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Thi s applwoaBioe™eé s a continuation-in-part of U S Pat. Aop/usseie40No.
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L S sk e 1

specifically to nethods and systens for recording data taken during the
manuf acturing of ophthalmc | enses such as contact |enses. 20 BACKGROUND
ART Over the |ast several years, procedures have been developed to nold
contact |l enses on a high speed 25 automated basis, and for exanple, such
syst Bns RelatediAgumilisaions n U. S. Patents 5, 555,504 and 5,702,735 and U.S.

pat ent apmpld cmp?h’matciorogi/ss% c&&ﬁ;irfua@dart\@ylﬁbarltgggf Uoﬁ* "Bt d and Mol di ng

Machi ne For Maki n Ophth v " lyl}tef%az enerally, a
group, JPB0 %ea’ft% %&% fojrﬁrfedd an thitg arﬁjrr%}?lo{r}%rg bet ween a
set of fd&{ﬁlrﬁf@klbﬁ&:kmﬂﬁ&tse&ﬂlm@ pEhe. A@lowrja\xcppl ynerized, thus
formng the | enses, which are then renoved fromthe nold sections, further
treated 10/126,145, filed on 4/19/2002; which is a non-
10 provisional filing of U.S. Pat. App. Ser. No. 60/372,619,
filed on April 12, 2002.

Background Of The Invention

1. Field of the Invention

15
This invention generally relates to manufacturing
ophthalmic lenses, and more specifically to methods and
systems for recording data taken during the manufacturing
of ophthalmic lenses such as contact lenses.

20

BACKGROUND ART

Over the last several years, procedures have been
developed to mold contact lenses on a high speed

25 automated basis, and for example, such systems are
discloged in U.S. Patents 5,555,504 and 5,702,735 and
U.S. patent application no. 09/305,886, filed May 5, 1999
for “Mold and Molding Machine For Making Ophthalmic
Devices.” In these systems, generally, a group, or

30 Dbatch, of lenses is formed by sandwiching a monomer
between a set of front and back mold sections. The
monomer is polymerized, thus forming the lenses, which
are then removed from the mold sections, further|treated
and packaged for consumer use. ‘

35



and packaged for consunmer use. 35 WO 03/087966 PCT/US03/10401 1In this
process, the nold sections and the |l enses are transported through a nunber
of stati owe os8wemes. For instance, the processing syste®Cras0s/nabude
filling, pre- curing, polynerizing, de-nolding, and hydration stations. 5
In order to be sure that the manufactured | enses are suitable, various

par anet grs gﬁ,%} &lgrg%%&t aémeeqﬁg’é hidbe @yenanges alngachof these

stations; ngly, ese paraneters are carefully nonitored at
t he st atgrensspdd:ebhecodgt ofnumirert arfedstperianet evis saredhe it e | arge,

and for exanple, three to eight paraneters may be itored at_ each
st at i on. 1R SEICSy ttr’hepr%ﬁ‘iﬁﬁsg%}ﬂst%’r%em ay &IYQ%%%%%%W er"Wer e

recor ded, 50 ddhat, & ] 248y, MSHRINE B | hdegesst 1vn pramEses S was
recorded and 15 "avai | abl e for every manufactured | ens. Because of the

| ar g8 nuitherrdsr |tendes seg Hiak rdte WEIHPIHERD R e and because of

the | arge .nunber of_ nonitar , | S: j extrenely
| ar ge d%tuefbncaa&téﬁ.e’ For- Thst n%ergémegca%%%értlsnkf% %%%ﬁﬁ%fﬁﬁ’{%%g par anmet ers
20 recorfiegwhideyes thgdachaitcioisd entsasiovas; made, moghvrdinglhr ee pages
| ong, and over the course of a year, 5000 ,bahgﬂes of. | enses, may be

manuf actidiese QP ERRSAAEM 2% SLT Y NN L h it ot aWotim 8t - dat a,

which is expensive to organize and to store. Mreover, governnent 25
regul ations require that a paper copy of each device history record be
pr otpdedHeomwasdr baff chomi t dead e wdnestetshecdatledh deishi bpesefrom t he

gzggrjggta(lﬁc{ n&xsietxeémp a,i nthrebee aéjseeigqjit t;paeraltn"\iét%ergqﬁ@frbé)f I enses made and

monitored at each station. Also, with previous systems,
all of these parameters were recorded so that a complete
history of the processing parameters was recorded and

15 available for every manufactured lens. Because of the
large number of lenses that are made using these
procedures and because of the large number of monitored
parameters, this resulted in an extremely large database.
For instance, a full print-out of the process parameters

20 recorded while a single batch of lenses was made might be
three pages long, and over the courge of a year, 5000
batches of lenses may be manufactured on a system. This
results in an enormous amount of data, which is expensive
to organize and to store. Moreover, government

25 regulations require that a paper copy of each device
history record be provided for each batch of lenses when
the batch is shipped from the manufacturing site. Again,
because of the large number of lenses made and because of
the enormous amount of recorded data, finding the proper

30 paper record for each lens and matching that paper work
with the lens can be expensive, time consuming and also

can significantly delay release of the product.



t he enornous amount of recorded data, finding the proper 30 paper record
for each |l ens and matching that paper work wth the | ens can be expensive,
ti me conswoiongs®mee al so can significantly del ay rel ease @CTiuses/poduct. 2
WD 03/ 087966 PCT/US03/ 10401 1In addition, because of the significance of
data recorded during the lens fabrication process, it is inportant to
prevent the inadvertent or intentional |loss or alteration 5 of data.
Heretofore, loss of data is usually solved with audit trails inplenented
by usi ngd heldiwildn i edainsd i@hathd ysigfnithieaatea bt datemagesmrdedystem A
problemw th this aipqproa ,_in the case of conventipnal_ . d ta\ibase
managemeitt s it 9T (IR A FRE WRAIRTRGH T 1 ijrﬁlﬂ%%r%%r% %he type of

transactd. QR d{nseld .3 HRAA S entdd Lt Bt erddiodabl Bo o feet LTk etdtei o me st anp
of the “transaction, and the user id naking the transaction, This audit
trai b dows dedta.i ndlanktefotref okess afd dalfa e usimbkhotobred Hettat a

af fected. This _el.im nat th il sed on this data to
provi de aaudjtc]co aé]tlég pjim %uernéelg%eléké? LLéalpﬁrl?eﬁgek(ljé 351}%%% %‘Ee fabrication
pr ocess. fi{I IR 1GR yT HEE | IIWENTA € 3ba 20 nmaaigmeeit ofydtheés. | nfkention is to

i nprove procedures for , recording the ma}{\uf acturing historijes of nolded
opht hal rﬁ@h]@rﬁ%é&t@é:%ﬁ)ﬁ%@r%‘%émlrbft HEFTFRNCTHRRT YT s to define

a reduced 56f, Of n%g{dﬁ%%h&{l? dpatetd ] |1 priavidecite faldic isdory of the

manuf acture of nol thal mc | enses. .
10 includes only the type of transaction (insert, update,

delete), the table affected, the time stamp of the
transaction, and the user id making the transaction.
This audit trail does not include a “before” and “after”
snapshot of the data affected. This eliminates the

15 ability of reports based on this data to provide a
complete picture of what happened during the fabrication

process.

SUMMARY OF THE INVENTION

20
An object of this invention is to improve procedures for

recording the manufacturing histories of molded

ophthalmic lenses.

25 Another object of the present invention is to define a
reduced set of parameters that will provide a full

history of the manufacture of molded ophthalmic lenses.

A further object of thisg invention is to take advantage
30 of automated data collection capabilities to expedite
more rapid release of molded ophthalmic lenses without

gacrificing quality.



A further object of this invention is to take advantage 30 of autonated
data collection capabilities to expedite nore rapid release of nol ded
opht hal mwoloafsmss Wi t hout sacrificing quality. 3 WO 03/ 0®C36603/10401
PCT/ US03/ 10401 Anot her object of this invention is to prevent the

i nadvertent or intentional |oss of data due to user influences on

producti,Qn base wor ki . A further object of.the invention is
to use t neOtg%tsI?oo%% ?#ﬁpgcgfe?%f%%c ﬁen%%ﬁ/ L%lt{? I|)nt 0 com‘reeraci ally avail abl e
rel at i onaladlatradease omnagesentorsytlenss ¢ dmtke dueopy ofercertai n data

into a second, or shadow, table en certain redet.ermi ned events occur.
10 These ¢SRSt %j@&?#%@%é@%qﬁbﬁ%%dﬂﬁ]fﬁn% WY hod and  system for
recordi ng data nonitored during the manufacture of nol ded ophthalmc

| enses. This nethod conprises the steps of identifying a set of process 15
par abet & Sudey ket mhutletirentdantis yragiesm thsseefe®Bd val ue range

for each of the process - i i a process
par amet 678 SR 105 T R ot o of Thes Tneae SFH Gle Pl e
manuf actraieforeile dftdibes® phdhadament enseisemonetofmeke 20cpppcess

paranmeters nmoves_outsjde the associated value r e, then that.lens is
rej ect edFeHiGHeY 2L f1nERrd nﬂec‘?rl’é' r%lﬁ}é%‘%%‘?’e B?ang%e“’]a?ntﬂ%rtbﬁh?hal mc

| enses, %dé)gerrﬁih?ecﬂ)r@@&'?@s Pek@peters stay within their associated ranges,
then th ens 1s 1dentified as acceptable, and a 25 device history record

is mAde for that |lens. This device

These and other objectives are attained with a method and
system for recording data monitored during the
manufacture of molded ophthalmic lenses. This method
comprises the steps of identifying a set of process

15 parameters used in said manufacture, identifying an
associated value range for each of the process
parameters, and monitoring each of the process parameters
during the manufacture of the lenses. If, during the
manufacture of one of the ophthalmic lenses, one of the

20 process parameters moves outside the associated value
range, then that lens is rejected. However, if, during
the manufacture of one of the ophthalmic lenses, all of
the process parameters stay within their associated
ranges, then that lens is identified as acceptable, and a

25 device history record is made for that lens. This device
history record includes a reference code for identifying

the set of process parameters.

For example, this reference code may identify a table,
30 kept in a separate database, that lists all of the
process parameters, and the associated value ranges, that

were monitored while the batch of lenses was



hi story record includes a reference code for identifying the set of
process paraneters. For exanple, this reference code may identify a table,
30 kept iwoa3mepss at e dat abase, that lists all of the precegsopananeters,
and the associ ated val ue ranges, that were nonitored while the batch of

| enses was 4 WO 03/ 087966 PCT/US03/10401 manufactured. In this way, the

devi ce hj.st ord 4§ t'@ézﬁ i o aneters or
their ar%asn&g%%ﬂé%cev%] ueirr% :%%%%%ﬁbnﬂg%i ce (%és)tﬂéirflﬁ?ié%ofﬁcﬁg@, it my be
not ed, iidesdliff Wene, nsoreaws vd | 1ot tiiesse Soqeameedes sprasheet| as their

associ ated val ue ranges; but wth_the_ abpve-nentioned refgr ence code, the

device ISADFEIR G HUTAIITE havE 't FFV TS dMySHPTY heSEC PaFatet ers or

their valugfAnges, A-dat phase;ry ebes | esbh® @8 @ shadovneabl e, may be used
to 10 protect the integrity of data recorded during, or relating to, the

nﬁnuﬁactpﬂlmrwms.a%m@lkp@%i thehr | 3sso¢inte@ordbneerangdst et feature, a
shadow t ahl.e .i,.s f.orned nd da ite o Vi hj records are
tqﬁ;Eﬁgﬁﬁﬁvmeéﬁloneéaréfeﬁgné%O@%%%,1§ﬁ% aé%Qég

copi ed it able” i n response ccurrence of predefined
events. Hi§t@xanpdeord hése net eldefé nesl Bventsnyrayf i thesde whenever anyone,
or anyone outside a group of jdentified individuals accesses the device

hi story RW%QW p‘é?f‘?ﬁ‘?ﬁ%r'é%l%‘f? ned'dperati ons, such as alter or delete,
on the datain,dde device 28 hbsiory él@&@%\ﬁ'-tﬂﬁ@% REpf BEabkyg wbenever any

person accesses the device history record to performa given operation on
t he 1dat protddiatthecindegai val o datplweedrded during, or

relating to, the manufacture process. More specifically,
in accordance with this feature, a shadow table is
formed, and data items from device history records are
copied into the shadow table in response to the

15 occurrence of predefined events. For example, these
predefined events may include whenever anyone, or anyone
outside a group of identified individuals accesses the
device history record to perform predefined operations,
such as alter or delete, on the data in the device

20 history record. Also, preferably, whenever any person
accesses the device history record to perform a given
operation on the data in that record, a value is placed
in the shadow table to identify that person, and a
designation is placed in the shadow table to identify the

25 operation performed by that person. A shadow table may
be used with device history records of the type discussed
immediately above, which contains comparatively minimal
information, as well as with previous, or other, types of
device history records, which contain much more

30 information.



in the shadow table to identify that person, and a designation is placed
in the shadow table to identify the 25 operation perforned by that person.
A shadow walBmesTay be used with device history records ofPCThesos/yael

di scussed imediately above, which contains conparatively mninm
information, as well as with previous, or other, types of device history

records, i.ch co EN info L On. / 66

PCT! US040 T e rerE Bedr T L et ares BTt e indent i on wi I
beconme appesientaparest consnder abhehdefat henfof | oe nfol levanged
description, given wth reference to th@ agcongany'ng gramﬁngs, whi ch
speci fy &P GRRFEIPRECS! eHbBER nEhER BFLEHEFRVERt FOR. BRI EF

DESCRI PT%@&%%MW@%E R EcH &Sedi £ aghaMBRbY Cphepey¥iew of a

contact lens ™ 1 roduction line incorporating the present invention.

Fi guse Zenisodineptpl afi vhewinfeatpaml et that nmay be used in the production
line of Figure 1. 15 Figure 3 shows a contact |lens nold assenbly used in
the production line of Figure 1. Figure 4 is a flow chart showi ng a

pr ocedur grigr DESCREPRIONOF TSI DRAWINGScord for | enses manufactured in
the 20 systemof Figure 1. Figure 5 is an overview of a systemthat nmay be

used to nmeke the electronic device histories for the lenses. 25 Figure 6
i |l ustraf&surdel use af dhaghadoatiabieriiieteot opefabtdfitolehfie system of

Figq&p 1pr£éé%%fbg f@8$51§8£££@£§t588etﬁgaﬁr89¥n99iH§89t58n¥riggef

Figure 2 is a top plan view of a pallet that may be used

in the production line of Figure 1.

15 Figure 3 shows a contact lens mold assembly used in the

production line of Figure 1.

Figure 4 is a flow chart showing a procedure for making a
device history record for lenses manufactured in the

20 gystem of Figure 1.

Figure 5 is an overview of a system that may be used to

make the electronic device histories for the lenses.

25 Figure 6 illustrates the use of a shadow table in the

operation of the sYstem of Figure 1.

Figure 7 shows software code that may be used to trigger
entries into the shadow table.

30
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




entries into the shadow table. 30 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 6 WD 03/087966 PCT/ US03/10401 Figure 1 shows a |ens

product i owolosfer9sgst em 10 i npl ementing a data recordi ng pcoasdsneonf the
present invention. Operational details of system 10 nay be found in U S.
Patents 6,071, 440, 5,702,735 and 5, 555,504, the 5 disclosures of which are

i ncorpo tsqe;:l}:ﬁbocaﬁg{ §553n§el I@Serlfefn&} ner aldya Ssgéarﬁnﬂ@ conpri ses vari ous

contigu stations I'ng inj ectl on nold assenbly stations
12 and Y4ndlefmeranidacd wWd it rédwerdiog astdaedumntonthdaokesanmve cont act

|l ens nmold 10 sections, respectjv par atus 16 rOV|de fo
t r ansporifTH Pt o SR FIYIRL c‘f?r%aeﬂ% Cia)gs%‘égtiied?]shzt P Om st ati on
12 to a jpaly &t 2, H0sd td oaped, adj acenios a74d ra%’&d@'iﬁ §@@vea&@é 22, and
appar at us 24 I's provided for transportl ng u b el ght back curve rmld

t m

sect bonsliscltwrds mef whiiln aregaineerpe: Efeent a second

pal |l et conveyor .. Both first .and C t yors 22 and 30 may
be part ™95 encl esréecﬁ'];i% RAGA oxyla(gncoore}%ﬂf)i%%geva%o&xgsequenci ng appar at us
32 for sidittiduttidlpaldeited staniaigingeludiig clmjecicoot assldens nol d

sections adjacent a pallet 26 containing or respondi ng nunber of
conpl enﬁﬁ%@%cﬁ(’c%w cohtard ]}‘%n%"%il&i‘fl‘ég% %nd onto a sequenced

pal | et is Alse. proyiged: 18,:2% enabl &pal e snafaand 26 to be

conveye a te natzelcly and sequentially into a filling and nold assenbly
st atlioon ®f-tions, respectively. Apparatus 16 is provided for

transporting up to eight front curve mold sections at a
time from station 12 to a pallet 20, positioned adjacent
a first pallet conveyor 22, and apparatus 24 is provided
for transporting up to eight back curve mold sections at
15 a time within a pallet 26 positioned adjacent a second
pallet conveyor 30. Both first and second pallet
conveyors 22 and 30 may be partially enclosed in a low-

oxygen enclosure.

20 A sequencing apparatus 32 for situating a pallet 20
containing front curve contact lens mold sections
adjacent a pallet 26 containing a corresponding number of
complementary back curve contact lens mold sections and
onto a sequenced pallet conveyor 34 is also provided to

25 enable pallets 20 and 26 to be conveyed alternately and
sequentially into a filling and mold assembly station 36.
The filling/mold assembly station 36 generally includes
first, second and third apparatuses 40, 42 and 44. First
apparatus 40 is used to deposit, in a vacuum environment,

30 a polymerizable compound (monomer mixture) for formiﬁg a
contact lens in the concave portion of each front curve

lens mold section in each pallet 20.



The filling/nmold assenbly station 36 generally includes first, second and
third apparatuses 40, 42 and 44. First apparatus 40 is used to deposit, in
a vacuumwowsogmeent, 30 a pol ynmeri zabl e conpound ( nonome®PCmiuShsii@Ep1 f or
formng a contact lens in the concave portion of each front curve |ens
nol d section in each pallet 20. 7 WO 03/087966 PCT/US03/10401 Second
apparatus 42 is provided for depositing a surfactant along an annular rim
portion of the front curve to facilitate the later renoval of the back
curve Sguddl porddeatwndia hies assoc ddde df @x cbssosnom@raring fromthe front
curve nold section in a nold separation aé)arat ug I ca%ed downst r eam of
‘glpadé v

(0]
the fil ISHFatATORkEI i FoP P AT T oV IR APt assenbl i ng t he

i ndi vi dyal Lo ACkSd eNse Ak A 13 SePi  efemNUTIof Stidonsadly d@rpécking each
back curve lens nold frompallet 26 and placing it onto a correspondi ng

asso6i atredl d montt oo vand | Wne awteriaed ks dren@peharied Doorn an
oriente caonfiquration. itiaonally, t h ves are renoved
e e et 2t SRR Vi o P RE I

fromth a pa recircu ram assenbly 46 pushes
the enptap I Ve Pt d el swRd: rdme kot ochidef b1 1 phapabtbatknciyéve supply
conveyor 30 for receipt of a new set_of back curve Ieaﬁ%rml d sections

from i njBEbRERARELS etb| i ROV ahet Pal 77 1B oW Eont ai ni ng
conpl et eﬂl&@(ﬁ%ﬁﬁ%@é&éﬁ 184 tud e dddddmol &9) dyrssembsyashatbgn 36 and

are conveye g conveyor 50 to a pre-cure chamber 52. At this chanber,
t he I0ongmisrkisel Ao ook atwede | Femaotohd| Gromspahbey 26 padtially cured
Into a %hiﬁgﬂiggf%-éﬁgg a corresponding associa;ed front curve
lens mold located on carrier pallet 20 in an oriented
configuration. Additionally, after the back curves are
removed from the second pallet 26, a pallet recirculating
15 ram assembly 46 pushes the empty back curve pallets 26
back to the original back curve supply conveyor 30 for
receipt of a new set of back curve lens mold sections

from injection mold assembly 14.

20 The pallets 20, now containing completed mold assemblies,
exit the filling/mold assembly station 36 and are
conveyed along conveyor 50 to a pre-cure chamber 52. At
this chamber, the monomer solution contained in each mold
assembly is partially cured into a viscous gel-like

25 state, and the front and back curve lens mold sections
are subjected to a predetermined pressure to further

define the contact lens edges.

After exiting the precure chamber 52, the pallets
30 containing the precured lenses are transported along
conveyor 50 to a polymerization station 54, where the

precured lenses contained in the individual mold



25 state, and the front and back curve lens nold sections are subjected to
a predeterm ned pressure to further define the contact |ens edges. After
exiting twe opnemes e chanber 52, the pallets 30 contai ni ngPChaSps/ear ed

| enses are transported along conveyor 50 to a polynerization station 54,
where the precured | enses contained in the individual nold 8 WO 03/ 087966

Pl US03 LR ieﬁiéa%gp'e@fl&g@fﬁéﬁm W I7 Slrd fly 06 OxeRR ige form ( he

cont act ‘1T'ens a e sequenced palle conveyor 50 is split
into tweoanrMeydrenb0H ardd. 5rdferariahl ele |semencedipehbettine in the

pol yneri zation 5 chanber as the | d assenblies e polymerized. Pusher
appar at §OFEYE Rbd ¥ FRETectM i hd T KBV ofOR %iaea%?%r%e%o nunber of

pal | et s cephal B ngidhe- el gh gassenbinesi f rame gsvaNeri 59 ion each of the two
conveyors 50a and b. 10 After the pol ynerizable conpound in each of the

nol d5~ asdentilaresd hylnekd i zeeenal fef mEze MNERETI 2@ bl BRRRRE  the

pol yneri zation statiaon, 54 pal l e V, 0 a denold buffer area
64, whi c?t?pﬁrr(?\r}‘lucfezéjt elrrspel’}%ef%r&_’go 1@1%%%%5 Hnegn&%%g% héejjgnhai)l d assenblies exiting
t he oveRpscedEtermpiald®tisudihen ¢f awell e ongoret airad ngvat tké ngobéam 66 to a back
end of the system 20 that includes a nold sgggr tion ag(gll?rat us 70. Here,

t he bac@%ﬁﬂ*fﬁf&q%sf%?oc%‘f%%%r ot? EREHN PasSEbF T RsSCAF Rt Bnati cal |y
separ at eg)f r.9/ td, 20 front curve Iens nold halves to expose the

pol ynerized contact |ens for conveyance to a downstream hydration
10

After the polymerizable compound in each of the mold
assemblies is polymerized to form a contact lens blank at
the polymerization station 54, the pallets travel through
a demold buffer area 64, which provides temperature

15 adjustment to the mold assemblies exiting the ovens. The
pallets then travel along a dual walking beam 66 to a
back end of the system 20 that includes a mold separation
apparatus 70. Here, the back curve lens mold halves of
the mold assemblies are automatically separated from the

20 front curve lens mold halves to expose the polymerized
contact lens for conveyance to a downstream hydration

station 72.

After the demold process, pusher assembly 74 pushes a

25 series of pallets 20 onto a reciprocating transfer pallet
apparatus 76 that conveys the pallets to the hydration
assembly 72. At the hydration assembly, the front curve
lens mold sections, now containing polymerized contact
lenses therein, are simultaneously removed from their

30 respective pallets and placed in an appropriate hydration
chamber (not shown) go that each contact lens may be

hydrated prior to packaging. The transfer apparatus



station 72. After the denold process, pusher assenbly 74 pushes a 25 series
of pallets 20 onto a reciprocating transfer pallet apparatus 76 that
conveys twe oaBlve¢ s to the hydration assenbly 72. At thePaydrsas/i@nt
assenbly, the front curve |ens nold sections, now containing polynerized
contact |enses therein, are simultaneously renoved fromtheir 30

respectiy allets a i i rati er (not
shown) s%ﬁi%a ueer%f(: (T%%?%%?glq:e%é; %Hﬁ%ﬂggé %%%t%%a%r%rg%v packagi ng. The
t r ansf eryegppaicatalsa WO/ HEFEREL PV USEBA D404 tlsebsmuenfiyst et urns the

enpty pallets back to conveyor 78, where a pushe asse,gbll){ 80 transfers the
enpty fiGssilethiRets HACKCTERNVeyor VEvevor 22, * ¥ turn, transports

the pal lgts hack 4 01 R9si1é0n Beiacedta Spbdi €chh oadmbenassenbly 12 to
receive a new batch of “front curve Ilens nold sections fromthat assenbly.
A top vilewesftiopriecldtéesethbhe baltetroeeive zareyipytchrefiuction |ens

nol d hal yes .is sho in Fi e 2..10 Pref 20 and 26 are
interchaﬁ%goé‘étbl%u]ﬁs%et ars IP%%@ Srr%cilt%%%%nﬁ%gaf@h%?t%%éﬁ%%t curve or back
curve contact lens nold halves, and the production line pallets may be

formed of any suitable material, such as alum num _or stain|ess steel. Each

pal | et 20 EAR G EINtAF 3 BrasuGtifal$15e et belse®sT@% FRFTYERRi ving a
conpl egﬁ%ﬁdﬁt%rl&ﬁs%&m 1Btk Dacks ChMen "oh drhglhvesat hat define the
i

shape desired lens. Figure 3 shows one such nold assenbly 84
shown semtetemablyn malbeess2@2nd 2hearpalhieerciipegedptacso| ehgdes are

formed Q%égj%g§mgégbmmodate either front curve or back curve

contact lens mold halves, and the production line pallets
may be formed of any suitable material, such as aluminum
or stainless steel. Each pallet 20 also contains a

15 plurality of recesses 82 for receiving a complementary
pair of front and back curve mold halves that define the
shape of the final desired lens. Figure 3 shows one such
mold assembly 84 shown seated within a recess 82 of the
pallet. The contact lenses are formed by placing an

20 amount of polymerizable composition, generally on the
order of about 70 milligrams, in each front curve mold
half 86 seated within a pallet recess at the filling mold
assembly 36. Then, the back curve mold half 90 is placed
onto the polymerizable composition.

25
With reference again to Figure 1, the production line
tracking and quality control system includes a control
subsystem 100, which may include a computer or one or
more programmable logic controller (PLC) and a plurality

30 of sensor devices. These sensor devices generate process
condition information at particular stations of the

facility 10 for receipt by the computer or PLC, which

10



20 amount of pol ynerizabl e conposition, generally on the order of about 70
mlligranms, in each front curve nold half 86 seated wthin a pallet recess
at the fiwbiongsm™es d assenbly 36. Then, the back curve nolPdThso3/ 1001 i s
pl aced onto the polynerizable conmposition. 25 Wth reference again to
Figure 1, the production line tracking and quality control systemincludes

tral 100 ' I t
D1 001 ami E Lo O A BB AN & bl A Ty 90 O SEREbr dovi ces.

These seRSQ HIEW L DHeNSIAlL qundeiss wondid imnct ifuramt i on at particul ar
stations of the facility 10 for receipt by the conputer, or PLC, which 10
WD 03/ 08166 T/ USHE HRRPECEom i RIESitReddis 1RrHfd to the pall et

carryi ngnf%“%ﬁadﬁ/%d),r V’E%ergr PRI i8% atgde-Padd i Lh@Fost ations. The

respective processes d informati on and, when appropriate,
genebat esioperite dor Soatupral isve gretoiont e @nd/oaga gy atarl/ofrgener at es error

flags indicati,ng, that, other types of .intervention or . correction nay be
needed. %Q%é%%{ﬁb@t M PG I?ﬁtlr%ttee%v?%t |rgl;u?§e 1, 10 control
subsyst ey AR H i ugles w4 deasdqthree PLCs and associated circuitry and
software for providing tracking and control of the production |ine pallet

system A first PLC 102a controls and tracks pallet novenent from the

L7, TS SR P WO O [y sl ety
tramspordontrol subsystem 100 includes at least three PLCs and
associated circuitry and software for providing tracking
and control of the production line pallet system. A
first PLC 102a controls and tracks pallet movement from
the injection mold stations up to and including the
15 filling/mold assembly stations. A second PLC 102b
provides quality control of and tracks pallet transport
through the precure, UV polymerization, and mold
separation stations. A third PLC 102c is provided for
retaining the identification of pallets at the hydration
20 assembly, where the contact lenses are removed from the
pallets for subsequent processing. Additional PLCs may
be provided for controlling the various aspects of
hydration, post hydration, lens inspection, and packaging
stations, as described in U.S. Patent 5,836,323 for
25 “Automated Method and Apparatus for Hydrating Soft

Contact Lenses,” the disclosure of which is incorporated

herein by reference.

Memory storage devices 104a, b and ¢ are provided for
30 each PLC 102a, b and ¢, respectively, and have adequate
addressing and storage capabilities for each respective

PLC to access and process data in the form of time

11



t hrough the precure, UV polynerization, and nold separation stations. A
third PLC 102c is provided for retaining the identification of pallets at
t he hydr awoma/og@é@assenbl y, where the contact |enses are r@coMsds/icd4om t he
pal |l ets for subsequent processing. Additional PLCs nay be provided for
controlling the various aspects of hydration, post hydration, |ens

i nspecti.o and packagin tafi :,AS i ] . Patent 5, 836, 323
for 25 'lﬂ{i%tod"rrnhafq:eldxf\/eat O&Q%On%%pcgé}%lu%?rgr %/é(}rp%ﬁfrllfgb%% tlg%bnt act Lenses,"
t he di salmsdir® @fl Whi cthé picwyparaiditidrersiatby ieferesceon Menory

storage devices 104a, b and c are ovided for. . 30 each PLC 102a, b and c,

r espect IGRAISE L e hav/er Ad@ e 11’5%?%?5?91@”%%@%? Pagitapabilities for

each re 1 M8 5 PLE 410 AECRSSs b RIOCESSrda @cdprithee foremat time 11 WO
03/ 087966 PCT/US03/10401 information and process condition status

i nf oBmatison wheSged fonatess admd riowes siwoney 119 s usCR-haBr nmat i on
consti tutagrsjeelgicé)%a%%%} égc{_lh%att gnﬁgxhﬁigfrhﬁvggtorp@éﬁ&% af o £ONt act | ens

product & her™ process con ions involving a

parti culy1d R &b ToES Y G & ettt 1 @ibagbstiial irest bne condaet | ens  nol d
assenblies up to a particular point in tine, have (geen erforped in
accor darReew R FREERF | He P IR danch dvi kI RreFcesPednt ™+ hf of i@t i on i s used

to deter. et : CAL I t Lfic pallet are
fég%ﬁ%a!l rfﬁ%éigﬁ¢§£m%g%§h AL 1 &3 bYo t hat e SRESE p

accept abl e. e speci be rejected by appropriate neans
provbdedvhetlide Hystprnodlcid caprieiicty thaprepeciticapalbdtbyrehe pal | et
are det ee{cngenpetdakgfepe The specific pallet will be rejected by
appropriate means provided in the system 10 if a product
or products carried by the pallet are determined to be
out of process specification parameters. It may be noted
15 that the product specification parameters are determined
prior to producing saleable products off a manufacturing
line by extensively running the individual steps of the
line at various process conditions, e.g., temperature and
pressures, etc. and testing the product of those steps to
20 determine if the process conditions will ultimately

produce an acceptable product. From this testing, the

acceptable operational ‘ranges are determined.

A data acquisition system collects the individual process
25 parameter values gathered by each PLC for particular
process operations, and inputs this information into a
cell supervisor that associates the process parameters
and conditions at the various process stations with the
specific pallets.
30
As mentioned above, the number of parameters monitored in

the operation of facility 10 can be guite large, and for

12



out of process specification paraneters. It may be noted 15 that the
product specification paraneters are determned prior to producing

sal eabl e woodwswse of f a manufacturing |ine by extensivel ycrursas/ngot he

i ndi vi dual steps of the |line at various process conditions, e.g.,
terrgerature and pressures, etc. and testing the product of those steps to
20 determnne.if the praqcess ! i | tl - e an

accept atﬁxé”‘“g}(?duc‘:t - ron?t%llggqq{]g%satflaﬁg&%%em cclléém %t%}géec?g%?onal\ranges
are det et atA dlatin ageisidiltsy staamsolwedch spidrei dunali vi dual process
25 paraneter val ues gathered by each PLC for particul ar process

oper at | GYStemry iFputet (Hhess HORRRTIT i'HRE dfe‘”c%-‘?c%e‘gu%%rvr‘%tbrat hat

associ at ¢ r. i 4 t -
ass0c alefy e PHOGASS PUATL [Srodith HOndiddanse ats e vari ous process

t specific pallets. 30 menti oned above, the nunber of
par abet eresamotEd eretl aveildidl opmatewmrofmdnefaciyrad kems be Wiklte | arge,

and for .12 WO 03/.087966 PCT/US03/,10401 xanpl I ght paraneters
may be Mo BHIRFH BRI o T RS Z%‘?#?%@i.nir%gf C\B/mgtﬁll%revi ous

syst ens yaldePloft hese Parae s werel recmmete 5o, thasimpleonphiete history
of the processing paraneters was 5 recorded and avail aple for every

manuf ac taecr digis PIFIFHULSH el IR TINE RTRICY$hst d4tEdf recording all of

the values of,all.Ofpidie-droni tred: DATANBLSF Sunfs SimbREr data  recording
procedure 1S pre erablT enpl oyed. Wth reference to Figure 4, one feature

of 1bi s sgipyuleath 10s apps ocmbréssnteed ragpreseays el atand epsd 120hahdi 24, that
' while a batch of lenses is being made in a particular

area of the machine, any process parameter moves outside
its associated, acceptable range, the lenses in that
group of pallets are rejected. The advantage of this

15 process is that instead of rejecting an entire batch of
lenses, only those lenses made outside the process
parameters will be rejected. When lenses are rejected,
system 10 could be modified to maintain a single
reference code that would indicate why the batch of

20 lenses were rejected, e.g., a code that would indicate
that a temperature was outside the operational ranges at
injection molding, or a different code if the lens spent
too much time in the uv tunnel, or a different code if
the hydration water temperature was outside the

25 appropriate range, etc. Keeping a record of why lenses
are rejected would help to make the proper repairs; but
this information would not be stored in a device history
record because that is for saleable product, and instead,
this information would be stored in an alternative

30 database.
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while a batch of lenses is being nade in a particular area of the machine,
any process paraneter noves outside its associated, acceptable range, the
| enses i rwDwaws79gé oup of pallets are rejected. The advant 2ge/wb3/id@ns 15
process is that instead of rejecting an entire batch of |enses, only those
| enses made outside the process paraneters will be rejected. When | enses

are rejected yst : ﬂ:ag# j i nfains g simghe, reference
code t hdt A0 néisiéneoa%%%eg %;j&gjhée)esbat C é%?%f?%%geisgmlgsre rej ectaed, e.g., a
code t hatenwuld fouhdadeceptutl @, tanperad upeswase byt sildent debapeh at i onal

ranges at_ injection nolding, or a different code if the |lens_spent too
nuch ti R iPRIRS RS Lﬁfﬁ@?g %?C%Pﬁﬂ%rén‘&% et E0% ne2 RV urati on wat er

te”peratrﬁé[f MaS) QUL $i der ther 25y apRE ORShat £cF@Rgeer etie gEFhNgaBLr ecord of
why | ense are rejected woul d hel p to nmake the proper repairs; but this

i nf oBmatddrhmuchiotrée srecesing Paevieeehs story Wikldrdthethuse that is
for sal eabl e product, and instead this info I | d be stored in an
al t er nat3RE LGt & %%%?CiﬁvWW%%796%n ﬁ%”%g%%%r%gﬂ\(ﬁg A second feature
of this sdgmlfiniodpriopcscés Lsed ahepedi flendevscs duhdcargeptabte, or nore
precisely, when a batch of _|lenses are foun accgpt able_ - which is the

case, itofhdinafe Brt@d, 15 rmaRe i dA (PRI MemtreLt (PRI oF P2 hedBHICR, all 5 of

the W“iﬂ@é@&f@&@éﬁ&ﬂ @%@é@t§r§e§é§éfnc‘!\ét@&@etP@frid@§§9ﬁ%@ﬁ§d o
respective rarnges. In this event, as represented by step 126, a specific
deviice hi stk yof ecloe dpro¢eshapabaneters. mulder apxiampl At akhéd, cadd t hat
device may identify a table, kept in a separate database, that
lists all of the process parameters and the associated
value ranges that were monitored while the batch of
lenses were manufactured..
15
In this way, the device history record itself does not
have to list those parameters or their associated value
ranges. The device history record, however, may identify
one, some, or all of these parameters, as well as their
20 associated value ranges; but with the above-mentioned
reference code, the device history record does not have
to list any of these parameters or their value ranges.
Also, it may be noted, the fact that this record exists
indicates that the monitored parameters were all within
25 their associated ranges during the manufacturing process.
It may also be noted that the device history record may
include data items about the lenses or their manufacture
in addition to the above-mentioned reference code. For
instance, the device history record may include a lot
30 number, the date of manufacture, and other information.

Figure 5 is an illustrated overview of a preferred

electronic device history record and product release

14



hi story record includes a reference code for identifying 10 a set of the
process paraneters. For exanple, this code may identify a table, kept in a

separ at e wetoalos®es that |ists all of the process paranet @C3/zasi1d4he
associ ated value ranges that were nonitored while the batch of |enses were
manufactured.. 15 In this way, the device history record itself does not

have to | j.s r t t hei rmwa i ; The devi

. AF €1 rr RS SOGh Af Slkry 3 448 1 &N\AeSs The device

hi storyérdebcsé?é#qﬁglmﬁ@er, réilssclegﬁenltdlﬁ'fy one, s%ns, or ﬁfllof thegée

par anet eficgyr asweldy@Ess tdieicodbressori alatbhadaicldangesiatbat with the

above- nent.ioned, reference code, the device hi st%r% rep rd does not have
(S

to |ist A1 PR HEI[ LU thefFtR AT W36 C t may be
noted, thes faed 4 hadet Miscdecid Hdsicacidi o6 es thaie t he monitored
paranmeters were all within 25 their associated ranges during the
manubactagripupenutesse housemye dier ban ot et Heachee ¥ c&hi story record
may incluyde data itens abaut the | e cture in addition
to the ébetliweoﬁren%elro‘ﬁeel&c”r e%j%preerh%le ode. ol(rjf #1:1}2 %ln%gné&{l e device history
record mptrdifdalended®f 364 rEtithers 5 hel gat €l bistmentdactiwe e, and ot her
information. Figure 5is an illustrated overvi ew&;ie%gref rred

el ect r oicl AT HY St OF VS ¥R LARPHHHRIACTF B VIEF 631 437966

PCT/ USO:%H&)%W%PSQ/&%Q&AO for system 10. The subsystem 140 incl udes
four main types of conponents: database 142, a data collection application
14410a data transfer application 146 and a user interface application 150.
These

The data collection application 144 is provided to work
with the specific model of manufacturing machine used on
the production lines. It collects data on the processing
and status of the product for the device history record
15 as the product moves through each stage of the
manufacturing process. Preferably, each production
machine is assigned a dedicated copy of the data
collection application, configured and housed on the
client PC attached to the machine itself. This data
20 collection application 144 works in tandem with the
human-machine interface 152 that provides system
monitoring and operational and troubleshooting
capabilities for that machine. Each data collection
application 144 is accompanied by a local database 154
25 used to store data temporarily, in the event of a loss of
connectivity with the network. This backup capability
prevents data loss and minimizes machine downtime. Data
stored to the temporary database 154 is uploaded to the
network database 142 upon reconnection to the network.
30
The data transfer application 146, which is preferably

housed on the network servers, provides the system 140 an

15



5 conponents are housed either on client machines or on network servers,
depending on their function and interface needs, and Figure 5 al so

i1l ustratwe 03087966 el ati onshi ps of system conponents acros®calisesto4nnchi nes
and network servers. 10 The data collection application 144 is provided to
work wth the specific nodel of manufacturing machine used on the

production line Progcessi N-o@nd; st atyg of the
pr oduct %%{(}:re]{%eéedetjvcig c%%%é%?y%ﬁ%@% i1§5%3as afor%e produ%t n%)véés t hrough each
st age ofditdterimmidmacséypetians pr dgaski chrisfrerbbd ypregehalptyduct i on  nmachi ne

is assigned a dedicated co of, the data, collection application,
confi gur@?%%d’(ﬂs@&o‘ﬂ%%ﬁ%n HHEHTVBE 1T ac Eﬂv?%%%gg%%%?%% itself.
Thi s dat@-2Q Lol dSeLhan @%il + CRHirh® Nt ehdls POF KBndy Nt £ @nekest WoR4L t he

human- machi ne interface t hat provides system nonitoring and
oper &t i clatia abredubl destpotha@atdprds 1142 csofore tfa®1H8Ehi ne. Each data

collectig application 144 is acconpanied by a | ocal database 154 25 used
53 b0

to store Sr%‘?rf‘?y, in the event of a loss of connectivity with the

networ k. This backup capability prevents data |oss and m nim zes nmachi ne
downtine. Data stored to the tenporary database 154 is | oaded to the
net wor k et dbiRe YaBeTiRTe r 1 0 the lﬁ%?é;o?‘%.e%ggrrﬂ% Eg?a t ransf er

appl i caty on AAQ, dbELhishdd %frrﬁﬁhé/?erﬁ&&'@eﬁbﬁntlﬁ@eré@é&\@é koservers,
provi des the system 140 an 15 WD 037087966 PCT/ US03/ 10401
10 lenses from Manufacturing to Distribution, by ensuring
that the data meets quality criteria. For example,
sterilizer run records for a batch must be reviewed prior
to the release of the product of Distribution. Until all
sterilizer run records for the batch have been reviewed
15 to confirm to an acceptable status, the batch cannot be
released. These workflow management capabilities
minimize the dependency upon physical records that
existed in the previous, manual process. As physical
records can be time-consuming and prone to human error,
20 automating the process improves the accessibility,
maintainability and accuracy of live data generated in
the course of the manufacturing process. Features within
these applications 150 interface with external data
systems that record data from the inspection and testing
25 of product, to enable the eDHR/PR system to provide a
“one-stop-shopping” visibility solution to expedite

product release.

In accordance with another feature of system 10, a
30 procedure is provided to preserve the integrity of data
recorded during or relating to the manufacture process.

In particular, this procedure may be used to prevent the

16



interface to external systens 156 such as accounting and distribution
systens. Application 146 preferably operates w thout human intervention,
driven byweuwswsitbe process-defined algorithnms transferri mgTtusasis@eti onal 5
data stored within the database 142 to the desired external systens. The
user interface application 150 is used to enforce the workflow established

by_managermen). £l he. el ease o, 10 Lensse dxem dbpu ey ing 1o

Di stribution, by ensuring a neets quality criteria. For
exanpl e infSheiriddZ esn rile recatus: for datetbade mustk ey reabbkeed prior to the

rel ease of the product of Distribution. Until all terilizer run records
for the QSRR Hare AR IV i CRERF K] 0~ LI IFHT t & aﬁ“a%ccé?ﬁl;ﬁ?e status, the

Geat
bat ch cappel Bem:e) ASAthadNass 0! KilOW.SBnageTela CAASRI dévies M nimi ze
the dependency upon physical records that existed in the previous, manual
pr ocess hiss qphy stesprdecords e Peedowet doke ubi niespenpe obe €ehuman

error, 20 automating the Qcess_ i nprove he i bl iLy,

mai nt ai PSS Snd® c%{f‘:r%eg]{/l%?élel\’/eeq& at as%ée]ﬁe?}g%@gﬁ?h 1£1%“ILﬁéeé{course of the
manuf ac tyyd U P eSven e aldlf esnaiddd nwhéheser appydeal | onsardpénént er f ace
with external data systens that record data fromthe i nsgecti on_and

t esti ng 2B HIPrdAERIUP 1A el t 1A B PRI LT AT TS PROVERR AF
" one- st qp; Shanpi 9", V%?‘i’ Plidornpl utd %f&%%&@fi@é@dum rel ease. In

accordance wth anotJh eature of system 10, a 30 procedure is provided to
preser veddm ey i syclhfaslalter coordieteter i oy ary ref athagdavat he

MRNUf actur e b ogess, AN PAr CULALy  thiss. PLOPPALY €, FRYobesUsgd to prevent
access or to alter data in the shadow table is limited
and controlled so that this data can be relied upon to
get a complete picture of an instance of the device

15  history record.

More specifically, data from a device history record can
be copied into the shadow table by using the custom
trigger functionality built into commercially available

20 relational database management systems (DBSM), such as
Oracle 8i, at the data definition language (DDL) level.
Oracle 8i, for example, may be deployed on a commercially
available Sun E5000 Enterprise server running a Solaris
version 5.6 operating system.

25
Triggers are explicitly written by a programmer to
accomplish a desired task upon the occurrence of some
specific event in the DBMS. For example, a custom
written, mandatory trigger may be executed every time a

30 record is inserted, updated, or deleted on any of the
tables related to the DHR. The trigger makes a copy of
the data into the shadow table that has the same fields

17



16 WO 03/087966 PCT/ US03/10401 inadvertent or intentional |oss of data due
to user influences on the production database working tables. Generally,
and with wefoanemee to Figure 6, this can be done form ng &CThadyw4dabl e,
and copying data fromdevice 5 history records into the shadow table in
response to the occurrence of predefined events. For exanple, these

predefined . events Jmy i de enever rgﬁ_g%ec ts¢ de a group
of identi¥i% iwr?d‘?]vi &ua%gg%c’cea\gges \(;lnea%pylt e (?Le?/ﬁace i story records to
per f or myy=edefdmiesh 1 Quaperiat inerksing udle asraldartiom deldta, on any of the

data in the device history recaord. The ability of .users t access or to
al ter dzﬁeog‘-}eﬁlct%é“g%‘bv@q]%b?}? itsrarrﬁﬁctte]oon'andﬁi:eorﬁl?aocﬁ"édtacsl%l?%at this data

can be rgld %é@p%ltl\}g t I P Ai® DistdFSrdindn dnsdéarme of the device
15 history record. re specifically, data froma device history record can

be cbpi ebdiftiekile Izhadvwus#y e by using the custom trigger functionality
built into commercially avail able 20 rel ati onal database managenent systens
(DBSM), such as Oacle 8i, at the data definition | anguage (DDL) | evel.

Oracl e 8ihe ft Bx8®| famirads thes e ayed e cotbmeseralwlyo aad | abl e Sun
E5000 Enterprise server running a Solaris _ versi 06805.6 pperating system 25
Tri gger PAHWIDIREPEFGE M i TETDHYER td?%g?lk?'ﬁ%‘é"i’ t3PLeR cbrptish a desired

task upqp e QECUiLANCe OfS0M®, . SPAGLd | Coyeed i hendBMSaber exanpl e,
a custom™ witten, nandatory tri‘gger nmay be executed every tine a
10 tables can be relied on to get a complete picture of an
instance of the DHR data at any point in time. Since the
DHR reports are based on the data in the shadow tables,

we have assurance that the DHR is reliable.

15 In the case of an insert or update against a working
table, the ﬁrigger preferably inserts a complete copy of
the record being inserted or updated into the shadow
table, along with an appropriate designation such as, for
example, an “I” for imnsert, or a “U” for update, the user

20 id and a sequence number. This results in the last
record (that is, the latest in time before the insert or
update) for the item in the working table being the same
information as the matching record in the shadow table.
If a record is deleted from the working table, the data

25 are still available in the shadow table. However, the
data in the working table will not contain the rows
deleted. The shadow table will contain a copy of the
record just prior to the delete, along with, for example,
a “D” for delete, the user id and a sequence number.

30 Figure 7 shows software code for one suitable trigger

that may be used to make and manage a shadow table.

18



30 record is inserted, updated, or deleted on any of the tables related to
the DHR. The trigger makes a copy of the data into the shadow tabl e that
has the saopm3fs®bels 17 WO 03/ 087966 PCT/ US03/10401 as tRreTmsokieglt abl e,
as well as fields for the type of transaction, user id naking the
transaction and a sequence nunber for the transaction. The shadow tabl es

are view.nhy,tao.t liss,ercat?‘ln%et WSS Y e i8Ry fmasltd 1 abl e by the

am
user. The database mnistrators are the only users who have password
pr ot ect edaaeeess ity .t he shadow tables in an update or delete capacity.
Thus, the data in the shadow 10 tables can be relied on to get a conplete
picture of "an instance of the DHR data at any point in tinme. Since the

DHR r epar i3, 3k hagad ond hedaa ddr ddhe nghadew doad esith wWeehiaee assurance

that the DHR 1s reliable. 157In the case of an insert or update against a
wor k¥ ng hitsddoiny, newondd qferchs divarealsiipqussad SRS gt GRSVt the

record being . d.nserted or .upd sl §Pga_- hl.e,.al ong with an
appropriwélttglg gléquugrneatZlid'or‘{v hsllf(%h%té%,%aflglr Ocog@ganp e,q}%\gry &xﬁf}{:?r%%l insert, or a"U
for updatEore iuser 2@ iwd AN wieauenee mnteer tyfes, reSudsida the | ast
record (that is, the |atest, in tinme before the insert or , update) for the
i tem i n HEHE QR KISRPESDI @&ThE IS Lo ettt “é?stjt%g' mat chi ng

record i d he shadow habl 6, i refmd isbdlrl el fnsun tie, wor ki ng tabl e,

the data 25 are still available in the shadow table. However, the data in
t hel@wor Riarey 2t ahibant [df roitgrcidhitcant ey arddeslel étad. 1rFHeastadow tabl e wil |

Containétéxgﬁgégwtgg%le readily provides the DHR data on demand.
The risk of loss or change of important data in the
device history record is greatly reduced in that an
intentional or inadvertent influence on the data could

15 occur only by the database administrators. Developers
and analysts cannot get at these shadow tables directly.
All transactions record the user id and type of
transaction along with the transaction so that there is
traceability of who made what types of changes. Since

20 the DHR report is based on these shadow tables, there is
a very high level of confidence in the reports based on
the data. The shadow table gives a reliable, traceable
repository of DHR data that also provides a data analysis
trouble shooting tool when we have occasional errors in

25 the process.

While it is apparent that the invention herein disclosed

is well calculated to fulfill the objects stated above,

it will be appreciated that numerous modifications and
30 embodiments may be devised by those skilled in the art,

and it is intended that the appended claims cover all
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record just prior to the delete, along wth, for exanple, a "D' for

del ete, the user id and a sequence nunber. 30 Figure 7 shows software code
for one swbtoaloBm™6é ri gger that may be used to make and mamregassas/sizadow
table. 18 WO 03/087966 PCT/ US03/ 10401 Simlar triggers can be used on

ot her tables for traceability. A shadow table, it my be noted, may be
used wi th cclile\ﬁ{o%ﬁfﬁ.%aml %%ﬁ] Aeddie dype di sgussed @hove in
connect i-on t igure 4, contain conparatively mnimal information,

and wi t krpreedpausit emdtdwerpd yp%st;heofpmrde ithiesttorgn r ecor ds, whi ch
contain nmuch nore information. The use of a shadow table, in t he
above-descri bed way, 10 has a nunber of significant advantages. For

i nstance, the shadow table readily provides the DHR data on dermand. The
risk of loss or change of inportant data in the device history record is
greatly reduced in that an intentional or inadvertent influence on the
data could 15 occur only by the database adm nistrators. Devel opers and
anal ysts cannot get at these shadow tables directly. Al transactions
record the user id and type of transaction along with the transaction so
that there is traceability of who made what types of changes. Since 20 the
DHR report is based on these shadow tables, there is a very high | evel of
confidence in the reports based on the data. The shadow table gives a
reliable, traceable repository of DHR data that also provides a data

anal ysis trouble shooting tool when we have occasional errors in 25 the
process.
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Wiile it is apparent that the invention herein disclosed is well
calculated to fulfill the objects stated above, it wll be appreciated

t hat nunmewows/osmeé f i cati ons and 30 enbodi nents may be devipsadiSby1a4hpse
skilled in the art, and it is intended that the appended clains cover all
19 WO 03/087966 PCT/ US03/10401 such nodifications and enbodi nents as fall

W thin g&%&i@w spirit and scope of the present invention. 20 WO 03/087966
PCT/ USO 1 CLAIMS: 1. A nethod of recording data nonitored during the
manuf acture of nol ded ophthal mc | enses, the nmethod 5 conprising the steps

of : identifying a set of process parameters,used. in said nufacture; for
each of lt-he pﬁd%@?%é?%r%%‘?’é&‘?%e‘ﬁﬁt’r?y‘fl%lté?lre%s@%ﬁﬁ?eﬁﬂgal ue range; 10

moni t or ir%gl%ﬁe td1e RIICKRS SHIARIRLRY SLHHd g tisaidetmawf acture; if,
during the manufacture of one of the ophthalmc |enses, one of said

process cuanaristiers tisved-ana sifte the associated range, then rejecting the
o ont e ORI A, ARl sy sl slide
associ aeghymigaird;hen identifying said one of the |enses as acceptable,
and making a fqaer\/iecaechzoofhi’f:sl‘}eorpy:rorceecsosr dpalcroegmesi?eigs ,OniedeC)IIltJI_P}§illlgena'.sr?s, said
associated value range;
10 monitoring each of the process parameters during
sald manufacture;
if, during the manufacture of one of the ophthalmic
lenses, one of said process parameters moves outside
the associated range, then rejecting the one of the
15 lenses; and
if, during the manufacture of one of the ophthalmic
lenses, all of the process parameters stay within
their associated range, then identifying said one of
the lenses as acceptable, and making a device
20 history record for said one of the lenses, said

device history record including a reference code for

identifying the set of process parameters.

2. A method according to Claim 1, wherein the step of
25 making the device history record includes the step of
making device history records only for lenses identified

as acceptable.

3. A method according to Claim 2, wherein the step of
30 making the device history record includes the further
step of including in said record the time said one of the

lenses was manufactured.
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device history record including a reference code for identifying the set
of process paraneters. 2. A nethod according to Claim1, wherein the step
of 25 nmewDrig/0819e6 devi ce history record includes the stepPefl/usostki4ng devi ce
hi story records only for lenses identified as acceptable. 3. A nethod
according to Claim?2, wherein the step of 30 nmaking the device history
record includes the further step of including in said record the tine said
one of the |enses was manufactured. 21 WO 03/087966 PCT/US03/10401 4. A
met hod agcor dingetbodl atcoidinbetei @lahm 3t ephefeinakhagsthe dévice history
record inclyudes the step of, neking the. device history record for one of
the | ens@3KENQf (e @%Yﬂg%n%l%?°¥%eg?ﬁﬂ§§lengﬁ%ﬁt%g?eﬁ£§§ SCceptable. 5.
A met hod,aeces diRg §ovEai mdeofyr thesraonpri sh8Joft BReSBASEE printing
each device history record on a single sheet of paper. 10 6. A nethod

accobdi ngfter Chaldh eanewhtr eha teesesphehafaneifépdedsapechhaPaBtured at a
defined site, and acceptable |enses are shipped fromsaid site, and
wherein the nmaking step includes the steps of making the device 15 history
record fer eashmathept abtertiens bef oiLeaimhe,| funsthés shinppédifigom the site.

7. A nmethod according to Claimé6 né/ner,ein t he naking teg i ncl udes the
step of ,tB¢ Pe2RtOprPHIREOEhEAERNESVE6°| BAEEST Y  £° ﬁrép fromthe site,

maki ng deyvigeehigtotyoteggpds.only for lenses identified as acceptable.
10
6. A method according to Claim 1, wherein the
ophthalmic lenses are manufactured at a defined site, and
acceptable lenses are shipped from said site, and wherein
the making step includes the steps of making the device
15  history record for each acceptable lens before the lens

is shipped from the site.

7. A method according to Claim 6, wherein the making
step includes the step of, at least prior to the time
20 lenses are shipped from the site, making device history

records only for lenses identified as acceptable.

8. A method according to Claim 1, wherein the device
history record does not have any recorded values for any

25 of the process parameters.

9. A method according to Claim 1, wherein the device
history records include data items, and further
comprising the steps of:

30 forming a shadow table; and
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8. A nmethod according to Claim1, wherein the device history record does
not have any recorded values for any 25 of the process paraneters. 9. A
nmet hod acworodiosyeé 0 Cl aim 1, wherein the device history rexarsdyii4nc| ude
data itens, and further conprising the steps of: 30 form ng a shadow

table; and 22 WD 03/087966 PCT/US03/10401 copying into the shadow table

data itens fromiie deylee i sholdod RLMIds ddtd G3805 ik ti oCcur r ence of

pr edet er m ne od according to Claim9, wherein said

pr edet erdaivied: évientoaryi melqmd:eimhene:@pcarqﬁort@ adre sEEIOMRNC®fof he devi ce

hi story records t.0 perforrpany of a group of predefined operations on the
data it REAGFEHRShEE S he device history records. 10 11. A method
according to CI aim 10, further conprising the steps of, whenever any
person accesses one of the device history records to performa gi ven
operati ¢ .on A tred bt a?quth‘ﬁéslﬂgn t@l@%ﬂﬁfé %f Nearedavi e dhi st ory records, 15

placi ng AN 4Ne shadow JAbg, a(Plalenas ild Y ks 884 doer son, - and

a reference designation i yi ng t g| ven peration. 12 A method
accor di rF tthelavce) Higtddwer m*qxrdmtrcg peX¥ dathe a’t}epabfa pyEMENt i ng anyone

not in said grou identified individuals fromchanging any data in the
shadow t%l%edfsfplr)@drré%ﬂ‘?d%ﬁ BB fthg D B m 1S f:'d(?t%aejrcrtJ %1?1% ing

the device history records.
10
11. A method according to Claim 10, further comprising
the steps of, whenever any person accesses one of the
device history records to perform a given operation on
the data items in said one of the device history recoxds,
15 placing in the shadow table a reference code identifying
said person, and a reference designation identifying the

given operation.

12 A method according to Claim 10 further comprising
20 the step of preventing anyone not in said group of
identified individuals from changing any data in the

shadow table.

13. A method according to Claim 10, further comprising
25 the step of allowing only individuals said group to
change any data in the shadow table.

14. A method for recording data for ophthalmic lenses

manufactured in a molding process, the method comprising

30 the steps of:
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25 the step of allowng only individuals said group to change any data in
t he shadow table. 14. A nethod for recording data for ophthalmc | enses
manuf act uwed3iosr9as nol di ng process, the method conprising P8O/USa@1®OEPS Of :
23 WO 03/087966 PCT/US03/10401 identifying a set of process paraneters
used in said process; nonitoring each of the process paraneters during

said 5 _ manufacture; recordi S val esy of , the; goni tored
process lr%él;ta&n%{tlenri;a f%ctf ooﬁkm%@édeeéﬁg%ﬁn story recor snforl at | east sone of
the |ensessesssnch device history record including a series of data itens
for at | east one of the |lenses, said data itens including at | east sonme of

the recorded values for the process paraneters used during the manufacture
of 15 S%d}li%ﬂ{g the s aesie d:808 09 gashadawd abheingnga£@pying into the
shadow table data itens fromdevice 20 history records in response to the
occubr emprwfactprsdef i ned events. 15. A nethod according to C aim 14,
wherein said predeterm ned events include whenever anyone accesses one 25
of the device history records to performany of a group of predefined

oper at i ghsciihe datiaddtesond vl wkonef dhe thenidevied birstesy records.

16. A method according to Caim15, further conprising 30 the step of,
wheneverPaRN$€?S0Nn accesses one of the

10 forming device history records for at least some of the
lenses, each device history record including a series of
data items for at least one of the lenses, said data
items including at least some of the recorded values for
the process parameters used during the manufacture of

15 said one of the lenses;
forming a shadow table; and

copying into the shadow table data items from device
20 history records in response to the occurrence of

predefined events.

15. A method according to Claim 14, wherein said

predetermined events include whenever anyone accesses one
25 of the device history records to perform any of a group

of predefined operations on the data items in said one of

the device history records.

16. A method according to Claim 15, further comprising
30 the step of, whenever any person accesses one of the
device history records to perform a given operation on

the data items in said one of the device history records,
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device history records to performa given operation on the data itens in
said one of the device history records, 24 WO 03/087966 PCT/ US03/ 10401

pl aci ng iwotlhes®b@dow t abl e a reference code identifying Peaicsopenson, and
a reference designation identifying the given operation. 5 17. A method
according to Caim15, further conprising the steps of preventing anyone

not in i L gr i i 75 VA I i any data in
t he sha (}%q{lar&eg%rgl%égﬁagdnvgﬁ%ﬁdléagoﬂf |n%értgi(‘)@0é%(ijéfno%%g?ﬂr %g? conpri si ng
t he stemaifd gddmwmg sond \a | relf arahusd désige iqr oudenpi fyhangehany data in
the shadow table. 19. A nethod according to Caim 14, wherein said 15

pr edet erFiiEl RAHAS el ude whenever anyone outside of a group of
identified individuals accesses one of the device history records to
perform any of a group of redefined operations on the data itens in said
one bf lhe db\ﬁil%fgﬁQﬂ A FEeDrive . Chplmol5 A Syster f ePTPEESEATng dat a

moni t or ﬁ:%edusrt'!en t&":e QM@%%O#r&i%nmg@%ﬁpgtMﬁgdl§P§\§§1okhe system
conpri sing: nomitors o noni e of "a set of process™ 25 paraneters
duri ng siaiehtwhigdacingieriddl @ oot rahasyhsy sdem dacd uthnghé) rej ect neans
to reject any one of the lenses if, during the manufacture of said one of
the le oW e sai d process parameters noves

10 18. A method according to Claim 15, further comprising
the step of allowing only individuals in said group to

change any data in the shadow table.

19. A method according to Claim 14, wherein said
15 predetermined events include whenever anyone outside of a
group of identified individuals accesses one of the
device history records to perform any of a group of
predefined operations on the data items in said one of
the device history records.
20
20. A system for recording data monitored during the
manufacture of molded ophthalmic lenses, the system
comprising:
monitors to monitor each of a set of process
25 parameters during said manufacture; and
a control subsystem including
i) reject means to reject any one of the lenses
if, during the manufacture of said one of the
lenses, one of said process parameters moves
30 outside an associated value range, and
ii) a device history record means to make a

device history record for each one of the
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30 outside an associ ated value range, and ii) a device history record neans
to make a device history record for each one of the 25 WD 03/087966
PCT/ US03/wW0400879b€nses if, during the manufacture of sai dremaSodiosbhe
| enses, all of the process paraneters stay w thin associated ranges, said
device history record including a reference code for 5 identifying the set

of process paraneters - 100 O 3 m205 yherein the
record means nakelsendgeevsl éﬁhﬁ%ﬁﬁﬁﬁﬁ%{sﬂ%ﬁ for (?fenses identified as
acceptable. 10 22.0fA Systiensecorai hgf ccid gppmddss weranetehe record

nmeans records in the devjcge history. record the tine. said ,one of the | enses
diatrd ev

was nanuf act ur ed. SR IR AR Rk KOk i¥ Wherein the record

means nakes the dewiGe A st@idrd ecs thd g eacke Bsceptabtede |l £os after the
lens is identified as acceptable. 24. A system according to C aim 20,

wher 8i n t he recor didett oy prthatseleaeh wexces Pa3TIR§LEERord on a single
sheet of paper. 25. A system according to Caim 20, wherein the
ophthalmc | enses are manufactured at a defined site, and 25 acceptable

| enses are, shi ppet do e sading tee @inEs piwhéhein ecioe draeand nakes the

device history record for each acceptable Ilgfs ggf Oi\?eﬂét he lens is shipped
from t heneane makes JeElRe did JedBY dF PP @t n 28T TePn, at least 30

prior todde iinm; | a0ses g5k pped fromthe site, the
10
22. A system according to Claim 20, wherein the record
means records in the device history record the time said

one of the lenses was manufactured.

15 23. A system according to Claim 21, wherein the record
means makes the device history record for each acceptable

lens after the lens is identified as acceptable.

24. A system according to Claim 20, wherein the record
20 means prints each device history record on a single sheet

of paper.

25. A system according to Claim 20, wherein the

ophthalmic lenses are manufactured at a defined sife, and
25 acceptable lenses are shipped from said site, and wherein

the record means makes the device history record for each

acceptable lens before the lens is shipped from the site.

26. A system according to Claim 25, wherein, at least
30 prior to the time lenses are shipped from the site, the
record means makes the device history records only for

lenses identified as acceptable.
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record neans makes the device history records only for Ilenses identified
as acceptable., 26 WO 03/087966 PCT/ US03/10401 27. A systemaccording to
Cl ai m 20, watvagione t he device history record does not havecarssos/emor ded
val ues for any of the process paranmeters. 5 28. A system according to
Claim 20, wherein the device history records include data itens, and
further conprising: nmenory nmean having a shadow table; and 10 processor
means for copying into the shadow table data itens from device history
records 2. r & poRSEeth Oatberd baguts edteinf 2 @r ede¢eeimnedeedenise 29. A

system according to C aim 28, wherein said 15 @rgdetfrningd events include
wheneverhkslydne EReeEd ed0BRe b PETR oY TREATSEDr VA BESr 48%t 3 ¥er f or m any

of a groyp vipf predetingd.-operations on the data items in said one of the
device history records.” 20 30. A system according to C aim 29, wherein,

whenéver any person accesses one of the device history records to perform

! | coesses one of the records |
ecor a5, “Ehe br OLBCED HERRE PHacRec T pe NGB Tabls SoFofSrence code

i dent i f yh g 58 dr@BopeE SONcRide adseh ef ease, desdgfatrthari dentifying the
given operation. 31. A systemaccording to Claim28, wherein the
pr ocessofCHRERS1I I event s anyone not in a defined group of 30 identified

I ndi vi dual § fi99 GRANOING, 2R AahRddy thele; and
10 processor means for copying into the shadow table data
items from device history records in response to the

occurrence of predetermined events.

29. A system according to Claim 28, wherein said

15 predetermined events include whenever anyone accesses one
of the device history records to perform any of a group
of predefined operations on the data items in said one of

the device history records.

20 30. A system according to Claim 29, wherein, whenever
any person accesses one of the device history records to
perform a given operation on the data items in said one
of the device history records, the processor means places
in the shadow table a reference code identifying said

25 person and a reference designation identifying the given

operation.

31. A system according to Claim 28, wherein the
processor meansg prevents anyone not in a defined group of
30 identified individuals from changing any data in the

shadow table.
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shadow table. 27 WD 03/087966 PCT/US03/10401 32. A system according to

Cl aim 28, wherein the processor neans allows only individuals in a defined
group of wodBws™e@l s to change any data in the shadow t alpica/uses/ago1 A
system for recording data for ophthalmc | enses mnmanufactured in a nolding
process, the method conprising the steps of: 10 nonitors for nonitoring

each of set, of nraces er Ul i i ture; recording
means for T e@ors&fsﬁcge%ta(?%%]g?{@gﬁéeo v(zjlaglg{; io]E?’ m&%ﬂﬁ%ed process

par anet ehrsiceks e e di s bws redor dimeavisdials fon na ndetievéde history
records for at |east, some of the Iensesé ea(%:gi devi c hi st(lgfr% record

i ncl udi FFAR @S NGFVIEHALT tenCHBITR Y Y2 otfe bFe t e Rhses, said data
itens inclyyding at 20 | east sone of the recorded values for the process
paranmeters used during the manufacture of said one of the |I|enses; nenory
means form ng a shadow table; and 25 processor neans for copying into the

shadow table data _ ite from. devi ce. hi st i se to the

occurrerice of® predetT nlg(glr eﬁee%?rs(fl% %%}JfasAPé%s %r?n%%?z%%gl %%??%QCI ai m 33,

wher ei n g3l a preded ermi Hetb Byant ordedsle vienesehodanyoner astegses one
the steps of:

10 monitors for monitoring each of a set of process

parameters during said manufacture;

recording means for recording at least some values of the
monitored process parameters;

15
device history record means for forming device history
records for at least some of the lenses, each device
history record including a series of data items for at
least one of the lenses, said data itemg including at

20 least some of the recorded values for the process
parameters used during the manufacture of said one of the

lenses;

memory means forming a shadow table; and

25
processor means for copying into the shadow table data
items from device history records in response to the

occurrence of predefined events.
30 34. A system according to Claim 33, wherein said

predetermined events include whenever anyone accesses one
i

of the device history records to perform any of a group
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of the device history records to performany of a group 28 WO 03/ 087966
PCT/ US03/ 10401 of predefined operations on the data itens in said one of
t he devi cwolB®s™sy records. 35. A system according to C aiParazsps/wer ei n,
whenever 5 any person accesses one of the device history records to
performa given operation on the data itens in said one of the device

niStory £eGudhe bher processar, Rans Bl anas, khbershadow sabl o o

0 fined ; ;
ref erenc ode T dent] f i ng sai person, and a reference designhation
i denti f ydHRg dehei @i einst dby operatdson. 36. A system according to d ai m 34,
wherein the processor neans prevents anyone not in a defined group of
identified individuals fromchanging any data in the 15 shadow table. 37. A

system aGeor gi Ng, 10l £k 3 n &S & Tk €34 Prpcesson, MEadiseadtows only
individuals in a defined group of individuals to change qgg data in the
shadbw a2 tratsnn 38:coesystem el ol e e al 9§ 3Ry Fher®in 5aid

predeterm ned events include whenever y out i €, of L g 95up of
i dent i f RS 5T VA il S el Hnd o @h@%% idl&ew!(;:el i fory records to
perfor manyerd e @ithDétopy eceddnds, opies aprodssoor theadatplatess in said
one of the device historf records. 29 , e .

in the shadow table a reference code identifying said

person, and a reference designation identifying the given

10 operation.

36. A system according to Claim 34, wherein the
processor means prevents anyone not in a defined group of
identified individuals from changing any data in the

15 shadow table.

37. A system according to Claim 34, wherein the
processor means allows only individuals in a defined
group of individuals to change any data in the shadow

20 table.

38. A system according to Claim 33, wherein said
predetermined events include whenever anyone outside of a
group of identified individuals accesses one of the

25 device history records to perform any of a group of
predefined operations on the data items in said one of

the device history records.
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