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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 lensges.

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
disclosed 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 batch, 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.
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and packaged for consumer use. 35 12 Cctober 2006 WD 03/087966

PCT/ US03/ 10401 In this process, the nold sections and the | els@stoaerc2006
transported through a nunber of stations or zones. For instance, the
processing systemmay include filling, pre- curing, polynerizing,

de-nol di ng, and hydration stations. 5 In order to be sure that the

manuf act ur edwh@ssess ar e sui tabl e, various paraneters nyé},gggﬂ i ntai ned
within given ranges at each of these stations; and, accordingly, these

paranmeters are carefully nonitored at the stations. 10 The nunber of

moni t ored Py AxFL el PeLANCLE Laidtns S0 QI 18XAPIGe (Nree To el ght

par anet er s ‘imay moni ed at each station. , Wi th previous systens,
all of theseapapanet®tirengle a svvbeedfsstahianey oxorphast.e Fhrstory of the

pr ocessi ng i@%&%ﬁ@éer&e Poldddlh egy%?e‘i’r\ én?ga%?di'#@@' ?iiﬂ:%gg‘éﬁw-_ manuf act ur ed

| ens. Because the 1 rge nunbe ~lenses that are 2" using these
procedur es cawvdnpeceelsmepizing Hargel Hungbeandfhydyationr etatparaneters, this

resul ted i AR GXE rBLY shAl 4Radat ARG radiQlrdd"$LANGE ax@ fUll print-out of
the process paranmeters 20 recorded while a single batch of | enses was nade

m ght be tsWéabbagdBrieng, PaaRachbeed mIse kouadatatined ye&hin5000 bat ches of

| enses may & eHBOMIAG HECh O 02 ENSIEBrat fbiSs; Re8Ul d&daiag1ghor nous anmount
of data, which is expensive to organize and to store. Moreover, governnent

25 regul at it1¥8er BYEATSE ST R AT CRAPE o pynbtoresc Rt dBYE cEathPR¥ory record be
provi ded for each batch of |enses when the batch is shipped fromthe

manuf acturing site. Again,, because of the |arge nunber of |enses nade and
becausetlof The number of monitored parameters can be quite large,

and for example, three to eight parameters may be
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 coufse 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 I ens and matching that paper work wth the | ens can belXQpebai2086 ti ne
consunm ng and also can significantly delay rel ease of the product. 2 12

Oct ober 2006 WO 03/087966 PCT/ US03/10401 in addition, because of the.
significance of data recorded during the lens fabrication process, it is

i nportant towoRskMsiRt the inadvertent or intentional lo ration 5 of
data. Heretofore, loss of data is usually solved with iédﬂéméﬂf@el

i npl emented by using the built in functionality of the database managenent
system A problemw th this approach, in the case of conventional data
base managenent systens, is that the audit trail 10 includes only the type
of transactIrorad(diih'S@Lt beapdaeeof thel eimiifichmree aif]l dabdfesogdedt he tinme stanp

of the d]trrgaclg I 0 Thi s audit
trail does no% %%n&lq %Eﬁjf%?rag—‘rmhn ' fgtggrhba'Lsstrlal gﬁ%‘t%%f @?he dat a
af f ect ed. Tmegreetmﬂnmmslveh*ee% oafbltmecrgrleflaleﬂmﬂ9rba%@ra@nox1h| s data to

provi de & te f t n ation
P ocess. . ERRARY B R T ROE o 30 An- o e o TR Fivint i on is to

i nmpr ove pr owedifr bsatly impdewertiaty byhesingnghadtuiritngnhi st ori es of nol ded

opht hal m ¢ kgRR8SnaPh ARt PRL &&Ha%ﬁée Qrfanfagém@ﬁ@%%@"ceinm%t' onis to define a
reduced set of paraneters that wl rovi ful'l history_of the

manuf act ur eP¥AP1ABI Weleh 6ﬁhﬁhapﬁ>ﬁq9qhen§ésthe cage of conventional

data base management systems, is that the audit trail

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 BAnother 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 this invention is to take advantage
30 of automated data collection capabilities to expedite
more rapid release of molded ophthalmic lenses without

sacrificing quality.



A further object of this invention is to take advantage 30 of automated data
collection capabilities to expedite nore rapid release of nidd Qedba@dhal m c
| enses without sacrificing quality. 3 12 Cctober 2006 WO 03/087966

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
production dgihabasseworking tables. 5 A further object %T&Igbgll‘?&venti on is
to use the custom trigger functionality built into conmercrally avail abl e
rel ati onal dat abase nanagenent systens, to make a copy of certain data into
a second, o hadow. . t abl en .certain .predetermned events occur. 10
These and oé‘h%%he’ébj%e%"ﬁ%vé’? %\{?%S aJT%t glltlﬁleodl vﬁgt ﬁga{g%e‘{%gdg%%d system f or
recordi ng datesivephetiored iduentiprighelosmmif detardieottonpseed opht hal mi ¢

| enses. Thi [ : i i.fylLpg a set of process 15
par anet ers ﬁrééggé??\geéa?chgryr%gﬁﬁfgﬁnhu?g?gﬁa%}m%#;?ﬁ%tﬁgyggésoci ated . val ue range
for each of the process paraneters, and nonitoring each of the process
paranet ess , durkg, the RNYE aGidIna i Ad2e 15ePAS8%ke khe Siong the

manuf acture of one of the ophthal mc | enses, one of the 20 process

par anet er s woigesTofingtdenahet vdnder aint® gamuerciddyeavahiewlehat lens is

rej ected. HoWeVebnal faatdhbo tnadlemSMNuhRCEHE e f BRe Qfcdpjeopphthal mc

| enses, all of the process paranmeters stay wthin their asSsociated ranges,
then that |estais dfentlintPed WRCOREc P APREOWantprRd e2BhaR\FegEahT st ory record

i's made forptdRtelfilfeq EReatddee.
10

These and other objectives are attained with a method and
system for recording data monitored during the
manufacture of molded ophthalmic lenses. This method
compriges 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 outgide the associated value
range, then that lens is rejected. However, 1if, during
the manufacture of one of the ophthalmic lenses, all of
the process parameters stay within their agsociated
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 I2aD¢teber 2806 kept
in a separate database, that lists all of the process paraneters, and the
associ ated val ue ranges, that were nonitored while the batch of | enses was
4 12 Cctober 2006 WO 031087966 PCTI US03110401 manufactured. In this way,
the device higgiRhyedsecord itself does not have to |ist glg&g&llgﬁ{aneters or
their associated value ranges. The device history record nmay, 1t nay be
noted, identify one, sone or aII of these 5 paraneters, as well as their

associ at ed val %%ctugggs f%utth g Eeacpeql\{%engpé anegegg;éarence code, the

devi ce hlsFory Fecord doe not ha |'Tst "any hese paraneters or
t hei r val ueitsaidesioed umeit dbaseto rle-fsertwet @aasm%te;dwa@wﬂ:h@b:l e, may be used

to 10 prOtggéoéﬁy%ehnhggg E¥n§£??ggﬁfré%¥¥6%eﬂlgH£ QE08£d ating to, the

manuf act ur e process I n accordance wt th| s feature, a
shadow tabl &t iy b@rnetbd,anded*ai@ ptlermsdmeonrd@lll o Ithesory records are

copt ed 1! 0pLimetiadowed qRhe 59 0 ARIR0NSEAQL LR HROGGHELENGRLOf predef | ned

events. rPexanpl e. ese ined events may I nclude whenever anyone,
or anyone witths itde abg‘r%mnéfwlil%ﬁar#?v‘-ﬁr@d:q g@fei diel sleséeesses the device

history recofd 4,9 REESA RS ﬁgt?fﬂa%dté?plefs%t bAPSor t34eh as alter or delete,
on the data in the device 20 history record. Al so, preferably, whenever any

person accRE¥EFStere efe\Aheérhvatus yareoHrd to performa given operation on
the data i natdatapege0rfhredr¥dl 48 dsSaPhidRy table, may be used to :

10 protect the integrity of data recorded 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
outgide a group of identified individuals accessges the
device history record to perform predefined operations,
gsuch 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 tRaOctpbersX6 A
shadow table may be used with device history records of the type di scussed
i mredi at el y above, which contains conparatively mniml information, as
well as with previous, or other, types of device history records, which
contain nmuch information. 5 12 COctober 2006 WD _03/ 087966
PCTI US03/ 104@%&?@&& benefits and advant ages of the iﬁggé{?qyé?fow |1 becone
apparent froma consideration of the followng detailed description, given

with reference to the _acconpanyi ng draw . Which specjfy and show
preferred STERHSH h@ﬂ?%ltcﬁ PR AYAEAPP OOt TR EFYBE4RR PHION OF THE DRAW NGS

Fi gure 1 i sbécdhicagppamait Erbnpa Ve@widérat icanbacthd eéadlodthgr oducti on |ine

i ncor porati the present inventjon. .Eiqure 2 is . a pl an view of a
pal | et that Q%’é%/ﬁﬁg HEET LREAOPheI Pt T TR ceoft%?zggre 1. 15 Figure 3

shows a conaeimphepsnguodrhwaagervhictusegedifyt hed ghrcadpeeferrdd ne of Figure 1.
Figure 4_is @f&.ow harg . homg&t%oﬁrocedure for making a device history
record for- FENSed“RuAutacttred T the 20 systemof Figure 1. Figure 5 is an
overview of a systemthat nmay be used to make the el ectronic device
hi stories fﬁgﬁﬁg@= o i {rikkustrates the use of a shadow table
in the ope 1. Figure 7 shows software code
that may be used to trigger

Figure 1 is a diagrammatic top view of a contact lens

10 production line incorporating the present inventiomn.

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 sfstem 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 12 Cctober 2006 WO 03/ 087966 PCT/ US03/ 10401 12 Quoker208dows a
| ens production line system 10 inplenenting a data recording procedure of
the present invention. Operational details of system 10 may be found in

U S. Patents 6,071, 440, 5,702,735 and 5, 555,504, the 5 disclosures of which

are incorpor §lgadudys’ ef erence herein. Generally, systeg.lfs &ﬁmfl ses
various contiguously located stations including injection no assenbly

stations 12 and 14 for manufacturing thernoplastic front and back curve

cont act Ienﬁ %Jpl d 1gh§‘ﬁ ctiong Egr%ﬁgggi&f glﬁée # Raratys 16 is provided for

transporting to ergnt % font Xurve sections at a tinme fromstation
12 to a pal imgle?@ntpusia idehedrextjrdéeatpragefirstofpaheepressmreyor 22, and

apparat us 24%&&58‘.” d%%trﬁfz%néf %]%?QH iéﬁg Bedf 19 E&Qg bag,qyr ve ol d

sections at atine in a pa |t| oned adj acent a second
pal | et convaydf.S30PaBemis fi P81, %rﬁ)d 58%%(73@411!1@5 566n9eyortde22 and 30 nmay be

partial Y eaElausdLp d Lty GUI9NCEACLATUNSLy Hebraggiionci ng appar at us 32

for situating a pa contai nin ont curve contact |lens nold sections
adj acent a perdiat. zgemlémwt&mcé@ respEhdengandeber of conpl ementary back

curve cont a@&né:.%ﬁéum dlo%%%&%b%t%ﬁs ﬁi@lﬁdilnéei%%%?gn%l'det conveyor 34 is
al so provided to enab ets to be conveyed alternately and

sequenti al I%ﬁ%@éya’s‘ﬁtﬂ@ﬁg grﬂi%ﬁdf%%ﬁﬁﬁ%@rﬁﬁon 36.

thermoplastic front and back curve contact lens mold

10 sections, 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 aiso 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.
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The filling/mold assenbly station 36 generally includes first, second and
third apparatuses 40, 42 and 44. First apparatus 40 is usedl2 OcbadXiob, in
a vacuum envi ronnent, 30 a polymerizabl e conpound (nonomer m xture) for
formng a contact lens in the concave portion of each front curve |ens
nmol d section in each pallet 20. 7 12 Cctober 2006 WD 03/ 087966

PCT/ 11503/ 104%;e86end apparatus 42 is provided for dep?’ﬁj‘rﬁjh{}ﬂmﬁ sur fact ant
al ong an annular rimportion of the front curve to facilitate e later

removal of the back curve 5 nold portion and the associ ated excess nononer
ring from the front curve nold section in a nold separation apparatus

| ocated downstream of the filling station 36. Third apparatus 44 is

provi ded fofemsserbparafushé2 imdirevdded foonteptsitwmg avl d assenblies, which
|'s done by 4Q.dlckhnd. £AENRAGKGULVEL] G5 TBL b4 R pallet 26 and  placing
it onto a correspondi ng associated front” curve 1ens no | ocated on carrier
pal | et 20 ieumare bri fmtiddtatentligueber oremoddi of o bypck afure t he back curves

are renpved f 0 p : I [ i.ng 15 ram
ssenbl ye ag s R i SHECEHe PGB aEe el MnhE ERI BCD 10, Gimal
back curve sheppgirpntorwveiporodd fentioneteigpmodf seprawtiéer of back curve |ens

ol d_sect i ofspa ol i HaRehl G0niRlAaAssLHeY s1th 120 T faldeets 20, now

cont ai ning conpl eted nold assenblies, exit the filling/mold assenbly
station 36 BHgdaprerastifetédialmeyitedviSrorsserlgng pRe- cure chanber 52. At

thi s chanbeinqithauaPNRAaCS0l&iid @B180MRIBedet N RACR I dbneaggenbly is
partial !LX Cgirc%cczllnlgntegclg b\gclstcggxs'veg%.le}llsltﬁoeld from pallet 26 and

placing it onto 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 |ensi2dgber 2M0oker
exiting the precure chanber 52, the pallets 30 containing the precured

| enses are transported along conveyor 50 to a polynerization station 54,
where the precured |enses contained in the individual nold 8 12 Cctober
2006 WD 03/087966 PCT/ US03/ 10401 assenblies are fully polynerized in W
ovens to for AW %€ont act | ens blank. Preferably, the FEHYEREHH pal | et
conveyor 50 is split into two conveyors 50a and 50b to enable a | onger
residence tine in the polynerization 5 chanber as the nold assenblies are
pol ymer i zedasqarbRéps afspdralvispermesizasednt BY drvaset tehEoxm &kel of a
predet erm n f | et Rl t Benia lies from
conveyor 50%%22%%? %lﬁgktmﬁegﬁsgg%g]sQagOa and C‘Ségb.aé?l%&gfter t he

pol ymer i zabf@veyrpodhdis SPéathinde tHe JRIAVEYCHES SOfbEREsS9s 8ol yneri zed to

form a contaeh,1leens1 b r@kiaddie POhYNBY kRl O mekathobp4, the pallets
travel through a denold buffer area 64, which provides tenperature 15

adj ust nent ¢lmbes APl thenyodfbrssesbdied i3t PREYRRKEFSD. THRUShSE] | et s t hen

travel al ong,s.Qvak &Rl NdedOUMBBLO the PagkereF Qf the system 20 that
i ncludes a nold separation apparatus 70. Here, the back curve lens nold

hal ves of BFRetsFEineS @vpPrehPelleks fortating $86aratdd from the 20 front

curve | ens galghibhabyes -dmd cBx bhecpaphesf zad teentasleyoens for

conveyance to a downstream hydration
50a and 50b.

10
After the polymerizable compound in each of the mold
asgemblies ig 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
asgembly 72. At the hydration assembly, the f£ront 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) so that each contact lens may be

hydrated prior to packaging. The transfer apparatus
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each conta

apparatus 9 12 Cctober 2006 WD 03/087966 PCT/ US03/ 10401 subsequently

After the denold process, pusher assenbly 74 pusﬂf

%t%p%r;’zto%%r es

20 onto a reciprocating transfer pallet apparatus
e pallets to the hydration assenbly 72. At the hydr

ation

the front curve |lens nold sections, now containing polynerized

enses therein, are sinultaneously renoved fromtheir 30 respective
d PYoAe8d%pn an appropriate hydrati on chanber PCTmsss/1@bmown) so t hat

ct lens may be hydrated prior to packagi ng. The transfer

returns theswmeigyepely atetubasktieo emptwegalﬂetaaoachMebecmvmy@her assenbly 80

transfers

in

the e t flrs pal onv or nyeyor 22,
turn, tran@%br %thgaﬁa%é %9§168 Tion 53?3%%%t1 nj ection nold

assenbl y 12pd](1ettechaov}e taa renvégairc B20f Cdnvepdr camr,ven| ewsi,nol d sections from
uction Line pal.l. O for carrying

? a?ie@s a%% € < %oa%gﬁorg.adigég&eferabl y, pallets 20

and 26 a¥e mnee:rtcharrgﬂablasssmbltmaﬂ to heacenmy aoconbedel efei t her front curve
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define the
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rf%%ntcgggggtleﬁ;ngffglégcggg ro%nﬁhégu% %gg tion line pallets

ne any sultable mater Suc

esire

as a n1 or stainless
h paIIet 20 al so contains a 15 plurality of recesses 82 for

\ B prB&ide 8h {LANa20d: bAFkCULYSIRLD hal ves that
SRS e pridieitt, Lo

I"'ens. Figure 3 shows one such

nol d

Aprsidomh icr atend Wpiﬁlhﬁlé(eﬁet%sséw&! bt Rigurepadl | et. The contact

P UFRAL DY, H-AGLBE AN and 26 are interchangeable so that

they may accommodate either front curve or back curve
contact lens mold halves, and the production line pallets
may be formed of any suitable material, such ag aluminum
or stainless steel. Each pallet 20 also contains a
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
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 £illing mold
assembly 36. Then, the back curve mold half 90 is placed
onto the polymerizable composition.

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 comntroller (PLC) and a plurality
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



eyt 70

20 amount of polynerizabl e conposition, generally on the or%ctgf)e
mlligranms, in each front curve nold half 86 seated wthin a pallet recess
at the filling nold assenbly 36. Then, the back curve nold half 90 is

pl aced onto the polynerizable conmposition. 25 Wth reference again to
Figure 1, the production line tracking and quality control systemincludes
a control sWOd§ai7esn 100, which nay i nclude a conputer SETES1@PT nore
programuabl e | ogic controller (PLC) and a plurality 30 of sensor devices.
These sensor devices generate process condition information at particul ar
stations ofcddioliachd igrypcBsdomperécengsdt tbythdeaddeputarrydingPLC, which 10 12

Cct ober 2006 1%’???‘%%3071‘9%@%%%9%&9%1FgggégﬁlS RQ@ processes perforned

to the pal I8 Ves or o enbl i 8s at the particul ar
stations. TémtiespectThee rEEfEqiriveeBb@ prudresses diheedeceivfegy mat i on and, when

appropriate ener at es n -ﬁpﬂl f CL.) ction, and/or
gener ates e%nr%rmh‘%rgsanfagd%%f i‘%&% at .%t’hgén%%rp%g %%H%]Oteigrventi on or
correcti®n signale fieededrethithacendodiandior cfersratemairax | ustrated in

Figure 1. A0.600bsol. SUBSKSLem00 {RIUES AlelaRblof oo PLCS and

associated circuitry an tware for "providing tracking and control of the
producti on ¢dnrecpadbh eraysypsteerded. first PLC 102a controls and tracks pallet
novenent from the injection nold stations up to and including the 15
filling/nold assenbly stations. A second PLC 102b provides quality control
of and tracks thel pepodimenspef tsystem 10 illustrated in Figure 1,

10 control 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 102¢ 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 inspeqtion, 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 c, respectively, and have adequate
addressing and storage capabilities for each respective

PLC to access and procesge data in the form of time

11



t hrough the precure, UV polynerization, and nold separation i A
third PLC 102c is provided for retaining the identificati onl%é)g{og?rlr@tog at
the hydration 20 assenbly, where the contact |enses are renoved fromthe

pal |l ets for subsequent processing. Additional PLCs nay be provided for
controlling the various aspects of hydration, post hydration, |ens

i nspection, Wo3P8edagi ng stations, as described in U ScTBsianw: 5, 836, 323
for 25 "Automated Met hod and Apparatus for Hydrating Soft Contact Lenses,"”
the disclosure of which is incorporated herein by reference. Menory storage
devi ces 104dipfdrmandon ik pppovddedniibtior3@teted PIFCGrda®2ugn.b and c,

respectivel a haye equat e addressing and st.orage .capabilities for
each respec#‘?Felr}qﬁﬁgi/}fb%gl@c E%ceasﬁdcﬁ?o%ésc’g ag el ﬁntf ]gm?%lro% of time 11 12
Cct ober 2006onsifdtO8¢6 SAFRGMRCISUSDEAdOAHp wheébnemioronoand process condition

status informption..  Speciticald %aoéﬁh%ﬁgér ggggceg%%gilgi on.satus information

f
constitutest i hformation indicati n particular contact |ens
pr oduct s5 ar s ackepheabl mroceshatorlit s ongatviodving cc@esttowdint i ons i nvol ving a

particul ar %%ﬁ{e'ge%a%gﬁr}’d '&?ggé’%t 3ehe | % ﬁQhQ%Qacer‘égn\E’éctcci%%l@Ct | ens ol d

assenbl i es Icu oint in tinme, have Dbeen perforned in
accor dance wpld ageesilidsedp| toia paxhicultayl prameaist tThes havieor mation i s used

Lo determ ngedd pahebhila LACPLAMIGLS FAN pedalyiddiahigparidic pallet are
accept abl e. The specific pallet wl e rejected by appropriate neans
provi ded i ntetrraggse emThdsi inteyprsdortis aredr el faternirei ed by the pall et
are detgf M QedHe® BBe products carried by that specific pallet are
acceptable. 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 procesgss 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 operatiocnal rranges are determined.

A data acquisition system collectg 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 quite large, and for

12



out of process specification paraneters. It may be noted 15 b deheogy oduct
specification paraneters are determned prior to producing sal eable
products off a manufacturing |line by extensively running the individual
steps of the |ine at various process conditions, e.g., tenperature and
pressures, etc. and testing the product of those steps to 20 determne if

t he process Wo#H@¥Pons will ultimately produce an accea§siTd§P¥oioduct. From
this testing, the acceptable operational ranges are determ ned. A data
acqui sition systemcollects the individual process 25 paraneter val ues

gat her ed bgxesglte PtBréertpaight wanamepene awy bpereitiitomsd athd i nputs this

| nf or MBLi 00 FALG A cfeLl SMPLYI BAL ! A ASSAELALASLNE P ocess par amet er s

and condi tions vari ous proc stat’i ons the specific pallets.
30 As nent ispaesisabeld, of Haesanprransteparvanst @esoydnd ©or bdat i t he operati on

of facilit Gahy) L tg kAL ARkd; f O arkfeld O5h@ber 2006 WO 03/ 087966
PCTNS03/ 10%8 exarrpll‘%gi,:g}#]roee to%gli'oght i)aér)épr?et e?s may be nonitored at each

st ati on5i nreperdssciphit yvaidlabde THn lfvprEvianyfackyredkdensa| |Wigh t hese

par amet er s Jere JLGOr deekiq ohNatndtcaB08P! &l Rl 54 M 8F £he processing
paranmeters was 5 recorded and avail able for every manufactured lens. Wth

the presenvalvsmemi ahl ¢hdtheatoritaredoPangtare, o aifeleyfdaiés of all of the

noni tored PaESFBRLRS ProfedirdPlgpaedabl $Cibpaapr gagdure is preferably
enpl oyed. Wth reference to Figure 4, one feature of this sinpler 10

approach i geferencepEasBiARE 4t Wepsatere Afdthda simRieT ¢
10 approach is, as represented at steps 122 and 124, that if

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,
gystem 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.

13



while a batch of lenses is being made in a particular area ©folHE..RpEi Ne.
any process paraneter noves outside its associated, acceptabl e range, the
|l enses in that group of pallets are rejected. The advantage of this 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 rejectedWoodfspeém 10 coul d be nodified to mai ntai n &CBUBMZNWO1 r ef er ence
code that would indicate why the batch of 20 | enses were rejected, e.g., a
code that would indicate that a tenperature was outside the operational
ranges at Angeehndofieatlxt o, tlors @idplérermpprogduds fisefiewleans spent too

much tinme in the uy tunnel, or di f f t i rajion water
terrperature?%%lss lg‘uf\ég}l e %cﬁeepg%b%ﬁpP%p@%ﬁ%grgggg%l,g'e'}”%.ggKbeé%ﬁt%% a record of
why | enses ofarkensepestefound| acdepicpble +radkéchhis fhepeaseepdirs; but this

i nformation woul d_not . be [ j L Stor d _because that is
for sal eablréla%;i)oed&g?%danlf?ﬁg%&%ea?%ﬁgfaﬁﬁ g%n%fitéﬁ %%%I d 82 stored in an
al t er nat 5 veoB8C:ldatabiseredl drédes@dingbpara2@ters W33 Wd 87 H66-HeCT| US03/ 10401 A

second featgégocqfatggi Se .e@}i% Lgach. i gﬁggg%%enag l ens is found

accept abl e, “or nore precisely, n-a bat _ rflses are found acceptabl e
- which i s rémresmobediby arep bS.n6t epecifficddevige thetamnufesordre of the

batch, all 8¢ afyhga N {Ohede RIRC RS ShilhHAa! ALES @S¢ ShayiM thin their
associ ated respective ranges. In this event, as _represented by step 126, a

speci fic debieem §eeeyd facdrides 6f TehaxeTsat EALe SSafad@e Bt i@ENt ai ned, and
that deypces get of the process parameters. For example, this code

may identify a table, kept in a separate database, that
liste all of the process parameters and the assgociated
value ranges that were monitored while the batch of
lenses were manufactured..

15
In this way, the device history record itsgelf dces 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 t@bheobdke006i n a
separate. database, that lists all of the process paraneters and the

associ ated value ranges that were nonitored while the batch of |enses were
manuf actured.. 15 in this way, the device history record itself does not
have to |i st étag)/ﬁsg%gar aneters or their associated value__ranges. The device

hi story recoy ver, may identify one, sone, or al PCHPSOPKEYe

paranmeters, as well as their 20 associ ated val ue ranges; but with the
above-nentioned reference code, the device historx4repord does not have to

list any ofSHa5e8teBat Er&Vehem f8r r VS GRCFEFGES 140 A3 U9RE nmy be not ed,

the fact thgdud RasSnregesdoexidipgdnehtisli Gatabasdatat he daya t ored paraneters

were all within 25 their ,asspciated r es, duri t he. manyf acturing process.

It may al sc°Heerbted "’EHP&PC?WBOIH&\%ECea ?dqagFoF?Ii‘sefcne r BPREFRSABI ude data itens

about the |prsaados ddwd Lnt@idcaChppricationdtid. orthése t he above- nenti oned

ref erence code. For instance, thg devi cg.hi st%%.record may include a | ot
FEST i 8

i .
30 nunbet, THPOGSHES G- ShaRUFEHC ST at SOt RRE AT aPRRtTR™ Figure 5 is an
i |l ustrat echanwerki ssrwfrsa Pempdreiingdon edhedtr Dumiat idevame hi story record and

product relgase.14 12 t obe 006 03/ 0879 CT/US03/ 10401 subsystem
140 for sysjtrgtr%rfaée eeegé:“:’lﬁb%?%t%ﬁ?lfioé/\%}g%ugglsu&ggg?s n%llfen types of

conponent s: rejatabaskEips] f sysiama covpdrieatsi arregspliltent amchddes a dat a
transfer appl{ ¢catlof. :48.80d a user interface application 150. These

10
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 Fi gure1d0Oaiober 2006
illustrates the relationships of system conponents across client machi nes
and network servers. 10 The data collection application 144 is provided to
work wth the specific nodel of manufacturing machine used on the
producti on I?ﬁ%§07&5 collects data on the processing and status of the
product for PREG&SPce history record 15 as the producPCHBY¥4h ough each
stage of the manufacturing process. Preferably, each production nmachine is
assigned a dedicated(gg%¥ of the data _collection application, configured

and housed WFemhace ct PRl YERRY 198 PHER AfcACAT TS A2 9Thi s data 20
col | ecti on @pphibatisn si4demdr kapphid=adam »6 tgretbeabhiman- machi ne interface

152 that provides system nitoring and operational an, oubl eshoot i ng
capabi | i ti e%PeF&Fth‘ﬁ’tt}}?&Ehgﬁﬁn i e "tePoﬁY %‘b‘ﬂﬁ#’@ﬁti on 144 is

acconpani ethddeecast @chinedat bdpasehthb4t 2msfeediip tahasactlidmlt enporarily, in
the event of a loss of . connecti.vity w t he network. This backup

capabi | irpty ‘;"’tﬁ""e&gﬂf%‘?d"d‘tt l?gg%e gﬁlda%srﬁ IJHQ%e ° ﬁé‘@hl}%ﬁ)%l’aeo%ti me. Data stored
to the tenpautatryatadedrase. 154 i s upl oaded 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 12
Cct ober 200the WEeD3i&7F66e ROOLUSABIAD460 is used to enforce the

workflow established by management for the release of
10 1lenses from Manufacturing to Distribution, by ensuring
that the data meets quality critexria. 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
thege applications 150 interface with external data
systems that record data from the inspection and testing
25 of product, to enable the eDHR/PR gystem 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 particulaxr, this procedure may be used to prevent the

16



interface to external systens 156 such as accounting and distribution
systens. Application 146 preferably operates without human l2daohe200®n,
driven by suitable process-defined algorithnms transferring transactional 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 manageneniy,qf e release of 10 | enses from Manuf ac i
E]stributioh&oge&gﬁﬁuring that the data neets quality %?? %@?@& For
exanple, sterilizer run records for a batch nust be reviewed prior to the

rel ease of thedn [ gugt of, E) st.roi l% tions St L{aaciule tgtgrérlizer run records
for the battHNETESPedH FBIFRWSH215"7% confil rmto an a%cept abl e status, the
bat ch cannoinfientes easetle ghwbetiwonkddaharanenydivgt talleabi lities mnim ze

t he dependency upon physic¢ records that,. existed.in the,previous, manual
process. Asge&\%f?legﬁi arydzgég%srecfﬁegcéeﬁorré} oﬁ%uetrﬁ %Slﬁn%anp#o%ne to human
error, 20 aldrenmdibrning lre shadwegabilapranvesophinacesssEbon ideyice

mai nt ai nabi J n gggﬁr | i n i h ourse of the
nanufacp%fiéﬁﬁ%% cg%s. egﬁ%?g%m3f¥§?%pE%ﬁg§éﬁg§%%ggg ?3%%%E§0 interface

wi t h ext er nedcudaeace syfs oapgefingd eventsl diea ¢rammlehetheaspecti on and testing

25 of prod edekgngé\a@elﬂg%rﬁa qslﬂglllg& SURLERE 4 RRY! A&y yone

“one- st op- shoppi ng” Vi's I't bl ution to expedite produact release. In
accor dance wtsidanatgreaurs eft tafiegsindividuals gcpeeredmeeofs provided to

preserve thg,d Bkeos: thh Rbr-fatdorieCos 4Rd rduhi ik hgYating to the
manuf acture process. |In particular, this procedure my be used to prevent
the 1610 operations, such as alter or delete, on any of the data

in the device history record. The ability of users to
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 recoxd.

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



12 October 2006 WO 03/087966 PCT/US03/10401 inadvertent or intentional |oss
of data due to user influences on the production database w2 Kictohet 2(i)6es.
Generally, and with reference to Figure 6, this can be done formng a
shadow t abl e, and copying data fromdevice 5 history records into the shadow
table in response to the occurrence of predefined events. For exanple,

t hese prede{,vioq,g,gm%\gents may include whenever anyone, Ol}c%%ﬁﬁ& outside a
group of identified individuals accesses one of the device ?ory records

to perform predefined 10 operations, such as alter or delete, on any of the

data in the q:([%ﬁl ce_hi st é record The %tyf psers tq. access or to
al ter data h WeHSHSN BT e 3P T oL Eont %Itf@(?sothat this data
can be rel iethngponivm, et H:lomaﬂqihgt'ehq)ltc'ausecmonaandmtance of the device

15 history record, S I fHeC ta fram Vi istory record can
be copied i o the I\{Embtfowggjgbﬁ 3 %L:L%ssa}%q ?he ok s%grgngo Ct bHe? functionality
built into mmveevwi etly tavbhé atsleer aﬂdr@mfgmlnocﬂatiaba@dmnagenent syst ens

(DBSM , Cercﬁ%lanLé‘ t%g %ée the data definition |anguage (DDL) |evel.

Oracl e or exarrpl ‘depl oyed on a commercially available Sun
E5000 Ent er prise server runm ng a Solaris version 5.6 operating system 25

Triggers arg,exgkLEidd Xéldl%#&éte:%tgi‘saaﬂ QGEATHES sQrs AP TRLLSh a desired

task upon the occurrence of sone specific event In the DBVB. For exanple, a
cust om vvr|R%S@W°rﬁam7€i%ﬁet§=1t?dt¢qu>@ért?rdihebéhéi@ttﬂa@éleév@?y=mt| me a 30 record is

inserted, updakederdeidgbetfthARyanyriifs,t BBe data in the shadow

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 insert, or a “U” for update, the user

20 id and a séquence 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 gtill 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



tables related to the DHR The trigger makes a copy of the data into the
shadow tabl e that has the sane fields 17 12 Cctober 2006 W QRtdHeY @D

PCT/ US03/ 10401 as the working table, as well as fields for the type of
transaction, user id nmaking the transaction and a sequence nunber for the
transaction. The shadow tables are viewonly to the user and therefore not
directly 5 i ) e by the user. The database adm nistrators are the only
users who hg\%&)ﬁg’gés‘mrd protected access to the shadowii’f:yﬂgoé’]z“f’h 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
time. Si nceg]?'?fgar 95561 £ at%e UBE’ Y (SﬁhFﬁeta&’ZFﬁ ?lrtl%@ shadow t abl es, we
have assur anecbbatityhe DHR is reliable. 15 In the case of an insert or
update against a working table, the trigger preferably inserts a conplete
copy of the record being inserted or updated into the shadow table, along
W th an appx ghadatvetatds, ghatmsgn bsunbtad, mhprbe ewadpvith alevitd for insert, or

a"u f date, t er i d upber . is results in the
| ast rgstr:oﬁgls%toﬁgt rlgfg?r Shgflzg}eegﬁ?nd%c%gg‘g;%%ggt% élor?sn-egrg%l%ljri update) for
the item i rwithe Figrké g whibtke doaitagn tdrepeaaeivelyf vindtalon as t he mat ching
record int t € iy f : ro.i fr rking tabl e,
the data 25{1—%%%%??%9{?, Za\Q/ILaji %ﬁ# & rigxiﬁ% sﬁagglgveer'lt g%ﬁ‘gé' Iﬁmrg%g??g\?he data in
t he wor ki nghistiolre weddrdsoet wiziott gontaie mughsmortelinfeynatiioa.shadow table wil |

cont a:g a CARY 8E 5P ShEEGk dddis! PYi¥e hBotdltedElfl&s WALONg with, for
P 10 has a number of gignificant advantages. For instance,

the shadow table readily provides the DHR data on demand.
The risk of loss or change of important data in the
device higtory record is greatly reduced in that an
intentional or inadvertent influence on the data could

15 .occur only by‘the databasge 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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a "D' for delete, the user id and a sequence nunber. 30 Figure 7 shows
software code for one suitable trigger that nay be used to ARKetaded20fnage
a shadow table. 18 12 COctober 2006 WO 03/087966 PCTI US03/10401 Sim | ar
triggers can be used on other tables for DHR traceability. A shadow tabl e,
it my be noted, may be used with device 5 history records of the type

di scussed ab@ygsbdggonnection wth Figure 4, which conggbﬂsg%ﬂaaratively
m nimal information, and with previous, or other types, 0 Javiite hi story
records, which contain nuch nore information. The use of a shadow table, in

t he above-desgr| : . 0 [ ingnj fi dvant ages. For

i nst ance, %ﬁ% lé“%ggfol\v,‘\\f%tx}i%ﬁ% %@%ﬁﬁ&g@?ﬁdﬁ %ﬁg H‘—ﬁ%{;&ggon demand. The

ri sk of | ossruer sphaigendf s¢ogeoofahlie daegenn idventdewi ce history record is
greatly reduced in that an intentional or inadvertent influence on the data
could 15 occur only by the database adm ni strators. Devel opers and anal ysts
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 |l evel of confidence in
the reports based on the data. The shadow table gives a reliable, traceable
repository of DHR data that al so provides a data analysis trouble shooting
tool when we have occasional errors in 25 the process. Wiile it is apparent
that the invention herein disclosed
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is well calculated to fulfill the objects stated above, it will be
appreci ated that nunerous nodifications and 30 enbodi nents n@yOdebat@dd&ed by
those skilled in the art, and it is intended that the appended cl ai ns cover
all 19 12 Cctober 2006 WD 03/087966 PCT/ US03/10401 such nodifications and
enbodi nents as fall within the true spirit and scope of the present

invention. 2Qeldeifdsober 2006 WO 03/087966 PCT/ U303/ 104,@.]./[&3@“}45: 1. A
nmet hod of recording data nonitored during the manufacture of nol ded

ophthalmc | enses, the nethod 5 conprising the steps of: identifying a set
of process %t ers used in said manufacture; for each of the process
par aneters, ifying an associ ated val ue range; 10 nonitoring each of
the process paraneters during said manufacture; if, during the manufacture

of one of the ophipiahg} G LBASERnPBG: 2 mchAkl-DI BSRPERATEL OT S MOVES
ge, 1 j

fr& 1,

outside the associated ran n rejecti ngrt%e one o? the 15 | enses; and
i f, during ndmfeghutfacifumeldéd mphitbalnive lephehalthiecmetkodes, all of the
process gpar LSnSta WLBL et heir associated range, then identifying
said one of t esl relélses as gccept abl e, and naking a device 20 history record
for said one of ifhatifnggsa seh ®Lf process parameters used in said

manufacture;
for each of the process parameters, identifying an
agsociated value range;
10 monitoring each of the process parameters during
said 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 gtep 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 parameters. 2. A nmethod according to Claim1, whereild Qdiebes 2896 of

25 maki ng the device history record includes the step of naking device

hi story records only for lenses identified as acceptable. 3. A nethod
according to Gaim2, wherein the step of 30 meking the device history

record incl ug@ushdigssf urther step of including in said 5§%@§gﬂ§g§ tinme said
one of the |I|enses was manufactured. 21 12 Cctober 2006 WO 03 7966

PCT/ US03/ 10401 4. A nethod according to Claim1, wherein the step of naking
the device history record includes the step of naking the device history

record for one of the lenses 5 after said one of the lenses is identified as
acceptabl e. 4-5. A NeEPABPIREGLAY NP (D28t mvieTein thher seepfi sing the step

of printingpepely dgl Q@viEéh%Vofﬁ%ﬁ:@r@“nﬁelu&éQ%rf‘e shegtopf paper. 10 6. A
met hod according to Claim1, wherein the ophthalmc |enses are manufactured

at a defi ne82kiRe thendevige BpPEPTE 1eEA%S L EnerPhde LeBMRSaid site, and

wher ei n st hgrpakidag asbeP dinehddesnddie i st stk sakinGbbgegdend.ce 15 history
record for each acceptable |l ens before the lens is shipped fromthe site.

7. A nethod according to Caim6, wherein the naking step includes the step
of, at |eask,primmetod N:doriBng 2D lc2BsRS1 ArrarehéPRRfhpkE 9Rd he site, making

device histoly records omly Lor Lenses. dsniill ed as Acgeptanl e

single sheet of paper.

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

ig 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 ag 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 nethod according to Claim1, wherein the device history record does
not have any recorded values for any 25 of the process pararf2tQuatsher 2006A
met hod according to Claiml1, wherein the device history records include
data itens, and further conprising the steps of: 30 form ng a shadow tabl e;
and 22 12 Cctober 2006 WD 03/087966 PCTIUS03/10401 copying into the shadow

tabl e data i{@BosFdem t he device history records inre t he
occurrence of predeterm ned events. 5 10. A nethod accggp(fﬂgﬁll%gl Claim9,

wherein said predeterm ned events include whenever anyone accesses one of

the device histapy, f,20q0ds L @,ﬁg&% L c?a(tata iggggpfr&f tpgedefined

operations on the }c’i{ata Itenms in sald one o h evice history records. 10
11. A net hoteviceohthtayyt serdsmiroresrpnshero ddepersurgencehef st eps of ,
whenever any.QetsphACeeSSSs one of the device history records to performa
gi ven operation on the data itens in said one of the device history
records, 15 placing in the shadow table a reference code identifying said

person, gand @ r&f gLanee desidingt toncidensi fudi@ihhgaigi ven operation. 12 A
met hod accor di ng to Claim10 further conprising 20 the step of preventing
anyone not B4i¢dsheyifiedupverts ii@ehEde i"EGRRYRE ANYGRP s2FFEENGRRYi ng any data

in the shagowhtabdw.celBistorELBer&s aQr giPbrid abl abMalQrofigt t her conpri sing

of predefined operations on the data items in said one of
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 records,

15 placing in the shadow table a reference code identifying
said person, and a reference desiénation 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 compriging
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 recordi ng data for opht ha2®coba?86
manuf actured in a nol ding process, the method conprising 30 the steps of:
23 12 Cctober 2006 WD 03/087966 PCT/ US03/ 10401 identifying a set of process
parameters used in said process; nonitoring each of the process paraneters

during said wamabsacture; recording at | east sone val?gﬁngﬁﬂ%gp moni t or ed
process paraneters; 10 form ng device history records for af [east sone of

the |enses, each device history record including a series of data itens
o A L easla@lS Bhnd 1 deBSF e tld (Bl i LbeTedd Thudhlg At | ast sore of
the recorded values for the ocess paraneters used during the manufacture
of 15 said preresisit he | enses; formng a shadow table; and copying into the
shadow tabl e data itens fromdevice 20 history records in response to the
occurrence of predefined events. 15. A nethod according to C aim 14,

wher ei n sai Wonipogdey ezarimed ehemrocetss |Rpdanaherevaringyemial accesses one 25
of the dgvige, 'aggg£g_records to performany of a group of predefined
operations on the data itens in said one of the device history records. 16.
A nmet hod according to Caim15, further conprising 30 the step of, whenever

any person fccRSes ANQe@bt!Mine values of the monitored process

parameters;

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 recoxrds to perform any of a group

of predefined operations on the data items in said one of

the device history recorxds.

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 12 Cctober 2006 YOR®HHOBING6
PCT/ US03/ 10401 placing in the shadow table a reference code identifying

said person, and a reference designation identifying the given operation. 5
17. A method according to Caim 15, further conprising the steps of

preventing agyQBgsssiet in a defined group of identified | s from
changi ng any data in the shadow table. 10 18. A nethodPg@g%¥é%ﬁg to Ca

15, further conprising the step of allow ng only individuals in said group

o, change. Al dal gl ihd BEaS0RAOMLAD! ferelnod JRENOGeACGYIIENG Lo Olaim 14

wher ei n sai etermn events inc whenever outside of a
group of i demtd fpieedomndiindi duegerapce séasiooabiot metlﬂfmg:@hhl story records
to perforn1&ﬂy f %E of predefined operations on the data itens in
sai d one of 7 the aeV|ce istory records. 20 20. A systemfor recording data
noni tored during the manufacture of nolded ophthal mc | enses, the system

conpr i sigg: 1 foNipt aééha@a@e&f&ﬂ{g @CBlé)JIm 355 el BG5S sifg Parameter s
during said nanufacture; and a“control subsystenllnc ud| g I') reject neans

to reject afle Grersfok PEeV Ry anvon%lmqtngntméi%ﬁeﬂaﬁmpeoéf said one of
the |enses;3ane robd SHAVREOLES $rBAr HBILLS 4BV Hata in the

shadow table.

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 associlated 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 12 Qot@&eber2006 WO
03/ 087966 PCT/ US03/10401 | enses if, during the manufacture of said one of
the lenses, all of the process paraneters stay w thin associated ranges,
said device history record including a reference code for 5 identifying the

set of procegp fgsAgeters. 21. A systemaccording to wherein the
record means @es device history records only for |en§§§HkP8&ﬁl|fied as

acceptable. 10 22. A system according to Cla|n120 wherein the record neans
records in the deV|c§ hlstor recordthhe ti one,of the |l enses was
[

manuf actured. 15 23. %/stlg %%%%}gd ar{’aél 3ff \ﬁﬁé e the record

means nmekes the devi'eg tthestlenyese(airldofotrhee@wce\m:@ratrahéeerd ens after the
lens is identified as accegkable A %ysten1accg{ ng.to Cl ai m 20,
ory

. in as oc1ate
wherein the record 20heans prln S "eac fecord on a single

sheet of paper. 25.histgyyt esract drdilnding aCrafemete whée efar t he ophthal mc
Ienses age nanufacturggkéa Hgmﬁegﬂé1 tsg% ro%n% ré% 2ecebt tabl e | enses are
a

shi pped from said SiT€, er el B the- s makes the device
hi story record for each acceptable | ens before the lens is shipped fromthe

LS| (20 BysY | SPLch Uenaihd o RMGo MRLALM oAb LAy 30 Prior o the

time | enses are shi romt
means makes device hlstory records only for lenses

identified as acceptable.

10
22. A gystem 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
meang makes the device history record for each acceptable

lens after the lens is identified as acceptable.

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

of paper.

25. A sgystem according to Claim 20, wherein the

ophthalmic lenses are manufactured at a defined site, 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 mekes the device history records only for Ilenses identified as
acceptable., 26 12 Cctober 2006 WO 03/087966 PCT/ US03/ 10401120ctoBersd0®beEM
according to Caim 20, wherein the device history record does not have any
recorded values for any of the process paraneters. 5 28. A system according
to Caim20, wherein the device history records include data itens, and
further conmgdsjosess MENOry mean having a shadow tabl e; P%ERISC}B%O:B ocessor
nmeans for copying into the shadow table data itens fromdevice nhistory
records in response to the occurrence of predeterm ned events. 29. A system
according to Caim 28, wherein said 15 predeterm ned events include whenever
anyone accesses one of the device history records to performany of a group
of predefined.opersistensaaioriiagded alatiens i wheaeth ale dévidde devi ce

hi story recqords. 20 30. system.accordin 0 .Cl.aim 29, _wherein, whenever
82‘% @o%hg ctorded varg

any person A¢EEITeSSSREC SRR Ce R STy P 3 dES 5°F 58’ orm a gi ven

oper ati on omft tiee gabaest eppramateas d 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 systemBaccorxyishgnt ac@rdiing 28; CAhéned wherejr ddwsdevigeans prevents

anyone not 0.2, 4etingdagrouR .l aAQ ioen Hiadehpdiad duals from changing
any data in tRe
comprising:
memory mean having a shadow table; 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 gystem according to Claim 29, wherein, whenever
any person accesses3 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 means 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 12 Cctober 2006 WO 03/087966 PCTI US03/10401 32. A system
according to Claim28, wherein the processor neans all ows onil2yO¢tobér2iodeal s
in a defined group of individuals to change any data in the shadow table.
5 33. A systemfor recording data for ophthalmc | enses manufactured in a
nol di ng process, the nmethod conprising the steps of: 10 nonitors for
nonitoring e set of process paraneters during said manufacture;
recordi ng neg‘](rzl)gsl d(cg?&recordi ng at | east sonme val ues of tﬁ@TmﬁB/ﬁ?"P]ored process
paranmeters; 15 device history record nmeans for form ng device history
records for_at | east sone of {he IerF]f%[s gac device. history record

i ncl udi ng a3%er PeSYBFCHACTOFEEIE tPor1at™ 2BeSTHE 5Pt he | enses, said
data-i tens prudegdbhomédins?@1h6@s onsgnendifvidhel s enoradadfisgddies for the process
paraneters used dﬁrin X t.gfeJl ganl_;f a%ture of éa'éd one . of th(f | enses; menory
means for mi FPR Shatfsir ‘BEhre® Hh&Ha8e° 8 8853 r he s ¥ 8™ copying into the
shadow t abl earsfat.a itens from device history records in response to the
occurrence of predefined events. 30 34. A system according to C ai m 33,

wherein said predeterm ned events include whenever anyone accesses one
33. A system for recording data for ophthalmic lenses

manufactured in a molding process, the method comprising

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 geries of data items for at
least one of the lenses, said data.items 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
[}

of the device history records to perform any of a group
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L

of the device history records to performany of a group 28 12 Cctober 2006
WO 03/ 087966 PCTI US03/10401 of predefined operations on the datGctoliee@806 n
said one of the device history records. 35. A systemaccording to C aim 34,
wherei 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
hi story recomwis3/Btes processor neans places in the shadesyrdsadomia ref erence
code identifying said person, and a reference designation identifying the
given 10 operation. 36. A systemaccording to C aim 34, wherein the
processor neansrédPienRlSopens¥IensMn itheadglef iiteas0io WA iaf oné dantifi ed
i ndividuals from c_han%i.n any data in the 15 shadow table. 37. A system
accor di ng t &7€ AP LGREINTCPRES - processor neans all ows only individual s
in a defined group of individuals to change any data in the shadow 20
table. 38. A systemﬁccor ding.to C ad m.333 wherei n sai.d ﬁr edet er m ned
events incl dde vihe&rER an ng 134818 3% wg‘%ﬁbnbf“’hieﬂg tTfied individuals
accesses sonangf péhn? hcdeyvi«re ohe séHrther deetdds hiet pey frecorasytof a group of
pr edef i ned ogeEati ons.on the dgta iterTE ig sai.d _one, of .ghe devi ce history
recor dS. 29p rrorm a glvern operation on the data items in sai one

of the device history records, the processor means places

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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