date and time
a sterilizer run begins, lines 816a, 816b, respectively;
the name and number uniquely identifying the sterilizer,
lines 817a,817b, respectively; a cycle counter number to

30 uniquely identify the sterilizer run, line 818; twelve
sterilizer process parameters, indicated as lines 819, of
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conpl ete phase. Additionally, before returning to 5 characterize the
next line of data, the Cool |oad phase file is closed and the Cycle

Conpl ete phase file is opened for witing the data thereto.

Then, the

process returns to step 550, Figure 7 to characterize the next line of
data. 10 I f the text did notgigadi cate the beginning of the
sterilizer cycle conplete phase at step 477, then, at step 479, a
determnation is made if the text indicates the end of the sterilizer run.
If it is thewhddhothe kaobéimtmerLMherémnlrndﬁﬂﬁth&I%hmEmamgeﬁrU@ddare IS

cal | ed 15 at caten i80 Lol i e EALOND0pRLERS 2ReSPOMAbR Bagure 12

First, atlst an en

g that the

sterilizer rwhikhs mt%ehheatcostthSEroarﬁmagm stl?,%t stgriiddizeat e t hat

t he current
12, the Cycl
nnst recent
phase. Th
generate t
detail belo

steri run re

487, since i

éBﬂE?oﬁie&heaﬂad Qﬁe rSFo St FhE; é&?“11&3163&%%94&%e2@095mﬁ'gure

e Conpl ete ph ase [e is closed.: At ste 484, the tinme of

hepdingge fior s%"\‘)%d°'é§P‘t‘Fed§ttép Lings f o+ dirakst| asciipest e

t he

, 885 ,StRAt48be éénetfwlﬁiesteemﬂm@mmermsmqutenmoaab&ed to

ilj , t | | ' t
1R, Sl A g RS A0k e i G358,
per f or med atcshepo48§rt65fimﬂatnruftthe date pivess8Rhgadddtppnadlyhe
PRE1AS kRl aiviGd | Redhedlel 6! dlde Detave Rapaldne Zunster

e steri

'S not known n t € next lzer run wll

i'n,
conmuni cat i ofiollpwedt ket actriepding dfeableagh of the twelve Slgnag
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described in the header. Also provided are: the
sterilization run number indicated as line 812; the lines
of variable data for twelve process variable data labelled
V1-V12 and generated once every minute; the durations for
the four major sterilization phases, indicated as line 835
with label header 1line 830; the minimum and maximum
readings observed for each sterilizer variable during each
of the four major sterilization phases, as indicated as
lines 845, with a header line 840; the sterilization run
success failure assessment, indicated as line 850; and, if
all data has been received for the four sterilization
phases, i.e., for the current run, then the line 855
indicating that the data is complete. Additionally, a
line 805 for placing the signature of an operator or
engineer is provided in the steri run report. Alarm
information (for e.g., fan failure) may also be printed by
the sterilizer controller and any alarm text is printed on
a line by itself. The sterilizer controller will surround
the alarm text with printer control codes that cause the
text to be printed in red.

Although not shown, the dedicated printer 17
(Figure 1) will print out a sterilization run report



Referring back to Figure 10(a), if the text did 35 -31- not indicate the
end of the sterilizer run at step 479, 1 then, at step 488, Figure 10(b), a

det.ermination is made if the current text line indicates the date. If the
current line does indicate the date, then the date is saved at step 489 and
the process returns to the evaluate 5 t-@dt- |ine procedure. If the
current line does not indicate the date, then, at step 490, a

determnation is nade if the current text I[ne contains the cycle count. If
the current biméldwetocthe afepertte shanre iopofigurehed dixecblntfzom &beed at

step 491 g,pdsua%ﬁﬁa%%%t EBhB&‘BWE’?eh&Osﬂfi’Sfd&é@a 1$ne cAld £d nodlevett,ep 492

for buil e sterilization run nu nd sendi ng the sterilization

nunber to thghéoﬁ?PQFts@FQBFeéfbﬂhée@%FéﬁﬁﬁgP§G§§PW'é&r“@%&t@ﬁF PR Vene

preferred emppdi Phdlse tdifrad dn | arat mQﬁlmum/maﬁbﬂﬁml vaPuk lsUgmialdlesys a
conbi nati on of .the date 5 iterl|IZ§ $ er and the sterjli.zer cle
count and i s2Bf t RECEEERY IPAINRAN WRELEF10DS h8S| A Proyiged o nd %ééar

is the steyibteeildueper ruin t heepoxtducgemeratedt, bwnd, thee Nitiild zielre
sterilizer CMSL?tSQEHE no Eter the sterilization run

Figure 21 illustrates in detail the
wakeUpCmdFunc process 280, which is a software function
that is executable whenever the Time Server 70 (Figure 3)

10 Sends a wakeup message to the Steri server process 60. As
illustrated in Figure 21, the first step 281 of the
wakeUpCmdFunc process is to request the time server to
send to the steri server 60 another wakeup message at a
specified time in the future. It is understood that this

15 is not a continuous process and that the time server 70
must be requested to send a wakeup message to the steri
server. The next two steps, indicated as steps 283 and
284 are to indicate if a communication timeout has
occurred. Specifically, at step 283, a determination is

oo mMmade as to whether the steri server is initialized, the
timeout detection function is enabled, and that there is
currently no communication timeout alarm that is active.

If any of these conditions do not exist, then the process
will return to the CELLworks system as indicated at step

25 285. If all these conditions exist, then at step 284, a
determination is made as to if an undue amount of time,
for e.g., greater than one (1) minute, has elapsed since
the last receipt of data. A condition such as this would
occur if the serial data 1line has been temporarily

30 disconnected. If the amount of time since the last data
receipt is not excessive (not greater than 1 minute), the
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nunber is obtained, the process returns to the |ine characterization
algorithm If the current |ine does not contain the cycle count, then
nothing is done with the line as indicated as 5 step 494, and the process
returns to the calling characterizeLine algorithm (step 550, Figure 7).
Figure 13 illustrates the processAl arntgpe al gorithm 500 for processing
alarmdata fromthe serial data |ine. After renoving any ot her remaining
printer 30 control characters fromthe line at step 502, a list of 35 .
-32- known grocesdreskt retseartbethet CELbpofkS spsteni ast éndicdatedknown

al arm congi tj.on IS Talyl a I | el © S [ al arm
. ‘ilzf;[ﬁ{% 148¢ | Q4'E
phr ases aﬂd Aa asr%é%ogésdat lai:fe aernnél ex ?’rfczjm té;\r%]jflzer gntro | er @

Al arm Code Treceipt is excessiveg ghenstEhNstepy 286, a communication - 1

COLD WATER LMfeout alarm is indicated as? ae@YRe .Al 'FhleQ‘[V at step 287,
3 CYCLE ABORT 4 10 DOORS NOI' CLSD.

5 DOORS NOT SEQMaynication timeout alarm megsagg ks Qqpicto the alarm
7 5 control server of the existing supervisor system.

Additionally, at step 288, a communication timeout alarm
entry is made in the error log. Next, at step 290, an
endRunReportForTimeout process is called as illustrated in
Figure 22 and described in detail as follows: First, at
10 Step 291, a determination is made as to whether a
sterilizer run report file is currently open. If a
sterilizer run report file is not currently open, then the
process returns to step 295 of the wakeUpCmdFunc process.
If a sterilizer run report file is currently open, then,
15 at step 292, a line is added to the run report file
indicating that a communication timeout has occurred, and,
at step 293, that there is incomplete run data for the
current sterilizer run. At step 294, an entry is made in
the error log that the run data is incomplete and the
oo Process returns to step 295 of the wakeUpCmdFunc process
of Figure 21. At step 295, the doEndOfRunCleanup
procedure is called as described above with respect to
Figure 16. Finally, the communication timeout enable
function is disabled at step 296 and, at step 297, any
o5 phase file that is curfently open, is closed before
returning to the wakeUpCmdFunc process.

Lot Tracking and Reconciliation
As shown in Figure 2, lot number and power for
30 the lenses to be produced will be input by operators at

any of the four operator stations 230 located along the
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15 - H GH TEMPERATURE 8 H GH WATER

9 LOW TEMPERATURE 10 OVER PRESSURE

11 20 PLANT STEAM LOW 12 PONER FAI L

13 PRES SENS. ERROR 14 25 PT
| SOLATED 15 -’/8vt FAI LURE

16 STEAM FAI LURE 17 30 TEMP
SENS. ERROR 18 35 - 33- UNDER PRESSURE

19 1 ynknompa:loaiuutiidli s ldods use®hehen therelét reconciligtgbom| a&nd t ext
that is “gf ft%%‘?ﬁél' ﬁ%'i‘i‘tfh'm%“9@6E§SEeQrer§E§aéhtZ§£ W'é@étﬁ%é’er

Al ar m Cod Cbnnunl ti meout sterilizer control 01 If
the al arm coRdet i éﬁplgmﬁﬁkﬁéwnfolf calaulating 10nds rReompeRdingt \idieh t he

al arm data phhpieatién haiadledr m ndwasecbabbe ath3tRAe587, e, dlhexd ep
508, a Comrw}la?:altalb rtlasl Sfor q.ott cint oermaaltairom Csotr!)trraogle SerI\fxerthe prrleferred
5 embodiment, the expiration date is sixteen months from the
entered system date, but the number of months may change
and the algorithm is easily modifiable by skilled
artisans.
As indicated in process flow diagram of Figure
10 24, an operator will first be queried to enter his/her
name and password as shown as step 671 which are then
verified at step 672 by the password files of authorized
individual names and passwords residing in the data
analysis node (not shown). Using the operator entry of
15 lens lot number, power value information and the current
date information at the operator stations, the lot
tracking and reconciliation algorithm 90 is implemented.
Specifically, at step 673, the entered lens lot number is
retrieved and the format of the 1lens lot number is
oo Vverified. From the verified lot number which contains a
digit that signifies whether the lot is for revenue or
trial ("R/T"), a determination is made at step 674 as to
whether the lot will be for revenue or trial. Next, at
step 675, the entered lens'power value is retrieved and
25 the validity of the power factor is verified. A
determination as to whether the power factor is valid is
made at step 676. If not a valid power factor, the
operator is prompted to enter a new power factor for
validation (step 675). If the power factor is valid, the
30 algorithm will use look-up tables (not shown) to determine
the product code ("UPC") and lens center thickness
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existing supervisor systemthat an unknown al arm has been received and an
active alarmcondition is recorded. The 15 process then proceeds to step
515 to add the alarmline to the steri run report. If a known alarm
condition exists, i.e., a match is found between the al arm data phrase and
the al arm phrase table at step 507, a dés8ermination is made at step 509 if
the alarmindicates a successful run. 20 If the indicator is a successful
run alarm it is recorded at step 511 and the alarmline is added to the
steri run repbofermationp 505 the tlek i 64ebr 637 not altuchesdiy| beun

alarm then,yRhefbEBodl8hat ERBTMYBLCALMBEL] SpAREE VQ1L8€iAkSERAELSA] Ol
server of “the existing supervisor system 25 Which alarmcondition has

occurred and'?t expieabierdatny PIPARCE Geds %’:‘ﬁ(’:n‘&ﬂﬁﬁ {@n& 188 Bay be
Finally, at &i&p1&ajédtie tHérfAdntNefi hedsesdier ite i, asuBhbepoat and
e B 0Cess LELR" B, Cable 8 i o AR SRt 5o B d8hk. ks g | ore
after a |i nq:ﬁ&duct-ﬁeﬂacl@es (yﬁnmlyepﬁazkdgang.prdrckﬁsti\cmailalyl,etliathot_: al arm
o o by RIBEE ‘BhBeTIBIOR LABoLapLORERELouhEE N TNS Ay e
i |l ustrates ehengedaenii hrie diaks Preducdn reaches primary packaging.
To aid in tracking lot movement, lot

reconciliation, and lot changeover procedures, a display

10 is available at either an operator station or a DynaTerm
display station 29a,b at the sterilizer node to enable an
operator to request for display in formatted fields, the
stored or previously entered lot number data including lot
number, product code, lens power, lens center thickness,

15 expiration date, whether the product is for revenue or
trial, as well as the current location of the lot on the
line. As will be explained in further detail below,
besides displaying the previous-entered information, the
sterilization run number, as provided by the Sterilization

op Server 60 of the sterilization node 20, may also be
displayed. It is understood that the each operator
station shown in Figure 2 has a specialized CELLworks
program for obtaining operator requests and displaying
information to the operator in formatted fields.

25
Lot Tracking

As mentioned above, an operator is capable of
sequencing the lot to the next part of the line. When the
lot enters production, six variables representing 1lot

30 number information are stored in the Statistics Server of
the existing Supervisory control system 100. These
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in-detail. The first step, indicated as step 552, is to 5 determne the
status of a paraneter (not shown) that is supplied indicating if any alarm
framthe sterilizer controller is currently active, and, sending data |ines
every two seconds as described above. If so, then at step 554, a

determ nation is made whether there is-aseugh tine 10 to clear the alarmor
whet her the currently active alarm should be cleared by force. I f not
enough time has elapsed to clear the alarm i.e., if the tinme between the

| ast steriIizeridbﬂaseareylamnumberpr@PCOUS/GatQOUﬁrnyThickn95§2)asdconds

| ndi cat | ”%Gt Eﬂhﬂ:g‘élﬁhaéﬂhcf’é‘%ﬂdvﬂ{‘ :%dtﬁé &ee &' L3Rt e | 3@ Shown! hen,

at step 5 e current steril |zer state is set to indicate that no
steri alarnslar§18@FFv85ﬂq)tfmﬁ%??%dbﬂwughoﬁlﬁﬁetmaﬁpéaFtPﬁénﬁl&Pﬁ?|

the tinme bet \gﬁéﬂet bRel 26t S&clbtatéEd, déaéc?h thraytsamxh tcttmeprf% ehe gatta entry
is greater than two secopds 1 ndigaji a rm gondi_tion
data is not t8 tfé“qget(e‘ér‘éagﬁy cg Yfen § dePerttTRES E?‘éy mid804fYst ep
559 if a nwhetherlnhetnatous praom te a¢héveonndlsfatethetfﬂeha bas been

i nput . zig@gd(aalp:gv&l 1 mo m;yéaﬁghgn Lb Meqifle Ay %%n@l‘&fcgrté

data is recelvée Tt erva ers by S ., mhen
the serial puaiar|ite peckegpdgari | tharsc@nri@cbt egtarts| fintcoprimATHL i on

Limeout al arghiRadthiyy e thR] datee e RGP D O FLIAP Y5 (4 els AkagheR 501,
At 2 o 3

the current conmu fion alarmstate force nai cat et hat
comuni cati ofiBB &l aPistaréigpifyethal it i8t ipoPpFbaséBIsucHPPRAIERSL i on.

10 lot of lenses are in the tray loading area, sterilization,
or secondary packaging areas, the Statistics server 225
will store +two additional variables onto the data
structure of Figure 25(a) to form new data structure as
shown in Figure 25(b). These variables are the input

15 quantity and loss guantity and are supplied to the system
during lot reconciliation. When a lot starts into the
sterilizer tray loader area, the variables are tagged with
an "L", and when the lot enters the sterilizer they are
tagged with an "S". When a 1lot enters secondary

oo Packaging, the six lot information variables are tagged
with a "C" to signify cartooning. Thus, the feature of
the present invention is the ability for an operator to
track movement of a particular lot.

As shown in the data flow diagram of Figure 26,

o5 an operator may request movement of a lot by inputting
data such as the requested lot 875 being processed on the
line, and, to which location 880 on the production line to
which the lot is to be moved. A moveLot algorithm 680 is
implemented which will process the operator entered data,

30 as well as lot information data such as: lot number 881,
product code 882, power 883, lens center thickness 884,
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| f ~a communi cation tinmeout alarmis not active or, recent 35 -35- data
has not been input, for e.g., end of a run, a 1 determnation is nade at
step 563 if all alarms are cleared. If all alarns are currently cleared,
then at step 565, a nessage is sent to the alarmcontrol server of the

exi sting supervisor systemto reset alt4sterilizer 5 related al arns.

Else, if all alarns are not clear the programreturns to the calling
characterize line process. Referring back to Figure 12, at step 485, the
fini shSt eri RexgRepat i op rdeactesl 885 ,48betberntvb& epradheat tilse fomdrevenuetexili zer

run is detecg 0 Fi 1 0 it I St
finishSt eﬁ' P%épéﬁeteﬁgrg%e uretlggé?o Peé?%rnj"\%é rt% éh?pg&%igt%%%%gte t hat

the current }efFAahian Qfthed 1T1P6n18§ﬁea%gfrhﬁ1|tﬁgf-a(1st1&|f‘ﬁe§f 196ErBBBz62S r un)
had been Setwﬁﬁllwl§;%f§i“@é@%m&h respect to step 468, Figure 11. If the

flag indicating that t cle has 15 start from b L nni t he
sterilization run is 27 4¥;?éi§%?es ggﬁ mays! °g f&?ﬁb Rﬁ gg%dded
to the s?erfdr ztatadmmgmlemomtmndvmmmgthimlghdnet daiei producioign et e,

ara T4 CeR B MR ool RGP 16, T AL L9 BRI Y

i ndi cati ng locatlon of the lens lot on the production line is

retrieved. Next, at step 683, a determination is made as

to whether the lot number is to be changed, for instance,

10 When a lot is to be split prior to entry in the sterilizer

15 as a preventative measure to eliminate defective

batches rather than a whole lens lot when there exists a

problem in the line. If the lot number is not to be

changed, then, at step 685, the 1lens 1lot and lot

15 information data such as: lot number, product code, power,

lens center thickness, expiration date, and whether the

product is for revenue or trial, is moved to the next line

location and tagged with a "P","L","S" or "C" indicator

depending at which point on the line the lens lot has

20 moved to. If the lot number is to be changed, then, at

step 687, the lens lot number is retrieved from the

operator and the format of the lens lot number is verified

at steps 689 and 690. If the entered lot number is not

valid, the operator is prompted to enter a new power

25 factor for validation (step 687). If the lot number

entered is valid, the algorithm will proceed to update the
above-identified lot information at step 692.

Lot Reconciliation

30 Due to the fact that product may be lost during
manufacture, or, may be removed for quality assurance
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that the cycle has started fromthe beginning of the ste

rilization run is

set, then, at step 611, the sterilization run nunber is added to the steri
run, report. Next, at step 613, a determ nation is made as to whether 25 any

of the four major sterilization phases has been m ssed.
sterilization phases has been m ssed i r4Me current run,

I f any of the four
then a line is

added to the sterilization run report indicating that the data is

i nconplete (step 612), and, an entry is nade ta the erro

r 30 log indicating

that the dat Rurposesomplteds NSEeRS8IY)to| achemBt of OX Heh ko RTAAUGS ANt i on
phases hagdbeﬁ@ Fea$ehs' F02° their3Goss & Wenfal Whidhad sHeoriddrypl5, a

line is added to the 1 sterilization run report indicati

conpl ete. ThPaFERG1&Gep, Lotdiecansd Liath ) i%1 FhenPEPGRFe

ng that the data is
Wherchy gach

determine if 1the Hferd |papticanaonieol thati 3euedsa primasys fpackagingg,ar m

I ndicating a,vali.d cle.as.5_describ abpve at step 511, Fi.qure.13. |If a
successf uIg rBﬁrSr‘é‘F‘% Fﬁdf"gél"?ﬁgeé 3!‘5’1I ?gn%y { ea’h%se'bte%s ;sétﬁeﬁégégﬁb%ﬁ he
sterilizaty ofstemtiddizhéiont Haray alosdépgs 19 hexdinaftier atndécabedhas
sterilizatiogypun 4 ,epféL.a'c'&?hﬁ%te?ggfépahtg%er U’E‘ilﬁgs thECasd Yot ! fis2

successful run alarmindicating a va cycle

S not been generated by

the sterili

10

15

20

25

30
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savadhable for secondary packaging, (i.e., sterilization
tray unloading, cartooning, check weighing, and
labelling), hereinafter indicated as Zone 3.
Particularly, a lot reconciliation sheet 890, illustrated
in Figure 32, is generated that will indicate the number
of lenses input to the sterilizer (line 891) and number of
lenses available for secondary packaging (lines 899) as
well as verify the difference that is equal to the number
of 1lenses that have been lost or removed at each
particular zone (lines 892,893,894 and 895). The 1lot
tracking and reconciliation algorithm 90 in the existing
supervisor control system 100 supports data entry and
calculations for Lot Reconciliation.

Figure 28 illustrates the start of the lot
reconciliation process which entails the reporting of the
quantity of lenses input to the sterilizer 15 after
primary packaging. Before this quantity could be entered
at the operator terminals 230 or the DynaTerm Operating
consoles 29%a,b (Figure 2), a determination is made at step
702 to determine whether the lot has cleared from primary'
packaging, i.e., have been packaged in blister packs and
readied for sterilization. If not, then an error message
will be displayed at step 704 that an input quantity can
not be entered until the lot has cleared primary packaging
(Zone 1). If the lot has cleared primary packaging, then



controller, then, at step 621, a line is added to the sterilization run
report file indicating that the run was NOT successful. Finally, at step
630, a procedure is called to add the tine durations for each of the major
15 sterilization phases to the steri run report file, and, at step 640, a
procedure is called to add the mi ni num=a# maxi num val ues of the process
vari ables for each of the major sterilization phases to the steri run
report file. The addDurations = procedure 630 of th
finishSteri R&%BB@F%%&UP@B@E?HS‘%W% Hdst/ﬁ’@rpﬁaééleéﬁaﬂ‘%nt%ader
INLne of the dciudl Zﬁltamtrwhrbfr q%@bsas.eaasl:c Eateﬁtéﬁlilﬁ@tﬁ&l at ﬂ%ure 15
xt, a pointer. is set to.t e four. major, ases | cate
at step 632. %%?e' fHF"Ix%\M il § ;@m%&ﬁg hé“EPFH‘JP?Q-ﬁSP‘ofsz‘ép‘Bﬁgi%%
durations: Arefilegtco3the anbabe'larlfarhrlet,hemdrasﬂ:}duiapu}bn wd thbtthienekht t hen,
at step 634, fthgdhase duration is calculated using the saved phase start

and stop tines obtdi ned at step 326 of the openSt eri RunReport al gorithm
(Figure 19. Next, a defuStyiafatd onunbBerpyepsessotisgehe3muantid et her

the phase dunahses \éﬂﬁ@.sll{ rs@eril LAt {Bn Ofs SbAtbredf’ theasmbes opeen

processed. If the 35 phase duration values for all four nqlor

sterilizer pﬁggggs removed from the sterilization (Zone 2)
secondary packaging (Zone 3) areas must be recorded and
entered. As shown in Figure 29, at steps 710 and 720, an

10 ©operator may enter the number of product 1lost, the
particular zone where the product was lost, the reasons
why the product was lost or removed, and, the
sterilization run number, all at the operator terminals or
the DynaTerm Operating consoles. This information is all

15 referenced with a particular lot number that is input from
the sterilization server. This process may be repeated
several times while a lot is in one zone, for e.g., when
there are multiple incidents of lost lenses while in the
zone.

20 Specifically, at step 710, the zone number for
the current lot location is retrieved and a verification
is made at step 713 as to whether the 2zone number is
valid. If not, then the operator will be prompted to
enter the a correct zone number. If the lot number is

25 valid, then a determination is made at step 716 as to
which zone number was entered. If the current lot is in
Zone 2 or 3, then the operator is prompted to enter the
Sterilization run number at step 718 before entering the
number of lenses removed at step 720. If the current lot

30 is in Zone 1, then the operator is prompted to enter the
number of lenses removed at step 720. In response to
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1 have been processed, then, at step 636, the resulting |line having the

cal cul at ed phase durations for each of the four major sterilizer phases is
added to the steri run report file and the programreturns to step 640 of
the 5 finishSteri RunReport procedure (Figure 15). If the phase duration
values for all four major sterilizer phas®s have not been processed, then
steps 633 and 634 will be repeated for each successive phase pointed by the
pointer as indicated at step 638 of Figure 17. 10 The addM nMax
procedure 64&nteminedheoypumier tfhayastdtyRusmeped, ptosteRrizdegihe by
addi ng t.hel Map¥at deasiedt 4 dh o %@}K@téﬁl@rdiéﬁﬁé}éﬁh Adhd S0 d1ddt ForRS

I ndi cated as step 641 of Flgure 18. Next, as i ndicated at stag 642, a line
contai ni ng t e §tefe WAL QBPEARAFEC1SIRE 4difePaTd XIHLATUFSRFRAES) i | €.
Then, a poi ntdly itheS@bnkOpabRafes werd ddmoverlifrivn profliasesn &6 st cat ed
at step 643a. For, each_phase,, a line .for the,m ninum readi ngs daline
for the nmaxi M'r &8 ﬁggrgrrgaYObeoé“u&&d%&et gtteﬁélflizF&.mn ’fﬂ&sf%%: oﬁﬁq’h’g st eps
i ndi cat e tde p®dudtnt imay ofberi ricatm vk mexi mumbesadiofys refsoisep B!, a

| abel for th ' 1N val | S.,ad t eghROLRD i rst
line of the %ﬁ%ﬁ%ﬁﬁ n]':sl‘??éb 64 ;éo% | ?.ng"%%c%%ttsai {}Fontg 'tghgath&/elr\geﬁratnlii mim
val ues for tFeasHN m% fand tqh%llrph’@sfeuhlrfel%eﬁfe a‘;ﬁllsatfép? GZXB,GQCHE 25
resul ting |i g Ahdlsperutdrl s#€stisnaddedpyaatrBemStBhboiuB . eAQb1d ide; at

step 647, a |l ahel for the phase's Xi mum val ues i s added at the begi nnin
of g second p%igqﬂdqgﬁgls %ome of the reasons for lens removal: 9 N9

10 REASON CODE DEFINITION
Removed_by QA
02 Lenses_to_Distribution
15 03 Foil_Tear_Mechanical
04 Foil_Tear Foil_Size
05 : Incorrect_Power_on_Foil
06 Incorrect_Expiration_Date_on_Foil “
= 07 ' Illegible-Print_on_Foil “
08 : ' Misaligned_Print
09 Misaligned_Foil
25 10 | Misaligned_Perforation ﬂ
11 No_Solution “
12 Low_Solution
30 13 Incorrect_Lot_Number on_Foil
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file; then, at step 648, a line containing the twelve maxi mum val ues for

the variables for this phase are added; 30 and,
| i ne of maxi mum values is added to the steri
is made at step 650 as to whether the M n/max

determ nation 35
values for 1 all
run report file.
have- been printed,

f our
|f the M n/nmax val ues for. al

at step 649,
run report file. Next,
- 38-
maj or sterilizer-pllases have been added to the
four major sterilizer

t hen the process returns to step 486 of the

the resulting
a

steri
phases

doEndof RunEvfent 5 pr.qcedure flor printing of t? i#'z [ _phase durations.
Unti l thelwnﬁlnax v&ﬁues forjall four major s gF?ﬁE;E épﬁgggs have been
printed, St 644 through st¢p 649 w Il be r§$%%%ed f.or %§Ch phase pol nted
to by the pglnter as”indicat¢ed at step 643b e '%ﬁﬂ§§9ﬁ% °AF
Finally, aftjer perfQrm ng t h¢ addDdrations and addM X values, a return
is made to the doEngéfRunEvext procedur e 48GHA1ELS 9N FRSEARS Rund eanup
procedure i §fperforned at St ¢p 486, _as indicated 1n Flgure IZ2. Figure 16
i | lustrates ff he doEAdOr Rund ¢anup 1B2pFededlPt-Resnted \lnsReqpestPLaed 651,
this procedyfeTTprenents e THoSEATOPr Tt RUTTREPOT T procedure o7
closing and fprintind8the stefilization At Nughar Net In Brackets |
19 Incorrect_# Digits_in_Lot# Barcode
20 Incorrect_#_Digits_in UPC_Barcode
10
21 Invalid_Barcode#_(Lot Number)
22 Invalid_Barcode#_(UPC)
23 Incorrect_Check_Digit ﬂ
15 24 Spots_On-~Barcode
| 25 Void(s)_On_Barcode
26 Low_Grade_Barcode_Scan_Verification
27 Excess_Glue
20
28 Tabs_Unsealed
29 Tabs_Unparallel
30 Ink_Smears_Carton
25 31 Damage_To_Carton
32 Foreign_Matter
33 Cartoner_Rejected_at_Checkweigher
34 Misaligned Label
30
35 Print_Out_of_ Shaded_Area_Carton H
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described in further detail below with respect to Figure 20 st eps 660
t hr ough 669. Furt her nor e, the 20 doEndOF RunCl eanup procedure of
Figure 16 will: initialize all internal variables to no-run-in-progress
conditions at step 652; invoke the update al arm status procedure at step
653 and as descri bed above with respect-5tlo Fi gure 14 steps 552 through 565;
close the error log at step 654; and, at 25 step 655, communicate to the
control server that the sterilizer is currently in_a standby or maitinq

state. Fi naI y, a r rn is rfade to step ZS:aQQEEQ?’ rfU'}ﬁ
i ' |gure te Cclo

procedure of Flgure . As ilflustrated in o Sean prlnt 30
t he sterlllz tionr report,| the first ste r %g close t he run report
file. nti oned ‘above, [|if a 35 -39 BYz&P 5 8I§

deternlned tPp be |nconplete a 1l sterilyz run nu hav been

et
obtained forfthe in lete fun. Ther ef G QQFﬁgF@p 86> on Dﬁé EPHS atlon |s

made if a st I’IIIZ&[IOH run nfunper _nhas been obt al ned TOI’ thnrs run.

sterilizatg of run nuttber has |been %°Bﬁ?$?ﬁeﬁr?%ﬁf?*u%?W*ﬁPr??ﬁ#Pe§&r%¥%$

665, a new rgnT TEpOTt Tanme g configured that W It preferapty COnprise thne
sterlllzatloﬁrun ndfber fol ljoned by adafnd@tocBedtapgrayedestroyed
' Jam_out_of_ Belt Array_ Destroyed
42 No_Print_Foil
43 No_Perf Foil
n 44 Extra_ Lens
ﬂ 60 Supply_Your_an_Reason

——

15

At step 727 in Figure 29, a determination is
made as to whether the selection is made from the list
displayed on the operator station, or, whether the
operator entered a new reason for lens package removal.
If the selection is made from the displayed list, then the

20 operator is prompted to enter his/her initials at step
731. If the operator entered a new reason for lens
package removal, the descriptioh entered by the operator,
which may be up to 34 characters, is retrieved at step 729
prior to operator initials entry at step 731. The next
2> step 735 updates the lot reconciliation data which has the
data structure depicted as shown in Figure 25(b) explained
above.

After secondary packaging is complete, the last
action to be performed during lot reconciliation is to

30

close out the lot as shown in the proéess flow diagram of
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| ot" nunmber. At step 667, the run report file is renamed to the new
configuration. Finally, the run report file is 10 printed at step 669. |If
a sterilization run nunber had not been obtained for this run, then, at
step 663, an entry is placed in the error log indicating that there is no
steri run nunber and the run report fil®2-s printed at step 669 with the
default file name which is initially 15 assigned as conprising the date and
time as described above with respect to step 328, Figure 19.  _After the run
report file FigwrenBOd ahssEBpwBeHN Eh@umo&ssarr ARAGREQT, Witddy fdTStof t he

dOEndCfRUQFI%@nﬁﬂeﬁﬁéaeéérénﬁgﬁ hEkgHee ﬂﬁ&e ik password aéT@deﬂ aked
sterilizer run report for a valid and ng ete run, 3h Flgure

23, and pri nB&§Poy’ ?%e"’g‘r‘ﬁl& ePTreg theme¥eEy t R& rﬁ".)fo%p2 € of :
t he updat ed pheswordn fEpes! f|TmenmmmahumnlatngnEbemataum|damaoﬂsrun

nb foll d th t
PPneegloo hgggqﬁggggga at géééoigaqggjl|§g§%§bghagggﬁe%ﬁc u r%%l%gate and
tine a stegi haze!clrearrebieg:hes priorz@isais gusle akspeepi VQVy ifie thene and
number uni qugge 'nrf’afﬁgt hby! r&éatleeastenél mlfi&?iefﬂézanfﬂ&p  efBSPeqkl Vel y;

a cycle coun er to 30 unlqugﬁé sterilizer run, line
818; twel ve ZepPrtpdeptpsselsd49ar ﬁ@ﬁletnU#é&téeta§elF48§9919“t0f 35

If the lot has cleared the prior zone, then the master lot
(or split lot) information is obtained by operator entry

10 at step 751. Then, at step 754, lot reconciliation
calculations are performed to total number of lenses lost
or removed. Next, at step 756, a determination is made

if the total number of lens packages lost or removed is
greater than the total number of lens packages input. If
15 the total number of lens packages lost or removed is
greater than the total number of lens packages input then
an error message is reported at step 758. If the total
number of lens packages lost or removed is greater than
the total number of 1lens packages input then a
oo determination is made at step 759 whether the total lost
or removed is more than one percent (1%) of the total
number input. If the total number of lens packages lost or
removed is greater than one percent, then an error message
is reported at step 761. If the total number of lens
25 packages lost or removed is less than one percent, then a
determination is made at step 764 whether the total lost
or removed is equal to or less than one percent of the
number of lenses input. If the lens package quantity
input equals the quantity output, then the lot is closed
30 out at step 768. If the total number of lens packages
lost or removed is less than one percent of the quantity

35



-40° which the Expose Tinmer therein indicates the target value 1 for the
duration of the Exposure Phase; the program 822 which indicates the control
programin the sterilizer controller; and, the progtine, 824, indicating
the col umm headi ngs for the output data lines, indicated as |lines 5 825,
that are sent to the existing supervisory3tontroller 100 and sterilizer
nonitoring node 20 by the sterilizer controller 25. Each of the data |lines
825 additiona'llééi nclude the tine _relative to the ?ltart of the run,

fol l oned by aBRbi ngheBr tBgchobel HO8SWP T l1€PFnLENEN1ONGRETIFIF % the
header . 1Alsspoptéeyi tiet haloperdthd atesitlelpz a60Q0nandnthendpératelt chéed as
line 812; th éfi)nes f vzarilabl e dat g\}for wel ve gr.,ﬁces§ v&r‘i abl e dtata

| abel l ed VI - %%E(ge & e e & é’ﬂ/‘? R&Fé’; theé d Fa TP - The four
maj or steril iedadton whadose thei nastedrabot i (ver &34 it5 lwitt) hat abeep HEBHer | i ne
830; the m ni s e 'hbﬁanggégPPéeid/teﬁ {11936 ég?rétl_%%efﬁéla.” abl e
during each of the four major steriliZzation phases, as Indicat as lines
845, with & FH&@br 3kt grEondiel intdan izAReh inrcesated fanistarage
assessnent, gl Gat @tk a9y lda bGatadd at flstdp alds data has been received

oL e o St et 22 PURS T rnEson' R Bief coartied Lika Mgl "
pl aci ng the smghadeseriedinwbpier pespect ebgithecrpref dyred datbadinidretsst eri
run report. th@r%rd?, it will be understood by those skilled in the art
10 that the foregoing and other changes in form and details
may be made therein without departing from the spirit and
scope of the invention, which should be limited only by
the scope of the appended claims.

15
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25 information (for e.g., fan failure) may also be printed by the
sterilizer controller and any alarmtext is printed on a line by itself.
The sterilizer controller will surround the alarmtext with printer control
codes that cause the text to be printed ip red. 30 Al t hough not
shown, the dedicated printer 17 (Figurefﬁﬁ‘VWIl print out a sterilization
run report 35 -41- simlar to the report shown in Figure 23 directly
fromthe 1 sgﬁikghéﬁg.controller via serial data |line 16a. However, the
report print icated printer 17 will not have the phase duration and
m ni mun? mexi num val ue sunmeAi gealany sooteeld/ Byisiteme fioxdiarat awrematsed
provided int erlli; r a the. steri bl

Toni tor  ng iy 155) Pdlc I LoRERBEA ERa QY ofid ! oddcElon
wakeUpCnrFund it dessi B @ piiwirad ity afsepntact lemetpoocessitstatigrsut abl e

whenever the jHBRdQC af0 (FhoohSedd 1Q+24143 A WdheUPsEBEsafe tfodk he
Steri server process 60. As illustrated in Figure 21, the first step 281 of

the wakeUpBndthffd Ihdduk sai PLuFalddivestt t FONtARE SkARRSS t 8EL8Ky thrithe
steri server aFdhwiadtiafe Wokisdipa "pasRgginy stapgeonf ifed patkagirdiesdid ure.

It is underStl%%dsetshaatftteQ:i Ss‘sterilization, wherein the system comprises:
(a) a first means for receiving contact lens
data including an associated lot number and lens power for

10 a lens lot prior to their manufacture; said lens lot
defining at least one batch of contact lenses;

(b) a plurality of process controllers for
controlling one or more process stations, each of said
controllers regqulating a plurality of process control

15 devices at said process stations for manufacturing said
contact lenses;

{c) means for tracking movement of said
plurality of lenses defined by said lens lot from a said
plurality of processing stations to said automatic

o0 Sterilization station and said packaging station;

(d) means for receiving data representing the
number of lenses that are input to said packaging station
together with reason codes for contact lenses lost at said
sterilization station;

25 (e) means for generating a summary report of the
total number of lenses input to said sterilization chamber
for a predetermined lens lot and the actual number of
lenses sterilized and packaged from said lot, said summary
report including lot number and lens power data for each

30 batch of contact lenses.
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15% s not a continuous process and that the tine server 70 nust be
requested to send a wakeup nessage to the steri server. The next two steps,
indi cated as steps 283 and 284 are to indicate if a conmunication tineout
has occurred. Specifically, at step 283, a determination is 20 nmade as to
whet her the steri server is initializedss-he tineout detection function is
enabl ed, and that there is currently no comunication tinmeout alarmthat is
active. |If any of these conditions do not exist, then the process wl|
return to the CELLwork.systme apdlndiyat@mikbrdl sseptéd 385 clhafimadl imhese

condi tions exist., then_at st.ep 28 o1 1 A i . i fe an
undue anount é&Plf"i rrg’, f"g‘rerg.l P,ggﬁgg e?fc%ﬁaﬁoﬁﬁéhggf n% E?'g?g%é{égeloafpsed
since the | abatchesi pf dendesa. sAidostlribizatitn atathion wherdldedng if the
serial data hgﬁﬁa%% BEERn! BEFPLhAELLY BndéscoPnecifitt dda ATYRg of

time since t st data receipt I's not excessive (not gredter than’'l
minute), thea3ssteriblzakiRbssCHFLe r &40 n tbee CEPX woPRShsy dadfhas
indicated£§ stetlianzédh. If the anpunt of tine since the |ast data receipt

I s excessive, then, at step 286, a communication tinmeout alarmis indicated
as active. Then, at step 287, a conmunication tineout alarm nessage is sent
to the alarm 3. The quality control system as claimed in

Claim 2, wherein said summary report reconciles the number
of lenses input to said sterilization chamber with the

10 number of lenses packaged from said batch for each
sterilization cycle run number.

4., The quality control system as claimed in

Claim 2, wherein each lens lost or removed has associated

15 therewith a reason code, said summary generating means

including the 1lens package removal code with a
sterilization cycle run number.

5. The quality control system as claimed in
og Claim 2, further including means for automatically
calculating a thickness specification and product code for

a given lens power.

6. The quality control system as claimed in
25 Claim 2, wherein the means for calculating a thickness
specification and product code includes a look-up table.

7. The quality control system as claimed in
Claim 2, further including means for automatically
30 calculating an expiration date for a given lens lot.
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5 control server of the existing supervisor system Additionally, at step
288, a comunication tinmeout alarmentry is made in the error log. Next,
at step 290, an endRunReport For Ti neout process is called as illustrated in
Figure 22 and described in detail as follows: First, at 10 step 291, a
determnation is nade as to whether a st¥7lizer run report file is
currently open. If a sterilizer run report file is not currently open,

then the process retur to,step 2 of th kel) Fun rocess. Jf a
sterilizer run report file Féecﬂﬂéi%ﬁ%/Qﬂéiﬁ%xtﬁi% 3% E}gﬁmg AT line
i s added tp Haimu r eploetein| saiddtracknggt ketng doridudesameamst ifvebut has
occurred, andg, . 2 t e &S Ln n t Org.]s

current sterﬁilsg)grai{ﬁ'?ﬂ iﬁestg{g&%‘g%,% ar?!onfL’rf} 'S ]fréa@eg#nltgﬁea%érosratll og that
t he run dat aProdustdas didd@eand the 20 process returns to step 295 of the

wakeUpCnrdFunc process of Figure 21. At -step 295, the
doEndOF RunCl eanup procedure is called as described agbove with respect to

Figure 16.5 Finally, the QofhfhiddEsi 43tk RROCETIING SYSEEF9%s &t sabl ed
at step 296 antomatesdi ep chtadny 2Zbepdasembhbatbating cudiaet!|y fapen, is

Reconci 11 at 1 BATAESSASAA o FHEGURE 3 W O UTBAF taAd S8R o <50 Hha | enses
to be producéensi [Liothe siadgiutcont age rlgins: smanu fantugfinghd iheud nodadbing
stations 230ahocRitethatl 'S PPzation station for sterilizing said
10 lens 1lot after their manufacture, said automated
sterilization station including a sterilizer process
controller for controlling one or more phases of a
sterilization process,  said process . controller
periodically generating sterilization process data during
15 each said sterilization phase, said system including:
(a) means for receiving said sterilization data
from said sterilizer process controller; and,
(b) means for automatically parsing said
sterilization data into text information and sterilizer
oo Parameter information, said means further processing said
text information and sterilizer parameter information to
automatically generate a sterilization run report
associated with a lot number for said sterilized lens lot.

25 10. The sterilizer data processing system for an
automated contact lens manufacturing line as claimed in
Claim 9, wherein said processing means further conveys
said sterilizer parameter information to data acquisition
devices in said automated contact 1ens'manufacturing line

30 for display and storage thereof.
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-43- production Iine. Then, the 1lot reconciliation and 1 tracking
algorithns 90 that are resident at the stations are inplenented for

cal.cul ating and recommendi ng the expiration date, |ens center thickness,
and other variables for lot information_storage. In the preferred 5

enbodi nent, the expiration date is si xt2&n nonths fromthe entered system
date, but the nunber of nonths nmay change and the algorithmis easily

nodi fiabl e by skilled ti,gans. As,i.ndi c ' dicagr of

Fgure 10 24 an operaf bt T Fepradd e GnEs sibiAuing svarbnl (BITANC.
password gas anoumated steptd@t henhshmangfaksunisg fliee as tleping by t he
password fil ut | L gl vi dual o 0 o085t S sAfdfe in the
dat a anal ysi‘gfan%{‘je?'( n%?égﬁggvm%lg{b#ng t?l% operﬁ?g]ﬁ&%n?%\@)é%?tﬁﬁ éIens | ot :
number, powe?oRG kon nfidtiprmaiiahd SRdcuPrefesgang | RP8PFmt FWRERRT t he

Qpelr at or t sgaéd'swt@y;}ﬁ@eléf@idt {@pétsi-rmgts%@hwgmciiﬁ@%fmmxlgo[&d hraHéa i s
I Mpl enent ea. ecirically, al step, e entere ens (0] nunper 1 s
retri evedSarfF9He ¥ o0 SRVIFRS | e} I%?Lﬂu nﬁ'm\’%t% VEYIEy. ¥ t he

verified | otmanuntsrtudira i afoxs disblay thexrteoti gni fi es whether the | ot
is for revenue or trial ("R/'T"), a determnation is nade at step 674 as to
12. The sterilizer data processing system for an
automated contact lens manufacturing line as claimed in
10 Claim 9, wherein said processing means further includes
means for evaluating the success or failure of a
sterilization run based on said text information and
sterilizer control parameter information for indication on
said sterilization'run report.
15
13. The sterilizer data processing system for an
automated contact lens manufacturing line as claimed in
Claim 9, wherein said processing means further includes
means for evaluating whether a complete set of data has
oo been obtained for the current sterilizer run.

14. The sterilizer data processing system for an
automated contact lens manufacturing line as claimed in
Claim 9, wherein said text information includes the

25 current operating phase of said sterilization process.

15. The sterilizer data processing system for
an automated contact lens manufacturing line as claimed in
Claim 9, wherein said sterilizer parameter information

30 includes a plurality of isolated process values generated
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whether the ot will be for revenue or trial. Next, at step 675, the
entered |l ens power value is retrieved 'and 25 the validity of the power
factor is verified. A determ nation as to whether the power factor is
valid is nmade at step 676. If not a valid power factor, the operator is
pronpted to enter a new power factor for58alidation (step 675). If the
power factor is valid, the 30 algorithmw || use | ook-up tables (not shown)

to determne the product code ("UPC') and |lens center thickness 35 -44-
i nformati on fBY t$aidostaridigatdpn " procesghKERERRL ke ndo8rdngode@flt t he

l'ot number 3 p@ﬁefawhgephaéerantsaﬂd s0br eXP2a el 6ANpLSEEss product code and
other entries may be displayed at the front of the production |line, as

shown at step 678, and, at any of the operating stations until the 5
product reaches primarylpack@hengtertilzérodatayprobessbng nsybeem powver

val ue i nfor ”ﬂéﬁoéhé‘z%ﬁaé’éé‘%fﬁeﬁéé gén@%akﬁfs@gﬂgfﬂg“{‘{éé ash€1h3maqPf fduct
reaches primary packagrng. 1o al I n racking 0 novenment, | ot
reconci | i abi ofladmd 9l owheirgigepdd RrRRARidy reanspfuyther i sngludedbl e at
either an oper@hRs BbALIOFeAhifi Ay A THBL idttadt ofl dlin@N£3Paehchl shhE
sterilizer node to enabl e an operator to request, for dlspI%¥ in forpatted
fields, the operating phase of said sterilization run, wherein said
phase duration time is included in said sterilization run
report.
10
17. The sterilizer data processing system for
an automated contact lens manufacturing line as claimed in
Claim 9, wherein said processing means further includes
means for determining a minimum value and maximum value of
15 said isolated process values for each said sterilization
phase, wherein said minimum and maximum of said isolated
process values are included in said sterilization run

report.

20 . 18. The sterilizer data processing system for
an automated contact lens manufacturing line as claimed in
Claim 15, wherein said processing means further includes
means for generating phase files for storing phase file
information for each of said sterilizer operating phases.

25

19. The sterilizer data processing system for
an automated contact lens manufacturing line as claimed in
Claim 9 wherein said sterilizer process controller
generates sterilizer data at a first prespecified time

30 interval, said sterilizer data processing system further
including means for determining whether said receiving

35

AR R AR O



stored or previously entered | ot nunber data including |ot nunber, product
code, lens power, lens center thickness, 15 expiration date, whether the
product is for revenue or trial, as well as the current |ocation of the |ot
on the |ine. As will be explained in further detail bel ow, besides

di spl ayi ng the previous-entered informadBon, the sterilization run nunber,
as provided by the Sterilization 20 server 60 of the sterilization node 20,
may al so be displayed. ., It is understoqQqd.that the each operator station
Chown 0 P oPBRS haEcriunt i 1#aLG BRERMLIRELHPBr & Sor EEPR! neAgd

oper ator regseerilapdrdppptaeysngontii ol hed iwithin tdwi dpemd dntierviadr.mat t ed
fields. 25 Lot Tracking As nentioned above, an operator is capable of
sequencing the lot to the next part of the line. Wien the Iot enters
production, six variabR@s r®peestrrihjgzeot ddbanprbeessnhgr system foa st ored

in the Statigi ISt /SO P em
100. Thes e§%5&.§t§?‘§f\5’?& vcg;r.rlléa%?tesl @zglrszhkgtg ﬁﬁﬁ%ﬁ?Yh%P£¥nﬁ°%‘¥%%Vw réiyak
Thi ckness 5 afhdaimelBi vhersanafaifdsmeandn tRay ARGerméndagavsetherupaids shown

in Figure 25fateivPREansims rerdl e sBRAUE 86V 1 Pt Z8R@ata from said
sterilizer process controller within said time interval
includes a time server for generating a wakeup message
during each said first time interval.
10 |
21. The sterilizer data processing system for
an automated contact lens manufacturing line as c¥aimed in
Claim 20, wherein said processing means generates a
communication timeout alarm message in the event that said
15 sterilization data is not received during each said first
time interval.

22. The sterilizer data processing system for

an automated contact lens manufacturing line as claimed in

oo Claim 9 wherein said receiving means is a communication
server.

23. The sterilizer data processing system for

an automated contact lens manufacturing line as claimed in

25 Claim 9 wherein said processing means is a sterilization
server.

24. The sterilizer data processing system for
an automated contact lens manufacturing line as claimed in
30 Claim 11 wherein said sterilizer process controller

. T



where the lot is located, each data structure for the lot is tagged with an
"0" or "F" to respectively signify 5 whether the ot is prior to |line, or,
is at the front of the line (injection nolding, Iens fab, cure, denvold,
etc.) prior to packagi ng. When a lot starts into primary packagi ng, the
data structure of Figure 25(a) is tagge@ Wth a"P'" to signify that it is

I n packagi ng. When the 10 ot of lenses are in the tray | oading area,
sterilization, second ackaaqi.ng areas, the Statistics server 225 wl|l
store two ad%???ﬁﬁ%fsva??ﬁ%WeSCSHgétgﬁg ddrformardot e F A M guf8°28fa) to
form new gatprespeci fii ed asiméoimterval gure 25(Db). These variables are the
I nput 15 quantity and | oss quantity and are supplied to the system during

| ot reconciliation. When a lot starts into the sterilizer tray | oader
area, the variabl es ar25taghectethed for "procesgingcpaticyeneratedrint he

sterilizer they ateohade8d Mrdthctan l" 5 - manWf8Btu®ingOl 119 €T for
secondary 20 packaging, the six lot information variablés are tgﬁ%ed wth a

"G to siGniMANRERT RN aTlPIJdéraJth‘éYf%%t‘éﬁ’ét%?tth%n%?%s%f“i'?ﬁ i%n is
the ability Feris aroopesSidrcoénticacken® mamntactubimgrlinel ficluwding's shown

[ he d fl

of a 1ot by IhoRPEPRACaR: ACChin 4G EAD FoqTaSRod ot I LA T prdtdssed on
the line, arlignso ﬁhtchdﬁnanlcth@Bﬂ omaphéaptudect i ®aild neautomated t he
lot is to bedmyvef,f 'sﬁ% Jﬁlchor i HTURERg Sal "RLERFEDE £8r W FocdLs !

process the operator enter
10 controller for controlllng one or more phases of a

sterilization process, said process controller
periodically generating sterilization process data during
each said sterilization phase, said method including the
steps of:

15 (a) receiving said sterilization data from said
sterilizer process controller; and,

(b) automatically parsing said sterilization
data into text information and sterilizer parameter
information; and,

20 (c) further processing said text information and
sterilizer parameter information to automatically generate
a sterilization run report associated with a lot number
for said sterilized lens lot.

25
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30-as well as lot information data such.as: |ot nunber 881, product code
882, power 883, lens center thickness 884, 35  -46- expiration date 885,
whet her the product is for revenue or 1 trial 886, and, total lens input to
the particular location of the line 887 and the total |enses |ost 888 (as

wi Il be explained below). Figure 27 illustrates the novelLot algorithm 680 5
for tracking lens |ot m)vament t hroughout the production |ine. As shown
as step 680 in Figure 27/% he source location of the Iens lot on the

production line is retri eved. Next, at step 683, a determnation is nade as
to whether the lot nunber is to be changed, for idegkcaegprintet0 when a lot is

to be sp o entry in thdS22rilizer 15 wnestarlipérasponsat i ve neasure
to elimfnaggriiebect vefgbatches rasipeal t han a whole | | ot _when there

exi sts probl em i n}¥he |ine. | gpligeie | ot ndmfer i § ndg td)"be changed,
then, a{ step%85, {he leng, | ot Ot 131 dafdfiraLe af a s\erilizes: | ot
nunber, & de, power, |ens Hrinfel repoHS © S at | oMoritefing  and
whet her | thSOHgIudt--s<For—teve trial, | né néspon| i n

| ocati of Jafe@nyel wi £9fiatdatagor | b1 —ﬁ%‘ﬁ%ﬁ or dipendPrera i ch
point o ' he RMgled reR9MS | o' prntec (_j:.)J
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20-noved to. If the ot nunber is to be changed, then, at step 687, the
|l ens I ot nunber is retrieved fromthe operator and the format of the |ens
| of nunber is verified at steps 689 and 690. If the entered | ot nunber is
not valid, the operator is pronpted to enter a new power 25 factor for

val i dation (step 687). If the lot nunber entered is valid, the algorithm
wi |l proceed to update the above-identified lot information at step 692.
Lot Reconciliation 30 Due to the fact that product may be | ost
duringéganufacture, or, may be renoved
pur i B AV count f
their [pos I Or seconda
the pro nfg fof a.par
packadf S n FhdThtled &5 Zo
(sterifli ﬂz | oad )} |hereipaf
for at - fﬁg |pty ifs avail a
sterilfi Y armaN | i g cart
| abel ||i et potcassJ e ddi cat b{
| ot rdc ph$ al)i OI—=tfet il ps| { alpece—
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interface o S3MH280486 |
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in Figure 32, is generated that wll indicate the nunber of |enses input to
the sterilizer (line 891) and nunber of |enses avail able for secondary
packaging (lines 899) as well as verify the difference that is equal to the
nunber 15 of | enses that have been | ost or renpved at each particul ar zone
(Iines 892, 893, 894 and 895). The |l ot tracking ang reconciliation
algorithm 90 i x’‘the existing supervisor controb,SySten1100 supporit® data

entry and caTCU rons—or—tot—RecomncitatTom. 20 FI§ure 28
i | lustrated s of [THe T or T ECONCI I TAL L 0N PrOCESS SmhYails the
reporting she Queingtl okt erjses inpy 1 ter
primary dacRegisf.” t hi,s antitylcoul d bg entereg oper at or
termnal g 2Bp| pflt n rm Qderating{25 consgl es 29a,jb (Figufe 2), a
determ ngti ppl |k d Recabba 742 to determ ne et her tthe | ot has cl eared
from pritfar§| bhkkag\ng, /.@essthgvel been {packaged i n blidter packs and
readi ed floriBfEl|!i zatTon. noy, thenjan errorf nessaggd will b¢ displayed
at step 404} I hpt Lanmd uatwi yiEmn 30 not be entered until f{he lot has
cl eared Hriw%ry pac kagiehg 74 . he .|, ot ; Gt earned prinmary
packagingd, tpepl 35 /4/,-48- 1 pEFeS g pro ed to ¢gnter hi$/ her
initialsjandifp phase HEAT LOAD received Hoat Loag ) Phase A te,
1 ™| Prase gl o /
1676 . /
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= Foase by .
_/636 uw — /, e
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1 actual quantity of |enses ready for sterilization at step 705. Next, at
step 706, the lot information is updated to reflect the new vari abl e,
quantity input, with the |ot nunber. 5 Just as a nunber
representing the quantity of |enses entering sterilization is entered, the
nunber of |enses renove e stdeMization (Zone 2) and secondary

recor/ded and entered. As s

hown in Figure

- )
29, at steps 710 and 729 —4+0

packagi ng (Zone 3) are

oper & or may enter the nunber of product

| ost, the particular zone ere the product was | ost, the reasons why the
product was | ost or reaneo and, the sterilization run nunber, all at the
operator termnals or ' [% “m?hnii%%ating consoles. This information is
all 15 referenced witHh 5; |ar |ot nunmber that is input fromthe
sterilization server. ThIS procoss may be repeated several tinmes while a
lot is in one zone, for e.gf, when there are nmultiple incidents of |ost

| enses while in the zone. Specifically, at step 710, the zone
nunber for the current of | of, ab }Qyi B3 etrieved and a verification is nade
at step 713 as to whet|BEnihaisere nunber is valid. |f not, then the
operator will be pro @ﬂhﬁmmnemwﬂr the a correct zone nunber. If the | ot

nunmber is 25 valid, them=
zone nunber MﬂS-EﬂLELEdF—LfE
operator is pfonpted to _ent

Call get_a_line

!

eterT

15°

aracter count > 1
A input buffer size yes ¥
iy 50) T L
print error message
no l‘bl
S 18
get next input f’
character characters input
13>

{15

ination is nade at step 716 as to which
theﬁgyrrent lot is in Zone 2 or 3, then the

124

to st':"Eellalln es;qu:ta character count = 0 ~
mailbox
T e

s input character
the end of file
character ?

o

save character in
input butfer
Z -

print error, close serial - increment character
device, wait one second, count

initialize the serial pon,

then open the serial port

140

error when

was this the

character that no -

. ‘
¥ yes serial port gs a line
print error message
no
{ 2 M L retumn the number
abort this / return 0 of characters in the
process characters input npat line



Sterilization run nunber at step 718 before entering the nunber of |enses
renoved at step 720. If the current lot 30 is in Zone 1, then the operator
is_pronpted to enter the nunber of |enses renoved at step 720. In
response to 35 -49- entering the nunber of quantity renoved, at step
723, the 1 operator station or Dynatgrm di sphays a reason selection |ist
for the operator to enter the particonﬁg why the | ens packages
were renmoved from production at step there may be multiple
sterilization runs per lot, 5 prod ost for a nunber of reasons

per sterilization run. Look- up tfé L" nﬁﬁeﬁ,‘:%‘rom) havi ng reason codes and
their definitions are avail abl e or] etwbu adectbe (9P or stations or

DynaTer m consol es. Table 2 bel ow detail slsome of the reasons for |ens
removal : 10 REASON CODE DEFI NI TI ON 01
Rermoved by QA 02 ﬂ:!epgg'ﬂmgﬁ@g@em (i bution 15 03
Foi | Tear Mechani cal 04 e i romove any traimt aded € R E? Si ze 05 .
| ncorrect PoweronFoil 06 remove backdpieand @et ERpPrati onDate on Foil 20
spurious control characters at the .
beginning of the line

Is no steri run
report file cpen yet
and are there are

printable _

yes '
1 22.°
ﬂ -

call openSteriRunReport

306 no l

o &

enable communication
timeout detection

T 0t
call
processDatal ine

ca!evar}:m.ineto (J ./{o

further examine the
line of text

*

call ™~ { {O

updateAlarmStatus

= Fg T




07 ~ 11 egible-Printon Foil 08

M saligned Print 09 M sal i gned Foil 25 10
M sal i gned Perforation 05 : NoSol ution 12

LowSol ution 13 ,ncorﬁr ect Lot Nunber on Foil 30 35 - 50-

14 I hconplete Seal 1 15

Perforation Tear 16 Remove any remainng | Bl own Seal / Package 5 17

Bar code Not-Printed | 3 _ Lot Number Not In
~# Digits in Lot# Barcode 20

I nval i d Bar code#

I‘é\]/%l I d Barcode#_ (UPC) 23
' Spot sOn- Bar code

Brackets 19 _
Incorrect _# Digits in UPC Bgcode 10
(LOt Nunber) 22 .. Add the line to the run
I ncorrect Check Digit|1l5 repont

25 ‘ '

Bar code
| 410

Call getDataLineTime

v

Isolate the value foreach of | | v
the 12 process variables |
and save each as text

T

Call Yoo
convertAndDoMinMax
b RS
Time to
update
iables. A
43 0 _ \ 4
o Begin the line for this phase
v ﬂeentrywiththewrrentlot’_)t,-,g
Build a message containing the number
values of the 12 process J
variables and send the message ‘/ ( I
to Control Server Add the sterilizer un  ~’
number
v P
Add the date L~ ./5 >
v _
Add the time L~ y3 Y
Add an indicator that says Y s6
whether an alam condition 'J
Call exists now or not
v
58
Add the current value for |/ Y
each of the 12 process
variables
: Y0
Wiite the entire line to the
current phase file
? o SB
$0.F9 7

Fio 7

—



26
Excess d ue 20 28
Tabs Unparal l el 30
Damage To Carton 32
Cartoner
Label 30 35

| ncorrect Case Label
Cartoner Jam Carton [

Rej ect ed at Chec! [g!er

Low Grade Barcode Scan Verification 27

Tabs Unseal ed 29

o I nk Snears Carton 25 31

T Foreign Matter 33

34 ' ' M sal i gned
P$| nt Qut of Shaded Area Carton 35 -51- 36

| Iﬁ‘?@\'&aﬂ@'?mammg

%‘l[llff m acters r~

Jam Array Destroyed 38
39 Conveyor Transfer

Jam Carton Destroyed
Jam out of Belt Array
43

S~

Add the lind\tiothePa f

report

Jam into Belt Array destroyed 41

No Print Foil 10

h&m I

2
N

~ Sgt §iaq that
Carrenf spnfe (S
Starl Prast

“ Send Cotl Stever

Messane f‘-’.t
(urr:.?\t Stuft

Start phese

)

‘\4 b .-
-sctﬂg at .

Curctnt”state 15
Gool lod phase

« Send 8AE] Seever

message gt -

turrent state S

cool Joad phase
- Uose Exposare phuse

- f;'m Coof foad phase
File for lal‘- wrifing

e t2p 550

ext on this line
mdlcate the

no

to step 488,

£ie.10(b)

0,3

yes ﬁ /_f’éé

call doStartOfRunEvent

Secto ste

S

wSef fing thet |
Aurre st éfhf‘ %
’lln.f losd Phase
Serd Wt Sroe
m.ssn_qe_ (heat 1ond )
- oftn Heatleod prase
£ le fn dats wrling

§o¥o step 550,69 7

yes j

- St Slag that

Current ghate o5

Q;chuﬂ. PIMSC—

~ $tad onti Strver

mesSang ot

Carrent stale 15

. Fegesure phase

= Close flear 1004 oho3t
Foe

- Ly Eq"i-‘l" 1"‘"

#h o dala w. -T.ay

s

svﬁ&mf F5¢, F-j 7

=

b Lurfent State 1

- Set Flay dhat

cycle Complyte
e 418
= snd entl Server
messade that

Lurfren) shite s
&jcie Cormplete

- Qlosl- Coul load phase

ﬁj /ﬂ[ﬂ)

- cpm cysle eonplele
Phuse 7ile

¥
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44" Extra Lens 60 Supply Your
Owm Reason 15 At step 78 itp Fi gUf-¢!®® a deternination is made as to
whet her the selection is nmade fromt?gl i st di splayed on the operator
station, or, whether the operatyor 9\1{ ed a new reason for |ens package

removal . If the selection is fromthe displayed list, then the
operator is pronpted to en thiq jirg fhiafe inivgiLaIs at step 731. If the
operator entered a new reaspi I, eris package re al, the description
entered by the operator, whi : cters, is retrieved at

step 729 prior to operator initlials entiry stetwep 731. The next step 735
updates the | ot reconciliationsdata whiThrasytiiedata.structure depicted
as shown in Figure 25(b) explajlned above. Aftger secondary packaging is

conplete, the last action to b€ ¥ ned durfng lot reconciliationis to

30 close out,fhe | ot as shef e process |fl ow di agram of 35 -52-
Fi gure 30. q’\% rs)Edeei Qs 86 operatorf wll first 1 be queried to
enter hisjfer ne and oY ‘28" shown as step 740 which are then
verifi ed | atavsthédpe totm -
DV LI

call
makeSteriRunNumber l ' .{ q“}

do nothing special with
this line

50 to Sle P

550, F /_//"7 / 0{ b)

"go
/74 ~ 48
Note in the error log that
we saw the end of the
. run
e v YT
‘Makeermorlog entry | Remember that the
lﬂdwﬂgt::t:fdmm current state is the End of
Run State
I | v 993
Note for any subsequent Closa the Cycle
s o Caroiepase e
1 462 v 79
/ Save the time from the
Remember that the : most recent data line as
current state is the Start : the stop time for the
of Run State Cycle Complete phase
I | IDRTL
::::a g:?'t‘r:' mS:r:;:;':t call finishSteriRunReport
Sferi. in the Start of Run
state ‘ %0
call
. doEndOfRunCleanup
- T
) tum off communication
timeout detection

Fiq I
j' "/ﬂ/‘z’



password files. The updated lot information data is retrieved at step 745
and a determ nation as iT-The tob 5 has cleared the prior zone is nmade
at ~step 747. If the Io Y eared the prior zone, then an error is
reported at step 749 a ot will not be closed out. If the |lot has
cleared the prior zone, nL- master .lot (or split lot) information is
obt ai ned by operator enﬁ t 'st’ep 751. Then, at step 754, |ot
reconciliation cal cullaf ae ol

r.he perforned to total nunber of |enses | ost or

removed. =~ Next, at StepmptBBe ajdeterm nation is nade if the total nunber

of lens packages | ost or renoved is great er than the total nunber of |ens

packages input. If 15 the ¥Yotal rgc:gr | ens packages | ost or renoved is
Ave

greater than the tot %"’hpﬁlﬁﬁ'q’t%gr packages input then an error nessage
is reported at step an pemfot al nunber of |ens packages |ost or
renoved i s greater tihasotthersitdteall nunber of |ens packages input then a 20
determnation is nade at step 759 whether the total |ost or renoved is nore
t han one percent (1% of twe to/taﬁ nunber input. If the total nunber of

| ens packages | ost or rer greater than one percent, then an error
nmessage is reported a qg’e? | do t ot g4 gnunber of |ens 25 packages
| ost or renoved is |les One percent, 1tgg a determnation is nmade at
step 764 whet her the tota ost or ARV dmbisetaral to or | ess than one
percent of the nunber of kensesqi nplitmatwerbbwetilre | ens package quantity input
equal s the quantity out pu en t hpunknggn gagn: eomsbd

4 1\ yes
JaaR |
record the reception of
the “successful run® no { 13
indicator v A

tell Alarm Control Server that we
received this alarm; record that
an alam is active

is an alarm
from the
sterilizer )

add the alarm line to the 5|$/
steri run report

F :) / ; ' ° 4 (41 yes
\ 4
Set current sten alarm state
to no steri alarms active
. 1

<<

5 @ communication
timeout alarm active
and do we have
Rcent data input?

yes —1 ) 40!

Set current comm alarm state
to no comm alarms active

il

%
Sé 5"5

cT3

Send message to Alam
Control Server to reset all
sterilizer-reiated alarms




30 out at step 768. If the total nunber of |ens packages |ost or renoved
Is | ess than one percent of the quantity 35 -53- input, then the total
| oss of less than one percent is 1 reported to the operator at step 769,
dnd the operator is pronpted for closure action at step 771. If the
operator elects to cl osg s =.- ot (or split lot) at step 771,
the master |lot (or spli ysed at step 768. 5 Then, a |ot-:
reconciliation report is cr ated for storage and printing as indicated at
3, ibeen particularly shown and descri bed
étaﬂédm0| nents thereof, it wll be understood by
o f paf t he foregbl ng and ot her changes in form
and details nay be nmade theg€in without departing fromthe spirit and scope
of the invention, which shegl d,bé’l’i mted pnly by the scope of the appended

clains. 15 20 25- 30 3%dd sten run numberto
the run report

t hen

Wi th respect to the pret
those skilled in the ar

{13

Did we miss
seeing any of

yes —* /Jé/Z;

Add line to run report
indica_u'ng that data is
Yo us Lt
Add line to run report Add an error fog entry
indicating that data is indicating that data is
complete incomplete
T
67
blq Did the steri 7 ]
,_, j— yes controller pnntan no -—? A 6
Add line to run report 3 Add line to run report
indicating that run was indicating that run was
successful NOT successful
T
T [ (o e
Call gdd Durations ~ ¢ 30
¥ .
Call addMinMax -\“/0 ‘{/
Cmqu call closeAndPrintRunReport [
I
- ftialize intemal variables to
}’ ',7 / ( mtlnz-?n-progre; conditions
| ) 52
call ypdateAlarmStatus,
requesting forced clearing of any
alarms
g
I
close the error log
55
1 e
tell Control Server that the current
sterilizer state is "waiting for start*

e Stef Y
o 1



-54- WE CLAIM 1 1. A qquality control systemfor an autonmated
production |ine producing contact |enses, said production |ine having a
plurality of contact |ens process stations, i ncluding an automated
sterilization station for 5 ste 2|ng a plurality of contact |enses
after their manufacture,[and,a p c ng station for packaging said | enses
after sterilization, whetein the/systemconprises: (a) a first neans for
receiving contact |ens data §ncluding an associ ated | ot nunber and |ens
power for 10 a lens lot priof to thelg manuf acture; said lens ot defining
at | east one batch of ¢ 3 & a plurality of process

control lers for controlaidfﬁehed"'"e"’r nor e process st hyof said
controllers regul atingt of process controlﬂqG deﬁf%es at said
process stations for manufacg urlng said contact |le : means for
tracki ng novenent of sagrd—proraTty (j:Ienses definedyy said lens Iot from
a said plurality of pr §¥ﬁﬂ§"§? fﬂons to said /dggprlllzatlon

station and said packaging statiod; (d) nmeans fofineeteiving

a®

representing nses that are input ckagi ng station
together with reason c r _cont | enses | ,
g add the phase’s label 2‘% 3 add a fine containing |/ & 12
10 the line we're the 12 vanable names
building _ o the 'i" report
__v b3 _
using the saved start |~/ point to the first of the ,4‘7‘34'
and stop limes for this 4 major phases
phase, caiculate its
(38 duration
Yad _
int to th xt begin the first line with the L
pa phasee ne 6 3 5 label for the phase's ~G Y /
mmimum values
L no All 4 major l
phases
. addiotheinethe 12 | /&
minimum values for the
yes é% variables for this phase ‘,7/36
Yy - 1 69
add the line to the run add the resulting line of .
report mimimum values to the run point to the next major
repont phase
| 1
begin the second line with
the label for the phase's
maximum values
1
vy Y8
add to the line the 12
maximum values for the
varniables for this phase
v__~eY9
add the resulting fine of
maximum values to the run
report




stérilizati
-report of t

packaged fr

on station; 25 (e) nmeans for generating a sunmary
he total nunber of lenses input to said sterilization chanmber
for.a predetermned lens |ot and the actual -nunber of |enses sterilized and
omsaid |ot, said summary report including |ot nunber and |ens
e a Q0_batch of contact |enses. -55- 2. The quality

power data for

control

packaged fr

quality contro

means inclu

system

o e )

| ens

dinlddam1l, wherein al
| enses,

N 5 sterilized. 3.

ens | ot conprises a

said sterilization station steril.izing said
at a tine and generating a sterilization cycle
The quality control system as

cycle run q

d al'h%wnmh~ ein said sunmmary report reconciles the nunber of
SO ~r|||f3t|on chanmber with the 10 nunber of |enses
om salNg ch for eg sterilization cycle run nunber. 4. The
sydrem as &l ai(nkees G aim 2, wherein each lens lost or

associ gf ed nﬂ’ther-n a—r eason code, said summary generating
ding tRe Aens package removal code with a sterilization
Urtiidi@g min & max values for

each variable for each phase

initialize saved start and stop | 77 7’ ‘

times for each phase

Set up the initial run report file |, 3 13

name as “date_tme_RPT"

230
v _ A3
Open the run report file
yes * ?5*
Set up to retry file
open every 15
minutes 0
e ! U ST
" process Log the error
)
JI¢

Fy 17

e

Put an entry in the efror log
that we don't have a steri
run number.

Build new file name from
the lot number and steri run
number.

1
|

Rename the run report file

£

Print the run report file

~609

£
y£e



5. T The quality control systemas claimed in 20 Claim2, further including
nmeans for automatically calculating a thickness specification and product
code for a given | ens power. 6.

25 Caim2, wherein

" product code Vﬁ%@ﬁﬁg%m-
clainmed in Caim
cal cul ati ng=s
quality co f:f;&;g,

i ncl udes MpesRG, hafascin
product i on L4 e gl Teme

an automated cogtact

| ens

f Iogk-up table. 7.
, t
7o o o3
Pl

9.

The quality control

I ncl udi ng neans
for a given.lens

manuf act uri ng

for
| ot..

i ne

systemas clained in
mepds for calculating a thickness specification and
The quality control

system as

automatically 30

-56- 8.
laimed in 1 Clam?2, wherein said tracking neans

ying the locatiofi of a particular lot on said

A sterilizer data processing system for

f or

The

manuf acturi ng a

plurality pienCaatireaiStefiiesn s eSI.Qfé’fi ned by a kens lot, said contact |ens

manuf act ur rf{j’“‘!_“l;ﬂs“’icﬁ'l!’f"u

L oanc

. . . efver
sterilizing S0

J CiIilo

Wng an autorratedg’steri l'i zation station for
| ot after their ganufacture, said autonmated

sterilization staYyion including a sterili®er process controller for
control ling ongs0r ses of a steril4zation process, sai d
process
and 1s communication no
timeout detection
[2d
y 241

close it

S a fun repo no

file currently
2
Q1
yes Yz
v
Add a line to the run
report that says we
experienced a
communication timeout
indicate that a
communication timeout I P, 29 >
alarm is active n
Add a line to the run
rt that we have
v__ 287 oampete o s
tell Alarm Control Server q y
about t.he communication l /./ Z
nr_neouialarm 2_85 Add an entry 1o the :
7~ log tha} says run data is
put a communication plete
timeout entry in the error
log

l ’Lq.c retum o
call v hp 295, Fis 21
endRunReportForTimeout
4 ~
: > Fi L2Z
calli doEndOfRunCleanup |~
(Figure /€)
tum off communication ,J’l'q ¢
timeout detection
l q
if any phase file is open, ,sz



periodically generating sterilization process data during 15 each said
sterilization phase, said systemincluding: (a) neans for receiving said
sterilization data fromsaid ,)steri | i zer process controller; and, (b) neans
for automatically parsing s&fd sterilization data into text information and
sterilizer 20 paraneter infornetion,, said ngans further processing said
text information and sterilizer paraneter_li r‘u"ornatlon to automatically
‘generate dlée%éth,on‘,%—r\eport E¥¥06~ated with a lof nunber for
'sai d sterigithed dmoav oz 25— 1%. Theé steriliz ta processing
system for a ammm-ae{—i-ens manuf actuerg |ine asy/clainmed in Caim
9, wher & -Sai’d processlrng,{r'ﬁ'ﬁ?further SconvEys_said sterllizer paraneter

i nformat i owfo'W sition dg¢vices if said—automated contact |ens
manuf ac®@bi ng i or display! and st of age—thereof . -57- 11. The
sterilizer data N¥bh&EEhg sysTenfp an 1 atfomated contact |ens

manuf acturi ng | iTRR A i ned—Tn (l'ai m 9,'*wheTef T sai d process controller
gener at es aL r NGRS reais %)n | Ao mati on, said processing neans further
conveyi ng 5ai d'; Stass mecamxsli t CO0i nfformation to data 5 acqui sition devices in
sai d aut omat ed: GG el maENuf gcturing line for display thereof.

MDER PRZIS ALM & ———
OVER PRESS ALM J

%}V \/- PROGRAM :
PROGTINE

7 A& ¥3 Y7 V¥ ye YT vg YT wvie W Vit

START
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?({'\, A complece set of data was obcained from the sterilizer contzoller.

The sterilizer controller ceported a valid cycle.
450 S 330
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12. The sterilizer data processing systemfor an automated contact |ens
franuf acturing line as clainmed in 10 daim9, wherein said processing neans
further includes neans for eval uating the success or failure of a
sterilization run based onfsaid text information and sterilizer control
paraneter information for in 5?|on on said sterilization run report. 15
13. The sterilizer data proceS| ng syré,zinfor an autonmated contact |ens
manuf acturing |line as claing 3 wherein said processi ng neans
further includes nearis for . her a conplete set of data has 20
been obtained for the currgntvasterf|i n. 14. The sterilizer data
processing system fgr @an aut ony | ens manufacturing line as
claimed in Claim§9 d teéq,ynfornatlon i ncl udes the 25 current
operating ph i 28 n procdgss. 15. The sterilizer data
processing | ens manufacturing line as
clainmed in &35 paraneter information 30

i ncludes a pIura‘lty of |solated process val ues generated -58- by said
sterilization prjpcess gfntroll perating phase of said
sterilization prioces$.” o
e ¢75
From Lot Number )
determine whether % f‘;o\::fjg power lgctor
revenue or tnal power factor OoK?
677 yes
Get Thickness and UPC N
from lookup table using (@-
power factoc
l ’”15375?
mde front of line lcation with lens
* Lot Number
» Power
+ Revenue/Trial
« Thickness
« Expiration Date
UPC

Fig 2

Fis 25(2)

[P 175 3 = = P = o=
frg 25 (b)




16~ The sterilizer data processing systemfor an autonmated contact |ens
manufacturing line as clained in 5 Caim9, wherein said processing neans
furt her includes neans for determining a phase duration tinme for each said
operating phase of said sterilization run, wherein said phase duration tine

-is included in said ation run report. 10 17. The sterilizer data
. processing system fomat ed contact | ens manufacturing |line as
i claimed .in daim9,“wherern/ sai d processing nmeans further includes neans
for determ ning a mninmum val ue and. maxi mum val ue of 15 said isol ated
- process val ues for eat SIS Vi zation phase, wherein said m ni num and
" maxi mum of said iso éﬁéﬁﬁprac Ss values are included in said sterilization
run report. 20 ;gggm; 8. The sterilizer data processing systemfor an
aut omat ed cont act 4-ens—mmapufacturing line as clained in Caim 15, wherein
sai d processing neans flurther, i ncl udes qpﬂﬂs-for generating phase files for
storing phase file inf¥m %gh for each Qf, said sterilizer operating
phases. 25 19. The er N zer data prog g Jystem for an aut omat ed
contact | ens manuf ¢ va .$41 aim9 wherein said

sterilizer process cdW | er gener at data at a first
prespecified time 30 i hterval, said datla processi ng system
further ?
g5 g1
;"ﬂ:‘;:cl;gl ol:tonnauon 10 next L é
* Lot Number \ /
* Power .
* Revenue/Tnal Verify valdity of loc no
* Thickness number.
* Expuration Date
«UPC
E 61°
w (72
v /7
END | Update lot info

Fiy

Update Lot

information




inéiuding means for determ ning whether said receiving -59- neans
receives said sterilization data from said 1 sterilizer process
~controller within said tinme interval. 20. The sterilizer data processing
system for an automated contact |ens manufacturing line as clainmed in 5
Claim 19 wherein said : determ ni ng whet her said receiving neans
receives said steriliza A fromsaid sterilizer process controller
within said time inter\ [ [

processing system for 2ef 1 £Ont act Iens nanufacturlng line as
claimed in Caim?20, Al e ald processing nmeans generates a

comuni cation tineout aMaHMLnE S n the event that said 15 sterilization
] first tinme interval. 22. The
sterilizer data processing systen1for an automat ed contact |ens

manuf acturing line as clali aim9 wherein said receiving neans i s
a comuni cati on server. i zer data processing systemfor an
aut omat ed contact |ens ine as clainmed in

yes ' q\‘b

Get Sten run
number from
operator

selecuon list [ )LD




25 aim 9 wherein said processing means is a sterilization server. 24. The
sterilizer data processing systemfor an autonmated contact |ens
~manufacturing line as claimed in 30 Claim11 wherein said sterilizer
process controller 35 -60- generates alarmcondition information at a
- second 1 prespecified tine intervalf .. A hethod for processing data
generated in an automated contact I acturing line for 5
manufacturing a plurality of contac ehses defin by a lens lot, said
contact |ens manufacturing |ine includi ' ted sterilization
station for sterilizing said lens |g manuf acture, said
automated sterilization station in d &l A fizer process 10
controller for controlling one g 9 of| a sterilization
process, sai d process controller|periodicalll
sterilization process data during each Baid sterilifation phase, said
nmet hod i ncluding the steps of;FNB
eri

& (a)_regeiving said
' ss "Controller; and, (b)
automatically parsing said sterilizatt™eyg
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"ABSTRACT OF THE DISCLOSURE

A sterilizer data processing system for an
automated contact lens manufacturing line that
manufactures a plurality of contact lenses défining a lens
lot, the manufacturing 1line including an automated
sterilization station for sterilizing the lens lot after
their manufacture, the automated sterilization station
including a sterilizer process controller for controlling
one or more phases of a sterilization process and
periodically generating_sterilization process data during
each sterilization phase includes a device for receiving
the sterilization process data from the sterilizer
process controller and a device for automatically parsing
the sterilization data into‘ text information and
sterilizer parameter information and further processing
the text information and sterilizer parameter information
to automatically generate a sterilization run report

associated with a lot number for the sterilized lens

lot.




