WD 03/ 087889 PCT/US03/11136 DESIGN BU LD TEST CYCLE REDUCTI ON Cross
Reference To Rel ated Application 5 This application clains priority to
provi si orb oapgisscati on, U S. Serial No. 60/372,738, fil edTA3/k1132, 2002,
and having the sane title and incorporated herein in its entirety by
reference. 10 Field of the Invention The invention relates generally to
contact lens, lens nold & insert design and manufacturing arts, and
particularly a design nethodol ogy and tool for reducing the

Desi gn-Bui |l d-Test Cycle Tines of new and existing ophthalmc | ens products,
including nold inserts and nold items inplenented in contact |ens design
and manufacturing 15 processes. Discussion of the Prior Art Prior to

manuf acturing a contact PESIGNBUHD? JESISAYEHE REPUGEH QY ner at ed and 20
par anmet er/ process verification nust be established. In practice, a research
and Devel opnent Group is responsible for devel oping and producing |ens
desi gn concepts, and provi i themthr ough

prot ot ype manufacture, cli méﬁ%ltia;&g R TOH dtiree wati:chctl vities. A Product
Devel opnént G ouiﬁhmcapﬁncsﬁom@aiofs p@imei‘tynﬂo;p)rovli@mml Berdicgmon, Bl.&s¥erigl N@5

ever opront CORRETS Fiel ARy and Ty R ing Bt i ] SoB R ERGAAER IS <

produci bl e befeksyrelrRasd. Ny it to Operations. Once the scale-up activities
are conpl ete, the reI evant information is generated for the Qperations

G oup for full-scale production in order to generate salable product. WO
03/087889 PCT/US03/11136 2 A breakdown of one such process 10 is descri bed
with respect to Figure 1. Typi caField ofdhe ieypnéisented in a first step 12,

t he Lens Design st contact | ens uf act ur ani es creates
conceptual |ens ﬁi%‘r?&?"rqo%e Bt BYe ?]é’é?rﬁ?’ﬁaa‘ttll??ﬁqms 180135}‘ im¥ert design and

manufacturing arts, and particularly a design methodology and tool for reducing the

Design-Build-Test Cycle Times of new and existing ophthalmic lens products, including
mold inserts and mold items implemented in contact lens design and manufacturing

15  processes.

Discussion of the Prior Art

Prior to manufacturing a contact lens, a design concept must be generated and
20  parameter/process verification must be established. In practice, a research and
Development Group is responsible for developing and producing lens design concepts,
and proving the manufacturability of them through prototype manufacture, clinical trials
and scale-up activities.
A Product Development Group consisting of (mainly) Lens Design, Plastic
25  Processing and the Tooling Development Groups within a research and development
entity is responsible for ensuring that the lens design is producible before releasing it to
Operations. Once the scale-up activities are complete, the relevant information is
generated for the Operations Group for full-scale production in order to generate salable

product.



custom devel oped software and 2D graphing tools (e.g. Visual Basic
Applications and 5 AutoCAD) - referred to herein as the "custom devel oped
desi gn solDwang’ssy Usual |y, this group al so generates thepPcensosoiigs
designs, the insert designs and the core designs 16 that are used in the

| ens maki ng process. The custom devel oped design software is inplenented
to generate initial new designs, as indicated at step 15, by using
estimtes of the processing conditions being used on the pilot |ines
(i.e., lens maki ng equi prent). The 10 maghenatical rel ationships that exist
bet ween the actual manufactured |lens nolds and the actual produced | enses
are referred to Asreédiddwanf one sugle proress 10 ThéesembedtwithiskpepstolHigike hg t he

actual manufactyred inserts to e, pradyced | ens | ds .are referred to as
Mhr tnkage TPctb & fePRg L A SBOHE Tt RESebTidbam oL RE(8 0
i's known t hafantifa€ufin@ESnpdnies Rreaf¥Btohdptu@ObaOitdmeirRE UGS 2 U6@Binh@dn GFach of

t hese expansi on and shrinkage factors - radial, 15 sagittal and dianetral.

It is oftencesiandevalepeduefiuaraand P (gyaphigdpols (g Visna Basiy Appligatiersandf act or s
(two forgshrinkags an . at | L Lhout . siani f i t
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equal to eaghuplabegehdiats the baamdd ddvigns,ahp it Hysigh ané tiRtcorgicsigas 1 @that t 0

the nolds and inserts substantially. This, _however nmay not nodel 100%
accurat el y afsdeed & the lenameking apsessi he qustonhdevsiopsd desten sofwaredéess of maki ng

contact | enggsembisbdtd denedlel infpihi ﬁef&ﬁdéléghél R OndiGhéd d; @Qﬁggﬁomn{géﬁﬁl%%f' ens

to the initiral lens design, lens no designs and | rt© designs is held
wi thin the therpsodessngjconditoupbdibg esed onskpilat lineh@e g lens onking eghipment).dédei gn

sof t war Once th ens,. Desi G o has ¢o ef ed | en desi gn he

7ol evani0i nBRREH G CHrioTaRET DA Betiace B pahTendrEET e trrrd e
Devel opment aéeifl pRodtded Rndel BreGoffRb@to 440 drafich faBRAY ! TISQEBbAShAS linkiRg the
machi ned, as illustrated in steps 22 and 25. The respective insert may be

bui I t, for extasiphanufaghir¢d insertg to the pepduceblens mplds arerrafemad i asg shiaekage que. The

dest gn sof ¢ HerBs pnvmicu: BuRihbl St Gt | BE MBI R s\ P aiSh BT e o
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nuneric control) data. This tool path data directs the |athe on how to
pr oduce 13 hesagaitg] pady dgme{ralp}t &5 offep gasier to mathematically model just four (4) of these

factors (two for shrinkage and two for hydration) without significant loss of accuracy.

This is achieved by setting the diametral and sagittal values equal to each other that

reduces the complexity of relating the lens to the molds and inserts substantially. This,

however may not model 100% accurately what is actually happening in the physical
20  process of making contact lenses.

Usually, all of the data 20 relating the manufactured lens to the initial lens design,
lIens mold designs and insert designs is held within the Lens Design Group 15 and used in
the custom developed design software. Once the Lens Design Group has completed a lens
design, the relevant insert and core designs are passed from them to the Tooling

25  Development Group where the complex mold and insert geometries are machined, as
illustrated in steps 22 and 25. The respective insert may be built, for example, utilizing
Single Point Diamond Turning technique. The Tooling Development Group particularly

manipulates the custom developed design software printed output, text files or AutoCAD



Once the inserts have been machined at step 22, they are passed (along with
the lens nold designs and targets fromthe Lens Design G oup generated at
step 15) woosostske 5 Plastic Processing G oup, where theycansosisassto
injection nold the Iens nolds as indicated at step 25. Before these |ens
nol ds can go on to produce contact |enses, netrology data (including

radi us and sagittal neasurenents) are taken to determ ne whether the |ens
nold targets (as specified by the Lens Design Goup) are net. Wien this is
not the case, the injection nolding conddtions may be nodified to change
the lens 10 nold geonetries, until the lens nold targets are be net. This

| ens f eedbables (foneiamipde) té genegapinte ENCAsomphtepmdic cOyipoly dathyThis ook fragh

targets cannpot .be t, the process returps. to ste 15 to once again

i nvol ve { e R ALHEE LMY o PG e St PR ni ti ate the build  of
new inserts. Thegfcd e HRatkhat 8B Bididc8Rt RS, Bhbyase PdsSRIN(aldhg wiliGEe t he

|l ens nold targets have been net in the injection nolding process at step

25, nore | eless W@lddiﬁsméarmafwtﬁrfr%t@dﬁaﬁaeiigﬁQéﬂlpwnﬁaﬂeé at fiep Lo enaethel ens
maki ng p#’ Ocﬁﬁgticaﬁrog tsglg %(r)c'm '}@vthfa ltf?n%yar%ﬁlstea td ;sn'é[c?ilér? h fch £ én@ oq(?sn%f act ur ed
contact Tenses (i Rert %ng dr ane er, ase curve radi us, center Phi ckness

and power) mditaied apassesl Befsrk tHede lehembRI $arDes bigtd prédle Roftattliéhstd)e | ens nol d
nmetrol ogy) for analysis as indicated by feedback |oop 31. This  analysis
yi el ds new Mrglpgsddty inending kasdiys and qegit) smeasypments) 35¢ BEsOdelymBSer at i ng

the 20 Pil Ol}vh%}hé}ﬁhé‘féﬂs R tf%f’g%té'(ésé cifie Wih%(ﬂené Bgﬁgﬂ“@gdéxg?%e%e%dmh

according to design specitications. This being t the custom
devel oped dths ignotstbé tasestbe anettiphemolding condéming magbe updifiedao ehdnge dledeads i n t he

| oop again, relating. the initial intended |ens sign .tg the newy

cal oul aibq ol gl sdsBiresid e 11 PG et T e ek G s or
desi gns 16. debi@yd £s3M06p bEETysalkhif thetirgBiR dhkndt BEmiet) thedPro&BS RtRAd @rg@?er S
they used for the 25 previous iteration, nodify their source code of the
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re-issuing the |lens ld,..ipnsert _and core desi d 16 ain f.or the
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Metrology data is taken from the manufactured contact lenses (including diameter,
base curve radius, center thickness and power) and is passed back to the Lens Design
Group (with the lens mold metrology) for analysis as indicated by feedback loop 31. This
analysis yields new figures for shrinkage and expansion, as produced by operating the
20  Pilot Line and may result in a contact lens manufactured not according to design
specifications. This being the case, the custom developed design software and the Lens
Design Group 15 are involved in the loop again, relating the initial intended lens design
to the newly calculated shrinkage and expansion data to give new lens mold and insert
designs 16. They can either do this by modifying the process parameters they used for the
25  previous iteration, modify their source code of the custom developed design software, or
modify the lens design, before re-issuing the lens, mold, insert and core design data 16
again for the next iteration.

As depicted in Figure 1, the insert, lens mold and contact lens manufacture

process then starts again, although this time, the produced lens should be closer to target



than the first run through. Oten tinmes, because there are at |east four
| ens paraneters that have to be net (base curve, dianeter, center

t hi cknesswend/ogmse®er ), one paranmeter at a time is attenptedTiusobelide
corrected, thus having at least four iterations 31. Fromthe process

described so far, it is. conmon that that all iterations have to go 5 back
to the Lens Design Group at step 15 because the custom devel oped desi gn
software "links" relating the lens to the nolds and the nolds to the

inserts and cores, for regulatory contrél reasons, is generally not

avai l abl e to anyone outside this group. The custom devel oped desi gn

sof t war e cathahghe/ansyrug dhrphgx Odigul tigws| beeause theraara gt lpash fasir 1ons perametessghatwar e
evol ves to gapture mtt){]be and re giffleleebq;[.klens esi grgsdnet hemc getvvriters
edit 10 and®add °F 8'F H&FT b R LEfEM DI EMPREE BPVE TEPAPEETT P has
been manuf agingfiesttehiptéE®ibelcbRed®dd, @ud Ahvihg BSleast Bfir @BratidiissI1t , and the process
and product paraneters are within specification, the process s repeated
for different skliEon depeaeesscdepirthgd st fardy issomagontthatdlat all Atemtignschigve Br2a i on

curve. Jhi g, &80 Ak Psi G%Lg) A:fé{?e{; 3% 205 sd MLy &ﬂ}ﬁg'}elopgaggseiwgo yare

cal i bration curves are known, esi gn packe tran 0 an
Oper ati ons GirksP relatngrike Iehetoftheimblds ahdeangldowithé¢ insats amd Rufeq fbiregaatoht

shoul d be understood that, ip view.of. Figure 1, at step 3 after clinical
Crials for CRme! Feasrnsls gaRedl rg?ﬁevad'a{a'aa%?@@fw olitsidpdas gﬁugfﬁhe&we@t ( DBT)

process may j&¢fpell 88 & fiwaRORMHE VR SmpPexl A8 7 QNE SR YinyQkark CAS d€Si 9N
stages in order to correct or nodify the |lens 20 design. "For exanple if the

| ens does netftwyare Eorivesds captibre nage ertsmencpkiierent lerfsidesigny; theanode widtess et
nodi fications A glﬁa'”adec to. further optim ze the design. The above system
is a ve?@ t PREAIIR R 908X 89% i se, and can take up to eight nonths and up

to six iterati onené&thd Quedcd Pordtd 147k B¥Ebedn ARNUGOMEAQD nleehe d88InGNemNd have
t he product available to the consunmer. Additionally, the Lens Design G oup

can be verydesigristent. pyd thewpsropescenduredict pasgmeters ate widie seegHicatomn dereesshe as
L
t hus, shoul Thideaii ke sp RYsiviteradvns (Aotshaivhy eOnteshgeudibration epeadaaknoin,@r ocess,
and not functioning to fit the process to the intended. product. WO .
03/ 087889 PCdesig8Ppasket 11§ gransferred to an Operations Group, where the final salable product is
manufactured.
It should be understood that, vin view of Figure 1, at step 33, after clinical trials for
the lens products are conducted, the Design Build Test (DBT) process may even require
looping back to the conceptual or lens design stages in order to correct or modify the lens
20  design. For example if the lens does not perform as well as was expected, further lens
design modifications may be made to further optimize the design.
The above system is a very time consuming exercise, and can take up to eight
months and up to six iterations to develop and prove a new contact lens design and have
the product available to the consumer. Additionally, the Lens Design Group can be very
25  heavily involved, when they don’t necessarily need to be as most of the changes between
iterations are new values for the shrinkage and expansion relationships (process

parameters). The Lens Design Group thus, should be focusing on new innovative designs

independent of process, and not functioning to fit the process to the intended product.



5 Due to its conplexity and evolution, the prior art custom devel oped
design software availability is limted to just a few people. As there are
current| ywom3ostsser ci al |y avail able, off the shelf softwareTpmokages t hat
are used for designing contact |enses, and/or lens nolds and/or inserts,
noreover, that 5 related these to the various conpl ex manufacturing
processes via machine code ("CNC' code), many contact | ens manufacturers
wite their own code (conputer prograns). Furthernore, the manufacturing
processes used in contact lens / lens nobd / insert nmanufacture can be
extrenely conplex and hence witing mathematical algorithns for process
sinmul ation i s vebyed itf dompl¢xityiahd mwdlutiony degiriol ext cddori ldeveadoped dedigis a need
for better nodeling.o ..co.n;iact | ens, designs, their related | ens nol ds,
inserts and$ ‘?’@eagaé]ia ligy 1s Hﬂte%%sf%%wd?eof’ﬁe manuf act uri ng process so that

the entire procggshdd ARchrddilydo ORMELRAIL VM oFOht BRICRkiWAFAakREes Ur Ve
optim zation time, hereinaftér referredto as the Design-Build-Test Cycle
Ti me, can bé¢hagamsats¢d/ for debignant contsctlgness, and/on tensl mekdssind/of tiserds, spsaowan, thatl

met hod t hat abl.es the design of, 15 ophthal mi ¢ contact l,ense . ,or
Tont oct | andSHER 8 i PR Srlie Ma B e B oS R R ad PP ERe (RIET 1 o
desi gn dat acbdy)iady@dstabiaem manufEnut@ Girds iR oPnQeas Epmpited pfoatdmsie code.

In the contact |ens design, devel opnent and production stages, the materi al
for the | efyrthamges, teapayiactuniag Peqegssgewed in songast leps Aleagimoldidnssitasti c | ens

nold part d i i ggﬁ] byl . t he
tools are C(%%IP fneatgtt'i;lf taﬁge %%%%?%%g{’}gﬂgxm cfgq @g‘ﬁg‘ﬂ #%g%&g@txg#gighgg@% ng this
stage, the bptoeads sprvlatiteiis veryex@ioulndfindtdmpesidés whet her the design has been
achi eved, Changes, to.the desi gns often tl,ake | ace. by mpdi f i cul ar

in a
lens zoh®s to soll bere vy aged OWHBTEH%?, ‘“é.oﬁgor‘ﬁ%&“?d‘&séﬂ’tse e’tr%llgt&‘_il 8, base
curve or  di iRl fikerts®hd corbRsidRE afd mbBding oF U mARIRUIRE DroREs DRRAIH C use
is not bad, but the use of 25 separate databases is no§ good because there
i s no i nt egestiteprocess frbent mitialhencepsthraughtdithe calibrateoncunzoptingzative tiviese is to

bt ai t d up-to-d : S Sj t i st
T ferent  nORePAEgr et s R BUe B T TR PrheD s s os |
cl osely resenbl eporéiver, ahedl Sddts L IPAGE andVheGBd kit ¥iblesthddedign bhe dat a

that is used _ ) _
15  ophthalmic contact lenses, and/or contact lens molds and/or inserts, and relates associated

lens/lens mold design data to various complex manufacturing processes via machine
code. .
In the contact lens design, development and production stages, the material for the
lens is developed, the lens geometry calculated, the plastic lens mold part drawings are
20  designed, and the mold tools built. Once the tools are complete, the plastic lens molds
and the lens are made. At this stage, the final product is examined to assess whether the
design has been achieved. Changes to the designs often take place by modifying particular
lens zones to solve particular problems, e.g. power, center thickness, base curve or
diameter, etc. The use of individual computers for specific use is not bad, but the use of
25  separate databases is not good because there is no integration of data. That is, another
time consuming exercise is to obtain accurate and up-to-date process parameters since
there exist many different non-integrated databases. The current individual databases

closely resemble a hierarchical database, which is very rigid. The data that is used



WO 03/087889 PCT/US03/11136 6 pertains to the plastic shrinkage
characteristics, |ens nononer expansion factors, lens geonetry

char act erwsetosos7sand nol d t ool i ng expansi ons. Thus, there ipsTaShantiBer need
for the generation of a database for storing all product and process
paranmeters pertaining to the contact |lens designs, their related | ens

nol ds, 5 inserts and core designs, and nodeling of the manufacturing
process, so that the Design- Build-Test Cycle Tinme nay be reduced. SUMVARY
OF THE INVENTION 10 It is thus an objecteof the present invention to
provi de a nore robust ophthalmc |ens design and nodeling tool that

faci | it at espersgnsdo dleesplaptic ahrinkagé tlthraotatistiess ten§ DBTYmenexparfisawt factorsglephases. |t

is a further object of the prese invention to provide a nore robust

opht hal ni c g?ﬂﬁ%“ﬂ%%a@ﬁ?gpéﬁ@fﬁﬁp%mﬂgﬁiEﬁmgﬁﬁminsert desi gn nodel i ng t oo
that generates fofylfRfeSs 3 furliRr Hd¥EDSThe BederatioRWE a AhtabS8 Ford@sting R pRsthhct
provi si ons for manufacturing informati on capabl e of being inported to a

| ens manuf aerdipioerss pareinklersypeftainingpithe aatpel lemngnsafthqlrewge@l lpns meJdgler to
reduce DBT ¢ycles., 1t is. _another .ghje of e _present inventi 0 _provide
b ee- i nEeraT ot dsSignt b FlsaR el el eag e Y B9} R BetBof
enabl es t he BafHT3&ICycRMEmE My:5iteatduted.di mensi ons and design to reach their
target specifications as soon as possible, resulting in reduced

Desi gn- Bui | d- Test Cycle Tines. Reduction of the Design-Build-Test Cycle

Ti mes of new and i nproved CO@BﬂﬁhAbSﬂé °}gﬂ§qﬁ@fﬂﬂyconnercially avai l abl e
3D nodeling software packages (such as - S(T)or _any ot her 3D nodeling
software product - hereafter referred to as "3D CAD/ CAM nodel i ng
software’”), hence.increases speed .to market aof new | ens designs.

Accordi 48 1 o ¢ heltit PHEFEREE oF DeRBSPHBTPUAo RIAGHES PO ROV QBRI st em
and et hod @ Radardfmdd¥RAL tdoNthabfabifiltesd S5l dBsifmar Bui@and et (DB CAD file
data type, or any other conmon way of electronically representing design

i nf or mat i onmanufagtatingphagess can be designed within 3D nodeling software.

Using a tenpl at eftl?sa 3 Elgthg rjgc 8P fhetppe%enst r?\;e%%n to provide a more robust ophthalmic

lens design, lens mold design and insert design modeling tool that generates for users 3-
15  dimensional views of lens designs and provisions for manufacturing information capable
of being imported to a lens manufacturing facility for rapid development of lenses in
orde; to reduce DBT cycles. _
It is another object of the present invention to provide a three-dimensional
modeling tool for designing ophthalmic lenses that enables the contact lens physical
20  dimensions and design to reach their target specifications as soon as possible, resulting in
reduced Design-Build-Test Cycle Times. Reduction of the Design-Build-Test Cycle
Times of new and improved contact lens designs using commercially available 3D
modeling software packages (such as I-DEAS® or any other 3D modeling software
product — hereafter referred to as “3D CAD/CAM modeling software”), hence increases
25  speed to market of new lens designs.
According to the principles of the invention, there is provided a system and
method capable of importing a lens design in either text, or CAD file data type, or any
other common way of electronically representing design information or that a lens can be

designed within 3D modeling software. Using a template-based approach, the system



WO 03/087889 PCT/US03/11136 7 generates |ens and/or nold and/or insert
designs and ultimately cause issuance of the relevant part manufacturing
code (e.gwp GNErssode) through the use of the 3D software. pCRarsos/ma3eesi gn
of new | enses or nodification of existing | ens designs, the 3D CAD CAM
nodel ing software first requires inportation of the I ens design data via
text 5 files or CAD files or any other electronic nedia fornmat. The | ens
design data is "tenplate based” such that the | ens design is re-generated,
and then the lens nold design and insert?7 designs created fromthe | ens
nodel are nmade avail able to a manufacturing plant as tenplate outputs.

Thi s processgengraies lend apgdéor mopd @@fﬁraqud@ﬁg@sanén@rmatelwcp@qsssmcagf fi\‘?d / or
nol d insert e [ e and
s ot T est FeRaRrGREL I HREle, CREBE G RIS A0 B RAYRED. O
st and- al one partsomyda@gdi dflnewaédsys daenodiﬁeat@ﬁedemﬁriylmstd@elgapt}ﬁm CAM
nodel i ng software t ool any process paraneters, |ens demgat?or any ot her

conponent nE&P/ELM @Od@%gﬁaﬁt Heldequree “P%%{WIPQ of the densdeE grdete Miadeih
changi ngs t g el 8w ilel 624 othdr @let:t'?@m heaR!r QG&S%E‘SE%‘ gs‘é‘tt%]ﬂgﬁﬂecal ly

updat es any other features that are fec te "the 151 nge(s) .
Once a sati bisadf orcl tliaethelénsldesugn miefgeﬁeratn&amd tltbestheg]nns woklodesign @nld insert

machlnlngd ta and engin i n are i suedfro the te Iates and
Sent o3 - HOUHTATAR I Pt aabiE Hdh Aralebie os mAuRE HEBESand
associ ated ghgm elshrgumlpﬁmsésemg allbwfod 86RBA $séQnd / SH RS AMRRLNAL6ESS.
Once a tenplate is built in the 3D software tool, the fully associated 20

3D nodel s nwld)mswdebs designied dertiytingde the 3Dtmodeling sofovaae.iang i not restrictadi ng

new or di v iform
Rat i ona E&/‘fsmngehf hﬁ%}w R “‘?Bg“aﬁ%% t?\ig’ SO tm%eé’agﬁgﬁygédlg%r)rg\l} %ed by
the "3D CADB@@ﬂeH&d@ﬁﬂﬂhmwAMmrhmﬂmgEdﬁvmttaioas t he need for

individuals to wite lines of conputer code for the lens, lens nold 25 and
i nsert designs, Hi#ay BIo§ess pRGUICES l¢ps ﬁiésw}%rﬂnmorheryomm%we % process

That aro- ol Craey® O bR aFomh AR clch SnLAE (HElFa B pRRLL < ©LC

manuf act ur i t‘@m:bataéﬁte&emlslamIaamn’;msﬂlybipdatesj&iyrtgher features that are affected by the

15 imparted change(s). Once a satisfactory lens / lens mold / insert design is achieved,
machining data and engineering drawings are issued from the templates and sent to a
Tooling Group for suitable manufacture.

The templates and associated 3D models may be stored in a database for
subsequent access. Once a template is built in the 3D software tool, the fully associated

20 3D models may be accessed, in addition to the functionality for creating new or modify
existing lens designs.

Advantageously, use of Non-Uniform Rational B-Spline (NURB) based 3D
modeling software such as provided by the “3D CAD/CAM modeling software” tool
alleviates the need for individuals to write lines of computer code for the lens, lens mold

25  and insert designs, and also provides more flexibility to model the process more
accurately — for example by applying spline curves, polynomials etc that are already pre-
defined in the software. Simulation of the manufacturing process is also possible, using

tools like “mold, flow, cool and warp” analysis software on 3D models.



tools like "nmold, flow, cool and warp" analysis software on 3D nodels. WO
03/087889 PCT/US03/11136 8 The traditional approach of "customwitten
sof t war e"wD3108188¢ | y only accessible and fully understoo@cyusodelide
"author(s)" and usually involves witing mathematical equations to define
geonetry, and hence the product being designed. The nore conplex the
product, the nore difficult and tinme consumng is the exercise to design
the required 5 product. By contrast, one does not need to be an expert in
3D nodeling to use these nodem 3D tool s§ which usually involve using
pre-existing geonetry features to generate fully constrained conpl ex
surfaces (mathenkhé @@dltlmhwmh of aqvstean- Wbttari Mﬂvam@/” is juppadly Pb]galﬁ‘»qsgbbhe

f d
Seo et heREAMS Tpdciad Sy TR o RLDSIRL S0 S ME RS {5 LS,

model i ng sy sfigfibacts defhdohRtry hadineN@nhé p;@dﬁwbtemgrdemgleddum@mbw dobnpldx
revision controls that are 100% accurate, and the data can be shared

readi |y anofggrodush e raere fiffigwt and tijae cpuming s theesercisp o dasignithgreawited ew t he

3D nodel
hat can boP i Bac B oibasfERe BahcEhe g pe h bp R PO RPAER ARE FLC%1 S

qui ckly fi nfhoaayn 30 weB, which heually sdveine uamg p&t bxdytingldeonoaly faatadsi to gendraie be

made very qui ckly. The dat a out put tions, of. 3D stem; can
link direct fygnsteapd somlex Shrisss &m%ﬂq? teoLoonabins Cappe %ﬁ"@ei bgr ans,

i ncl udi ng Welerr L ONSHE geommQFBif & %fre@d(bﬂﬂftrﬁﬂﬁﬁalQﬁatl‘x’e?ﬁdﬂigaltéaﬁatwggrebasEd 3D
nodel i ng software such as provided By the 3D CAD/ CAM nodel i ng software

t ool i ncl udesuireditodimitthecontictilens @OhcblnsmOhialldrthet‘emtthﬂmserc center of gravity

cal cul atjons; au ic,nterference .chec fuJ

capabi | :l i es: Il‘ﬁegglé mogFing HSFmac ﬁ%ﬂﬁéﬁ%ﬁeégfmsg‘bﬁﬁ nmgé' gﬁ?’iﬁu "o need
for manual kdvﬁb@orbdﬁnhbraqla@@;m@b%acaﬁ@@r AW thata tAiEbAdMateld ryadil) ampegsit and
click"”™ when desi gnl ng products. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS

Details of ey fifipesnt yoes eficyetpwsesd Therhility te wigm thedD geeselsiand thepd0dw, wi t h
the aid of aécﬁ?acg' ?gll(i ﬁlgaqum%h%gs tﬂerérm tﬁg't can be present in such complex

software systems. This also helps to quickly find any flaws in the system, and allows

15  modifications to be made very quickly. The data output and export options of 3D systems
can link directly to many other commercially available software programs, including web
browsers. ,

Some other advantages of ﬁsing the NURB based 3D modeling software such as

provided by the 3D CAD/CAM modeling software tool includes: automatic volume

20  calculation; automatic center of gravity calculations; automatic interference checking;
powerful export capabilities; no need for complex mathematical equation solving; no
need for manual line-by-line computer programming; the ability to “point and click”

when designing products.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Details of the invention disclosed herein shall be described below, with the aid of
the figures listed below, in which:
Figure 1 is a process diagram illustrating the Design Build Test Cycle according
30  to the prior art;



Figure 1 is a process diagramillustrating the Design Build Test Cycle
according 30 to the prior art; W 03/087889 PCT/US03/11136 9 Figure 2 is
a processwoioagsmse i |l |l ustrating the Design Build Test Cycl ecaamsos/diiag to
the present invention; Figure 3 illustrates the tenplate build process 100
using the 3D nodeling tool and wth one of the inputs being the |ens

desi gn, according to the present invention; 5 Figures 4(a) and 4(b)
illustrate exanple user interfaces providing functionality for specifying
and nodifying the relationship between the | ens and | ens nolds assenbly

(i nverse expansion) and, nold inserts, as nmay be perfornmed via 3D nodeling
sof t ware accor dFiggret2os & ipeocess\daagraro HlusEating the Deslgp Boild Test tGynlpl2edoedi®O
provi di ng s exan?le conmponents and user 10 interfaces required for

desi gni ng, %ﬂﬁ%??ﬁﬁ,"gﬁ%“Wbdeling lens, lens nold, and insert conponents

within the 3D nnpt?hlier391194@tés@maweﬁ51atmilhrpym§§ m;usﬂ%dhe 5D anvtdesngioa) anfd( C)
depi ct exenplary lens, lens nold design and insert design data sheets that
are used i nwpheduetthe mpakdeearibs enedesigp, adserddm tavlrelessgt Byentigar e. 15

DETAI LED, DESCH RGN, GF, T EPRERRER SRR VENE T sl RBRAL e | ens

desi gn and nodel i fig system pr I ng erriclencles and

bui I d and t gstifyiRiBdnd mredibfisg the rélagpnpiiip detsvearn derlehisn@d ienstnidds asseatilyon is 20
illustrated . in Figure 2, As shown in Figure 2, the design and build and
test (DBT) (RYREepansionyaphmadimsertssiannbg peafarped viadhnpddae sol¥art he pri or
art system gf.olqihb@helinviiienl © the benefits of the nodeling system
efficiencies. Particularly, after a lens design step 55, there is

per f ormed a | ensFigoed| degetrar tamplate 200gpoviding some keangde egrapanents efid asek ens

nodel i ng, tenpl ate assogiated. with that desi .an ich ri.ses all the
mant actUr | R BE SRR g A Bl B P, SR OB B PP oBa TP cat | one.
Preferably, cdligonbRERlidirethe BBGhddelfig pldfFbmn bNGk UilleRGon; ked)S desi gn paraneters
(e.g., power, diameter, base curve and center thickness, cylinder, various

radii and zones, Figutes $(a)-6(C) depictRempleey leng; fane smodddesign and insgrigesign data

sheets that are used in production and generated by the 3D modeling software.

15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The robust ophthalmic lens design and modeling system providing efficiencies for
rapid design and build and test (DBT) manufacturing phases according to the invention is
20  illustrated in Figure 2. As shown in Figure 2, the design and build and test (DBT)
manufacturing phases is substantially streamlined than the prior art system of Figure 1
due to the benefits of the modeling system efficiencies. Particularly, after a lens design
step 55, there is performed a lens model generating step 70 for the generation of a lens
modeling template associated with that design and which comprises all the manufacturing
25  data required for its manufacture within specifications. Preferably, the template specifies
data including: lens design parameters (e.g., power, diameter, base curve and center
thickness, cylinder, various radii and zones, etc.), FC and BC core surface specifications,
and manufacturing process parameters (such as shrinkage of plastic from the insert, for

example, and/or hydration of the contact lens monomer (from the lens mold), for



and manufacturing process paraneters (such as shrinkage of plastic fromthe
insert, for exanple, and/or hydration of the contact |ens nononer (from

t he | ens wolodpg7ssor WO 03/ 087889 PCT/ US03/11136 10 exanpleex/ushs/ch3eal ues
change based upon how the Pilot Lines and / or Manufacturing Lines are
operating. A key input of this nodeling step is the generation of assenbly
equations which link these process paraneters to the physical parts, e.g.,
lens to lens nold, lens nold to nold inserts, for exanple. The tenplate
build, | ens nodeling and 5 database buil1d steps 70 will be described in
greater detail herein with respect to Figure 3. In Figure 2, after lens
desi gn and sxamplgdelichnelsts epangt hased upsn hew ther Ritod Lines end ew Martudgetuttgwher ei n

the actual lens nodel s are eval yated. That is, .at this stage, t final
roduct s LEEvpeRoana oSS 2F s mpidingispS g eora R R stieved and
to perform eqiati6hd RhiERAifk ARECHLOGs PiradleleRab tmgmygaaﬂ PRAtE, @IS, 163 tb s model . 1 f
necessary, another 10 iteration through |ens deSign may be necessary to

tweak the | @198, hewsardlétpemelddessitgor eramply Therempleteluilddensanedelingred i n or der
o 2601 e L, U8 0 ISR NI SR

i nterface. ance, he i operati'ng at

a particul ar congi Figae 2adftes tdnk Agsigx pal s Dandddin g BlspoBereipS HrREDS BSSew
paranmeters and_the assenbly equations nay_ be accor.dia{r;g{.y nodi fied. Once it
passes 15 peRielhereHethg a¢tiallensepedelsieesialuatdy Thatis, at8ndgags hedbakt r uct ed

fro.m the 3D H}aqgtlié mi &%lagstegsswﬁéﬁger%ﬁyhesti s®kén %ﬂf&%&%&t%eﬂ
i ndi cated af step-80. According to the 1nvention, the 3D tenplate based
appr oach neansfdaréret chdckingar tstearobvivas breomin thalmogdel. i Ifike@dssatypaedlen ot her, and

constraiped,.geagnetrically thus, elimnating errors.that result from
o ogr ambd § miSHaHEn P oHsh 36 BTG PE BecorhE BT AL 1B M BT iS B duces t he
Desi gn 20 Byhd/gk mi&fffactmfileParahltfer@RNG &S decHiQIRheBS desMITRSEE AfeliahRd | ens
design, nodeling and manufacturing information are stored in a database

60. That i sthrough theteniplateusgdintartace d oafrstaneka ifthe bersrMemdactyringdghestasapl at es
so that the all i Ofa t he dalgpcoﬁ.lgqnuf ;tcegtur iel’)l(g cod sg.ﬁn%\%s dr a\évi Sng) are saved
and accesseapeﬁ?/ e PATIEPIALeqNEY WBra : 17 %ﬂ’%‘? . qleésr?ﬁr%ct RS can either
be created birameRes alleht MEenhtlPByftithd Biy bedobisy mbdifie€.ahdee pavsdsfied in
order to 25 generate new |l enses and / or lens nolds and / _or nold insert
product 3  review, the actual mold inserts and lens molds are constructed from the 3D modeling
templates and output template information as indicated at step 80. According to the
invention, the 3D template based approach means that all parts are mathematically linked
to each other, and constrained geometrically thus, eliminating errors that may result from
programs implementing 2D coordinates. The elimination of errors reduces the Design
20 Build Test cycle. The generated templates, and associated lens design, modeling and
manufacturing information are stored in a database 60. That is, the database 60 stores all
data generated through templates so that the all of the data (manufacturing coded, CNCs,
drawing) are saved and accessed by user over a network, for example. New templates can
either be created from scratch or from similar templates that can be modified in order to
25  generate new lenses and / or lens molds and / or mold insert products.
With further respect to Figure 2, thus, after insert/mold/lens build stages,
metrology 82 and clinical evaluations steps 85 are performed. However, as the generated

3D modeling templates comprise all information sufficient for achieving a manufactured

lens design with rapid convergence within lens design specifications/tolerances, then,



Wth further respect to Figure 2, thus, after insert/nold/lens build
stages, netrology 82 and clinical evaluations steps 85 are perforned.
However, we oBlogrsgenerated 3D nodeling tenpl ates conpri sepalriusoninserat i on
sufficient for achieving a manufactured |ens design with rapid convergence
within | ens design specifications/tol erances, then, WO 03/087889

PCT/ US03/ 11136 11 contrary to the prior art, the need for re-evaluation by
a Lens Design Goup at these steps 1is unnecessary. That is, the Lens
Design Goup only needs to be involved ift the |l ens design needs to be
changed. The present invention particularly includes the inplenentation of
a 3D solid céntrapgel thaprierect tieqeed forpd-evabuatien by a LsonDesngrf Grawp Rathessrstdps

B- Spl i ne ( NURB) - based rmde d.visualizatio ste |I|2| ng 3D
sol T nodel FHUREgrT Lo e e L iss o ey seli t i PR Rbhglent ens ol o

and insert deggditelifoRtchak Hal ning the 100% accurate rel ationships
bet ween any of the parts. erything is based on geonetry, and so when one
feature changes Ehem‘?r%eanW?ntl@r@mCU aﬁls(elflCﬂUdeFéIWSl neenétion@he 3DtsAkd ot her 10

components gt SRR Mnealy i AP 1R RAR A OSBRI da,hey ar e

all rela y asse y equ i ons

sof tware rrayndaemgbeexd@mabiaaoﬂfsystw Befutilizigg $Drsolid noldelivgy dofare mislnudzl ng
products from Uni graphics and, Pro Engineer @(from Paranetrjc Technol ogy

Cor por at i onPosstlcie capiurs e ienpdensyaeld aa@ fnser depigrointent retgining s HiPakiat e
conpl ex rel du?el?éiyla'? Qﬁés"ﬁe‘?@eeﬂ% th'e Sﬂté%'v f étlstbgée? Inggébmb@;ﬁ‘dx?& fy 15

st andard an accepte I nkage a ansi o ctors metr sagittal
and radi al ) when biofghtutenchangss @nfooe part, rerg),gns;:mns tmoldwri leres, thenieex | i nks

bet ween _them Wth 3D nodeling, users are not restricted to,just heri cal
geonet r e Somppnent tha afprispeideiiugn i aes piage AbomaSally sfbusrb kg - as
driving par as@idilet by aSsefBly @&¥ticRNDhesSHS ol soﬂ%%éﬁﬂ%&:b b&&apablk bhe
function. Non-rotationally symetric and arbitrary surface 20 geonetries

are addi t i opetforying smiledfupetians inclydingrrpdugts frorg Dlrmmﬂmmn#oﬂrelﬂnﬁgleers of t war e.
o BRI i SR A e R
non- progr a”ﬁ&j’o‘n‘lmdﬂatetdoﬂﬁlﬁ(}éﬁtlonshlps between parts, including all three (3) industry
15 standard and accepted shrinkage and expansion factors (diametral, sagittal and radial)
without the need for a programmer to write complex links between them. With 3D
modeling, users are not restricted to just spherical geometries; that 1s, aspheres may be
just as easily modeled and used as driving parameters, as can any conic section or
polynomial or spline function. Non-rotationally symmetric and arbitrary surface
20  geometries are additionally treated in this manner with 3D CAD/CAM modeling
software. In short, the NURB-based software has vastly superior flexibility to allow any
geometry to be modeled and constrained for use, without having non-programmers
writing code.
According to the invention, the template based lens modeling approach is utilized
25  for the lens designs which include, but are not limited to: spherical lenses; bifocal lenses;
multifocal lenses; toric lenses (with and without stabilization zones); toric multifocal

lenses (with and without stabilization zones); non-geometrically defined lenses (e.g.,

point cloud surfaces) and zernike surfaces to describe the surfaces.



According to the invention, the tenpl ate based | ens nodeling approach is
utilized 25 for the I ens designs which include, but are not limted to:
spheri calwbensemso bi f ocal | enses; multifocal |enses; toripcTIE0yeR3¢w th
and wi thout stabilization zones); toric multifocal |enses (with and

w t hout stabilization zones); non-geonetrically defined | enses (e.qg.,

poi nt cloud surfaces) and zem ke surfaces to describe the surfaces. WD
03/ 087889 PCT/US03/11136 12 Referring back to step 70 of Figure 2, there
is now described in greater detail, the 12process for building the |ens,
nol d and insert conponent design and manufacturing tenplates. Figure 3
illustrates the Befsoegsbask épstepl DDoff loguraddehkierignowdswribehipanester detavli thai n,

for exanple, the |- S(r oftwagre tool (or sim]ar 3D, CADY.CAM. nodeling 5
Sof tare) pRIEFEPET T e ks A Fad 55 tPin-dedldeian 364 GO Witihe. pr ocent
invention. kdmplistes. fFigire BHRugta0y R Prbdedystésst 00 Fouh8dedihg Fegé!E@npdnbhiat

descri bes how the programfiles (e.g., mnacros) behind the tenplates relate

to each ot h&fithindorissemplsethe I%S(o@@sso eratgeldor ymilaxdl &AD/OAM aodeling ons from
the part§ a &t&%@%c&ﬁ%@dﬁ%g&élﬁ&%uff%E)R)%Es%.’acca&ilihgg%?lgﬁ)ge%rﬁgnveﬁtti&p I} 0,

i ncluding, but n ree Mensi ona ens/ I'ens nol d/ nol d
insert 10 micel the pfotant flde /staxart oSFip@adIhadescribesiiivw tepgogimn tileage.us, e
i nformation, and drawi ngs i ncl uding 2-D drawi ng outputs related to the

9
sel ected | effecrskbeindhie eipdies ilat ta &aghantersng P X dhasr Bacos et © 3, a | ens
des! 90 CY eakfitch el ERToneRPie Ghikt i doftverl e lat TROLLBH) Mifdicdt@Pat

| -DEAS(r) software tool (or sim nodel i ng) software, as
i ndi cat ed astep 130,9ndpdifig) dut fidtdingiedttethe dehansodali (SDE EpslEne moid/mpldansertng a

| ens desgjgn i [ r text, .or file data t or. any at her ,comon way
of o ecaPanriole Ry CNE P el RretBrats commpirR e i EG 554 Under st ovd
that, rathetriWiag iheldathg DY dialVind QiSutSRBIENO theVeRiclBalém lesigh il Bd &l Y, the
| ens may be designed within the 3D CAD) CAM nodel i ng software, and used as

a direct drithelegs mywdictirer the |ens nolds and inserts. The 20 relationship
Dot veen e 1.1 o R agl L S RIS ol By LA
i nverse shr itaOBASP sdtloarg tdoh forlstritar 6D CSDICA Mhodelia gy doftwate, assindichted be
under st ?(S)d tstf;g tl Oé.h%}?eesyrsrggnh&gglogédeis capable of importing a lens design in either text, or
CAD file data type, or any other common way of electronically representing design
information. It should be understood that, rather than inputting the lens design _
information, alternately, the lens may be designed within the 3D CAD/CAM modeling
software, and used as a direct driving model for the lens molds and inserts. The
20 relationship between the lens and lens molds (inverse expansion) may be modified in the
software as described with respect to Figures 4(a) and 4(b), as may the inverse shrinkage
linking the lens molds to the inserts. It should be understood that these methods are
compatible with the template-based approach. After the lens design step and related input
of the template drive file at step 102, the template build steps 106-130 are performed.
25 In order to create a new template, the individual parts (lens, lens molds, inserts
and cores) are preferably designed first. Rotationally symmetric designs entail the
sketching and revolving of each part’s cross-section, for example, using point-and-click

functionality. Non-rotationally symmetric parts require additional features beyond the

initial cross-section revolve. Each part has all its critical dimensions labeled according to



conpatible wth the tenpl ate- based approach. After the | ens design step and
related input of the tenplate drive file at step 102, the tenplate build
steps 106wbD30B/0sasey performed. 25 In order to create a new tempuisat/el13d¢ he

i ndi vidual parts (lens, lens nolds, inserts and cores) are preferably
designed first. Rotationally symetric designs entail the sketching and
revol ving of each part's cross-section, for exanple, using point-and-click
functionality. Non-rotationally symetric parts require additional features
beyond the initial cross-section revolvie. Each part has all its critical

di mensi ons | abel ed according to WO 03/087889 PCT/ US03/11136 13 a

nomencl at ur e nemkeglgureRBahemen Rartigmansasd Bllpwosn agreefyynoadanperronggnting.
convention. . This al.lows for the.correct assenmb eqyations ta be laid out.
v e part s THFQBef Ry MherBhi Bt 0P SRR e RN A el b

anal ysi s as dirfendldhéd) calicfil BEdndios to\dtail iRl 4u8B6is agfo Wiitly HitgnPiohaWRT R ed S .

whi ch dimensions will be driven (reference) paraneters. 5 Driving

di nensi ons a# &ivingraamelges vshwhick dimapsions waklq drivep dicferagelRrramesser . or

t hrough <th . : i e Ch ihg)
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Ref er ence ditlreans bbimacras, andlareresponyilsle foradrivogn(nkdngingesinldt dinedsicdnsancthé y, but
result from qther djnensions that fully_constrain the npdel, Fqr exanple,
to fully cofter Baris Uefs.dens siﬂ%or"%?&ﬁl%?fferwe digpfngipns are dimsiogs thabgggnot,  eng:

could 10 be pdrjowid dftedBN61QBtITHm biker difacRfiBns that! By YRHr&ln AR ModeBiFRf €NCe
di mension. The nature of the nodel ed geonetry dictates that only a few

di nensi ons axampledaifulbdongirainudr are,dbe Cradibg’, “x comert'r aicaitet’laad farrd” ddoldever ,

addi tiopal reference dinensions.are,added for use.in ssenbl y.equati ons as
tel | ae TRADPEFER g I E Bl A, SRE ob@be Kkl Bon RRRORR gL Doy Of
106 of recr gatheMtbdeled gk@néry@eeles that 6419 a e BARMEbNS £k ravaired toRlly Gescrivé her

3D 15 CAD/ CAM nodel i ng software), as depicted by a correspondi ng | ens nodel

406 in Fi gufenstgin)thepasph Hopever: additional Teerence disensiony are@adsd fopnss 1ol d f r om
reverse hydrati I r | . ;. 2R ST 116
of ot eati ng SeB il h S} Biles CADAEOIEE TR b ltke B AESS e of 130

depi ct ed by s@p 0Dt OGsredietting theQennidede] 4ilhe I-DEASSsofivape thdlopdtherd®at i ng a

resultant |lens nold assenbly, as depi.ct eg by a cor r_esiaondi né | ens_nol d 20
assenbl y° mo&etD/a31 modelingdoryatseris dsRiFisn Pra dPresearding eat mefed 408 inFighre

l'inking ass @E@Lt)fp 112 of creating a back curve (BC) lens mold from reverse hydration as depicted
by a corresponding BC model 412; a step 116 of creating a front curve (FC) lens mold
from reverse hydration as depicted by a corresponding FC model 416; and, a step 118 of
creating a resultant lens mold assembly, as depicted by a corresponding lens mold

20  assembly model 418, including generation/modification of the related linking assembly
equations. The tool designer then designs the cores based on the critical surface
geometries, lens mold design intended thicknesses and material chosen — although this
may be an automated process. Particularly, the core geometries drive the non-critical
sides of the lens mold design and the assembly equations preferably drive all ‘loose’

25  dimensions on all the parts, capturing all possible degrees of freedom. Thus, as shown in
Figure 3 step 122 involves creating a power (FC) insert and front core giving shape,
dimension and volume to the FC lens mold including generation of related linking
assembly equations for reverse shrinkage. A corresponding FC core/FC insert model 422

is depicted in Figure 3; a step 125 of creating a BC insert and rear core giving shape,



equations. The tool designer then designs the cores based on the critical
surface geonetries, lens nold design intended thicknesses and materi al
chosen - wbtobosgko t his may be an aut omated process. Partipcalimod/yii3é he core
geonetries drive the non-critical sides of the |ens nold design and the
assenbly equations preferably drive all “|oose' 25 dinensions on all the
parts, capturing all possible degrees of freedom Thus, as shown in Figure
3 step 122 involves creating a power (FC) insert and front core giving
shape, dinension and volunme to the FC |®®ns nold including generation of

rel ated linking assenbly equations for reverse shrinkage. A corresponding
FC cor e/ FC idimsesionand gplurz2o the Bfe fsine motd 4nd géng&tmg Blated lmkem agseBblf creating
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assenbly equgitle@®SFikre 3 GVEoER b%hrnuakt@a@tham@@ﬁgmama gtdasssBng 0064 B
insert nodel 425 is depicted in Figure 3. It should be understood t hat,
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bl ed |
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nodi fy | eéns surfaces |ng I'ens surfaces via
t he i nterf agerfacéitds may a@cﬂdoﬂaﬂlg iba h&mevteé ba i 8weshtdringtcommandy atarpr@npt)g

comands at a rorrpt nd / or user-defined macros. By nodifying the
| ens geonet rayd o Ytlﬁ%r%%? %g@cmﬁ RedISHaE the Leps BRORYRL PRGF BFICAY, "in the

manner as }["’glculamlaf%rse&%% # M8l faciningl [né ﬁJaﬁxYe? Q% wilPBE I:)?plaﬂﬁ&i HPHR 8y CKI Yy

and accurately. Finally, at step 130, in Figure 3, the génerated 10 outputs
are nmade av pattadyt epdated queckipaid acommewameHwbt steyy 13 eén Eignpedh éwtgemamcﬂ act ure.

That is, . for a Toolin 3D nodel s o |nserts and
Tones o' Doubyl B ek GRHEPI B R loa Rt ror AR s IR o RP RN H e R e e
tool path dathg i§g6id TEslinBYDdvERpmleAt GY@Ep, tﬁehm maoabNioRtHeNBsetth end @6k they Bee- dr aw
t he parts in AutoCAD or simlar, and saving much tinme. 15 Wth nore

particul ari tdyeCtthJée@D @Aﬂamﬁm&dﬁ@”@gﬁ%ﬂﬂéh%cblﬂ toQkspahodats reguirederyethat i on
and di splay leRhesatc}}H?%{awa :{1% he%g?ert‘é%% ?%“pﬁlgﬁor?s;‘.ﬁ 1}u"t!(§6&b%@§l a¥ha£1g ' ag\ler?é rieving

existing |l ens 1 orage sys
dat abase 60na&hudep|cted in Figure 2, and functlonallty for editing and
generat| ng new | \ehpltsh Iglrgl%eplartlculanty, the 3D CAD/CAM modeling software allows for the
generation and display of a user interface which provides functionality for retrieving
existing lens model templates from the memory storage system, e.g., database 60 as
depicted in Figure 2, and functionality for editing and generating new lens model
templates. Exemplary illustrations of a template build user interface depicted in Figures
20  4(a) and 4(b).

Figure 4(a) is an exemplary user interface 300 (created by using I-DEAS®), which
includes a display area 302 for displaying various informational and graphical lens design
and lens manufacturing models, including 3-dimensional lens design models. Other 3D
CAD/CAM modeling software also has the capability for building similar interfaces to

25  the one created in -DEAS®. As shown in Figure 4(a), via a generated window 308, a
user may access a variety of files 312, each comprising lens design data, that may be
stored, for example, in the memory storage and/or database system. It is information from

these files that drive the template. That is, after lens design is pulled in with a text file,

then a further screen is generated such as the exemplary "plastics options" window 318



tenpl ates. Exenplary illustrations of a tenplate build user interface
depicted in Figures 20 4(a) and 4(b). Figure 4(a) is an exenplary user

i nt er f acew®@0/0¢188®at ed by using |-DEAS(r)), which includestasds/spBay area
302 for displaying various informational and graphical |ens design and

| ens manufacturing nodels, including 3-di mensional |ens design nodels.

O her 3D CAD/ CAM nodel i ng software al so has the capability for building
simlar interfaces to 25 the one created in |-DEAS(r). As shown in Figure
4(a), via a generated wi ndow 308, a wusewrs nmay access a variety of files
312, each conprising |l ens design data, that may be stored, for exanple, in
the nmenory dtotratge infigier(datmvates gindoemisplay 318, 4 wicomanspegify fespentive hese

files that drive th | ate. That frer | d th
@ toxt 111 elonieis SO Bt eepuain 18 yBhkapateth ca e BlEraDy
"plastics 093(» QS thesé DAl (B BrMBpAed RAKSEIeRATIEAIRIEA 3 186nd Baoink iy at ed

in Figure 4& From this w ndow di splay 318, a user nay specify respective
front curvefoiensiaeli deam@de&@etwﬂhp@miesim fromagdiohameldinseitsaree. g. | via
entry fI§|dS 32Q 330. It is these values that are applied to the selected
| ens destgn Selva and becone useful for lens nold design and, additionally

provi de data froms\dBiceibedafiel drénsiag bl t}&l’;ﬁr@tcglﬁﬂ’hﬁdé&ireﬁe teﬁﬂ)lﬂeﬂeﬂid bad, after
creating all the parts to be used in the tenplate (lens, lens nolds
i nserts andModiseinseriyand geres ) “gssemblyc ﬂ%caﬁeeﬁn@gepéﬁ&ﬂilaure B) Yhick cempiipasch

corpri ses . eNRiRhioPaBhnARARARLY iRARY KA. LACIUIRTehBlue! ifodRReles on

t enpl at e. one sc ens S|gn an e process paraneters
(namel y shr ilnkegealesigd aek thapsicess facaptaters jnambly heihkape ahéhexmansibn Gatorgeonet ry

de nDId and i nsert The a e on are t
© baet hol0 curimaike CHE! ey aRELDL e 10 Tl s (i FHEREREEr 1 he
expansi on) Taféﬁ'it thbN&ich BRABthENY gg&ﬁé'fﬂllrs)éca@éﬁd&vﬁl (%gltﬁehﬁ%rse%tdﬁe The | ens

nol ds, in turn, rive the insert geonetry (scaled by the inverse of the

shrin kage vaXm}IOHPpgimWe thﬁ(lti)s mpeld graugtardnyity qrmgsltsmt ddie dgnsarpddsayl e quat i on
Lt a0E e Ty A e e SRR B L, 770
file, eg., " ASSB@MM(EMdumq iNxdtratel iah essaﬁlbgwqaatﬁﬁ itdetfhcescroeh 860 ed
15  detailing the list of assembly equations 375 associated with the design and manufacture of

a lens. Particularly, a file, e.g., "Assembly Equations.txt" file associated with a selected

(or new) lens design, is retrieved from the database and comprises a list of assembly

equations 380 that link the lens to the lens mold, and the lens mold to the inserts of that

lens design. For instance as shown in Figure 4(b), an example assembly equation 382

20  governing the link between the lens mold and the lens is specified as:
BP_FR_1=LE BR 1/BP_RShr

which relates the back plastic front radius with the back radius for the lens divided by a
25  back plastic radial shrinkage parameter value, for example. As presented via interface
350, a window 385 provides a scrollable list of the radial shrinkage (e.g., BP_RShr) and
radial expansion (e.g., BP_Rexp) factors 387 based upon the lens current Manufacturing
Line. These may be utilized as inputs to the assembly equations 380 that link the lens

manufacturing processes to the lens design (step 102). Thus, depending upon factors



(or new) lens design, is retrieved fromthe database and conprises a |ist
of assenbly equations 380 that |link the lens to the lens nold, and the

| ens nol dwbDm3tokmse nserts of that |ens design. For instaneeTasoshows in
Figure 4(b), an exanple assenbly equation 382 20 governing the |ink between
the lens nold and the lens is specified as: BP-FR- 1= LE-BR- 1/BP_RShr
which relates the back plastic front radius wth the back radius for the

| ens divided by a 25 back plastic radial shrinkage paraneter val ue, for
exanple. As presented via interface 3506 a wi ndow 385 provides a
scrollable Iist of the radial shrinkage (e.g., BP_RShr) and radi al
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16 such as the té pe of materials, process conditions, these equations wll
change. Theassemblyrennationgduve dds shogman Khe %?emhhde@aaombwhbwes@eﬁ jcrrendddng an
entry field f j#¥% &0 n Ilng
entry ofgpar%%%B%' uﬁlnggg?g%yﬁglﬁﬁn%ggp ?%ggﬁa ”%%g rﬁ%égﬁxggqﬁﬁ gp
t he assenbl yheai @thed BDOOADICANE odetiag scfowae nls3hik the cgmbidinpioy beitdiag i ons 380
maybe i nported or created within the | -DEAS(k) software tool, as shown.
Cther 3D CABMEaRIniGBEeES Rdhaoneshawe herdn FRESS he capability for buil ding
simlar i nterfacRsuhfind 36iARe 350U tud Bmbrafd sd riRele YiisioiniR, ST Our ©
3, according to the tenpla e bui ld ftware running in the 3D~ CAD/ CAM
nmodel i ng SOGAMCAM erqdalungmﬁwatq, bqtmhmgs Lpﬂlemgsasoq@ssrmn@m thah govegoless n | ens

10 Manuf Li t dit f | th
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(step 116); and, linking the manufacture of | ens mold and an FC | ens

mol d (step 106)witti thamanpfasture ofeFGlepsmeld (sileErLé6)rmmda| 11nbl§3éhﬁbh§ﬂﬂ€@ﬁlé90ﬂ18)
The | ens rml e ns t re. th 15 the
FC power i nser © ng|8f g(jln nﬁ%ﬁ%é%‘sl nﬁé@r ?Q%égzﬁ)gwﬁ%anggl#{?%pﬁ{é’mmé' \%awgore

desi gns (st eggembBZjtep 1 08). EXelRN MoldReniPeejubticmat(step 108) drdfurtherlinked withocess

paranmeters i s specified in the
15  the FC power insert design, the BC insert design and the respective core designs (step

122), for example. The specification of the current process parameters is specified in the
plastics option screen.318 of Figure 4(a). It is from these interfaces that enables_ a user to
modify, generate and store lens design/build templates.
The culmination of steps 106-125 in Figure 3 results in the generation of a

20  template 200 such as shown in Figure 5. That is, as shown in Figure 5, the templates 200
provide a user with product design information in a variety of formats, including: 3-D
models 205 of the lens and / or mold and / or insert designs, 2-D design
drawings/graphics 210, design sheets such as spreadsheets 215, etc. and, the generation of
and issuance of the relevant part manufacturing (computer numeric control) CNC code

25 220 through the use of the 3D software. The quick and reliable presentation of lens design
and manufacturing information afforded by the 3D CAD/CAM modeling software
provides users with a greater understanding of current lens products. The system further
permits users to modify existing templates for generating new lens designs if applicable,

which also reduces the DBT cycle. Exemplary lens, lens mold design and insert design



pl astics option screen 318 of Figure 4(a). It is fromthese interfaces that
enables a user to nodify, generate and store | ens design/build tenpl ates.
The cul mwetmsosrsed steps 106-125 in Figure 3 results in treTgso®iass on of a
20 tenpl ate 200 such as shown in Figure 5. That is, as shown in Figure 5,
the tenplates 200 provide a user with product design information in a
variety of formats, including: 3-D nodels 205 of the lens and / or nold
and / or insert designs, 2-D design draw ngs/graphics 210, design sheets
such as spreadsheets 215, etc. and, the1generation of and issuance of the
rel evant part manufacturing (conputer nuneric control) CNC code 25 220
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15  dimensions (and reference dimensions) of the part being queried) and “ModDims”
(creates via the user interface the ability to modify dimensions by the user) — both these
can open Excel as the data dumping/reading media) to view dumping data and create the
design sheets. These software applications allow the user to select a lens design file and
relevant process parameters as input for the template. In a basic modality, these software

20  applications read the lens design file, verify it against the lens part in the template (to
ensure compatibility and data integrity, etc.), and update all the non-referenced values
with the appropriate values from the lens design file. The assembly is then updated and
the assembly equations update the values of all the affected parts. The result is a template
with the lens design recreated in 3D format, and the corresponding lens mold designs and

25  insert designs necessary to make such lens, with graphical and numerical output (e.g.,
CNC code) to enable the manufacture of the relevant components.

An exemplary process for automatically generating M&G code (or CNC code) for

tool path generation as implemented by the system is now described with respect to

Figure 7. As shown in Figure 7, a high-level process flow 500 is described that depicts



15 di nensions (and reference di nensions) of the part being queried) and
"ModDi n8" (creates via the user interface the ability to nodify di nensions
by the uswoD)3ws1sst h t hese can open Excel as the data dunpcmg/sogadseg
media) to view dunping data and create the design sheets. These software
applications allow the user to select a lens design file and relevant
process paraneters as input for the tenplate. In a basic nodality, these
software 20 applications read the |lens design file, verify it against the
|l ens part in the tenplate (to ensure cogpatibility and data integrity,
etc.), and update all the non-referenced values wth the appropriate
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as inpl emen i NOW descr D respec Figure 7. As
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WO 03/087889 PCT/US03/11136 18 ste for automatically generati ng M&G code
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At the next “ﬁhﬁ"lﬁurﬁﬂ’ 8mao described herein for returning all driving dimensions (and reference
dimensions) for the geometries of the part being manufactured. Then, at step 535, a
decision is made to determine if other tool paths are needed. For example, in the context
of lens mold inserts, two tooling paths are implemented, a first “rough” tooling path and a

20  “finishing” path. For some manufactured products, if only a first tooling path is required,
then the flow may branch to generate CNC code, for example, at step 535. Otherwise, in
the context of lens mold power insert, the process proceeds to step 537 where all
geometry starting at an edge is created and the G Code output generated. At step 540, all
edge detail G Code is written to the specified G Code files. Next, at step 546, in

25  accordance with generating G Code for lens mold inserts, there is performed the steps of
calculating “fillet” points and to perform the mathematics for the finish geometry. Then,
in the context of generating G Code for lens mold inserts there is next implemented the
step 550 of looping through front zone data to create arcs. Then at step 560 and 567, after

the data and geometries have been read, the output G code is generated and sent to the



directory location where the G Code files are to be located is set, and, at
step 522, the user is pronpted to set the data file nane to read for tool
pat h genewatososissdihe steps 525, 530 15 depict the actual Ipoapisosy1tiBé ough
the data file to read in all values. This step utilizes the "D nDunp"
macro described herein for returning all driving dinensions (and reference
di nmensi ons) for the geonetries of the part being manufactured. Then, at
step 535, a decision is nade to determne if other tool paths are needed.
For exanple, in the context of lens nolid inserts, two tooling paths are

i npl enented, a first "rough” tooling path and a 20 "finishing" path. For
sonme manuf aspecified GofiledWhtss a mahufactugingmbihise includingniganpendipoirg tyreipgiis ed, t hen
the flow may hranch to generate CNC cod fgqr exanple, at ste 5.

Ct her wi se, %?Pqe‘f]%e% g?ﬁsgwpﬁ’oéhpgﬁge%ﬁ?ﬁf%W@P‘gi 0 g@rptr?def%%ep Q?%@Bﬁg%? dceeds
to step 537wNhgeradd dode IRONRS thy edndIé GNCodRtshéwn BDMHIE 5 Ccreated and the G
Code out put generated. At step 540, all edge detail G Code is witten to
the specified G Code files. Next, at step 546, in 25 accordance with
generating G Code f ot ol o inserts,—there—+s performedthe st eps of
calculating "fillet" GZX?M%(} t herati-es—for—the finish
geonetry. Then, in 492 0% of~Lgenerg . ode fg d inserts
there is next inpl e8P YNRY £9.8492550 of | aaping through front yone data
to create arcs. ThenGif XX epyholl. eardzexkxxafter _the data and geofretries
have been read, the|QIBHNAyypatkzizgzaRiigxatxed and sent to the WJ 03/ 087889
PCT/ USO03 11136 19 spemidied G file. Wien a manufacturing machi ne incl uding
di anond point turning is inplenmented, the sanple G Code generated
according to the process depicted in Figure 7 wll generate code, such as

t he exanpl e G Cogeg; i &L, .
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reparatory commangds and M codes are m scel | aneous .
prep yma e up ofd wor%s.qiach word has a letter agc?ress and a numerical value. The letter

Py ner‘anm-}-hn nn

10 address informing the control system of the word type. The CNC control manufacturers
do vary with regard to how they determine word names (letter addresses) and their
meanings. The beginning CNC programmer must reference the control manufacturer's
programming manual to determine the word names and meanings. Some of the word
types and their common letter address specifications, are as follows:

15
O - Program number (Used for program identification)
N - Sequence number (Used for line identification)
G - Preparatory function
X - X axis designation
20 Y - Y axis designation
Z - Z axis designation
R - Radius designation
F - Feedrate designation
S - Spindle speed designation
25  H - Tool length offset designation
D - Tool radius offset designation
T - Tool Designation
M - Miscellaneous function (See below)
As is understood, there are two letter addresses (G and M) that allow special functions to

30  be designated. The preparatory function (G) specifies is commonly used to set modes.



commands. The G file prograns are prograns made up of conmmands, and
commands are nmade up of words. Each word has a letter address and a

nunmer i calwoaBweissihe | etter 10 address inform ng the cont rolr/sysiass of the
word type. The CNC control manufacturers do vary with regard to how t hey
determ ne word nanes (letter addresses) and their meanings. The begi nning
CNC progranmer must reference the control manufacturer's progranm ng
manual to determ ne the word nanes and neani ngs. Sone of the word types
and their conmmon letter address specifications, are as follows: 15 O -
Program nunber (Used for programidentification) N - Sequence nunber (Used
for |ine i délewichérctheicantiol @anufacwpals atapnal niushbe ¢amsulted to fiXd theilist dfesi gnat i on

20 Y - Y axis desigpation Z : Z axi.s designation R.- dius designation F
2 reedrat o BEBIGRE BRIEE by R SR B REROHOREoR oot Pangt h

of f set desi efigkilfRoudFunctiR® (MIastis)allewasatie§F spral iaRtionk. Mistedneous

Desi gnation M- M scel | aneous function bﬁ See below) As is understood, there

are two | et finctienscretypisslly Ged asipiograneablaswitthes ke spindlewnedl, eetdanto 30 be

modea Vb 08108 RGBS e A O s RO iR SO TR Y P oCt Urer s
manual nust phgraaansild fiddtid off iRdCN O endchiat toal. Fatlep aifanditivn tegackiigahe for the

particul ar nmachi ne. Like preparatory functions, A m scellaneous functions (M
wor ds) al | oensrapigniod BN codsand; explapiingvord romnpgnds theregharayde Foud®i ons are

typically usgdeRindk Q98- BRR FhdrlGais(dficeec spi ndl e on/of f, cool ant

http://www.seas.upenn.edu/~meam100/cnc/cnc main.html, the contents and disclosures

10  of which are incorporated by reference as if fully disclosed herein.

As more and more templates are created, in effect, a catalogue of templates is
developed for storage in the database 60 (Figure 1). These are re-used for producing
tooling designs where the lens design to be used as input is similar to what the original

15  template was designed for. The tool provides enhancements to the template building
methodology, the software applications that modify the template functionality and output,
and data output formatting. Modifications to the structure are also frequent — with the tool
used to improve efficiency.

The use of 3D CAD/CAM modeling software tools provides the advantage of data

20  management control systems. Once designs are created and properly renamed (to follow
an agreed nomenclature), parts can be checked into a library of designs that can be
accessed by the tool designers to read, modify or copy. It is understood that permission
levels may be set to allow or limit access to the checked-in parts. Tooling design
iterations are tracked this way.

25 The use of commercially available 3D CAD/CAM modeling software additionally
provides the ability to import and export part designs to other CAD platforms and generic
software packages. This allows, for instance, checking lens molds against production line
handling equipment (suction cups, de-mold fingers etc) designed with other 3D
CAD/CAM modeling software, for fit and interference verification. The 3D CAD/CAM



5 on/off, and so on). They are also used to allow programm ng of many ot her
programmabl e functions of the CNC nachine tool. Further information

regar di ngwols/ostgener ati on of G&M code and expl ai ni ng wor d pcarusasiis3é her eof
may be found by referencing a web-site entitled Fundanentals of CNC
http://ww. seas. upenn. edu/ ~meanil00/ cnc/ cncmai n. ht M, the contents and

di scl osures 10 of which are incorporated by reference as if fully discl osed
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provides the ability to inport and export part designs to other
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checki ng, | ens Igs a&ginst production line handling equipnent (suction
cups, d& nol"¥PHYEPEPREETStesi gned with ot her 3D CAD/ CAM nodel i ng

software, for filtsBodd boluelets@ScANER, When it iscRtidedto pliitie AAewARUAM WO
03/ 087889 PCT/US03/11136 21 nodeling software also allows for exporting

the |ens, |eproripity farrramalrer newtepsdesigne sorecffigient commuricagien bgisiesn the
TR R e e e
software and use of associated modeled components helps reduce the interaction time and
15  improve productivity. This tool is also available to promote the New Products, linking
directly back to the design and manufacturing processes, if needed. The 3D models are
i_nvaluable in assessing new marketing opportunities and technical challenges for new
product development or line-extensions. This reduces communication errors, reduces the
DBT cycle and provides designers with tools to better predict the performance of these
20  products in the marketplace.

While the invention has been described in connection with a preferred
embodiment, it is not intended to limit the scope of the invention to the particular form
set forth, but on the contrary, it is intended to cover such alternatives, modifications, and
equivalents as may be included within the spirit and scope of the invention as defined by

25  the appended claims.



accurate nodeling of data. It is additionally nuch easier to use

rel ati onshi ps between 5 |lenses, nolds and inserts that are orders of

magni t udewoosessenpl ex than previously allowed, because @CTiuses/paser of
NURBS and the "point and click” system when rendered accessible to those
aut hori zed users, and its associ ated database of accurate up- to-date

i nformati on reduces any comruni cati on i nadequaci es and hel ps reduce the
Desi gn-Bui | d- Test Cycle, from concept through to the calibration, scale-up
and 10 grgsaMscct uring processes. It should be understood that, when it is
deci ded to pursue a new narket opportunity, for exanple, a new |ens
design, nore efficient comuni cati on between the nmarketing and rel ated
desi gn}{ i nd use of
NS SR b SR R A Sl S 0 St

i nprov@aenoductivity. This tool is also available to pronote the New
Products, linking directly back to the design and nmanufacturing processes,
if needed. The 3D nodels are invaluable in assessing new narketing
opportuni ti esAﬁnphthamlimlieﬂsadesignahﬂmm@e]:i;ng‘systemmumppisimguct devel opnment or

| i ne-extensions. This reduces, ¢ on erro reduc DBT cycl e
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described 1n connection with a preferred enbodinent, it is not intended to
limt tdhsgnsmtﬁcpmamn mﬁﬁcmm\fmqngnatln@thrw@dlmanmr@m(3513!) rmdelﬂ ofdens, 4ndr3th, but on
the_contr is,.intended to cg\rﬁ % terna{}nl ve lm (i]l fications, and
equP val Oggssf’rﬂ@te%gorpﬁﬁeﬁﬁé%ﬂwe ?rderlsﬁléanél M MR PP '“0f"°t he invention
as def |nmdfabumng§ystelﬂe appended cl ai nrs. WO 03/ 087889 PCT/ USOB/ 11136 22

CLAI M5: Having thus described the invention, what we claimas new, and
desire to sébmne@stgyne_r@tmgér@lngpawmthnsfor aovemng)ﬂmswall behavipeofdenselesigh and

model i gy, SYS] g,agg&?mgld%rngﬁ i @mﬁc@@ﬂﬁsﬁé b WorB pHRESs Jalin®idisecihsg P! aY

devi ce provi unctio or generati ng
lens manufacture and manufacture of associated components in an ophthalmic lens

10  manufacturing system; and,
¢) means for utilizing lens design data and said linking information from said template for
driving lens manufacture of the associated lens design in an ophthalmic lens manufacturing
system, wherein use of said template and design and linking information therein facilitates rapid
lens modeling and lens manufacturing operations with greater accuracy, thereby reducing lens

15  design build and test (DBT) cycle time.

2. The system as claimed in Claim 1, further comprising:
memory storage means for storing templates that have been generated, said user interface
means providing functionality for accessing stored templates; and,
editing means enabling a user to modify lens, lens mold, mold insert, template design
20  information and linking information provided with a template to create a new lens, lens mold,
mold insert, template design, said memory storage means defining a catalogue of developed

templates that may be accessed and re-used for producing new lens designs.



a tenplate associated wwth a desired | ens design to be manufactured, said
tenpl ate conprising design information sufficient for generating

t hr ee- di nwogBosm (3D) nodel s of |ens, and 3D 5 nodel s of paggos/atied
conponents required for |lens manufacture in an ophthalmc | ens

manuf acturing system b) neans generats3ng |inking information for governing
physi cal behavior of Iens design features included in said tenplate in
accordance with one or nore process paraneters affecting |ens manufacture
and manuf acBuUrle syétemss okimedid (lamp2) vértan said aranpdehbating £udee nserfdde

manuf act uy i Ssystem and, c) ans for utili.zing | ens design data and said
i nki nglspwﬁg%{ pigides g’ﬁf%%ai!tyggfrﬁaﬁ%@n& BfPanypn %%“PE%&%?F& BPSLEAIE of the

associ fifdndRPRuAe st Gl fefls @RigARE b THeE bly SRR oFRMHINAE feh hﬁﬂufa&_ﬁﬁﬁ§m _Wwherein
use of said tenplate and design and linking information therein Tacilitates

rapi d systems, whedeblyisperifietichieges tosaidifaatoraare agtoupteadly ireftestediin besyltana8Br

acc%{rac , therebg reducing |l ens 15 design build and test (DBT) cycle tine.
2. TheAIEBEMI°L| aimed in Oaim 1, further conprising: menory storage
means for storing tenplates that have been generated, said user interface
means providing functionality for accessing stored tenplates; and, editing
means enabl #nbhesystsaras chimetiniGlaimehgvherein g tereplafe fyrdicd compprises mapeaeiiang
design ,_20_infor.mati and. | i.nki ' At rOV] it enpl ate to
o7 ea o RPN SRR L 0 UL TR ERARE Mg LT 2L
St or ageénaieAbsridg tith atiglaBlead daénd fipat @f andphieatpie denstneiplaatueiag kysedm faay be
accessed and re-used for_ producing new |l ens designs. W 03/087889

PCT/ US@8ying thedensymanpfactyingqyeqegsnesessaiy 49 agteyert RAFUAUIAT 2ns @pRi8i n sai d means
generating a user interface display device provides functionality for
speci fyi ng expansi on and shrinkage factors associated wth manufacture of
sailfl | ens désTlgrsystsmpscfaimedid Glginsdivwheoph tésatinied masnfctoeng ¢ @upanents or

system .whereb eci fied changes to id factors are qutomatjcall.
a1 1 e i) o lfsfong ar mats Ensipagied glCinspiedin e it st g o
G ai M Fompihie FgiHRr orthSrigtherhenufathirRl dafOPEAbAfg MBAUh& e WE bidor Hédedens

associated with a | ens design including nmachi ni ng data and engi neeri ng
dr awi ngw]d acgpriling to lens mold designs associated with a particular lens design, and, manufacture

of mold inserts according to mold insert designs, each said lens mold and lens mold design

15  accounting for process parameter variations by specified linking information.

6. The system as claimed in Claim 5, wherein said functionality for generating a template
associated with a desired lens via said user interface includes means for importing lens design
information into said template, and generating a 3D lens models for visual presentation via said

user interface.

20 7. The system as claimed in Claim 4, wherein said lens design information comprises one
or more of: text file or an electronic file representing an output of a three-dimensional computer
aided design (CAD) system. This system also allows for lenses and / or lens molds and / or
inserts to be designed directly inside the 3D CAD/CAM modeling software, as well as for being

imported into it, without being restricted to using the template-based functionality.



manuf acturi ng data available as direct input to an ophthalmc |ens

manuf acturing systemfor driving the | ens manufacturing process necessary
t o achi ewsoa3psass? cul ar | ens design. 10 5. The system as ekcaiusesiiiige Cl ai m
4, wherein associ ated manufacturing conmponents for said |ens include one
or nore lens nold and nold inserts used in |lens nold manufacture, said
tenpl ate further conprising manufacturing data for enabling manufacture of
one or nore lens nold according to | ens nold designs associated with a
particul ar BeTt s§@shan clagiedl, inrGisi $Gilerein said lea®Uehigniafirinati@ceniptisegorte0 Nl d
insert designs, each said lens nold and | ens nold design 15 accounting for
pr oces §T pareaguttigns YaHF1ag PIRSSS HYraglsless thategpvemdgasTRanuigcsitigareRting. The

Syt Mg dRfedulliddsPdVided SR HERMD (RABL MRAMIANA kb Qlr AR A%RAL 1 N0 a
tenpl ate associ ated W a desire ens via Said user Interface Includes
nmeans tave (BQplehd moldt Bhisngléeilgn desiph ithutid maifarthoe oéia frohteruoveaF€) leand
generating a_3D | ens nodels for visual esentatjon via sajd. er

i nterf I, apg) Iipkingthe wgayfaciprgof 2 B ZH@OF Crpf’?ntanaf ‘ﬁ},‘a\‘i\?‘?éﬁaéﬁt HL%SéﬁaEI%P%WQIddesi gn
i nf or Me{d.0B1,C HPREPHE LR pal edBsRIBIC ardd®¥dr chid ifise?, afFELEE frbMofe f11 €
representing an output of a three-dinensional conputer aided design (CAD)
syst endesign.s systemal so allows for lenses and / or lens nolds and / or
inserts to be designed directly inside the 3D CAD/ CAM nodel i ng software, as
well as for being inported into it, without being restricted to using the
t enpl at e- bagerhdsyfiethia® BRIrdd/in DS MRS Shi PEDH/CO0R AN kdédeling sotiwald® syst em

as clainmed in daimb5, wherein said | ens desi gn information conpri ses one
or nor dNoaddniformRatigns!|B-Spling (DB skasesh phyiating the nepdifogproarammesnty write

manNf a ' t4 L ' .0 pded for: |inking
na| o TR AROnRRR Bideli e RAG IR o3 F S R A3 BBRET 1O ol o
linking the | ens design with the nmanufacture of a front curve (FC) lens 5

nol d; and, |inking the manufacture of 6}1 BC and_.FC Ien% mol d wi tFu a
resul tant ph§siieaystenas clapred m Cdaimm fyrthencompriving peansitorauiamatislly gesi gns of

BC and ééﬁa{ﬁ&%%ﬁu%@ﬁﬁﬁg da@Hdnf Qlﬁg%pgg\%}gﬁclg BfRated @sth gan% QirectySnpiX & &M as

cl ai ne aimb, rein sald nodel ing softwaré is
Non- UnioplthabmRatehomahufBst@ing systemMoRB) vibg the dens aianiu ficfunig g tthé corepmhetduild
programmers to wite .10 |ines oiedqgrrp&n.er code for the lens, lens nold and

i nser t PERSETSGITECsSary Ip apbicxpfjeassociated lens design.

15 11. A method for designing and modeling ophthalmic contact lenses comprising the steps
of: |

a) generating a user interface display device providing functionality for generating a
template associated with a desired lens design to be manufactured, said template comprising
design information sufficient for generating three-dimensional (3D) models of lens, and 3D

20  models of associated components required for lens manufacture in an ophthalmic lens
manufacturing system;

b) generating linking information for governing physical behavior of lens design features
included in said template in accordance with one or more process parameters affecting lens
manufacture and manufacture of associated components in an ophthalmic lens manufacturing

25  system; and,
¢) utilizing lens design data and said linking information from said template for driving

lens manufacture of the associated lens design in an ophthalmic lens manufacturing system,



10. The systemas clained in daimb5, further conprising neans for
automatically generating manufacturing data fromsaid tenplate, said
gener at edwoasmsised ng directly input to an ophthal m c | enecrarsas/aasari ng
system for driving the | ens manufacturing and conponent build process
necessary to achi eve the associ ated | ess design. 15 11. A nethod for

desi gni ng and nodel i ng ophthal m c contact |enses conprising the steps of:
a) generating a user interface display device providing functionality for
gener athe@irBusetof 53ill &ntplate antdesigadndiinking imfosnatiod theeeis fabﬂahugmratpm logs

manuf actured, said tenplate conprisin desi gn infaor § suff|0|ent for
gener afliodgliRgddens manvéctiiag 0()%)\%%36@1 SIEYPT 4CEHHACY &w&r« prdustglenseiesion
associ gfef.08R ng Sydi Lred for I'ens manufacture in an ophthalmc |ens
manuf acturing s ?ﬂgeneratlng i nking information for governing
physi cal behaV|or of | ens de5|gn features included in said tenplate in

accordance W th one o ess neters .affectjn ens manufacture
and manuf ac r'lg’ed?eﬂé%gadg?aé‘?’% e ﬁ%hg%{‘@’qrﬁogﬁnﬁ%%éfeﬁ‘?ff ‘| ens

mangfact uri aenagea%nséﬂmteWhasoaeeyFeﬂelra&edwgalh%ea ifteTh @igpdlyPprandingai d
l'inking information fromsaid tenplate for driving |ens manufacture of the

associ tnstionadifysfod asriesping sﬁoradmteommtmpmc | ens manuf acturl ng system WO
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design build and test cycle tine. 12. The nethod as clained in Caim
11, fudefning & esplogud quievﬂ@pt‘@ltt@ggla@ﬁ thet gy be Agpeessd ANd KrisPh Qs PROdYFINE R6Wheen
gengr aied ye %{d user interface display providing functionality for

accessi ng st red tenpl ates; and, nodifying or editing lens, |ens nold,
insert and tenplate design information and |inking infornation provi ded

with a tenpl to creat | ens_desi gn, .said age nmeans

def i i ng. & A4 hecRRIEPE Bpste] B Lot Hras R el Bet BBEe BT

re- usegef;id p@@ﬁ%ﬁhﬂ%n@ﬁw forldpediBsy @ah@Pand shrinkage factors associated with
manufacture of said lens design as performed by said ophthalmic lens manufacturing system,

whereby specified changes to said factors are automatically reflected in resultant 3D models

15  generated.

14. The method as claimed in Claim 13, wherein a template further comprises
manufacturing data associated with a lens design, said method including the step of directly
inputting manufacturing data available from said template to an ophthalmic lens manufacturing

system for driving the lens manufacturing process necessary to achieve a particular lens design.

20 15. The method as claimed in Claim 14, wherein associated manufacturing components
for said lens include one or more lens mold and mold inserts used in lens mold manufacture, said
method further including: utilizing manufacturing data in said template for enabling manufacture
of one or more lens mold according to lens mold designs associated with a particular lens design,
and, manufacture of mold insert according to mold insert designs, each said lens mold and lens

25  mold design accounting for process parameter variations by specified linking information.



13. The method as clained in daim12, wherein said generated user
interface display device provides functionality for specifying expansion
and shri mkegs/ogmes ors associ ated with nanufacture of sai @Clrarses/dasé gn as
performed by said ophthal mc | ens manufacturing system whereby specified
changes to said factors are automaticaély reflected in resultant 3D nodels
15 generated. 14. The nethod as clained in daim113, wherein a tenplate
further conprises nanufacturing data associated with a | ens design, said
met hod i ncl wdiThg nmdkoddserinéd i Claoh Il §, whengnitdid sigp whgerfeeating nitengpletat a
avai l able fromsaid tenplate fo an ophthalmc |en ufactyring .system
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associ at e nuf act uri ng conponent's or salrd lens include one or nore |ens
nmol d ampcesenshtebni vissaid sseuseetface. | ens nol d manufacture, said nethod further
including: utilizing manufacturing data in said tenplate for enabling

manuf acture of one or nore lens nold according to | ens nold designs

assgci at ed W t'TheandiRdd dsCiliMed {rPORiA €8] ilibrein 8416 len8RBHERRTMHRALS compribed Nsert
according to nold insert designs, each said Ilens nold and | ens 25 nold
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infornatrinol“.rdV\é%dOése/Sp%égﬁ I;’C;[/&JSOS/ 11136 26 16. The nethod as clained in
d ai m POPPRREFEddegiEn (CAPL S ™ qenerating a tenplate conprises associ at ed
with a desired lens via said user interface includes the step of. inporting
| ens design information into said tenplate, and generating a 3D | ens nodel s
for visual lpriesensthad asslapmgd gutlgingd erwhensip sa1d dems designyinformationeampyisss

cl ai ned_.i i WhESikd L i i IR L one or
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t hnée- domditisispsaid equatioprevidal fde dindigithmleCldSignsyigt hemah8factiteeofmdatlod as
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l'i nki ggift.he manuf acture of a BC and FC lens nold with a resultant physical
| ens yen

15 19. The method as claimed in Claim 15, wherein said 3D modeling software is Non-
Uniform Rational B-Spline (NURB)-based, obviating the need for programmers to write lines of

computer code for the lens, lens mold and insert designs.

20. The method as claimed in Claim 15, further including the step of: automatically
generating manufacturing data from said template, said generated data being directly input to an
20  ophthalmic lens manufacturing system for driving the lens manufacturing and associated

component build processes necessary to achieve the associated lens design.

21. The method as claimed in Claim 20, wherein said manufacturing data available as
direct input to an ophthalmic lens manufacturing system includes computer numeric control

(CNC) data.



assenbly, and then the insert pair designs of BC and rear core insert, and
FC and front core design. 15 19. The nethod as clainmed in C aiml15,

wher ei n swod3®&rsswdel i ng software is Non- Uniform Rati onalPCBASpSs/ines
(NURB) - based, obviating the need for programrers to wite |ines of

conputer code for the lens, |lens noldzand insert designs. 20. The nethod as
claimed in daim115, further including the step of: automatically
generating manufacturing data fromsaid tenplate, said generated data being
di rectly i npRUtTHeGn@&Rod KAQ14pbd hatlaing 20,eriser¢ingald anhufattngngs gath evailable adr i vi ng
the | ens manufacturing and associ ated conponent build processes necessary
to achAEge MR toansepbihainalg lens manyfasiuging system melidgeMddd dala- ¢l aimed in O aim
20, wherein said manufacturing data available as direct input to an

opht hal m ¢ | ens manufacturing system.includes conputer nuneric control

(CNC) dat a. 23 pmeoEY8ewerdaviegealablebys machinpotangifly sRhoHYBSAPIRITANREd i n
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functionality for generating a tenplate associated with a desired |ens

desi gndesgrbiaforematibmatificient, forsgeneratingrfhirest dimensipnal §ilhgnodgtssifdensi andadat i on
sufficie tl fgr genterati n tthree-.di si onal (C?D%] n”odeh}ﬁ1 Pf.clléanns, and 3D
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opho hakinéfat@fifg $dtem@nuf act uring system b) generating |inking information
for governing pﬁysical,behaviop of lens design features included in said
t enpl at e i nbhegensrating bieking inforgiation forgeyemipg phisieal pehaxios obleas designdeathgs | ens
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manuf acturing system and, c) utilizing Tens tesign data sai d
| i nki nenantfacturedridanardufzetors of adsdotngd aingpoherits thr anvdphthalmic lens manufacturing
system; and,
15 ¢) utilizing lens design data and said linking information from said template for driving
lens manufacture of the associated lens design in an ophthalmic lens manufacturing system,
wherein use of said template and design and linking information therein facilitates rapid lens

modeling and lens manufacturing operations with greater accuracy, thereby reducing lens design

build and test (DBT) cycle time.

20 24. The program storage device readable by a machine as claimed in Claim 23, wherein
said method further comprises the steps of:
storing each template that has been generated, said user interface display providing
functionality for accessing stored templates; and,
modifying or editing lens, lens mold, mold insert and template design information and
25  linking information provided with a template to create a new lens, lens mold, mold insert and
template design, said memory storage means defining a catalogue of developed templates that

may be accessed and re-used for producing new lens designs.



| ens manufacture of the associated |ens design in an ophthalmc |ens

manuf acturing system wherein use of said tenplate and design and |i nking
i nformat iwo oBlogrsed n facilitates rapid | ens nodeling and lPemasommiB@ct uri ng
operations wth greater accuracy, thereby reducing |lens design build and
test (DBT) cycle tine. 20 24. The proggam storage device readable by a
machine as clained in daim?23, wherein said nethod further conprises the
steps of: storing each tenplate that has been generated, said user
interface despleypr@rovisthrayg defidacdadamiaby 4 atldne acdased ngChim2egwheeipl at es;
and, nodify or editing |ens, lens nold, npld insert nd tenpl at e design
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generating manufacturing data fromsaid tenplate, salid generated data
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dripyi ”Qcﬁ@@eth?ﬁ%o&?t@&’ AS hy %%pg and associ ated conponent buil d processes

necessary t achreve t associ ated | ens design 27. The program storage
devi ce readabl e by a machi ne as cl ai rred in Caim26, wherein said

associ at ed facturin onent sai d .l ens .i.ncl ud mare | ens
o d and mobg HedSeste Sei Brcr BHEAICPS FAIPCE  Bed S HTRES HRTRD ¢ hor
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accor dln?a%ul’a%turing data to enable manufacture of one or more lens molds according to lens mold
15  designs associated with a particular lens design, and, manufacture of mold inserts according to
mold insert designs, each said lens mold and lens mold design accounting for process parameter

variations by specified linking information.

28. An ophthalmic lens design system comprising:
a) means generating a user interface display device providing functionality for designing
20  an ophthalmic contact lens and associated with components required for manufacture of that lens
by an ophthalmic lens manufacturing system, said design information being stored in database
accessible by a user via said interface;
b) means for automatically generating a three-dimensional (3D) model of said ophthalmic
contact lens and models of each of associated components required for manufacture of that lens,

25  and displaying said 3D model via said user interface;



nmol d insert designs, each said lens nold and | ens nold design accounting
for process paraneter variations by specified |linking information. 28. An
opht hal mwoloeng7sdesi gn system conpri si ng: a) means gener atPCmgisa3/uses
interface display device providing functionality for designing 20 an
ophthal m ¢ contact |ens and associ ategdowi th conponents required for

manuf acture of that lens by an ophthal mc |ens manufacturing system said
design information being stored in database accessible by a user via said
interface; b)memada tharipuatingsaidi 3P ambyelgeiaaaidtus¢rgntarfaderfeemddifpnsleanal ( 3D)
nodel of sajd ophthal mc _contact |ens and nodel s of each of associ ated
conpon@fign feétéfEﬁSraéél?anﬁresr?éﬁi?P‘é‘éfedICBmB?netnFFaFf’q‘P@Hsf?rm ?%Cﬁ‘brea}%i 9% ng said
3D nmodglgd & sQliftdYs&ptindBiRg §A¢ fns YQiG3/ 087889 PCT/ US03/ 11136 29 c) neans
for mani pul ating sard 3D nodels via saird user interface for nodifying |ens
desi gn f eat dy msamrfor geeamtunglsnodesansioti aatl ddtagorpoingdesign etpssocdaded or

manuf acture of that.lens desi. as required for.optimzing sai ens
des? gn°oBROBE ereQf forRiRTag P g%ﬁtgﬁ?ed%téiaﬁﬁ’%?glya‘ﬁ’ a@ﬁ %at%wé}d?ﬁ[kg desi gn
of assafiialk@fsatd CATRANE nd agéaera&qfco&,ganesﬁsoerragﬁnipma&@!ug} sdatRbassy, and
automatical ly updati nlg data as said 3D nodels of said | ens design and

€

associ at ed eonpamernablexnt eutgmatipallygeaerating manudaciging: daterfgom 9id gomdgdataapabl e

f ical.l i. f. i f i id
of 20t SISy AERRLAMAP TR B60% KIBoRhold GRS talgtee oo

manuf aativiing g 1eyShaitfiDiringdhd Wésdiatel @omparsntibuildf frodedics heceasatly @ashielat ed
conponent build processes necessary to achieve 10 the associated |ens

ded? gnthegsiciated IgpsissigngVhssen madslingandrlensinuiagtising crerHaRs 255 eerfosmed ned

wi th gggeat éat&%S&Ur?c?Xnié@s!inﬁés time. 29. The systemas clained in C aim 28,
further conprising: "neans tor generating |inking information governing

physi cal behavior of |ens design features in accordance wth one or nore

process parg ers affecting.l ens [@nﬁ{ cture and manufacture of 15 said

associ at ed g_ﬁé@ﬁ@ﬂ?‘gaﬁﬁl_“ dn%?‘ b HECT ENPHEkuf act uring system 30. The

syst en}&anqoagé%%ltﬂgg littkidk Mfehatioh %l')%éﬂing ?h}%ic%ﬁﬁé?ﬁbi%fr 8fleRONRPAT U Sred AC! Ude:
no

lens nold an insert associated wth manufacture of a particular |ens

desi gnaccordance with one or more process parameters affecting lens manufacture and manufacture of

15  said associated components in said ophthalmic lens manufacturing system.

30. The system as claimed in Claim 29, wherein said associated components include: lens

mold and mold insert associated with manufacture of a particular lens design.

31. The system as claimed in Claim 30, further comprising means for generating a
template structure for receiving said lens design and linking information required to create a lens
20  and associated lens mold and mold inserts and, storing said templates in said database means,
wherein a plurality of developed templates are stored for user access and may be re-used for

generating new lens designs.

32. The system as claimed in Claim 31, wherein said means generating a user interface
display device provides functionality for specifying expansion and shrinkage factors associated

25  with manufacture of said lens design as performed by said ophthalmic lens manufacturing



31. The systemas claimed in Claim30, further conprising neans for
generating a tenplate structure for receiving said | ens design and |inking
informat iwo meessyed to create a lens 20 and associ at ed lpemusowhid3and nol d
inserts and, storing said tenplates in said database neans, wherein a
plurality of devel oped tenplates are gsbpored for user access and nmay be
re-used for generating new | ens designs. 32. The systemas clained in
Claim 31, wherein said nmeans generating a user interface display device

pr ovi degstémnehdrebyabediffed dhanggec sdiy faceprearp amematicalydederddrik ageltdmmeDor s
associated, 25 with manufacture of said | ens design as perforned by said
opht halMAde1s|geREatEEnuf act uri ng WO 03/ 087889 PCT/ US03/ 11136 30 system

wher eby specified changes to said factors are automatically reflected in
resultant 3D nodels generated. 33. The systemas clainmed in Caim 32,
further conpd.iBiersystemanslafroed iailaimall, dathey conyarsanganeang foretdnzaticallhi ng dat a
fromsaid tenpl ate, sai er at. data f.uncti oni s direct input 5 to
o ophEFSSFHITE AN ECHERE AR RO Ly itmsr HrEesrrgt s PosOPRRE bR ioekC | ng
and 5as $9&4 eftRchERBRNEMufRMiAHE PEOGTSSRTINE6E KR mantAc@fiRg MPastdtfated _
associ ated |l ens design. 34. The systemas claimed in Caim 33, wherein said
associ gpagonpahbiildairogesseg neeassannivcachisve bie agsgrigterl dens desien.ude one or nore |ens
nold and nold inserts used in lens nold manufacture, said nethod further
including: utilizing said generated manufacturing data to 10 enabl e

manuf act ur e 30fTHergsterh asBlainddIACIAR 35 wheed QidusdéodattEmanutadtoringesi gns
associated with a _cﬁartj cul ar lens design, and, manufacture of nold inserts
accor dicAgPersniFdPLsaidisnt nclide pasr merg dens mold and mpld ipgsrty ussddnleps g9l d desi gn

accou prtgitla{ﬁg%}%e, B8 GRED APRARTR GhdiNE utiffih Sd B¥heFREFnbh Bk turlidg ot G
10  enable manufacture of one or more lens molds according to lens mold designs associated with a
particular lens design, and, manufacture of mold inserts according to mold insert designs, each
said lens mold and lens mold design accounting for process parameter variations by specified

linking information.



