METHOD AND SYSTEM FOR | NSPECTI NG OPTI CAL DEVI CES Rel ated Application This
application clains priority froma provisional application U S. Ser. No.

60/ 359, 074, filed on February 21, 2003, and entitled "Method and System 5
For Inspecting Optical Devices." Field of the Invention This invention
generally relates to inspecting optical devices or nedia, such as
ophthal mc | enses. More specifically, the invention relates to such systens
for automatically inspecting optical devices and to techniques and 10

Ceveral years. MEHADANDRTSTEMEORIGSRElNe BETER RRYRES o opea for

i nspecting ophthal mc | enses, paRtiatad Applicationt act | enses. Such techni ques
are disclosed, for exanple, in U S Patent 5,500, 7%2 %n?gi U.\f ggtent

Appl i cation SeriTdlis applicatipn Siaimspriofity feom BarroMsianad gppligadion U.S- 88heral 1y, in
these techr) ) ' Y 2563 Wrld @itielieMethedand Systnbl e 11 ght,
or a Iasermgmﬁ%g %’g‘}léﬁraglfgyna%}ye@ﬁg?g&form an i mage of thg\y:sens on a

pi xel a®Br ayForDhspecting ptiwal Beviessdr e produced that represent the intensity

of the radiation on the pixels af ,th re .and a conputer is used to
process those data values to dﬁ%&ﬁ?ﬂ% upﬁé’?t@“l ens has any unacceptabl e
flaws or 20 def emHiginvAntion g8Reralptelbies to irspeatifd eptical deefcestorinsediaen

identified and rejected. Many of these_techniques are very effective at

i nsuring t Hachasorhdhaimig 'rﬁ"&‘lseg-ayoéﬁ spaeificallys ﬁmq'a‘/?'v%%f atﬁéi‘%&'c s rejected.
Al the samg,k fi S0 PRonG OPBLAI WRTick§iaPEitoI6AHHIGEE &nd enses, a
resul t repgslyﬁgééﬁ%g}r%?%?s(gé}gg rej eg§s§?601e rleason for thig I s that many of
t he pr dfedpresedures that aagMelitsvitedfet usegnissish isgsteeth certain types of |ens

e oL vy e S AL, DBBBRE BB B APy 0% Ut e
array but «qireesifullederamil i eidpectindiephthamiivlenses, paitieakarigeioatdct or anot her
30 indistinguishable but acceptable feature, the |lens . is rej e FOr
i nstance, @$e6. sl techniqupe @re discloseffPREXMPlen i ﬁe’%ﬁe%tea{ ggbﬁga@ct ed
whi | e subnejged s patent Application Serial No. 09/751,875, filed December 29, 2001.
15 Generally, in these technigues, radiation, which may be ultraviolet light,
visible light, or a laser, is directed through a lens to form an image of the lens
on a pixel array. Digital data values are produced that represent the intensity
of the radiation on the pixels of the array, and a computer is used to process
those data values to determine if the lens has any unacceptable flaws or
20 defects. Any lens that has such a flaw or defect is then identified and
rejected.
Many of these techniques are very effective at insuring that any lens
that has an unacceptable flaw or defect is rejected. At the same time, these
techniques sometimes reject acceptable lenses, a result referred to as false
25 rejects. One reason for this is that many of the procedures are not able to
distinguish between certain types of lens defects and other features that may
appear on the pixel array but which are not lens defects.
When an inspection system detects a feature on the pixel array but
cannot determine whether that feature is a lens defect or another
30 indistinguishable but acceptable feature, the lens is rejected. For instance,
with several inspection techniques, the lenses are inspected while submerged

in a liquid solution, and it is very difficult to distinguish between holes in a lens



inaliquid solution, and it is very difficult to distinguish between hol es
in alens 1 (which are unacceptable) and bubbles in that |iquid solution
(which are not a l|ens defect). As a result, acceptable | enses may be

rej ected because of bubbles in the liquid solution. As another exanple,
wWith prior art automated |l ens inspection systens, 5 it is very difficult to
di stingui sh between nol ded contact | enses that have tears or holes and

mol ded cont éwhich ars esacdeptakiehand/bubbles indbat kquidypeluiion (whieh aseapt ar om a nol d
section. To. el e t, : | @ as discl osed
in U S Pat Iéa(r??t$ a‘%?%%ﬁ‘i%’%%@?%F%@%éﬁd%‘?ﬁéﬁgggle&%dr bé, e weogn two plastic
mol d sect i obabbléé trethet ligiidedlutir. partial |y hardens, one of 10 the nold

sections is pulled a fromthe ot her | d sectjon to provide, K access to
The | ens. Tt hi &S aRGMes Sxafele, i arer sMraufiamefas B3s uferBeis SHatsMSever op i n
the lers. WiSeryafrfitdietd @it b&tWeefmiolBEl lcBAtarPRInses thdtdiase iBarsbecone
delam nated - that is, the e of the lens may p away sllfjhtlyfromthe

ul |
15 nol d sec®f @ples andrnelded wen%ghlgns@ﬁmami.mnly higxe peel stightty pylled for an
autonated | ' LES [ t te.has j ust
o ohel v puraf ol 2indi SEElid, 0T pbRAL; Ehtactisiest el BB AHE PGS LUD)
and a | ens examplesss disclhe¢dinl.S. Patentd, §4h4 th, bysmaldiregna sdiébletpolyrBercause of

this, acceptabl e l.enses .. may, be rejectged.. 20 Brief scription of the
b ot ey bR i HagicT destifha A& e! nATTal haienS, dled

I nspecti®n theWrabrRINddiahs Epulikd dwfdram tihé ethelr asdld eecidn tohsropides ent

I nvention. Figure 2 shows portions of the illum nating and i nmagi ng

subsyst ens 8§cessdo thlansspecti on system shown in Figure 1. Figure 3 shows

Flgur ce 1 and 2. 0 pere A R ot el e of
Fi gures 1 aleas2Alsma@sube mpld sectians arp peilediapatis&ians may hacome.
delaminated — that is, the edge of the lens may pull away slightly from the
15 mold section in which the lens remains. It is very difficult for an automated
inspection system to distinguish between a lens that has just slightly pulled
away from the mold section (which is not a lens defect), and a lens that has a
hole or is torn (which is a lens defect). Because 6f this, acceptable lenses
may be rejected.
20 Brief Description of the Drawings
Figure 1 is a block diagram generally illustrating a lens inspection

system that may be used in the practice of the present invention.

Figure 2 shows portions of the illuminating and imaging subsystems of

25 theinspection system shown in Figure 1.

Figure 3 shows spectral bands that may be used to illuminate a lens in
the system of Figures 1 and 2.

30 Figure 4 shows a lens image made in the system of Figures 1 and 2

and using a first spectral masking technique.



2 Figure 5is a flow chart for a preferred procedure for analyzing a | ens

i mge made using the first spectral masking technique. Figures 6 and 7,
which are simlar to Figures | and 2 respectively, 5 show a second fens

i nspection systemthat also may be used in the practice of this invention.
Figure 8 iffustrates filter elenents that may be used to provide a second
spectral masking techni que, which may be used to illumnate a lens in 10 the
i nspection syst efrigsire Biigarfiaw ehamfora prefajiadeprgcediigfonanalyzingidlges nade usi ng

t he second ﬁﬂg&é H?elde% .9%’{iftg?.gmt&"’ﬁ‘askiﬁ?@n@ﬁﬁ%‘iﬁé‘es of the Invention P An

object of thi's®inventioni nprove syste i nspecting optical

devi ces. Another object of the present invention is to reduce the percentage
of false rejects_n an.aut ted | ens i.nspection stem A further object of
the invention i s Flgyres Qﬁr@gfgr(#'d’b?mwa’ @é?@?ﬁsff)%né g’deisﬂg‘f)t@’@b'i' ng opti cal
devi ces ghakhbw aafdddniddehsl GiRpettiort systemnhitenddirey bused mabEpPatice. A
further object of the invention is to provide an automated | ens inspection

syst em havi RtEhiINvepH@%ed ability to distinguish between holes in the

| enses and bubbles in liquid solutions in which the | enses are subnerged.

Anot her object of this invention is to illumnate a lens that is subnerged
25 in a liquid, FiguseBdlustrades filkeridiémeantsshalimay hguisehitongprivdde@en hol es in

the fens and bupbles in the liqui.d. A further_obje f the inventionis to
orovi do_an- SPaallfbSesre) Sraskindftiue KN TR b St fn Mumiie AR Mages: of

a hol e 10 athe mBpetIMy&téats Fdites BRGRS7.of bubbles in a liquid in which the
fens is subnerged. Another object of this inventionis toillumnate a | ens

in such a 30 way that delam nation of the lens is not shown, while hole and

tearS in the |epyupé @ sHdW lehsAimblE Misde MG e SEcdridtspUctaPraskilyention is

to provide an illum nation
technique.

15 Objectives of the Invention
An object of this invention is to improve systems for inspecting optical
devices. Another object of the present invention is to reduce the percentage
of false rejects in an automated lens inspection system.
A further object of the invention is to provide an automated system for
20 inspecting optical devices that is able to identify certain features more
accurately. A further object of the invention is to provide an automated lens
inspection system having an improved ability to distinguish between holes in
the lenses and bubbles in liquid solutions in which the lenses are submerged.
Another object of this invention is to illuminate a lens that is submerged
25 in aliquid, in a way that facilitates distinguishing between holes in the lens
and bubbles in the liquid. A further object of the invention is to providé an
image analysis technique that can distinguish between images of a hole in an
ophthalmic lens and images of bubbles in a liquid in which the lens is
submerged. Another object of this invention is to illuminate a lens in such a
30 way that delamination of the lens is not shown, while hole and tears in the

lens are shown.



technique, referred to as spectral masking, that illum nates objects with
light in different, separate wavel ength bands. Alternatively, the object
may be illum nated by light conprising the separate wavel ength bands and
addi tional 5 bands; however, the inmaging systemis sensitive to only the
separate wavel ength bands, or the wavel engths of light that are not desired
are filtered out prior to the inmging system Another objects of this
invention is to prfarthéeobjepesitthalbreseskinvgnticre it pueddé aatillurainatien used t o

enabl e a |l ens inspectjon temto identify certain features. npre,.
accuratel y. té_‘@'lnms ’F?flﬁérfed6%%3&038@%'{3%3%?953é%’i‘h'ﬁi"ﬂ\?lémﬁ %We?lslts?' V?'g’ 'fqtﬁtﬂn’ nat e

different pferéRNSedrafwabélbAgth Lmds C Altetidlively iy sject/augbengt h bands.
Still another .obg ect of the invention is to illum nate a central portion of
a nol ded coritusgnateddydight campggingiiag seprrate wad!RRathianss and addifianalr e

present gn . ' . I | el I SWr0 atd ter portions of
the | ensSi ntb? ﬁés’ggr\r&eév\%g'yt%i@%@ﬁgssgg%r%wo%%gﬁ&gg# 8@& @gsée:é%{/é}ge attained with
t he i nspect wavekendth baads; or theoweveldogtbs of lightl tbatearerat eiesireGareetiltdreg, t hese

procedures enpl o r.are used wt uni.que ill.um nation_ techni gue,
P erron & ooubPEe e magngivasm. Aot bas s Hvettio t kBB nat ed
with plural spestedlengiking feRfRuel¥tidl reiebé DE6d tPendbis ldl 18gs Irpldtistiie, t he

entire optical device is 20 ilJum nated with two separate bands, which may
be part of &Y toridentfy cepatifeatures morgassuraiedy-i n anot her spectral masking

techniqug, diffe he ' I i b ynated with
differ eﬁ? bands. %$th§§€%§tsofttgéﬁﬁ%agm¥gy negﬁgg tlgé%i ?lt%tgﬂ]t | ate between
bubbl es i n ypottionisaf aarapticel davice with bifeogntiveavelatgth bandsnBtihanethparti cul arly

wel | -suited for, apal yvzi ng. | enses in solutjon.in e, ver, the
techn que. mepest SRR Elionti i el aXEnttel 80ef of pRGIORE G B Ce i <
LUVﬁnt i ?R it$en$SiaIaqua)': }f]h.a't rsssut:mvetvs'rmsg,he!e/rleh"o}'eszI dvi telirs drenresentdn @Jat;@rﬂi(ﬁﬂsf;aﬁ gr

i gher at .are too thick to be anal yzed usi a uy_ inspection nmetho
Al one. The. deBnsamtielsifnPelin AlGnbomaas of e Bri ke the SHES Wk 1 cal | devi ce
with different baRdse ahd dtHdrabpttivésaiagbe MaitdewiRYhE thspecliéh asgticul arly
wel |l -suited for analyzing contact lensés in a nold piece and ma be used to

avoi d rej ecBnalysisqresrdisPe dissiosed hereip (Paperallysthespafogeduregemiithat ed.
or are used with, a unique illumination technique, referred to as spectral

masking, in which an optical device is illuminated with plural wavelength
bands. With one spectral masking technique, the entire optical device is

20 illuminated with two separate bands, which may be part of a continuous
spectrum of light; and in another spectral masking technique, different regions
of the optical device are illuminated with different bands. The former
technique may be used to differentiate between bubbles in solution and holes
in the optical device, which is particularly well-suited for analyzing lenses in

25 solution in a package; however, the techniqgue may also be used to find holes
in alens in a mold piece. This invention is useful in inspecting very thick
lenses, e.g. -6 lenses or higher that are too thick to be analyzed using a uv
inspection method alone. The spectral masking technique that illuminates the
optical device with different bands at different regions of the device is

30 particularly well-suited for analyzing contact lenses in a mold piece and may
be used to avoid rejecting acceptable lenses simply because they are

delaminated.



4 More specifically, in accordance with a first aspect of the invention, a
met hod and system are provided for inmaging an optical device such as an
ophthalmc lens. In the inage formed with this procedure, imges of bubbles
and hol es have discernible differences. This nethod is a plural-spectral 5
i magi ng/ i nspection nmethod for an object whereas the object has varied
spectral absorption levels conprising at |east one illum nation source
conpri sing wavel Mgemeclﬁgallyarmamordmwqﬂaatfir%tlasPeab@fdhbenvermoaf@r ably
nostly abs smtted,
preferably %Qﬁgd %r any?t\éﬁ 5?;%#6\? otr?t]%{)%%ﬁ ah %?ﬁ%al(%%r vacl eaéa“lr ?ﬁ]

transl ucent dphiﬂ‘WchJ@nW trhthbhmageébenedamtblﬂhscd)rmdwetlhmg’eecdmbuqbllesr elies on
the ultraviol abso I on al,ities of n ultraviolet inhibjtor in the
lens to cred h[ @%Vﬁpé'éﬁemt 5} E’Edf'écﬁp'“ﬁq*ép&‘#@'ct i s

achi evedsby jpagipighessaeson fnhé}h@@lf&Sarpébjeéﬂ Wﬁeﬁésgltnd bbjert RaLbamed visible
light in the approprl ate ratio and intensities _through the Iens. The
spectral barf@gctsal eab§@mé@néavql$. CUPRSAgrA igast Oﬂﬁdlunanq HEPHACBN of t he

ul travi ol et i bl e
light is al Iéom pass Sﬁﬁgtﬁ% atrﬁﬁt Ie‘égﬁp V%Bé??%ﬁeg%?@&%éé@w th a
second as peabsorfbedh:md wamiemgths thaatpareaéthastaparyallyptrammmdt preferabiyngui sh

b hol d_bubbl es_i | hi
o ocedur o, o3 Ragamufel e iRe oS i imas Jhe R Rl | mmge may

i nclude1g feat UrW”tl‘hﬂtfe préfeptddnerhibedifng, tﬁé tex: r@neé\onahem&famétst icis
identified that djstinguishes the |nmage e fromthe Qﬁeof a
bubbl e. A sé&bsgfptigaiyalitigs &an e'yaé@@wnm@tqrw&theo'ﬁﬁﬁao Craaie thede %f%’cessed

according t Qra%sl%@ﬁ#éfférd@brl#@cpr "Pgé affecti® aéﬁi@(/é@ b ‘b%s&uh@tspe‘élfﬁtda'ﬁ% b? hi ng

characteristic, and if it is found, the characteristic i s used
classify t hdilterestultravialet and Nisible ligh in theappreprigtei retip &!‘Q\Antﬁ@stﬂesa bubbl ein

the 119Ut d LR AT GleRir Pl AT RN, &0 PRRALIfy adeSCr 1 Dod

in detail bel t'hree mMments to discrimna les from
hol es: 1Sympeition ofvthé Iulttdwcdktri@ms abmbrberl by thd lensiaddianpentiontof theat i os. I n
accordance wi

t echni que i é"sfﬂ%\/p@@a amﬂ‘é(? g’gtﬁ%a{ﬁgt efr{?n‘ég'g%w&é?egcﬁ)ﬁgt gglceg?zlt;: ggm)lgged
In accordance with a second aspect of the invention, a procedure is
provided to distinguish between holes in optical devices and bubbles in a
liquid solution. In this procedure, an image of the device is formed, and the
20 formed image may include a feature that is either a hole or a bubble. A
characteristic is identified that distinguishes the image of a hole from the
image of a bubble. A set of data values representing the formed image is
processed, according to a predetermined program, to search for that
distinguishing characteristic, and if it is found, the characteristic is used to
25 classify the feature as either a hole in the optical device or a bubble in the
liquid solution. The preferred embodiment of the procedure, described in
detail below, employs three key elements to discriminate bubbles from holes:
symmetry, wall thickness, and intensity and intensity ratios.
In accordance with a further aspect of the invention, a spectral masking
30 technique is provided that may be used to avoid rejecting acceptable molded
contact lenses simply because they are delaminated. In particular, this

technique effectively eliminates, or substantially reduces, the false negatives

5



contact |enses sinply because they are delam nated. In particular, this
techni que effectively elimnates, or substantially reduces, the fal se
negatives 5 caused by an inability to distinguish between del am nated | enses
and |l enses that have holes or tears. In a preferred application, also
described in detail below, outer regions of the lens are illumnated in
such a way that any delam nation of the lens is not shown, while a central
regi on of tlwausedby as inability ltodisiageidh ibetweemdebminatad i¢nrdessdraiensed es or

| mvent | on wingt e R E, i rstotSd aRticaiPT b oBRBR AU g

det ai | ed deseldvptduter, regionerofthé ensefreliRntigatet an sbeh acepMpanyhyng draw ngs,
whi ch speci fdéf and show preferred 10 enbodj nments OL’ the invention. Detailed

Descri ption a"ﬂiﬁéﬁchQf_vei'%’hS wtish%’_ﬁt YVB'!'P entia SOPhe tﬁ@d‘_':"b? ISi nspecting
opti cal @eV'ilggﬁiEaéﬂwg'v%ﬁerf@g thét'éﬁ@Wé%lé@oFtQ@rsPidﬁttréﬁ ofiBMicf hernd 2

sur roundi ng groun ht, 15 whereln sal I ght conprises a first
wavel engt h tbensd and a second wavel ength band, wherein said first wavel ength

band and said se if; I t d wherein
said irst vaver EDR BTITRALE 20PFNEe8) Bt e g Bh MR LRLERY bardly

wavel engt h if@ndaltaasidesationrd thefaosirigydetaitgd desuniption t gingn sdthcrefargide t hr ough
bsor bed by 1@ HRAGRNTRAD MAKAB G GheSPesdy 8P APout PR Ebcond wavel engt h
band i s qbr apBddirREnts B v hveatish opt i cal 25 device, and capturing said | ens
transmtted |light on a photo-sensitive pixel array; (c) transmtting said

| i ght through said surroundietgilashleregripting ohthe levantieme najority of said

first wavel engt hﬁﬁgﬁq’i’%”ﬁgg‘?éﬁmhe{@éﬁ‘?@%‘“gﬁ?@%ﬁﬁg‘?@?& transmtted,

and capturing sa ackgroun ransm t
comprising
(&) illuminating the optical device and a surrounding background with light,

15 wherein said light comprises a first wavelength band and a second
wavelength band,
wherein said first wavelength band and said second wavelength
band are different wavelengths, and
wherein said first wavelength band has a first intensity and said
20 second wavelength band has a second intensity;

(b) transmitting said light through said optical device wherein the majority
of said first wavelength band is absorbed by said optical device and the
majority of the second wavelength band is transmitted through said optical

25 device, and capturing said lens transmitted light on a photo-sensitive pixel
array,;

(c)  transmitting said light through said surrounding background wherein
the majority of said first wavelength band and said second wavelength band
30 are transmitted, and capturing said background transmitted light on a photo-

sensitive pixel array



sensitive pixel array 6 (d) reading pixels generated fromstep (b) and step
(c) and conparing the gray scale values of said reading, wherein the

di fference between the grayscale values of the pixels generated fromsaid
background transmtted light and fromsaid lens transmtted light is of
sufficient value to distinguish 5 between holes in said optical device and
bubbl es in said surroundi ng background. As used herein the term "optical
devi ce" i ncl(dyes reading $)|xuhs gérheriatefe!drdm stémtt) andrﬂiep:(c)lrmtdsmnpsmg theont act

| enses, rigid er meab ntact |enses ra-o se | enses for
mi cr oscopes,9 ?g%@ ?E\% ch @aa Wi’ﬁéeégﬂ?%gﬁftf gtﬂff EBgﬁ ®The opti cal
devi ces i nspgayRald Pallés of tHaisixdls @ensRYedPfrofPsaid Bhck @Bl h@ tranghittedn
correction. The preferred optical devices are soft contact_ |enses with or

wi t hout vi silight e@ﬁ fremt said lensofansraited oty ob sufigigat waluede Jistingishal
hyd I | but t
ydrogel $ angdwgbén HSF&@G@%EM cgjgirégfdaetﬁgcé %ﬁmﬂw ny?anb%rr‘é@hgmr?e ut no

limted to hydroxyethyl neth pyrroli 15 gl ycerol
met hacr yl at dbackgtoadryl i ¢ acid and acid esters; or silicone hydrogel s.
Exanpl es of soft.cont

genfilcon A |endt 5&?%%9%@?3%@‘3# %‘él g%;é??rlﬁgﬁgés bg{nﬁgﬁ?lhé@ﬁgi@ icon A

lotrafilcon h%rd acﬁltas:t lensemesdﬂmifnmllaws@s ngid pasqrbrimeableScoritatt. lerées,
5,998,498, US P AP . 532,943, a ?ontl r}uatlon in np@rt of US Pat
App. No. 09/"5‘3320%'@ q"ﬁ?éd’eB?PSz ’KU@’9§?°%‘?§ § for gagnerggianajepses\ior 09/ 957,

299 fil qd 0réy@@l&%@é@%h@%pﬂé’é]@%mceb’|r§zpe'8?€deiﬂtthl§19nveﬁwtf3§7mé315r n’relt’\j%otpat
5,760, 100, U’S 9,461 S. Pat

5, 849, 811, tgostaupalsm\@rr@tlgesT@sjprefeueg onhsal deowsa{@smmwse, entltléd

Bi onedi cal 3@6@ SRt B Rh At Akion Béﬁé&%ln Vet feﬁ?eéﬁ%{‘}ﬁe malde cff.d on Sept enber

10, 2001 an S non-provi si onal counter par he same title, filed on
Sept ember 6 coﬂ@érmonﬁhbgdrogatsem’tdsarasgemmuy p{epaﬂeld fadrh enombenstincludiogosed i n

B e e A
cont ai n1gt heylycepdiehéthbsrylabd ! MetHachlliBiacrt avhaci@ldstdrs 8 Sllidatleshydiogédls.s regard
Examples of soft.contact lenses include but are not limited to etafilcon A,

genfilcon A, lenefilcon A, polymacon, acquafilcon A, balafilcon A, lotrafilcon A
and silicone hydrogels as prepared in U.S. Pat. No. 5,998,498, US Pat. App.
No. 09/532,943, a continuation-in-part of US Pat App. No. 09/532,943, filed on
20  August 30, 2000, U.S. Pat. Ser. No. 09/957, 299 filed on September 20, 2001,
U.S. Patent No. 6,087,415, U.S. Pat. No. 5,760,100, U.S. Pat. No.5,776, 999,
U.S. Pat. No. 5,789,461, U.S. Pat. No. 5,849,811, U.S. Pat. No. 5,965,631,
U.S. Pat. App. No. 60/318,536, entitled Biomedical Devices Containing
Internal wetting Agents,” filed on September 10, 2001 and its non-provisional
25 counterpart of the same title, filed on September 6, 2002. These patents as
well as all other patent disclosed in this application are hereby incorporated by
reference in their entirety.
In addition to the monomer mixes for soft contact lenses, the lenses
may contain other materials. Without limitation, other materials in this regard
30 preferably include one or more uitraviolet (UV) absorption additives. These
can be included in the monomer mix thereby rendering the resultant optical
device having particular absorptive properties. By way of example only, UV

7



30 preferably include one or nore ultraviolet (UV) absorption additives.
These can be included in the nonomer m x thereby rendering the resultant
optical device having particul ar absorptive properties. By way of exanple
only, W 7 absorbers of this kind include NORBLOCK (comrercially avail able
from JANSSEN). Wiite the anmount of such absorbers can vary, depending al so
on the type of final absorption behavior sought, jt is typical that such

absor ber ~ ardbsgrkays f this, kind "&%ﬁﬁNQﬁ{B’aQWPm@PF”X aaaﬂab'atﬁ@m ber per
hundred par tﬁ\bh'f’s ?”?\fhlleq\g%i‘n@ﬂﬁ%f Qﬁéﬁ’ﬁbsr@ﬁ@r%'c%'nsvd %Bb?gﬁdod‘él\%o ohhe color

of which can at ed those in the art to ob t1on of
ot her parti dhe&ype offinsll ebgmrptmn bebavigesought,|it @Hyplwuhat wm@mw@ by a | ens

having a blue_Ii 1 n e of roundi ng
background' Terereent A LR Sodvpilely e Bat RbSaBer bR bl Sl Ty
suppor t s 5t hanepémnesl odﬁarlabgofbuwermgatenaismﬁﬂmd@mtslu‘hetdraﬂaorcrsftwmarh caebiece is a
soft contact |ens, an exanple surround |n8 bac%%ﬂfund i ncl udes but it

not limted qoéreﬁﬁédﬁé(ék%%ﬁ ‘ﬁg}hF@intPI’f’é’ta'F sePtigh of pEETNaTicdd to prepare the
l'ens. Most RyOcfsRffs, 45§ Y diewlighP #ofild E’é)hb%beé‘ ;({'act%ﬁs HaRIrd & Hlugtlny, sof t

contact |enses are wet processes, where 15 packi ng sol ution, deionized water
and ot her sdnhihe easess®fe used t hr oughout the processing steps. Typically

when a Soft cont gl ddiiie/eh, WISRARUSflrobfint B35k BundURIB B4 gpid@a! L 10, 1

a liquid. Ther ef ore- pur poses an opt vice is
i nspect 4@ mhhiakatramdmmtsl@'d aad dhlysnaailwgmpmrts the gptical delve:et@:rmg surroundi ng

background i.nclu Wthr o nolds for t 20 | enses,

hey O o o RatioR o 11th il dvict 1 @ At i 1SS e o Bt - i nl ude

Wt hout i mstuarwuaamgnsadkgkﬂfnunﬁaluéé@Buﬁtsnd)tqmml thié paekigihgYbrethe,

medi um densi ty pol yet hyt ene, hi gh-densi try OQX yl ene, pol ypropyl ene, and
BHe

copol ynmers denssas Wﬁh@m'éﬁée‘émptﬁﬂ%ihﬁ/ @fQé@éﬁﬁS UE@‘]’}%PWF@ pol y-
4- met hy| pentﬁ*ﬁal Méé’é%@%ﬂ’cuff‘i@'s%ﬁ co‘ﬁ?éc?(?&{s)ég%rr@Wet RUeEY Ghdler: sul fones

25 Nyl on 6: ernopl astic polyester, and various
fl uori ndbed pawmrsoduts)ns deionizedivwaief anrd)othwtsetultlensmr@ueeq)tmmm thopol yner s

? c\g S;P%’l ene roéésuscl)nrgos ¥ ?9810&?)? whgrq%rssoft conltac§ Iefnosrlstlrr\]sepec‘?endS et'ﬁe ernes ig ften of

submerged or floating in a liquid. Therefore for purposes of this invention, if
an optical device is inspected while submerged or floating in a liquid, the term
surrounding background includes this liquid. With respect to molds for the

20 lenses, they are constructed from plastics serviceable as materials that
include without limitation: polyolefins, such as low-density polyethylene,
medium-density polyethylene, high-density polyethylene, polypropylene, and
copolymers of polypropylene and polyethylenes aforesaid; polystyrene; poly-
4-methylpentene; polyacetal resins; polyacrylether; polyarylether; sulfones;

25 Nylon 6; Nylon 66; Nylon 11; thermoplastic polyester; and various fluorinated
materials such as the fluorinated ethylene propylene copolymers and ethylene
fluoroethylene copolymers. Molds for the lenses are often of two-part
construction containing corresponding female and male parts (front curve and
back curve respectively). If the lenses are inspected in mold, it is preferred

30 thatthe mold is separated into its parts and that the lens be inspected in the

front curve.



construction containing corresponding female and nale parts (front curve and
back curve respectively). It the lenses are inspected in nold, it is
preferred 30 that the nold is separated into its parts and that the | ens be
inspected in the front curve. 8 As used herein the term"first wavel ength
band” refers to light of a wavelength in the ultraviolet region of the
spectrumthat is absorbed by the optical device. The light need not be
conpl et el y absor Bsduded hgreincthk tekav 'fost wayalength handafefers tp light obad first

wavel engt h band, nust . bge absor.bed. 1t | r r t hat 0 % to about
100% of sai dvq‘vﬂeﬁg%M@lee"ﬂg?Y{O%gHe@'(E)ré(’tstggssg’thglg',rn tﬁgtr @r%rsgﬁgﬁﬁér‘f {';h]e about 80%
to ?bouL | 10(Ht9§ﬁtic§|\t§g(iydmm¢h>n@ftere@bltmtt betfc?mmete@féuso{m?y oﬁﬁ&élfd@nd:fmst
preferably abou % | respec 0 vel en of said firs
\évav_el engtrd1 b‘éﬁﬁ(ﬁ?e mi?;%ﬂtwf S%&fﬁgﬁﬁaﬁewhgfggwiéi%wbﬁ &;‘Iﬁebgpt i c?! I
evice agpd i easRR B I i e optica
devi ce agsor&t@eaﬁgguta% t(g ;E)}%tl?t 955&)1%9?{ gg%?: ﬂgeﬁlr?gé%rsg?edn th of about
ot

340 nmto 3Gbsarheds mate Preferabhaabogh§®% to 1W0%, peen mareMeferalt.o about

360 nm As rei Lerm” tdhopand” refers to |ight of
a wavel engtax’gﬁﬂgﬁég\ﬁbgﬁjggg/"r Sgb&ﬁ&gﬁ%ﬁ}éﬁl’g‘i‘e %udr%}ghat Is transmtted by
th;a. 15I ogt i cal dWiitNiﬁastpEbetd thh‘r;e;wem@f tmots(,jdi@fimmfvetaiglyh ba{nﬂstt:stiged b%/ )
optical device, .ju e nmajorj said secon yel eng and rnus e
transm tted.deﬁrm'é‘e‘fé)’ theson °?'H%'¥°§t15‘81ﬂpt'§§| WGF s "98@%’%9(“5% d second

vavel engph bagsbriss. Fbﬁé%?lbﬁfjthe"ﬂb’tiealm&/fc%r aorbs about oBabsut@ooyt 100%
even nore preferably, about 90%to about 99% and nost preferably about 98

to about 20®fHighbhaming aavavetangthobabauti340 fer tthadbGaus|seittingt wawelength

det er mi ned l?)\éndwﬁggrﬂérﬁg%?mp[cﬁ Sdtia8d . the optical device, where

wavel engt hs ~"corresponding to € appropriate percentage of transmittance of
i ght are used. Asarseeid@arpinghe fteiihtseacphd ewavelbagiicband ameserstts lighteaftaer t han
98% of incident 25 I1i

wavel engt h Mgvelangth lgbht&ﬁ’géiag\fé%\éﬁlé)?ﬂ%g?gtﬁugr?%ﬂgggg%‘qﬁ%dt@ghgggwr 28? nm
15  optical device. The light need not be completely transmitted by optical device,
just the majority of said second wavelength band must be transmitted. It is
preferred that about 51% to about 100% of said second wavelength band be
transmitted, more preferably, about 80% to about 100%, even more
preferably, about 90% to about 99%, and most preferably about 98 to about
20  99%.

The wavelength of this second wavelength band is determined by
transmittance properties of the optical device, where wavelengths
corresponding to the appropriate percentage of transmittance of light are
used. For example if the optical device transmits greater than 98% of incident

25 light at a wavelength of about 385-405, the preferred wavelength for the
second wavelength band is about 385 nm to about 405 nm.

The optical device may be illuminated with said first wavelength band
and said second wavelength band by two separate sources of light, where
one light has said first wavelength and the other has said second wavelength.

30 However, the same result can be achieved using one source of light which
contains a range of wavelengths and using one or more appropriate filters to

emit light of the desired first and second wavelengths.
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The optical device may be illumnated with said first wavel ength band and
sai d second wavel ength band by two separate sources of |ight, where one
light has said first wavel ength and the other has said second wavel ength. 30
However, the same result can be achi eved using one source of |ight which
contains a range of wavel engths and using one or nore appropriate filters to
emt light of the desired first and second wavel engths. 9 As used herein the
"first intensity"Asssed heeinlthd ifisst intansihéigohsaid ficst avavelangsh basd and

i ntensity" f_sai ec n f verage
lret aver agbe nela riemsiveists “Bietode SR entf g, In8iretd B

adj ust ed so aVwarhge firstla¥erayedihtensity bamed agmefa»resége mwmﬂ nmenrsny bhad as/er age
second 5 |nten5|t i s between about 1: nore preferably

about 1.5:1.adug eGsS@dhﬁbml rﬁt'opﬁ@et@ﬂeﬁ?gepﬂ'@f %@ﬁ'tw‘ét?ﬁ ﬁ\é‘l’ragﬁrséwnqﬁas its
conmon '51dum&éﬁé.tg¢§ b@Mée‘ﬁa"?bgﬁ?MSt%daH&E i1 ahBSndrR'PrefdaRy aboat ¢.5val ue”

refers to a brightness sc i mages or their correspon |ng pi xel
readi ng, where t h&s ubédherein,ibe termbphotdsentive ghqeéarr@ rhaghits eprpmome i mage,

fhi's 1 nvent: BALPrASHHER as 4e8 yERGE s P S YE b IE L P Rostcar ound i s
about 255 anbrighteesy soale &srazhwegwbumeirwormsbba@uhglpMeeacﬁnga,Mnérthe The
di fference bet ween t he l?%rgr\ge&sca e value of a ee region (no holes,

tears, or deBBhe)ihe e EghteE ( ordﬁlate[rht@edp'ggeser&qi E@/'&W@é eor t he
sur r oundigng RAALEF, B afker pUKckbAtheImage 2ARUIseddR thif irflepliaR)] the eyt

130- 160, nost preferably about 14 An i mage or correspondi ng piI xel
readi ng) havseale valuef dhewbite |Sbﬁ@k!ﬂdjng\bé¢|@91'@lén iseabel 25Prandgthg\grayal e val ues

of the surroyng pglggagk%%ﬂfﬂma ge i t?zﬁJt‘?)Ct J&uﬁ@rern%g'b%get megr%?hede‘” ce

has a transl ucen ed "appear scr m nates
appear ance o$cd1ml/alﬂeici atdnieuﬁtemglo@q“odmlemméle drdetirizsjofiaptichledestice oundi ng

sol ution. d herein, hoI refer rea of.t a device
wherei n ¢ et Y SeRlecr iR oh the SRyt Gadkorolutthis g Teb &bl es- “as
used herg n aldiR 1suahief&@dlye§odm 19831601 fdst prexférablyi aboid40MAr iffigesur r ounds
or otherwise wets the optical device.
(or correspondlng pixel reading) having the aforementioned difference
between the gray scale values of the surrounding background and a defect
free region of optical device has a translucent/shaded appearance that
discriminates between the appearance of holes in the optical device and
20 bubbles in the surrounding solution.
As used herein, "holes" refer to an area of the optical device wherein
the material which comprises the device is missing. "Bubbles" as used herein
are small bodies of gas with the liquid mediums that surrounds or otherwise

wets the optical device.

25 Further the invention includes a method of inspecting optical devices
comprising
(a) illuminating the optical device and a surrounding background with light,

wherein said light comprises a first wavelength band and a second
wavelength band,
30 wherein said first wavelength band and said second wavelength

band are different wavelengths, and

10



25 Further the invention includes a nethod of inspecting optical devices
conprising (a) illumnating the optical device and a surroundi ng background
with light, wherein said |ight conprises a first wavel ength band and a
second wavel ength band, 30 wherein said first wavel ength band and said
second wavel ength band are different wavel engths, and 10 wherein said first
wavel ength band has a first intensity and said second wavel ength band has a
second intensity; (b)wheesisshaidfirsgwaeeldngthdiandtHasoa fifst fetedsitypandsdiddevi ce

wherein the majority 5 of said first vel engt h pbapd i.s absorbed by said
optical device and t h&EFRDLVRY eBgthtSh?@ &Eg%?i\fﬁ'f‘&ﬂﬂtﬁ’ band is transnitted
t hrough said optical device, and capturing said lens transmtted light on a

photo-sensitive pixel array, 10 (c) transmtting said |ight through said
sur r oundi ng (black diapamiting saidi light thieughmpaid ioplicalfdeyigegwherein theamejosigt h band
and sai d:se . ar ' . turi said
backar oufd £ SHShTE Lot ¥aia 8 sfeerbBA BT skl Bt BoTREEAE | o ()
produci ng amajortysofdfie secshdopavelahgttidbandds radsmitted throughusaid egticddackgr ound

wherein the difference between the gray.scal e value qof the. inmge, produced

by step (c) 9GKEesABH ARG SaR 0F HPERBIEd, Rt 0 ePhAte SRS VE Bt ween

holes in saiaﬁagptical devi ce and bubbles in said surroundi ng background. As
e

used herein, t ternms optical device, surrounding background, first 20
wavel engt h band, second wavel ength band, first intensity, second intensity,

phot O'SEQ?rgé"e Rk i A4 i d%@ggﬂ%g@ §aiyd HSungnﬂéfba%gQr g%ﬁeréin' have

their ntioned nrn erred range use erein, the term
"image" ref éhesmniajority lofisaid firstadaslengih bandahd said sextald wavglengthlbandunt er par t

of sai d opli.celaAeiis and SBlAng ke bRl RSHRE 1R o gholgmae M be

sensitive pixel array

15 (d)  producing an image of said optical device and said surrounding
background wherein the difference between the gray scale value of the image
produced by step (c) and step (b) is of sufficient value to distinguish between
holes in said optical device and bubbles in said surrounding background.

As used herein, the terms optical device, surrounding background, first

20 wavelength band, second wavelength band, first intensity, second intensity,
photo-sensitive pixel array, gray scale value, hole and bubble all have their
aforementioned meaning and preferred ranges.

As used herein, the term "image" refers to a human readable or
machine readable optical counterpart of said optical device and said

25 surrounding background. Said image may be projected on image plane, a
computer screen or other viewing device. Further said image may be
magnified, or otherwise focused to improve the ability of the reader to view
said image. The invention is illustrated in further detail by the following
drawings.

30 Figure 1 illustrates inspection system 10 for inspecting contact lenses.
System 10 generally comprising transport subsystem 12, illumination

subsystem 14, imaging subsystem 16 and processing subsystem 20. Figure

11



conput er screen or other view ng device. Further said i mage nmay be

magni fied, or otherw se focused to inprove the ability of the reader to view

said imge. The invention is illustrated in further detail by the foll ow ng

drawi ngs. 30 Figure 1 illustrates inspection system 10 for inspecting

contact |lenses. System 10 generally conprising transport subsystem 12,

I1lumnation subsystem 14, inmagi ng subsystem 16 and processi ng subsystem

20. Fi gur e 1llalkoshswssbjeetmeehacism2d; hejeciscori@ler 24 ,carid 8 phurality loéten84, and a
nor e

plurality of lens carrj or palle @% each of i ch hol ds one or
| ens papkage‘é"“."'erﬁlpépépﬁtﬁﬁgp,s' %ﬁﬁ&?ﬁ&'@ﬁ@ ?%%Pﬁ%‘qr?\r%fa%as"kegﬁ%ra 32; and
processing RrefsiHbly CiMalding Babsidesm I16EESGUISOEARERI 3TBAWprotesgr at or
interface means 5 36, and supervisory conputer 40; and, nore specifically,

processor neEbsYsiem 20 inciudes image pragesegr HEaps 38 SRRt HAteRBABMEASar ds 42,
and intersf a ' LG ; f nerally,
transport5 s&?s’%@tag%mpféﬁsldsrpgbovi éﬂlghﬁbrvéfba%ﬁw%ﬁag?gog&t asI%c | enses
al ong a pr edstledes agiurplty of pnatesaonand memory heprsist4Zantd0niesface imagns
referenced 50 i,n Figure 1. 1llumnation,subsystem 14 is provided to
generate a | Gg'HP'”Bsam‘ﬁ)Aﬁ°éﬁ1‘iﬁﬁ‘6’|’1?&&§°’|“P§f?{4§onpri sing one or nore bands

that are at | eastGgrralyalttanspds cubsdtern d2a8eravidetdtemdivé bahemitudeasfds t hat
are at | east h?arti ally transmtted and to direct thatf beamthrough the

| enses movi rRPMMRaIMiRIgASehalangPiedsissrinesPaiB sndileie. a lenadnsrectiahsy st em 16
gener at ap a wAltiohordbreodda S0 PIGREN! INGnihAfon s@bdyskafiu i@braiddd ons

thereof, transmtfed through each inspected lens, and then transmts those
signal s to pogenstteg lightibsgmtwinicl2 hcludesdighbtompesing peeainmarerhandsves t hose

O TR R A B R AR WS AR L 8
generat es a |lsagipartialiydiatamitted ahe tddirect diedt beasptitdbegh thenenses sovingbl e f or

P WAL N RTINS T P
t he unacageptsikighalsaeprddepiting e light beam, or portions thereof, transmitted through
each inspected lens, and then transmits those signals to processing
subsystem 20. | |
Processing subsystem 20 receives those signals from imaging
subsystem 16 and processes those signals according to a predetermined
20 program. Using this program, processing subsystem 20 generates a signal
indicating whether each inspected lens is suitable for consumer use. If a lens
is found to be unacceptable, a signal is transmitted to controller 24, which
then operates mechanism 22 to remove the unacceptable lens from the
stream of acceptable lenses. Specific devices or elements that may be used
25 in system 10 are disclosed and described in detail in the above-mentioned
U.S. Patent 5,500,732 and U.S. Patent Application Serial No. 09/751,875,
both of which are herein incorporated by reference in their entireties.
Figure 2 illustrates in greater detail portions of the preferred lighting
and imaging subsystems. In use, a trigger sensor (not shown) detects a
30 carrier pack 30 moving along pack conveyor 52 and sends an electrical signal
to the lighting subsystem, which in turn fires xenon strobe 54 (light source).
Light produced by the strobe passes through diffusing glass 56 and migrates

12



stream of acceptable | enses. Specific devices or elenents that may be used
25 in system 10 are disclosed and described in detail in the above-nentioned
U S. Patent 5,500,732 and U. S. Patent Application Serial No. 09/751, 875,
both of which are herein incorporated by reference in their entireties.
Figure 2 illustrates in greater detail portions of the preferred |ighting
and i magi ng subsystens. In use, a trigger sensor (not shown) detects a 30
carrier packhgughdightegxtehsing tlﬂm:ﬁo.omlmreybenMnms ascamosinatiorebtfiitars cal  si gnal

Source) LRI 2 aRelBRESy, Neh fieked Bontililuel PR ceis' sl os 56 and
mgrates 12 th L?hghebngﬁrygaél@g%mwnd@etrﬁé)ngmmteumtbr@mmmﬁem

combi nation of filters a 64 in | ter hol der 66. New | tered
li ght cont i ri0&&-igpized ya&?fu@se‘-'ghh‘?’ﬁﬁ@ﬂ‘gh L?ﬁ&ﬂ?%%ﬁd@ée%"e ¥re the

I h |
L e P e A o

ti-element quartz lens 74 and
optical |y prtbeesseta 6&ilbagay 76 rﬁherrgensltartt ireage detaaredhea preseseed byhe

resul t ant r Wi S system Figure
2 al so showsrmg?) &%és'“g s@ﬁép?q?"{) EES%?QISB Shﬁwgea Bérﬂé% Iﬁhgﬁéc,?] ext ensi on tube
8f2, I anﬂ a Iheatmjs‘tmensnmg 80, ﬁﬂer?s B)@ehrfﬁ?rtmb@B%%ndmdleﬁéfdsm@ Bhﬁ wavel eggt hs
0] i ght that are not, 10 t the fi t or t secon

vavel Sngt h hand. THeGHEr 4 ANt reffove e valengihe oL itAbRt Frediotu th . peak
Lransni 981 ofyigiin BAONANANARYHYarkFthe ek @bvaeh@thr@m Preféragiywi dt h of
the transmtting band of an optical filter measured at 50% of the peak

t ransni ssi orfne oftbe §ltersrigl anilRifidter wih @rreer%rteansmas'omat B0 tnep 30@FWEM a uv
o e G888 ]t b Al i in 30 B iy (U
(UGLl). The rheddwzed aaﬁe%ota‘abe pbakl tansmissioan) Thetseeopd &fterisgueferdtdglanent s  as
PRS- SR L AR IR M X T S
i nspect ad arvHVE (UG IEItar) of @ Bl\éélhglé@é AERSt flRrElight'R 324 Arm 1tRiRNeRer at i on
of system 10 host conput er 46, which preferably includes a keyboard and a
vi deo terni r{gm 1) The filters are described and shown in the preferred embodiments
as being located between the light source and the device to be inspected;
however, the filters may alternatively be located between the device to be
inspected and the camera.
20 With reference to Figure 1, in this operation of system 10, host
computer 46, which preferably includes a keyboard and a video terminal, is
connected to processor means 34 to display visually data or messages being
input into the processor. Monitor 44 is also connected to processor means 34
and is provided to produce video images from the data values stored in the
25 processor means, and monitor 44 may also be used to display inspection
results and totals.
As mentioned above, processing subsystem 20 processes the data
received from the pixel array 76 to determine whether each lens 70 is
acceptable. Generally, this is done by searching the image of each lens for
30 the presence of any defect, or more precisely, for the image of any defect. If

a defect is found, the lens is then rejected.
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connected to processor neans 34 to display visually data or nmessages being

I nput into the processor. Mnitor 44 is also connected to processor neans 34
and is provided to produce video inages fromthe data values stored in the
25 processor means, and nonitor 44 may al so be used to display inspection
results and totals. As nentioned above, processing subsystem 20 processes
the data received fromthe pixel array 76 to determ ne whet her each |lens 70

is acceptable. ?ébYdede't&sa?ﬂoréQn@ |Bys, saﬁnarprldrragtihb@edtimge of each lens
for 30 the presence o def

reci ort e i mage of any
defect. If PIOGRAUERS bipicaflpaRarc fﬁés‘l’%’%" RH@M %ﬁ%’@f‘ S‘hﬁ)ﬁ’é'o? ype of
defect is aa*ﬂt%enh?\ggy rﬁﬁieeve?gg n@"hé&nt@fddub%ﬁ%cb%ely%&@@@#b@ﬁbk%pl cally

search for such | sadvantage of priof art technol ogy,
however, is i sglutmamanw\ql@s i @@@mtﬁctd@esﬂat Jhys 'B@bWéﬁ dyeppitee fagtn sol uti on

72 and hg 225@53%%@“%@%45%%% l'zo(?es I@hg éQﬂHfﬁF bﬁXrac?erg‘ﬁgs Whr?ﬁ'na %g; eg . t hat

t hese bu havé si m ar character

Thi s defi ci dmydeficiendydadilagdingcaasebf fatdebetejeated prﬂdmtt pr oduct The
i1lum nation SUbﬁ%%Hlm'ld'ls desi ted to f.orm | mage o

pi xel array 76 i WRINGtieMH SURSYS eﬂéﬁg eﬁ'g()% ar @QFF%IBFéO?%W?%rences and

processi ng $MBgY Sheiiked @ria¥y mnﬁ\mgﬁ bUbtiBs and Pdldsfaviediscaraabie0 i dentify
those differences and thereby distinguish between holes in the | enses and

bubbl es in tdiferences; aod progassingoudisysten 29 is preeided |with 2 a0ytine thabesist em
provi degsa F?JééHtﬁ\bp‘H%‘%{.f?é}g Qeé SRS B Qf?r?gqn (%tW%eln es WRE§aTsdshe | ens
apsor eas

has vari ed evél's;” conpri Si'ng one T nat T on sour ce
conpri si ng \mddjtmbgishe tludﬂabluaoe Morésaedzlf" iqellyt fhel llltymadashon Isabsyatemwavel engt hs
15 that are at .| east tiall ransmtte the lens to duce a
partial 1y ProiiFss onfahwadeteth B bRt YorDe it ivinte Rt M BRaS of (he
cont act Iensmastvlahédta@@bﬁyuaheevémwoa%smgaéltleést@ﬁeqnuminbnawIs@hueie i nhi bitors
to the remaining contact |ens onponents to adjust the degree of absorbance

of the wavelCERprisingamavealengths thatiase at leAst RAUPINCEPSOr AR AN avRVelanalls . W t h
referengs tondil ¢ 1edst pAiafy (r&Rtmitted by the lens to produce a partially

translucent image.

In addition to the spectral qualities of the contact lens, this technique
may add quantities of ultraviolet inhibitors to the remaining contact lens
components to adjust the degree of absorbance of the wavelength band to

20  achieve the desired translucent effect. With reference to Figure 3, the effect
is achieved by passing bands of filtered ultraviolet and visible light in the
appropriate ratio and intensities through the lens, and the net result is bands
86 and 88. The spectral bands are selected in such a manner that a portion
of the ultraviolet light is absorbed by the lens and a portion of the visible light

25 is allowed to pass through the lens. The uv portion of the light that reaches
the camera and is part of the light that forms the image on the CCD array
preferably comprises 340-365nm. (This uv portion of the light is measured
after passing through the filters and the contact lens.) The visible portion of
the light that reaches the camera and is part of the light that forms the image

30 CCD array preferably comprises 385-405 nm. (This visible portion of the light
is measured after passing through the filters and the lens.) The ratio of

absorptive (ultraviolet light component) to non-absorptive (visible light
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I s achi eved by passing bands of filtered ultraviolet and visible light in
the appropriate ratio and intensities through the lens, and the net result
is bands 86 and 88. The spectral bands are selected in such a manner that a
portion of the ultraviolet light is absorbed by the I ens and a portion of
the visible light 25 is allowed to pass through the | ens. The uv portion of
the light that reaches the canera and is part of the light that forns the

i mage on t hec&iponéntiis preferhsly detwearoapsutsies t34E: BaAt more Preferably por ti on of
the light is measured after passing through the filters and the contact

| ens.) The visibl e portion of the light that reaches the canera and is part

of the Iight thatAfsBrfﬁieéﬁ%m@%u%d%@haﬂhé%eﬂa’gﬁlﬂféﬁﬁty of HEligHies 385- 405
nm (This visible portlon of t i s measured after passing through

the filters eomiptigiegthesaif fmeNa\@dertg%mban@@earsetd %e;comhwa\@wraﬂtetbanﬂght

t) t l bI
et ween abouf ol BHE Bhabssdnbiitl dhies ahidyls fine IABIAAGE br e BENRREPCY. |
adj usted so bfnta'e drtay. dvarreagenple if éimes corye sfonding gragrst:aleceapmgsrangebhth%ai d

e S L AR RO A e Al

array. For exsimh@dént dmﬁecﬂfo[c?«?s&%?m}enﬁxélra%hﬁn@Qa'ngsltét!itBt'h@ m@aeeoﬂﬁ.st he
phot o-sensitive pixel arra for exanple 0'to 2 t he average intensity

of the I|ghtaﬁgﬁd?fﬁ@fﬁ@b'&ir@bphb1‘f:ﬂ'aolmdzlg@r@g} ine &2 xet—d reresentdfast e d o the
| dd| w140,
m ddl e ofg thismelESE tRISHRARGY AbgY (- 140 ) PosFb S i el bsfprcn, *)

represen aner a rans ttanc
represent S tdiuaztalvat’rmmlﬁﬁensmresent ard inenB4 fout ' );fwhrcbnrn;:ltpdesbmds &61an<li| ne 94
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bright field 1 nspection ste creates a gﬁ cont act lens in
whi ch t he edigragencieary dtstlectaﬁteesjla@twepnmbble Adard h@||8k43|'élldomfﬁ%%ie%tion

system bright field inspection system creates a bright image of the contact lens in
which the edge and defects are dark pixels, and a dark field inspection system
creates a dark image of the contact lens in which the edge and defects are
20  bright pixels.

Figure 5 shows a flow chart for a routine or procedure 100 that is
performed by the processing system using a computer program to analyze
pixel information. The procedure, when used with a lens image formed in the
above-described manner, is able effectively to distinguish between holes in

25 the lenses and bubbles in the liquid in which the lenses are submerged.
Generally, this procedure employs three key elements to discriminate bubbles
from holes: symmetry, wall thickness, and intensity and intensity ratios. All
the discrimination features can be used in any inspection system, e.g. bright
field and dark field inspection systems as disclosed in US Patents 6,154,274,

30 5,995,213; 5,943,436; 5,828,446; 5,814,134; 5,812,254; 5,805,276;
5,748,300; 5,745,230, 5,717,781, 5,675,962; 5,649,410; 5,640,464;
5,568,715; and 5,500,732, which are hereby incorporated by reference in their
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creates a dark inmage of the contact lens in which the edge and defects are
20 bright pixels. Figure 5 shows a flow chart for a routine or procedure 100
that is perforned by the processing systemusing a conputer programto

anal yze pixel information. The procedure, when used with a | ens inage
formed in the above-described manner, is able effectively to distinguish
between holes in 25 the I enses and bubbles in the liquid in which the | enses
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structures n as we centroid (center of intensity
simlar to center of mass) of a bubble is alnost always within. one or two

i xel it tgic centroid, The jnertial trojd is, defined by th
Pol ovi 18 equattigne: Xu5 @xpUnensi) phRbpostinid ol IeatyiouaE o)
(Total IntensityREQUW = (pREMNtelisity) ((@bogqiositieh?n(sridtén)ln@nenypmint)i on) / (Total

Intensity Count) The geonetric centroidis its center and is defined by the
foll ow ng equations: 15 Colum: Xg (colum start) + (Wdth of the

bubbl e)/ 2.0 . ot | f 4t 2 : o,
bubbl es havghg%%\gm%ﬂ%gévﬁﬁ\pﬁ”ab%ﬁ%kﬁ@géE‘ﬁ%g'{j%@lep [ ngg%vfﬁéév?/g{aﬁtléﬁl ckness
is the dark ring that conprises the edge of the bubble. Holes often
15 Column; Xg = (column start) + (Width of the bubble)/2.0
Row: Yg = (row start) + (Height of the bubble)/2.0

Also, bubbles have a minimum wall thickness for their size. This wall

thickness is the dark ring that comprises the edge of the bubble. Holes often

20 have very thin edges, but the thickness of a hole’s edge can vary with the lens
prescription, location of the hole in the lens, and the depth of the hole. In the
preferred routine 100, discussed in detail below, the bubble or hole wall
thickness is determined for eight search vectors, separated by 45 degrees,
processing from the outside to the center and comparing the pixels to

25 thresholds developed from the local background. For each vector, the dark
pixels and bright pixels are counted, based upon their comparison to the
thresholds. The dark pixels represent the thickness of the wall of the bubble
or hole and the bright pixel count is used to determine the amount of loss of
material, if any.

30 The above-described plural-spectral imaging technique provides an
additional discrimination feature: the intensities of a bubble and a hole with

respect to their respective local backgrounds. An important feature in the
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20 have very thin edges, but the thickness of a hole's edge can vary with
the lens prescription, location of the hole in the I ens, and the depth of
the hole. In the preferred routine 100, discussed in detail below, the
bubbl e or hole wall thickness is determ ned for eight search vectors,
separated by 45 degrees, processing fromthe outside to the center and
conparing the pixels to 25 threshol ds devel oped fromthe | ocal background.
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lens. Wth specific reference to Fi gure 5, preferablty before procedure 100
is 15 begun, thwlthmge;ufuafteéeraneem l@ésasé.opreferau&nbepye pwcedurealOhisl es and
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which are generically referred to as blobs. Any suitable procedure may be
used to do this, for example, see US Patents 6,154,274, 5,995,213;
5,943,436, 5,828,446, 5,814,134, 5,812,254, 5,805,276; 5,748,300;
5,745,230; 5,717,781; 5,675,962, 5,649,410, 5,640,464, 5,568,715; and

20 5,500,732. All these patents are incorporated herein by reference in their
entirety. Typically a pixel-by-pixel analysis is performed which compares the
intensities of adjacent pixels to first locate the edge of the lens and then to
determine if the lens has any defects within the lens. The pixels within the
lens are compared to a threshold value and if the pixel intensity is less than

25 the threshold value, then that pixel may be a hole or a defect. Adjacent pixels
having an intensity lower than the threshold value are grouped together and
will be referred to as a blob. A rectangular region is defined around each blob
incorporating all the pixels of the blob having intensity values less than the
threshold value. At step 102 of procedure 100, the total number of blobs is

30 compared to a threshold value; and if that number exceeds this threshold
value, the lens is rejected and the routine ends. This is done on the premise

that, if so many blobs are present, it is very likely that at least one of the blobs
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5,943, 436; 5, 828, 446; 5, 814, 134, 5, 812, 254, 5, 805, 276; 5, 748, 300; 5, 745, 230;
5,717,781; 5, 675, 962; 5, 649, 410; 5, 640, 464; 5, 568, 715; and 20 5, 500, 732. Al

t hese patents are incorporated herein by reference in their entirety.
Typically a pixel-by-pixel analysis is perforned which conpares the
intensities of adjacent pixels to first |locate the edge of the Iens and then
to determne if the lens has any defects within the lens. The pixels within
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hol e woul d |ikely have. t he, bl ter th t hi m ni mum hol e
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pi xel s, 47 mcrons is considered not to be a hole. In contrast, if the size
of the bl ob mentioned atexe, this aspadd ratie is siroply the wigth of e blobrdividedd¥s to step

L0 =03 fone IRREH, 185 loLE bal BpSeRank ke Snd B IIRE, SUotey
At step 110,aspbtisratio ieotitside the specifiedpamdgs] than ther Blobés identified as be

hole, and the routine proceeds to analyze the next blob. If, however, the

aspect ratio is within the range, the routine moves on to step 112. The aspect

ratio is usually set to be within the range of 0.8 to 1.2.

20 It may be noted that the range to which the aspect ratio is compared at
step 110 does not have to be a permanent, fixed range, but may vary from
blob to blob depending on the size of the blob. For example, one value may
be used for this comparison if the blob is larger than a given size, while a
second value may be used if the blob is smaller than a given size. Also, if the

25 Dblob is smaller than a given size, a comparison value may be determined as a
function of the blob size. Large bubbles usually have thicker edges so the
program may provide a more narrow aspect ratio range centered close to 1 to
optimize differentiation of large bubbles by relying more on the analysis of
their edge thicknesses.

30 At steps 112 and 114, several values are calculated. In particular, at
step 112, two threshold values are calculated. A first of these, referred to as

the hole threshold, represents a background relative intensity for comparison
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aspect ratio is outside the specified range, than the blob is identified as
a hole, and the routine proceeds to analyze the next blob. If, however, the
aspect ratio is within the range, the routine noves on to step 112. The
aspect ratio is usually set to be within the range of 0.8 to 1.2. 20 It may
be noted that the range to which the aspect ratio is conpared at step 110
does not have to be a permanent, fixed range, but may vary from blob to

bl ob dependifergpixels iristdesihzeblot; édmthblsebondzoaluexmfr@ired td)aethmhnga may be used
[ blob is | ven size, second

for this co nif th e
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bl ob; and t lgresKeI8NThe Abld&hresRbRS & eded %o ffentifypdrtifitholéH WRSROIHS bibEPr esent s a
background rel ative intensity for conparison for {)I xels on the edge, or

ring, of thé&plieys npbat saterated tayels: belds Heightes tharsthenaealdrackaraund | ocal
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wall intensities. The use of the local background to set these thresholds
means that the processing will be more adaptive and each blob processed will
be better characterized.
Any suitable procedure may be used to determine an appropriate local
20 background value for each blob. Preferably, this value may be based on the
intensity values of the pixels in a defined area neighboring the blob and inside
the rectangle that defines the analysis area for the blob. Using this just-
determined background value, BgMean, the hole ring, and debris threshold
values may be calculated by the equations:
25
holeThrs = BgMean + (C_smHTFactor * BgSigma)
ringThrs = BgMean + (C_smDTFactor * BgSigma)

Where BgMean is the mean intensity value of the pixels in a given area,
30 BgSigma is the standard deviation of these pixel intensity values from the
mean, and C_smHTFactor and C_smDTFactor are parameters. These

parameters are empirically derived by an iterative process for a system using
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significantly darker than the |ocal background levels. A threshold is also
15 determ ned separately for debris, which typically are darker than the

bubble wall intensities. The use of the |ocal background to set these
threshol ds neans that the processing will be nore adaptive and each bl ob
processed will be better characterized. Any suitable procedure may be used

to determ ne an appropriate |ocal 20 background value for each bl ob.
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in a defi negrggg‘%e nei ghboring the blob and inside the rectangle that
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1t al bl olPTENAIE Gr RipeeweRgng: gwanar thess Bigtiataehigsiare BB
processkpg %Pfﬁe‘gﬁi'hglhﬁlbﬁ%a'lﬁlst Weh Elx‘év‘bélbla&fcﬁf’f@ Wﬁldﬂ id-used tb Stilche
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one contigu bubbl e
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15  on each side of the initial blob rectangular region) in an attempt to enhance
weak edges that may have been overlooked by the initial blob analysis that
was done prior to step 102 when the blobs were located. While the blob
gradient is recalculated, the gradient mean and standard deviation is
calculated. The gradient threshold is determined to be the gradient mean

20 minus one gradient standard deviation. The gradient threshold is utilized in
later processing to determine the blob size, aspect ratio, symmetry, and blob
wall (ring) thickness, which are used to classify the blob as a bubble or a
defect. In the initial blob analysis, performed before step 102 in the bubble
identification software, is a static gradient threshold is used in the blob

25 analysis. By calculating a local gradient threshold for each blob in the bubble
processing software, a better assessment of the blob characteristics can be
performed.

After steps 112 and 114, the routine determines, at step 116, whether
the blob is smali or large. This is done by comparing the size of the blob to a
30 predetermined parameter. If the size is less than this constant, the blob is

considered small, and the routine proceeds to step 120; and if the blob size is
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The bl ob gradient reevaluation is conprised of calculating the first
derivatives in two-dinensioins for an increased area size for each blob (2
addi tional pixels 15 on each side of the initial blob rectangular region) in
an attenpt to enhance weak edges that may have been overl ooked by the
initial-blob analysis that was done prior to step 102 when the bl obs were

| ocated. While the blob gradient is recalculated, the gradient nean and

standard deytetitéOhahihis @@hstahe e blobhs cBhsidedtiatdey s Helrousing 8igem ned to
be the gradient nean. 20 m nus one gradient standard deviation. The gradient
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bubbl e or a sna
bubble. Mom specifically, at step 124, two criteria must be met in order for

the blob to be identified as a bubble. The first criterion is that the ratio of dark
to total pixels must satisfy a given condition. For example, this condition may
be that the ratio of dark to total pixels be greater than a defined value. It

20 should be noted that this defined value may be a function of other factors
such as the size of the blob. The second criterion applied at step 124.is
whether the total number of bright pixels is less than a given number such as
two. If both of the criteria applied at step 124 are met, the blob is identified as
a bubble, and otherwise the blob is determined to be a hole.

25 At step 120, any suitable test or tests may be used to identify pixels as
dark or bright. For instance, those pixels whose intensity values are less than
a first, given value may be considered as dark, while the pixels whose
intensity values are greater than a second value may be considered as bright.
For the present system, it is preferred that a dark pixel is a pixel having an

30 intensity value less than the ring threshold, ringThr, and a bright pixel is a

pixel having an intensity value greater than the hole threshold, holeThr.
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C-m nDPPer is determned enpirically for a given systemand | ens. For the
present systemit has a value of 52. At step 120, the ratio of dark pixels
to all pixels is calculated, and then, 15 at step 124, this ratio is used
to determ ne whether the blob is a hole or a bubble. Mre. specifically, at
step 124, two criteria nust be met in order for the blob to be identified
as a bubble. The first criterion is that the ratio of dark to total pixels
nust satisfy a gifyetstepridi6 thenblob iz deteanipke to bhiaslacgenbiob, the raYinebe t hat the
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apl e es or ent

120, any sui ésts may used to I'Xe dark or
bri ght. For smalieathan, thishsizs tipe majtmewhmm torslt@]sk%,wlvmeuhe thicknéssssf t han a

first, give val ue ons dar k ile the pixels whose

intensity v %Qgg' qré)%?aﬁlegge't?éﬁe Q:Pégéiﬁge W% may be considered as

bright. For thelBrfRseMbshieaRbir Wallithickhésedviaffhtéd & datefdine Ptheyl s a

pi xel having an 30 1 ntensi t?: value less than the ring threshold, ringThr,
e

and a bri ghexpibitdne chargctesislie traij f bHbblgs in thabthaytresemblreaglosit eFhe han t he
hol e ”"i@shm waP{rﬁJHNess?&dét%rrgﬁutepséﬁéle@%ﬁe 1@@69%89 ok%fgg%sé%“ed to be a

| ar ge bl ob, e routine proceeds froms 0 step where the size
of the bl obvestocs)rspaaﬁaﬂed byfm)gfvmdegfabﬂ,epr()mm fremeoytaidartbe dlobaot h a

def aul t vaI e of 1100 xel s mhlc sen i th m si ze of
babbl o 1 & REntEr G0d, g BRtRpE, Bl or BREE G vl Tiiidih

i dentifi ed aﬁdmnnghmshmesaﬁmlate& fﬁohEtHé| l6alibaickgrdahd %r émﬂhblbl Aleigze,
routi ne noves to step where the thickness of th i ng, or out5|de

edge, of th&3BNYBCE tB%ld@fKTP'Ké'é andhright Pietsrercayat qchdasedntheii ckness
ot ey o of BRI R @h ey ded ne MEBEE Splct g of Buto o2
step 126, an}ajnlg'\esa(qﬁ ot wan@qgeg@ramga of the blob, and the bright pixel count may ’
be used to determine the amount of loss of material, if any.
At step 130, the number of vectors that extend through a wall thickness
greater than a given number of pixels above a minimum thickness, e.g.
20 greater than two pixels, is compared to a given value, C_bubNEdge. If the
blob fails this test , then the blob is classified as a hole (defect). If the blob has
an acceptable number of test vectors, then it is further processed to determine
if it is a bubble.
If a blob passes the ring vector test in step 130, then its pixels are
25 compared to additional thresholds determined from the local background and
counted. Also the geometric mean and pixel weighted mean are determined.
The additional threshold values are:
darkThr = BgMean — (darkfac * BgSigma)
brightThr = BgMean + (holefac * BgSigma)
30  verybrightThr = holeThr
As described above the parameters darkfac and holefac are determined

empirically as described earlier.
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vectors, separated by forty-five degrees, processing fromoutside the blob
to the center, and conparing the intensity values for pixels on the vector
to hole and ring thresholds calculated fromthe | ocal background for each
hol e. Along each vector, the dark pixels and bright pixels are counted,
based on their 15 conparison to the ring or hole thresholds. The dark pixels
represent the thickness of the wall (edge or ring) of the blob, and the

bri ght pixel couAt stepyl32beourtedre meadietaithe nerrtbleeoapixatstinsiﬂeltbeblabf mat eri al ,

if any. At st 130 he .nu I ctars..t hat hr ou a, wal |
t hi ckness B]ﬂgﬁ{%aaﬁkhéﬁg'&t Sﬁe ﬁryotm,gﬁ s FC'SFQE/I' égg @erﬁrﬁgpﬁfﬁithi ckness,
e.g. 20 greasiges fdrane pivelParecddimpargd o timthesk tmeghcgdweme\sqnhsteueﬂaebubNEdge
If the blob, fails this test , then the blob is classified as hol e

(defect). | feﬁrﬁ@rﬁ!n@tﬂaﬁ'&sbngé‘ﬁaﬁ@d/@m %’Eﬂ"é Vﬁlﬁ‘l%er'f dpIxeks graydevel@lug isen it is

furth I ses the rin
vect ot Bar o 15 it dk Hidk el Valud {dapiri) HGBIE) i cordidtreRaeDes L 1N

t hr eshol ds darkerlfra po@!'s goay I'ehel Valie2is graaﬂeg ttmmtﬂneabﬁght thrash@id vajleso t he

eonetric an d xel n eterp ned i.ti onal
Ohonehol o viTapENSh Bh& Bixel BN dT R0 E DRGAT LR I 4'5Raks A B%IS it hr =
BgMean + ( hgteatercthan Iﬂmsvwainghsﬂ»ryﬁw@vambt(mwbngHﬂMhe Nhepixelgscri bed above

the paraneters darkfac and hol ef ac are determned enpirically. a? descri bed
earlier. 22@&“%‘?@6 tq be veppbright - aYVéthithigereseduie, 'hm?dé?e petedi 2@%€!i nsi de t he

bl ob t{m@t ﬁ,{a@ gmgrg,so mt(ggég abérr%ﬁ'brxeﬁpec' fically, to do this, the
a

gray level va ues | xel s are co red to the three threshold values
just defined, ré’pﬁepéﬁﬂ; H‘gi roating checksto determire if the blglt hasaanpebrightt a

e " Ml ol 8 b Bk s e B bR T
great er t habrigHteixets,ghé rfblhtrr%qhobebd/saﬂowigp 486 itgtystifrthe bidieis buedblé s
s e o ek Res i e bbb Bl e Lg e, 8168 Sepl " 11
15 an assessment is made, based upon the number of dark and bright pixels and
a comparison of the geometric center and the inertial centroid that was
described earlier and may be referred to as a pixel weighted mean, to
determine whether the blob is a bubble, hole, debris, or some other type of
defect. When bubbles exhibit bright pixels in their center region, their inertial
20  centroid is typically very close to their geometric centers, whereas holes often
will appear to have skewed inertial centroids when compared to their
geometric centers. Debris is usually also nonsymmetric and will also fail this
test.
At step 140, the distance between the inertial centroid and geometrical
25 center is compared to a defined value, which may be a constant, or may be
determined according to a defined function. If this distance is not less than
the defined value, the blob is considered to be asymmetrical and is thus
considered to be a hole. However, if the distance between the inertial and
geometric centroids is less than the defined value, the blob is considered to
30 be symmetrical. The blob may be a bubble, and the routine moves on to step
142,
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considered to be very bright . Wth this procedure, it may be noted, a pixel
10 that is very bright is also counted as a bright pixel. At step 134, the
routi ne checks to determne if the blob has any bright pixels. If not, the
blob is considered to be a bubble; while if the blob has any bright pixels,
the routine proceeds to step 136 to test if the blob is a bubble that has a
bright center because the bubble is acting as a lens. At this step, 15 an
assessnent is rmAEthli)stsdeMpthe toaéing ehbeis tofseddf theamatio lof dghK pigelsdds and a

conparison @f the ric er, and, the inertial centroid that was
descri bed egwhte(?'x ?1(5[‘ e%g Fgﬁ ?'F%B[%Pds 3&”5’%9 @? dﬁgﬁ ﬁ'@dr H\E

det er m ne wagibares that Ritielo Iane&"nbub/lalu% thrﬁna?ﬁbrd parahﬁetéamewﬁtcher type of
defect. \When bubbl es exhi bit ? |xels in their center glon their

inertial 203y edrelated aqcprdmsn a@@fﬂg&tf%@@% o'ftthélr@t'cg@(ﬁ@i( P origent er s,
wher eas 0' s&e%f ;E s hh bnBBRRd \Bé?ué‘geg b%%%gnélas :%dy € & HubBled Butthen

conpare geonetric cente IS usua so nonsymmetric and
will also fmtlhlstramlcsls nat dgss than sheegefined, vaillrfe thle btomise:oheldmhta beeai nerti al

centroid an trica 5 cent IS co d t,0 a defined val ue, which
may be a coﬂggan ‘?ﬂnﬁgﬁ’aﬁée 'aé%fsﬁ%ﬁ?%éapa %Fngto a defined function. If
this distance i S\/\ﬂthﬂhé‘p‘ﬁ@feh’@d%mﬁdlﬁndﬁtfd)ﬂ’redtlr\/eaﬂ(D@shcb\hﬂ imFjure S, aptd dered to
be asymmetrical and is thus consjidered to be a hole. However, if the

di st ance bePW@érﬁ“@hEe?ﬁé‘t‘/iﬁ?@tleV&ﬁdhO%’bmmﬁée’E@rﬁerﬂ%BdPé“@lé§§ than the
def i nedyyal Egmc{?ﬂ?tobr'e t b @ﬂES'Itqu?QeﬁQd %t%ﬂéﬁé’ %{6{ alyZdfad! Ob may be

a bubbl e, e routi ne noves on to step Is”step 142, the
routine chethis nay preide usefut infarmationf abdwt krepproeeduneauseisk toghakeptheel s

i ndi cat es V\Tet her the blob is a bubble. To do this, the routine conpares
that ratio t9'a defined val ue, which may be a paraneter or which my be

cal cul ated accorngngesi@aﬁddeﬂlHﬂmﬂeiahmpe@ﬂon Efsteme20@embodyindaark to bright 5
pi xels is |ess an the def consi der e

b
Bubbl o, but SEmalTestRANG EAGO! U Inentn: A8 WLPE AEPTares; FRHED ob | s
consi def&d bQre7 dre §IRNISr toTIGuRRI1 ARSI 2Vt aRtakaRElerangs oxi mately 5.

numbers in the Figures identify identical or counterpart subsystems or
elements. Thus, system 200 of Figures 6 and 7 comprises transport
subsystem 12, illumination subsystem 14, imaging subsystem 16 and
processing subsystem 20. With particular reference to Figure 7, in system

20 200, the illumination subsystem includes xenon strobe 54, and the imaging
subsystem includes camera 32, which includes CCD array 76. The difference
between the system shown in Fig.1 and Fig. 6 is that the contact lens is
shown as being inspected in a mold half or front curve mold 206, instead of
the final package as described for the system shown in Figures 1 and 2. This

25 system using light that is partially transmitted and partially absorbed is
particularly useful, because it can be used to inspect thick and thin contact
lenses, as compared to other systems, particularly an inspection system using
uv light alone, that can be used to inspect thin lenses, but cannot create an
image through a thick lens.

30 As will be understood by those skilled in the art, system 200 is
designed to inspect a molded contact lens, which was molded between two

mold sections, shortly after one of the mold sections is removed. The lens is
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Wth the preferred enbodi mrent of routine 100 shown in Figure 5, all the

bl obs may be anal yzed, even though the presence of one hole may be 10
sufficient to reject the lens. It is preferred that all the bl obs be

anal yzed as this may provide useful information about the procedure used to
make the lens. Figures 6 and 7 illustrate an inspection system 200
enbodying an alternate systemand nethod of this invention. As wll be

appr eci at edeftfn the rsndibing okl sectioe 2686 whiah then Eamiesdlse lersrnttircligh the
respectively, and |ike reference, nunmhers,.in the Figur identify identical
or counterp'ﬁ?‘?eé}lﬁ’ﬁ'sﬁﬁfeéﬂs I%Fhe YA maier yoiﬂwgs SWQ%PQE’SS%F%O.&?@[%% 6 and 7
conpri ses thaResddrt whkbstysfetihg the lehb.UFoR@iveRdrssdmy otearidds as tRgi ng
subsystem 16 and processing subsystem 20. Wth particular reference to
Figure 7, imoldsecions@repulled ppaitiq igns maay bmsigmiyypitieshaway firedh&enon st robe

54, d 4 he. ' ' ' | CCD
76 The S 1 PLTRRDG o A P ThISIE BEE BT Fogns ol R R, S hat. e

cont act | enpriarsart sttomated lénsiingpedtiop systechsi areanatabte toadistinguidhr ont curve nol d
206, instead, of. e final packa as fescribed for the system shown in
Four eo 1 afiposvelytiesisf o RS AR ERR ufied fivey o f ool SRl SR Booni ¢ 1 e
and parti al lefs apstoioreslot ear AHit Adeaddfyctysef ul , because it can be used to

i nspect thick and thin contact |enses, as conpd%red to ot her systens,

particul arly an |hyglreths investieningides a methodgHdnspesting apppticebn be used to
i nspectqd hi feJihe6SpridHy cannot create an inmage through a thick lens. 30 As
w ||l be understood By those skilled in the art, system 200 is designed to

i nspect a nf@l) dediliuorinating thersentenzonk ofissidrantitebderdeawith lighbhavieg 8 sect i ons,
shortly aftﬁrtﬁgﬁdﬁaththe nol d sections is renoved. The lens is 24 left in

t he remai ni 3 I'"d"'section 206, which then carries the |lens through the

i nspecti on @yst ehuminatinhehe adye whsaidiopyicalfdelvicasith tiget Hamng@kdcaeLt i ons are
pul | ed apart 't,g ut affecting the I ens. However, on sone occasions as the
nol d sectioﬁ’%"\%é'f' t?bul | ed apart, a lens may be slightly pulled away fromthe

5 remai{y ngchol dr SRR théight bstdPa)ardedtes (b) thrduyh dfdeptidd\wavRe. typi cal

and capturing said light on a photo-sensitive pixel array;
(d) reading the pixels generated from step (c) to inspect said optical
device.
As used herein, the terms optical device and photo-sensitive pixel array have

20 their aforementioned meanings and preferred ranges. The term "center zone"
refers to area of said optical device that concentrically extends from the
geometric center of the optical device of said optical device to a radius of no
greater than about 1 millimeter from the edge of said optical device. As used
herein, the term "edge" refers to the area of said optical device that

25 concentrically extends from the perimeter of said optical device and ends at
said center zone. For example if said optical device is a contact lens having a
diameter of 12.6 millimeters the center zone is the area, extending from said
the geometric center 5.3 millimeters when measured along the radius. The
edge of this contact lens is 6.3 millimeters measured along this radius.

30 As used herein the phrase " light having a first bandwidth" refers to light
having a wavelength that illuminates defects such as hole, bubbles, tears, and

debris in optical devices. Preferably said light having a first bandwidth is in
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prior art automated | ens inspection systens are not able to distinguish
effectively between a lens that has pulled away froma nold section and a

| ens that holes or tears, which are defects. Therefore the invention

i ncludes a nmethod of inspecting an optical 10 device conprising (a)
illumnating the center zone of said optical device with Iight having a
first bandwdth; (b) illumnating the edge of said optical device with |ight
havi ng a sethendsibleanadgediabputl 37§ on torabostrid 1 @ inng, hdveevergkaiddighs hepinga) and

ste b) thr tical devi d capturin a
pholtoo(s)en5| ??\/%}Lﬁna dtﬁ??%°°’(‘85's‘?@‘§8'%ﬂ"et‘ﬂﬁ'gfﬁ r)?@lgg ag@r{gpé{ltg%w?lpgm step (c)
to inspect faige, Fried@amplé RyhtdavinFa Bt Bah@wiith mdytfavieed fifst ARveRAgthdevi ce
and photo-sensitive pixel array have 20 their aforementioned ngani ngs and

preferred r hangd and arrecopd wavelangth bagthas saiddpens af%dﬁfﬂfé%ﬂ bereini Tthept i cal
device t gﬁ%@ge‘ffgh{ ﬁgxge%a%%ﬂg%ah&@mth% &S?&ﬁ ﬁt' virtd'h Have aabngﬂﬁ opti cal

device o tirca Ice toar |uso than
mllineter fhatbdoesleotan@eluoé asanrdag@featade réeulhng formsa Lshghlt sdparation oft he term

"edge" refe to t ea, of said o VIC oncentrlcally
extends fro et'ﬁasﬁgg?i@ ihedP°@a°rad”§ Ifgaqre etQaQ diﬂag NaYNg 85 4 cent er
zone. For es&midebarfdvﬁaﬁh%@htthé@Iltraimetcr@gm @tﬁ@@ﬁé@tﬁumqabom&emw
dianeter of 12.6 mllimeters the center zone is the area, extending from

said the gaeeMt3G/Menter 5.3 mllimeters when neasured along the radius.
Th f th t hi
e edgg O '§tleﬁI(_;ﬁrh§|?'rt]hét iﬁ()én ioh Aciad H%i rh?iﬁb@ro? lﬂ%@%ﬁﬁggn% @gq this

radi us. 30 As use rase havi ng a w dt h"
refers to Idghce comprisigga vvavel ength that illum nates defects such as hol e,

a it bandh a AoranffiRb oebegigRy PR YARS aglfk BdattRubag,lt ato
nm, howevefirst bandwidtight having a first bandw dth may conprise light in the
\é;ﬁh\?\,: St Lan ﬁg \é}ng\eqtl;rnggt g\\é}ggl%eiﬁ@ ﬁ)p?cal J:ewce w?h ight ha\/?rt]éag%\ébng a first
15  bandwidth;
(c) transmitting the light of step (a) and step (b) through said optical device
and capturing said light on a photo-sensitive pixel array;
(d)  producing an image of said optical device.
As used herein, the terms optical device, photo-sensitive pixel array, image,
20 center zone, edge, light having a first bandwidth and light having a second
bandwidth have their aforementioned meanings and preferred ranges.
Yet still further the invention includes an apparatus for inspecting an
optical device comprising
(a) a means for illuminating the center zone of said optical device with
25  light having a first bandwidth;
(b)  ameans for illuminating the edge of said optical device with light
having a second bandwidth;
(c) ameans for transmitting the light of step (a) and step (b) through said
optical device and capturing said light on a photo-sensitive pixel array;
30 (d) ameans for reading the pixels generated from step (c) to inspect said

optical device.
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band and a second wavel ength band as said terns are defined herein. The 5
phrase, "light having a second bandwi dth" refers to |ight having a

wavel ength that does not produce any inage feature resulting forma slight
separation of the lens edge fromthe nold carrier. It is preferred that
said light having a second bandwidth be in the ultraviolet region of the
spectrum (about 330nmto about 367 nm. 10 Still further the invention

includes a Hstured hareim frotarmsprinalaisviceaphotgesansivedriygliasiayginpage,
|1
M e ST e e T,

havi ng a sedandwidt® hbaediweldaﬂmremer)tlctrrednneamngmgnd Ipeefbrrgdtraogesstep (a) and

step (b) through,said tical .device d capt urin n,a

horo- sensi {1 ve. Aolseddrg-saidPeshs drafiimRafng fageeftaneBAE BRt devi ce.
As used Ber gihat atd Aot IfFhiEd Qpﬁréﬁﬁhlttﬁ'@\digﬁﬁfrom@ﬁg}ﬁ%@méélwm ¥ fitstditeny,

I mge, 20 center zone, edge ght "havi nglaa first bandw dth and | i ght

havi ng a se@dﬁi’ﬂe"tba’ﬁévﬁ'ﬂﬁﬁ@ﬂﬂ%tfﬁﬁémfts gt ﬁb?hq%'@qeﬁ@aﬁutﬂg@ iR §aidpr ef er r ed
ranges. Yet o?flbél dévite! hfrreférgsly s’aég’cﬂ;rts{ﬁlanse’% r%'?nif'bq@i;t]gﬁt ViSble! NSpecting

an optical device conprisi um nat e center zone
of sai d optiraege dfetbleweNrum nKBeIp'rcgjhtabllwabmg 35{0fnm$0 abanidd Glom; A$) a neans
for |IIumnat|n t he edge of.sai.d optic devi i th |i .h i ng a second
bandwi dt h: geﬁ%ﬁﬁé‘*}qﬁr%{ VG AnAtRg; %‘?&? erlge Incliide gt ag?@%"ﬁ ko, step (b)
thr 0ugh1eal d'anéll?ﬁttlﬁ@hglﬁiewrﬁ% lighd se @k Whiodgh $detonhdditter @Iérﬁerﬂhnh@reﬁﬁnSI tive
pi xel array; means for readin pi xel s Penerat ed fromstep (c)

to inspect §§!dcf“tet5HPP§z§‘I°t REaduSE 3”2@3%?%%@63 teskiting frame slighhaerasation
devi ce, phob@tfﬁﬁ@ﬁé%ﬂﬁﬁfﬁn’ffﬂe %'bfoaé/arnél”qgr%feraﬁf?rga‘?d sECBHY filRF feméntght havi ng

a first bandw dth and havi ng a second
transmits light in the ultraviolet region having a wavelength of about 330 nm to

about 367 nm. This invention is illustrated in more detail in reference to the
15 following figures and description.

In an alternative preferred embodiment of the system shown in Figures
6 and 7, system 200 can be modified to exchange the filter device 202 located
between the light source 54 and the lens 204 to with another filter device be
220 shown in Figure 8. Alternatively, the filter device, 220, could be located

20 between the lens 204 and the camera.

With the filter device 220, system 200 is designed to avoid rejecting
lenses simply because they are delaminated. Generally, this is done by
utilizing the fact that most holes and tears in lenses occur in the central
regions of the lenses, while the effect of a lens that has pulied away from the

25 mold carrier 206 is apparent primarily in the peripheral area of the lens. More
particularly, the ilumination subsystem of system 200 is designed and
operated to form an image on pixel array 76 that effectively shows holes or
tears in a lens without also showing any effects resulting from slight
separation of the lens from the mold carrier.

30 . Preferably this is done by illuminating the central region of a contact
lens 206 with light in at least one bandwidth that shows holes or tears in the

lens, and illuminating the outer regions of the lens with light in a second
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bandw dt h have their aforenenti oned neani ngs and preferred ranges. As used
herein said neans for illumnating said center zone include but 5 what are
not limted to transmtting light froma |light source through a first filter
el enent, wherein said filter transmits |light that shows holes and tears in
said optical device. Preferably said first filter elenent transmts |ight
in the visible range of the spectrum nore preferably about 370 nrn to
about 410 nibandwidtotkat doesaioh prastuce dnyrimiage dedtaes fasyltingiftoredgslighhcl ude but

are not |im It | gh urcethrougha
second fil tggsgfaé@g%)tﬁ%\%@?gdﬁg f'g’gri] h{%qrinhafe#ac}ﬁ% +|’I1|Ig’t&1[}§ Julte an I mage
feature resubbbm@héﬁemb)apeén'@hhg Sikgrederiden220 ipfthe hpatth efithedgmiriatiom t he nol d
carrier. ?ferabl said s condﬂlégr elerre transmits light in the

ul travi ol et Q'ébtP nBRIVEEN ALY e gt AngH! e’é?o + 330 nmto about 367 nm
This invgntion i ?lliér'dé%k%aﬁ%dcdnﬁ'pr@é%ea ﬁ&&lé‘r’ or & BoliErnbErCahd alfitét ankP

follow ng figures and description. an alternative preferred enbodi nent of
t he syst em @tseenddilter giemants, GVl’HﬁdarB sepusely imelzDio thedpody merdber. edfitho exchange

to wi th anofAdcreerefeiboyds LR b ook SR8 WelRl shofery: Che
filter devi aad &é’él;ond(flltledebﬂmérm(?auetﬂas a'ZlérgmtomeelrarBhapé and |§ﬁésmtmbd he
oilecting | PRiBEl ingppceEa D Wil drasnialos Reradsesnd b s i s
done byqgut 'nltéﬂél@ﬂwetnbez1f4aé‘«ﬁerlfabét\mﬂﬁfb?aﬁd h&kﬁﬁeﬁéﬁé’mbﬁﬁﬂ‘@zldhd S88BasRCUr in the
central regions of the |enses, while the effect of a lens that has pul | ed

away from t Bengiersbape Mﬁ%@tﬂdﬁ@@y%d ﬁm)qrcemfermcmﬁﬂltw element 248r i pher al
area of the | system
2001 5. doot SNENENEY 8 suBaEL Y Stk demehPahd it SiEler QBcHPRICH i

ef fectivel ycohlovze bedcto ashievesthesame efféatns wi t hout al so shovm ng any ef fects

resulting from sI at on ﬁ carrier

oy ofor by (o FURE BexERR00E pRGhed it 20Dl thACdhE tFa eSS oot
| ens 2065w tHiolLigB e téntrdl pbﬂﬂ)ﬁtonﬂélé?ﬁ;@M sidseb MRough@ard fiv@t figeror tears in

the lens, and 1llum nati ng the outer regions of the lens with light in a
second 27 element212, and light that passes through the outer peripheral portion of the

lens 204 has passed through said second filter element 214. Moreover,

preferably, none of the light that passes through said first filter element 212

passes through the outer lens region, and, similarly, none of the light that

20 passes through said second filter element 214 passes through the central lens
region. _

Filter elements 212 and 214 may transmit any suitable bandwidths,
For instance, said second filter element 214 transmits light in the ultra violet
region of the spectrum, preferably at approximately 340nm or 357nm (+/-

25 10FWHM) to provide ultraviolet style illumination for the lens periphery. Said
first filter element 212 transmits light mostly in the visible region, but can
transmit light in the first wavelength band, 86, and the second wavelength
band, 88 as shown in Figure 3. By narrowing the bandwidth of light that is
able to be transmitted to the outer portions of the lens and ultimately to the

30 CCD array, the image of the outer portions of the lens is a darker image that

masks artifacts of delamination.
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bandw dt h that does not produce any inmage feature resulting froma slight
separation of the lens edge fromthe nold carrier. This, in turn, is
acconpl i shed by positioning filter device 220 in the path of the
illumnation |ight beam between |ight source 54 and lens 204. 5 Filter
devi ce 220 conprises a holder or a body nenber, and a first and a second
filter elenments, which are securely held in the body nenber. Wth

particul ar ref erliguee 8 dlusirgtesca Bnsambge farnfad erepixel aman¥62f 3ystas a ci rcul ar

shape, and second..fi lter el 14. has i r and is
pos!ot I oned 2@%‘ ?ﬁg?aﬁ@ei@aggr@gﬁﬁségw F'% m%h% %gttSfan%wZ% tgég%%ﬁt 212 so
that said sdatand db(hrfn'uhé #thelensastcceptdbloy & significamtt ddvaatabe ofiteis filter

e! ement 212, aqr;}?ogl so, has, an. annul ar shape thgt ,S\e/%ten S beglond thcf

ci rcunf er eng¥ the ipvertjainis thatepsting iImage anAYSIS APQTths.§anke Ysed i r st
filter %enﬁ'&etéﬁﬁinéﬁmﬁiﬁéﬂ tﬁb Iéﬁscﬁé@'hélbé b?fea% enRitis dﬁ%%‘ihé’ﬁadt'ﬁ?éi to

achi eve the sane effect. | ter device i's positioned in system 200 so

that |ight thea:sq@wdsghtpalytcmmﬁgedgewtb@manaﬁt&ﬂwe@nlmtaﬁé ¢ens 204
passes thro t Tl sses t hrough
t he outer g%Bﬁ@ gf:é%srﬁat Rp%frq%@lgﬁﬁﬁilo %pﬁé Q@é@ﬁ@g ‘%%6@% said second
fihl ter he| enmemblodéd.i n? k}wtem/mlo eliminatey, abhyleasiosubstdntialle rd;]dlgj”ﬁs thlealt passes

t hrough sali rs Ilter elenent 212 asses t he outer | ens region,
and, sinil aﬂwhoﬂ that gfe ?Melaupeﬁ?fst%ﬁ'x @MYs Eéeg EF?E?U 1FeRZA0RIING filter
el erfent1@14tﬂé3rﬁél%5catrhér0m5t B@D oritith$ é!an h&dlfrateleRieRfify IEhéé@fha@h%”t s 212 and
214 may transmt any suitable bandwi dths. For instance, said second filter

el ement 214helesestaars eveaiithe glaasiéhnlis ret able pfectivebytoistinguiste spect rum

preferably B&t\n%@ﬂrs%r@ﬁseésyar%giﬁnr Q&h&? e(Hds % wagémgﬁe P{OWI de

ultraviolet Style 1T1Tumnation he "l'ens peri filter
el enent lecamansmts light nostly in the visible regi on, but can transmt

light in the first velen h .band, 86, .an the cond vel en band, 88
as shown in Fi gLﬁ% %ﬂ%ﬁﬁﬁé“ﬂ% PR ﬂ("g'fn e gt sypig i@ able to
be tranggn tﬁcﬂﬂinéqobfw\d%yts%mmmm@ﬂﬁe%ed Reinspast ARfige Valiemiottypeiso the 30
CCD array, the inmage of the outer portions of the lens js a darker imge

that masksang §|g¢§@{ eptigal Jﬁ]sgma@gtqtlaw optical devices, and svstems 10 and 200
are particularly well suited for inspecting contact Ienses. Further, the plural-

spectral imaging procedures disclosed herein can also be applied to other
objects using various combinations of the spectrum depending upon the
20 absorption/transmission characteristics of the object to be inspected and/or
packaged in the system. Other objects that can be inspected using this
invention include spectacle lenses, camera lenses, optical filters, thin films,
and glass.
Additional aspects of the invention disclosed herein include but are not
25 limited to the following. A method of reading pixels generated from photo-
sensitive array to evaluate the whether an optical device comprises a hole, by
using the degree of symmetry, a wall thickness, and the gray scale values of
said optical device. A program storage device readable by machine, tangibly
embodying a program of instructions executable by the machine to perform
30 method steps for processing image data representing an optical device which

distinguishes defined characteristics of said optical device.
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28 Figure 9 illustrates a lens image forned on pixel array 76 of system

200. Any suitable inage analysis algorithmnmay be used to anal yze the pixel
data to determne if the lens is acceptable. A significant advantage of this
aspect of the invention is that existing inmage analysis algorithnms can be
used 5 to determ ne whether the |l ens has holes or tears. This is due to the
fact that the use of uv light only on the edge of the | ens masks the
artifacts of theWhierntk@pparantthatthmainveptiemaherein disclostdds well. spectr al
maski ng tec i teast

substanti al P@b@égauctgga 'fﬁ)‘ﬁgoﬁé ﬁe&?/sﬁ% aa% %hgtﬂtw@%%aﬁérec%e@gt}% on pixel array
76 due to | romesmpanetifioatidriscamdlémbbdinmantsimagrbe @ewsﬁhysthcwegmne‘dhrrs can
accurately den enses that ve of tears ven if the algorithm
is not able h@f? ﬁ'{dVL1sy“§e8dﬁgz}P?tRB%?Qﬂe”‘{%f%@'@?rs ME a4 esH§Bs and a | ens whose
edge hass sepficatiohd 8AY bhfbodhents Garal Withmﬁﬁere' gt SIS @Peddfale Dy t hose
of ordinary skill in the art, system 10, routine 100 and system 200 may
be used to PFgsgetinventian.ge varlety of types and sizes of optical |enses and
ot her optical devices, and systens 10 and 200 are particularly well suited
for inspecting contact |enses. Further, the plural- spectral inmaging
procedures disclosed herein can also be applied to other objects using

vari ous conbi nati ons of the spectrum dependi ng upon the 20
absorption/transm ssion characteristics of the object to be inspected and/or
packaged in the system Oher objects that can be inspected using this

i nvention include spectacle | enses, canera | enses, optical filters, thin
films, and glass. Additional aspects of the invention disclosed herein
include but are not 25 limted to the following. A nethod of reading pixels
generated from photo- sensitive array to evaluate the whether an opti cal

devi ce conprises a hole, by wusing the degree of symretry, a wall thickness,
and the gray scale values of said optical device. A program storage device
readabl e by machi ne, tangibly enbodying a program of instructions
execut abl e by the machine to perform 30 nmethod steps for processing inage
data representing an optical device which
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di stingui shes defined characteristics of said optical device. 29 Wile it is
apparent that the invention herein disclosed is well calculated to fulfil
the objects stated above, it will be appreciated that nunerous nodifications
and enbodi nents nmay be devised by those skilled in such 5 Mdification.% and
enbodi nents as fall within the true spirit and scope of the present
invention. 30 What is clainmed is 1. A nethod of inspecting an optical device
conpri si ng Wikt is tlairAbAaad i ng the center zone of said optical device with
light having a first bandwidth; (b) illum nating the edge of said optical
device with light having a second bandwidth; (c) transmtting the |ight of
step (a) and step (b) through said optical device and capturing said |light
on a photo-sensitive pixel array; (d) reading the pixels penetrated from
step (c) to insp,éahemedidfmbéctaig ardepilcaédeﬁuceEbmpmietdgod of claim1 wherein
sai d cent er , zone ends up to ers from d of. said optical
devi ce. 3, n\gﬁ’ﬁ’aa ayg @‘Paﬁem‘?f W@r‘glsﬁ' %‘?tl?aI:%?]‘f'%E? W?Bﬁ'gﬂga?\éﬂ%é up to 4
mllimet ersrrfs{ Bandwiatedge of said opti cal deV| ce. 4. The nethod of claim1l
wherein said |ight having a first bandwidth iises visible light having
a wavel engt tP)of |§%r@matlggghqhﬁdg@o§§@gtop@ rﬁﬂV'Q‘? m’h@hféﬁ’{w %ﬁe@mg

wherein saigyhd \HB% havi ng a second bandw dth conprises ultraviolet |i ght

havi ng a vvavel engW‘u of about 330nmto about 387 nm 3~ 6. An apparatus for

i nspecting @) opﬂralmhittd@mheéigbmfmte;si(aﬁgar(dagtea bﬂdarwghosaid optical davicag t he
center Z0Ne, éca&u(rjmggald%ght cQI)r(:T‘\:/aI eotgmstegsmve 8lxel arrvI ng a first bandw dth;
(d) reading the pixels generated from step (c) to inspect said optical

device.

2. The method of claim 1 wherein said center zone extends up to 2

millimeters from the edge of said optical device.

3. The method of claim 1 wherein said center zone extends up to 4

millimeters from the edge of said optical device.

4. The method of claim 1 wherein said light having a first bandwidth
comprises visible light having a wavelength of about 370 nm to about 405 nm.

5. The method of claim 1 wherein said light having a second bandwidth

comprises ultraviolet light having a wavelength of about 330 nm to about 367
nm
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(b) a neans for illumnating the edge of said optical device with |ight
havi ng a second bandw dth; (c) a neans for transmtting the |ight of step
(a) and step (b) through said optical device and capturing said light on a
phot o-sensitive pixel array; (d) a nmeans for reading the pixels generated
fromstep (c) to inspect said optical device. 7. The apparatus of claim®6
wherein said neans for illumnating said center zone conprises a |ight
source and a first filter element wherein said elenment transmts light in

the visible 6eglA)ﬁlapﬁaraTlrsefoamaﬁm@aﬁbﬁqwim@ew isihgai d means for
I 1lumnating said edge conprises t source and a secaond filter el enent

wherein sai @ el ér@ﬂ%n%ﬂ%ﬂ@ﬁ‘i'f‘%t'ﬂg @ﬁtceinFPrtZﬁBelﬂfts?EQ\ﬁPRﬂC@{ dewge with 32
light having a first bandwidth;

(b)  ameans for illuminating the edge of said optical device with light
having a second bandwidth;

(c)  ameans for transmitting the light of step (a) and step (b) through said
optical device and capturing said light on a photo-sensitive pixel array;

(d)  ameans for reading the pixels generated from step (¢) to inspect said

optical device.

7. The apparatus of claim 6 wherein said means for illuminating said
center zone comprises a light source and a first filter element wherein said

element transmits light in the visible region.
8.  The apparatus of claim 6 wherein said means for illuminating said

edge comprises a light source and a second filter eiement wherein said

element transmits light in the ultraviolet region.

32



