AUTOVATED | NSPECTI ON OF Tl NTED OPHTHALM C PARTS Rel ated Applications
This application is a non-provisional filing of a provisional
application U S. App. No. 60/425,938, filed on Novenber 13, 2002.
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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. If



l0after the application of the colorant to a lens or to a | ens nold,
then if there are a high nunber of rejects, a problemw thin the area
of the machi ne where the colorants are applied can be i medi ately
addressed, and not discovered nuch later during production after nany
nore | enses have been nade having a defect in the colorant. 15This
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chart the processge rtﬁtlr?%ébflor%e enbodi nent of the invention. Fig. 7 is
ain a flow chart the process steps of another enbodi nent of the
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therein. The method and system finds defects mciudmg 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 o 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 resuits. 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 [ayer on an ophthalmic part.
Fig. 3 is a colorant striae layer on an ophthalmic part.
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Fig. 10 illustrates the search zones in the ophthalmc part. 10Fi g.
11 illustrates the diagnostic print wwth the Test Fig. 12 illustrates
an i mage of a diagnostic opaque lens nold Fig. 13 is a scanned i nage
of a diagnostic enhancer |ens nold Detail ed Description of the

I nventi on This invention provides a nethod for inspecting
ophthal mc parts conprising 15 colorants the method conpri sing,

consi sting essen tlal r_£0 |stin steps of: a)capturing
an i mage of salﬁyoﬁﬁthgﬁﬁ?@% gﬁ?P% %ﬁ% S|%aﬁq$%FQ% " one col orant
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coldrant is pr or sajd i e, 20b) | i n .
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herein, the terfig-"OPhistates vesgptcn 2088 &ﬂéh%epf&h% B¥ftcont act |enses

or transpargnt mg, ﬁﬂﬂﬂjﬂh&@é‘tﬁ@@'é@%smmw%@méﬂ the production of
the tinted contact |enses. Ophthalnic parts may be tinted by a nunber

of methods whi dHg. iZibusliéesan image qf st dignesticepacye e HPidnt i ng on the
contact lens, pad o kBtdBAnGPIdbR retRadhkt o Jma%éngné fhod sol uti on,

addi ng colorants™to the reaction mxture used to formthe contact
| ens; however, the preferred dgigledlDaseription BVERPE npl ds that are

pad printed w t4,CplORRN Srovilss H?ﬁéih&?fo?!n@peéﬂhﬁ obﬁfh'fﬂ 116 Pafts @BMprising

15  colorants the method comprising, consisting essentially of, or consisting of the

steps of:
a) capturing an image of said ophthalmic part comprising at ieast
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
colcrant 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 sald ophthaimic 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
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5 nmeans any organic or inorganic conposition that may be used to
inpart a visible color an article. The inspection of a pad printed

| ens nold having colorant thereon will be described bel ow, but these
nmet hods may be applied to all tinted ophthalmc parts. Wen | ens

nol ds are tinted, the colorant can be applied in single or 10
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As used herein, the term"reference neans” defines an area of the
captured i mage that does not contain a colorant. The reference neans
may be the knife edge, outside edge of the nold, tab, or a feature
added to the lens 25 nold, such as a hatch mark, or the |ike, added
to the nold specifically to be a registration neans. In the preferred
enbodi nent, the reference rreans is the knife edge 800 which as shown
|nF|gure85h circular lin that is, a circylar
battern of I owiEGR 9P et Be B oy el in Be 0 ] 72, and
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5,500,732 or_in U.S.

Pat , 640, 464 thaL’%’l S ug Eo | ocate the
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ref erence rrﬁ“ansqumehlahs meld whick emayet nody rich be rattb chedl®Asrarme dnhertedl apto a
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mage. cont ai ni g BOYSrade ] BUsts ol eaBaRl R e kB KL O PR,
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t he phrase " secgéinpn ¥elir extiesticsr efers an area of the lens nold i mage
havi ng the sane character,isti.c the first |xej ea,_ _but at ed
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havi ng the sanme characteristics as the first pixel standard, but

| ocated in a different portion of the nodel. As used herein,
"capturing an i mage" can be acconplished as described in U S. Patent
5,500,732. In the presently preferred node, the lighting is done 15
with a constant-on (LED-Light Emtting D ode), white |light source,
using an el ectronic shutter rrechanl smon the canmera to capture the

i mage when the 03| ti ned stati onar under
caneras. |f maﬁ(g%& g ﬁ?gan gﬁgé’ﬂcﬁ IP%E‘P”E ﬂ"lgf
t he nol ds beco"fﬁﬁe@?ﬂﬁﬁ@ééﬁ ﬁéréunlta&g:EMhékmé@H@kdmsna@@@ bftﬁbeﬁﬁbld
using a strobe 20 with npvi n%ﬁ { s descr.i bed |Eﬁ{g§ 5, 500, 732. The
frames or pallets cAlSHAINGY 98c8n g g2 StasiRs as |

and above the IpigHiakh B &R thd BeurRiaHEd Wth@f:aéthﬁaoq é%ﬁd's‘éarchmg one
activated and the caneras ca ture an inage of carryi

col orant. TRe Camarayesigip (feFgPahowpin 5‘909) @BFP'?S?‘S Hh"ﬁé’f‘%[éﬂo 3 gh ‘H?‘é'éanFe
canera is used fﬁolﬂeth'ermﬁdwyl df trk%,ecéijtweelﬂﬁagéﬁ(tp@nﬁw%r He @ FRP 9UnePhedRQ

blue layers on 3 chips in the color canera. camera I s a
gray-scal e i mad@agheribyisearhing oy small areghef wwlﬂféeﬁﬁﬁtg@ in@reassnaned
a val ue of 0 tQ)gécﬁDfs%Bmﬁ%?ld&'ré(glbéc%u§é‘§vérﬁﬁ13"set5 &%@W‘Qﬁ' the s?sté{%%ﬂe
by 1024 pixel array is used to capture he sin
gray-scal e i na@;a;atsanpﬁmgmtfe@sigewll bﬁ)a@rmm@tewiﬂwe@amrm lma@a:ttq ifmage.
desired. Fgf ¢ noﬁﬁaxﬁ% e e PSR bARbY f m.amm&ethé ndfhodf 8 Hnat

e.g., 768 by 4 arra or eac cause
cal cul ati ons hmedtt@bbenpbzéd)tormmi tnea b mtaneéy @@taré;nati@tmt}bedmé@edge

W thin an | ndi v duale b RGeS o Ehaur bR aipan Bl B8H8 e alinaanl d

and all the coI t TS present
capture a col oredgatge beén ﬂdwteﬁ threpdidoriinm pr¢ferabbd aaltallateis theesastersd thehat

por 1 ons of t nCRTPaPsode prne sPAPL bR vl < chown in Fi gure

5. Figure 5i5shows f dgnsedimeres, tHd phribe "fosimitchareal’ esfprsdbemadrby otthkedens

caneras, Sony XC-Q03 ha . 5 hayin 55 nm f o ric
| enses 70 (vmyt Hm?i %ﬁgﬁ({’@%‘ﬂ”&ﬁa’% 'Sﬁfmﬁﬁﬁ%ﬁ‘sﬁ%ﬁ? tﬁ&%%&hér
canera body andarédrecdrediningrtoftarant émsferablyettmefh‘ﬁrpm&l arem daverssadar@bondha

f
ot i onl 1y on” pars elhtet M BBain s BRpchinetn BB et "This il ABbLarea,
focused onto thpaay Boanpmisresn (m(IMagécm)thahnhé @etiealuzbae@ﬁmu 10

i oot ed aidl ndwreReTEPye SRt s el e R SRRt tho

power supply 1Q06xelafedieWetheCabh e6th8lmage equwa‘Péth@ﬂm/ﬁSQf afreghans ased
can be used, for exarrpl e a pusher a Y Ik| ng beagas desc bed in
US 5, 500, 732, wWHIreiR: § §H¥é@3@o§e??f@o?'ﬁr¥n?@3e B ai’sa"?@P @H%%SFW inage

entirety. The Vil A bamBeshatRtdrbed 4 ft?sl@m@ﬁar@@rlmﬁ){@fétém mfwtfer@nt
pal l et, individual nolds are preferably conveyed on a pal]e

frame or pal | etPafsh ¢fithe iage: h’é” Sedif C@lﬁ“iﬁt'mﬂﬁ%Fe@PF %UP@&O’BWM

gui de rai | sp5 Foygy b@eétewn\é%y( tﬁ@@é‘éﬁnd%ﬂ‘)@l a%&cqm.éa@émaewr\bhe
caneras 40 and the lig sour ces Al ternati vel Y he caner as

o ount ad_under e WS Ge FRBUNBATSEAP DR Y ﬁ‘éﬂ {Geine agpiracy of the

conveyed faci ngcér'xﬂartc‘étcﬁléu@w HE%S@Q a%f:uré@,?mﬁ?ﬁ&%céés@ﬁj @Jfadcbl%modate the
pattern. An immge of the col orant is captured by camera

40 and communi crigtionprd digkariden @ﬁh@ éﬁmfﬁé PW@POEUF"F‘%%@CN mgYahRegained
Grabber 20 for gr 1§&ﬁ§@rﬁgcudp@ d%rnfé?gﬁéﬂ[]a{eda&@@ ﬁeﬁg%@ 20 is housed

wi t hi n conput er tware I n talns various

al gorithns 3hat analMedsls ¢fche selgearsfesigrs thetere montedren/ihephiialmic parts

col orant thereo i apg k 13

and cable 12 to&é‘n@;@?‘ggﬁg% W&OF%%@&(nocltﬂﬁgggf%}dt%g;?n%g% rols a

mat eri al handl i atjaided oceomifierdallyaleveleped giapbics deslgapadmgehmanﬂ@sed fo

replicate these designs. In the circumstances when the design consists of
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processi ng. The next step is to analyze the captured i mage or
images to determne if the colorant is properly oriented on the
ophthal mc part. The reference neans 8 of the inmge and the center
of the reference neans are |ocated as previously discussed. As shown
in Figure 9 the intensity values of the pixel inmage are scanned in
multiple lines either across or up and domn the inage (Iines A B

across two rows of QI xel s are vggﬁy a refcﬁ ﬁ tA
5scanni ng t he IPAYdYE R WBgﬁltci 8‘&@?{3{ gg@age (i'Ng "PV fion, ifis

i Rt ensi tyI t hat p?éférr@@.tﬁat @ﬁmbht%r gﬂmérateed\gﬁielﬁéfeh@bgorant Hmtgwar@ajslede
the circul ar

cuI c nce of th
L e Cagdl ¢ dsee e e phiaser ed Bib! Sntir s FLSE A & mogal of
tCIh rclke } S cgl cwﬂ%@&@gratnodsét@karlfn@@r@ mﬁmai]i%ilh oRehsble font etheesrehy t hat
e nite eage as een roper ay SscC
mage of t he cSPBRNIG palgEnt oyre %ra@vgé%g%am@oﬁ%faéﬁ’ RO B ard e o
of the design ifoddes s 5708 ﬁmer@,h@ncahbetahgae T frsepikell AaRIasd bbe
treated as a single shape and the same gradjent techniques descré

above that wer @”M‘Q’Bﬁ'et’ﬁ th%@aﬂ@ ot that) ths egHyyalept ofghe Sirtiealeenye (Befined
mold in the pi )f'ﬁe'relhé%}?orath@ rét%%cé@néah@@défﬂ@d h@%nr%teﬁﬁ@@fer%@ Sthéiﬁrst

boundaries of 15 the single colorant |ayer shape. Using the |ocation
of the first pipbel standarddain theareaeldhe spagstequialant iathegiisal ase¥hdds d,

the center (f teqFRlH AL piBY%e b@ecfoﬁél' Eﬁel éténda‘?&’%!’é?é‘ aﬁfaréah@f thefmodﬁl

cal cul at ed coI orant center'i1s not wt peci f di st ance
| ocation of thedayingttbe S@mem@rac@r@t@rﬂﬁéhﬁﬁaﬁarxebqtmdﬂaﬂ i lgsgfad ing

rej ected. Pr efgg5 %(tﬁ(ér?oﬂﬁ@nto%’e?m ed if the distance between the
re

center of the nce nmeans and the colorant center are greater
than about 0.9 mm Wsusephefaln,dbaptuiiicean aagehean bdsccongplishadms described

bout 0. 300" i S PABCER 7o AnE Bles IR DB P i ichthg s 42"
preferred elrfbodmt’reatbomdtatﬁearx:(bEarnghtﬁgmttlng Diatie) gwigtenighhgowbe.caust® aol or
| mges) are oregl sl DY e GANRL Ay TRShd B SLENE S RAC bl fen the

opht hal m ¢ part east one 0 he c I'mages usi ng
t he gradi ent teobidsgrepadesidy pdstibredand stamdaryhmdeitihe cahgoas.t Hm

cal cul ates the Ioc ent er of [ G col or

pi xel image is AR th'an%'éeqﬁt'éerg% rFtcéesﬁsreaadl e% tcgﬁge g@ﬁegﬁ@fi ously

described, to Immsmeeiaansmepmglhg atepacoakiche @fotriphstval wsiema strete er

of the col ayers, arts th V. I

occl uded. by by HebEhey R polts BE R Sqee G SR 94 e BHEET alidiels e

Al ternatively, cydmeymgtthe neldds e doaseyed|undet e lcayerss, andnebomlih\emghmtg

| ayers are conpared to r evj ousl st ar e er at _was created

by a commer ci alfr%t'f%ﬁyil?q %Bﬁl@ra%rtgﬁﬁ? rasd%@?%?eﬁfaacrlgr}ag CaRREAS FRY TR AP

centers of eachniaggior irdabidl caygingey chierantl The mnwaamajmgmbedale or

above. Then, either the i ngl vi dual col.ora % centers &?tgl N a q

the indivi dual SAGRMSRY S agPr CHRBR B YSeHIEITAIS M VIagER ! tpl(t_:he red,

reference cent egreb® ad@bmrermms bh 3tdh@asq@tr@rcw1&r claam Bthd e3rRErs iQa@rdyn

t he Sproper location. If ecentF r]1 thin a specified

di st ance from & image the intensity of the hght in the tmage is assigned a vaiue of0to
255 for each pixel in the image. Preferably, a 1024 by 1024 pixel array is used
to 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 2 mold and all the

colorant layers thereon. i is presently preferred to capture a color image of the
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ot her, preferably no than about 0.9 mm nore preferably greater than
about 0.6 mm preferably greater than about 0.550 mm nore
preferably, greater than about 0.300 nm nost preferably greater than
about 0.200 nm the ophthalmc part is rejected. 10lIf using the outer
edges of the pattern in the one or nore colorant layers to forma
circle to determne the center of ,the col orant Iayer is probl ematic

since the outer ter I r :
in their dist aHEZéj%P‘iFH%??W&‘%ﬁ& #ﬂl’\% F‘gg?@ﬁaﬁt X% nBXraYe%rIXto
al gorithm can lie Mdgrfeeedmtidnimae;mmdmsmfdmgera;relmagee rrade m dvvay

t hrough t he expect eﬁi Ioc Gﬁp ; t he CF a,$ av. é OFO% this
circle, known featu 'é esyﬁ etngb-sr%oypén eIt fi:'g © aP?‘ﬁ% M when
several feat ur eamf‘astdfﬁe Tiad taamnaraa e pmmamy‘r cadr; catrinaas,e%rqx)(@iﬂ()ﬁ thaving
pattern is ex ern s kpo further.
aspect of t ’59@%&%95&%@%99&?1@ %8?63% Jﬁ@B"Q@} Wax Extelibionfihity
opht hal m ¢ partaas eeBsdcet Bm@hmﬁeammemrmwehm@ tetmpmnanm The
consi sting 20essentially %gﬂconm

t
capturing an u?ﬁ@‘@r%ﬁaf%é%is&ﬁ i ARl Hoisolns uPHe Ahich:the lspb sHee

col orant wher eipfbi§f|ridt sHEVEe o@ﬂamw%%aﬂ@tswt%owﬁ) @bwsﬁe@r% tha tHe at
| east one colorant 1s present portion of said b

| ocating a ref EPEWER afgécp@ispﬁ 05‘51 tbe lgRsgenGs (Q%S(H‘OWBM iln‘&mﬁ %“’%5‘1% {not

25and findifg SRewhPae®Holdf themyh mrh@d‘hargﬁm&n WERSDUrcel sanakineiitg abmid
portion of said inmage conprising at |east one colorant to determ ne

t he di mensi on &8NSSNESp oS light %EP‘rt!lCQﬁ 38 iBHECHANE0 GV FHPRI¥ A DB Vidgrovesi d
i mge; d) cormgbgeg@g'g he | ocation of the center of said reference
means to 30.said colorant center to determne if said at |east one
col orant is proper| Hny eedteyar HRCATIAN 6phba e, forp@mple aREsher @ or

ophthal m ¢ par twauaﬁgp%@rﬁtﬁ ecx*e@%ﬁfe%’?ﬁ sr@%t??e,zcwh@&ﬁemefeﬁmé&ﬁéorp&%d by

capt uri ng an i mage elrr a remantl oned nean
preferred ri@ngesferarice in é% astirebn dihgznelgs gﬁmegm thedreme edie bs cpoveyed

measuring the %\R{tho&@éh%t “F\{n@hﬁ&?ﬁolpé‘a%e”ﬁr%‘l%zé rR'% %@8}? agﬁﬂetceﬂr%r ant

portion and the renal
measur enent s t draved @m@eémahede pndhg surfagedna @hann&éﬂtr@@ed bypguidadailst s

col orant cent efeo iRa%KA W 18BN HE3adeARERRN IR BARLYA &0 5fa AU

ar ea- wei ghted (cen o1 d ce the l'ocation
col orant cent ersougek rﬁ@wﬂlterr{atmﬁy, the camafasmeay be tounted Undetteiatinthef t he

oo e s e DR B IPh b B AR R LS8 i B

aspect of the p:oasmlde ni/éetpattarn. sAraim@ehnde'_uef aploranispetteimgd dptaphetdi c

B o ot B 2P T A P B e 50, SR s Frm

of said opht haI(Bnabb@aZCIfohamcags:m TieaBtocessmr/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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15col 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 image of a standard ophthal mc part wherein
said reference inage conprises an array of pixels and said at | east
one colorant is present in a portion of said reference inage;
20c)conmparing the intensities of the image fromstep a) with the
reference image fromste ﬁ h) to de ﬁ}ﬂm ne whet her thﬁ |maége fromstep
a) contains dePtibgdmageand Bengenty TR{erenss Neanggrgagated gy greviously

capturing an i gRegssek! Atsagh@whmer:rgu@é@tr@m@hsmé@ﬁmﬁ@g&eﬁﬁ@ge are
preferred ranges. 25The terns "reference i mage" and ' standard

opht hal mi ¢ par goannged dp guitiplesines piher WO%PVWW%WSHH?B% (inee ApBr t

whi ch be used a&ogmuémdﬁrp%wrelsﬁsﬂhm fifl ReerPPRic\RbaR £ A@t@érts The
term"defects" refers to either the absence of colorant in

particul ar ar e&CAMINEHhG FREGR IR doGRANG adiagert RS %awngqlewmféﬁ@tycfaa*oare
too nuch col or ga& of 3 1EFe R8¢, the aﬁgoﬁﬁ{nﬁ e&v&&rne%@e.rma%.f@@egéeym c

part. 30 The preferred ranges for “defects shall descri bed
detail in |atercalpueting tiﬂpwcumferencel of theneirghs. eA@dmtwl éﬁ*ﬁb’oﬁ&'ﬁé?ﬂ‘ocated

reference | mag%ﬁtgrrh‘;ef&él%;gﬁ?ﬂhghr&e%&ﬁ‘aé&’ t@&%ck%gé‘hi%ﬂ?é%}gm\c{@ bP"

Processor/ Frang rocessing in conputer

and stored in tchmnfgﬂ'ta(c&mkrﬁeadgﬁabsibeemerop?é! raied. t aught by irragi ng
an opht hal pj,c part t

havi ng thquyst em gbefuﬁ sﬂwﬁé&gﬁﬁ%ﬁﬁ%%%@e 81%8 BBP%*%[(E} 1923&?5%? S?d:rages
in that col or anttarmairerthe pb31t|¢1'eoﬁibh1dhalt;mrcthpzi$ﬂs rhalg, meh tail Pihree colopant

| ayers, 5 this i : e I t . i ed
to”the opht hat IvepaeY b TRERHGH 4 fhod shebSrfi B ser® fSiehf i,
col orant | ayer sslesc‘:'rﬂnedsajnst/ethagmeaf adeeldtoilondis/ihd kalfe edgeesoipids edgeapthe
for each individ Q I

| ayers toget he!™? l@ﬁ' Dﬁ?ggiasd (’%ﬁf@?@%ﬁ%%th%ﬂ% (% 4’1&’2‘2& L\%’H’? é&mdanes of
per f1 SL M ng 1éns mmdtmgxe&oto@aranWeyzmanehd,lsnmga?elsoccdt;on bétfmrmwmkemacem s
to e inspected. al m.c aV|

col or ant Iaser het:lgﬁélf?é' fgﬁﬁhﬁs?f’%é[tsﬁ@%fg%@ﬁ?%e 8{’}8”” &By bg fauidhe
_syzI te _mdcaln de?/eﬂ 10@;1723{1@ idaldulisted cploredt comtesis ppt wmﬁm acﬁtplemgc?rseance of

i ndi vi dual co ayer e. nt ensi t.i es

the | nage of 1 e BERIoRS e ormiEtdie tPleisatd Heoas PoraltRee hagededn
be conpared as F&ef‘ed’leﬁﬂl ranékytet ifgha tistapoe betweenahe easthr ditage |n a
systexti c tte In}e?ahrtesy%r @Je?‘tré 0 &mmant t,(n ; . v
conparod | A0 SERENES stHRS SALT RN RS pteateined Blfag (B mhuore
the optical zopeei8Rbly drbstet fia® about 0.B&irhSEBctaiegRRramsh stkait brgsbenm,
edge zone 802. By defining the zones, the 20 al %O“thg can be inits

anal ysi s of t h&@pRerferapi Aragierdoan 9knvk 0-3pA&ngplPetireiEERly gied tarfaan
kni fe edge zongpaiiep ob@Rigd to be sure that there is no stray
colorant in those areas. Colorant can m stakenly drip, or splash in
the optical zone or FRANe&reaEed smbedwnime%%lorﬁmaﬁﬁﬁ H&de%fﬁ%ﬁﬁﬁtb'”eor

lbgcg{ gzent Mt Rofr ihASR) ARNGSaRY thke 8RAbIAC AlHeGBferincg rhéa sty

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 iayers. [f paris 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
9



25 colorant layer. In the preferred enbodi nent the optical zone is
the central 4 nmmof the image. For this analysis, values for the
sensitivity threshold, which is an allowable contrast in intensity
bet ween nei ghboring pi xels, mninmm 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
m ni rum al | owabl e sun1of th area of all the defec n a zone, are

inputted into fpRion PRchaeh h8 5QloIRTE Gepis T §f @aglh didi ‘t‘ﬂuﬁyﬁbm@ﬁ@ear ea

i nspecti ons. EggbuigRaascRiRciiteatibivbf %@mte;taeﬂmetammzau@%omtd@iﬁt@fst
si zes dependi ng upon  how jnp %C@tant it |s to have an area fre

excess col oran ingd from therilyidugl GOloR ENausE re RPMPEISHLP £RGH ?ﬁ?‘ééoﬁ‘t&

each zone of tﬂ\%ﬂef@&%eadeﬁlté'% d@ﬁérrﬂiﬁe@ﬁtﬁebbl@%rﬁ%j@rﬂﬂb ard hethget hod
i nvol ves presentl ng multiple inmges wth absences_ and excess

col orant t o®nuPfaPgf @Cﬁmﬁanif Bescentess gre ned wittinghppecifiegdistangpsrom each

observers deci gﬁxePcbréf%Jreﬁﬂ néthanB88t 6.9 mm, HbMEseR¥SRS Sroatdthan about 0.6
sensi tivi ty setti ng excess is first set to an insénsitive |evel

(e.g. 50) to enmmeﬂerﬁévly eiegtas draneaponh BA5H MiB evgERref bl aigRiel War hen
d
reprocesse wggm gga,ddﬁﬁﬁ Eg%?‘ﬁtéférbﬁ?tg %}Itﬁaﬁbb&% Y0 RFE 1 %ﬁéiﬁhﬁe

setting (e.qg. . unti nage 1s 10 reject
system The sepsitidrgjeciedsal ue t hat nakes the image fail is used as a

basis for e sensi i f !S)c.{fhlé j

conti nues ??)r mul tlltf}iglhé%%ezg@é}sg%neg%gﬁ)@ ncegfji Elnﬁﬂggc%'oﬁ %\E’&grant layers
zones until alfo @e'na ¢irold to dederfmime @amn@obbtheb:elwtﬂm@dmmdbfaﬁ@ttc
determ ned as i m
ot cet o1 vea” ap DO Slrdf dudeior yRUn B G PR RObFhad U Th MR

i ncl uded i n Takllstanae fiiabihe cknRachthet icaftdayes, thlamwvrlﬂmﬂ carehs Mvslifigd to

Cohancer Lo0e MRk B o MIADRELD Ao eR A bepted BB 12
.15  colorant layer. Along this circle, known features of the pattern are identified.
Further, when several features of the pattern are identified, the center of the
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 poriion 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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.4 0.4 Optical zone absence 9 0.06 0.4 Iris pattern zone excess 15
.4 0.4 Iris pattern zone absence 9 0.06 0.4 CQuter buffer zone excess

0
0
16 0.5 CQuter buffer zone absence 18

The terms ophthalmic part, colorant, reference means, colorant center, and
capturing an image all have their aforementioned meanings and preferred
ranges. The terms "analyzing said portion" refers to measuring the conirast
(difference in intensity) between the colorant portion and the remainder of the
5 lens mold and using those measurements to calculate the circuiar area of that
portion and its colorant center, using known non-linear regression analysis or
known area-weighted (centroidial) calculations. Once the location of the
colorant center is known, it may be compared with the location of the reference
center as previously described to determine if the lens mold may be used to

10  prepare a tinted contact lens.

Another aspect of the present invention is a method for inspecting '
ophthalmic parts comprising colorants the method comprising, consisting |
essentially of, or consisting of the steps of;

a) capturing an image of said ophthalmic part having at least cne

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 comptrises an array of pixels and said at

ieast 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 ophthaimic 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 foo 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

11



Kni f eedge excess 12 0.4 Enhancer Lens Ml d- G een |Inspection Area
Sensitivity Mn. Defect Size MW Defect Size Threshold m2 Opti cal
zone excess 7 0.4 0.4 Optical zone absence 7 0.06 0.4 Iris pattern

Z0ne excess

10

15

20

25

30

processing in computer 10 (Fig. 5) and stored in that system. Preferably the
system is taught by imaging an ophthalmic part with an acceptable colorant
layer thereon and having the system generate a pixel map for each of the color
images in that colorant layer. [f the ophthalmic part has multiple color layers,
this step is repeated for all colorant layers to be applied to the ophthalmic part,
and for the ophthalmic part having all the colorant iayers. The system
generates individual images (pixel maps) for each individual colorant layer and
for the all the colorant layers together. These images (pixel maps) can be used
while performing inspections to analyze the images of the ophthalmic parts to
be inspected. Alternatively, an ophthaimic part having all colorant layers can
be taught to the system in a single step, and the system can develop the
individual pixe! maps by extracting the individual colorant tayers from the full
image.

The intensities of the image of the part to be inspected and the
reference image can be compared as a whole, by analyzing all portions of each
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
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
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
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

12



12 0.4 0.4 Iris pattern zone absence 9 0.06 0.4 CQuter buffer zone

excess 16 0.5 0.4 CQuter

buffer zone absence 18 Kni fe edge zone

excess 12 0.4 0.4 QOpaque Lens Ml d-Bl ue

10
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how important it is to have an area free of excess colorant, or other defects in
the colorant.

Sensitivities for each zone of the image are set by an off-line test
method. The method invoives presenting multiple images with absences and
excess colorant to multiple human observers. For example, whenthe
observers decide to reject an image for a given excess, the sensitivity setting
for excess is first set to an insensitive level (e.g. 50) to ensure the lens passes
when processed. The image is then reprocessed multiple times, each time
with a slightly more sensitive setting (e.g. 49, 48, 47 ,46), until the image is
rejected by the systém. The sensitivity value that makes the image fail is used
as a basis for the sensitivity setting for production. This method continues for
multiple excesses and absences in each of the image zones unti all
sensitivities for each color being produced are determined as shown in Table
A. Defect size thresholds and minimum defect sizes are also determined in a
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 0.4 0.4

excess

Optical zone 9 0.06 0.4

absence

lris pattern zone | 15 04 0.4

excess

Iris pattern zone | 9 0.06 0.4

absence

QOuter buffer zone | 16 0.5

excess

Outer buffer zone | 18

absence

Knifeedge excess |12 0.4
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| nspection Area Sensitivi t-y M n. Defect Size MW Defect Size

Threshold mm2 Opti cal

excess 60

Enhancer Lens Mold-Green

zone excess 8 0.06 0.06 Iris pattern zone
excess 55 0.4 2 Iris pattern zone absence 30 0.4 2 CQuter

buf fer zone

Inspection Area Sensitivity Min. Defect Size | Defect Size
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 patternzone |9 0.06 0.4

absence

Quter buffer zone | 16 05 0.4

excess

Quter buffer zone | 18

absence

Knife edge zone | 12 0.4 0.4

EXCess

Opaque Lens Mold-Blue

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

Optical zone 8 0.086 0.06

excess

Iris paftern zone | 55 04 2

excess

Iris pattern zone | 30 0.4 2

absence

Quter buffer zone | 60

EXxcess

Outer buffer zone | 60 0.5

absence

Knife edge zone |8 0.4 04

excess

14




Quter buffer zone absence 60 0.5 Knife edge zone excess 9 0.4 0.4

Opaque Lens Mol d-Green Inspection Area Sensitivity Mn. Defect Size
M2 Defect Size Threshold mm2 Optical zone excess 7 0.06 0.06 Iris

pattern zone excess

Opaque Lens Mold-Green

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

Optical zone 7 0.06 0.08

eXcess

iris pattern zone | 28 0.4 2

EXCess

Iris pattern zone | 26 04 2

absence

Quter buffer zone | 30

excess
Outer buffer zone |30 0.5
absence
Knife edge zone |9 04 0.4
excess

Therefore, the sensitivity of the optical zone is typically high and the
allowabie amount of excess colorant is very low. In contrast, the sensitivity of
5 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
10 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,
15  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,
16



28 0.4 2 Iris pattern zone absence 26 0.4 2 Quter buffer zone excess
30 Quter buffer zone absence 30 0.5 Knife edge zone excess 9 0.4
0.4 Therefore, the sensitivity of the optical zone is
typically high and the all owabl e anbunt of excess colorant is very
low. In contrast, the sensitivity of '

preferably about 0.08 mm, to about 0.04 mm, most preferably, about 0.06 mm.
For enhancer lens molds, the range of defect threshold size for absences in
ﬂwommmmmemmmNOBmm%odmmozmm%pmkmdyﬂmmaﬁmmz
to about 0.3 mm?, most preferably, about 0.4 mim?.
5 For enhancer lens molds the range of minimum defect size for excesses
in the iris pattern 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 iris pattern zone is
about 0.8 mm? to about 0.2 mm?, preferably about 0.6 mm? to about 0.3 mm?,
10 most preferably, about 0.4 mm? For enhancer lens molds the range of
minimum defect size for absences in the iris paitern zone is about 0.1 mm to
about 0.01 mm, preferably about 0.08 mm, o about 0.04 mm, most preferably,
about 0.06 mm. For enhancer lens molds, the range of defect threshold size
for absences in the iris pattern zone is about 0.8 mm? to about 0.2 mm?,
15  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 outer buffer zone is about 0.8 mm to about 0.2 mm, preferably about
0.8 mm, to about 0.3 mm, most preferabiy, 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 opague 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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5the iris pattern zone can be relatively Iower to allow sone excess
colorant. Excess colorant is a cosnetic 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
kni fe edge zone, the area outside of the printed pattern, may al so
have | ower sensitivi ty and a higher all owabl e ar ea of excess 10i nk
than the optical %ne or the sa% E}eason hfese sensi tivi tsy
val ues can be det ef®f RBEIYS/CPHECU5S %W@&?ﬁ%@ﬁ’“ﬂ? SIEPRZSHET Rpsse
experi nent at i of thyirig pattyd Meacgamt@rs mnaechbunaaeemhabﬂeeerhbr taBdut
opht hal m ¢ par enhancer t he ra%% m ni num
BORRA

defect size f $%Me@s%’§’“fﬁ3trﬂ@ B"Bﬁf?fﬁer %t Lpmp uedenfhout

0.2 mm prefermbrdy tﬂb%ﬁg&eaﬁieﬁa ttk8sHol aﬂ@far ché’ssémn iRshs PatRe Lk ¥,
about 0.4 mm For enhanger |ens nol the ran def ect threshold

size for extesautih MRE tQaPPWAHY @a%eprregeratﬂbapgl@ B0 e tpgbaeblLP o2

m2, preferabl Mo@t%é‘kréblﬁ a'EHgt 10 n%ﬁbqfor%ﬁ% quiEns mb?&s ﬁ%%ﬁ’d@@ ernrmum
about 0.4 mm®. For enhancer |ens nol e range of mni m%]@@@ ect
O

si ze for absenédectisizeiapabssceain the s naleayznne ieahouh% o 01
mm 15 pref er@élrumagaﬁ ré%r%crm etrﬁnerz%o&o%mﬂ meeeﬁreerasrrﬁra%ew,

about 0.06 nmm For ancer” | ens ds, the range of fect threshold
size for absen@ésmmn Foreonsisite dens Fﬁ‘éﬁ% the reae of defest thrgsholl sigsofer 0. 2

m2, pref er @Dl é’%%%ég 1th§ (r:rm%ﬂreﬂ-r fcpr%% agor.ﬁ 4’W%m2rf8 Po{?tr &6 ‘?ﬁrﬁ‘bl e(ferably

about 0. 4 ens | ds e rang m ni
size for exces%b,@tﬁrﬁ) MAE 19 abeuigad men nm@@rwef%alah(ﬁbpubzg TR t o about

0.2 nm preferabl yﬁgggg@e @ngmor& H%%% e O Rer8%in @&gerzef@ra!%le

about 0.4 nmm For ens e range o ect thres
si ze for excesindbe putet hefféndone ponabant A.82omé to ebcaldi@L& men’spiefeably aaouiut

0.2 2. pref e il vz Abu. 6D, b ABBSDoRoIgs (e oS!

preferably, abou r ehhan e ‘range of
m ni nrum defgct si zd&dropaqbsensemldathe mgerofmplmwedafezbﬂee fos eatrmgES

0.1 mmto bouIn tRe gﬁia%eg%% S5 &R0k Oat? to ab%?rt TP m Oa%?&#hfg%bgﬂt

nost preferabl& or "én ancer ens no range of
def ect t hreshob® minz® dteout 88 ewst preferndaiy,ratmup@.ﬂtremn Fooeeharsenkoat

0.8 mmR to about fer b

mg, nost pref EPE%r @"e r?\B% fs%&%f& ghcf%rségﬁ ﬁ(g%ssem%theﬁ%\%g%bﬁ%% s
range of m ni n"amm@fﬁemmzstozaboﬁm2mmze§mablv abbet @6 rem? toudtoat 0 Banm?j s
about 08E§1toa % 0% refeﬁably about 0.6 nm to about 0.3
nm rmost pfef eM25tRFEeAB ﬂ*t MEor enhancer |ens nolds, the range
of defect threshol drs azrgonfmm ma@eee&e;iixels indheirhage inuhé ept[caomezreri s

cbout 0.8 ot 0, el 0 g S e SoP R e e 2
range of mini Wﬂmndeafbecé tHd menfsm;reeereesemnﬂmgtt@mmrfs&wemeesmms| s
about 0.8 mm t?rac 1n a da%abrgge it rheig‘s oC liler\{ andq(He 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 io 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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0.6 mMmm to about 0.3 nmm nost preferably, about 0.4 mm For enhancer

| ens 25 nolds, the range of defect threshold size for excesses in the
kni fe edge zone is about 0.8 mmR2 to about 0.2 m®, preferably about
0.6 M2 to about 0.3 mm®, nost preferably, about 0.4 mm?2. For
opaque |l ens nolds the range of m ninmum defect size for excesses in
the optical zone is about 0 1 nmto about 0.01 mm preferably about
30 0.08 mm to about 0.03 nmost preferably, about 0.06 mm  For
opaque | ens noY@<e fondhe ‘é‘?‘f@‘ét S7e tﬂéefsgelfj {iHhis SHEIAton s¥ceers g deteskeize n

the optical zopgedhsiRbrRUmagels MRS, ahpsﬁau&e%e ﬁlieispﬂ%f@@%bieiglzmbﬁﬁ@
0.08 mMm to about 0.03 rn rmst preferab %E@a bout

opaque | ens mP‘H%‘SPH@b?%Q Zef GWW%%WH@ L No 8,505 732 sadigks i n

the iris patt efn@o&:%ﬂﬁed §y ?et?@t‘éhc@ ?h@@bﬁﬂwe@@%ﬁn&p&ef@ﬂaiﬁ‘@&ﬁftnﬁb&é’fw
about 0.6 nmm to about O. nost preferabl

opaque | ens®noplitie Rixpds Wﬁ'ﬁ@@“%owﬁ@&r upiirtes H@ﬁeélf @PQ%OF t!s\re%w&%sfeefeeu n
the iris pattefdhZone He%n%x@@é&éﬁ 8r Qﬁtm AIMEPRES Q11 ia?% hagé%fegﬁ abI y

about 3.0 nm2 to about 1.0 mm®, nost preferably, about 2. )
opaque | ens noRudyzede Ea&hg@nefs Fhahized i mefseme»@ayz@owaveréb@é}i@r@blen

the iris patt eFdﬁgé%@eﬁsSﬂx@f%ﬂ%tr% ﬁbnw tg?fe%? x‘é%s%gé gﬁ@t@%fegf” &ierably

about 0.6 nmm®2 t o abou era m2. For
opaque | ens notM@Shol%e)amleMﬁtedjélﬂ‘@@@hzmeeshol d size for 10 absences

inthe iri ppatter

pr ef er abl yﬁabout 3nﬂﬁn¢1§fé”%dgﬁ%ﬂ{’d éf% rﬁﬁ%tﬁeoleﬁl§’%rdesfcg%gg%’g;arkebco!?raat
me. For indgresifiee alt dresharierd ©of thehids patiage zotfe; dedrelore tinthesiobid si ze
for excesses in f ng _i 2
mR, prefer ablﬁ i%gefl%%ﬁgd%sﬁéctﬁﬁoﬁtte a%cg_o%ﬂ\m@ﬁ)ne%timﬂa '8?'691@#5?9
about 0.5 mm. calsddhe opaqbefféranse mot tie duter melegeors. T]fnmlnnanh)uf&{reone
P T e e LT
0.4 nmm Fori5enhalneefroinghs reabbiithe |m¢1patrwnngmeofTrtéeﬁeertbLtﬁereerhmisdareﬁemly
o exeenee B AR S R AP i s e BB Gy o
about 0.4 M. mm fromtﬁbe;utd;cgmokbﬁammeéryzes the pi xels in the i mge
in the optical zone,for Slne |n|?ten ﬁ’ 3;71 qeg\%e t%

anot her (i.e. cont r%‘%efr?at“’@ e&if oLt YR VNG T 'H@”

i nt enz it ybl evekjeﬁmemmdjr nmgte@ fdrrnécﬁ ﬁﬂSt&int lveyintdiegib gta)-scaid inagled
ina ataaevmt its t|on and the process conti fues

nei ghbor i n& pi L Eorta(gx WC@WW'@.%@G%P%%&%%& ay%@%?@%‘t
size is the arepa@ie 199ergméqnsmn@m ¥6li¢ b haiforamed! udrsalderithirethat wouled
contrast range and t

allo tier area. als mned
based on the n@ﬂ%’f‘“”&febaﬁfaﬁig he G drtensiy v ﬁ@eawgfcg\én‘gegs@% Sand t he
total nunber ofcopbyRing @inhidhnsoldigntar Par é)fan‘tdr@thleﬂ@g@ﬁ m@h@hyneld@wm)
Once the defect size thas been determ ned, q? ared to tgz
val ue for the FPHESRANAJRNBEPI0E R ngxtdavehpl 'B%B%i’ty‘f UGS ‘H@F@'&E?S%‘}l” is

bel ow the misni nadwil tavar:, 8. 8ahsSdrém 1428, %Qﬁ@ﬁ@x’t‘ﬁan@é‘aﬂ iv@nBElYy Vdhees
intensity level's of pixels continues to find any other defects if

any. For each X %Qrfest?’ﬁ@ iehe secadiloraupg- BeOPsALe &vab! (e vaves
and conpared t Qgkififed 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 altermate 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 a zone are read, they could be categorized into the specified ranges
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value for the defect size threshold. If this summati on exceeds the
defect size threshold, the image is rejected. To anal yze the pixels,
t he ei ght nei ghboring pixels can be anal yzed as describe in U S. Pat.
No. 5,500,732, earlier incorporated by reference. The eight

nei ghbori ng plxel anal ysis continues for 5all the pixels within the
zone, either. until the defect areas or thresholds for the zone have
been exceeded, or until the all i xels in the zone have been

anal yzed. Each?3ofRen 1@ngmappaed. fﬁ“@ﬁé”@ﬁhﬁwwﬂﬂw\f@ﬁ defiged ranges
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colorants in the zone. As the intensities for pixels in a zone a
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Al ternatively, the pixels can be anal yzed using the nodified eight-
nei ghbor net hod that skips every other pixel during its analysis to
| ook for intensities within the zone. The nodified ei ght-nei ghbor
nmet hod is described in U S Pat. No. 5,6500,732. 20Alternately, index
mar ks can be introduced into the pattern to allow for easy
recognition of the rotational position and displacenent of each
colorant layer. Commercially available pattern recognition software
coul d be adaptexgested foevarispt Hahe ingdesx rmiaalr?ﬂr eatiern soyld Astipelochtedaighe

and di spl acengpiRehinesR tﬁ@.?Qrtwourd% leftdey marks. This technique
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t d
L e et

analyzing e Co : ver e steps can
be done i ndi vitieahanufantuien Witys onldémpatigptinal eqnoepbinity bthe patterns be

L et er oL Sl oL PRI e Rk S BAEH Fofint o
concentricity afticeharepaetfmens 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 expecied 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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checked, then that step can be done alone. If it is only inportant
that the optical area be free of stray colorant and/or of a uniform
intensity of colorant then that step can be done al one. However, if
it is inperative that every pixel 30 be analyzed to nmake sure that it
mat ches the expected pattern, then that can be done al so.
Additionally the sensitivity of the systemto the pixel intensity
vari ations can be adjusted as desired, and can vary from high
sensitivity, fe¥@MpE mtﬁmethe ®PHeA Ronenle V@&‘PW&P”%‘BH@ fas example ig e iris
sensitivity, foltef¥amele in the iris pattern zone. Figures 6 and 7
both illustrate decision charts illustration specific enbodi nment s

of the invention. Figures Hred éboiullusicaie deqisiot charis isbigion FPeAC 5
I nvention are éi‘l‘rt?] JUTRERE oA RGN OR1d praferieh tf t%@‘l’&@%ﬁé?temh i ne.

Enbodi ment s of e nethod I nvention are descri . et ai
in the fol I%vmW@%%E@ aypiated astd qosyp@tiiney aamapifactudpg Hne. Qanue

Lens: 1. Captuyf rﬁb%ﬁ‘ﬁ Mnbthod iH2h86n eree(ﬂe%@ﬁfﬁdq?ﬁu Het et |

2.1mage is divi Iayersfromth I ps of the co
camera 3. Checkfofico‘rmwsf@par Regi stration (centered | ocations) of the

|mage: 3. 1 ndydingy bpikee aRae, AlueadBbt s, 1o the dark marrow
outer circle Is not part of the

print. Locate the Captuee thef Inidge Mm&galmdy@rayiléﬁeiz:m‘!mal eft to right
o1 oP SOt e RO ST AT P B4 S bl P
i ndi vidual | ay®rs B:hébloﬁ:&tFEoméreRe(gmmBon (mnm‘ed)i‘pcaimmls) onhitievmdgal | ayer
o e o AR oA Bl SRR P e AL R =
| ayer). 3. 6Conpairaddef thepldstio nunvé {thenateuattedf theoprivt. lafcatdthefcaatdnef
layer to the lgpleimsfe edge,
156 3.2  Scanleft to 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 individuat 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 lnspection Check:
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edge center. Likew se, conpare the center point of the enhancer and
striae layer to the center point of the knife edge. This is the
concentricity neasurenent. 25 3.7Conpare the concentricity for the
feather layer to the all owable concentricity, 3.8/f the concentricity
is less than or equal to the all owable value, accept the inage for
this test and proceed wi th processing. If concentricity is above this

val ue, reject e i . In.ad ion, Iat center st ance
botveen 30t hetfloat HERTLRRSHIS etellaraat: oS e At PEER e RPFbATHER
and the foundathieqmab@,y@éntﬁpmxagV@talescuég'stc@%r This may be conpared to
an al |l owabl e val ue d accepted or rejec CCof, 4Ar ea.

| nspecti on Chedi Qgﬁlflﬁf@ﬁbgw é?f?@t éef g Rosélbg?agggeéo?re?%eTWBWrbal
zone, the cent gl cofibiation pidiess, Rdsize bisthipine! B cefdfatdl LBing%0@%Hn
color. 4,2 Calculate the Mnimum Defect Size of possible defect

areas. Thr o@ghStPH@aréé\‘@tB? Assghtef to Hiscamarse Using dhe, knuye Ruipbsredf ming per

cal cul at ed usi pgeiacHBRuR the Bk GiaEh bB&dinib BeRiEaRAURS W DRy ﬁﬁﬁ@‘s%p
Usi ng the known nunber of mm per pixel, calculate the area of each

possi bl e def ecﬁb@ieea that was found in the step above. 4.3 Conpare
this area to t a'é&ﬂﬁ%ﬁhs@%"r@ﬂ) tRE Eﬁowabie“D?f&Hﬁér‘éﬁmm sqLarte*}ﬁB@riﬁﬂeOf

each possi bl e def ect greater than or equa M ni mum
10Si ze, for there@rcéaapfs p@@&t@ﬁd@f@@ﬂisarmréban ozequar ikidetMisingumDefechl |

of the def q:ﬂ [@%rﬁ%‘%@a@%n‘éﬂ%ﬁ éf@@tm to the Defect Size

Thr eshol d. 1S sumisS greater an or equal to this Threshol d,
the lens nold Aé r e] aketibe surzrnQSatt@fmmteo@arera@rabemhn@tomhereetheméo the

shown in_Fig. eﬁe%?é!zﬁ!%?eéh%lcf h? hRPs f&qre‘é@ r fian %?%g&z}lti’gﬂu %‘P%‘éh&&r

Optical Zone EXcCess hesé ca atl ons at t
Zone - excess t&lens ool !ahJSJecteé of col or including special regions:

e o e L AR
color. 20 456. al@sidescribuiifabove tordplicdldivnaiixcbss Tiesappicuidtions eicydeb
mm on the 46 lris Pattern Zone — excess color and absence of color including special
regions:
46.11 Inner Buffer zone — (an annulus of approximately .1 mm on the
outer edge of the Iris pattern zone) - excess color and absence of colar,
20 4.6.1.2 Quter Buffer zone — (an annulus of approximately .5 mm on the
inner edge of the lris 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 Opague 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 patiern. The diagnostic opaque pattemn

has the word “TEST" printed above the chop top pattern. Allowable missing
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inner edge of the Iris pattern zone) - excess col or and absence of
color. 4.7 Knife Edge Zone - (the area between the outside of the
pattern and the knife edge) - excess color. 5The cal culations are
conpl eted and conpared to the allowable |evels. 25 Imges wth val ues
that are not within the allowable |evels are rejected. Processing may
be di scontinued after any of the calculations yield a rejection.

A ternati vel y, adf o6 fikifihb OfEs $flofads SOBRLELSH Al ﬁir\é‘ﬂ‘féz%ntga\fﬁf al |
report to a55|st Erou ooting. Diagnostic Prints tor ue Lens
Mol ds: 30 6. 1Singitions ape irttesivn sgmpletenses goh iegitdity rasplirainggisosiged-ig. 11.
opaque | ens wh ol op top'
pattern for fegéﬁggggﬂp é%ﬁ?ggh &@?sbkﬁg¥eﬁgﬁﬁ$%[Sghgﬁgﬁggrd round
pattern. The dccagmusicafed@pﬁw&qéaomemrfm&etmetameﬂmanu‘lm@macbmntﬁte

fhe »TEST" tor Bop S RE ke gpBebS Bt ded 5P i BEsuBRE sHE “oni 1 ons
and | ettering conplfgwad&dliustrdtdsem ebqal'npieyofnmqge pEadidgaostBewpagiug Jerkl.

communi cat ed ¢ BothdrperetuiBhEefnPE bR s TRHale RY el

The 5 product imze mOﬂerEmsepda[edarmm ﬂwepettctaﬁdom gpeis $Hmvrgmuﬂvf tredarea of

report. ure 12 ill st S..an_e e of
di agnosti c opaﬁx S SR I$iee i3 {ﬁ' g’roee’amWn’lxtﬁgP%frp?lggﬁfﬂ%r%?)cft?%alTh?one
i's represemndedcéntet dﬁeheleefhedcé mean9 00 iExgessted dlopt Bietkriife ddhe obhiei cal

zone, 902 is shown and if the area .of ess | o r er .t han
5008 b the Mee. 8O, Tie briopEt Fertetis SAC il e Yoesitef. SPb Harh e
ref erence meangent§Q thé refaletivd aieeds R tAd diforkind depte? 09 Bfgrédier us RGE,
911. -The colorant center is 91Q, and if the dlfference 908, between

the center of Pfa TEfls lansanele afikberipdate BEESE ripranbpeanthe g@gn?‘?‘c

greater ist harétt@r55§om ERGwh eﬁ@ i shuatd AreBef e@ctre@éie@nt ‘@g@@ﬁgr than
col orant near g{nostlc etters, 900, is shown and if the square

area of sudh CB{Oér"&rﬁt h%ie@ﬁé‘é‘?'@l”‘”i{%ﬁlw Avivpids anpear rfhe FAoROSH |

be rejected. ApyeMObd?, iPPRRAES bﬂthb%idglzsa@@%? tHanl 3 Hen” %ﬂené rﬁwofdhe
area of the voids is greater than 035 , the lens nold w !l

rej ected. If tWé kasigcss. HEE*\%%’#”@FP]BE‘M’@%H&Q'%”QSE? ieéﬁerlﬂ@aa%wet he
begi nni ng of t Béﬁ.}tﬁmﬁgl&?ﬁl\e' crh'oﬁpé’@tr%%raﬁeﬂnﬁs ?Fe%?ér@ﬁaﬁ @QB P 1508TMHe ISR |

the lens nmold w reject Excess coforant in the area outside
of the iris pafoitwil b@(remed |E§'<C§Pﬁ)9m0féﬁfd”me @n@atouéﬁ*%Oﬁ the diseratiern.

than 0. 4 5’2§ | b8, ik @H&Nﬂ?h@ﬁ%ét ar@fﬁﬁ@a?e?ttl% 0.4 iRt Ghd m%w h:ﬁl Bef s

pattern S ShO is void as ahn ar ea reater t han .
the void i s corgieded.ca vais 1a§|ﬂertmmrnépatt¢mt$f@|§l§he\am ifﬁesaﬂeah%fanmrea of

the attribut es cidudfifad 6 4Rl LB S5heiR0d of SuAAS! of ko s

me, the | ens be rejecte I'nspecting a Lens Ml,d
for Enhancer Parastef:all OItheC@tf:rthult@ in e riepgéemiaren, §0¢ ols @realer than -0 ewé)
canmera 2. InagﬁK%E by#ggmyeq% layers fromthe 3 chips of the
col or canera 3

rop gl stration (centered | ocati on) of
; 3 ferhenhanda

t he | mage: 28. 1Maticbd Inepdail l9:s i s the dark,

narrow outer C'{ cl eCe&ure 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. [t is not part of the print. L.ocate 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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30 the image of the plastic curve. It is not part of the print.
Locate the center of the knife edge. 3.2Scan left to right and up and
down (grid pattern) to find the enhancer pattern. 3.3Locate the
center of the pattern, 3.4Conpare the position of the center of the
enhancer | ayer to the knife edge center. This is the concentricity
measurenent. 3. 5Conpare the knife edge center to the center of the

enhancer | ayer%3foLo%Q% tﬂl ffﬁ{efgﬁf‘ﬁg’%g%ﬁen the |l ocation of the two

centers is les an or owabl e val ue, accept the
i mage for thi s3ﬂesthanpbrprtm:eMtom aftihg cartersHitmgeniidncehlagemal the knife t 0o

hi gh h ' . Check: 4.1Id f
pl)gm bIr 21 3212 ef:? %!’(réra E?e]_' IJ(WS ‘Fﬁ?ﬁ Bwoeggp?é@ﬁgsurelﬁgntcem r al e?ltnln gf 10t he

i mage, identify.5pi xedrapavetiie kxifseiyecehtat tol\lhtefcehfwofsmsarﬁ’lemhérya}mt
4. 2Cal cul at ect ef ec

Thr ough t heb calt BF ST SSRR e ReeaBro BUBF o ErtErsdaiestaRanpLental oo

usi ng a known wttaa@am\daﬁleaaiuesaq@emﬁéﬁrﬁabetf@rtH‘@teeaam:rprocéed Wwehthe .
known nunber of mm er ? cal cui_I e th area of each possible
defect area thBi° -0 YEHU? 1§ @b 5JT298: 3conpare this area

to the all owabhke armaqwebﬁ@{ CHsue, Excess M ni mrum Def ect Size ).
If the area of each possible defect is greater than or equal to the
M ni mum Def ect 44; ze'de’ﬂtﬁ)épa?sétae fsfeghagngier @dha opiigab gene. Ahercardras 4pprof

sum of all 4gf %HéEirrégéqeéntﬁyﬁ&@ls%@c@é&d&ﬁwftﬁekém@?sbhe 20Def ect
Size Threshold | f IS sumis greater than or equal

Threshol d, t he4iRens<Cqlgulate)the fMigmum Defect Size of p0331ble defect areas. Through
) the calibration process, the size of each pixel is calculated using a known

standard that is presented to the camera. Using the known number of mm per
pixel, calculate the area of each possible defect area that was found 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 fo the
20 Defect Size Threshold . If this sum is 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
descrfbed above for Optical Zone Excess. Additional calculations include:
48  Optical Zone — ahsence of color
25 4.7 lris 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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4.5 Cal culation for each of the areas continues in the same way as
descri bed above for Optical Zone Excess. Additional calculations

I ncl ude: 4.60ptical Zone - absence of color 25 4.7lris Pattern Zone -
excess col or and absence of color including special regions: 4.8

Kni fe Edge Zone - (the area between the outside of the pattern and
the knife edge) - excess color. 4.9Non- unifornity - The

- f ' f th h
The col o 15 Loanrreae S Bt pecr Byar afle G Rk Rronden.
Optical zone ardtetratigelPadiltcatanizfion® can bé cdnb!btsﬁetntgn&msm\lerall tepotieyel s.

5. The cal cul ati ans, ar, | eted and conpared to, the allowable
| evel s. | nages E\fﬁ‘?ﬁt Q}Qfﬁgggﬁ)%t are not within the allowable |evels

are rejected. 6&Procbighoglicfntbe di scontinued after any of the
calculation yield a . rejection atively, .all calcul ati

o compl et ed § &bt varHiEt Bisesrine Fabft Boie Kl wftnesi pftiattes Rgiere
6. D agnostic Prthélbéﬁeﬁn & iiSnioal except o€ 8S&idpGopaihtieen Iémdf‘ms‘teédwfa

di agnostic enhancerércLens

attern is identical cept for ,a
Cehop top: pat e YR RS, dRe dHnaSls onaRaP BERBIN RS aE FErh T SRS
di agnostic Opacbﬂlﬂtel@laéﬁoeé ﬂxéw@rﬁ)pttbgpwérel '.'t\T&&J Ieﬁfiée‘\ﬁg?ﬁincﬁbféﬂiaﬁlnkhﬁh@hol)
top pattern. wabl e m ssi ng extra ink in the "TEST" word

selectable to aTE&RI weyd ’ﬂﬁ?lfaétlaéﬁtto ﬁF?%for@m?Qtlpﬁﬁécm‘q“é@PQr’q’tﬁ‘@'“g

10conpl et engss c@ﬂ%]ét@,ggslglénut[y ,5[@%5@@%& 7, A good/bad report is
sent to the Input dgu | eS and then is comuni cated to the PLC

conputer for the naﬁé}qoﬁfbaﬁdﬁmﬁ penblenha bputf QuitpH serdutes and then is

accepted or reJcﬁ%ﬁ%@a‘ie@ﬁth&W@%@dlﬁéﬁoftﬁ@%attenéf'h%ﬂlﬁg]fﬁachme The
illustrates an 1 mage of an enhancer 1 ens nol The area that defines

15 the optical Rredst isdherpeeapiatt edeipptedins r@@th%gqqdr‘f@dlrzmm Excess
col-orant int hqfigure 13 illustrates an image of an enhancer lens mold. The area that defines

15  the 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 mm?, the lens mold will be rejected. Ifthe

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, 12086, 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. [f this void has an area greater than 0.06 mm?,

30 the void is considered an atfribute. if the sum of the area of all of the
attributes in the iris patter area, 1203, is greater than 0.4 mmz, the lens mold
will be rejected.
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optical zone, 1204 is shown and if the area of excess color is
greater than 0.400 m®, the lens nold will be rejected. The center of
the reference neans, 1211 is calculated fromthe knife edge, 1212 of
the i ni§&laimpe colorant center 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 will be rejected. Excess

col or ahtA method fhe ingbagtingstinited chwtdt bngss COTPLSINgLOkNANS thAdsthod he
square area of guggmygtorant is greater than 0.01 M2, the lens nold
wil | @ S oi ds appear in the diagnostic Ietters 1200,

ifot he ar eaa) @Epﬁiﬁi@quvaﬁ ifadeSofWaRP iffed boaL Qn&%%ﬁpi%mgtdwabms coTotak
w il be rejected f the 25 overlap, 1207, between osti.c

| ett erwh@emﬁam HeagR §PMATIBES af affﬁe ok Riglseand $31d %éﬁaﬁgPﬁe Pg O er

than O l be rejected. Excess colorant in the
area ﬂ%g?@&sﬁﬁéﬁgf?gsmﬁ@?% 1206, is shown and if that area if
greater thd) I@ca4mgm2refér’eacé mnsmrh daidh 1h1agbe3f isajdegriteionctleises dandfindimg

the iris pattern, 2 is showmn. If this void has an area greater

t han dh Geﬂwo‘c%*dtfﬁ rgt&IMea@Ngonsi dered an attribute. If the sum of
the area ofg IR tB&| lafed %érb&rd%ftserdﬁqﬁ s
greater thar)l?%éa)lﬂ% s@éﬁ%é;ﬁési nol d V\,rilﬂ bg rej ected %cl ai m 1. A
et hodinfedicontas jpees pcmgprismg,tseld acleast actecolosnses conpri si ng colorants the

met hod conpr.isin ur.d

tinted conté&om%ﬁ gh%ﬁﬁgﬁpgloﬁaat&at I%aasgtongﬁi@ét@é%%%&@?tomﬁgﬁgqaglogyg
| mage GRMPkESRSnddTdas Héiérﬁrf n@t%ﬂb&tmdof%%idiccﬂbrdrﬁaéhteﬂmdccﬁmpiamg the
present 1h a portion of said inmage; b) locating a reference

means lonatien of thewgstesiof saidgelarareaimeans iethe leﬁ%@é\ Al calgrang center to
center of t irst
o el Steute Tl 8L RRRERRERODIany is propefiy 1ot b Balu B30lac PR, (s
conprising said at |east one col orant; d) conparing the

| ocat i on of said at |east one fjrst area cation of a
first §i kg methaseldaim! H@@é?'mt%r?fﬁ%npeéﬁ?qwsé?e E%'?%Ie@%ef ‘or ant
center; and conparing the location of the center of said reference
means to the |location of said colorant center to determne if said at
| east Britheoletmachof ¢iginpl epersin the ceferancenmeansdsithe puisideopddt | enses.
2. The nethod of claiml1 wherein the reference neans is the knife
edge. 3. The nethod of claiml1l wherein the reference neans is the
.out si dg eRlgmettod dN@ai®t atkroh thé AtgpixeMarseistodadied fri thetirip patérnamedirst
is located in the iris pattern and first pixel area conprises 10x10
pi xel spixel areAesomrises 19 18IPHENR.4 wherein the first pixel area
conprises at |east 5x5 pixels. 6. The nethod of claim1 further
conprising the step of e) conparing a second pixel standard to
at | east ThRametRedoflciping ¢lwissrem the firdteimdatéocornprises at leasigaSafixalai d
tinted contact |enses conprising a colorant to determ ne the |ocation
of the col orant center 7. The nethod of claim1 wherein all steps
are auto i R4 uring line. 8. The

met hod%o?ﬂéﬁ%ﬁ&g urt grmggé}%?géﬁ% he s%g%tof e) rejectin

all tinted ebomwparlmgaa%soanel stan erdotoraftéeraéh@ee 5@9%?\1*%@9%‘&31@ on

f th t f d d.th f
O AR S O 8 B B S QL st

location of the colorant center.

7. The method of claim 1 wherein all steps are automated and occur in an on-line

manufacturing line.
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9. The nethod of claim1 further conprising the step of e)
rejecting all tinted contact Ienses wherein the difference between
t he |OC%}1I on of the center of said reference_and the |ocation of the

cent e dPedngthod of sletnt’ HEReLFOBPESIRE A ¥PPOhan about 0.550 mm 10. A
met hod for ;F@@&ﬁfg'ﬂ&m?édr&t:ﬁ@lx ARk aﬁ]ferélﬁwam@f&m@'tfémaeﬁﬂ%@roeg@&l 6fhe

met hod conprising~the steps of: a) capturing an inmge sai d
ti nt edhe centacof sad seferarmepriditadocrtioneddhe oerdetof eaideolofrdrasniersae d

i mge co ses .an, ar of pixels and said at |east one colorant is
prese© Efqﬁ aﬂ(ﬂt{qu&ﬂ‘gﬁ@m d i mage; b) locating a reference
means in said imge of said t| nt ed cont act | enses and finding the

center of said reference nean anal yzing said portion of

sai d iSdbe ra@ﬁpﬁ@&ﬁag'na&furtéaéeoran@sla@rﬂaﬁ&tﬁ’p oo deternine the

di mensi on n t

o=l o1 8 gL AN ROt IR SRR G ogatbdor

r ef er ehe eentenotsdio r@f@r@hc@énﬂ thetlocatitinesf the caeteeofsaid coforamti abnédr dreast
one colorant is pro erIOy | ocated on said tinted contact |enses. 11.
The néreRigr Hranabay M-t her conprising the step of e)
rejecting all tinted cont act |lenses wherein the difference between
the location of the center of said reference and the | ocation of the
cent erfof\ maihdddol inspectingsntwcostie legsee avraprising cokisants te S&dhotn 12
The net hod, of cl ai m 10 wherein all steps are automated and occur in
an on-9fMps ﬁpé&@%@ ng line. 13. A nethod for inspecting tinted
contact |enges pt‘&ﬁﬁ? ra‘nSh%e‘-‘&'s@!oaHﬁéd Ecﬁl@dcﬁ%ﬁsjég)gon%mmaﬂem ol colldint
steps of: taring inted contact |enses
havi ngvhareinesaid inage c@npn@@ﬂ awaéramoﬁ pe:slsmdma;@ atle@st PRR SOlgFANIS ay of
pi xel s Se”ﬁﬁﬁ%oﬁjﬁﬂﬁ %%Q&Fcol orant is present in a portion of said

i mage; Pr %f erence i mge of a standard tinted

contact | ermagcawhgraalefergacgl meeineresgid lnﬁgge)f@ampmit«sﬂsmaa lafsésa@nd(ﬁﬁldmo
pi xel s and said at |east one colorant is present in a portion of said

r ef er dhg éentengésaid refererge @APSI i ng the intensities of the image from

step a) wt ahﬁfiyzn’fgg %@E{Sﬁuoh@% [Pﬁ@?iéo%r@néﬁ)tgﬁéﬁd@é@oﬁﬂﬂfper

the i mage f ontai ns rejecting a
ti nt edlatemine the dinsersidravi said erdionsarddindingithei avlarast epitecef said imeage,

havi f h bout 0. 06 : I t

‘ot erence. HhEAE a3 dcidasHE SbMeCHnic ohaa el Rpge MBS A Ao n
fi ndi rlgenftéﬁo‘b%fﬁrﬁfn@ff saf & s ERoraReRProperly locatet)or SHidtihigcdaiact
| east one first pixel area in the portion of said imge of said

tint edlewséht act | enses conprising said at |east one col orant; g)
conparing the location of said at |east one first pixel area to the
| ocation of a first pixel standard to determ ne the |ocation of said

col or ant. Thenhethodadiaim 10, fintheravperishy thbstémott i on of the center of
said reference means to the | ocation of t;al d_col orant cenher t%ggp&

det er i ne i§) reigctingall rialgd eongrsE Whelp the difespace helwseat
tint edy, e attor S8RSRRrence 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.

13. A method for inspecting tinted contact lenses comprising colorants the method

comprising of the sieps of:
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14. The method of claim13 further conprising the step of e)
rejecting all tinted contact |enses having voids of colorant in the
iris pattern, wherein said voids have a total area of great than
about 2.0 mm2. 15. The nethod of claim13, wherein all of the steps
are autonat?d and. occur in an o line nanufacturlngﬂL%pgmco$gm The

met hod of ) &PRIUHI ANIMaRE OISR PSF ARpachiensst kg 1) rejecting
ot he T B e o e pae colantae o1
sai d cpkeenirin agmitien obsaddgmnege,er than about 0.550 mm
b) capturing a reference image of a standard tinted contact lenses wherein said
reference image comprises an array of pixels and said at least one colorant is present in
a portion of said reference image;
¢) 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,
d) rejecting all tinted contact lenses having excess colorant in the optical zone having
an area of greater than about 0.086 mm?,
e) locating a reference means in said image of said tinted contact lenses and finding
the center of said reference meaﬁs‘,
f) locating at least one first pixel area in the portion of said image of said
tinted contact lenses 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
h) comparing the location of the center of said reference means fo the location of

said colorant center to determine if said at least one colorant is properly located on said

tinted contact lenses .

14. The method of claim 13 further comprising the step of
e) rejecting all tinted contact lenses having voids of colorant in the iris pattern,

wherein said voids have a total area of great than about 2.0 mm?Z.

15. The method of claim 13, wherein all of the steps are automated and occur in an on-

line manufacturing line.

16. The method of claim 13, further comprising the step of
i) rejecting all tinted contact lenses 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.
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