17 March 2006 WO 03/ 073061 PCT/ US03/ 05356 METHOD AND SYSTEM FOR | NSPECTI-NG
OPTI CAL DEVI CES Rel ated Application This application clains pripfaict26d0m a
provi sional application U S. Ser. No. 60/359,074, filed on February 21,
2003, and entitled "Method and System 5 For I|nspecting tical Devices."
Field of MRO¥¥I¥Ation This invention generally rel ates tF&TTHRIHEBH ng
optical devices or nedia, such as ophthalmc |enses. Mire specifically, the
i nvention relates to such systens for automatically inspecting optical

devices and to techni ques and 10F§rocedureiﬁé?ﬁt'a are well suited for use in
such systens. WEIHORANRKYSEMFORINGPECT. TKAL PEVICESes have been
successful ly devel oped for ins { gc:fgbtﬁ tigH M c lenses, particularly
contact |enses. Such techni quggggréea |s?:%(|)sed, for exanple, in U S Patent

5,500, 732 and THisSapghaation clapps pdatitydronsampirenisitnal applizatiors=s. Sérl ed Decenber

29, 2001. 15 | n_these t L ques.. radi af whi be

ul travi ol olq%?jﬁd&‘{/ﬁlﬁdo?%%fssw Egrﬁw 5Qgre,nﬁﬁ%gdvgﬂﬁde@(fﬁ¥sg€éh alens to
form am i nagensfecting Optioal DéVicés.pi xel array. Digital data values are |
produced that represent the mten&%ggof the radiation on the pixels of the

array, and a conputer is used Figl$p QventilBse data val ues to deternine if

the | ens has arydRdcstIN nteﬁ?lﬁ)}e?'%ﬁgb% Pgafngqpq-ﬁgmw\g‘%@{lﬁr tBaf, has such a

flaw or defect is then | _rejected. N ese techni ques
are very efuchasiophthaimialensésgMormspenificaliyribe inveation selates tarsucbept abl e fl aw

or defect is, rejgcted. At the sa | i times reject
accept abl éyﬁmée r agfjo'né%t ly F@P&E&@bﬁgjagégﬁé‘%s%ﬁ%g&]@gﬁﬂﬁﬁg% e reason for
this i19 t habcatuys tat bhewell sared farusari®soe systérast 0 di sti ngui sh bet ween
.certain types of lens defects and other features that e”ggen appear on the

'pi xel array butOvghithenlagt sevasal yaars, auteraated techniques hav
successfully developed for inspecting ophthalmic lenses, particularly contact

lenses. Such techniques are disclosed, for example, in U.S. Patent 5,500,732
and U.S. Patent Application Serial No. 09/751,875, filed December 29, 2001.
15 Generally, in these techniques, radiation, which may be uitraviolet 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
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lens. Also, as the mold sections are pulled apart, a lens may become
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 of 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 the inspection 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.



Figure 1 is a block diagramgenerally illustrating a | ens inspection system
that may be used in the practice of the present invention. Figune,2 shoys
portions of the illum nating and i mgi ng subsystens of 25 the inspection
system shqown in Figure 1. Figure 3 shows spectral bands that may be used to
i 11 um nat YGHRALY , the systemof Figures 1 and 2. 30 AGUP¥¥53Shows a

| ens inmage nmade in the systemof Figures 1 and 2 and using a first spectral

maski ng techni origures is’a WoWw@had86a Pleferréd prizeduRbr dhaRMg3benki gure 5 is a

flow chart for a preferred procedure for anal X,ZI ng a lens i mage made using
the first kprgemnade yainw;the fire sRRckR|enasking tegbniguénd 7, which are sinilar to
Figures 1 and 2 respectively, 5 show a second | ens inspection systemthat

al so may be used in the practice of this invention. Figure 8 illustrates
filter el enentsFigheets 6rand Bewbicbdre sinplasto Higuses t @andiirespectivedy, naski ng

Systom Dt #Adetaa thsAditaylp svesell Bat fsB male Bed M AdEralRES : e second
spectral ngftlsisigvertioahni que. 15 Obj ectives of the Invention An object of

this invention is to inprove systens for inspecting optical devices.
Anot her object of the present invention is to reduce the percentage of

fal se rej ects ifgdd SLShakeditbFABMARIREL na) beYEed dolideldher obj ect of

the invention is“to provide an autonma systemfor 20 inspecting optical
devi ces t hgecond spectsakroasiiegtechpiquer which maube used toillominate @ lenging. A

syt onlhauiararoring BB ey R ARPLl ngui oh between holes in oo

Figure 9 shows a lens image made using the second spectral masking

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 inaliquid, 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.



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

subner ged. Anot her object of this inventionis toillumnate a H?ﬂ%r%QﬁBGis
subnerged 25 in aliquid, in a way that facilitates distinguishlng(betmeen
holes in the lens and bubbles in the liquid. A further object of the

i nvention WQO0/B73pflovi de an inmge anal ysis techni que thatPEHBSQOES6 ngui sh
bet ween images of a hole in an ophthalmc | ens and i mages of bubbles in a

liquid in which ' t; t£C s i nvention is
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and ot her obipekafithe nveaions tariluminate arentralperianpla moldederntadnal ysi s
DL oe oS SR S B Bl RS i ARV o ARG pr [
the lens, without illuminating outer portions of the lens in the same way.

15 These and other objectives may be attained with the inspection and
analysis procedures disclosed herein. Generally, these procedures employ,
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 technique may also be used to find holes
in a lens 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.



maski ng, in which an optical device is illumnated with plural wavel ength
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through the lens. The spectral bands are selected in such a manner that a

15  portion of the ultraviolet light is absorbed by the lens and a portion of the
visible light is allowed to pass through the optical device.

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



transl ucent/shaded effect. The effect is achieved by passing specific bands
of filtered ultraviolet and visible |ight in the appropriate ”ﬁ’MQrcﬁEgos
intensities through the lens. The spectral bands are selected in such a
manner that a 15 portion of the ultraviolet light is absorbed by the |ens
and a por tW@M/P0he visible light is allowed to pass tHHERNPHE opti cal
device. In accordance with a second aspect of the invention, a procedure is
provi ded t InStH ISR i i ' les in a
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used t @ 25llgminated ip 3 wavelengthythatshqus hRles gr tegrein that pertigp g device or a
bubble in jghe Iiquid solution. The preferred enbodi ment of the procedure,
described in detail below, enploys three key el enents to discrimnate
bubbl es from hdfusther bepefitatand advantages iof thedpeentignawvill iresagierappafenti nt ensi ty
ratios. | 0, ' f . i L e ectral
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parti ctﬂ ar Bhi,s {e(g{)lai ue (taffect ively elimnates, or substantially

reduce +$/BPedjnents AP INMRIT8N1 7 \ar ch 2006 WO 03/ 073061 PCT/ US03/ 05356
caused by an inability toDéiafiéd Dedtsitionast ¥R mveatign nated | enses and | enses
that have holes or tears. In a gref erred application, also described in

detail bel ow, Wetieyentiagipplydes aimethpd et ingpecting eptcahgevices such a way t hat
any del ar@(ﬁ;‘;ﬁ%of the lens is not shown, while a central region of the
lens is 5 1Tl'ummnmated in a wavel ength that shows holes or tears in that
portion of(a he 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



|l ens. Further benefits and advantages of the invention will beconme apparent
froma consideration of the follow ng detailed description, givep,u Elﬂooe
reference to the acconpanying draw ngs, which specify and show prefcerred 10
enbodi ments of the invention. Detailed Description of the Invention The

i nvention YRCPUIRY a nethod of inspecting optical devi cesPCHB®Fng (a)
i1lumnating the optical device and a surroundi ng background with light, 15

wher ei n sajg] | | @akireq8e1s yBRerdidd frsin g&eypd)w&eb

S
wavel engt h” band, erel n Said first wavel ength ban and sal d second

wavel engt haraysealexvaiues of said raading; shargin ke dmwmegéha first
wavel engt hg@ |Q%§|u%sfdf ﬁ% pl%(@lts%ﬂe azfe&%n? bagﬁqraﬁﬁroug Ytﬁaloengt h band

has a seco ensity sald optical
devi ce V\hehghtandﬁmnmpndrlehgltramémnktadclghi lssif suﬁiemlnengtub tbaistingsishbsor bed by
said o icge device and t cge .rrgijor.i té gfb é&e second vvavel en th band is
transm t PEPEFB PSR S@ig,pptical Hevige gadpyRbles I SAGRUIOUAGING d | ens
transm tt egadkgedindon a photo-sensitive pixel array; (c) transmtting said
l'ight through said surroundi ng background wherein the majority of said

first wavel engths Baefih@redn H’&ltér@e@éﬂﬁ?' deves’ éﬁ@yﬁe%HHd'smtdmegr‘%nsm tted,

o o2 AR RN S iaa e Al dAliRReti o Betn L ve ol

gener at ed rhtramwtaasmer(sle)s mmdesfosrpm(:m)scams denseafoncameras andignsesafoe val ues of

said rﬁa di g e)%glassersewle op‘%cal dév?cre%r}rcmsepe%?ed'\%etnistin\?ention may or may not
contain vision correction. The preferred optical devices are soft contact
lenses with or without vision correction. Soft lenses may be made of
conventional hydrogels and are generally prepared from monomers including
but not limited to hydroxyethyl methacrylate (HEMA), vinyl pyrrolidone,

15  glycerol methacrylate, methacrylic acid and acid esters; or silicone hydrogels.
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 ultraviolet (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



grayscal e values of the pixels generated fromsaid background transmtted
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20 August ZDmediBs o S. Pat. Ser. No. 09/957, 299 filed on Septenber 20,
2001, U.S. Patent No. 6,087,415, U S. Pat. No. 5,760,100, U.S. Pat.

No 5 776, 999 Ag)used bherein,Nbe tgnySmurpending. tackgroundirefess, tsamydbjecty. S, Pat .
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. ese patepts, as wel| as a e nt disclosed . in this
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contain other material s. t ho [imtation, other rraterlalsmthlsregard
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Igteisgafén B&ckifg boich, | dtiddifed RARITEhd Biter JORIRRY r& 1964 tIBusiSuths ul t ant
processing steps. Typically when a soft contact lens is inspected, the lens is
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.



devi ce having particul ar absorptive properties. By way of exanple only, W 7
17 March 2006 WO 03/073061 PCT/ US03/ 05356 absorbers of this kingy M@f%h'égﬁ]
NORBLOCK (comercially available from JANSSEN). Wile the anount of suc
absorbers can va depending also on the type of final absor tlon behavior
sought, itWVPg ??ﬂﬁ/cal that such absorbers are present i PGS
approximately | part absorber per hundred parts 5 nononer. O her absorptive

materials incl Lwl@u&édlhére.ﬁtrsét@ﬂhcvﬁrsotvavalaﬁﬁthmdbeefef@tor@n%fesl by those in
the art to obtain absorption of other particular wavele hs, e.g. yellow

| i ght woul Wayrlergibdn kulb'@valqtéﬁ@onQf/mgsﬁ@ctwnbthﬁt mabsorbed%etr@ases of As
used herei ect 10 that
ransm to Prisel GehEe.TTheNGRMHERI A ceterA P abscrasd By bpugtepieks

i nspect i on;usl thetrhagontytofcmid fitst/waeeleegth bauﬂtmusirheaabsdrbe:t, Itéim exanple of a
surroundin ckgr o es, but m,t ed h kagi ng for the
Iensesq‘g gﬁge Eg&%ut[%")’? B?ltéi 1t°|9(4’ PP?“Péd hﬁé%"ﬁi‘*&'@i’%@%'gf’aﬁéed to prepare
opti cal dexpserBed,radre cjﬂbfe’#élbly @&fLItSOW\leEHouHOS%Se&éﬁnWé ppsferdBses, Wwhere
15 packi ng sol ution, deionized water and other solutions are used t hr oughout

the procedtqui§0% tonabout987%, Andymastaretgrakly bewid9%: | ens is i nspected, the
lens is S“bm?r\ﬂﬂﬂr pefclt g'ierWa\}é?e Il\bﬂé'éﬂfrsgr\lﬁl\faepe Sué%dﬁH%ﬂé’ses of this

i nventi on, an Op I CcCa evl ce I | nspec e nerged or floati ng in
a liqui d determneechbysme compasitign loh tHegopdicatidévies anldaﬁsilghtgabsoopmgl Wth

{especto . oulBbARg! Hor sRAmBlLd B Gl ARG AGTE BhOUIER SRR 2 L,
as | ow dengfilight having alwavaiength oEdbouti3a0nen ty 360 nyre tsajd frsewalélghgtilensi ty
Dol yet hyl cbrr i e p4Bmn S abeur O Tt y- -4 et hy! pent ener - pol yacet a
155 e bop aci AL Btorai A ok RGBT bR, et antbfen 0% w1 or
’ wavelength in the visible region of the spectrum that is transmitted by the
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.

9



materials such as the fluorinated ethylene propyl ene copol yners and et hyl ene
fl uoroethyl ene copolyners. Mlds for the Ienses are often of twp;pakh 2006
construction containing corresponding fenale and male parts (front curve and

back curv ively). If the lenses are inspected in | d
preferrede\gé%flﬁﬁﬁélt he nold is separated into its parts ammésﬁ@ | ens be
I nspected in the front curve. 8 17 March 2006 WO 03/ 073061 PCT/ US03/ 05356

As used herein mgeemerefnlthét'rféﬁmér@'tgt@ ovRAM firsteh&Velerdth|batandl 2
wavel ength in the ultraviol et ion of the spectrum_that is absorbed by the

optical devpeésecprd "Ptiegﬁ'GY"ri%@ﬁsﬁgﬁe%’%‘dﬁ}fﬁ'@'ﬁghW%gsJr*l?efét'ﬁy’ f8® i cal devi ce,
just the It is 5
preferredrmdn\/g[é t:)rQ{ aﬁé}‘hg/etdté ng&%@ﬁ%?@ép@@&q ms\e}ave er?gteﬁs band be
absor bed, renljestead sééhlamlhq ratimafithe avetage fisds dntengityoiathe avaragersecondf er abl y,
about 9Q% t.Q ab % t %, W 1 ct to the
wavel engt h '%tpng' 'a tﬁ%fy%?n ﬂgﬂ)/"g&ié& ﬂg%‘grép %’%5‘@8% geép?gllyrﬁb%é‘iﬁg?t he

conposi tion of Mmsuatharein timtern "phstoséritiveipitel aa’aybhbs 1§ codbngar operti es.
For exanple if the optical devjce abﬁor bs about to @bout 99% of |ight

havi ng a waR@ysdyglefingiong seflfieraim the tefBb 9haY S Fda'f“ier gefei@lpd engt h  band
will be fr@?gﬁf}%sgré}:éfé fépﬁrﬁ‘éqe%@? tﬁ‘?‘ﬂ c&?eéb%‘ﬁ@nﬁ@edlﬁélf?eé&]ﬁ%tﬁﬁéﬂe ‘thgcond

wavel ength b ers to a wavelength in vi si bl e regi on of

t he spect r inighendhe humbeathehn ?w(bywhhef) e ivpade; anddke javeer thee | i ght need
00 oo B Y AHRAR ot Gty B e, 668 i SRy BT L, o, 21,
to about 1&Q%eoialwoﬁthee/ﬁofecbumbmggjdckgmmddb@abowteﬁﬁﬁ”and the, grapr e
DT it R e bt ol Bhrdhoha by me eyt 0% to
scale value of a defect free region (no holes, tears, or debris)of optlcal device
and the gray scale value for the surrounding background is about 120 to
15 about 180, preferably about 130-160, most preferably about 140. An image
(or corresponding 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



The wavel ength of this second wavel ength band is determ ned by
transmttance properties of the optical device, where wavel engt m‘fl\,‘larc 2006
corresponding to the appropriate percentage of transmttance of 1i1gh

used. For exanple if the optical device transmts greater than 98% of

i nci dent 2801%38RP6lat a wavel ength of about 385-405, the pPEFESBEPShavel ength
for the second wavel ength band is about 385 nmto about 405 nm The optical

device may be |1} um DAL Yaibifrsidldbeldnohl a\?qgﬁagﬁmﬂ .n@m.%aﬁq*sé.gl d second

wavel engt h band by two separate sourc ere t has said
first wavel ength andsetdoedmax@ierfgmbam tias asendnduintensitygt h. 30 However, t he
sane result can be achieved using one source of light which contains a
range of wavel engt hs and using one or nore appropriate filters to emt

l'ight of tg&deﬁamﬁmﬁgﬁ.d agiet tArsughdalbaisticangévice whetsin e afajciipc VO
03/ 073061 | USO03/ 053 used herein the "first |ntensi t% is of said
first wavePtsajdfredxayelength bard issahserhed byt $aid optjealidevige and Mesecond

vavel engt ity of e deohd wivelehfith B §QPanszﬁéd #fSUGISaksRal LY band to

t he average cond intensity band iIs uste so t tio of the

aver age fi devicé rareirr:apil;ﬂngjsaldﬁrmﬁearmguﬁs@hgmwrﬁa photensgnsitiviepixett ween about

1 1 to about _2:1, and mor e preferably about 1.5:1. As used herein, the term
"phot osent L pi xel array" has |ts common industry definition. As used
herein the term"gray scale value" refers to a brightness scale for inmages

or their correspondin readi n ere t e h| her t nunber t he
bright& (&) whir @mlﬁ%sesa' %th%ﬁ'ﬂﬂtsﬁgq g ‘P’ eeKe dar ker (or

bl acker) t%rg of/é%.diﬁr%@moekhgﬁn bameéﬁd%sée&wwaveneﬁgw@an\aal ue of the
whi t e surrounding "‘background i s about 255 and the gra e value for a

bl ack i magare tsansgsitied candreaptdring eald@a@kgfeum@&ﬁnsmétegirlwy\t og@photeal ue of a
defect fre oI es, tears, or debris)of optical device and the
gray scal eg%iﬁ?tﬂ)eoé]xélr%?rg sur r oundi ng background is about 120 to

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



15 about 180, preferably about 130-160, nost preferably about 140. An inmage
(or correspondi ng pixel reading) having the aforenentioned differgaeg2006
bet ween the gray scal e val ues of the surroundi ng background and a defect
free region of optical device has a translucent/shaded appearance that

di scrim na‘Y‘éQ:”WéF%en t he appearance of holes in the opti‘%;é"lm%é’(ﬁ:’é% and 20
bubbl es in the surrounding solution. As used herein, "holes" refer to an

area of th ' ' | ' ' i t he device
¢ 4 rmssrfé?é/dt %dﬂgﬁﬁﬁ# D2, fefeRt E@fﬁtﬁflllblﬂm,‘(’)\ég?cgg pRASIRY |oF fehs

is mssing. "Bu as _used herein "are small b gas with the
|i qui d nedraiisrs erapallets 3@.earh ofwhiehhbelds sae ofgiose lens parkages. devi ce. 25

Further | NRr@uER, iRAghBLLURTeR (EhBEHeObaBRPSs! MiifoBbLGRY. dev| oo
conpri si ng (a PP (R g ing e optical device and a RIGFPRTN i ng background
wi t h | i ght subsysstane 20 iscludes imdge proogssos awransi3d; speratorahtenface neand and a

d | ength band, 30 ' id first | engt h_band i d
second e b AT THPARRREYAIET el v PRSIGRLY. BIRASSTP TOR0S 2006 WO
03/073061 I?Ei[/d@féwi%?ﬁl@éﬁﬁﬁo £684sBr 8AH thdrdr§tboaPded 2 iid inkafde igars i1 st

intensity and sa second wavel ength band has a second intensity; (b)
transnitti 86 insides manitoridd andyhost gomputari4®al devi ce wherein the majority 5

of sal d 1t WauFLENG!pariaps dbadB b hiad th ARkeSeflicrg, and (e

majority of the secon and 1s'transmtte said optical
devi ce, andphthpimic ienyesalahgd a peedetemimaed path dnidghto alens ipspectiosensi ti ve pi xel

HPTINOMEE YK e ERNPLY 4 I SRR L
wavel engt htdgdibrate a light beam which includes light comprising one or more bands
that are at least partially absorbed and one or more different bands that are at
least partially transmitted and to direct that beam through the lenses moving
through the lens inspection position. Imaging subsystem 16 generates a set
15  of signals representing the 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 insystem 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



are transmtted, and capturing said background transmtted |ight on a photo-
sensitive pixel array 15 (d) producing an i mage of said optical1gﬁ%kﬁgo&$d
sai d surroundi ng background wherein the difference between the gray scale
val ue of the image produced by step (c) and step (b) is of sufficient val ue
to di stingl¥PEOBeeen holes in said optical device and BcHBIEE5IH said
surroundi ng background. As used herein, the terns optical device,

sur r oundi nghrBaGHK AGIEXEensidr Bbe 30, WRKR RBAESUMERG cSRBRRATOHRY fi&ragt h band,

first intensity, Second intensity, photo-sensitive pixel array, gray scale
val ue, hol 82and G4uipia ftesiholdes 6. INewly filtered lighteerntiones omdgtetavgseind pref erred

ranges. As | t g | e or

machi ne regﬁggﬁém?ﬁ'ﬂ%ﬁy %gh%&e?%adrvﬁg%ﬁ h%é{g'f‘fe%'ﬁ’t#’@% S devi cetggtﬁg%s)ai d 25

sur roundi nin dexidnizredmalter 32i dightegerging fioen threcgontdct derenisireegieedbpne, a
conputer sgreen or, ot her view ng,device. Further said i e may be

nmagni f i ®d, ﬁ@rmH{th‘%‘?WeQ q‘[‘%{k}&@ﬁgﬁ&'qdr&i’i‘&@@ ?rﬁgeﬁiﬁqal?%9r%$ﬂpﬂ@g¥§ader to view
sai d i magetheltdméra\CODI dtayl 76.1 The Adsuthetdmageldata Bey théatpbteddiedttye fol | owi ng
drawings. 30 Figure 1 illustrates inspection system 10 for inspecting

contact | eHRroCessiRg swbsystegenbigire ¢ alsshiiows a§amemligesifisteribsyst em 12,
o) o eSO SRARGE0, Kt ERASH SRR A Braba MigsaL o Sunoveten
mechani sm 22, r&hetliterspd and 6dredoyve dmzlwavelengthsiof Yightfthatare natar ri ers or
e et 50 i s BB B B B o BB B e BB E 00
i ncl udes i gAgef thedfitepsBranBafiiter 9th HpedietransmigsionhiaGa0mm 390 FVBAM and
supervi sory_conputer 40; and, nore specifically, processor neans 34
i ncl udes alfHiuyigth ahhatimax.oeetheqyidiy tﬁﬁﬁ"éf‘ﬁmﬁf\;ﬁﬂ gg“ﬁ??aﬁr?&t"i:ﬂtf@?'f ace neans
measured at 50% of the peak transmission.) The second filter is preferably a
uv filter, either a UV transmitting black glass filter that filters light at 350 nm 53
15 FWHM (UG1 filter) or a black glass filter that filters light at 324 nm 112 FWHM
(UG11). 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.

13



36 includes nonitor 44 and host conputer 46. Generally, transport subsystem
12 is provided to nove a multitude of ophthalmc |enses along @ parch 2006
predeterm ned path and into a |lens inspection 10 position, referenced at 50
in Figure 1. Illumnation subsystem 14 is provided to generate a |ight beam
whi ch i ncWRIBX¥0Bdht conprising one or nore bands that RNCI/EOINBHst
partially absorbed and one or nore different bands that are at | east

partially ”ansahég@% GHLQ iSaHRA in'd'Rhs PARBALNAABpEARA enses moving

through the lensS i ection position. |Imaglng subsyst generates a set
15 of si gnptosedenesdypicallyrspardtefarisybh holeamA keay disadvantage btthegiriort r ansmi t t ed

Subsyst em 36 eotBlEal. e &t ElEab e HERTTa Lt Goe B Bubbls, Minging
subsyst emwm@r?an@nmm?ﬁgggfnﬁmamnﬁcgmbgoam ihiabiity is dueptoatlefaotm ned 20
program |

this rocessi ng subpsystem 20 generates a  signal
i ndi cat? ngt%gﬁﬁérbuég@ﬁ 43‘&‘}5‘98‘?'8% 43Mgi5@&5ﬁa@%eﬂ%%smumg%e. If a

l'ens - is fopadichtichsy Hr@%g@fﬁgfngg etogfarq%%g\?%eétgdtprrm tted to controller 24,

whi ch then operates’ nmechan | t he unacceptable | ens fromthe
st ream of accepthhileminatiopsubsystemf 14 isdiesigned and anesatedite fermmannay be used

25 in syst 0 | J i i Ll e above-nenti oned
U.S. Pat enM{’@%@érgaﬁjd?%ﬁ‘gf’ﬁ‘ggtbg‘ﬁﬁ%p%‘?ﬁ‘é’é% @%}%‘g'rg?% aRS. 09/ 751, 875,
bot h of whdifferemces,erdeprocessing potsyistam BQ is pfovidedoeith a roline thatitam et i es.
iI]lustrates. pn %reater det ai ort.ioBs of thq ﬁref,erred l'i ghting
e eh IS !

Fi [,
rna o1 nigea iRt eihsS aBd tistePy gisBRoub BRmaano &Scte @ 30

carrier pagiy BebuIByY inte 3oRABNP e%e&m&ap_,ﬁ%inumﬁimaﬂ%u%eyﬁéﬁctr! cal signal
to the lighting subsystem which Inturn fires xenon strobe 54 (light

‘source). proyites g puiat-wavelengtieimagingmethesfes thereasgrherens the legsgl ass 56 and
mgrates 1ﬁas1‘\7arh4?ir§tgo?&%§1 IMIQ%O%&%% g)tq&y%%%/iﬁaﬁﬁ\%tion source
comprising wavelengths that are at least partially absorbed and wavelengths
15 that are at least partially transmitted 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 s 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

14



t hrough |ight extension tube 60, where it encounters a conbination of
filters 62 and 64 in a filter holder 66. Newy filtered Iight coptinugs on
its course through the primary package 70, where the light encounters the
contact lens in de-ionized water 72. Light enmerging fromthe contact |ens
i s recei vaOB30B0Glhe nulti-el ement quartz lens 74 and optBE@AWI0Y0BFocessed
before it inpinges the canera CCD array 76. The resultant inmage data are

then prOcesc%ﬁgocﬂ*a@)ﬁgﬁ{a%@%gﬁgéo@eeﬁ%Bamsm% 1Fézgwneur§%@gp§gfe3§@vg a canera

| ens f-stop a l'ens extension t | ens focus
ring 84. THeSflilters, 62 and 64 renove the wavel engths of |ight that are not

Proferably  one Ao NG THECEPSdLB S viaf e et RTIENT e A, i o
540 nm 300 dovilvisir(grthlel said fiishwatelbagth bamd. andosaid becowdiwhaveléngthebandansmi t ti ng

band of an optical filter neasured at 5Q%of the peak transm ssion.) The
second i | tigyident %'@PM?eﬁs't'W'W'I%@y,'slﬂ {’Wé]"'da'%getqu?%ﬂ?@%’tfvﬁéj bl ack

glass filtef} aﬁrai.i k&ﬁé%mblahﬁhafcoﬁégp&maﬁgﬂa‘g \A%wéﬁg‘lﬁblgabbé%}héﬂ a bl ack

glass filter that tilters [ight at 324 nm ) “The filters are
descri bed photehengitivenpixelarayds forrexampie 040 28A1 the average intensity of the bet ween

the |ight s . ' y ed: r... pliers ma

al ternat i vaoyt BEORBEa Bp BRIGSER By Pirel RS SRl A U midd e aftnls O S ot

20 Wth regan%p&fémbl%mblmo._ ilmrrgh'ressnpﬁrgab ("en—ei—d "Jrgptesentstthehost o
ter. 46, I rerer, 1.NC S a oar a video termnal, IS

conneciiBd tamaraitetimnsmlute dns SUU7S ot oy TS ERPTS the RersbsRmtBR e bei ng

i nput i nt 0 daAtewWRhOGERRAS prefBAi, bAd lidd 9ug".al JowRRANRALEEs bandy 868RgOT Neans 34

and is provided to produce video inmages fromthe data values stored in the

25 processdS, reriasenta e Retiransmitlancesspesira @t e camara afteripasseg i nspecti on
e a0 45 TR RO RusRRE SRS HRIENEY DL eenae |
is accept dduineed G ther pikéhyarrayhusing thisiowdi-$pecirahintaging tadheologygdhef each | ens
For 15 contact lens image is a partially translucent image i.e. a gray image, 97. This
image clearly distinguishes between bubble, 42, and hole 43. By contrast, a
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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30 the presence of any defect, or nore precisely, for the image of any
defect. If a defect is found, the lens is then rejected. 13 17,MaLeho
WO 03/ 073061 PCT/ US03/ 05356 One type of defect is a hole in a lens, an
prior art inspection procedures typically search for such holes. A key
di sadvanta‘@@og‘mﬂﬂe prior art technol ogy, however, is itRCT/HUBPIBey to
di scern accurately between bubbles in solution 72 and holes in a contact

| ens 70. %tﬁ'e{rqu%\l«é\; {2 tﬂh’@d mﬂH’ﬁ‘atoﬂ%%tﬁré %ﬁgﬁrﬁ@ﬁﬁgpgﬁﬂn‘@ns and hol es

43 have si characteri | ency 1S | eadi ng
cause of fEdtlsellsypampelaﬂ;dlqﬂfsmtadtto trﬁsystemtdesamm)lnersubsystem 14 is designed
and operated to

have di scer nabl %”&?J?? ﬁ@Y%ﬂE@gpeéﬁapﬁr@‘é@g%é’ 535"593/&%}1%%%8 <If)éaqs)v?ggdh\(/)v: 1??1

a routine fohad, wnerelmela%pebu r‘auotimémmedméémewamuﬁaddtblyahémum of i ngui sh
bet ween_holes 1n the | enses and bubbles in the solution. Mre specifically,

the il I%ni thetbubbl %u%ﬂ%?%ﬁisomqyﬁlﬂéﬂn%ﬁnﬁ? lﬁtWFt%%@’FtBWgQ%WPHaahﬁg net hod for
the lens, Ivfgﬁra@eénﬁae L&er oﬂﬁfén‘é%biﬁﬁlaﬁ&?@érﬁéﬂ ennbeéoedfsa bRl Si ng at

| east one um natlo sour ce rising wavel engths that are at |east
partial |y albxast Bvaysvithimoae entvd pixel offitstgeametee certraid. Jhetineitinl

t tted |1 t I t I
a(rjgintsimon 1?8 'ﬁ/?é& Ep%%ﬁ%glbyanglf@[&&‘g@g ggﬁ)ﬁ%}eﬂ gon%/act rﬁgﬁsgcfﬂi sI Pzgﬁni qﬂe may
add quantities of ultraviolet inhibitors to the remaining contact |ens

t t b ) engt h,. band to 20
et vt ne. Gebiiotcs (el femtat (@RImn wpefonts @ AHRPENELRURR 3, the
effect is achigyedyity(dhas weﬂsmng.%mpﬁog“ﬁdﬁ)wmtaullntéras\tycd&;nt)and vi si bl e

light in the approprlate ratio’and intensities through"the lens, and the
net result is bands 86 and 88. The spectral bands are selected in such a

?Bgf[l gﬂat?@gﬁgﬁwétr%ngoﬁ igﬁt[slgehfé?\’d'n(al i§ Hetind by the RRIGRINEURohLe | ens and
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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25 is allowed to pass through the Iens. The uv portion of the light that
reaches the canera and is part of the light that forns the |magJIeM r'lh%'@s CCD
array preferably conprises 340-365nm (This uv portion of the I'i ﬁ

measured after passing through the filters and the contact |ens. ) The
visible poVPOYP3HL the |ight that reaches the camera and®PGIEUSOHPESOF t he
light that forns the image 30 CCD array preferably conprises 385-405 nm

(This visipgy ?%r%qémeasjmer%ﬁmé m&%mg fecﬁﬁﬁ:ﬁéé@éjth%iEr?éleﬁé%%b&%sfd%PUgh the

filters and t he ratio absorptive (ultraviolet i
conponent ) 98% afdine BiYslighp but/eagsgsslmpst alliqfiine mlbierhgm Becanse of/mls:a31073061

or of or abl y N opiaLt T pkal a8 o Bl Bistt (St Ay 309 values) g ony o " ™' ©
intensity signifibantliossdf mateniarunsthegaﬁshmll saowdpm:*.henapmkwmmégéa@md and said
on the |er array is in

second ve en and 5 inc oto-sensitive

Che. i cb r aHOGE Brchel Srek ACale Nales ) oHSa g, Heles a8 Becsashy fetcisdine
COfreSpondthQGnﬁgéé’b§%hﬁ>aﬁ1ﬁ§@hé}9 gfaysealetfalidieto tﬁbpéﬂhéi@rﬁ‘&drfn? \ixghd. xel array
is for exa t he average intensity of the I ncident on the

phot o- sensQﬂB\h@ltptlQ@ln this discrirginats sdbe discevany of bubbles Vthlcn Actas trrwnge
pref erabl y, 300 énc}‘dé}ratcti @r?'c: \gglﬂ[elel rg@'rtgc@ ?fﬁg%ﬁe %,uf;bl)esrtS %@Eé?ﬁé?p‘&g?e

caneral filter #ransm e
absor pt i onThelpappear tinbatholes indhe Iemsesnmetthe;ahdvé bnght@#ceﬂtemthanaﬂsudes bands

86 and, 88, re esent e net t ans t anc ectra amera after
passi ntf theig "IQH%X*FénE" gy ‘?ft‘:"lseﬁ)'? ?&éu‘?‘@s&'gﬁ B‘?ﬁhé?gpkg Scontact |ens
i mage 96 Iﬁr@aﬂ?@dgﬁtéd“@o HHaX the @arkay bﬁ@hﬂgt.é lﬁhr@smﬂbtus rélaRsd toAdliowagi ng
‘technol ogy. Thé 15 contact |ens inm i all ){%t ransl ucent inmage i.e.

S
S aray | nabahtopbbieR cpser ke edasipe lans bl ga g bubblen cosBEIe, 92, and
hol e 43. bright field inspection systemcreates a bri ght
i mge of t gq{(%@{ne'[rg)ﬁhﬁ %Hg in which the edge and defects are dark pixels,
and a dark fi elWithspeeific refarengsttefrigure 5, preferably, before procedure 100 is

15  begun, the image data are processed to identify potential holes and bubbles,
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 ali 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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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 grwaq&d%yog 100
that is performed by the processing systemusing a conputer program

anal yze er i nformati on. The procedure, when used with a | ens inmge
formed i ne‘f O ¥Bbve- descri bed manner, is able effectivePFTUIUSEE ngui sh
bet ween holes in 25 the | enses and bubbles in the liquid in which the | enses

are subneiggtole, 6P BeERflal.thé BidhsRire BaBbIeS, tBEBé BMBbleB sy K& €l enents to
di scriminate bubbles fromholes: symetry, wall _thickness, and intensity

and i nt en&Psuredar gaasked|a hqlgdn Ehes'é% npﬁﬁ?'@ﬁs?éﬁwmﬁg‘"éﬁﬁ ibB@aysed in any

i nspectio | n systens as
di scl osed%lrﬁm é%&?%nﬁon%ﬂgatt%ﬁé&ég E&%Gtgéf}f%’éhilkge ?“@8%8@98 whi ch are
her eby i n¢or pmampbdthqthr@ﬂml@naleeimmy 50 a5 shownda Figure43, 436; 5, 828, 446;
5,814, 134, 5, 81 5, 805, 27 300; 5,745, 230; /17,781 675, 962;

5. 649, 210: 5. 64 t%&“ RIS bighs) 8%55&%’3 @%%%%P“ﬁ@%sﬁ‘?/ B o rety.
However, tiscdeds t6l afbiyeé the biabk eRefabattinies Spedificdlyt ansteb N 0aNthel Nt ensi ty
ratios is partlcul arly well-suited to the system descri bed herein. Bubbles

have an a$pFe@f qngtqféhemﬂbéns rempasegde @ mingpum yalee that representsithe 1. 0, where
the aspeckiibiizdatpld NoGotkel/favlt! HifieBlop Btbt BledtbPiifindis!l of 5 the

bubbl e. ave symmetrical structures In as well. The
i nerti al cmmmumdio(ecsm ghe blob istconsideredsiatito ae a fiolecandtheobutives) of a

centr aPa. PRRESERL BndPYS 1id ebiot? o mitefibd Bxltefl 4 W3 RERMEL ot  ons: 1

Col um: XItharn 3 pixeR, 47mhieraristiy eofisiderelduist tobs athiad) / ( Tot al Intensity Count )

Row. i (pi xel intensj Siti on / (To ens y Count) The

geonetric cent Fogentrastiit ti‘ecs&ﬂ 8”‘ mppoq ig SYER | tP\%c\t qau ‘?HS & hﬁﬂg equat i ons:
the routine goes to step 106 and the aspect ratio of the blob is calculated. As
mentioned above, this aspect ratio is simply the width of the blob divided by

15 its height. At step 110, this aspect ratio is compared to a range, and if the
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 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 blob 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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15 Colum: Xg = (columm start) + (Wdth of the bubble)/2.0 Row Yg = (row
start) + (Height of the bubble)/2.0 Al so, bubbles have a m ni mum wal.) 2006
thi ckness for their size. This wall thickness is the dark ring that
conprises the edge of the bubble. Holes often 20 have very thin edges, but
the thi ckn¥Q&BBUY hol e's edge can vary with the lens prEHEYIR05SH,
| ocation of the hole in the lens, and the depth of the hole. In the
preferred s JINE: the ibis! | &ﬁ'f(ﬁif t or hole wall
t hi ckness ?ds?tch#ee{p%rn#%%etag or 'Zﬁﬂgﬁ?éggarc é&%%?%%ﬁfedggggpggzhsby 45 degrees,
pr ocessi ngthreshmld,reprasestsda backgrownd retative intedsityolop somparisor fogipixels t o 25
t hreshol ds _devel oped fr cal background. For each vector, the dark
pi xel s andoBW%ﬁﬁg%%iéﬁngvgﬁtggc% ted, based upon their conparison to the
t hreshol ds. TheFgkgdthilae psodesped,sanéstintationiof thenkozal ipdckghsunadis! of t he
bubble _or hagle and the hright gjxel .count i s uaeg to 3?ter | ne, t he anount
fetiey Pidsy

of | o§s5 of PR tz9|S,UF’ip‘f-’rta?.n : W'%Wé’@é’?é SBP [PV Or al i magi ng
techni que ﬂ{cfodlbﬁ'%&e%haﬁ?%ﬁ'dh'é?éct&is‘-ﬁ%."!'Hé“lﬂ?ééh%l&s?d’étéﬁﬁihe&fﬁ%nﬁ fHeensi ties of
a bubble and a hole with respect to their respective |ocal backgrounds. An

i rrp?rtanéI losat backgraundriaclude ahalathrastidies Wy teesrdd.eandadelso3/ 05356 )
bver 00 SERRIETIHe s i¥sSpo8TE L3 IiGem bl foliIing g BBB, pr ™" °°

Because of irtérics is nothat saturated leVels sbutfipbrgiterthan te bcabbadaroyidwer gray

scal e | ues) .an igni fl.cant lLoss of material in. the leps will show up
Tt el 8 ap Bida e et bBtNah Feshal iked e 2yeLats thedhtea% bEBBNG ¢ ni o,

hol es can gl &nsitress dficed BGbbI8 imh apﬁ@a@%s_tavdmrmaﬂuaﬁgn?@ﬁaﬁe gray scale
val ues to that of neighboring pixels. One limtation in this discrimnate

i s the di s@weblike grdonubpihesbubhle interiar imysyallysimiarnis ifeasity todtsiaeal t he

Pores o BAESTHER00! B0 SR 660k RoRRSANLAS, Dok, wiigsnopecr Lo be
significantly darker than the local background levels. A threshold is also
15 determined separately for debris, which typically are darker than the bubble
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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10 nei ghboring pixels. In viewof this, preferably, the bright pixel
threshold is Ilinearly adjusted so that the dark to bright ratig &Ahrﬁshold
is relaxed to allow bright bubbles closer to the edge of the | Y250 2008,
fail bright bubbles closer to the center of the lens. Wth specific
reference WBOBPYUle 5, preferably, before procedure 100 iBCT/UM3HEG6N, t he

I mge data are processed to identify potential holes and bubbles, which are

i cal l ' dtod
Phis for InAdasicBRdce iR thatare KRut bAR RoBSRRGHILBIEEY e mec to o
5, 828, 446; images4, 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: . 8, 715: 0. 5,.500, 732. All
Chese patents JeStPRAdELS DG PHieRL o0 (S&SerBea REIOW 76 At denudive ot
Typical ly @ toXd@imeh¥ioRk )6l eadhepixsliof theblBBis aéteRtlingdl. (An peporaint pafthe
intensities of adjacent pixels to first |ocate the edge of the |lens and then
to det®rnphibejinitialilol éﬂ%‘WéeP@ﬁ?d'ﬂgﬁ&R@M'-?hPWCﬁH@QﬂBﬁQUbWe pi xel s within

the | _ e . v Ty
| oss ¢ han BoCerany Boflialebrio RO fRE diderdh Fig, 8. i5 By detbfipinalbdne 1Y St
Adj acent pofdtbe dblothedgassbycalculatimg its first derivative imtwirdinénsishals dr val ue are

dt t.h d L. b f d.,t l. A. t I ' '
et i nod ar SR i hhareyaciefle i iadia ol RedPtand i rRBs R having
i ntensity foamuesiob¢sslatdrproddssingt Heedver dhesed gmadidkit valus dréZeglhcéd ocedur e

100, the total  nunmber of blobs is 30 conpared to a threshold value; and if
that nlfbeln the inilal bloh,aralysis wathRixe! CQI&’FEE,'"QN@"F"EﬁéJﬁeg tpét'gg‘t ed and the

routi ne engs Sy hi ; ' . A are
e asent . 1 foiphBcHng pifeld@RGtREr hfokf efitbout BRb. A< apAtERMe BUEAR =" ¢
WO 03/ 0730igentificatiospaiaesssihe blokedge gradiantearaveevakiated atestep dd4. ar e bubbl es,

e e O R I e S Y L
anal yze al in tiwbalilakeabisns for an increased area size for each blob (2 additional pixels
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 small 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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For exanple, the threshold value may be 50 as shown in Figure 5. 5 If the
total nunber of blobs is less than the threshold value, the rout}pg.y2006
proceeds to analyze the blobs one at a tinme. Specifically, at step fBZ

size of one of the blobs is conpared to a mninmmvalue that represents the
smal | est W98/l e woul d |ikely have. If the blob is nRCTFWHPBFS t han this
m ni mum hol e size, the blob is considered not to be a hole, and the routine

10 proceed e a bIob

smal 1 or - 9gntes i € corifattiits BB 8 odrBlaolf RE Y W b by

contrast, tofsteﬂnezzl ze of the blob is such that it could be a hole, then t he
routine goes t 06 thea t of the bloh is calculated. As
ment i oned abovgs ﬁB@%ﬁs‘fﬁEH e ting gr t?'ér'r'rﬁ? yﬁyﬁépﬁf"ﬁ?ﬁ by h? he bl ob di vi ded
by 15 Its diéi'b@‘fé’ter GtbuiMiIRBIbbfor leRampisblebs héﬁhg@ pigelcreagfsatet thap r ange, and

if the ect ratio is outside the sgemfle range, than the blob is

i dent i f3 ed a.@nd whieh bave,aq aspectratie wit '"ﬁh%é@@gﬁe‘i‘ ngePitPe t he next bl ob.

| f, howev t ves on to
Step 15, Barafidfer CARRBLORA % eialibdtdlabfinirglihey ibeliiighi BfeD, & O 10

1.2. 20 | tchanqctbestmf@malleies dsa, ah@mttocnf\uﬂrlcplxelsdoaxﬂnnmlsrat io is conpared

at step 110, does not have ent fi budt y vary from
blob to bl'GEE yn%orggarﬁ%l c?ep%elgﬁe? Be hé @gﬁgﬂ'gesml val ue may
be used fOcEalémat@dcfme&fe Ia6dl ba‘ckgdwnbl(waeaeh bwbg)eus cohfpared ¢ then si ze, while a
second vaI ue e us if the blob is small than a g}ﬁven size. Also, if

the 2510 dE?'?@‘ .L"@'I" - i the dark eixels to épte'o%%l? within therbleb jiay be
det er m ne%r@étéf‘thédlﬁch'irﬂjplﬂér tHR thb%bsl'szaebudtﬂé gea RUN Batistee.! v have

t hi cker edges so program may provide a nobre narrow aspect ratio range
cent ered cConinlRPer is deteppiried erapidcallydoeatgiven system anddens. bkenthes by rel ying

nore on the’ﬁgé}ﬂgg'gfei"aﬁbafér@&fe Pé}f t hi cknesses. 30 At steps 112 and 114,

several vdl n particular, at step 112, two threshold
val ues are cal Atlstépeti20,Ahé ratit ofafark pixets, toraﬂfpi'xerlstk d:a)cwlatedt bad ke t hreshol d,
repr es%nt Satas.tebpa(f\gtfJ rtl'cl)lg r}gtlor %l uasteldvg dle?etr?n?r?e | eIher theo&'gg is a?‘nole ora
bubble. More 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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18 17 March 2006 WO 03/073061 PCT/ USC3/ 05356 for pixels inside the blob; and
the second value, referred to as the ring threshold, represents, amhzmm
background rel ative intensity for conparison for plxels on the edge,

ring, of the blob. For each blob processed, an estimation of the |ocal

backgr ound¥P493/673pdr f or med t o support a better determ natiRET/BI030FASeshol ds
used for evaluating the blob size, shape, and characteristics. The

t hreshol ds det g F@?&J{iﬁ | t hreshold, a
ring threshold, ﬁrgt&@ ii{eg{bém) r esﬁé H%Q%rbg%l&e%ﬁ%?cﬁﬁbsused to
identify pardceads frolr@enﬁéGéotstey 122, wherren ther size of mertdobascmapanedtted | evel s,
but is brighter than the |ocal und bI ob wal |

t hreshol d Q'V&é‘e"&"{eo(“@@? P4 Ba'far%e ﬁ'%’@ﬁ?ldgi %%'%(%OFﬁ(#(?O P kness since a
bubbl e i magguep WHich @pr@seﬁlﬂé thecmésamlmﬁ size o aBidbte. mwmblbbkenat donut. The
bubbl e | nterior is usual simlar in intensity to its |ocal background

| evel s, busmalignihan HT'%MQ'UGSM% blgb és.identiftedasmpRler iHrwevgs; € the Blob is
si gni fi canglyundanksthid FEB friasr Eﬁé‘l‘n V\ﬁi Cﬁt@?”l‘%' Wh Féthéﬁh&ﬁkﬁﬁ%‘&l{ dis also

15 determ ned separate for rns, typical y are er than the
bubbl e wathe nng,ensutSId@sedgm@fﬂmeblob isd@emoad background to set these

brocessed w1 LaeetappERERITEEREN ey iR IsEMMNE NI ray be used
t o det er m gghibibthergiaeadteastic traitef bubﬂbshm'kambewbsemwe afdb“nwaﬂfhe bl ob.

Preferably his val ue may be bhased on t nt ensi t ues qf the pixels
inadfin 'GE’éN%uéhﬁ P%??o'ﬁrqert@"ﬁ'ﬂ%detﬁtéfﬁ @ ht‘%@'g e that

defines th@\/&@%‘ ¥éba?rat%9@y foﬂg fh@edeg'n%% p%e@ﬁagmo?n bl ide ﬁ%ttgém gred

backgr ound l'e“ring, and bris val ues may be
cal cul at edtngcetntmr enmgomoaang fie intansityvalues Ry Naixals en(tme yaewm:hmie * BgSi gnma)

and ring thresholds calculated from the local background for each hole. Along
each vector, the dark pixels and bright pixels are counted, based on their

15 comparison to the ring or hole thresholds. The dark pixels represent the
thickness of the wall (edge or ring) 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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ringThrs = BgMean + (C_snDTFactor * BgSi gnma) Where BgMean is the nean
intensity value of the pixels in a given area, 30 BgSigma is the 'L:ﬁig(?ﬁrd
devi ation of these pixel intensity values fromthe nean, and C_ s ac

and C snDTFactor are paraneters. These paranmeters are enpirically derived
by an iteMRY¥3Wocess for a systemusing 19 17 March 2085/4A0H35©73061
PCT/ U503/ 05356 i mages of contact |enses that are known to have hol es and

bubbl es 1 0t he Al 9852, diunts 5i rhade oftrdl U chils ldiengdfapr  ed bel ow

as a first derivative 1n two-dinmensions)for eac |er of t lob is

det er mi nedhatrarei daslor bright, anst very bright. t$nequatly 4o dol b ﬁmaglgasllleve'precedi ng
step 102, | the flow
di agram i n\}ql_lfegs Bé%: ’S]i &?I%eatr g%?%ﬂ%%rét[oﬁégmg tﬁ%gﬁglldo\%)gm%dg %gy}-nlcgr cul ati ng
its first réﬁreseatlmgdaMbtlgmwdrmwlbughﬂ walues. |fagitelsigray [Bvebealge i ents are
used tq track the, ext or |nt tg. forma hlo for | at er
processl ndeSHRRRe da ﬁﬁ '@F‘gﬁ?'gﬂ gji-ﬂrzdt% rpg‘q?ésp?%{'tsg%erfg €t he initial

bl ob ‘anal yirk, Wd bixéls‘Gay tVePValteds aeba\févtﬁan tfe bl thieshbidivallue nei ghbori ng
pi xel s together into one contlggous art of the bubble

i dentii fi ca(brlghrtTpr)otf@s@xeltlsl@om' eddg@edmbt @mds apixefegry levelds at step 114.
The bl ob I e first
derivati v%g ﬂ'ianrﬁg%ﬂbﬁﬁ%ﬁ%#%ﬁ@%’idﬂ%&gyﬁ I8ﬁar eg 26]9?%%" each blob (2
addi ti onalcqnsbdekead tbbeverydwrighti Wittothis pocedure, iimdyf bé)no&m, amixelar region) in
an att npt,, t.a_enh K ed es tha ve been overl ooked by the

initi aI tBBt ERE alé 9?“1’?13'? te&'cﬂ?ea bPE%yp"feg step 102 when the biobs were

| ocated. Wil eﬁttf%ﬁad)ﬁ@bthérr@lﬂin%rﬁhebﬁs fda@@tbﬁﬂ.haﬁﬁﬁe bidtehas afly eAght™ean and
standard deviation is | cul at gradient threshold is determned to

be the grRiXent If rﬂ@&ﬁ@@'% 'ﬁ@nﬁﬁ@f%tﬁdlee%i)“%‘?lﬁn‘dﬁil%'f(%Q/P'&’(blhﬂ#’ anfhe gradi ent
threshol d Br@;ht‘ékais ﬁﬁie r‘oﬂtmé Stcfcregﬁé?&gt%ﬁ' 1% hedst feBidKist dputbigh si ze,

aspect ratil
that has a bnght center because the bubble is acting as a lens. At this step,

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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wal | (ring) thickness, which are used to classify the blob as a bubble or a
defect. In the initial blob analysis, performed before step 102, fhe 6
bubble identification software, is a static gradient threshold is use

the bl ob 25 analysis. By calculating a |ocal gradient threshold for each

bl ob in t NOGYBBM6E processing software, a better assess®ERUSHI05856e bl ob
characteristics can be perforned. After steps 112 and 114, the routine

det erm nes, at P?tttﬁ\Q steld 4%“‘16& E&ﬁ]tg\etéh%cpé g:bséeslf Q{égta]laltlo%f aﬂf g‘?{elswI s is done

by corrparlngthes zeo ermne rame If the
size is | dwight pa&alstlhdlsateswmaherthetbdaoﬁafs@butﬂ)le:oﬁe|d0ethesdthmwlutme and t he
routine proceeds g;)stet 8 I f the blob size is ch 2006 WO
03/ 073061 FERARS A &f Y%%"Y ?%"%&&%R?’arf‘ﬂ "BTW s consi der ed

l'arge and ﬁ'»B?bé%IchﬂﬁedTQM&)rdﬁwg t6 taedifihéd furigtidh! Ifthelratio whiar tabeightral | er than
t he val ue specified th par anet er C bubM nB| ob, for exanpl e bl obs having

a pi xeld ar%éﬁ'@t%'&ﬁ%?hf‘-\"ﬁaﬁ deﬁ"&@Va'é!ﬁdth@mr%'slfé\?‘é'd&ﬁe%%%ﬁ lea bk t hin t he
specified; ﬁﬂgr%tlefns hgﬁegé‘f h&definsdPi0EShe tflseééﬁ'nlsisb%‘i-gfté Redetermne if

t hey have aracteristic of srra hol e the ratio of
dark pi xelhple oTae Hef)mecemlue(ajme&rablyemptgxmatﬁ)aﬁl son of pi xel intensities to

bl 'ob)) 15 compdy ButEERarelSemBRufirEbFRulbg SohSobRiR FIGRETBRME of 4% o=°"
L 8:; g: eplo ?ﬁésgwntglehlbe adaﬁjzbhpéversthoggﬁmeprebbﬂdseﬁfdmélﬁ?ﬁleemay bben t he blob is a

artial hole nDPPer termnede irically for a
gi ven %st%&ﬁ%”mt‘?éﬂg‘:" th%l'e"tshét 'SFH"GQE#F tg%‘s“l"éﬁ? obse analyredasi 52. " At step
120, the rtﬁ'rﬁaypf)r%e‘%s‘é'fm%i%nh%@r{ hbdljt e dcéde@ @é&&%ﬁggka% then, 15 at

step 124, is Tatio is used to determ ne ether th |sahoIe or a
bubbl e. Mers.specifically, at step 124, two criteria nust be net in order

for Figures 6 and 7 illustrate an inspection system 200 embodying an

alternate system and method of this invention. As will be appreciated, Figures

15 6 and 7 are similar to Figures 1 and 2, respectively, and like reference
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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the blob to be identified as a bubble. The first criterion is that the ratio
of dark to total pixels nmust satisfy a given condition. For exgppb&n26dy S
condition may be that the ratio of dark to total pixels be greater tﬁan a
defined value. It 20 should be noted that this defined value may be a
function oWVO@¥ABPSY actors such as the size of the bl ob. REHUXBH5E
criterion applied at step 124 is whether the total nunber of bright pixels

is less th : t | k@, appl i ed at
tep 124 ol e HRaIREREINEoR 206, Whioh thert CymieBing (e hichgh e CEF, 2
bl ob i s deinspettiondsysterbe Imtheovast nighority of timps,1the twarmold sectibmseateest or tests

b xel's whobuled s tietne e b MRS phtems Sbeasiat ke nmay be
consi der edmafd edtions \dé ballédgpat, eelens Wikgstse sligﬁl?mlléd awalydein tee gr eat er

than a second val ue may he caonpsidered a br| For the present system it
i s preferr@MIRiRg ’Holgéteﬁt'?f' x &isjig ngt 3 dg afgﬁrlﬂ‘sarﬁ@‘ﬁeﬁ’% B/,péqaﬁly val ue | ess

than the renfrérhémsmytéd IdrisT] é;@a.ﬂﬁ@gs@nerara%tabﬁgb dlﬁm@uusﬁ' xel having an

intensity reater than t t hreshol d 21 17 March 2006
WO o31073oeﬁemwww8¢e5356ns that has puligd away fromea makd seetiareand &i ned to be a

| ar ge bl ob d tep 116 to step 122, where the size
of the bl OfSn%Eﬁ%tM érgﬁeﬁps %?%\ %8 ?‘g‘}tge (which is a paraneter with a
defaul t val ue oTheréfee tis ebatiorsinulades a méihol of épspestimy an topticatexi mum si ze of

a bubbl e If .the blgob is not 5 smaller than this value, the blob is
i dent i 19 eddeMCe,CoMPESINGever . if the blob is snaller than this size, the

routine mo?ﬁs t Quplif@tink’Pe dé’ﬂﬁir%ohé%f shiddplieardevice Wi lightaviry a out si de

edge, of t blob is determ ned. Larger blobs have their wall 1hickness
eval uat ed first beadwitttie if they exhibit the characteristic trait of bubbles

T en 55 "B on SRR 5084be oFR oblcdtickRln L FADRES el £r T e
degrees, pbarcyadihng from outside the blob to
15 (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) 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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the center, and conparing the intensity values for pixels on the vector to
hole and ring thresholds calculated fromthe |ocal background q?ﬁ/la%ﬁ(igoe

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 WR&NPBAlckness of the wall (edge or ring) of thBCHIHBOSHAD t he
bright pixel count may be used to determ ne the anmount of |oss of material,
if any. At 985 nRf t el

t hi ckness t@@ﬁ?%ﬁ%{‘ﬁ%{}@gegl vennﬁdﬁb\é?%hg?f%bﬁﬁ'lg aﬁ’gsé{arlw'gh%u@nn hi ckness,
e.g. 20 gr edirstrbandwidth weayptormprise light irotheavisibletrange gnd dine ulitavioletC bubNEdge.

If the blob fails this, tgst t hen.t bloh..is classified as .a | e

(def ect) - Tahaend e G rayinded st Pk e 358  rsEudiéndtfic., ¢ i s
further prpassand atsecdnt Waverpgth band as gaid toiwidbhe ddfined Hureid. MAeses the ring
vector test in step 130, then its pixels are 25 conpared to additional

t hr esho? dsPa@ser rhsﬁtelaa\flmg)meﬁenqi bangwigly rgtess iplighit havieg mwavelengtho t he

geonetric j | ) ddidei onal

Chr eshol d o qo26 RofbrQliodShe thadh [RRireTo Ry o 4 St soparetel o The -
BgMean + (thellensiedge B9 theuhold3@rner \hisippefemrad thattsaiclight hayingesscri bed above
the paraneters d ef.ac. ar.e d: ' | L descri bed
earlier. 2%3%?%@@8% lmgﬁ%gIt%yﬁ%tlre&j‘éﬁt%%%&%@g? kéd@?égﬁ'i@? counts
are nmade oébddte3eTuarhrr of pixels inside the blob that are dark, bright, and
very bright. Specifically, to do thisg, the gr ] evel . values for the pixels
are cotpar ed to&t’IL@"ﬁﬁF IpyeRigRgn Ua%ﬁ E@?tﬁﬁigf@ép?mﬁ" Pefigalsent i ng dark,
bri ght andqugsy chipl&ihgval ues. If a pixel's gray level value is 5 less than
the dark threshold val e (darkThr), the pixel is considered to be

(a) iluminating the center zone of said optical device with light having a
first bandwidth;
(b) illuminating the edge of said optical device with light having a second

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 forreading the pixels generated from step (c) to inspect said

optical device.
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dark. If a pixel's gray level value is greater than the bright threshold
value (brightThr), the pixel is considered to be bright; and i§7ﬂa£%§&%'s
gray level is greater than the very bright threshold val ue
(verybrightThr%é the pixel is considered to be very bright . Wth this
procedur e W P340lhe noted, a pixel 10 that is very bri gHHCHUSO¥PSE count ed
as a bright pixel. At step 134, the routine checks to determne if the blob

has any brAg{ted Bereih, he kérmtPdptical@evide phibto-sertativiasirgl drtaydndgdiubbl e; whil e
if the bl ob has any I xels he routine proceeds to step 136 to test

rignt pi. t ) A
i f the bl o¥enter zpneusdge. light having 2 firsthangmidth anddighbbawing @ sasendubbl e i s
acting as t+Ri : trrd sed upon the
nunber of ar{rcﬁﬂ(gltrtl1 reitgﬁtﬁ aﬁ@(e gﬁ%@m&é@@ﬁ%%ﬁ?s&%ﬁg@?ﬁggg@éothri Cc center
and the inerti aAs used heieih saidtmeans fodilgminatiog said ¢eérder zonk imaludbduteferred to

as a pixel | ghted .nean, 1o determne whether the hlob is Q.bele, hol e,
debri s,gorwﬁﬁéeﬁam5%"8Psm§@f%@hﬁ$’ﬁﬂbﬂﬁ'% ugee ﬂ'i"%ri‘?ﬁg?ti' fit pi xel s in
thei r cent gemefiviibreiniid filtérerdristlits ightipat siidws helek \apidaahisyinaidy cl ose to
their geonetric centers, whereas holes often wll_ appear to have skewed

inertial centicabderdcewnBrefembbasaid firs fiterglemepklsarsmitlight i thesvisiblenri s i s
usual Iy al W } ' | | t 140, the
di st ance b%’?&ggﬂ t he Ic{t}ﬂgﬁ,?ﬁﬁre‘éﬁer%terr%}lgggé%ﬂg?gf)%ft?iaggﬁﬂ‘%@ﬁ@?enﬁr S

conpar ed tuses hreinrodansifard|umihating saig edge inchudeshbutrare not limitgd b2 det er ni ned

i defi L . i i j th
o rold"D Shstifthg R oS iR oylde it SSARERGEF olithertoRRelIT ' "
consi der edsgid fifver %bdsqkﬁiprdwmwhm i,rnahg‘e fgb?_rd'rmnl@efrma\a@glt béysaratien t i alj ang
eonetric centrolds 1Is ess t nt IS . .ne val ue, t . 0 IS CONnsl dere
Lo b 5T Hhe laniscarige frorB the g ia9MsE BraiaBEvad ScamLilas amEM oy o5 on Lo

step 142 ¢ Aidndits IRt fritheAiPaviBle RIgbnPAng s WavelbHgtP 8PSbout 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 pulled away from the

25 mold carrier 206 is apparent primarily in the peripheral area of the lens. More
particularly, the illumination 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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At this step 142, the routine checks to see if the ratio of dark pixels to
bright pixels indicates whether the blob is a bubble. To do this, the
routine conpares that ratio to a defined value, which nay be a%%ﬂ?'&ﬁ@?@r or
which may be cal cul ated according to a defined function. If the ratio of
dark to brwglks/0Boqi xels is | ess than the defined val ue, tiertssosiss
considered to be a bubble, but if this ratio is not |ess than the defined
val ue, the bl ph is. considered to be a hale,, The defined value is preferably
appr oxi mat %?@Fo"\%?’t“?s}‘?ﬁd??Fe"?}rpé?@ﬁee%f‘ye'm?@&i fﬁ@tme 6?3@519&;9{8 alﬂ@?'ghown in
Figure 5, sddarafith ofthelisns@dpdifeornhi yritdlcawieenThisplidarr ie presence of one

hol e may be 10 sufficient_to reject the lens. It is preferred that all the
bl obs be adcgoyRlighad bypesitioning Mendevies 43@inthe; path Bumingiaf t he

procedure @ﬁggé@.' %&genémght k6i%e 52 SHY 1BRs gog_nd 7 illustrate an inspection

system 200 ternate system and nethod of this invention. As
w | | béb appr eciFiterddeviceg22 @ sompeised ahdlider ar a bedyrimembern ard gufirstsard and 2,

respectivel n i ke ref.erence nunbers, i Fi es_identify identical
o ount er par oS e TS RER el Foalrdi tud ISy b SReBEr Vil es 6 and 7
cogpri ses %r&@ﬂgprdfereaubscysigem %,2a first ﬁmeénbmartrvm\;enﬂzﬁmbsyatclmuws?émgi ng
subsyst em an cessi ng subsyste . articylar reference to

Fi gure 7, ?'?9 §§§f‘é’%%&?’ﬁi@?g'ﬂwﬁ*@iﬁrﬁﬁ%"i%‘i’?“&i@gﬁg?@_ i'?lEPﬂH%%e enon strobe
54, and ”‘ﬁ!h‘&?%&‘% %&&ﬁﬁ'ﬁtﬁm éél&'ﬁ%i?r&ef\él@ﬁfe%&iz s&*}h&atnf“sofii&@éé&?ﬁis CCD array

76. The difference Dbetween the system shown in Fig. Fig. 6 is that the
cont actO | efitter elementodid avertapsiwjth said fcstfiter elemend Rd2 end alsp hBs@nt curve nol d

206, inste | | f Qe shown in
i gur e 1 it snagBshatloRRTARGARe PROHerFite HmbhBieneH 2Toraner (e
and parti ahlternatively, zecirdutar fipstifiltec alleeridny and @hudnnutzrseusend filterosiembnat used to
I nspect thick ﬁnd thin cantact |ens as conpared to other systens,

part i cul arfQHIdRe usEd &R pERRve %ﬁﬂ‘%&ﬁ%@}- uv light alone, that can be used to
i nspect thin | eggrdevivie 220RHsitiohead irf syslemi 208%R that Rytththat gdesek | ens.

15 through the central portion of the lens 204 passes through said first filter
element 212, 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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30 As will be understood by those skilled in the art, system 200 is
designed to inspect a nolded contact |ens, which was nol ded bet,}f‘\ m
nol d sections, shortly after one of the mol d sections is remove aﬂ;le gns
is 24 17 March 2006 WO 03/ 073061 PCT/ US03/ 05356 |eft in the remaining nold
section 20 03BAK t hen carries the | ens through the indEEAISPHIFHystem |In
the vast majority of tines, the two nold sections are pulled apart w thout

Sl Tot anart . 49t STENREs aiEns AR fEY BRDIE alidf 7Y YsBRELL 01D PTo

section. T200s Amy suitabte oedgecanalysis a@ohﬁ!msmaﬂchmmd tot ynalyzel thepixebr ar t

oot a3 48R BRRRAELP BeTKoh HBobell. A SbT-BL P g bt Ll eet e

hol es or tgspest thhecrerewtuan@ﬂﬁcbﬁusu@magfeoanalyévsaalgaVMs 6an beukedes a met hod
[ nspect [ gjg an r&gt ical 10 device r’a'rl Si ngl_ @ | umi nating the center

zone ofd sdP Whﬂg\ﬁré@(ﬁnﬁﬁ‘aﬁl% 46arsg s q”&?ctobtﬁﬁcﬂ% & (p)

i1l um nati g a second

bandwi dt h: tﬁ%é'g?%ﬁfﬁ rr'nfs?‘gn'r?' ?.“ﬁ“@@E%“““@q‘*‘“ ﬁ'?%%n“el? ?f“é‘% (b) t hrough

sai d opti cdaémmid\purmssahal appsanas mlglamnahdn gépectral naphogcbecstmmet ive pixel

ot oa  pPRud RSt 208, irFRBhBrd ieAs B Se ERi A rob et et o' ¢

phot o- sensikbnmbdomaeb featumyappaats o Pixehatray 26 duerts énsosehratonfrovgs and
preferred ra refe area of said optical

devi cel® hatheg’%ﬁagﬁylé?cé—ﬁ%n gﬁgﬂthﬁr@ @%Pﬁelywhnéeﬁmﬁ 88V®f the opti cal
devi ce of fédlorhisLdlertieecagbthih it Hﬁle@ﬁeﬂﬁvelﬁi@éfsﬁﬁg&@ﬁn about 1
mllimeter fromthe edge of said optical device. As used
between such lenses and a lens whose edge has separated from the mold
carrier.
As will be appreciated by those of ordinary skill in the art, system 10,
15 routine 100 and system 200 may be used to inspect a large variety of types
and sizes of optical lenses and other optical devices, and systems 10 and 200
are particularly well suited for inspecting contact Iensés. 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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herein, the term"edge" refers to the area of said optical device that 25
concentrically extends fromthe perineter of said optical devic ?th&ﬂ§ at
said center zone. For exanple if said optical device is a contact ens
having a dianeter of 12.6 mllinmeters the center zone is the area,

ext endi ng WP8#9B8ild the geonmetric center 5.3 millinetersPGRESI3IAERSUr ed
along the radius. The edge of this contact |ens is 6.3 mllinmeters neasured
al ong this radi pying a first

bandw dt h" ref e\’rbd’z"Ie ﬁq? é\gﬂ%ﬁﬁ%h@ﬁ'% lgvﬁ\@gmgﬁg'tﬁﬁd'? m%l\%@n nat es defects
such as hotaiGulatedido glfill theaobjectaistatediaboves Ihmlll@ptapmemaem thbet. Preferably

par Usos RBgllE shodtiationS ARMr B dtiinBnis v od HebBeiibyiRoss Sklid i Soover

sai d |ighttheai, agd ntasfméﬁaed)mdmeiéﬂspmwyzdmmsncaeei alpkich n the visible range
and the uItraV|oIet % For exanpl| e I|%“% haV|n? a first bandmndth may
have a ¥i re ‘Rﬁ%‘éﬂ"@r@%e Bﬁﬁ'ﬂ‘%ﬁ%aﬁf lwithig NR:tree anigt and saEPeef g d terns are
defi ned heﬁﬁbghuﬁhﬁuénphrase "l'ight having a second bandwi dth" refers to
l'ight having a wavelength 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 bandwi dth be in the ultraviolet
region of the spectrum (about 330nmto about 367 nn). 10 Still further the
i nvention includes a nethod of inspecting an optical 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
having a second 15 bandwidth; (c) transmtting the light of step (a) and
step (b) through said optical device and capturing said light on a

‘phot o-sensitive pixel array;
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(d) producing an inmage of said optical device. As used herein, the terns
optical device, photo-sensitive pixel array, image, 20 center %gwéﬁc ﬁ)(age,
light having a first bandwi dth and |ight having a second bandw dt rhave
their aforenenti oned neani ngs and preferred ranges. Yet still further the

i nvent i onWh®YYIEE an apparatus for inspecting an opti cRCTABSS6CcoNnpri si ng
(a) a neans for illumnating the center zone of said optical device with 25
| i ght havi fid ndw dth; (b) a neans for illum nating the edge of
said opti C\Qﬁa@g&!a&@&%ﬁ’fh light having a second bandwi dth; (c) a neans for
transmtting the light of step (a) and step (b) through said optical device
and capturjng said.light on hoto-sensitive pixel array; 30 (d) a neans
for readi n19 thz‘ rBFMgoqdré%PeercﬁPgap{;?%%eglfz@?}C?'@PF]'?'Bgi nspect said optical
device. 2Gall7 WahfiRat?PHe\dptioal dXARend CTlSOiAG BEEKABUHE Bathiighel n, t he
terms optical device, photo-sensitive pixel array, inage, center zone,
edge, | i gihergipisaif lighticomprisas afirekwavelrngth gaed gadiatp®Ndecond  bandwi dt h
have their, ioned nmeani ngs and preferred ranges. As used herein said
means for W%ﬁr’ﬁgﬁtﬂ%% said center zone include but 5 what are not limted
to transnitting |igihefeinsaid firsighavelengtic bant aod gaichséganst wavelength el enent ,

wherein said filter nsm.ts. i ght S hol es and tears in said
optical device. Pr epéﬁisf‘{ﬁ"@re@tg’lyg%naﬁst g&‘@ enent transmts light in the
visible range of twherghechiduirst waveterigtiebandbhy adfirstintehsity anmdtsaidabout 410
nm As used herein neans for iIL#Q fgn%ti ng saig,ed e, i nclude but are not
limted to 10 trans?®¢ANWayelgrathLagengs asaeend SRt hr ough a second filter

el enent, wherein said filter does not produce an inage feature resulting

froma slight separation of the lens edge fromthe nold carrier. Preferably
" sai d secorfd) fi transmiftirgygaid 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
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
are transmitted, and capturing said background transmitted light on a photo-

sensitive array

(d) reading pixels generated from step (b) and step (c) and comparing the
gray scale values of said reading, wherein the difference between the
grayscale values of the pixels generated from said background transmitted
light and from said lens transmitted light is of sufficient value to distinguish
between holes in said optical device and bubbles in said surrounding
background.

2. The method of claim 1 wherein said first wavelength band is absorbed
by the optical device at about 80% to about 100%.
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transmts light in the ultraviolet region having a wavel ength of about 330
nmto about 367 nm This invention is illustrated in nore det aiH/Mith 006
reference to the 15 following figures and description. In an alternafiVve
preferred enbodi nent of the systemshown in Figures 6 and 7, system 200 can
be nodi fi SMO0HIBWdhange the filter device 202 |ocated beRGRESIIPIIES | i ght
source 54 and the lens 204 to with another filter device be 220 shown in
Figure 8. Qplter i  f f] : 1 Vi I 20

bet ween thées'\ Ien??etZ %mgréddt{%mcg%r&gﬁ'ﬁ%@ﬁﬁ?the fll?@’# bgggﬁscéeg%,sgsystem 200
i s desi gneat aboubh98%dtorabjoat 100%. | enses sinply because they are del am nat ed.
Cenerally, this is done by wutilizing the fact that nost holes and tears in
| enses occur in the central regions of the |enses, while the effect of a

| ens that fas prid metrdedf ddidm hereld saidlfidstardvelengtR Bantd Ss abgutr3aot prinmarily
in the peripheral area of the lens. Mxre particularly, the illumnation
subsyst em U 12 p8PW3EHM; s desi gned and operated to forman i mage on pi xel
array 76 that effectively shows holes or tears in a lens without also

showi ng any effects resulting fromslight separation of the lens fromthe
nmol d carri%®r. 3thermethedaficjaimil wheesinioaid segond wanveleagtmbanchis central regi on

of a contacgt _|. idnl, LI i t | east one bandwi dth that shows hol es
or tears ?tar}%ﬁgfgﬁggo@rgg/? H 8‘2@“&&?’9% the outer regions of the lens with
light in a second 27 17 March 2006 WD 031073061 PCT/ US03/ 05356 bandw dt h

t hat does not produce any |nmage feature resulting froma s|jght separation
of the ler® edg-@“efméﬁ\opr% Ciﬁﬂl“d1 \‘!H?W'b??'d'ﬁﬁf’gr,‘é W@%'@PE{R 'P%“A ®cconpl i shed by

posi ti oni V}G?]rférrl\i&&'i aggg%g@gg@% bbodtheomat h of the illumnation |ight beam
g and le

‘between |ight source ns 204. 5 Filter device 220 conprises a hol der
or a body nenber, and a first and a second filter elenents, which are

securely hﬁl d i'ﬁ'let rngth%(adéf C@W%he}gﬁ 5aid second wavelength band is about
385 nm to about 405 nm.

8. The method of claim 1 wherein the ratio of the intensity of said first

intensity to said second intensity is about 2:1.

9. The method of claim 1 wherein the ration of said first intensity to said
second intensity is about 1.5:1.

10. The method of claim 1 wherein the difference between the gray scale
of the surrounding background and a defect free region of said optical device
is about 120 to about 180.

11.  The method of claim 1 wherein the difference between the gray scale
of the surrounding background and a defect free region of said optical device
is about 140.

12.  The method of claim 1 wherein the intensity of the light that is
transmitted in step (b) and step (a) and incident on said photo-sensitive pixel
array is further adjusted so that the captured image of a defect free region of
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particular reference to Figure 8, a first filter elenment 212 has a circular
shape, and a second filter elenent 214 has a |arger circul ar shape a g S

positioned so that 214 is concentric with said first filter eléﬁ@ﬁ? g SO
that said second 10 filter elenent, 214 overlaps with said first filter

el ement 2M0ooswomdoal so has an annul ar shape that extends leyosdoiite
circunference of filter elenent 212. . Alternatively, a circular first
filter element .and an annular second filter el nt, could be .used to

hohi eve. t HS REAaeIEa Mg wi (ARGP ot e s EP: erpe-seag i 200 so
that |ightpk&lairayasses 15 through the central portion of the lens 204
passes through said first filter elenment 212, and |light that passes through
the outer peripheral portion of the |ens 204 has passed through said second

filter elempnt ﬁ\]e‘lmgmdg@‘vﬁim 1 Wh%fé&il@@gfgmrstqﬁé\f‘elé’ﬁ thMank dHdisdid'at passes

t hrough said first enent asses through the outer |ens region,
and, si m | second wavetength bard breyhtodubed b One sepese oflightighd saedrsecond filter
el enent 214 passes tk% h the central lens region. Filter elenents 212 and
214 nay tr'aﬂgerﬁ‘?prgwa ﬁh&gésol e bandwi dths. For instance, said second filter
el ement 214 transmts light in the ultra violet region of the spectrum

preferably at approximtely 340nm or 357nm (+/ 25 10FWHM to provide

ul travi ol et4-st A methad,of inapeclingranticaldevices COFMIISHIEry. Said first filter
el ement 212) tr aiHihbfing tHEoptEaPlbyicé And ASufiothBing BR&GRIUndUAth transmit
light in tl(ég fi rstI ﬁ@%lﬁéﬁ L&Ea!re\olc g% arlljd t he Second wave enﬁgﬂ' band, 88
as shown iwhéteipusaid ightBiomprises\a firgt waveleagtbiagdransfa seepnd t hat is able to
be transmvgé\ﬁeierfq(irg gﬁ outer portions of the lens and ultimately to the 30
CCD array, 8 8T the outer portions of the lens is a darker inmge
that nmasks artif actwhepéindidifitlshatavelengthtbhahd dddasait s20okd Wavelahgh3061
PCT/ US03/ 05356 Fi gure i IL#?trat es a lens inmage forned on pixel array 76 of
system band are different wavelengths, and

| wherein said first wavelength band has a first intensity and said

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
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
are transmitted, and capturing said background transmitted light on a photo-
sensitive pixel array

(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.
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200. Any suitable imge analysis algorithmmy be used to anal yze the pi xel
data to determne if the lens is acceptable. A significant advaq;e‘gg %B 6thi S
aspect of the invention is that existing inmage anal ysis al gorithns 8%
used 5 to determ ne whether the lens has holes or tears. This is due to the
fact that Wwoes/agswiof uv |ight only on the edge of the | ePCTEWEEBS3Sche
artifacts of the denold process that appear as del am nation. spectral
maski ng techhiq enpl ayed, i.n stem 200 el i m_nates r at |.east

Subst antial 19 r ddeaetodel el B PheE vaid frst NedBlefitw Bap@ls R0 voi array
76 due to |g&BosEPEYabiabbuf 100%10 the nold carrier. Thus, algorithnms can
accurately identify |lenses that have holes or tears even if the algorithm
is not able effectively to distinguish between such | enses and a | ens whose
edge has s r at t | | & 1 j;at ed by those
of ordi nar 3@ < T e Bk @ﬁ%é&?@?’n“’fﬁog’d sgSorkd WavelEnGBAHY 'gyst em 200 nay
be used t o transpitted at atouy 80%atoi atiout d00%ypes 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

procedur es (i scCpeafethod ©f Biaif N 4alissteintsaid Bedaiit Wwavelehgth baiel is @bsutusi ng
various conbi nati ons of the spectrum dependi ng upon the 20

absor pt i on/38541a e 3BeWAPact eri stics 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, and8gl aTke mettiodiobalaim 44peuersindhe ration ofiaaid first intessitydesdidher ei n

i ncl ude but_are ngt m'tt1e€,1to the follow ng. A nethod of reading pixels
ive

225 |
generated PEEATHH ?Q?—'tyé%ﬂé?‘f array to eval uate the whether an opti cal
device conprises a hole, by wusing the degree of symetry, a wall thickness,

dth I f i i devi ce. t devi
Feadabl o byt thRESGN ST Seim TAMhaIBn B TST araRna bard A epgne.
execut abl e sg¥ohdRalBERGRGD Y 418 r;{réwdeeacbyﬂatéﬁs&néé ePfightUndXmeessi ng i mage

data representing an optical device whic
more appropriate filters.

- 20.  An apparatus for inspecting optical devices
(a) ameans for illuminating the optical device and a surrounding
background with light, 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
second wavelength band has a second intensity;

(b) ameans for 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 secoﬁd wavelength band is transmitted through said
optical device, and capturing said lens transmitted light on a photo-sensitive

pixel array;
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di stingui shes defined characteristics of said optical device. 29 17 March
2006 WO 03/073061 PCT/ US03/ 05356 While it is apparent that the 15’]\)(‘?&]{)}088
herein disclosed is well calculated to fulfill the objects stated a ove,
wi || be appreciated that nunerous nodifications and enbodi nents may be
devi sed by Whe34306ki | led in the art, and it is intended t rr/usomosasgpended
clainms cover all such 5 nodifications and enbodi nents as fall within the
true spirit and scope of the present invention. 30

(¢) a means for transmitting said light through said surrounding
background wherein the majority of said first wavelength band and said
second wavelength band are transmitted, and capturing said background

transmitted light on a photo-sensitive pixel array

(d)  a means for reading pixels generated from step (b) and step (c) and
comparing the gray scale values of said reading, wherein the difference
between the grayscale values of the pixels generated from said background
transmitted light and from said lens transmitted light is of sufficient value to

distinguish between holes in said optical device and bubbles in said

surrounding background.
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