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5,271,874; 5,271,875; 5,466,147; and 6,348,507, all of which are hereby

incorporated by reference in their entireties. Additionally methods of tinting

contact lenses have been disclosed in the following applications, U.S. Patent
Application Serial No. 09/745,511 filed December 22, 2000 (VTNO0527); U.S.
25 Patent Application Serial No. 09/792,671 filed February 23, 2001 (VTNO0530);
U.S. Patent Application Serial No. 10/027,579 filed December 20, 2001
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Before this invention, automated inspection techniques had not been
30 used for inspecting the application of tint to a tinted contact lens. The
application of the tint was either not inspected or it was done manually, by
operators who visually inspect each lens to determine if the tint contains any

irregularities, and if the layers of tint are concentric to the edge of the mold. [f



WO 2004/ 044545 PCT/ US2003/ 036378 any irregularity or flawin the tint was
found and it made the |l ens unsuitable for consuner use, the | ens was
identified so that it was not subsequently sold to a consumer. This prior
art inspection systemis subject to human error. Additionall 5 a manual

i nspecti on WOaYWHHME | i kely be |l ocated after the |ens Wg/ﬁ%f%@m@ﬁﬁf' ough
nost, if not all, of the manufacturing steps. An automated inspection
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is that the inspection does not have t one on finished | enses, but can
be done i ntfkdi aftesthe applicationef dee eelarant te a lentderdotalenh enotd] theorif therssareThi s
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i nconsi stent r8¢grquing greductionafier Manymeredeases %@Hrres}@‘?%g‘aﬁﬁﬁ'@v&%%i st ent

results. This §&enhitRE closshtconpri ses the system described herein for
perform ng the nmethod of this invention. 30 Brief Description of the
Drawi ngs Fig. 1 isThisinwenipapeidesyaretoed and sysiemdhat inspaets.thetigt 2 is a

transparent | aé’@é/ggpgr_?tad%%%hﬂ“ 6“ § Bttt IenEio(iJ mc?ld ifc?r rﬁofdmgoé 2Bhtast feinée | ayer

on an opht hal ni
therein. The method and system finds defects including voids in the colorant,

excess colorant, and incorrect position of the colorant and/or pattern(s) of the
colorant with respect to the center and/or edges of the ophthalmic products,
20 e.g. mold or contact lens or other colorant layers.

One benefit of this invention is that the inspection does not have to be
done on finished lenses, but can be done immediately after the colorant is
added to the mold or lens. This provides immediate feedback to the machine
to reject for various defects and allows the machine operator to react quickly if

25 numerous defects in the colorant are being made. An additional benefit is that
because defects are difficult to define, standardize and learn, human
inspection often gave inconsistent results, whereas the automated system
gives more consistent results. This invention also comprises the system
described herein for performing the method of this invention.

30 Brief Description of the Drawings

Fig. 1 is a transparent layer on an ophthalmic part.
Fig. 2 is a transparent layer on an ophthalmic part.
Fig. 3 is a colorant striae layer on an ophthalmic part.
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2 WD 2004/ 044545 PCTI US2003/036378 Fig. 4 is a colorant feather layer on an
ophthalmc part. Fig. 5is a systemof the invention. Fig. 6 is a flow chart
the process steps of one enbodinent of the invention. Fig. 7is ain aflow
chart the pr s of another enbodinment of the 5 invention. Fig. 8 is
a scan of a‘gﬁgg@@ﬂs‘ﬁ@ge captured by the system shown i n BGT§US2803/03¢378y. 9
illustrates schematically two search vectors across the inage captured by

t he system sh jn Fi 5. .Fig. 10 illustrates the search zones in the

opht hai m ¢ part9- 4 Fof eFlprant fontier BopLPR ER B RIIARAT ¢ ori nt w th ¢ he Test
Fig. 12 ill ustFigl &% asysterpef the itvetitiasgnosti ¢ opaque -lens nold Fig. 13 is a
scanned i mage of a,di agnostic enhancer lens nold  Detail ed Description of

the Invention fifi 1§ alRWiGhaH tHERIPCRSS SleRrRRie erabodiment of thegin¥pmianal ni ¢

parts conprisig .713?&1{&%%@!’&%&{% d?@§ék%%té¢¥@ﬁérﬁ§tﬁ&;erﬁ€6‘§hﬁﬁ BPtfessential ly

of, or consisting ¢ steps of: a) capturing an inmage of sald ophthalmc
part conpri&si ngventidneast one col orant wherein said i nage conprises an array

of pixels and saigd. at | | i Lt on.of said
i mage; 20 b) LK is.4 58 8f érsg'@%ﬁﬁ%‘%‘ggﬁt#e?a%ﬁ?%&é‘&"ﬂ?ﬁ%‘gﬁﬁ’ EBhehal mi c
part and fi ndFiggo fifwetratest heafatisallydtwoederetneectomansoschhel intajel dagtabd| east
one first pixel area in tge Qr, logﬂof said image of said ophthalmc part
conpri si ng sai 'ty He $YSIRD SBAWNIR T 2nt ; d) conparing the |ocation of said at

| east one firsgigpheflusHaf the seBfch Zomek ¥¢ fHd SPhtRdindc phftSt pi xel standard to
determne the | 0cation of said colorant center, and conparing the |ocation

of the centlkr foig. $hilkistratesribaciagnestie peirt withi@elTasht i on of said col or ant

center to detegnm ng . f ' | or iy roperly | ocated on
sai d opht hal m.%@pi?ﬂlfusgé?é'&garﬁ@%p%ha@ae&%tén?%fé Qt%gﬁ%'l%%sn'?]ﬁ’gqom c part" refers
to a tinted coRiga¢s id B8sasnad imdgeasispdiagnbsticrerdantert leassmeldent obj ect used

in the production of the tinted
P %etailed Description of the Invention

This invention provides a method for inspecting ophthalmic parts comprising
15 colorants the method comprising, consisting essentially of, or consisting of the
steps of:
a) capturing an image of said ophthalmic part comprising at least
one colorant wherein said image comprises an array of pixels and said
at least one colorant is present in a portion of said image;
20 b) locating a reference means in said image of said ophthalmic part
and finding the center of said reference means;
c) locating at least one first pixel area in the portion of said image of
said ophthalmic part comprising said at least one colorant;
d) comparing the location of said at least one first pixel area to the
25 location of a first pixel standard to determine the location of said
colorant center, and
comparing the location of the center of said reference means to
the location of said colorant center to determine if said at least one
colorant is properly located on said ophthalmic part.
30
As used herein, the term "ophthalmic part" refers to a tinted contact lenses or
transparent or semi-transparent object used in the production of the tinted
contact lenses. Ophthalmic parts may be tinted by a number of methods which

3



contact |lenses. Ophthalmc parts may be tinted by a nunber of nethods which
3 WD 2004/ 044545 PCT/ US2003/ 036378 include but are not limted to pad
printing on the contact lens, pad printing on the lens nold, tinting in a
solution, adding colorants to the reaction mxture wused to formthe contact
| ens; howewso 200419¢45% ef erred ophthal mic parts are | ens BEIIEBIBREE8Hre pad
printed with colorants. As used herein, the term"colorant” 5 neans any

organi ¢ or inqQrgani onposi ti.on that nmay be used to jnpart .visible col or
an article. THRCHAE BubaTenPtdmited o o arliagion Sxe comiat I9Rs: Pas PHoHNS olht
thereon will BRe faRChblEENIR) V4 sditfiod, RREAMgBRIIEAE taRNe PEadpRl msgrko  al |

tinted ophthalmc parts. Wen |lens nolds are tinted, the colorant can be
applied in sirigied taform thengantagtlens; pwieyenthe prefeed ephthabnishantssarateisor
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tol erance (ei tmeanS)an)botgmnia:mrinelrgianiocxidmpczsithbntthat ipal ther useidotopaipaetran
h o e Lo B Al B R BN P o Bl R "

col orant has hessafpPibletrésh Wl Be\Gedcribed BBlot, blf thadk tnhétheds aflyobaBpplieamer s ar e
applied the colorants are typically applied in individual Iayers that

typi cal | y overaldfnted, pph@HRICRAMSr ant | ayers that do not overlap could be

i nspected using th [{gem i SMSit | relny Ll gnal |y,
there may be a cl eg/r\lﬁglﬁrl\héer Fgeﬁgggﬁdﬂ{go@ﬂ%%gﬁ?Rgﬁﬁﬁg%éﬁqg%cg separate
20 | ayer Wit houatitipdegersalf dranaparenwhcabramsyamdor epaquescblomnéson " f oundat i on

| ayer”. This |ayer is typically trapsparent so unless ere is.a major
defsct i n't he GaEptoTefAny teosd. TIRE R s tBelam o 0 EvkEifoa or ¢ hi s
i nvention. Curingsddt andtvaefyetharmint h}@aﬂt%ﬁﬁ@ rédistrdtivhadictamndea@itheesBsthi n t he

I ndustry. Enhancer contact |enses enhance a user's natural iris color and

opaque 25 cont@¥centicieane s gatiemdo paiemudisianoelkel sacherdedlayest h types of
| enses can be cdl?r%ﬁt Q%é%sété;}gvdés%'?ﬁéi@a% i@l oQﬁaﬁﬂb?éﬁQta FQ@OF’E‘\ er
no sed of at | r?g t

contact |ens I's conp east one layer of translucen
col orant. Tkhe. stepafibusktite calolant has been applieddd the lensemold. nbrmaltipdgers to a

O o o Bl A B i€ 16l b e, ot
iris of the coayaetthhpsicappoesriap] Bghdughnsaierasiayelsapar do abt bValspndrnter s
are shown in Figures 1 (covering the iris) and 2 (iris- ) -
be inspected using the machine vision’system described herein. Additionaily,
there may be a clear binder layer added to the ophthalmic part as a separate
20 layer without added colorant, which may be referred to as a “foundation layer”.
This layer is typically transparent so unless there is a major defect in the binder
layer, it will not be inspected in the method of this invention.
Currently, there are two types of tinted contact lenses in the industry.
Enhancer contact lenses enhance a user's natural iris color and opaque
25 contact lenses change the user's natural iris color. Both types of lenses can be
made by using lens molds containing colorant. The enhancer contact lens
- mold is composed of at least one layer of translucent colorant. The transiucent
colorant is applied in one or more layers to a circular area of the contact lens
covering the iris and pupil area or to a donut-shaped (iris-shaped) area of the
30 contact lens covering only the iris of the contact lens wearer. The transparent
layers of the enhancers are shown in Figures 1(covering the iris) and 2 (iris-
shaped). Opaque contact lens molds contain 2 or more layers of opaque

and/or translucent layers in any combination. Preferably the opaque contact
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shaped). Opaque contact |lens nolds contain 2 or nore |ayers of opaque

and/ or translucent |ayers in any conbination. Preferably the opaque contact
4 WD 2004/ 044545 PCT/ US2003/ 036378 |ens nolds contain at |east one
translucent | ayer as shown in Figure 1 or 2, and at |east one opaque |ayer.
The opaque I‘géé?(’é/oi‘ﬁﬁ cally are not solid colorant |ayerRCTEE003986328 t he
entire iris, but consist of patterns within a boundary having a donut-shape
(iris shape), such &S 3 an 4_show t he

Fi 3 d.
battorns that 'RRKEIL aﬁm'@eﬁ% s Bidreras sigm b Abbie Dot evany

however, any patiésstdne dpaquenayer! Mhe opaqdelferdtypfdall§ ard AbESHR coldtbift can be
used to create the colorant patterned | ayers of 'the opaque lens. In one

preferred enbdavefsibat gayer thenentire lnSehgt PRIISER Oé@ﬁﬁs¢rn§e~|ﬁmmarhwndaw@wnga
transl ucent | g be 10
referred to a??{%mutasrha?ga(mé a@)éf anlhtawﬂqn%p(%&éé %ean‘éigf co ljfj]rrelggirgraﬁggj'a
feat her dési ghsbwwltmmpamnsélhmrmakb uwaasSrlad]layérfami aéeathaykaybr However, the
i nspection t em desc

d,s i b
enhancers, anofes%élﬁ& ' 98%’55‘35' apgﬁg{t?ﬁgle%g %’ﬁ?%ﬁ% rqﬁﬁsog’? %Wssg?ﬂ’r&? :tc ;[ on of

| ayers. In theetpr &drebé a8e o ordateite, cdldrénttpaﬁe@ﬁemﬁiy@rs bstherdpaguaimdns. tihe
front 15 curve lens nold which may o not be attached to a frane,

nmount ed onto aengaleferece@begiMesH; W@é@”ﬁq lensdyelds compeisest BiRdenlayefeder i bed
in U S. Patent r@ﬂm 027,579;
and 10/ 165, 058tra ncécr)]?gaé/r g{hergg%%ﬂ bf%r%ﬂ’%e%%%'a 0?9613@23'?‘?5{‘“ % t he

nol ds are ﬁbnvmeimcbdtm ashthe "straedayerban@gaeothm opadukslayer atmmpnang afebtlhets have
been disclosed,in the,prior 2Q ar such .as,., U.S. Pat,. Nos. 094, 6 .9'

oS08 575 ama deass Slarte FleBbd o SR ASiet Rvefa Holfer, Hie BErSRBN s oo
herein, the temethodefsidesieteriiensribedieidroidcadbelisd ®F inkpéct enhbhbéredahdrage

t hat does not contain a colorant. The reference neans nmay be the kni f e

edge, outside QRRFIEFIONFE IoRS mroldsth @Ry BumBer of @rakigation af BNerst ens 25 nol d,
such as a hatch marj, th@tpréfgﬁeb'elﬁ?ood?rﬁgﬁdtﬁe%r&&?n%qs?P&%FJHI)‘FﬁJe'fYoﬁtO be a

regi stration neans. he preferred enbodi nent ef erence neans is the
kni f e edgelB00cuthe tdnsawokiwhiah imayrrguanet lm]aﬂ@chﬂd tas Hanhey Masinteslionto d i ne;
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Al ternatively, Apslicaibn SetiahNast09/245,511;09/7%d,67 EMEOPESNS; asdii0/168,068¢ | ens
edge, which Calrn%cgrporated earlier by reference. After printing, the molds are conveyed to the
inspection system. Molds, frames and pallets have been disclosed in the prior
20 art, such as, U.S. Pat. Nos. 5,094,609, 6,368,572 and 6,007,229, incorporated
herein in their entireties.
As used herein, the term "reference means" defines an area of the
captured image that does not contain a colorant. The reference means may be
the knife edge, outside edge of the mold, tab, or a feature added to the lens
25 mold, such as a hatch mark, or the like, added to the mold specifically to be a
registration means. In the preferred embodiment, the reference means is the
knife edge 800 which as shown in Figure 8 shows up as a dark circular line;
that is, a circular pattern of low intensity pixels (on a gray scale of 0-255, low
intensity is less than or equal to about 30) in the pixel image. Alternatively, for
30 a contact lens, the reference means could be the lens edge, which can be
located as described in U.S. Pat. No. 5,500,732. The same gradient process

described in U.S. Pat. No. 5,500,732 or in U.S. Pat. No. 5,640,464 that is used



| ocated as described in U S. Pat. No. 5,500,732. The sane gradi ent process
described in U S. Pat. No. 5,500,732 or in U S. Pat. No. 5,640,464 that is
used 5 WO 2004/ 044545 PCT/ US2003/ 036378 to |locate the edges of a package
can be nodifjed a person of ordinary skill in the art and used herein to
| ocate the IW\??(@ U3t or outside edge of the nold. Alter REETUS200§/0366Me kni f e
edge can be found by perform ng a gradient process starting fromthe
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S dnoan T B oGS The Lided AT Radiie s Tmogilon by BOSARG! ORI

boundary of thg i tarnaqlslea&&eelhnsndda@é fife Rﬁlfeqéddél & ouldide %petdm@méﬁi
I mge, or by searching onl Y smal | areas of pixels for exanple in areas
¥
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These techni ribe
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al gorithm preﬁ a@b'G!r%ﬁb@éﬂcﬁﬁ\gé‘orﬂ)hﬁnﬁﬂ?éﬁéﬁsd?fplﬂéf@forreﬁé T;@ﬁﬁar@ﬁ@'ﬁﬁarkémat i's
the center of the nol used herein, the phrase i xel area

refers to an d&feadé? S'ﬁ%“ inehiguredy quawﬁg@lvwﬁhgﬁﬁt g@om@t%péﬂte systamn thg ea
must be disti ggb'étﬁntﬁaé}ltﬁefkﬁﬁéne%g%ll b@réB?r%xﬁﬁeﬂEﬁ Rk @ngéoilr%a}ma]gegg ?égbl y,

the first pix area covers an“area on
pi xel s, but0 cdﬁnmegltlae gnife edpe i éittres tof moselwaysemll Ilrmlythbmumt;emlmﬂrpe(elsihahe

i mage ot her than t t cal d 20 her ei th f erence
e o nedbd e Rralf e GHRLAE R MendS oreuEr I5e bits Ma kol &gt
area of the Irrﬂg@eetaurhmqh@@bré@eédnaedﬁnS@fpaanN@y@faoasste:dnc&m@ame t he
phrase "second pixel area" refers an area of the |lens nold image having the

same character§ kas been lpsatqad: e ploQahmypreferablycalcudaiea the rerterptther ent
portion of t herelf%ggg%ygéngdmgg Lsotﬂélceﬁ@r%‘f'h%tﬁwela of the center of the

col orant 25 ma m he y using the second pixel area. This center,
when avertged wit Ag heedberedn, the phraskéfifst pixel aebbdrafats, tovarl readyf the lenise

o o o oo TR s T SR P PR AR
accuracy nay bsreggicoathiniby celorantaFrifeedtly, thefirst @ixes Bl SoVier ah afish bh enal
pi xel ar eas. 30 Ithr)ndo?clj |Smgfe Enb ngL%lSO)E %nﬁxe?sest)luggasn E)Qzli;r gg.eTﬁlrslfl%teqxe?gréahe
opht hal ni ¢ parl€8 g P g p
may be anywhere in the image other than the Optical Zone (defined
20 hereinafter) or the reference means (defined hereinafter). Preferably, the first
pixel area is in the area of the image equivaler;t to the iris of an eye. As used
herein, the phrase "second pixel area" refers an area of the lens mold image
having the same characteristics as the first pixel area, but located in a different
portion of the image. An additional calculation of the center of the colorant
25 may be determined by using the second pixel area. This center, when
averaged with the center from the first colorant, will add to the accuracy of the
center calculation. Increased accuracy may be necessary to accommodate the
variation and distortion of the printed pattern. Further accuracy may be gained
by similarly calculating centers from additional pixel areas.
30 Models of the colorant designs that are printed on the ophthalmic parts
can be made by a number of methods. Pictures of said designs can be
obtained or commercially developed graphics design packages may be used to

replicate these designs. In the circumstances when the design consists of
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can be made by a nunber of nethods. Pictures of said designs can be

obt ai ned or commercially devel oped graphi cs desi gn packages may be used to
replicate these designs. In the circunstances when the design consists of 6
WO 2004/ 044545 PCT/ US2003/ 036378 many | ayers, a nodel of each |aye

prepared. [WORMM&44SHyention, it is preferred that corrpl}’tcérfusj%oﬁ@?éfsed rmdel s
of the colorant designs are used. As used herein, the phrase, "first pixel
standard" refers t

h
et be.di st i noaM B e Gy Rebh s ey e BRI, g eBRRUOnPRI er abry,

the first pi Xedrefetrmotaédcmp@tésgéﬂer@t@ﬁn@ﬂel@mthdt@@lstarwtteat@autaréu&e@ pi xel s,
but can be Ia‘rf(\; This first pixel standard anywhere i n the npdel
%Hﬁﬁ‘

other than th d/hewsin. the phr?éedﬁtrtwelztﬁt@atcﬁéﬁquéao aRared ifud madel 8f t he
reference meange(defhesbsifl. etmaky husﬂgaﬁt.ﬁ@tyhaﬁlgﬁom btﬁerapéa%e' standard

Is in the area of the 1 mage equi val en rirs of an eye. 10 used
herein, thé pmmtﬁ@ningemdnrantm Rreferablyntherfiist pixdl standand sowersen arﬁe afthke|

having, erent BOPRRaH Sl R 4 BRef il Bndid Aludh Thrs ASERRE! fag®ely AL can
be acconpl i Sh@h)&ﬁtéﬂ@ﬁfﬂ”ﬁe}lﬁddelid’thé#tﬁanHﬁé@d{llwéieﬁ&ﬁtﬁébptllcal Zbee eemeatly
preferred node, the |ighti n?efl s done (wal,lth a constant-on

Emitting Di ode’)ereWﬁft?Q qrtEﬁﬂ gERncedneans; (dgfingd berenafisn) LPrefen %PB’F ﬁtanl sm
on the camera f}%lﬁﬁ'&ﬁdﬁi& id fh%b@@&o’f"fﬁ%ﬁm%@? sqIRbEERt & hePHORERhY% g@oﬂst i oned
under nt

and stationar 1 e caner as manuf act ur | n? requirene I NCrease
and fast cléhveysatghertin e plvlage "senondmie! steodgrtirg etrmenlata@pﬁtjwasmepelcoul d be

20200 7a0 T U e S AR sl By I B I PRSI Bcter ¢ e
caneras, and aduﬁemntbertiohgjftth@gqod@nurce the shutter of the caneras is
activated and the canera capt yre an l[l]%ﬂe qQf t nmol d car ﬁ\gl ng, t he

col orant. The canerRdSUsRENBEIRyr SRIULRG an yrade diasy "%:é?ﬁé?‘ﬁ%“sr‘ aé‘!ﬁﬂcﬂpe‘éanera
i s used the i nRgesWPatet® SH0VT SR IN RE Prédenitly Prefered IR tﬁé‘ﬁgtﬁtd@%'d%)ﬁ@rs on

3 chips in the color canera. If the canera s a gray- scal e I mage th
intensity ¢ twih alwnstanhont(bEDﬂaglet EmittingsPDigdel whitedighté setirce, using 285 for

C P e I MREP SFuBt A ot e 0B B B, 1

resol ution canmbkdsisrepropertigsosittshedramd dtatioreey ondarrthecamarasf df ably f ewer

pi xel s manufacturing requirements increase and fast conveying of the molds
becomes necessary the imaging step could be accomplished using a strobe

20  with moving parts as described in US 5,500,732. The frames or pallets
carrying the molds are conveyed under the cameras, and above the lighting
source, the shutter of the cameras is activated and the cameras capture an
image of the mold carrying the colorant. The cameras may be gray-scale or
color cameras. If a color camera is used the image will be divided into the red,

25 green and blue layers on 3 chips in the color camera. If the camera is a gray-
scale image the intensity of the light in the image is assigned a value of 0 to
255 for each pixel in the image. Preferably, a 1024 by 1024 pixel array is used
o capture the image for the single gray-scale image, although less or more
resolution can be used if desired. For the color arrays, preferably fewer pixels

30 are used, e.g., 768 by 494 pixel arrays for each color image, because more
calculations have to be performed when three colors are captured within an
individual images. Figure 8 shows a single image of a mold and all the

colorant layers thereon. ltis presently preferred to capture a color image of the
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30 are used, e.g., 768 by 494 pixel arrays for each col or inmage, because
nore cal cul ations have to be perforned when three colors are captured
within an individual images. Figure 8 shows a single imge of a nold and
all the colorant |ayers thereon. It is presently preferr ure a

col or |rragéVQ>F00t‘/ﬁ‘ié54ﬁy WD 2004/ 044545 PCT/ US2003/ 036375 61 8152?308}5?"% col or ant
| ayers, so that the captured i nage can be separated into the red, green and

o e, ot L0n Bl b, ol B, e LB R el

caneras, Sony tv@f@ﬂ@ré@van@ bld'e ﬂrcaﬂomgoiathéénm o, | ength Tel ecentric

| enses 70 with O. er. bet e camera bod
and the tel(ecentrl e‘?f? ori %%Tﬂﬁ&éo rgn%%’ggd#'g )Lgesgog’ﬁ P4ce (not Y
shown) upon wWhyapherb8€0! ame é‘a\ﬂﬁé/r‘és av@bﬁbﬁer@wtcmme@@t seﬁ@b(bzo@mhmhé ets

(not shovvn) are pushed, so that the caneras are focused onto the |ens

curves (not H‘@Mﬂ)g a bR mma‘ogﬁlrl%ai@ Tetroentrs lamssind0 tyith AgdeExtensiamivitni ch

light fromli p%‘éér Bwetn thd 8&%@%1%@}% tl'lleel@f%c%Hfrﬁ:ﬁéns.Tgﬁel | ght
sources are at ache power ‘su via power cabl es '90. “Any
conveyor nec hacmnwrasane ﬁmuseedbof/@a saﬁaoqa(rmtahpwshapomwhlahthevlamw:wrge beam as
described in US 5, 500, 732 V\/n ere cor or at ed ference in
its entirety. "‘Pﬂ'@sgﬁ @oa\m)g@ %‘aal ycpq;p@e?#/ n)o%redb‘f?v W%%#b%t a

pal l et, indi V'ﬁ#ﬁéraﬁ%‘r@ﬁoc@%@dI@hﬁfﬂﬁ'éa@rhé’c&%é/w@h@Wn? nﬁltﬂu@&urfé"&eﬁnofraﬁe or
pallet may ride on the surface in a channel directed de rails. Four

s U a8 ( sRbonan Gim OlEE dnIorEh S asekaE dam Fabt eateacs e | oamtqdh@ thé ght
sources B0. ek pakiYelrte (bHEGSREEE 3% ARYABE (8RR BT AR poler 20

surface on whic al'l'ets are conveyed Tacing up t ow | R |ng of the
convex side ofcabﬂres%ttern An image of the colorant on the nold is captured
by canera 40 and co nicated via cables 50 to the Vis gRPr%cessor/ Frane

Grabber 20 for pro queyqrh@egpmﬁ@ggp/%r%ﬁgg r;&(gg}plg WHEEAYRE wi t hi n

comput er 10. 2Ralking behi e Hestibddia U¥5S007E2nw/hichr ik BlésetR) iBBbipofdred biyat
anal yze the inmage of the |ens nold havi ng the col orant thereon. The

deci si on ¥ segfergnee inikcemigetys Thstvolds qf@é'kqu) thedranasican be eanvaredxt er nal
PLC conputer (pflout$ , ikdAHUSRE kL e BrdtBLBly &nvBFEEbhNPpARY] §Re THi s

device wll ei ther al
frame or pallet may ride on the surface in a channel directed by guide rails.

Four lens curves (not shown) are placed between the cameras 40 and the light
sources 80. Alternatively, the cameras may be mounted underneath the

20 surface on which the pallets are conveyed facing up to allow imaging of the
convex side of the pattern. An image of the colorant on the mold is captured
by camera 40 and communicated via cables 50 to the Vision Processor/ Frame
Grabber 20 for processing. The Processor/Frame Grabber 20 is housed within

/ computer 10.

25 The software in the PC contains various algorithms that analyze the
image of the lens mold having the colorant thereon. The decision is sent via
the PB 24 Opto 10 Rack 13 and cable 12 to an external PLC computer (not
shown) that controls a material handling device. This device will either allow
the mold having colorant layer(s) thereon to continue through the process of

30 manufacturing the tinted contact lens or it will remove it from further material
processing.

The next step is to analyze the captured image or images to determine if

the colorant is properly oriented on the ophthalmic part. The reference means
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the nol d having col orant | ayer(s) thereon to continue through the process of
30 manufacturing the tinted contact lens or it will renove it fromfurther
material processing. The next step is to analyze the captured i nage or

i mages to determne if the colorant is properly oriented on the ophthalmc
part. The medenenasssreans 8 WO 2004/ 044545 PCT/ US2003/ @QG@%"WB?“E‘he i mage
and the center of the reference neans are |ocated as previously discussed.
As shown in Fig re 9 the(% t ensi t

‘%fl val uegs of the r{?ﬁiaxel ir’{age are . scanned in
mul tiple |ined &% IRA9%EN et ﬁ?féﬂ%lr BURRCEReRayE |PFRIRE @S Rreously 0ss
two rows of pigiRhiSsed. eASRBAWAN it Pidurdd the IMERNIGERIEESMRe pMd fhage 8fANNI NY
the image, and locating adjacent pixels having lowintensity that are part

of the knife &ggened inemdltiglsylinesmitbanaeress reup Raddovauthgrimager(inesifjeB by
calculating t Jof IR ek Ak cBAL N an be

| ocat ed eith%?rcggf%g%%%gﬁﬁgg?Fﬁrﬁgig\)rngl%eﬁri'qséggﬁeté%l at engﬁ% %ﬁggk for a

n sshapen 6ol dgcaoning tioe ineagd, yantiHatatingeadiadené pxalpehaviryg loeeintqnsipéhdtyaré ocat ed.

10 If a single gr scal.e image of the colorant .|l ayer(s), i. ocessed to
det ernine the pﬁg%(?af%{h%%mé? egﬂ%’qggﬁg%oﬁ']ai‘rﬂ C@Héfelﬁgﬁéh‘?ré'lr ,'a'% *mesﬁ xgc{ge By, ee
colorant | aYQfa&:u!I&Mgllﬁebrr&ﬁhf&eﬂ@ of theritle, MO RNGoinbecHRBE IdHtet ent
techni ques described above that were used to | ocate the knife edge or

out si de edge @fthenbeforppeaiter thasirpieis caichigiRd orehagkder a misshapenieoldnal de
and/ or out si dqoggH&qﬁé £ feje%g[erh%gsﬂeréﬂle&?ﬁéﬁ hBNogl ayer shape. Using the
I'rs and "t ocdat

| ocati on of the ﬂplxeﬁare ron of the first pixel
st andar d, 10he cent éfra sihglehgrag scaleamage®y theecdlomanti layet(g) isquatesseddd t he

cal cul ated col prant. center .i.s n 1 thin speci fi i st e of , th

ocati on of ¢ IBEEIREIGROR RN Poine e dhd Ere e renia e o'l ect ed.
Preferably panageraheay t6é gehted dsfa bingletitipantel thets fadfent esdt@iquels t he 20
reference neans and the colorant center are greater than about 0.9 nm nore

preferably gr &aseribethahovmibat weresuse todpeatetBpkyife pdge eF oulside egar.ef thesso
M nore pr efrg{z)lgt?ﬁ Yhe Ei&@ﬁhﬁgeté‘r@]ﬁhsée%'ﬁmﬁ) t@ﬂsﬁ@ad@@o&éi@%gﬁhwri&r gater
mm or t or

than about O. preferred enbodi nent three co | rages (red,
green and 15 uehe 2hgimtaorantiayes shape Usiegttee ldoptiomef terfirsstpix@irareaeindr ence

T o PENRRbE ARG bl BBl B BrBlont M R
cal cul at es t hef joeafién 6Nthefcalculated colorant center is not within a specific distance of
the location of the center of the reference means, ophthalmic part is rejected.
Preferably parts are rejected if the distance between the center of the
20 reference means and the colorant center are greater than about 0.9 mm, more
breferably greater than about 0.6 mm, preferably greater than about 0.550 mm,
more preferably, greater than about 0.300 mm, most preferably greater than
about 0.200 mm.
For the preferred embodiment three color images (red, green and blue
25 color images) are created by the camera. The reference means on the
ophthalmic part is found on at least one of the color images using the gradient
technique described above, and then the algorithm calculates the location of
the center of reference means. Each color pixel image is analyzed using any
the gradient processes, previously described, to locate the first pixel area and
30 the colorant center of the colorant layers. [f parts of the individual layers are
occluded by others, the visible parts of the layers are identified. Alternatively,
when the design has multiple layers, the individual iayers are compared to a

previously stored pattern that was created by a commercially available graphics
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the center of reference neans. Each color pixel image is anal yzed using any
the gradi ent processes, previously described, to |locate the first pixel area
and 30 the colorant center of the colorant |layers. If parts of the

i ndi vidual |ayers are occluded by others, the visible parts of the |ayers
are identi MQAO4A4SE natively, when the design has mul BCHENOB ¢ he

i ndividual |layers are conpared to a previously stored pattern that was

PCT! LS200%/ 0268791 RACRPGR, FHBIcARue HFHERD PGP arh NAMA L5 NCHe | nd vi dual

layer may be ceruiiéahsdessrisiasatidves drhahpeiherthe mdiddtaiesoldrant ¢erdénsi dual
colorant centers determned fromthe individual color | mages are conpared

to each ot her dgtermineq framy tpedpdividual colgrdmages aea epmpaked to 6ae8 oerdirddt | ayer
or layers are thé‘réf@r"en%e%ﬂfé?rto et tHef cél&%n?%%%ﬁla%% ér%tm Wd hin a

specified distance fromeach other, preferably han”about 9 mMm nore
pr ef er abl y5gr gaersr lo¢ationadbine @néers ang nptwmmnabsnpcg‘redadletan@eranna@mn 0. 550

Chan about. 0. S0 e eRBRLE, el Hhout B3R PRhey A7 bt FRR AR PRE oot er
edges of the paf pl‘dﬂerialblyt@@ameh@‘fabm}t@mmhﬂnﬁoﬂeqmefa'ablypgﬁeétdﬂtﬁami rcle to
determ ne the center. of the col orant

i s probl emati nce t out er
edges of the @&PPE?@OPH“%@Q%PEﬁﬁﬁng%%PFFHﬁP CleTell): qngpq H’é‘i"r Etf@?ﬂ?@ from
the center of gglﬂqsq; kefcant layer, the algorithmcan be nodifi ed to search
along a circle made 'm dway through the expected | ocation of the 15 col orant
| ayer. Al dfg this Huatm@ther@rdane @en ofrtbe patterntia thewpne on mgre doltsant layers.

Furcher . hen SRRt 2loLEARMLRa e oL &ifl AR L bR et er o

t he pattern i'S Known e ex ern i urt her
aspect of the srmaeethéldnltermdgelsdﬁ&thapaMrhmdtﬁaxsolpmpmyér n@y @i innthkeim ¢ parts
conpri sing col orant s _the nmeth risin sr S ssentj_ al |

or consi st i ng dtaRerfrepdthe aon ?era?;% p‘?'ﬁﬁnﬂ@yﬁﬁ ”g?mé’éf‘ edpREHigH &% ¢ part

conpri sing at degas aloﬁg% éir‘éié)ﬁt%ﬂb n‘it’ﬂ%?'ttﬂoé@t thd é‘%ﬁ%t&%ﬁéﬂé@éf fg array of
pi xel s and said at st one col orant resent in a portion of said

i mage; b) 1Bocaolargnidayer eNeng éhipsiiels, lrrw ea@tyraa éthst paftara aop idemdfied.c part
25 and findi ”q:Jrfh%rC\ﬁrﬁ‘ér?éeférﬁﬁ%b@ré%%%’b‘é‘t‘teFFFQFésrdeﬁ%ﬁe"t‘P%é’ééﬁtgr8f"‘t'h8 portion

of said inmage conprrs
pattern is known because the expected pattern is known.

A further aspect of the invention provides a method for inspecting
ophthalmic parts comprising colorants the method comprising, consisting
20 essentially of, or consisting of the steps of: '
a) capturing an image of said ophthalmic part comprising at least
one colorant wherein said image comprises an array of pixels and said
at least one colorant is present in a portion of said image;
b) locating a reference means in said image of said ophthalmic part
25 and finding the center of said reference means;
c) analyzing said portion of said image comprising at least one
colorant to determine the dimension of said portion and finding the
colorant center of said image;
d) comparing the location of the center of said reference means to
30 said colorant center to determine if said at least one colorant is properly

located on said ophthalmic part.
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colorant to determ ne the dinmension of said portion and finding the
colorant center of said inage; d) conparing the |ocation of the center of
said reference neans to 30 said colorant center to determne if said at
| east one colorant is properly located on said ophthalmc part. 10 WO
2004/ 044545 WEAPHEH453/ 036378 The terns ophthal m ¢ part pcralsesoandss7s

ref erence neans, colorant center, and capturing an inmage all have their

af orenent i oned, neani ngs and preferred ranges. The terns "anal yzing said
portion" referldetrmeaRithalgcirrg. eelptatdeterenss mepBRcelPiaNt fERRSI A bet ween

the col orant egbfuiriﬁg aﬁn%atgeeaurmitﬁ&lﬁ5f&émbhﬁor%dh@te§naggrkﬁngg%f&}éag those

measurenents to calcCulate™the circular area of t ] and its
col orant cent éangassi g tenoenandyzing saigdrparten”gsterato exeasydng the contrasin

ar ea- wei ght ed r.Qi. di : | 8L ' ol or ant
center is kno&é‘ﬁg%tncrgrérgErﬁ@%%%&é%“ﬁ??\mp%ﬁﬁpgm %’E&g*é %ﬁg&b%@%ﬁf& %e

center as preversunbld atlebosing dtbdeamdasirenients tofcalduate ¢ne ciroliidr amya dfehatsed to
10 prepare a tinted ccﬁnt act | Anot her aspect .of the present invention is

ns.
a mothod for PREISBRTHES COprAMESPieE Ysng on-ineay rEgraRsian anaYEs Akt hod

conpri sing, CHASIAdr8S-wehREA (EHlNAN calblilafoRsi Ohbdthdfochlien 8t @RS of : a)
capturing an inmage of said ophthal mc part having at |east one 15 col orant
wher ei n sai d icolgentasmienis &gown, ihmexypeggomppared yitaribe degatioatof the ferepge
colorant is pr [ LQQ: ' inﬁg ; ri ence

| mage of a stggﬁge?gsc%ﬁ\?ﬂgﬁ&nhgg%é%d t%\?d?gef eln gg?%)?erngﬁglrﬂgnﬁggPrafatésgég%rrpri ses
an array di piprepareaniihtedicdniaict leheast one col orant is present in a portion

f id ref ' . 20 i ng. the.int | L, f the.i f
Clep ) w ih tho ABPURSASEoRIaldRe BrARLEMANYY g IR R ReiRer (he
i mage from st phtElmiopur (Etﬁngﬁﬁi?%bélora%tﬁeerhéﬁo@ Jnd; ddABksting ol or ant,

and capturing an inmage all have eir aforenentioned neani ngs and preferred
ranges. 25 Theessentially of epregonsisting whthe stapeiof st andard ophthal mic part" refers

L, oo o o B PP S FBB T SRS MR B Fod et ancer
absence 15 colorant wherein said image comprises an array of pixels and said at
least one colorant is present in a portion of said image;
b) capturing a reference image of a standard ophthalmic part
wherein said reference image comprises an array of pixels and said at
least one colorant is present in a portion of said reference image;
20 c) comparing the intensities of the image from step a) with the
reference image from step b) to determine whether the image from step
a) contains defects.
The terms ophthalmic part, colorant, and capturing an image all have their
aforementioned meanings and preferred ranges.

25 The terms "reference image" and "standard ophthalmic part" refers to an
image of an acceptable ophthalmic part which be used as the standard for
judging other ophthalmic parts. The term "defects" refers to either the absence
of colorant in a particular area of an ophthalmic part, (a void) or the presence
of too much colorant (an excess) in a particular area of an ophthalmic part.

30 The preferred ranges for defects shall be described in detail in later
paragraphs.

In the preferred embodiment, reference images are captured by a

camera 40 and taught to the Vision Processor/Frame Grabber 20 for
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of colorant in a particular area of an ophthalmc part, (a void) or the
presence of too nmuch colorant (an excess) in a particular area of an
ophthalmc part. 30 The preferred ranges for defects shall be described in
detail in later paragraphs. In the preferred enbodi ment, reference inages
are capt ur edobgo4d445¢lanera 40 and taught to the Vision PREFESIHSN0F3EH e

G abber 20 for 11 -- WD 2004/ 044545 PCT/ US2003/ 036378 processi ng in conputer

10 (Fig. 5) and stored in that cgstem Preferabli/ the systemis taught by
i magi ng an opMPRASTNG IPLPMAMIRTI G i @b Hipred dn 5§M§tem aeaferabbren and

having the Sy%ﬂxﬁt@ﬂ@,%u@ﬁt%yﬁn@gﬁ@ aﬁ@@wtﬁgfmlé%ﬁ i ér‘i‘ﬁcééﬂ ?BIe do"@gﬁts ' ” that

colorant layer. If the ophthalmc part has multiple color [ayers,
step is repeat@yertigrean anddiayingrthelsystensgenerate apixel maptior eaeh oﬁdhermlqm c

part, and for 0 The
system genera\még&ﬁ@h gég}a%t%gsn?# Sghtﬂ%rl%é;a%p se@@ﬁ'b’ %%i& %M%

?Ol or i’int I 5§/erthxar$glep isoepédtedddt alt bstorant I@Iyarsttolt@yajpiuetjagehélephtlh’éhmmﬁrttmges
p1 Xe maps ca e use r I NS I ONns anal yze t he I mages
of the opht hal J%Q&et %@’Y“WB@R% ¥'ﬁ@3‘é@e r"?rel e sy3tehhht hal mi ¢
part havi ng aldenepites M‘ivndﬂ@é{%ﬁge@@@lx@ﬁwééﬁvﬁﬂteabﬁ lﬁd]@idﬁﬁﬁé(ﬂ@ﬂahf‘laﬁveﬁéﬁwl e

step, and the system can devel o I xel maps by extracting
t he i ndi vi dualfocibe@ildhe cp@y@mtday&rgﬁ@gaﬂeerf al heseum?lag@s (pixel mapYrosinthesysesf t he

| mage of the R/ﬁ{llteacfegf?:?ﬁbﬂd;lﬁﬁﬁg&ﬁ%%gn&lp g%hh?afg%%wﬁe bgﬁgﬁ rﬁ@ﬂggﬁg tgompar ed

as a whol e, ons O tic mtter.

I n the prefer rednepdnted. malternatinely] amgpisthateyic pbst mh@aalbcblomndlayerﬂa zones.
As shown in Fi e zo smcluden%he opt.j cal zone 801, iris

pattern zone aHQB“PHBeI?M? B b Ryeinglgftem@d t SM%tPfTh?% ?Y@OE s, the 20

al gorithm can u’i’cﬁ@ibﬂal‘ﬁ&eﬁﬁé’éé’ﬁﬂ/ éxt‘?éctﬁ'nEQhé’Iﬁ@Wl&JéMcbWréhtqé‘%}sﬁ%‘?theTﬂﬁ opti cal
zone and the knife edge zone are chec to be sure that” there is no stray

col orant in tl@egeareas. Col orant can mistakenly drip, or splash i n t he

optical zone or Knirhg 'ﬁ%%'t'ég H@/n]i%%&gﬁ? EHQ bBQn%éO er'ﬁ(E tTéc))::at ed 25

present within these zones
col or ant I1e§yerrefelran¢dumagee¢am bedompbmdilamalwmtee b@rmadyzingzaihpontlens beeaant r al

4 image in a systematic matter. In the preferred embodiment, the images may
be compared in discrete zones.

As shown in Fig. 10, the zones include the optical zone 801, the iris
pattern zone 800 and the knife edge zone 802. By defining the zones, the

20 algorithm can begin its analysis of the pixels within each zone.

The optical zone and the knife edge zone are checked to be sure that
there is no stray colorant in those areas. Colorant can mistakenly drip, or
splash in the optical zone or knife edge zone by the pad printing equipment, or
be present within these zones by the application of a improperly located

25  colorant layer. In the preferred embodiment the optical zone is the central 4
mm of the image. For this analysis, values for the sensitivity threshold, which
is an allowable contrast in intensity between neighboring pixels, minimum
defect size, which is an area in which the intensity values of the pixels are not
within an acceptable range of intensities, and the defect size thresholds, which

30 is the minimum allowable sum of the area of all the defects in a zone, are
inputted into the algorithm and used by the system during the area inspections.

Each zone can have different sensitivities and defect sizes depending upon
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mm of the image. For this analysis, values for the sensitivity threshold,
which is an allowable contrast in intensity between nei ghboring pixels,

m ni rum defect size, which is an area in which the intensity val ues of the
pi xels are not wthin an acceptable range of intensities, and the defect
si ze thres/Pa®+04#Th 30 is the ninimum all owabl e sum SCTUR0IO¥I 80t 4 |
the defects in a zone, are inputted into the algorithmand used by the
system during, the area jnspections. FEach zone can have different . .

sensi t1vi t1 es"admRorER t BIS BevEapianar g e SHSas WP BIE A s detects in

PCT/ US2003/ 03fh&/dplofa@yy | nportant it is to have an area free of excess
colorant, or other _defects in the colorant. Sensitivities for each zone of
the i mage are set B§nsitiviles farigaehzese of thetimsge arasehby RBPIH-iRRlesESs

presenting muljdyphe #ﬂ@gﬁppg@ oS PRESENIAY Shuif €Y R8RS WRh URBhodLalH] L1 P! €

human observers. For ex , when t'he observer's cfde to reject an inmge
for a given egsesss cadranttenniultipla hymarobsergerst drorexeawde,ivehdrn thet set to an

e 5 t henoh Sy eSteif I AT n HhBap s 4GUEn BRAESS (pd RO IO SRAIS o1 o
sensitive set forxcéss B.firdi9et48 andiisendfiive level (6.9153 toramgare thelldns passised by

the system The sensitivity value that makes the, i all is used as a
basis for thewg‘@ﬂsqr??eﬁsleQ- deriMmagers iNes T AICES R m@ﬁﬁ&&f@ﬁ%oﬁa%m‘ﬁnues for

mul tiple excegags ﬁ@ﬂtl?'ﬁ%ﬁ@%@ﬁsi@ti@e §é§i§g$@.g?ﬁ@, 48TAgC48PNRE halitdagalid

sensitivities for each col or, being produced are determ ned as shown in Table
A. Def ect 18i zeeiecieddlydhe system. ni e aensitiiity yeluedhabmakes the wragtcladinusest in a

Nmber of | Lengo it R st P Bicfu o o bl B TRICETUENEP I 0
Mn. Defect Shaugtiflelercéssaiszid absentes irséurhcbfning iméds zowés astilall8 0.4 0. 4
32222 Cpti C%gngit?\ﬂ’gesgfog 'e%gh %bl40r b%ﬁ]sgepprgguclerdJ asre%ttér%iﬂeé %rs]esh%)\%n(%h %’agleél
A. Defect size thresholds and minimum defect sizes are also determined in a
15 similar fashion and are included in Table A.

Table A Parameters for a Number of Lens Molds

Enhancer Lens Mold-Blue

Inspection Area Sensitivity Min. Defect Size | Defect Size
mm? Threshold mm?

Optical zone 8 04 0.4

excess

Optical zone 9 0.06 0.4

absence

[ris pattern zone 15 04 04

excess

Iris pattern zone | 9 0.06 04

absence

Outer buffer zone | 16 0.5

excess

Outer buffer zone | 18

absence

Knifeedge excess | 12 0.4
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Iris pattern zone 9 0.06 0.4 absence Quter buffer zone 16 0.5 excess Quter
buffer zone 18 absence Knifeedge excess 12 0.4 13 WD 2004/ 044545

PCT/ US2003/ 036378 Enhancer Lens Ml d- G een I nspection Area Sensitivity Mn.
Def ect Size Defect Size mmR2 Threshold mm2 Optical zone 7 0.4 0.4 excess
Optical zonWOR#I6549. 4 absence Iris pattern zone 12 0.BCOUS200303638S | ris
pattern zone 9 0.06 0.4 absence Quter buffer zone 16 0.5 0.4 excess Quter

buffer zone 1 absence i fe edge zone 12 0.4 0.4 excess Opaque Lens
Mol d- Bl ue I ns A ity Mn. Defect Size Defect Size mR

Threshol d ? IndgelctieiAré®Ne] eRsifilty0- U6 eXaMRSDefect SiZeal [ Befect @i 05 U.|4 2
excess Iris pattern zone 30[/ 0.4 2 5 2

mm Threshold mm

Optical zone 7 04 0.4

excess

Optical zone 7 0.06 0.4

absence

Iris pattern zone 12 0.4 0.4

excess

Iris pattern zone | 9 0.06 0.4

absence

Outer buffer zone | 16 05 0.4

excess

Quter buffer zone | 18

absence

Knife edge zone | 12 04 0.4

excess

Opague Lens Mold-Blue

Inspection Area Sensitivity Min. Defect Size | Defect Size
mm? Threshold mm?

Optical zone 8 0.06 0.06

excess

iris pattern zone | 65 0.4 2

excess

Iris pattern zone | 30 0.4 2

absence

Outer buffer zone | 60

excess

Outer buffer zone | 60 0.5

absence

Knife edge zone |9 04 0.4

excess

14



absence Qute
edge zone 9

r buffer
0.4 0.4

Opt i cal

zone 60

excess CQute

zone 7 0.06 0.06 excess

r buffer

Defect Size
Iris

Defect Size

zone 60 0.5 absence Knife
excess 14 WD 2004/ 044545 PCT/ US2003/ 036378 Opaque Lens
Mol d- G een I nspection Area Sensitivity Mn.
Threshol d m2

nm
pattern zone 28 0.4 2

excess |ri VOOHMSZone 26 0.4 2 absence Quter buffer PEBE20830368%8cess

Qut er
Ther ef or e,

al | owabl e arm

sensitivity
SOnMe excess
Iris Pattern
colorant in
edge zone,
sensitivity
zone for the
by the above
acceptable a

t

10

15

buffer zone 30 0.5 absence Knife edge zone 9 0.4 0.4

excess

e optical zone is typically high and the
QgL e ant is very low. In contrast, the

DfnspbctidieAfga s |[Bdrisithvityzone camimeDsfebbSizeel yDéfwes:zbo al I ow
col orant. Excess colorant is a cosnetic cons| atlon ip the
Zone and does | not effect vi 504N acuity, whe §§ Qdﬁ@s
OptERAohal Zoney may affect  ypPgal acuity. Fyipgher, the Knife
ne area outsidd of the printef pattern, nmay| al so have | ower
gxcesshi gher al I owabl e area of excess 10 ink| than the opti ¢al

BEAreETaths

8 U1 rIICDU oC

3

o :
S vty—varuae

ar—h Aot
cAalmt ot gcr<i

m ned

excess

ne met hod exp€rinentati on by~ anal yzi ng
ngxsgzaccept abl ¢ tinted ophthalmc parts.
Iris pattern zone | 26 0.4 2
absence
Outer buffer zone | 30
excess
Outer buffer zone | 30 0.5
absence
Knife edge zone |9 04 0.4

Therefore, the sensitivity of the optical zone is typically high and the

allowable amount of excess colorant is very low. In contrast, the sensitivity of

the iris pattern zone can be relatively lower to allow some excess colorant.

Excess colorant is a cosmetic consideration in the Iris Pattern Zone and does

not effect visual acuity, whereas excess colorant in the Optical Zone may affect

visual acuity. Further, the knife edge zone, the area outside of the printed

pattern, may also have lower sensitivity and a higher allowable area of excess

ink than the optical zone for the same reason. All of these sensitivity values

can be determined by the above described off-line method experimentation by

analyzing acceptable and unacceptable tinted ophthalmic parts.

For enhancer lens molds the range of minimum defect size for excesses

in the optical zone is about 0.8 mm to about 0.2 mm, preferably about 0.6 mm,

to about 0.3 mm, most preferably, about 0.4 mm. For enhancer lens molds,

the range of defect threshold size for excesses in the optical zone is about

0.8 mm? to about 0.2 mm?, preferably about 0.6 mm? to about 0.3 mm?, most

preferably, about 0.4 mm?. For enhancer lens molds the range of minimum

defect size for absences in the optical zone is about 0.1 mm to about 0.01 mm,
15



For enhancer | ens nolds the range of mnimum defect size for excesses in
the optical zone is about 0.8 mmto about 0.2 mm preferably about 0.6 nm
15 to about 0.3 mm nost preferably, about 0.4 mm For enhancer | ens nolds,
the range of defect threshold size for excesses in the optical zone is about
0.8 M t o VEBYUHOP4S mp, preferably about 0.6 nmm2 to aB&A{USRO0F0IAE  npst
preferably, about 0.4 mm2. For enhancer |ens nolds the range of m ni num

defect size f i i [ t 0.01
m 15 w0 2008 HA0TE B O OFy B 2k 08 M hedPBriadul. SRR Shou
0.04 nm nost Fpr eflearaier jgnsabolds, hieGéngerof défect tardsholbsizé éorsabiseindss it he range
fo about 0.2 TREPSPLEETeSIAPoRb a0 6o Aot 13 b et abipapo b & mm © ™
preferably, akpabold 043 M8, nfodtPreferdtyiadout @asmaB! ds the range of mi ni mum
defect size for excesses inthe iris pattern zone is about 0.8 mmto about

0.2 mm pref er abl yFaberhianseslangmelds fwpiande.of mirimuyrs sefert sizerfappycesspsut
0.4.mMm For e : l; r l,ze for
excesses i n t RaEipafih zdRe i€ apolt o TR oBbyfG3fin, PEERIR oD

pref erabl y ab6u@ min,6o mbvdut @ 3aboymast Breferzbly, 2bouto®# npmefraranhgncertdens 0. 4

m2. For enhancer l.ens nol h an of m ninum defegt size,.for absences
et o e, S BB & el h RS R ToP s BRReSS 1 e B HRrER LA S  about
0.08 nm to abpoiit ®8MmAte ab®RL0. RhehE padleyably abowtto.® nfh? BBTabdr0. B Airehcer

| ens nolds, the rag&e of defect thregshold size for absences in the iris

pattern zote MOshBEiErab!Ysapapt §-4 mIouFonenhanesr lens meldsdhargedfout 0.6 m
to about 0.3 R 3krdt 8LE8PANeerRBOH the iffs H%rnt{o‘ﬁ% iSB3BBOCEH s Mol ds

the range of mninum defect size for excesses 1In e outer buffer zone is
about 0.8 nm wboatd(d nim2prefigraplyeftmudBI0O8 mbo e abod (it nrw, edostipreferablym  nost
preferably, about mm [For _enhancer |e nol_ds he,r e of .defect
Phreshol d si 280PEr0.00 00 S8 R BRET gk oy B =i 0" B R EMERGRIE o5 e 1o
about 0.2 m2jorpitebacedinthahipatier ZoNE i$ SbAR@S nih3toElout s gt ef er abl y,
about 0.4 mm®. For enhancer | ens nolds the r,ange of m ni mum def ect size for

excesses 1Pn PrECIamY a0 ES FuReta DA St MeY g Miast PEefabit agout th™MBr ef er abl y
about 0.6 nm to ah@%nﬁ’ar%e?mdnsrmﬂjsQﬁ@?é?{]g%r}iéhin tadfed BB foF@kcsRBancer

|l ens 25 nolds, the range o efect thres Sl ze tor excesses In the knife
edge zone is inthe outer buffer zone is about 0.8 mm to about 0.2 mm, preferably about
0.6 mm, to about 0.3 mm, most preferably, about 0.4 mm. For enhancer lens
molds, the range of defect threshold size for excesses in the outer buffer zone
20 is about 0.8 mm? to about 0.2 mm?, preferably about 0.6 mm? to about
0.3 mm?, most preferably, about 0.4 mm?.
For enhancer lens molds the range of minimum defect size for excesses
in the knife edge zone is about 0.8 mm to about 0.2 mm, preferably about
0.6 mm, to about 0.3 mm, most preferably, about 0.4 mm. For enhancer lens
25 molds, the range of defect threshold size for excesses in the knife edge zone is
about 0.8 mm? to about 0.2 mm?, preferably about 0.6 mm? to about 0.3 mm?,
most preferably, about 0.4 mm?.
For opaque lens molds the range of minimum defect size for excesses
in the optical zone is about 0.1 mm to about 0.01 mm, preferably about
30 0.08 mm, to about 0.03 mm, most preferably, about 0.06 mm. For opaque lens
molds the range of defect threshold size for excesses in the optical zone is
about 0.1 mm to about 0.01 mm, preferably about 0.08 mm, to about 0.03 mm,

most preferably, about 0.06 mm.
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about 0.8 m® to about 0.2 mmR, preferably about 0.6 mm¥Z to about 0.3 M2,
nost preferably, about 0.4 mm2. For opaque | ens nolds the range of m ni num
defect size for excesses in the optical zone is about 0.1 mmto about 0.01
nm preferably about 30 0.08 nm to about 0.03 mm nost preferably, about
0.06 nm FAYO 29464648 ens nol ds the range of defect thr @ERGISEIPSETSF or
excesses in the optical zone is about 0.1 mmto about 0.01 mm preferably

about 0.08 mm to about 0.Q3 st _preferabl uf .0.06 MTm 16 WD

2004/ 044545 PCT/ U 2@6@%@39%3%643%65@8%9 ?ﬁW@'Wﬁ%@gfgﬁ{es'F%?fﬂeeX&?ssrﬁsni mum
defect size fprthexgessesnizontheabsutD.Pairh & BbEOI®R2iImapaiérablydaiontt 0 about
0.2 mm preferably about 0 nm to about O referably, about

. 6 .3 mm , nost
0.4 mm For oPSdul feABOULRBIRM. teet PrefRiablyr abeithe M E9OPAILP Kt or
excesses int b AL ;
preferably abgﬁtldsél.u?)e bﬁfc];wabouiEh ??gécﬁg?qblﬁ%s%#iﬁgg%’%g%@m % me.
For opaqued | eaboutel.@snmhto abeiyd.9 M, prefarablidatiaid 3.6 e fooababdehoes™, i n t he

iris pattern ' . ko t Q. f |y _about 0.6
e’ b abour B3 Risae 2Bk pogyte Tty FORGa R Eng i g BRER oF i

nmol ds, the radgf@cgéizelecﬁrea(:)ﬁsehbegsﬂhbdr@b%i@rﬁanéﬁb a!b@f ﬁrm%fnmﬁtdémdtg ig -
pattern zone is abgut 4. t out, 0. .. prefera apout = 3. to
bout | 1. 0 meD2i56L predér@pRu QRO A0 6DRHED SeB BRaL A RROTEPAL, | e
range of defegly hiPesRlodagiié ferfsHhoRS CRZTERge bNdéfaet PrésHoldbizb §6r ZONe is
about 0.8 MR to about 0.2 mm®, preferably about 0.6 MR to gbout 0.3 M,

most pr ef ) abhbsengesin e Eismetiern omeis abputéd R0 abPuk0.Onamy aprgterably

I Ni def ' for2 | ' | b 0.8
about 0. 2 mm *RIRTEP SR FLRBAR T i S B BB BBaBE20 BT e e ol y,

about 0.4 mm For Eohepexgre leasmolds) s rangeeafdefest tlrbsheltiesize fohersdssked size
for excesses in,the knife edge.zone s, about O. t0 ahout 0.2 ,

br ef or ably abBLICGUETRHar GOR I, BOGHS BT APHEOE Fes BrBtaply A 0. 4
m2. The al gopig MRaBAnKaes. 3t Mh2Pnest SrefdtablleabdRPES himt he optical zone for
changes in intensity fromone pixel to another (i.e. contrast). Every pixel

that is fdund abober eprRaueleansalgs thevande of Mminiwmidelect size fier exeRsses vity
threshold is l';ﬁ{h%%‘ﬁ@ dde%MREEBIG ¢'5 Winktd BubOFGb! Ak, pPAerduiiPalbiicess

continues wt .
0.6 mm, to about 0.3 mm, most preferably, about 0.4 mm. For enhancer lens

molds, the range of defect threshold size for excesses in the knife edge zone is
about 0.8 mm? to about 0.2 mm?, preferably about 0.6 mm? to about 0.3 mm?,
20  most preferably, about 0.4 mm?.

The algorithm analyzes the pixels in the image in the optical zone for
changes in intensity from one pixel to another (i.e. contrast). Every pixel that is
found above the intensity level corresponding to the sensitivity threshold is
tracked in a database with its location, and the process continues with

25 neighboring pixels to determine the size of the defect. The defect size is the
area of neighboring pixels that are outside the allowed contrast range and the
allowed patter area. (An area is determined based on the number of pixels,
because the mold size is known and the total number of pixels within the area
of the imaged mold is known.) Once the defect size has been determined, it is

30 compared to the value for the minimum defect size area allowed. If the defect
size is below the minimum allowed defect size the process of analyzing the
intensity levels of pixels continues to find any other defects if any. For each
zone all the defect sizes found are preferably summed and compared to the
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25 nei ghboring pixels to determ ne the size of the defect. The defect size
Is the area of neighboring pixels that are outside the allowed contrast
range and the allowed patter area. (An area is determ ned based on the
nunber of pixels, because the nold size is known and the total nunber of
pi xel s w t Wo2q0e44d¢ea of the imaged nold is known.) OFESUSRYIGELECt size
has been determned, it is 30 conpared to the value for the m ni mum def ect

size area allowed.. If t ef ec [ Ls.bel ow the mnmJ al | owed defect
oo Thel e BT sor el d¥odt S eSO ol B SRS FeOss esd%fs feies o
find any ot hethr@stisiélthelihagsys reﬁwe@awb analyae tivd pixkblae tHiteéight nSigh und are
preferably sunmed and conpared to the 17 WO 2004/ 044545 PCT/ U 2003 036378

val ue for theP&&iSetaN ke aBalyEedan dpscriberinhp sPaluNeabi 0. Ex& &aadlert he def ect
size thresho IR | ht
nei ghbori ng E)rfé:)(()rpféggtce'gn bef%n%g?@”zggé%@h&ﬁ%lgﬁ?@ﬁﬂgfﬁ:x%ﬁ@é&%?; amoﬁ'ﬁ%fét)g 732,
earlier ibhcoapthapisdlshyithiethe zones eitféreurdi tjwtdefed:tgﬁh‘bas ionthrpshats émahqm s

areas ot hr o@D heve BeR REEeS il bRt g et #Bundhuna i bl Bodar T ¢ e

pi xel's in theanalyzednaEectbeeme isoanved|yz&eldn tensdme oy h@w@ﬂéﬂthéﬁailowlabtehe sanme
way; however the al ) owab| range of sen |t|V|t|es in the zone, the defect

areas and t he % tseé‘ﬁ‘é“%e? ngs thedefeet afapsianddh ¢ defechskezone. 10 The

preferred nmet hadsdid®chR b ﬁé@gd{rd}réﬁcﬁgbﬁé causes darker col orant
Intensities at the borders 01J the iris pattern zone; therefore, in the nost

pref errediffet hod offhemsefeced mgthodef afinting ’fhh feniemolisscauses alddkaricolerantar eas

Zoneandt he Toeras S e PR TR ArRb e el Indi@RER MRS BB et 1o
different 15 yedfagsdimethod beinspsttiny, theh@lgon'thm defiriesrtvozadditionBharaasner buf f er

zone i s preferapl 0.1 mmfromthe inside orant border outer buffer
zone is prefetcéﬁ?(ith@ 'Qnernt?Hf;E%"&ﬁ’P?ﬁé‘ dd QP@é%Eh?b?%ﬂﬁ B‘?Hg}ergﬂﬁ?re?q{ﬁivel Y,

for colorant layens onfewbﬂee%rié Qé@'ﬁ\)ltbéscﬂnfdfdﬁféétts@é%dared@t*td‘ai?ﬁe?erit”t ensity
ranges for each col orant In a single gray-scale inmage, 20 e.g. for an

opht hal ni d5pawalu¢a\ﬂrqmﬂee ltas}éﬁ%w@rl@wa@mgﬁa@r hgyieneriffes zae ks @fﬁ@r@blw ayer,
R s e R e L
whi ch col or antsm ffomn trexautside ¢dlmaht)bmsler.| nt en5| ty val ue woul d
Alternatively, for colorant layers having sufficiently different and
definable intensity ranges for each colorant layer in a single gray-scale image,
20 e.g. for an ophthalmic part having a transparent enhancer layer and a dark
opaque layer, the inspection could be performed by an algorithm that would
determine based on the relative intensity values which intensity values
correspond to which colorants. For example the lowest intensity value would
corresporgd to no color, the next level of intensity values would correspond to
25 the first colorant, e.g. transparent layer, and the next range of intensity values
would correspond to the second colorant, e.g. the opaque layer. The values
assigned to each colorant can also be checked by knowing the pattern for each
colorant and comparing the pixel intensity values in the captured image to the
expected location of the pixels in the patterns.
30 An alternate method of inspecting the zones would be to define, the
numbers of pixels falling within specified ranges of intensities that correlate to
the expected intensities of the colorants in the zone. As the intensities for

pixels in @ zone are read, they could be categorized into the specified ranges
18



correspond to no color, the next level of intensity values would correspond
to 25 the first colorant, e.g. transparent |ayer, and the next range of
intensity values would correspond to the second colorant, e.g. the opaque
| ayer. The values assigned to each colorant can al so be checked by know ng
the patter WO a10484845 col orant and conparing the pixel PGTAISSBAGH ues in
the captured inage to the expected |ocation of the pixels in the patterns.

30 An alternate nethod of inspectjng the zones would be to define, the
nunbers of pi %8¢ §aF'a|f@f?9?gSW@"ﬁ5nt‘§tﬁgaW% RhglssViiin thesendefinesrapaey

correlate to db8&n8rRREdsPAnt b BRTXbEERA Huni®, KRR S Rdbv&ﬁ‘ﬁaﬁé?ﬁ@ggd\s the

intensities for pixels in a zone are read, they coul d be categoriz into
t he speci fi edcelaraids theg maseumiheoerigast kgasubEO0Be 008d 78rejesteadeach range

sumed. |If th rLé!?ar‘Er' f.0ixel it i L ne e t
correspond to?gg expég%epd&lrﬁ%g?waggésﬁe}aB%ﬁﬁ@ﬂg&%'gwqe%%efon%ggﬁ§r col orants
that make Qip tdvelscaridif drcovemyd% of tHeeins phtemoahe, tharetheaheld. wollpaeg.ore, if

f bl.e i ' . 100- 200 5.1 | d
"1t cover's ADsEGRURRY of MAsaedianoslshbe FIMENGE AY TRIFEREAICHINREIG The

accuracy of thehdi§Reageat Severdl drferbANEGMSE GnB XhEBLSecte alifigerlok YixdRf i ni ng
intensity ranges af several different |evels and the expected nunber of

pi xel s wit hi Withicgaahdiegee. As the@ixsisdallingmdthin g individual tanges amdwaudside
ranges and o ' to a
eeord 1t o chUfErarBes OBl AAERAiEy B BUAARETo BGYo RN e BEREE ' © 1
when t he abal ytst suns themptedd for thdrearioudi rangess landotted rsthiecanalysts isnabinwpldigal

ranges can be conpared t he expected  nunber for each of those ranges. |f
he bt xels cotlit BANg ek ifalsderReRTaHERaARgan Gan B cPRIPFFOH (ReoeREt: o
nunber of pi XaLmbaRtbraldchWf ModerangeSNHithe BixeRI couBddivhihEchiRteRsity _
mat hemati cal ly cal cul ated based on the expected pattern, 15 then the nold is

passed. |f nofangediffer omshe expested numbes ohakpisang allowdngfors smakharee

anal yzed usi ng. i e L1 ol cco L ARG S TRIA0  alo kLR sery ot her

pi xel during itsYanalysrs ensitres wthi zone.' The
nodi fi ed é¢bghthereihghhold ispbbset. i I ndethermabldds rajectedS. Pat. No. 5, 500, 732. 20
Al ternately, index

easy recognition oﬁﬂ?%%?’%@ gtthgg%’i&q% rﬁ%@ﬁ%ﬁﬁ%ﬁ'@%@ ué{ﬁgﬁﬁgmﬁ?é g'ﬂﬁggg\ty ror
col orant | aye@eighbBrrRtddihay skigsielaly Rh&atiketduring @6 Ghiatysitolebk wsr e coul d
be adapted to intensities within the zone. The modified eight-neighbor method is described in

U.S. Pat. No. 5,500,732. '

20 - Alternately, index marks can be introduced into the pattern to allow for
easy recognition of the rotational position and displacement of each colorant
layer. Commercially available pattern recognition software could be adapted to
locate the index mark and to measure the angle and displacement between
each of the index marks. This technique would then provide a means to

25 compare the relative position of the different colorant layers that does not rely
on finding the center of an individual colorant layer. Note that these index
marks would not be so obvious as to detract from the cosmetic appearance of
the lens, but would be easily recognized by a pattern recognition system. The
index marks can be lines or clusters of dots that differ from the rest of the

30 pattern in the colorant layers, but that cannot be fully covered by the colorant
pattern of another layer when properly applied. Alternatively the index marks

could be added to the colorant layers in areas of those layers that are not
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| ocate the index mark and to neasure the angle and di spl acenent between

each of the index marks. This technique would then provide a neans to 25
conpare the relative position of the different colorant |ayers that does not
rely on finding the center of an individual colorant |ayer. Note that these
I ndex mar keo oubds4sot be so obvious as to detract fronPCRESAO3/MSBISC
appearance of the lens, but would be easily recognized by a pattern

recognition system_ The index marks can be lines or clusters of dots that
di ffer from theeetesktogveripa. Hohpndexrmaikprinaitepbrid Rot bajesated puthe hat

cannot Dbe fuldgy éﬁé‘ﬁfsgﬁ%éﬁﬁ@k’%@ dectg@ttern of another |ayer when

properly applie ernati y e 1 ndex marks could be added to the
col orant | ayers i rAroteesoptionahstep in theemethodanf ingpection incfudad daermitings545

PCT/ US2003/ 0 78 rla in rk, or tern could
not be | ocat éggtfﬂtattﬁé%?gb%g?{ép%?ga?’ﬁﬁﬁ’%?tﬁ& ré)gf? Cﬂg)??r&q%é Sefj)ae é&anRﬁ"ot her
optional = epdaterrihed mefatiesitothel téﬁ?’lﬁqﬁnegé Thi |§@C§orﬁ§ﬁ§h’d@ toy @@npéhﬁgbr otation
of the col orant Iayers Rot at i on a colorant |ayer's pattern ca

det er mi ned r ehgangl W@%W@”toél?@ﬁtorln?ﬁi@éea“ﬂ’fﬁ%n|”%e gitermp| Thehangle pebiraia r| ng
the angul ar pé’?éétu@br?fhe%tﬁeﬁ’édd@éﬁhé@éﬁ%’ﬁ‘ﬁﬁagé‘ahﬁ‘ﬂwé’é‘éﬁr@éﬁbndﬁ&efe%ﬂﬂée

between a feature on the outer” ed he taught i nmage and
cor r espondi ngor et ecapturedrimelge yisigs ountéd rgtationis Tha@lgarithmtcast r ot at i on.

fepeat the saupeReiBr afs o8 e 2By biRpeihPeotR ERb ebbP s ucn
as in thel@aste find alfesttonetis onsoécesbil,aphiasdn treotayeadfidistortionnofihe rppheca of
pattern on the c@gtured Jma unt of rotatjon of_the atteTrn is the

angul ar di f f PR tBé?\K@éﬁngﬁée%Q & op the gariuF MRS t T'ohapiouphef f eat ur e
in the taught rdtéfﬁﬂ\eofefﬁg pfahérr{ @Qﬁ‘é hﬁ@ulgf dlﬁ@%ncé%ﬁ}v‘é& tHe fpoceapbur ed i mage

and can be averaged if multiple individual angle 15 nmeasurenents are

measur ed. Fordesigemasition Qfﬁbetfeeqiumméhe taughhisnagg and the loatigmektheayer is
supposed to b tab on
t he nol d, andﬁﬁkﬁgyﬁ%&%ptggﬁl e o] xe%q?e?rag\%éggé)dq{fﬁﬁtﬂ?lw@d'%églaé;g; tion

i nstead, tHhenmebsureatdrts are\aeasotedt dtriayatpks ipte iy oha Ifegtherdindhe by one
S0 oy SRRl ost R BESL BBt pontaip it i o i 70 1
exact angul ar{yaaabdnaA8 niéld 2&hH R ¥Elodatdg h fl@p&éﬁﬁﬁbb%ﬁﬁé 8fié degh met hods
and associ at ed appar at uses and systems, provide a mul
position instead, then the pattern was rotated by the pad prmtmg process by
one degree. In some embodiments of tinted lens designs, the rotation of a
20 pattern may be very important if multiple colorant layers must be applied in
exact angular positions to achieve a desired cosmetic effect.
The methods and associated apparatuses and systems, provide a multi-
step process of analyzing the colorant on an ophthalmic part; however, the
steps can be done individually or in any order depending upon the
25 characteristics of the ophthalmic part to be inspected or the requirements of
the manufacturer. [f it is only important that concentricity of the patterns be
checked, then that step can be done alone. If it is only important that the
optical area he free of stray colorant and/or of a uniform intensity of colorant
then that step can be done alone. However, if it is imperative that every pixel
30 be analyzed to make sure that it matches the expected pattern, then that can
be done also. Additionally the sensitivity of the system to the pixel intensity

variations can be adjusted as desired, and can vary from high sensitivity, for
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step process of analyzing the colorant on an ophthal mc part; however, the
steps can be done individually or in any order dependi ng upon the 25
characteristics of the ophthalmc part to be inspected or the requirenents
of the manufacturer. If it is only inportant that concentricity of the
patterns bevocelieeddss then that step can be done al one. PC/USR00B4363T8 v
inportant that the optical area be free of stray colorant and/or of a

uni form i ntensi of caolorant  then that step can be_ done al one. However, if
it is inper at?@ﬁlﬁaW't'@Oé'ﬂ%OBi'G?éIZOQ@tQ)\éer&ﬂFM FoRYIVIY, fRiexagipie in Hgtirs ¢

mat ches the hednpattern, then that can be done also. Additionally the
sensitivity of the systemto the pixel intensity variations can be adjusted
as desired, and cdrigwesyo amd)hb@ﬂgmusteatsideisiOtnthaﬁsHIIUSZ@tmS@@Oiﬂib044545

T L2000 OB e Mo (0 oBABBA AT 0 YRRk dt SETsL L

deci si on cﬂnarlhsemtldnL@rtareand:mate@mtd cﬁ(wmr oamhedih eendrsufattuting lihevention. It is

referred th of the ste of, t i nvention are autaq and occur
sl e 1 o FERGHEETE PRI TROdMESTIoRRAe Soo e RRISAD BriPon ar o

described in f‘o%Mﬁ@rst@k% ail in the follow ng steps: Method of Inspecting a
Mol d for an q)aue Lens: 1. Capture t he Image with a color or gray-Ievel

camera 10 2. Matpd afdnspegtingd ReR (Jpag figom the 3 chips of the col or
canera 3. Chckf r L& t tions) of the Imge:
3.1 Find the ﬁnl feeéepcfg'ée o% Ipﬁ@% wg&f‘@%‘@%g l(r"e%\leefgsllI'r%q‘gnarrO\)/v outer ci rc?e
in the itge2.of tihmgeliasividecintoyRGH layeérs frooh theaB chipk dfhlee polontameacat e t he

center of the knife edge _ 15 2. n left to ri up, and down (grid
pattern) to Tend (HEeGHET BrdRerReustRboR S agionsS o et "t he Ui |

i mge (all 3 :15aryerﬁné’fthé%ﬁ-bdgé‘bﬂh'eﬂﬁblw 4w ishRy BBk, ndrdw-On8t Birddifh center
poi nt of each individual layer 3.5 Locate the clock position of each pattern

(i.e. rotati othedW@gmféfee plestioouryeurittie net park af ke pinén-eeste theeenter ehe t aught
|mage for eacttﬁ I f% e3. 6 Conpare the position of the center point of the

feat her | ayer B Re 1N f e edge center. Likew se, conpare the center point
of the entancgl anSicat leftae right and up and down (grid pattern) to find the patterns in

the opaque image.

3.3  Separate the full image (all 3 layers of color) into individual layers
3.4 Locate the center point of each individual layer
3.5  Locate the clock position of each pattern (i.e. rotation clockwise or
20  counterclockwise when compared to the taught image for each layer).
3.6 Compare the position of the center point of the feather layer to the knife
edge center. Likewise, compare the center point of the enhancer and striae
layer to the center point of the knife edge. This is the concentricity
measurement.
25 3.7 Compare the concentricity for the feather layer to the allowable
concentricity.
3.8 If the concentricity is less than or equal to the allowable value, accept
the image for this test and proceed with processing. If concentricity is above
this value, reject the image. In addition, the relative center distance between
30 the feather and the striae layer and between the feather and the foundation
layer may be calculated. This may be compared to an allowable value and
accepted or rejected accordingly.

4 Area. a Inspection Check:
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| ayer to the center point of the knife edge. This is the concentricity
measurenment. 25 3.7 Conpare the concentricity for the feather layer to the
al l owabl e concentricity. 3.8 If the concentricity is less than or equal to
the all owabl e val ue, accept the inmage for this test and proceed with
processi ng. WPR0@@MSeht ricity is above this value, rejedCHERBIMEGE | n
addition, the relative center distance between 30 the feather and the striae

e o et e Rl e Rl B%eh L P 55 e ™

accordingly. thefrRaye, ménﬁgpﬁgélgwpth@a@ggs CcaérV\D 2004/ 044545 PCT/ US2003/ 036378
4.1 ldentify possible defect areas: For the optical zone, the central 4nm of

the i mage, idérkifGajsuiate éhQ/\M*WT@m@@?CE&Z@rOf nessibieadefechareashd hipughnmum
Def ect Size Oihe%?%}é)do‘?u ;ﬂ%& ?Qéoflé‘érﬁg&lﬂl ,sgc'a u%ﬂua gfﬁp Fypcess. the
andar ha

size of each pixel 1s ca u5|n 'S presented
to the cangrastaodarpthahes msmeddoﬂw can‘\enam Uesing the kedwn caimber af e her ar ea

f h bl.e d hat found
Chi S areh to PG SACIABR Bepadioalh oS8 aeratBa it RS n R o,

possi bl e def egboVve greater than or equal to the Mninmum Defect 10 Size, for
the area is considered a defect. 4.4 Take the sumof all of the defect areas
above and confiat e ©CREIRA® thinareadsrtbe allevakie Pfectapa = Arsquare miumnifitke gr eat er

}gf”eggheg]ﬁla't Lé)aaéﬁ%a;c S@Bs‘%?&?«?ljg@ct fs*@eét%F‘ﬁwa‘ﬁ%de udl § h"e%ﬁf?mur‘i'ﬁﬁ ofef C“' ation

contl nues sane
descri bed1aboizd, for thptireals m@eﬁa\d:asisfecThese cal cuI ations incl ude 4 6

Iris Pattern one s ) oIo d nce_of, col ar i ncl udi spegi al

r egi ons: A, Tl S yrB R 3 B ARG HReR BoSTh She sPaedra s Bl on
the Outer ed@%f@ft SliEﬁThfdsﬁoI@iatlfﬁfsﬂsmﬁﬂﬁgreateﬁﬁ@ﬁ&r egquisirto g Thbsshons; of
color. 20 4.6.1.2 Quter Buffer zone - (an annulus of approximtely .5 mm on

the inner edéf@@ﬂstﬁl"@dllﬂe&e‘ﬁﬁ@tern zone) - excess col or and absence of
col or. 45  Calculation for each of the areas shown in Fig. 5 continues in the same

15  way as described above for Optical Zone Excess. These calculations include:
46 Iris Pattern Zone — excess color and absence of color including special
regions:

46.1.1 Inner Buffer zone — (an annulus of approximately .1 mm on the
outer edge of the Iris pattern zone) - excess color and absence of color.

20 46.1.2 Outer Buffer zone — (an annulus of approximately .5 mm on the
inner edge of the Iris pattern zone) - excess color and absence of color.

4.7 Knife Edge Zone — (the area between the outside of the pattern and the
knife edge) — excess color.
5 The calculations are completed and compared to the allowable levels.

25 Images with values that are not within the allowable levels are rejected.
Processing may be discontinued after any of the calculations yield a rejection.
Alternatively, al calculations can be completed to give an overall report to assist
troubleshooting.

Diagnostic Prints for Opaque Lens Molds:

30 6.1 Similar processing can be done for the diagnostic opaque lens where
the pattern is identical except for a “chop top” pattern for feather and striae
layers instead of the standard round pattern. The diagnostic opaque pattern
has the word “TEST" printed above the chop top pattern. Allowable missing
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4.7 Knife Edge Zone - (the area between the outside of the pattern and the
kni fe edge) - excess color. 5 The cal cul ations are conpl eted and conpared to
the allowable levels. 25 Inmages with values that are not within the

al lowabl e levels are rejected. Processing may be discontinued after any of
the cal cul VP& d a rejection. Aternatively, at CHTEUEPIHE can be
conpleted to give an overall report to assist troubleshooting. D agnostic

prints for Opapyedrant MhdsTe3P Rol BstdMbIIPaRRT IdifgRnPardone Tor the

dragnostrc opaque | ens where pattern 1s nt1cal except for a "chop
top" pattern ﬁomdlfl@wamlmdngtcohméetem@ﬁeam Ieg@llré)ateqmﬁremmtst Saddigl TMound

Phe chop top pettcanai RrPRuRREar Rty SalihalBlet anbRendtr Uszo03/ o3sars
and extra lnkcomnidmca’té’&&ﬂhemr(d compuiedrdot thelreatefiabthdriing ehacHihd.ermpt  pri nt

conditions_and letterin | et eness and | e b|||t requi rements. See Fig.
11. A good/ bREPduShisithe §C§ edp reigeted @gRer E;ﬁﬁdﬁﬂ’% and then is

comuni cat ed {0 ¢ heBL19AIRYSRS 4ok érHﬁe'@Ffrﬁﬁ%é‘lg)E Bailicad BpERIaIgns The ©

product is then accepted re ecte er t ure 12
i |l ustrates amaldalhs ere@fwhlniageflms thedipligalozonieds oemqaentraérbsftheﬁlladhedrhe ar ea

whi ch defi nes p p h 90,1.

Excess col oraH%Qgg?t Eé(ggﬁﬁc@gfan%@n{e%cg)grgglr%oﬂghg% ﬁbo%fgﬁrﬁgtgegge%ef excess
color is gr eategcestsrtwtbrﬂs@ﬁeat’eﬂthahrﬁsoﬂmﬂﬁz thed idnwinhdld el bejrejetied. The 10
center of fhe refer g}%; ans, 909 i cal ?teg froiP'the knife eg e of the
Cmge. o110 PREELOT BeRIeIean Geans. SA5R CARYHIES (g Mo Kfechiias bet veen
the center Ofrmé@@ g@af errer'e&omeénem 41e aR@lGNBRTEERAEE 208988 iceranBal er
is than 0.55 mmthe lens nold will be rejected, Excess col ofant near the

di agnostic | eenter of treoeferesce meansand the colnéarg@@ateé 02 is greatandntheol or ant
IS greater th d ds
appear in the g?arg]rqg%%%e qul{jg‘ﬁ"s!,)gg%%&géﬁ‘f 5 éeésare g'#ﬁ%%l'et%SOdo%%nqsgbgreater
Ij han 0. 035 lrm%ttdeQGOenﬁsrmgWandviflthe beuarejaeed ofisudH cdlomantisegreateritiedneen t he
I agnost i etterin t he egi pning .of the chopped iris pattern is
great er tﬁgn bOﬂS ?@ﬁ)'@)‘s nrcr{g“ﬁ'leﬁ% FGJ%Q}PG \‘/A\WIVOBg E&éie@éf'e@‘ %ﬁ%’&%‘ccol or ant
in the area orétﬁérglegaﬁ rftthearéa éfiﬂ’r@t\foﬂfsﬂs g?ébt&otﬁanlosoww align i@t area

i f greater than 0.4 the lens nold wl
will be rejected If the overlap between the dragnostrc lettering and the

beginning of the chopped iris pattern is greater than 0.15 mm (906), the lens
mold will be rejected. Excess colorant in the area outside of the iris pattern,

20 905, is shown and if that area if greater than 0.4 mm?, the lens mold will be
rejected. A void inside the iris pattern, 903 is shown. If this void has an area
greater than 0.4 mm?, the void is considered an attribute. If the sum of the
area of all of the attributes in the iris pattern area, 904, is greater than 2.0 mm?,
the lens mold will be rejected.

25 Method Inspecting a Lens Mold for Enhancer Prints:

1. Capture the Image with a color or gray-level camera
2. Image is divided into RGB layers from the 3 chips of the color camera
3. Check for Proper Registration (centered location) of the Image:

3.1 Find the knife-edge of the mold. This is the dark, narrow outer circle in
30 the image of the plastic curve. [tis not part of the print. Locate the center of

the knife edge.

3.2  Scan left to right and up and down (grid pattern) to find the enhancer

pattern.
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rejected. Avoid inside the iris pattern, 903 is shown. If this void has an
area greater than 0.4 nm®, the void is considered an attribute. If the sum
of the area of all of the attributes in the iris pattern area, 904, is
greater than 2.0 m®2, the lens nold will be rejected. 25 Method | nspecting
a Lens Mol dVP3P048i§4hcer Prints: 1. Capture the | mage wWRAB2G03B7Sr

gray-level canera 2. Inmage is divided into RG&B layers fromthe 3 chips of

the color ca r%i ngoﬁé}?g?ﬁé%‘%@?fegﬁﬁeg%ﬁéﬁgi stration (centered |ocation) of

the Image: 3. T € Kni nold. This is the dark, narrow

outer circle Ba 3Cofipare thegeositfort dfethplcaster of ther erthanicer layentd theakriifeof t he
print. Locate the c [ 3.2 Scan left to right and up

ent err of _the kni &e,ed e.
and down (gri 8IgaCeRER) This is thicqneen Iﬁ%&ﬁ%‘@ﬁ“@é@?tern. 23 WD 2004/ 044545
PCT/ US2003/ 038378 C3mpak® & ihifehidecdtindr t8%thd BEntBRbt @lelenhreffolyBAr € the

position of the center of the enhancer layer to the knife edge“center. This
i s the coneentlfihgidifferengs bebyaait thedonticpmh thetwheenkarstis lessibabexrtearak o t he

coner ! OBl AV lo, Rckb BB Y ARSE PSR LAGuhocaL on o

the two centers I's |'ess than accept the

i mage for thiprdoessingndf thisoadesliswoo highprejeetdbe igageé.f this value is too high,
reject the ingge. 4. A]rea I.nspection Check: 4.1 Identify possible defect
areas: For thé& opt{&d n?Bﬁ‘étfont(ﬁ'ge%ntral 4nm of 10 the inmge, identify

pi xel s with exciess|qeatiffpodsitie HBRcBaREL! IP6k the Sticaftzend;ah6 ebalratl 4@ dil ni mum
Def ect Size of possible defect areas. Through the calibration process, the

size of edh piediarages identipupiyele avithsexegsHcRABWRN tha aenpilivitytsedt i s present ed
to the canera [ Al Rl I e area
of cach possi hie dopsute SRR, Bbrdtt SPR tosg Bl ferect Highly Shfoid)®,
Conpar e this thecaliboatidmeprabéssyding siza o aa¢iOpixekialcakboleed Bsingssknovivh ni num

Dol eet 5 28 ) el eSSBS0 s BBl AT e kol BObECs LRG0
sum of all of pixee cdriere ties 8RS GfleRieh paRsibRodeTaticarbh emativead fRind in the step
15 above.
4.3 Compare this area to the allowable area (Optical Zone, Excess,
Minimum Defect Size ). If the area of each possible defect is greater than or
equal to the Minimum Defect Size, the area is considered a defect.
4.4  Take the sum of all of the defect areas above and compare them to the
20 Defect Size Threshold . If this sum is greater than or equal to this Threshold,
the lens is rejected.
45 Calculation for each of the areas continues in the same way as
described above for Optical Zone Excess. Additional calculations include:
4.6  Optical Zone - absence of color
25 4.7 lIris Pattern Zone — excess color and absence of color including special
regions:
4.8 Knife Edge Zone — (the area between the outside of the pattern and the
knife edge) — excess color.
4.9  Non-uniformity — The non-uniformity of the enhancer layer is calculated
30 to determine if the color is evenly distributed over an area. This is done in the
Optical zone and Iris Pattern Zone with different sensitivity levels.
5. The calculations are completed and compared to the allowable levels.

Images with values that are not within the allowable levels are rejected.
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20 Defect Size Threshold . If this sumis greater than or equal to this
Threshold, the lens is rejected. 4.5 Calculation for each of the areas
continues in the same way as described above for Optical Zone Excess.

Addi ti onal calculations include: 4.6 Optical Zone - absence of color 25 4.7

Iris Patter WOZ8¥44548xcess col or and absence of col or i nRETHPL/BHER al
regions: 4.8 Knife Edge Zone - (the area between the outside of the pattern

and the knif - €SS r. .4 n-uni f orm - The non-uniformty
of the enhancgl?'%fgg§gé?g fng’%’caef §'ﬁ§§'{t®&ed?§%{ %pﬁﬁ@ﬁﬁaﬁ%ﬂlétﬁn&%&?(ﬁ rc?ljeqltl'gn'evenl y
di stributed ovalternativelysall ciluutations dandel conteted W igivesdn ooevallagporttd s Pattern
Zone with di fferen:q_ sgllns'bt lvity levels. 5. The calculations are conpl eted
and conpared t&S%HOULESBARMI% | evel s. Images with val ues that are not
within the al l@wablayyRicsriite rej ected. 24 WO 2004/ 044545

PCTI US2003/ 036375 Processing may be discontinued after any of the

cal cul ati or’s y§-&1 d milaj RECP8FINg can berdeaeifoethg diagnostiglentiracerdass wharee

conpl eted to g ., L S tn ' )
b agnost i c. pr P @oEoE HWchilaal SRR rdrd "oRS6 e deRTlsI SRR 2 o i
enhancer | ens sthedard rotmed pattérer nThesdiagreostic ophges pattent loas the' ey TEST”
pattern is used.instead pof standard rpund pattern. The di agnostic opaque
pattern has th@'%?ﬁgo_ %ﬁ'&oﬁrﬂoﬁtpége%d@g?v‘faﬁge BHSPe 8pC &4 r?é‘%ﬁ'.”t fl owabl e
m ssing and extNEST Word s §électableHd BlloWdbedifferaie bfft edHdtidry ahd Féw_eﬁﬁk%_
di fferent {)I’I nt conditions and |ettering 10 conpleteness and legibiTity

n

requi rement®. empletensas BaH legiplivtrepyirefBentst o t he |1 nput/ Qutput nodul es and
fhant ot ! / ! iy
en Is comupica @goéﬁlb'étief% SIS fﬁ% Iégﬁ%g‘lﬁgﬁgﬁ%dl% gggr?ﬁéﬁ fd9 machi ne

The product is then“accepted or rejecte goo report. Figure
13 il | ustr at escanmunizgtedoto tha Rutheoraputer fandherolaterialthandlimamachinedeThaes 15
the optical zone ., s .represent 10, Excess colorant in

the optical zBrr‘?g,UCtl'ﬁ N gccsqpsd ggrﬁﬁnehq??dsg%lgg%{h:ggg%@% reefgrtcol or is greater
than 0.400 mBigutdes lilassatasldh ividge dIaniehhast&dend hbld.eTherlared tHdiQefigdLr ence
means, 1211 is calculated fromthe knife edge, 1212 of the inmage. The
col orant cEnt ethe optical zone is represented by the solid'line 1210. Excess colorant in the
optical zone, 1204 is shown and if the area of excess color is greater than
0.400 mm?, the lens mold will be rejected. The center of the reference means,
1211 is calculated from the knife edge, 1212 of the image. The colorant center
is 1209, and if the difference between the center of the reference means and
20 the colorant center, 1205 is greater is than 0.3 mm the lens mold will be
rejected. Excess colorant near the diagnostic letters, 1201, is shown and if the
square area of such colorant is greater than 0.01 mm?, the lens mold will be
rejected. Any voids appear in the diagnostic letters, 1200, if the area of the
voids is greater than 0.035 mm2, the lens mold will be rejected. If the
25 overlap,1207, between the diagnostic lettering and the beginning of the
chopped iris pattern is greater than 0.15 mm, the lens mold will be rejected.
Excess colorant in the area outside of the iris pattern, 1206, is shown and if
that area if greater than 0.4 mm?, the lens mold will be rejected. A void inside
the iris pattern, 1202 is shown. If this void has an area greater than 0.06 mm?,
30 the void is considered an attribute. [f the sum of the area of all of the -
attributes in the iris patter area, 1203, is greater than 0.4 mm?, the lens mold

will be rejected.
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is 1209, and if the difference between the center of the reference neans and
20 the colorant center, 1205 is greater is than 0.3 nmthe lens nold wll be
rej ected. Excess col orant near the diagnostic letters, 1201, is shown and if
the square area of such colorant is greater than 0.01 M2, the lens nold
will be rejected. Any voids appear in the diagnostic letters, 1200, if the
area of the voids is greater than 0.035 m®, the lens nold wll be
rejected. | f [he_25 overl ap, 1207, between the diagnostic lettering and the
begi nni ng chopped iris pattern is greater than 0.15 mm the |ens
mold will be rejected. Excess colorant in the area outside of the iris
pattern, 11206, A metiuawor imspetting tdrabctdemsacorhpgiencelordritathedmétiiod®?, the | ens
nmold will be rejected. A yoid inside the iris pattern, 1202 is shown. If
this voi d FIP"§ gj?%ﬁwﬁ?Qgter than 0.06 m®, 30 the void is considered an
attribute. If tahe swap@kinghgn angge of sald cefﬁtabthensaédmbrmiﬂgasatiléaét henel ri s

patter area, 1203 is greater than 0.4 mm®2, the Iep é]old V\'i'cLl @e rej ect ed.
25 Wi claim 1.CORT3AL e'f‘oﬁa'q IRIASCEIRY1SES AN @iiXels AFi st €8B%or ant s

the nethod corgaeicsidrahtlidBreSeMNA aQfortich of GaRf idgeg an i mage of said contact
I ens conprising at |east one colorant wherein said image conprises an array

of pixels and i d decatisgsa refgrpace gregngnin said pméserﬁf 54 80@)@9& leph @ sai d
i mage; b) | ocatghggg qhé g@rqéem,dr@@é}gnééwmgghéj i mage of said contact |ens and
finding the center sai d reference neans; c) locating at |east one first
pi xel area in the pd@thlﬁl apteashipep flfﬁhgléelﬂe%m ‘e poginnaRitsalcimagessridsi ng
said at | east tion of said at |east one
first pixel ar ggﬁ%agp|tbﬂ§eaﬂiqgg§b9esﬁl%?iéa@g?rﬁé;t@m&@)ﬁgl standard to determne the
l ocation of saidl colcpnmwmgdbﬁtlecratloan_ﬂ spithpdileasy onkrefirsbpixel ereaoto thee cent er
O Sald el er eNGGAERS it bRGI seASak! BTuMlmil the Ll br SER!Eorkeh
determne if sal rant 1s  prope on said contact
| ens. 2. The rm:tahtutajfd cl a| m 1 wherein the reference nmeans |s the knife
edge. 3. The nethod of cl.ai rﬂll vvherelfnht he gnce means IS t ehoutS|de
edge. comparing the location of the cén eF o §SIAGE e e means 10 the

location of said colorant center to determine if said at least one colorant is

properly located on said contact lens.

2. The method of claim 1 wherein the reference means is the knife edge.

3. The method of claim 1 wherein the reference means is the outside
edge.

4, The method of claim1 wherein the first pixel area is located in the iris

pattern and first pixel area comprises 10 x 10 pixels.

5. The method of claim 4 wherein the first pixel area comprises at least 5 x 5
pixels.
6. The method of claim | further comprising the step of

e) comparing a second pixel standard to at least one second pixel area

in the portion of said image of said contact lens comprising a colorant to determine

the location of the colorant center.
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4. The nmethod of claim wherein the first pixel area is located in the iris
pattern and first pixel area conprises 10 x 10 pixels. 5. The nethod of
claim4 wherein the first pixel area conprises at least 5 x 5 pixels. 6.
The nethod of claim| further conprising the step of e) conparing a second
pi xel standard to at |east one second pixel area in the portion of said

i mge of said contact |ens conprising a colorant to determne the |ocation

of the colorant,.centgr. 26,7. .The nethod. of claiml .wherein all steps are
out omat ed fand deEURefRe.gl Sain 1 PRerADFeBs e Alfrfidd ShE' SRl .88 of
claiml funemesanuastiinglineg t he step of e) rejecting all contact | ens wherein
the di fference between the location of the center of said reference and the
| ocation of the center of said colorant center are greater than about 0.550
mm 9. Thes.net e rméthed af ohaim f futthBecorseigng thersteg dfe step of e) rejecting all
contact | ens wherein the di [lfer ence between tehaiifgeocati on of the center of

sai d reference @nd t'RECIE A icBAtags lepp ¥vherqip & teficg hedveraiie loeaasy  are

greater thgnhabentbr 8f S5 réfetentl and the1dtaton ef thensePestdf RAICEIIbrARE cerRers
conprising colorants the nethod conprising the steps of: a) capturing an

i mage of <HPARAPHRT aPeWHd 2¥hPM sing at | east one col orant wherein said

i mage conprises an array of pixels and said at |east one colorant is
present in a portion of said image; b) locating a reference neans in said

i mge of sdid cdwstraethod ehslaind fufhergrrgrising theesierof of sai d ref erence neans;

¢) analyzing sg)d p%}eicf?rgq Qi cBAtatt leNBUWherIHMd ifeerRe BeBRSin HIEIEMHY ant Lo

determ ne the dinmension said portion and finding the colorant center of
sai d i mageof tag centapat $aig refaeence cadithe lasatiomef themestersit saig eplerenteeniele nmeans

to said cgggggﬁértﬁgﬂgggﬁt@%@hﬁ{m ne if said at | east one colorant is
ted on

properly | oc sard contact lens. 11. The nethod of claim10. further
conprising the step of e) rejecting all contact |ens wherein the difference

bet ween t h‘FO.l OC@He?ﬁoooFortipsepe%ﬁr% %ntggt Igf’% Qo%BFiSHE %8%@%19 the method

comprising the steps of:
a) capturing an image of said contact lens comprising at least one
colorant wherein said image comprises an array of pixels and said at least
one colorant is present in a portion of said image;
b) locating a reference means in said image of said contact lens and
finding the center of said reference means;
c) analyzing said portion of said image comprising at least one colorant
to determine the dimension of said portion and finding the colorant
center of said image;
d) comparing the location of the center of said reference means to said
colorant center to determine if said at least one colorant is properly located on
said contact lens.

11.  The method of claim 10, further comprising the step of e) rejecting all contact
lens wherein the difference between the location of the center of said reference and

the location of the center of said colorant center are greater than about 0.550 mm.

12. The method of claim 10 wherein all steps are automated and occur in an on-

line manufacturing line.
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the location of the center of said colorant center are greater than about
0.550 mMm 12. The nethod of claim 10 wherein all steps are autonmated and
occur in an on- line manufacturing line. 27 13. A nethod for inspecting
contact |ens conprising colorants the method conprising of the steps of: a)
capturing an image of said contact |ens having at | east one col orant

wherein said i mage conprises an array of pixels and said at | east one
colorant is present in a portion of said inmage; b) capturing a reference

i mage of a13t andadethdudfdlr dfdpeb@its comigdtaéns sahtisindESbRNELtHeMBBoaONPr i ses an
array of pixels and said at_|east one colorant 1s present in a portion of
sai d ref erNYEISiNgRjde 3P 8hparing the intensities of the imge fromstep a)

with the refere)c@pturifgh frﬁﬂg'@ 8f §81d ontRt KRk SHVrL atMRREsN8he cBRradTRgEe from
step a) contains defects. 14. The nmethod of claim 13 further conprising the

step of e) rej &¥iareiy sAid iragR geMPIieRss am Ajian Pfdixels andotaif ahieash onfe opti cal
zone having an c’%[d?éntqg{a s8Rl iR AdMh 8 inthg@6 2. 15. The nethod of claim
fe

13 further conprising e step o rejecting all contact |ens having voids
of colorant inhe igapiuringza tederancemmragei of asianrard cartaptiees whewimbaidr ea of

great than abo%fe?eﬁe'ﬂﬁ%ge %Gmlpﬁggs WEHWPP&XQE %h@}s%@ at\i‘éﬁé%b? rc]:gllolr fthe

steps are automated and ~occur in an on-line manufacturin : . The
met hod of cl ai ris p@seflintarartiovofsaidieferenteinageps of e) | ocating a reference

means in said ipage of ' ot . i ndj f_said

reference rreansé;iraf) (foocr)ncp;tt1Ell éngéh%ﬁﬂ rP‘%%&%ts Ogﬂie 'ﬁlp'] ggtfh%? )%%g agp'}e?tgqﬁ%tr%f%ree%ﬁ%rti on of

said inmage of isage foomtstept b) tndeteonipe ivehatigersthe dmage | fesars tstepne) cadtainant ; Q)

conparing the Iqo?atti on of said at |east one first pixel area to the

| ocation of a f e%cts'pi xel standard to determ ne the |ocation of said

colorant center; and 28 conparing the |location of the center of said

ref erence ans_to the ocat i18? r‘fﬂ sai d col rar{t c?nter to determne if
urther estep 0

| C
said at | esst on BEINGH fhflara comprising

e) rejecting all contact lens having excess colorant in the optical

zone having an area of greater than about 0.06 mm2,

15.  The method of claim 13 further comprising the step of

e) rejecting all contact lens having voids of colorant in the iris

pattern, wherein said voids have a total area of great than about 2.0 mm?,

16.  The method of claim 13, wherein all of the steps are automated and

occur in an on-line manufacturing line.

17.  The method of claim 13, further comprising the steps of
e) locating a reference means in said image of said
contact lens and finding the center of said reference means;
f) locating at least one first pixel area in the portion of said
image of said contact lens comprising said at least one colorant;
g) comparing the location of said at least one first pixel area to the
location of a first pixel standard to determine the location of said colorant

center: and
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properly | ocated on said contact lens. 18. The nethod of claim 17, further
conprising the step of h) rejecting all contact |ens wherein the difference
between the | ocation of the center of said reference and the |ocation of
the center of said colorant center are greater than about 0.550 nm 19. The
met hod of claim 17, further conprising the step of h) rejecting all contact

| ens havi ng excess colorant in the optical zone having an area of greater

t han about 0.06 mm2 or having voids of colorant in the iris pattern,

wherein said voi ds b@Mparthg BEabcaloRdf Whe BEMAE of SO réfefHce Indandhe 29
location of said colorant center to determine if said at least one colorant is

properly located on said contact lens.

18.  The method of claim 17, further comprising the step of
h) rejecting all contact lens wherein the difference between the location
of the center of said reference and the location of the center of said colorant center

are greater than about 0.550 mm.

19.  The method of claim 17, further comprising the step of
h) rejecting all contact lens having excess colorant in the optical
zone having an area of greater than about 0.06 mm? or having voids of colorant

in the iris pattern, wherein said voids have a total area of great than about 2.0

mm?>.
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