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as contact lenses, as well as automated inspection systems and software for such systems. More
particularly, although not exclusively, the present methods, systems, and software relate to a
multi-imaging automated inspection method for wet contact lenses or contact lenses in a volume

of liquid.

BACKGROUND

[0002] In the manufacture of contact lenses, contact lenses are inspected for defects to reduce
the possibility that defective lenses are distributed to contact lens wearers. A manufacturer
typically determines the number of defects, or the types of defects, or both that will cause a
contact lens to be rejected and discarded before distribution to a lens wearer. Unrejected lenses
are passed and packaged for distribution.

[0003] Contact lens inspection can be performed manually by having a person inspect a
magnified image of the contact lens prior to packaging. Contact lens inspection can be
performed in an automated manner using one or more computerized devices and systems and
software. Some contact lens inspection systems inspect contact lenses in a dry state, that is when
the lens is not located in a volume of liquid, and some contact lens inspection systems inspect
contact lenses in a wet state, that is when the contact lens is located in a volume of liquid.
Automated systems and methods often involve one or more cameras that take an image or
images of illuminated contact lenses that have been illuminated by one or more light sources.

The images are processed by one or more computers to determine if the lenses have defects.

SUMMARY
[0004] It has now been discovered that even though contact lenses, particularly cast-molded
contact lenses obtained from a lens-shaped cavity formed between a male mold member and a

female mold member, are produced to a high degree of precision, each wet or hydrated contact
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and second images comprises the entire lens edge of the contact lens. In other words, the first
image comprises an image of the contact lens including the entire perimeter of the contact lens,
and the second image comprises an image of the contact lens including the entire perimeter of
the contact lens. When digital cameras are used to obtain the first and second images or to take
pictures of the lens, the images are represented by numerical or digital values that are image data.
The first and second images, or the image data, are processed with a computer algorithm, such as

computer software, to locate features in the images. In other words, the method can comprise
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then conpared in pairs. For exanple S can e’passed only if
no pot encorenifepkdiminatige sesinge dTd facilitatethp déteationfof surhglefscts, an enhanced

illumination mode or setting is used instead of, or in addition to, conventional illumination.
Thus, different illumination modes can be used to detect different types of defects. In one

- example, an image of the lens in a first position is taken using a first illumination mode, followed
by another image of the lens in the first position under a second illumination mode. Following
movement of the lens, an image of the lens in a second position is taken using the first
illumination mode, followed by another image of the lens under the second illumination mode.
The first and second images taken under the same illumination mode are then compared in pairs.

For example, the lens can be passed only if no potential defect is detected in both pairs of images
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moved in a circular path while maintaining the carrier or tray in the horizontal orientation (e.g.,
so liquid doesn't spill from the carrier or tray). In one specific example, the container carrier or
tray rotates in a substantially horizontal circular path having a diameter of about 20 mm or about
25 mm. Circular paths are not required, for example, the carrier or tray may move in an elliptical
path or other geometric shape. In some examples, including the illustrated embodiment, the
container carrier or tray is not rotated. Instead, the orientation of the carrier is fixed, but the

carrier as a whole is moved in a circular path about a central axis. Or, the tray or carrier may be
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sane | ocghk %n%&ﬁﬂ}etat@@anHrin%ﬁg@&%él%ﬁs@e[ﬂhé RIS Sncfirfp, QRh 3 RERing, or after it has
may b when~fi rst

Al ternatively, the container e Inafirst |location

i mage i s ™be&i ned and in a second, different |ocation when the second

I mage is I neg, . caused to move from.the first
Ipos'igt I on [@?7? heegvgc"g&n@)dplﬁgﬁn?@ﬁe @gg{éﬁgg%evsg%gh U5t ﬁr‘tg%%ldégcﬁf’gi"ﬂ%gres fnr%rﬂ‘?r
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be stor ecsiaig rthrgs%%{%ac%g%e E&n&ﬁécj %L{)iegig opi]neterlegilsspcg{g tiaPSefgcts.
[0018] The method may include the step of identifying the lens edge in the first and second
images and locating deviations from an expected edge shape. Such deviations may be identified
as potential defects.
[0019] The container may be at the same location when the first and second images are
obtained. Alternatively, the container may be in a first location when first image is obtained and
in a second, different location when the second image is obtained; the lens may then be caused to
move from the first position to the second position by the movement of the container from the
first location to the second location.
[0020] The contact lens may be stored or packaged in a liquid. The lens may be a
polymerized hydrogel contact lens or a polymerized silicone hydrogel contact lens.
[0021] Any movement of the lens is helpful in the present methods. The movement of the
lens can be only translational. The movement of the lens can be only rotational, such as rotation
about the central optical axis of the lens. The movement of the lens can be both rotational and
translational. Translational movement of the lens within the container can be useful in practicing
the present methods since the images of the lenses in the containers do not require precise
positioning of the lens in the container. For example, the cameras can include a field of view
that includes the contact lens, the cavity in which the lens is located, and the surrounding

portions of the container.
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per f or me@ YR PT SEnPaESMYta aRalyaed spagentiplyle-ca sl Bptdhe firshigrage isarglyed

may OCCUbe@f'et&rdufiﬁgol%@iﬁ%dhé. JRER infg® PO SD onPimdaB R dnIBI&SaTRheRE0ond
anal yzed sequentially (e.g., such tﬁat the first image i's anal yzed

bef or e ofmeHgris eljaisedai ni ng the second i mage and the second image is
anal yzed@php! g |RE6AIGE hiRAfirdsIn ARIALARAecod PRAALING bOGAL BTerll of
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any suitable co-ordinate system, for example Cartesian coordinates or polar coordinates.
[0025] The container may be a blister pack. The container may be a lens carrier or tray
having a cavity or receptacle for storing an ophthalmic lens in an aqueous solution. The
container can be a blister pack that comprises a contact lens storage cavity. The container can be

a cuvette. A packaging liquid, such as a saline solution or a buffered saline solution (e.g.,

phosphate buffered saline solutions, borate buffered saline solutions, and bicarbonate buffered
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conpl ement ary netal oxide sem conductor (CMOXS) integrated circuits.
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arranged to have a depth of field sufficie ge to I re an
i mage i nswiicehtlblsrge tolequineras imelgpain avhichttioth tlhelh%ls sdgefaadéleder@ surfadeceais
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details o tire s’ surface ens
conpar i sentirederotstrace dudithewna@l ley etlee e apyesisovhtio@ithed bﬁainma@@mk&ﬁqmes
i mges of ,the.lens ed ens surface, 100271The first and second

e _and
i mages (M ELOHHE pﬁﬁa&’ AMagrSe 05 theders e A Y3 S3ES than the Iens so
that accyemvp pPOHklfirQRhfgecBhd Inled BRP cABRLf Ak AMBEiShilyJard& than the lens so

critical. that accurate positioning of the lens under the camera is not critical.
[0028] A light source, for example a light-emitting diode (LED), may be used to generate a
bright field image of the wet lens. The light may be at least partially collimated by a collimating
lens (for example an achromatic doublet lens) and then pass through the container. For example,
it can be understood that the light that the container receives is partially collimated light that has
passed through the collimating lens. The container shape (e.g. a blister pack cavity shape) and
the liquid in the container may together complete collimation of the partially collimated light as
the light is directed from the light source to the camera. Including a contact lens in the liquid in
the cavity disrupts the collimated light (the light passing through the container and liquid) and
causes features of the lens to be made visible, such as the lens edge and potential defects. By
disrupting or causing deviation of the light away from the camera, the lens features of the lens
can be captured by the camera or cameras and processed further. The camera or cameras receive
collimated light (light passing through the collimating lens, the container, and the liquid), and
deviations of the collimated light due to the presence of potential defects, the lens edge, or both,
enable the camera or cameras to capture those features for image processing and analysis.
[0029] Different illumination settings or modes can be used to capture different types of
defects. Certain defects, such as defects caused by formation of pockets of incompletely cured

polymerizable material during the curing process, are not easily detectable with low contrast
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moves more than the minimum angular shift as a "non-lens defect" (e.g., the feature is not a lens
defect, and instead is something else, such as a particle in the packaging liquid and the like). The
minimum angular shift may for example be £ 0.1°, £ 0.5°, £ 1° or £ 5°, or any value between
0.1° and about 5° {e.g., in either direction). The actual value can vary based on the signal to
noise ratio. Thus, for example, taking 1° as the minimum angular shift, if the lens moves by 30°
between the first and second images, and the feature moves by between 29° and 31°, the angular
shift of the feature is less than 1° and the feature may be considered to be or categorized as a lens

defect. In comparison, if the feature moves by less than 29° or more than 31°, than the feature is
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one or nore corrﬁuters to determne the relative novenent of the |ens

wi t hin t KBhaagss Hpmaation mede. oTha thisd anhteurts Hasss canrfy apieesdtThen thedeps isina

def ect, QécoR@bbbitichBeMBEiROFhoS@ M uIer theBSAL & difkreMUlilhRhGorPRBIR 354H (6 the
| enses, such that nultiple | enses can be inspected at the same WO

20091148862 PriyeosEhioBEey 5ORS Yl 8 E2ch (idfest imagesreangncludeybe emtire kenb.yfort he
same ti mg J;hé 3 F&%ﬁ Qﬁthﬁ‘%ng' fi&'!ﬂ%&sﬁé otl; %%rlsc LI‘% meﬁloﬁ an gan?pl%{sg%a yzmgoJle
Iarge I’IU ers of opnthalmc lense
images or image data (for digital images) for potential lens defects. If a potential lens defect is
categorized as a lens defect, the lens can be rejected. Otherwise, the lens can be deemed
acceptable and is further processed in a manufacturing line. The method can comprise a step of
mapping the lens edge or generating a lens edge profile, such as by processing the lens image
data using one or more computers, to determine the relative movement of the lens within the

container, the relative movement of any potential lens defect, or both. The method can be

repeated for multiple ophthalmic lenses, such that multiple lenses can be inspected at the same
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[ 003711t can al so be understood that the present nethods can conprise
a step of mapping an edge of an inmage of a wet or hydrated ophthal mc
|l ens to determ ne the anount of rotation of a lens in a lens

cont ai ner . WAS20MEKE¥2pbed herein, such nethods may conpr i BET/HS20p%45038
movi ng t heshydeatred ophthalmic lens froma first position in the
container to a second position in the container and obtaining a first
image of the lens at the first position, and a second i nage of the

|l ens at tife & eaneltipldsiht s tilbeTHE Rl Bg patieflad@PerRAciPah LR MR RAire of

both i mages or just one of. ﬁhe i mges, in certain situations. The
mappi ng L& BEnhsEr o PREAInE {85eShot h i mages are obtai ned by a canera,

th . n uh&dr - ompr i
or e TRRBTG. GedhyBoRerhanBd 60 RaERsTRRMOR! LAARAD 105 Gofpine o

obtained, such as after the first image Is obtaine
after thedgeedendmpgreie e cohdaitedophthdioBIekTh detemigethd amaumsfof rdiagion of a

First | mpge;nf Ieh?@mn‘?&gﬂ%r.h ?JF ’E%%ﬁb@&?ﬁr&ﬁ,%‘é’ﬁ m%ﬂlghé/ r?%?g%ﬁ{rﬁ% g s%ﬁ ?f Movin E g1e

| ens i nage i s obtalne e anal ysis does no

pot ent i ahydreted opleh@otislend frem ladfivst positiey prthy eshiding (€ asecplidpsaibniintiehe
manuf acturing prqocess. If_the analysis identifies a potential |ens
o oct . biueterzed aEGRing Gbiract of e agel Ba b Boikgn ol LSFoIG ‘B apates
sof t war e1dn® aeR@kacard pdi@ione Mhe niBHiAg 9@p dan B YkrioRfed BNIERLREH Juf®ne of
mapped aagln after noving the lens in the container and obtaining a

second i HEgBags. inrertqia suatiens gl herreappingecap bo perfasmed afterdpihi imgeestice Phszined
edge of {he JhEStor ; t AR I t
each ot he? icn]hg%’d?rttl?%%gqpéﬁgﬁy b\p%%f? eﬁ'ﬁeg%qlggcns eg%gﬁ%é:?%c@gg‘%e eoﬁ)h '%'ld’e ¢ h
| f the pétaierthelfirktdmegalie fob@inel sand stilpequentyl attey thxeseaoridénsgaisfobainedt he
lens is hect e L p ial | ens,defect is determ ned e an
et ac @SE] Fiine rods MR Ry b Aipas O nE Spfmi e o RE nifzeh Prore S

accept edsanod iess imugt xesbtgindic dsthe dnalpsid dres ABTTUEMBICY iy po@ntikinens deQQBhE N
anot her E‘% ect. an automated ]Jens inspectjon systemfor perforn ng

the pres&ht SABPIRSEL AL PEROPSSLA theppanufagumepeosses: iTothe agalysinideniifies a

conpr i sepa@e@@Mhadefact] the lns @4e'dF ehe MHAnAgE &in'be@happaP @i geoffpulP VdiRthréio
lens in a lens container froma first position in the container to a

second p&¥YZE & [eps image duntaad ferlensedse eanrkermaapped agsin after moyiag thedens in the
receive L f i I [ for .ex | e
by bl g oy r shABbLfed SndIAMEES: il ot Wind B Sl lrbueSl ror WlBpREITILE
to the | ¢dgstof §edireldmag (U@ IThdenserdge maspen bé cnradatat ererchagthalis addition to

i ncl ude .S Sl it for. recei vj and.processi ng . i mages .take
R e F
for det edéfemghé kat isrejscted If e jormgeiSedsadestt BYleleiRin6@Idean attifget resulting
processi Rg ug‘ﬁi t may Rave a second WO 20091148862PCT/ US20091045038
rom the liquid Or the container, the lens is accepted and is further processed in the
manufacturing line.
[0039] In another aspect, an automated lens inspection system for performing the present
methods is provided. The lens inspection system may comprise a camera, a light source, and a
carrier capable of moving a lens in a lens container from a first position in the container to a
second position in the container. The camera may be arranged to receive light from the light
source via the lens carrier, for example by being arranged on the opposite side of the lens carrier
compared to the light source.
[0040]  The lens inspection system may also include a processing unit for receiving and

processing images taken by the camera. The processing unit may have a first processing module

for detecting features in the images taken by the camera. The processing unit may have a second
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1128-20- PCT- TD processi ng nodul e for ascertaining novenent of the

| ens by conparing a first | ens edge profile generated fromthe first
| ens i nage and a second | ens edge profile generated fromthe second
| ens i mageWOrHEY H8¥eessi ng unit may have a third procesBERYSHOUUSESS
for conpanisg-rchgpnovenent of the features detected by the first
processi ng nodule to the novenent of the |lens as ascertained by the
second processi ng nodul e. The processing unit may be in the form of,

or def i ner@esdinhodul€ rpsteRininEeovRMeAES SheNensiYl donTpBdindLfitsDich&igk Bfdhle
of a programmabl e processing unit runni ngpsoftware in order to

provi de tSRBETRIGHhEPMIHe BFst leneimage aBd pseserd lepmedgewenile genemsedfrone shgsptoad lens
one or NGfGsLaffR! B AHPRREL i

i ncl ude i ns%ruct ip?;‘?lcg%uch as soft%F&e&oﬁ%g?gﬁgﬁ‘gé?(g%ﬁﬁp%?%tﬂ%ﬁg%%%“ of
acqui si t itenfeatires etepiydipathe dirfteneessinganaddun@l themevdneat bisthe lensraacaaimnad

f [ e her. . spof
or ovt dea. HheEEHTbRse Bathe TR PLORP BBT Gy pf uiRe YR, Rltieg o

for causicogpttee Trempodessing initkatebd infiR@forn @8 a progtdimaate HocdsSAS BSit running
stored onﬂ%he con%ut er. The software product nmay conprise a second
sof t war e SHOYHF & PI6FT CRIVIHhe B ehpfitetreedrersesna mpdtistoisrmg srarpplegne or
lens by easmpadmétgs @nbecoinebRA% SRR nRIrOEhSuGe ! ALRde MSAMILAE sddhlast

| ens image and a second | ens edge profile generated fromthe second

| ens i mageftvakdhadetparureh thedmage mayisitiomef thediydrateilengess avid aalyeesthelighe

for causii,gggetdgi@d@p?aggtgqdéfgctgonpare the novenent of the features
detected as a result of execution of the first software nodule to the

movenent [¢#41] he Ihenshesispest estavaregrdspct ik progided.u Thosofivfard frediwemand
software nodule...[0042]1t w || be appreciated that aspects of the
present r?%?ﬁ%s d fé‘%tesoﬁta'h%el T%/H“éepfﬂr F%ngl,géhe[ @ngefb(}%gegﬁfeag%ﬂ% fRagghof lenses
sof t war e s@rdd on thecorgiute, THEREEtw Ik ol d ThdNofdpridd s eLbONG e module for
[0043] Certain jllustrative enbodi nents of the present nethods,

syst ens, “HRTEIPORTALIP pICeTRIVTIRECHRYOf P 1588 bY ForaRar g firghjenpeggecrofile
P Ol AR RO, B ] LR
pr esent Haig§o e software product may comprise a third software module for causing the computer to
compare the movement of the features detected as a result of execution of the first software
module to the movement of the lens as ascertained by the execution of the second software
module.
[0042] It will be appreciated that aspects of the present methods are equally applicable to the

present systems and software and vice versa.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Certain illustrative embodiments of the present methods, systems, and products will
now be described in detail, by way of example only, with reference to the accompanying
schematic drawings, in which:

[0044]  Fig. 1is a flow chart of an embodiment of the present methods;

[0045] Fig. 2 is an embodiment of a lens inspection system;

[0046] Figs. 3A, 3B and 3C show an exemplary light source used in an embodiment of the

present system and methods and in different modes;
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[0045]Fig. 2 is an enbodinent of a | ens inspection system _

[ 0046] Figs. 3A, 3B and 3C show an exenplary |ight source used in an

enbodi nent of the present system and nethods and in different nodes;
WO 2009/ 149%@!’5@4#%32009/ 045038 1128-20- PCT- TD [ 0047] Fi BST/UAM0YHF34B
are graphs2shaoorng an outer edge plot of a typical |ens wherein the

X-axis represents the degrees about the optic axis of the |ens, and

the Y-axis represents a unit radial length (pixels) of the |ens

i mage; [ qOOMFLFi gRigs. HA amd Bz gxlapm sha&g@&n@ht@e@g@qﬂ@wak@ﬁ@ lef¢ ah&dinitie
a liquid of a container, cavity | mages capt ured bg} t he system
i |1 ust r at’S@¥IS FPPESSENIS thedgiees aé’OP@H% Olwaé&of the leesu g the emwep@gemwmt

and 6B shoyhil BB 6HiRls) 8f #MRGhadesns located in a liquid of a
cont ai ner cavity, ﬁ)t] heS)I mages ca[a)% ured by the systemillustrated in

Fig. 2 wi8f48la nies brmd §8fsbow ingges ofiadortact pns ldchied dhed Bqti¢df 4 @mtairee
I's not a cgg t)ﬁ e l%ggésrégptureﬂ@y’the system illustrated in Fig. 2 where a lens defect is found;
[0049] Figs. 6A and 6B show images of a contact lens located in a liquid of a container
cavity, the images captured by the system illustrated in Fig. 2 where a non-lens defect is found
(e.g., the detected feature is not a defect of the lens);
[06050] Fig. 7 illustrates an automated lens inspection system for inspecting many lenses in
parallel;
[0051]  FIG. 8 is an illustration of a plan view image of an ophthalmic lens with different
meridians being identified between 0 degrees and 360 degrees, where the meridians intersect at
the center of the contact lens;
[0052] FIG. 9 is a magnified view of an ophthalmic lens edge extending from the 0 degree
meridian to the 90 degree meridian, and providing an illustration of a lens edge profile similar to
the profile depicted in FIG. 3A between the 0 degree meridian and 90 degree meridian; and
[0053] FIGs. 10A, 10B, 10C, and 10D are each illustrations of a plan view of a contact lens

showing one or more identification marks on a surface of the contact lens.

DETAILED DESCRIPTION

[0054] The following description will be provided in the context of cast molded hydrogel
contact lenses or cast molded silicone hydrogel contact lenses. In a cast molding process, after
polymerization of a polymerizable lens precursor composition in a contact lens mold assembly,
having first and second mold sections coupled together to form a contact lens shaped cavity with
the composition disposed therein, the mold sections are demolded so that the polymerized
contact lens product remains attached to only one of the mold sections. The polymerized contact
lens product is then delensed or separated from one of the mold sections to which it is attached.
The delensed polymerized contact lens product may then be inspected in a dry inspection process
(e.g., when the lens is not in a hydrated state) if desired. The delensed lens product (and possibly
inspected dry lens product) is then placed in a liquid, which can be in a contact lens packaging

container, or can be in a extraction/hydration station of a contact lens manufacturing line. The
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[0050]Fig. 7 illustrates an automated | ens inspection systemfor

i nspecting many Ienses in parallel; 10051]FIG 8 is an illustration
of a plan view inmage of an ophthalmc lens with different neridians
bei ng i denMQ08Y148¥2ween 0 degrees and 360 degrees, whePETAURW09/045038
meri di ansizgdoecsaot at the center of the contact |lens: [00521FIG 9
is a magnified view of an ophthalmc |ens edge extending fromthe O
degree neridian to the 90 degree neridian, and providi ng an

i | | ust r atligoid aah baah edilﬁaotwlgﬁlid)rsﬁcfﬂ ds& cohtatd 1ads Jiaé](afgb\% IRLRA b Me QSLQH %rﬁ% an
in FIG 3Abethenth egree nerjdian an degree neridi an;
[ 0053] FI G5 OR Ve b I féécogﬂ&nq*@‘&n%@%mfm aﬂéﬁopabmmel ggntagt f:ﬁﬂa%ﬁ If

i ew of ahe@MBEL Ich&hSdFR WPINGd HE1QLd BPAFexd &Ny hE: iSRG a0Fh &
\s/urface g? (%Hrl:ée coﬁtﬁ%}? Ien\gs DETAI Ii [I) %ESC?RI PTIrbtél]\lyfl g% #th F&?Iaovvl ng

descri pt iedtiasion trap andpihelikel sl fimal hidratcd norsadt laps Icmrbsaquémlllgdae mededpel
cont act S roge tact | enses n a
cast nol 3:8%83?(%33%%}”5@ Ltqgg%l‘é/‘lrtr%ﬁﬁ)ez%)tn %ﬁle'& 15 glag Wﬁﬁ???%ﬁ’g%h%
precursonnspecrmb@mgtbamethods dantildtheltetns nol d assenbly, having first
to ether to forma contact |ens

|
e S ol T A P
sect i ons naieddd kaﬁ&dnfﬁ)ycfrzﬂ@d opHISal MR YRS fof Réls Qggétggﬁrlrlgqgﬁ?pxgﬁ\ggﬂm ereof.

remai ns attached to only one of the nold sections ynerize
contact IEIFEOWR BUlTS 1i smethed otiepreqdrar sns foe defeets @un@rrsgm geie 1 Q7 oftpieviding

mol d sechkil@Rsn BQOM’ﬂlb%hhh&]d 'n§a @atvnﬁgl?ggontgnﬁ 4el ‘Fé?@ e R ?{M&Brr{ g?egeptacle or

contact |ens product may t be’inspected in a dry Inspect
process (avig.of tWF@ntam@ebdrfelrﬁ:saddmgmlmhqum ar ting dena terdbesppladed )in ihi vdh‘.:meroédqmd

I, e P2 R R S 0 B

cont ai necavigrat d&madﬂenhﬁ 5‘ hequdCatsldﬁHaﬁiwdjﬁéiélh Qdan Bt ahy uedis BlutioAt P&t

. nanUfaaﬁ%lg rtﬁenlgquxé may be ane aqueous solution that is free of preservatives or disinfectants, for
example, the liquid may not be a lens cleaning solution. In certain embodiments, the liquid used
in the present methods is a contact lens packaging solution, such as a saline solution or buffered
saline solution, which may include or be free of one or more surfactants.
[0056] With the lens provided in the liquid in the container, the method comprises a step 104
of obtaining or recording a first image of the lens at a first position, such as by taking a picture of
the lens at the first position with a camera. To detect different types of defects, images of the
lens at the first position are captured under different illumination modes. The method also
comprises a step 106 of causing the lens to move, or moving the lens, from the first position in
the container to a second position in the container, and a step 108 of obtaining or recording a
second image of the lens at the second position, such as by taking a picture of the lens at the
second position with a camera. Images of the lens at the second position are captured under
different illumination modes. As discussed herein, additional methods may include obtaining
more than two images of the lens. The lens can be caused to move prior to obtaining the first
and second images. For example, the lens can be caused to move, and a camera can take a first
picture to obtain an image of the lens at a first time, and subsequently take a second picture to

obtain the second image of the lens at a second time. Or, the lens can be provided in a fixed

position prior to taking the first picture, the camera can take the first picture to obtain the first
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WD 20091148862PCT/ US2009/ 045038 1128-20-PCT-TD |iquid can be an
aqueous liquid, such as a contact |ens packaging liquid, or the

i quid can be an organic sol vent, such as al cohol and the |iKke,

especi al | y WH0¥148862one hydrogel contact |enses. |f thePEBUSHEYHSIENS
product is2pteeadon a |iquid of an extraction/hydration station,
such as in an extraction tray and the like, the final hydrated
contact |ens can subsequently be placed in a contact |ens packagi ng

cont ai nerimagé,tagd tHehenseanbaciustEidsndve, fldaB@thé Banders O A VBE secbhid Siddirdds
i nspect ed busi r]% t he net hoc{g de%c,ri bed herein. [0055]FILG 1@Pr ovi des a
f1 ow charfP™T firSEeoRdimaess t 'L P G#ital RRrBFFALAP HEsd(O ke ikepighwres effhe lppsairs
of i nspecdebdibelyicheat 8 IRRAI Mlghd Gill RIYSE&3dddds nhfRScHSHEGl RindWhl e
production thereof. Asdqs)%own ign F]I G 1, a mgtnhod %f iinés\spugﬂé1 iléﬁgggmf)%ns
for def ecogpetsiiped deaicey as vegerstonl kyf pepropy piirdigary skidlis therarta vol une of
liquid ipgosyjcavi : A onal: ..gan be pl aced in ,
recept acl[g or] ca}q/]?e{r?&g?@?ﬁg%gﬁkg fens Q%"e‘%"%ﬁ%‘s%&’d%“?{’gl 1{6 ife PTG ?%‘heofrlrSt and
t he | ens seemdiiemagds sepsdred nndérehe/mimgriburofationgueitithg cothtacdompdter algoiim or

cont ai nerdomAlugeggo

tivel the lens and the |iquid can be placed in
the contalner Cavity" g)tlxéal%eeggtéﬂﬁi’ S[“Fﬁés. prWé’al l:egif%eg‘?mﬁ‘dﬁ?es@ﬁs’é’éﬁe obtained
herei n, dmagdse Fanyxaaples dieSn@RbdihhPEompTRE uSi¥@FBbRputéli®adritih tlprb®Ys B first
an aqueous  sol uél on that is free of preservatives or disinfectants,

for exanp'é SRS MIEGHPHIMEY dHfbt Apdessripaierain.damsanmpuies plgeritim onsaftware can
certain gilQel IHBHlﬁrﬁ@rictah@ahl]éSQthspHﬁcﬁg%iorhi Libei zfg%§ &ithe Pﬁ%?ﬁxgé ¥en to locate

contact |ens packaging solution, such as a saline so
buf f er ed fesuriehsudcispeieohial dafecshinrtieylenniclagereorgresbe ohrtigden, therentamenor the

sur f act a%%-ngpﬁn@@%iwm the lens provided in the liquid in the
cont ai ner, the met hod conprises a step 104 of obtaining or recording

a first ilpRi§E ofThemeeth@hascadongprises sdtepphiL df igereratiigaltiriderl)ediabfilg fom the
pi cture qlfrtt.he Iends %t H}{e ffi rst.positi og wth a g;,fmera. To detect
di fferent TyPas™ 8719 HRFRLTAOT SeREHLE Lieceidensadge pefifereon thesecagd amageo By
are capt ubegaripdne fiflt feheediiprafilt it thatdcond FRYESze pldife, TRL AQHoRE S rises a
conpri se%?egr@%gg 106 ,of causing the lens to nove, or noving the |ens,

fromthe SRGTIIIAS ths ameuntcl moyement of ghedersdtasmthe §issippsitien forihg seeond
cont ai Nneposiatd Whet BBrelilSh Qo ; il 0. rding. ' e of
the | ens pg? the se.c.onfj post?\toilgﬁ,g&sda%: %@&Blﬁ ?%E?h‘gg éﬁgﬁgtﬁg@godgpﬁ ?F??eo(?
| ens at hrergmgadditipend inuinbers wf tehs edgepnadiles. | mages of the lens at the

i scussednoel or e A S PR e S o ot i PR o e e
two i magéstwés iptrted ipnis firkhnd|sectmd dangeds e Thacswishring 1 1914€iliRitds@istin@uishing

obtainin he first gnd . second. i es. For exanple, the | ens can be
caused t ea?ﬁS e[patéﬂ?i’eg Wd'é‘r{'g‘? %"%gﬂmn? Westhpg haye nofimqvisd with gheglgpshasedsen the
i mage of ambentlog ivahernd of tHeSénstde@Bmindd By SatRSLRY AR firY: dhak&oAd RAEOA
picture to ﬁebtain t he second image of the lens at a second tine.” O,

the | en;p@é Sbe provided in a fixed posi tion prior to taking the

12 P SO BASIE (L Thg B R B o
lens, the method comprises a step 120 of classifying the feature or features as a lens defect. The
method comprises a step 122 of rejecting the lens if the lens includes a pre-determined number of
lens defects. The pre-determined number of defects can be one or more depending on the type of
defect, the size of defects, and the like, as determined by the manufacturer based on
manufacturing protocols and standards.

[0061] Figure 2 shows an embodiment of an automated lens inspection system. In this

embodiment, the system 10 is shown with a contact lens located in a liquid provided in a
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image, and the |lens can be caused to nove, and then the canmera can
take the second picture to obtain the second i mage. \Wen digital
caneras are used to take the pictures of the |enses, as described
herein, th¥®&R3087148%62i mages wi || be recorded as numeri caPCUAPWEY45EBNng
one or nones-aguuaier i zed devi ces, as understood by persons of
ordinary skill in the art. [00571The nmet hod of inspecting a |ens also
conprises a step 110 of processing the first and second images
capt ur ed an@éerr tdv@y seheeinlthelimapadi e catid: long isdetrly o@ta@&ﬁ]bl}lta%ﬁmfra, stu_ch Ias a
[ ch as potentia
ens. der QUpie! SRR o FRambRnE oS Btrieet 9 Hegodhe Soeme danp acindarie
met hod  Meyn@OrTErs & oktainBY afd Ge @}@e@n@Earﬂé&ﬁxﬂéxfst'aﬁ?]¥ooina(1&>&ﬁﬁ?sthEP@orﬁJioﬁa&s
and second inages or image data. As described herein, the conputer
al gor i t hrsthribedhergiay Contant lensse inseontainerymande pesséd theduabfsuwderrsésqpembnﬂg
igit i QES S ocate features, suc
;g g:)'? Ient% :ysat%rﬂgef e(ﬁ,tﬁ%a@ﬁ%ﬁg{ﬁ??%g(ggﬁ%?mgf lelglésﬁf' on the lens, the
cont ai nerl0063 t hin ewninated éans firispeitidn sysBH 80, T @ccﬂﬂia?&dviﬂ{ tﬁx@ pf;‘e@éﬁ@fﬂs@l@ﬁ;r@,
i i fil omthe firs
Tmmge.  ard B SHERTRAS iR e s PAE S9SEBN QTS ge dreimessnaliss
t he secordmpomge12.By conparing the first |l ens edge profile and the

second | d rofile, the method conprises a step 116 of .
det er mi nﬁﬂ@“f hgegﬁdﬁ‘ﬁ@e ¥ausies semporent thean|bepgdgrstee toeclfderagray or carrier 4

posi ti on feithdldify SIRCRMebrPOSdd: RiAs (SR IB! &ickh E@bnga\éﬂej\mgﬁ R%ﬁ(?, prior to

obt ai ned, nethods may i nclude additional steps of genera ( '

addi t i on&losigiretostaiters, syeh ag dgjer torsedling dlae bljsG0 BAKThAlterpsthety, ldsgired, the
conprises,a Hok$ ' the location of.correspondin

fegF ur es%f%SQ% gﬁ‘ in (t)'ﬁefeorﬁ? (?Fg? 5A§n I 5(':"ct}ﬂ%f%f)'ﬂrga)ésshav‘i‘ﬁ§a‘88?ﬁp‘8r§§°ﬁeg’%ii%“a“

facilit aesesdndiuidguTishimge t@ptsiti@otmpateniBVE theMWdésdbrie e ofdISehk E@iRes 5,
features that have not&é{B)v ns based on the anpunt of

dwth the | !
movenent Sof THRES PEREre esrlﬁ‘?art\‘go"'b‘i}’eég’ﬁﬁgmer?@m?ﬁée”fsiCP%tf’mérn%l agg eRsyRy more

| ens edgearpéras 6 l@sied bOBRAUpPASEIR sideat tHe@SnH@VensPBNEReMS. Ty iRy | ROSumitR ds
whi ch ar? not normal features of the |lens, the nethod conprises a
'8

step 120 18Rl SQRSEss pgahp the Bumkefof Fangps fushthat disredsa and terpse dedtivoship. THe
et hod CoiRérhSAs pasi®dRA rdifdveQb Hell ghtdduPd saaleth!it%n[?fcoht}a& llzng rl?ntainer is
includes a pre-determ ned nunber of lens defects. The pre-determ ned
number ofoca&d gerebewean.dighberaitied framythe Hgpeotiappsen thrheght hpeontdct hef ect |
the size def [ ﬁ]eterm'. ned. by t manuf act ur er
based oncﬁﬁﬁ‘?‘r&g\%@ i’t}heg&glreg ' g%ﬂg lch%grﬁl _%%% andatys frﬁ%l?éﬂ? g]egcﬁ'Ptéc e0h s
an enbodrereit erofodameras) irehatirtht @hstrated gasddinents WsighollimatioRiléhs 9 is located
between the light source and the contact lens container, as discussed herein. The cameras are
digital cameras, which are coupled to one or more computers of the image analysis component
12. The digital cameras can be coupled by a wired connection, such as by a gigabit Ethernet
connection, a USB connection, or another type of Ethernet connection; or a wireless connection,
as understood by persons of ordinary skill in the art.
[0064] A camera acquires or records an image of a contact lens. The image is represented by
numerical values and is stored in the computer memory. The numerical values can also be used
to generate a digital image of the contact lens on a computer display or monitor. The numerical
values provided by the camera correspond to pixel intensity. The camera using one or more

computer protocols can communicate the numerical values or data to the image analysis

component 12 for further processing, as described herein. The computer or computers of the
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enbodi ment, the system 10 is shown with a contact lens |located in a
liquid provided in a WD 2009/ 148862PCT/ US2009/ 045038 1128- 20- PCT- TD
contai ner cavit wherein the image of the contact lens is being
obt ai ned bV/(hz"&%H‘é such as a digital camera. |n ot hePCENBYWAYHENES
of the priezestPCIVIHt ems, the systens do not include the contact |ens
or container, and the system can be understood to include the other
conponents described herein. Contact |enses in containers can be
passed t Hmegginakysisitompnseni b3 pettl oa dsysly @mndasctedolipled td the camera can,
manuf act L{h}!on {)rocess of .the cont acte\}) ses. [00621An automated |ens
fal Y

i nspecti o L5 contppl fhedpRgeApaT etcﬁ@erﬁr@é‘gﬁltt i ausmussipnef thegmage

be under sfa@QEbrh thelcamerads i doRipatel, PRESHAFL Yh
| ens |maqe anal Sel S conp(t)nentﬁﬁltf rlBFOOG?»] Theﬁlyﬁéa‘ggve}hﬁ%g%ﬂ&.%%a‘}]a“a%sﬁfy

conponent ?Lf“%‘éﬂ?gﬁseoﬂf prwies ploibel lang images usles @netqraxyorgalgmhme'rl‘hdlsofw@re may
hol di ng qng p%wcﬁ@)d’o‘?nrﬁlﬂﬂéa@aﬁﬂ Wit Bhe ﬁggﬂ’l té}g ?co%nspo%grﬁp Fncs)getc?lgn fysgem, such

blister packs, prior to closing t I ner sueh
seal i ng teh& rbvide evtomaic sontAll petha alﬂunwneht;qn df thed erssi e, mstpbﬁed:afamt(ﬁxliate@

hol d t.l t t I t
Ctor o tne RenPE AT REE BRRRE! bR Bl Gl fianiE P o febimere.

al so i nclle@é$ orle nare d@alewithgéféreﬁmbm B an aut6haRR8 c@rﬂ&t Qins MRp&tibARRtern
| ocat ed onhg%e si de f the contact |ens container 2, and one or nore

caneras 6"96CAF 8?1‘“695 d. Bipssredhelenrbeine %W@%‘?ﬂﬁ”&“@!‘e hideget epntadt Heas.
2. Typi caxbyiplet Besimeonb @fdrafel lcb@thd: ISR 1RO3dd BnelHRke fr&ntrxrh‘%er&mw é%e

caneras such that there is a one to one relationship. he canerasS are
posi t i onélavangabpifed States ﬁéomﬁ‘bﬂﬂmgi)@rsé’é\lséu blafilhert A\AWéREMISi@N, Batsch éns

cont ai nef oin) QA& A h@f(ﬁ?ﬂ&vﬁg? F ks ARKsiS Lo%rgfdlc%nr l\%g%)%gﬁ%& g_ﬁ%é Vdsxon

source passes through the contac ens contarner
The canegalytiknn Mé\uﬂé‘éb]wdbvarim@mkoﬁ) tdrefibonMa@ICU DB OASY S afidtadon),

col i mat T on e BAS RS alceny SRR PRE CRRpRY i i affion e

‘contact Kempedasiba). I’Ehre contactdérs ¢uis B4 h{ 6 £l Bontddd &S BABH X% 8f £siflt et 2l
caneras, which ar 0 one or _nore conputers of the imge

anal ysi s C%’B%“@We XaT? es ?ﬁ@"iﬂ?t‘éﬁl fofitact lempgs dacledersopiactdenspy maefyona maferield
connect i aiinSAOR Ak ﬁié)ﬁ N?arrga' @BAN) SFHRJORmABRNGREIQR; 0fildoR vnillcon

connection, or anot e of Ethernet connection; or a wr
connect i &afilcas, amdidgost @B@Pb?ﬁ%en@&hgn dilaBicon, tefflgons ki tasurfitconfer afatnple

100041 A SRT8 8 LR RERL R AP LBt L Bl S B

image is r I'cal "val'ues a
conput er corapmoitipn cifhteinmgrmdrcmaihcmdmeerscmh at 3hytrexusied niethage e GIEMA),

The nomer P BariS ATV P iete SR AR Eohdn GlBrdrye) ebaint

i ntensit yyrroTidenesﬁ’fm’l) Pandsbm@inafiénsQker8dT! Thé BRBIEEH coRpBdiR6RIafko FRBuently
conmuni catnf .the nunerical values or data to the imge anal ysis
conponentO™BN P OTeTE RARLY S JRIEEOrSH gnd ¢fessakipg 2858H- her ei n. The

conput er [0066]JcONTHE RAS 19 intalF@st position in a container 2, the container 2 being a standard
transparent or translucent contact lens blister pack, such as a polypropylene blister pack. The
container 2 also holds a liquid 3, the liquid 3 being a contact lens packaging solution, such as a
0.9% to 1.0% buffered saline solution. The container 2 is held on or in a tray or carrier 4. There
is an LED light source 5 located to one side of the lens 1 (that is closer to the convex lens surface
as illustrated in FIG. 2) and a CCD camera 6 (i.e., a camera having a charge-coupled device
(CCD) array for capturing lens images) located on the other side of the lens 1, the CCD camera 6

being connected to a processing unit 7 which includes a memory unit 8. A collimation lens 9 is
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WD 2009/ 148862PCT/ US2009/ 045038 1128-20- PCT-TD i nmge anal ysis
conponent 12, which are directly or indirectly coupled to the canera
can, throu software, control the inage capture by the canera,

control g"ﬂ”ﬁ?’fk‘ﬁ@m on of the image data from the camBEEUSHOY/HE038
comput er,ugﬁezof-mmu he analysis of the lens imge data, and classify
the Il ens inmages or features of the | ens inages using one or nore

al gorithns. The software nmay al so provi de conmuni cati on with ot her
conput er Sogiteddmmpenein Kkgho fourtees amisthe céritanery gthe Procsdsitiz vas 7tadd Rle@or Pienit 8
aut omat edacgnt r(gl tOfdtt he illum I’lail on of the | ens bei n?%i nspected or
aut omat ed 2 SRFPETSIEH BheCHIRARE of herBres #AYSE ATt fon the | enses

bet ween t[0@67 aNEFiGsABAl ahd 8B EhSP N ligk-solr@O § Akddn AR ERbSE IRkt of ‘Metﬂ?esent lens
reference to FIG 2, an_automated contact |ens inspection syst

i ncl udes IBSPEBANSREtedR different Hluminagion arasles. HE daies defeqtn gh@yﬁmdaxoe@ct lens 1
| t
si | i cone jhwdneagd 3 %Qﬂ%%gduglngr&ﬁffergﬁ‘ﬁ’imﬁ?ts&hsg@fln%% t%ﬁ)ﬁ(?du?{y FRAGH o § &?gfahe

| enses include | enses rommteri a Towi ng
St at es Adigpt MFWWISJ@N@ED b@ﬂ@lﬁilﬁcampﬁsmwsr ChisteBafussedn identical

Lonb), Cl BA Vi SI otrafilcon B
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The cont 3@@% c@n&e pupedsn. Mogs thap gesien é@il?tsaea bg @pRloyedatuch gs p elusterdf nine LEDs.

si |'i cone [ggygponery ach@&@m&§emammﬂqﬁﬁﬂﬁhn&xoﬁ:tr%%m ]@rb?x oderb? Hé%@ve LEDs,
contact | enses made frommaterials having a US Adopte l{,l)

such as p®15a@etsihe ¥5Pr‘%1fhelcé@iﬁf ofgbei¢lsterots turped i agirthe Elr@imdhug)hEDS are
omaf i | Portlum@ti &g.aﬂg' Eljl ﬁl 5115 |u918é]- coménﬁf)ﬁgl ﬁﬁﬁmnét]%‘h' tlhg ?,@lD dule Cats a

vasurfilcon, r exanp e requently. conventiona con
| enses arvedttrt@éfegbde;sme diachefer mﬂ that ttefsoarck drasnem etihe sone ttgﬂrpmté 150uhder the

cont ai ni e m)no as dr net hacry| at
CoEnm) | R SRR e SRR er T R0 S0 ey DRty Mot kGl of
al cohol (tlB\lA)Ds qadt Yeabtiydre fhanloak LEDNE tridPn, soad tHeQBtich afaheRds isti g Rin
The prec?]rsor conposi tions al so freguent Ié%)écont ain one or nore

cat al yst £"anjofifheennyiced modey can be dhquh kig- Adereaharced dsmmasion ghesourges

in a firgtanResiiviPRdbdddo S5t ?fhﬁlefesgltméhﬁaﬁ%tsa'b&ﬁ’rred aIMhﬂ%nawhlchl turn
standard transparent or translucent contact lens blister pack, suc

as a pol yiHpiplaeeeen]lingrease mamage qneragiodhapriances idyipativl ‘dt;h bghtiegpanating
3, the |
e g Q%ﬁ%l?fﬁ f?m n%(ﬁ LI%QSF%a% AU WS At gar?(en ée;ef 83%5'3“&

0.9%to 1.0%buttere Ut on e contain
in a trajluwingmnmaedes 4Thé|‘llrre:ge82 sf én 1doED ahd gietde@owfmmea thedgmtuddert 0 one

si de of t e | ens t 1.8 close to . the conve ace as
i |l ust raf: PP 1%; ‘"ﬂ %gﬂ téﬁﬁ‘éﬂ%wémitfwea Cé” E%ngu%‘ "HAPFRY Y&

char ge- Cd’ilr.bpfle@ﬁ meuameleﬁma)ge@nﬁ@y ANk rafigh prédied APGRSS 84 QeAt ed
on the other side of the lens 1, the CCD canera 6 being connected to

a pr oces&THGVeontrastyyiehshors seeeal clisterrsdsns dafieets 86 dye oglorkateefi on
lens 9 i %COMPe@P&rW%E%H%Q% %59‘3%o%te%QnEgEOJ\QnLQ&ﬁlﬁ%mat

bet ween t he ht source 5 and the container 2. The processing un
and nenoiye gAs { e bembopmowrderstend ppmn@eamiawp@d@noml ofagehont mge

anal ysi Sc&@@ﬂ%ﬁﬂﬁlu%&anon and one with enhanced illumination, are taken. The four images are

processed in pairs. The rotation between the two conventional images is measured and any
features found correlated. Then the process is repeated on the enhanced images. Only if both
pairs of images are defect free will the lens be passed.

[0069] A method of inspection can proceed as follows. The LED light source 5 transmits

non-collimated visible light towards the contact lens container. The collimation lens 9 causes the
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[ 0067] FI Gs. 3A and 3B show a light source 5 used in an enbodi nent of
the present lens inspection systemin different illum nation nodes.
To detect defects, the hydrated contact lens 1 in the liquid 3 is

i maged usi WO WPYH8E2nt i1l umination settings to pr oducePEFPFPUHEL3S
cont r ast s.iz28fheerdritght source 5 conprises an LED nodul e 15 conpri si ng
an array or cluster of seven identical individual LEDs 16 that can be
sel ectively turned on and off under conputer control. Conventi onal
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convent i [ d J e er, effecti
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repeat ed;pn the enhanced images. Only if both pairs of images are
defect free will the |l ens be passed. [0069] A net hod of inspection can
proceed H970lol | Gnse thtiest ki hagbéensewmeﬂ & obfaBias BY tte COD cafdrh 6IME s 1
vi sible I i geht towarsﬁ)the nt act Fs contai ner. The collimation
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t he cont act d the container 2 and liquid 3 fromthe LED
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The di stance between the canera and the contact |ens container 1S
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noves to a second position. Mouwvenent of the lens fromthe first
position to the second position can be effected by noving the tray 4
hol ding the container 2 in a tight circular path. by vibrating the
tray, or bYVCH8YHE2npvement of the tray. The tray can BEI/HBAPEY045038
bef or e t hezgaorpstr-Tibnage i s obtai ned by the canera, or can be noved
after the first imuge is obtained by the canera. The novenent of the
tray 4 is such that the tray 4 returns to the sane position it was in
when t he tfansrsittinghg secoad inbagk énthe bionesreubstatiall g theRemé aie frocsss ifét rédoeding

same position. the circular nmoveneni has .caysed the contact lens 1 to
be noved ¥'f grﬁ{] Sl”t"gmfgﬂ)esﬁ“{)’géaig?’i aSﬁe‘W ‘k"ﬁh?eé%'ﬁ'e thegray h"é‘dg‘ﬁﬁﬁeéf“h‘é‘?m?“el”ds Ey
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the lens 1 and the container 2, mhlc% nmage 1S sent to the processing
unit 7. THED prrogeéisbaeed vy ghatiga gositieh an@emain stationary during performance of the
2009/ 1488 %}?O%T/ US2009/ 045038 1128-20-PCT-TD transmtting the second
image is fieSame or substanti ally the sanme as the process for

recor di ngogmdl t rbiffrant liuAGndtide niddeséanibaREE) to dptikl 28 Ed d2sieedOh@AsD . THAS, the
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need not 1&RANGLRRGIH £1 of ' ' BRNg NS
ho. ot hod > 107 1oy 12 SR PR LET! & rBR (b A ARG SR Tncens
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or data{e resentri_ngthefjrst i mge, . ) )
ens image. This’is done using software attempting to define a radial dark-to-light transition.

The steepest point of the transition is defined as the edge. The transition can be determined by
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such as nunerical values, to find the edge of the contact |lens or the
edge of the digital contact lens inmage. This is done using software
attenpting to define a radial dark-to-light transition. The steepest
poi nt of tW&IPUHEILi on is defined as the edge. The traRSTHPHA/MARShe
det er m ned2dxp-PCDD20091148862PCT/ US2009/ 045038 1128- 20- PCT- TD
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deci si on.im3geeoflthdieas heingrinbpeded. Toafibgurahiegamint theslawtang bordgdre the data to

i Uhout | FTHERRRTGR it S ARHES VAR i Egelims Botare o olet Mool

| ens pass@s ii@hn fairha pasigpe dédifon fof AR ihdpepedlehdMohd Rt MbrEdidiled iifadma@on
files may coptain the rules that are applied to the inspection _ )
al gor i t hifF8iRe thgreasonsfAr the gass9s faplfssisipna  he Hbrarrainel pdes configygatiop filgaayhich
for executfipncdtighfaBoPpREhases. %F&aﬂx‘p@{%pa@ﬂw@%@ BE1u@d whehSut limitation,

i nspection systemcan alter the rules wthout nodifying or

reconpi | ithgsholls vdugh axe peeddapetemne Wherberdensrnasses er faﬁ@'@mpfrm The inspection
parti cul Fbor. g&{fﬁhgﬁgn ﬁ!%‘é nﬁagfct)m{nech@fzu? rt%e%gﬁﬁed 10 tfGH rgﬁ)rﬁca?govr\ftﬁnq The
t he present 1nvention may practi ced usi ng ahy conventi onal

pr ogr anmiruigs ¢aarnusdgeassed as pdrasete@so thedeftsire dat dxecutihe ofiht progranan

enbodi nment of.tre inveqti on act ual.l reduced]to griqcti,gﬁ, th(ﬁ X

i nspect i O CHCTEP: fhARTAPLO PO IPRS sysfemeeag altes the rujgs wrihgpimedjtying or
speci fi ¢ rgampiRigehssoftidredalitig thddepatdfeersray vary w thout departing
fromthe @?F: ii t ff the invention, sone paraneters may include, and

are not 948 ed s particalanplgerityms apdsqftwasePrograEs Mpessa agqeedanemyith the present
criteriaif\RhtisPhsHbabhfiel Aliak Wvémxﬁmgrmmﬁn_@%ggg%%ﬁd rfEd BT a
for rejecting mssing lenses, criteria for rejecti'ng bad | ens I nages,
criteri aundirsipe] ache a1y Iviasshwpdiment ofrihs mvenjion dctiuailiredyced troprectice ghé a

for rej e?ﬁs&n&th %&%ri&%eargﬁrfogﬁ}rﬁned i}(\@ &QQI—%—/ %&%@%@é&%%l%%%a?n% e?s3 asnd
algorithms used may vary without departing from the spirit of the invention, some parameters
may include, and are not limited to, the area of the image to enclose the lens, criteria for
calculating rotational movement of the lenses, criteria for rejecting missing lenses, criteria for
rejecting bad lens images, criteria for rejecting misshapen or misaligned images, and criteria for

rejecting lens edge defects.
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1128-20- PCT-TD 100771The al gorithns make use of pixel intensity and
contrast |evels between defects and the nei ghboring background area.
Different detection and tracking thresholds can be defined dependi ng
on the sen¥%3 V8% eceded for |ens inspection. DifferenPCUHPREHYFHS
are used mm-detcead different types of defects. However, the sanme
threshold value is applied over the entire lens for the detection of
a specific defect, irrespective of the curvatures of the lens. In
order to [08&]t heTlsangorithnesihkd ehe ofl pixi ihehshyhad kaitaisnidvdlSbdteepn deadisand
is achi evgd b careLuI sel ectio %1(‘5 the illum nation source and _
optics, <BFRSlaring packeronpd arsp- Liffesens dptagtionng fragkipathreshplds fap op defiingd
threshol djeié&]dﬂ%%nl%ﬁ@gengiﬂﬁfié}@ A& bR &b iRPecdbRODiftdMIR tr&RoRE A&k &S BdeRe
enpirically, and optim zed to achieve desired | ens passage and
failure rdifferent (yppe pRYlafeitn gHe ey ep digesameshyedol bynlus igeprlieth oger the enitige lens for

possi bl e . . i J ng r

R L B T
wi t h usersaniethiresbdldpapeifemeraskgreurch's asjutahdmdds tchidved b odrefa] seldedion of the

i nspectiop system provides. accurate.ijnspection, of .| ense i.th reduced
i 1 F or endBe PRt BieE b S SEH BTl R F hiS T Gpiert B A SHTCHAT o
uses 12 hhiesholdgfses ub&l fOPIHe iSpB&iohiak@rithidtak B8 Y& B iAIRIMpINGNIQ Mhd optimized
reqU|r|ng hi gh contrast images, which uses 8 bit inmages. The edge
mappi ng AP BAHSVerRsiEed dens prsso g faidiire gdesur at e mappi ng of the tens
edge. In Fti i . it hetire :

cdge and ok egued e BRI S B S PR R ARE ! & bR
possi bl e diféerengps mohtrashbetivaerethe dand edgetaod thedgelsgrodndt By dreviding po @IZ6fithime
pr ocessi i | S [ rmnes,the radial. distance

B ound  RAHREdcrHE] B8k REA YRS, B AR ik Dl oo™,

of the cantuast irspersipn vhieades wdtheedued Hiéfeschigghit cortiaggUh athert wads, ithe ihépRction
shape of atl ens,. .can ig yl.t in.an outer..edtge | ot or profile as shown
in FIG ARA"Hifhdes aég BRgsS 1R QLR BRI SRR VROl Sy Se TS FeanERR Bigh
The edge cpiitalsi infagess whidhtu8Esbit Andges eT @ o@mbapplife HGGRhRN ol Jrévid@for
image of the true |lens edge profile. Filtering renoves elenents that
may di st 3FEUrdipEappine okig deng eégs la addition| l@gosetgleép diferiminagbeyeen ghegnner
that may s Jdloher Eled AAEAAILRS SROTIRUR BEERRL Sojs BUSRIAS IBASH EIRAL:
noi se resulting fromdebris closeto the tens edge, and | ong wave
ef f ect s, asdiewfergsiged oftthe kenvn of the inmage resulting fromthe neniscus

of the | ifHtod i ich the | is located, the imaging.optics, ofr
poth. 1 180708 PSR Er ind nc S s’ B MR o Bt Baiee

r epr esentecumfiersacé ofahd ydgerand cepies eradidiyr. edgdplot 6 thddontdchieng d@rchpaef b ke

IS graphi]c III# rﬁg.r.es_enge%@as {inl edge rpllgt,. The processor 7 al so .
per f or s ST HFBYKONES HE"DTRPGLH DANT HAYEPETH 2B QUET Fries PNt RPSfilsas ghown in
ot her fe&Gras A ifnBEedz@PlACin befmerhied WS EidiAr ek OTRL 438 pRYilN Yiltered to
features in the |ma(£ that are darker than a pre-specified darkness

are recoBtREHIC 3 {runedas meidedr dmaganh thuosleursgee PofilUSH0DL 04BO3S elements

Both the STer CRHRa bl AL B A S h o P e AT i

char act emicitde shorbfvayroefiicts| ®ichhemessnesent ndigatsunltoy fame datrgrckde iotht lees

menory 8 eggfe, Elrpaelot[l)gr \Qfgxeeséf)erctgs'uch as distortion of the image resulting from the meniscus of the
liquid in which the lens is located, the imaging optics, or both. It can be understood that the edge
profile of the lens can be represented numerically or graphically. In FIG. 4A, the edge profile is
graphically represented as an edge plot. The processor 7 also performs a thresholding operation
to select possible blemishes or other features on the contact lens 1, wherein the location of any

features in the image that are darker than a pre-specified darkness are recorded, such as based on
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[ 0080] The processing unit 7 then perfornms the sane anal ysis on the
second image as described for the first imge. The edge plot of the
lens 1 is recorded as shown in FIG 4B, together with the position of
any possi b BPEHF%%es as identified by the threshol di nBCHBW&ft/?"éW?

| f there 1azseoreTgossi bl e bl em shes indicated on the first and second
imges, then the lens | is passed. If there are possible bl em shes
identified on the first and second images then a further analysis is
made bef qredeteminedhrsshold ‘saltpfaﬁsqﬂxabﬁntéraity .eBothlthe ractizegot afuke dontdehiens
nat ure of e contain i.s unusual far there
to be no Bég)sl%)ﬂm?)ﬁ%&%aﬁ E?"P%ﬁr?g pﬁ?‘?gﬁ%éﬁ’l”fs)l?e rifeagjres 41 Stogsddp the memory 8
i nspect ed>fvhelﬁrod¢§sd>e1790 the further analysis. The further analysis is
descri be\(ipé) [ 0081] On occasion the contact lens | may be in

cont act §01 4 pqa?‘etﬁrﬁ‘“r?s%'i‘g YHE? they perjorar theramegnelyinet the seopad iresegpl e,
a portio

S toval | Sf PE e ab e P ee pF Yt BEETie e il P, 40,
that i ncliegtder &ithale pasision of ey Ibqsghle-bﬂ@mslms las tdemtifgdtbiy oime ﬂmeslmﬂﬂmg operation.

d d d
detoct oy Bl SIS AT G D LGSt eSO RS

conpar i s@assbét Iﬁlelmne m’eepoﬁshb’ls bleﬁxli‘sﬁeﬁﬂemﬁdadeﬂgl&?e fiXls0dnd second images then a further
[ 0082] Al t er natl vely he contact |ens can be reinspected if the | ens

is in coRPyss W“Ear‘i[efbﬁ reBAisEs hdt P%%Rmrﬁa'?f‘démwﬂcameﬁ@thﬁWéwfq ¥ dhe

i nspect i @BnthinOCREE! thENGuie BN WwusdalfoR (HEROWMIRGH Wobside bleMBhed f38nd and nearly
cont ai ner can be redirected through the inspection station and the

| ens can 3BT thsilenspeiptreated gall yadeeq e durier enaysiswian fugthersnglyisis is described
rei nspectgdyf or being in contact with the container cavity sidewall,

i nspection nethods may include a step of centering the lens in the
cont ai ned088dkh tPratccadien thepentad kntstl may leontabct withh pohtensif deval ity of the
during t pegt.lon.. For cont ai ner

agai n tolag tél%'%s 105 CEAmple aatpont‘% % ?Oé.‘&ata feaher Picon %§|p88{ﬁglqtfaheand
t hen t he sndaquemtmammahdsm:dwqanrmemayefe‘sat fegh cdge ploshid iRAGEdR Argp Wherefthe
the |l ens u%tlggtelé“emal ns stuck to the sidewa the | ens can be

|
rej ect ed EMTBEIKATAs IO )5 nef detagted nb fisis o tass- ineeitfier the Girst oF segond igiages, the

contact pesssbin7 fnbiek Blis PaMCorIRCQIRE pRANKEA RIAkiINE 3 REMbArSEH Xetwp@n the first and
described herein, an inner edge plot may be réepresented simlarly t

that showffopheqge@iots4A and 4B. As descri bed above, even though a
nggtaFE)ng(fulgél May| Q?naftx(@? ﬁg C(g{tzgz% nd &4 tr%f ]sﬁetcﬁ,h Sf tﬁ% fed %O@Q&L%t with the
y asymmetric'that a plot nma

2009/ 14886RAGT/cagH0idevodIsiB8g lfibzf&sQﬁSp@@]banﬁ)cess For example, in a manufacturing
line, the container can be redirected through the inspection station and the lens can be
reinspected, as described herein. When a lens is reinspected for being in contact with the
container cavity sidewall, inspection methods may include a step of centering the lens in the
container such that the lens is not in contact with the sidewall during the reinspection. For
example, the container may be agitated again to attempt to separate the contact lens from the
sidewall, and then the inspection method can be performed as described herein. If the lens
ultimately remains stuck to the sidewall, the lens can be rejected.
[0083] FIGs. 4A and 4B show an outer edge plot of a typical contact lens in a first and
second position respectively. As described herein, an inner edge plot may be represented

similarly to that shown in FIGs. 4A and 4B. As described above, even though a contact lens may

be free of gross defects, it is sufficiently rotationally asymmetric that a plot made of the outer
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edge of the lens allows one to see how nmuch a |l ens has been rotated
once it has been noved. FIG 4A can be understood to be an edge pl ot
of a contact lens in a first position, and FIG 4B can be understood
to be an edR2BYVHEGE the contact lens of FIG 4A in a BCTAUSHUEpP45038
(rotat ed)ligeemr-pibsi ti on. Fl Gs. 4A and 4B are graphical
representations of the plot that will be nmade by the processor 7 when
anal yzing the edge of a contact lens, or the edge data of the digital
cont act |lgs of ihadens allawsiorie tosee larvdmseh:mhads rmss’deéri @natedldiee X haxbéeninsovad

angul ar L, an surenent. The X axis
refers to ﬁHAcfegrB 28g eé?’%‘i?eta\gf ﬁ%e 6’? al"%’?f%“ a1y Fé%‘ﬁ’&?ﬂ&rﬁiﬁ’ﬁlﬁ 4B
the 0 dega’ae@e Rddrstbédtotbe ahkReg3H0: @Ql&r@ﬂtaﬂﬁl@hﬁémﬁ 28 iSH@¥arehD r&thecd) second
illustrative. le shown in FIG 8 where neridi ans arelllustrate in

45 degr e FHiPefEht 42 and P gerEm e of theipies that wilhbe aderip] the
of a contmelesds? ﬂ%%ﬁgﬁalpﬁﬁm@d%@& Ocogteagtrl@x‘?ﬁ OEht g%g%%ﬁrﬁq it %‘? contact lens

degree neridian, the edge profiTe is irregular an

di st ance {4es éa first and Selct)ﬂclo Rosiign. dRa&tdxis is heargalm)neﬁsummmhmd);hd&(gxxeez
meri di an it I t 62 th

| ens edgellmlgliﬁlll rﬁ@acsi%gféﬁ? r?gl%l)?%{égé%@gt ta‘?a?ﬁ?ee? %und ﬁ8 fie g aﬂ%c%ﬁ’se’wdmg
9a) has tthéhed} degreegerididnue thedti0alagies netrittiah 245 sh@vr’i mehBiakraeive RhY Sbwn in

j ust bef(%rI g 90 d ree r|d| ?é shown in FIG 4A ( hawﬁ

radi al di'stance of"d “%rafﬁgi‘é degrequnprgments. As illstraied wA1Gs 9.tohich is

| ens edgemlemaxﬁj)lGof 9 coritﬁt@ 1dnk B@RY bebwdth dhe GG RNAG dis AWML & ?fe@‘%e% Bian, the

has the sgalle { value, which is simlar to the valley observed just
after th&d8® Brefjleds raspiappnchthe Snedn saginl distanresyarien (ieh b nef exactlydhedame) from

di stance tﬁkf 0 a@&g méfflarPtoRh&60 &e re{-)quéﬁaem S e?a?hdaﬂee t%ﬁygoull&eé% o??ne\{ex{s ehgee in

processor has identified pos ens
begi ns t H:éGf %ﬁ’ﬂ%‘é?eafalf@élaﬂ/élﬁtgnm (shdven byethe artow Phichab t}regreasetsemms whn:h is similar

Corat on o TR Mg e R nRARRledrek hlaihion sl miGGHE o Bng v

axi s of tdinanpe of dboet 33cipixéln Fin@arlydbpaindsA& th@le@&%@rrﬁﬁlﬁ oh@E 8R¥ar radial
obt ai ni ng; r ot on of the |ens concerne The next step

of the anasﬁaf/]g? ggg’é’ g%?cf?‘f'%hhh%ﬂ?wr?aé %{rVGR‘FOW}F—*F@ singjfar e splley observed just

[ 00851FI Ger th\d aeg}eéaeﬁmexw.amo%aﬁrpkﬁ 4f (nb¥iRg b P@%‘P&sﬁaﬁk&& abguttsbﬁ 9 pi
camer a 6@%‘4 ‘?]I tuation when the lens 1 includes a blen s ’5§,&

shows th helyas daspribpdalowsy thepsocesor Zémﬁaﬂtﬁleépoastbée blemishds dnrthe
the firstenR@si Bé%?ﬁk thé hﬁ'{h'ey &a‘ﬁlstol? %qur@tla"ﬁ\%rﬁr% teg IS(%O cfr)o% %orr%’f’s e LG e duter |

second i mage captured by t CCD canera 6 of
posi t i onedgd piet \V‘emﬂ@f tp Iqelcel@tmtlm noatio of the labeg cin éf@&ztt alknamslaﬁdsmalong the

u to dj h.f
o1 i nt or S B RE TR AR RIOR OR R o PerB pbiaihune B ghecrr

edge of tdigidnarishe lsnssdmwméay Thdaeempqap okiheBh#Ysys i€ deseHbal with REard 2o Pidsh5A
t he surfac §f the lens 31 inside this line. Among the features
dlstanU|s ed by the processor 7 as being over the threshold darkness

WO 2009/ 148852 PETG:4/3200:9/ 5B¥h0#Gin k2 8p12 8f %@Tmléés @erk%n b heBES 69 the

features 33 and 34. The processor 7 stores the characteristics o
mar ks 33SHRHOBI LR lemdtingledes akdlamignHIGy 54 seowrethk st rmdg@tChptmhé b§ mest

and secopgp JRIEES6 oSHE nen§§ nli)%b “HP& $g§ﬁ0¢]§}139 'v%( ?ol thé Qon% nr?eerZy FY@ ﬁfﬁiﬁg&%

exanpl e. As nentioned above, becadse t processor nas “asc
t hat t hesasord naga cipsuned by tretCO eamera 6 of Hredatsdl id tittosebor@gDsitibM B RRY to the

i ndi cati o4 the oss bl e bl enl shes tg{igurther anal ysi s of

the i maggcg] o@%t&r & L c%%ﬁ@g%ﬂﬁove OREEESYT pefgﬁ"éﬁf‘ esholding opgratien Bn of

t he | ensdlitxmlsﬁéwmbe‘dn&hmkm thd Béige 32 of the lens 1 and its main surface. The edge of the
lens is shown by the approximately circular line 32 with the surface of the lens 31 inside this

line. Among the features distinguished by the processor 7 as being over the threshold darkness
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processor 7 also calculates the polar coordinates of the marks 33 and
34 in the first imge and the second image respectively. Additionally
or alternatively, the position of the marks may be cal cul ated in

Cart esi an Wéb?’”&%f‘ﬁ?‘@s. The processor 7 al so can det er mi RETHAMOHEA0Bhe
radi al posis-toercTafD t he potential defects or marks 33 and 34 is the
sane before and after rotation. The precision criteria can be
predeterm ned, and suitable values for categorizing the potenti al

def ect s aae Heimagky drfeganre 33 and 31 eTheprereasol 7088 thdharaatestics of He Piaxgl 5

in either_diyection fromthe first position, such as 4.0 pixels,

3.0 pi xel E“s“fg 3r42‘f.”81 ‘g‘?‘%}e%‘, ‘de“_{‘.?b‘hﬁi 'f%o‘“iﬁlti" ‘g‘hféTSF gnesecopd dmpges Rl AP YchAnges
be 2.0 pinpdeintdnbitg edludd| 0 cRenpI1IRE eMQthed BiRve HbBalsE §RIpHdeQ3r FRAN be

a fraction of these values, that is a fraction of a pixel. A

conpar i scicsfinedéhat grer qre magfs present| avpsthg thagsbolididerkmesskiber8By aditatug that there
then made,e hhkBe iopal L of, the lens 1 is the sanme as

t hat of tﬁ%b n§ar ks %gg%\sﬂagi?ﬂa%ﬁgﬁ;%ﬂ E]Sa(glgge lzranraéesvoecrclﬁlrs"l i kely to be

present dA08fe cBim protesbaisalculates éliefrotatibn bivke feds Ahé Ga3alibedRBEVER Mthe Of

the marks_is diftferent to that of the confact |lens 1, then those

mar ks ar & Aot 5062 afsﬁégllc}élﬁgs Hepafar cogy ’“3‘@%0% BERHE 38iapth 34 indhe {ifspimage and the
cont ai nersegondrimage fek@clivelpli AdBtiodaNy bhhiserRiOG] B Pbsitidd it usl hERS ﬁ@?ﬁ In
angul ar shjft, in order for a mark to be takén not to be part o the
lens, is CHtsulatediia Cagesiancopidingtes. The ainsesser alep ernyletseming whither the rgliad). 5

or | ower gakitias ofHE BoRAtia? dBfectt bBM&F ks 33 %g@&g%ltﬂe §at %é)%ﬁﬁ‘?am%tre?roka%%n. The

m ni rum angul ar shift is 1 as described above, mnimumTrotatio

of the cdHEHEN Jriefda canthe pradeisrmined. fand stitaplesiatuenfor astegsizingnik moaitial difiects
is 5 Thigspeh - it i.bl e to distinguish between .
bl eni shes t ha? Hﬁg,\ﬁ/rgk %@/ugg%vévt%ﬂ]@@ﬁgss(?%aﬁ'tagg‘ft%@%'éagma%t&ert‘ﬁ%téo“t frerp thefirst
not . Theme$itpw sudlf astiie0 ptkgh, pBOtpitatd ital iselt,hat.0 pRel, eanthaGke. | BRShRa®Id
not m)vedCan [ e tOhanIS 1the qo tact'a | ens 1 i s subjected to the novenent
of the tray wT AGARE And S SIS OF s respltip kB PegfEAcHO of these
conpar i saaluedshatl @SCirdckiedl o8, A ARHLLSh SMhSrotRSR of thBFenQY LGl H%Qx%?ks 33
pl ot of th(?ﬁl ens 1 indicates that the lens has rotated an angfe of 0

(whi ch i A"} At & tRefsmades 16y rotatipnalmpyenseat piibe feps hisahe samezns thangf te ofarks, 33
bei ng 14 and Bd, ShRBBAAL Al i insi.ank fdgant ., .an

IS signi fa?cant ly | essS a?%\‘é%QEgélggg?ée&S%ﬂgéw‘?f%%tpcgéefgi l%!f'sff ﬁjﬁd?%té?né

t hat t he MpapReEDT the ragrkhis different ethai efuhalc@itaot lebhk tismrnbase hesrks2irans oh $he

not WO ?@,Q%éﬂ%ﬁ%gg;&%g&%?/ 0 E 112%- 20- PCT- '@33 b{%{em h.present

on the contact Tens 1. weve(r)r,g)ﬂ.;réracrg R YN i i 'glﬁ ' lﬁﬁﬁnéo%ge@ﬁ&'e

that is wiffeninge irmngniangeftah ofdet fara ritk idbe @kh roBtotHeqraRToP (R 16RKBN ° aBhis is

havi ng mved b‘i:'i th the | (éns ip& Thi f?sals dicates that the mark 34 is a

bl emi sh Pr 85Nt PO TR E SPYatee™s 1 -5 198 [9¥5E o @sRugbtas peashigheshoul d

be rej ec{@87] In the case where the minimum angular shift is 1° as described above, the minimum
rotation of the contact lens 1 between the first position and second position is 5°. This ensures
that it is possible to distinguish between blemishes that have moved with the contact lens 1 and
those that have not. Therefore, if the edge plot indicates that the contact lens has not moved
more than 5° the contact lens 1 is subjected to the movement of the tray 4 again and at least two
images are taken again for comparison, as described above.
[0088] In this case, the outer edge plot of the lens 1 indicates that the lens has rotated an
angle of 8 (which in this case is 56°). The mark 33 has rotated by an angle of a, being 14°. This
amount of rotation is deemed to be insignificant, and is significantly less than an angle of 6x1°

(i.e. 56°+1°). This indicates that the mark 33 is either in the liquid 3 or the container 2 and is not
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[ 0089] FI Gs. 6A and 6B show a simlar set of imges as that described
for FIGs. 5A and 5B, however in this situation the lens 1' does not
i nclude any bl em shes. The lens 1' includes a | ens surface 41. a | ens
edge 42 an¥OLHUMRB33. Al so as described above, becausePEHEPWOYW538
possi bl e hbemmwh ipndi cated by the mark 43, the processor uses the
outer edge plot of the |l ens edge 42 to work out the rotational
novenment of the lens |' as p (which in this case is 45). The

pr ocessora BkARh gadsétloatRScohhe: et Aty ! that i
Which in thie ehee po o ng""?ﬁ?,"{‘i‘f’?ﬁf’ﬂ‘)“é‘ﬁﬁﬁ’ésf?%‘se?'%?ﬁgﬁééfﬁama"S
cert ai nl yWigse theirangerpf §)1f 1¢ P+ 1€, angl5ig yherefore takien nehavirg moved diithabeleng haThis

t he mark .ens 1' and the lens.1'  shoul d be
acoept ed. MEHSGP R RECHNG RSl B ectpr e ket BRSL dut T 8upes iy 1 should
above andeirtjectsd.rated in reference to FIGs. 5A and 5B, and FI Gs. 6A
and 6B ar rfo d on nunerj cal data extracted from each | ens

i mge (e.[g(.)é,zﬁt hell; Ig:’gt%fgf‘?é?gémw %é‘ﬁBﬁH%‘”P Images 4ithatdaseripedior Bt ad japh 5B,
of the | aRskver TR chiPGHRAESHIhE EnS &NdRE ndGAAuBY 2GRN s OTRY 1ehEPNALIGHE S lens
as understood by E‘grsons of ordinary skill in the art. For exanple,

t he | ens sedgee dhajses edge Band emarkithedlsbas descuvedabnve hedanseahere ihgepossible

det ecti on,d.gch t i i bel filter o
it fer ent) o oncaes by S ESg: B PP U0 G QB Ploskl b Fon B o
art. Theserketigb¢ ravationelohoNeqeesofahelens 1'tas @n(wihivhan gif ¢as@ise5f)0IThe processor

conputers, Exanmples of suitable machine visjon.inage processing _
sof t var e 08 éﬁﬁvlaleﬁaleﬁgtaﬂ?‘?i By eREt Kb e r’?ﬁ’i%ﬁ%:d\g"%P fypcase iy beieg 4 pom
M/Tec Sofstanefoant3Tield thésed BRIYeHtainbAR® rvams%&émr.@ 45%-07). DAeRAore GRAR 3 Rdates
or Common Vi sion Blox software from STEMMER | MAG NG GhrbH ( Ger many) .

100911FI ¢hat thedpgtids 3ot pB e Gop@pidens loand hetem ladheslddiengeeptsdanot her

enbodi mengogpppa j ' l.enses .

si mul tangousry. b[kl'ﬁaencgseyd;l '? %?r%%?(g maa?trhgﬁgoggg ?Sn&t%ﬁe{)%é gﬁévev?ggﬁgjsm%f%%%‘rr?fﬁ%eace fo
for the FlEsOAAMGH. ArhFIGsf 6A hed B wrrmerformdsiun thé tumexicpl datadxittagtedfrom each

| enses, ggﬁg dglight,sources arranged to operate t ther. A

pl urali t?/ 0 g%en(t@ %(ftﬂl %npas%‘% Céfgs re Sitﬁ%(lzeg(ﬁ%% her e'?:tgthot“aqf%?eﬁ@n i E'Gﬁ d,

in this paictisogan bsysiesm dohesrgiondl gecBRigh@&n s hderEivod 69 PESSHs of BRIFRSy ilBin
arranged,.on a tray 62 in an 8X4 |ayout. There is a plurality of Iight
sour ces f‘??oatn' sl{%ﬁ%i)mﬁ%%ége[ leee “d@ﬁ &hape fan Redptermined dasd ongenveptignak gdgeem
further ideettisieschaigaby)s@dhi ds YecBhiqtdsRs RIS Mfidr bOGRLEAIARAVA vhi&stood by
contact |enses 61 such that the take an i mage of the said

: LT may tak | .
| enses. PAeMioS opstipary skill g the age,%hesme@emm et BEBRPTT MIBRO 0P SABGBSfor
1128- 20- RSk Bst . a 1 at ed
wth 16 T pRas ORI ARIACHGIAG: B bl ot IR R A3 Heesem
anal ysi s msthogh mclude Halror softrsard fsurMiddc Sbfoware GombHa(Gxirnghye, Sapara soffhas

t he syst [ hat <an_apal ysis of th N

| enses i Waé%géé??%?ag? )?lgﬂrir%&\?renr%ntls‘%? Efl xéott‘?'%? fiog mw&gﬁiﬁ% GmbH

| enses b&@omen@ssociated with the plurality of caneras 63. The system

is arran uc t the prqcessjng apparatus 64 and nenory 65 can

store i _n?@ghfati E‘Lﬁé%ﬂ’&w AP WPEHIOBRYYHE agfording forapolber qrahedisaent gapable of

been rej aRp&tn A thrpdiibeh 8VRnRASHRManetIfly! TAS Gl rchDiRbrriees hxpfﬁggaéwq??%eg
0

and the | enses that have been refj ected are separated at” the en

t he i nspdeeiikad fpr e &iss embodiment of the invention but with a plurality of lenses, cameras and
light sources arranged to operate together. A plurality of contact lenses 61 are in containers
containing liquid, in this particular system there are 32 lenses. The contact lenses are arranged
on a tray 62 in an 8X4 layout. There is a plurality of light sources (not shown) located under the
contact lenses 61. The systemn further includes a plurality of CCD cameras 63 located above the

contact lenses 61 such that they may take an image of the said lenses. In this particular case,

27



[0092]In a simlar manner to the first enbodinent relating to the

i nspection of one lens, in order to increase the accuracy of the
system the sane canera and illum nation source is used to take each
of the twoWAAGEYS¥3ken of one lens. This elimnates anyCHUBIMBYUA®ES

t hat woul d28-20R4ITtTD n t he tol erances of the canera and illum nation
sources varying between sets. Al though the sane illum nation source
can be used to obtain the desired contrast, different illum nation

ef f ect s cherelbee Ir@ateed (n)y $@ir slidvin) @B ysdoviateid /g thols sk hfacpees §i.CThe
LEDs in the array of L . For e, enhanced contrast can be

achi eved Sgsteﬁrfbr\sa}i | ?fﬁrgmsgi% PEER %@Egellegseﬁﬁs %Eﬁébeﬁﬁp‘é‘ﬁ’ far sipgle - Hepn the
an enhanagsteinli$ afangad bR (hid 4@ afyERedreRk defafirEOrVERkd RRAen hitdr 4l RB{dnRAt
node. Chan%:l ng the nunber of LEDs that are irfgflum nat ed ggn prrovi de a
di f f er entOfithq Y HatrlbHaihase Iprseskesame esotiatsd midiake plimlityddictmens 63.t Thes
possi bl e &QeRO¥EASd ' r i L nati.on areas whil e , :
nai nt ai niStrs{gea_ ST grg‘%P%saE h%tpgérgelsgéljf% %;)Ig“s“ig%slégra nc?ppﬁ\ﬁ{y}']%gagﬁtore information

i nt ensi t yegarding whahpif ¢he plinelityrob tembesdtav €bien egjéct@l Oidiviich Ka9e bERE. CBR |88es

adj ust ed that the light inptensit rovided in an enhanced

i 11 uni nat‘ﬁ%ﬁ‘av aboFS“ P%SS%‘T? %1"1 By Pef‘%est“i’?é%?‘&dﬁ?“ [SfcEsASre SpParated aitBp grdafitemal

i 'l um natihspactiongRocedS descri bed herein, |ess current can be applied

to each L[F(B&\jmeﬁpal | seven LEDs are illum nated conpared to the

amount of r ent? 33HPIATERANNET to e Teemboningié Felasing yo the dnspeion of one lens, in

T um natogdbr tdMBRY R the hdcutady Bthe thh@éanﬁrl%ertaggd ﬁmnﬁﬁgﬁétﬂc@ﬂ% ed to

light source are used to take the first and second i nages. may be

nor e ef f itdkeeaeh efghtaxacimages takan of aneteas.absio climineds wist differaeces @ns wbtld @esult

first posjihi o associated wi.th the lens ., in a

second p?)}é He?%lﬁl,%ﬂ%ﬁ gf tﬁﬁ ggﬁgvea?}egﬁ[u%f’ Eﬁ{ SOVIERS AR R 8Lt i‘qtltg?”%fﬁe

second pesn¢ ilmmibaiongowud fandieantd to@beireht dedifed cotast H¥RrMPNRABRE oMbir& ts

respect tcg he ct%gtt)ai ner. ol di.ng the | ens such that two images may be
FOT3 AL 0 SR A FENNE A1 304 BffapesHia [l indherstay iob hERysFem i n

conpar ed.
accor danegariplé.enhiiRe@E@m@RIcaflbs 64HASUA By ﬁmi&%ﬂﬁ%ﬁﬂ REtheADf L @IDs QMch are
WO 20091148862PCT/ US2009/ 045038 1128- 20- PCT- [ 0094] The system

i ncl udes °8 9p1Rg ) snhgnded Hiymingfjongpodempmppigh to & ennversiongltillehingtion mede.

ei ther  cuahSm MBAEmBEr AREVNRH aRUALMHadd LG AINAHSS 1t ilg;'xf’i arfon area

i ght source is provided per |lens or per |lens contalner so hat"fhér e
i s a oneb¢iepmihe ¢we modes iloaddidoplitis absstbje ofpravidd therdiffernt fllansesion sieah
as achro ' / .provided above the LED_|ight

sour ces, %l% agﬁ%p%g%ls!lﬁ}??g%b 3ﬁt§£l{3’es|mr'fgarI('jlé)uélé'f]%tﬂmdﬁ%ﬁ’/séty oh&" *ﬁ‘éﬁpler At
source. Amoexafrpireendprovilet kaTBEDO tar lensipted $€ fHat the lighthRepi® dedighem
i ncl udes 45-14Q.1ens _.from Edmmg Optics (United Kingdom. A plurality
of digi t SRS 'HuRRten mede iy suly pthelighttiniepsity Amp cangptiqnghillpminatiemmode.

Basl er (@eudBRAYId heréif, IPATutrkRREH bé Soplies & 4eh LEBNIhdRAASENY [EPQUgh the
collimation | enses fromthe LED |ight sources. Each canera iIs

connect elluBynaedsamnsred teivampsnt efsirerttapplicdito the osie AgDewlanmpit @re LED &

pl ural it y1u@finsQImud YR dto a

Petwor k- LRinG RIS 1 R Rleny TSRS cBhfta STIAR b8lted g fepg o ok
r ecei vesthgairs and saepnd tmeages. als ma¥ he mpongfiitientso have dférscamptd BsoctBidveittsthe
or wor ks Y Srst o ters or addi.tion C uters attached to

t hese cofﬁg%!tner & (gﬁ%g a%?%@#&ﬁ%%“% BPHEF gith\t/@ﬂ%?sdﬂélsecﬁaé BOS!i5p gnd the
and dat amowément ofiéheilae betwebit thediBstlaay beafidiositintRingdafiRiedi ®RFA¥Ihe RUENe

as rmnitorsé ngt rk switﬁjhes, nodens, and power supplies. The
el ement sTEYPHE VI ESBRT LA e 5ENEBEIUYNE Higdens srch fBatiyo imrare may b apmpared.

t echni qu@e93[The ARlaH eRArhflY, AAfautoRlafedAan iRSeSRINGCLEM S ¥ i
off to optimze illum n%ti on for a desl?s?)gd COIS’;I'[ rast _ccf@%@%ﬁ%ﬁ@&@sem
camer a i $S{@YFLIREibEIdescriged 2fallgws-ng one 1 ens position in the tray
(see FIG 7). Each canera includes one or nore data communi cati on



control may be provided via any suitable interface, such as an USB
interface. The lighting controller causes the ;_ED i Iglht sou: ceb(e g
controls the intensity of the LEDllght source) to illum nate base

on a defi n&® VU HEHR )(;f the controller's LED outputs. TRET/E8IAY§038
obt ai n i nage-ROMD nuously at a pre-determ ned rate, such as about 17
frames/second. When a lens is in position for inspection, a trigger
is activated by the programlogic controller in the conputer to WO
2009/ 148400%4T/ usmmvfeﬁﬁaae@esm;ﬂaam (RET8)TA IdiTahgta @ﬁhr&is(iﬂfic}?[ & bl @][ﬂﬁer
imaedatalnt no The i S ve a resojution o
1024 x 10980 RAR< B GuTETEinsBPenieT 30 4 th ekt ar & pprabedepiens
a carri erortpaglenC@mtdifdy 8o tHabthbredy a be-©a4HRRoF@h@dH. M pRfality 6 c%ﬁﬂﬁa@i%ﬁ lenses
l ens in the contact |ens containers. The carrier can nove through

ci rcul ar SHFRaAchmste doeblerienses: atsouevide! abaye dailED lq@t gourceabwigh o5 m*n
radi us) . cbnendiRUEIRBLing FLaRE BV R TS IF@E E"&Jr& E{p%%Qoﬁ%a?gﬁfeggeé
means. A | ocking device, such as a spring prn can
the tray Ysefuptidhe PISPPNLFIS M npledesatPel4d lafStfe}m Eﬂlaumd @ytlcmﬁUnnmi Kiggdom). A
conpl ete st rise
esggntl aﬁ}I @é@[?%hénéﬁgén@g? M%ﬁ?%‘r}ée Ayﬁ% é’((i UFSCf\Cl?pO ??%%cag?eéﬁgoingaﬁ%fs
order: ( |(§3enmaxe) talraepdsrt@yed/\notrhceumxghopﬁsaﬁg tHr@Ith‘@cﬂill&hﬂldﬂgexﬁw&h BRITED
t hereon to nduce ation .of the contac nses in the containers;
(1) Ccapt ELRPES, ERRFAERItrIets) o F cohibERyae B cUon g opamaster o
an i nt er \3lurafitydpesthp@ae. ¥ ?ﬁ@ﬂ@ DeRLrd &ﬁn@dté@tﬁ SRy SRG W ITBP nects
(iii) |nspect bot h i mages potential |ens defects using |ens
i nspect i dN4SEFENEFeVhere) pachaervar igee vesttiatadoyge 2 gaméras. eBlews»rrmgtetsrven be
sof t war e cgl%%ﬁt'éf L&y V@(Brﬂstaﬁo\& RREE QB% erﬁ rOP?(gﬁ&OQIEJ ceotn'?p e?g?tgﬁe\geto these
the edge profile of the first inmge an 0 e
second i eaGeutets nhgyri mh‘edérde\m}t pther ngdngiond demvmuemtd, da@z?/?t&plﬁ démaa"st sulblﬂ&

iti t ol coordi na es VII of f set ol ar
Egg'r d: ﬁgtkg)féboglcis r&ﬁ:@ spla spsuc 4s Jonitors,ng wsclr “é%‘amf \Finé PO¥Har ch
for matc heabhpal ”ﬂm eiémd*ei @CCIh6systef'n @nlbe rReupdef t@@éthér&xsﬂ@k@:ﬁieﬁﬁbnal fREndi RS,
i's rejectﬁ] tenti al def is determned to be an artifact,
the |ens Spb’é?’é%a S ¢4nyhersglective c‘é‘%@&“ a{"be@@L?mwml@mr@na@@e@emmd
differ enboﬁ%@es of defects such as pockets of inconpletely cured
polynmerizabl e material, the above sequence can further conprise
i magi ng i ﬁont’%’i‘é'ﬁ c3TRtHa IS rRspansibleder apakyzing one lentipossivorialtheamy Hdee HIG. 7).
under di fhel &Rterd inl:MHlas'Tﬁxte'oP 0@%?@0&19&1%%%5& B g@-tﬂe%?ports which are
illum nation and enhanced um nat

configured to receive image data from, and to control settings of, the camera. One example of an

Ethernet card useful in the present systems includes the gigabit Ethernet port, which is standard
on several commercially available servers, such as Dell servers. Each of the computers may also
include a digital input/output (I/O) card that is connected to a programmable logic controller to
help control movement of the lenses relative to the cameras and to control the image capture of
the lenses.

[0096] A lighting controller provides programmable control of the LED light sources. The
control may be provided via any suitable interface, such as an USB interface. The li ghting
controller causes the LED light source (e.g., controls the intensity of the LED light source) to
illuminate based on a defined current of the controller's LED outputs. The cameras obtain
images continuously at a pre-determined rate, such as about 17 frames/second. When a lens is in

position for inspection, a trigger is activated by the program logic controller in the computer to
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[ 00100] After the images are acquired, the tray with | ens contai ners,
is noved to a downstream processing station where the container can
be seal ed, such as hernetically or heat sealed with a foil containing
seal i ng me N Y BF8%ont act | ens blister packs, if the cBRTASHAE}045038
cont ai ns HMB-ZcsBPtabl e | ens. After sealing, the containers with
acceptabl e | enses can be sterilized (e.g., termnally sterilized).
such as by autoclaving or exposure to ganma radi ation at a subsequent
| ens nmanugrale angrSterg thetlens iorage data mhecshpunatm@m;/ DM inagesiiave B résBtibe of
used to S\[@“'X'I'Oégpﬁgﬁaggaéﬁszgf% e containers, but the UV radiation

is typically prov eror iaev%ts.)nt ainer is sealed. WO
2009/ 148962¥KLT/ Um@@@/ i0 #E0&@Bonld 28ri&Qh42Cdn hbvd B0 &Q}l&@usier%hb,bsﬂme contact

herein, if the lens is in contact with a cawtz sidewal |, the |ens
can be r elF’?fs‘Bé‘?:etcé’ﬂtaﬁgF?FgcoPﬁé“eﬁset%(fénﬁé%m‘b‘@d toughod ﬁrcuéﬁrtaexof@h@t@ﬁ mm

nmor e att agRbsut 30 nthh $ddRdge, gt BBou: 25 $hnk FRAMSS. Nehe ﬁ% WRh caﬂ%g g@r%r];n%a manually or

If no defects are detected in the rei nspecte
to the pdbleagh wgoxaared greansi |A b&km@de‘steepls:hdaesspnlrtgldacﬁmeg[ﬁOddﬁZbcld the

a1 on e pRYESEiofEL D3 ST L PEL IS, B! ebs, ot goqui 11 ng at | east

one nore e Iens or nore imnmages

of the |emw§ beA mepthadspigtieid system bl @mipeide) eensistbisertially of,Rr EoiRist@liRely of
and faC|I ate accyrate I ns ect [00103] While the present

i nventi ol ‘?1 USE g $Teps ULt s eader r(l‘éi‘qu’? thetray v thy eamtackleas-eqngaining containers

par ti cul aheresnao @idiedfaationtof el donfags 18RRE ﬁxcth@&(ﬁlgautb)‘s has URde r?tr 4N
skill in.the art that the invention lends itself to mahy diftferent

vari at i on®2gf5Of SpiEdratedisaniact leps,afian dnteryalafabpus oneeacord etweani the fishand
are descriskdad 1@5%‘&"6(119 '?ﬁ’s'gtseé’crbbhﬁ'fn g@sr dfola% é%&l \%h?dqu& &f ‘@39%2}(%3‘1«9’?%0@ Joftware;

exanpl e bel ow. menti o

detai | orivi Bdcudais thegidee profites uning gressoftwere dekmxbb@nae:hr @pérte@mfa dr&ds-
position iti tional . However, the |ens may
exper i engéﬁ%aﬁﬁ‘ br%ggéa%g ?%ega e Bh 3’?% Otst]ﬁ% Pg‘? 85 Pnd s sresRToHlsofhe tetond | ‘mage
first pose fmcbﬂne amtn&emglnad)f posemenn(vi)biftertthe poiiondf all fQfure toPolar

possi bl e b the first position and second position is
conpar ed C?(g glﬁtgs (B‘t‘ (%Q'FSSW"BPOL%@OF ipatesdut the estativp angle foynd possent (Vb and fdi)

second peirdh foRmaichel PUiRGEaseRs HAilkns Ak 30GOITRRY| ' on
of a possibl e blem sh&{o t he transl antsl oncof tﬁe ensg:rls %Sei%gﬁ% E{f%

the t hr eBAEMA! Hﬁeﬁﬁ%ﬁ%{?%??%sﬁévﬁébyﬂmgme@ IBPW¢M§uahee prapessed.f i ed
on a | engpo9dpr t hebrdeflotfeldeCfelcht tﬁﬁés ?Eeécé) uc%%gc'?éx{eﬁ%f b%@;;ﬁf‘iy cured

selection due to size, orientatl S ape
bl em shegolymerizable matenal the above sequence can further comprise imaging the contact lens in a

first position and second position under different illumination modes, for example conventional
illumination and enhanced illumination.

[00100]  After the images are acquired, the tray with lens containers, is moved to a
downstream processing station where the container can be sealed, such as hermetically or heat
sealed with a foil containing sealing member for contact lens blister packs, if the container
contains an acceptable lens. After sealing, the containers with acceptable lenses can be sterilized
(e.g., terminally sterilized), such as by autoclaving or exposure to gamma radiation at a
subsequent lens manufacturing station. In some situations, UV radiation may be used to sterilize

the lenses in the containers, but the UV radiation is typically provided before the container is

sealed.
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[ 00106] In the process as described above the rotation of the contact
l ens is determ ned by anal yzing the edge plot of the contact |ens
i ndependent of any normal feature on the contact |ens, such as an
i dentifi calMOWBE2and the |ike. In an alternative enbBET/HBHPY4EWEr e
may be a mmes-bo-mglirberately provided on a surface of the | ens that
acts as a reference point. Rather than create an edge plot, or in
addition to creating the edge plot, the processing of the inmage could

det er m ne[Of)hH] r ohatliesoribef hekdig, it ﬁh@&nbﬂix%&ﬁtaét RAthfd dadty a8y 3ERMhs can be
m ning how nuch_the identification mark has rot at ed.

position by deter
In a yet %‘F @ﬁ using i metheds depcribrdherein: after onepramore aternpss t%dldmgeahﬁ lens
| ens t herfeorh Shelsfdédall )éreapek'ﬂcﬂﬁeé) it RS BBt ?@ '&hﬂe&%& ﬁ{[thg L Scifed lFTses éhey can

indicates the orientation of the axis o nder
bal | asti rF@S%‘@thﬁmkﬁgmm@d@éﬁfﬂ@mon@tqpedesatnb@irabove the lens in the eye.

These fe caul ference rks by whjch the rotation
of Cthe | anI®p SRR e B oSl R ol s Se 3 158008 Abie 05 more
1128- 20- PO txEnplsech fa thdbofthiet oabermapssks thr1enstdRgnORspected, to help

Gs.

opht hal m ¢, | ens suc S CO | enses, are_ illustrated in Fl
10A, 10B, rng‘&amg%nﬁgﬁ © ?taia"‘i]%ﬁ\%lta}“? RSPl IBEPegliaft ngl e i dentification

mar k pr oJ0eidd] onwhhe thé fReseigh R isPhdsBedddssfsed Th&in S
FIG 10B il]ustrates tﬁfeee i dentll fication marks, vvlut thfvg@?(l?er@%}er@em k

bei ng pr PoTtiguldr epbediments.at wé’gbee?@pwenated ibathasedf ordinatyesttil bietthuezznthbnnbe
ot her I demehiibiCRhICRIR KSny GRCR p@z{rﬂggfs%%?%fe%g% y ulgtl%{ é? gg—xet%?wloce?ﬁ%m

degrees fromthe 270 degree neri di an
i denti fi catiations auerdesaribed almorpnd Betet exiationshe: de@é’r’ibeﬁ&p wag of exagk bl

one or es. or .indentatipns in.a | en ce FIG 10D

illustr g:?‘ggl ? fc))ur‘(:ésl eenrﬂon?g%botvf c}ﬁ € Frgpipdes d\ﬁ?‘fé‘ﬁ%dséj Thihe 6ase pihere; the mavrsment
mar ks ar ef gieriérsdront te FirSpodifith toaRdlseongi pElioh iaakionl el%wue@ %é féﬂs ARy K
is horlzonta.lgfl or.i ented al gfr% the 180 degree neridi an.

AT t hough CEREeRedRL S BT H EPd AnsIasoatlanqymeai ey an é*pﬁef@‘ﬁtmoemon and sccond
enbodi mepbstior. tJubtSas i BALVMNEEL ﬁés@iﬁ@ btleeﬁ‘igh BQ@’?&' tﬁ@ﬁ&@{)&%ﬁﬂ&%&fgna Posmon

presented by way of exanple and not Imtation
or conbi PFaFtof’I?ﬁreéﬁo the dptatiersofdbelens lb@deeh\eth@f irst posgianrapl sebeod }Msﬁth]nnth'e he

scope of pffaEssRizeR R May! a'i%%@énlpgr@ o ﬂﬁ'gn Stha asibR F Ee%gt%hur tlrag]gllagon of tlle

any such conblnatlon are n mut ua I'nco SIS

appar ent l&hg.om t he cont ext, th| S speci f| cation, and the knova edge of
one of o ry art. In a feature_ or

conbi nat !‘w 10 eu " rtheestnr ‘ng QPRSI Feltby p@??ékfa}%é’éﬂ“sfnﬁw idsytified on a
enmbodi nefebs, duﬁlmlr sdedioherieria ma?hﬁ shevifesdt sueh ab Biection 8GOLRBe Ctﬁfeﬂial &dand/or
descri pt| on gbt hougal ql scussi ng exenplary enbodi nents, is to

const r uet'P5°L 86 BPSSING DIFBENES cat i ons, al ternatives, and equi vaI ent s

of the ef[doegdé]memnt i v
What is ([:dlo ai ried |§1e%%§§£8|r?§t% ﬁsgk B%(% Qﬁn?%?@?ﬁ%ﬁgﬁﬁ%&ﬁ%ﬂﬁnﬁgq Fehe ?rBBby

def ect s, anabiie the edge Pt o theicanfactiens pireperidentooflaensoriml feated anthe odntact lens,
liquid igcAaEaYidedifhidh SO AHMR Tike. In an alternative embodiment, there may be a mark

deliberately provided on a surface of the lens that acts as a reference point. Rather than create an
edge plot, or in addition to creating the edge plot, the processing of the image could determine
the rotation of the lens between the first and second position by determining how much the
identification mark has rotated. In a yet further embodiment, if the contact lens is a toric contact
lens there is usually a line or other identification mark that indicates the orientation of the axis of
-the cylinder as well as ballasting to ensure the correct orientation of the lens in the eye. These

features could be used as reference marks by which the rotation of the lens may be determined.
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obtaining a first inmage of the ophthalmc lens at a first position in
the container, the first image conprising a first inmge of a center
of the ophthalmc lens and a first image of a lens edge of the entire
opht hal m c MLY% | ens edge including an outer peri pREFAP2BYYESf
t he opht hidk&30ePdTeis, or an i nner edge of the ophthalmc lens, or a

di stance between the outer peripheral edge and the inner edge of the
ophthal mc | ens, or conbinations thereof; causi ng the ophthal mc
lens to n%tﬂé‘PﬁqS@frtCteheﬁ(fatlpsmamsxrwwdﬂd qnmphhmlmoﬂﬁnmsnﬁrchh@c@ta‘s:e&ﬂﬁﬁl are

position r ni cond i mge of

opht hal ni 'E:I ltg%g "g? R%%eagelcoonaocp"oaﬁg 1%@ h Frf‘?h@%@leﬁwaes apifpte léwﬁtcmrtmarh
second i mageddafort the 2Beddgese méridide(s@ITGN 8 6F kamBIRE ﬁ@dl@B ﬁﬁ&t‘?ﬁ% thiggge
of the lens e of the entire ophthalmc |ens, the | ens edge

d
i ncl udi ndg‘t”h‘ CHingpar r”‘i‘?i’ﬁ’ecrea‘lralé’éﬂj%b?}f‘g plowidsg Rp Hiel 27 degrenmeridian aridocated
i nner edgRuaben tHE oMRMUBR Fh o & Quter
peri pheral egae and the inner Ig S eQ hﬁ%%%pﬁetd%gﬁl% ggtfmﬁzﬁ3§)gegrees from the
conbi nat idAgegrpemerdian. FIG. 1960&@@3!6&@ tdestifidation mhrkahe caﬂnﬁnﬁsewmdrhe text
i mage w rltmtoloatefeat res in th
gener at i ngn geﬁl?rgg&r?{e'n(% *euge proé?sl 9 GEPGHPTHR 21978 §‘t‘@°ﬁa§§3 69D Hustrates four
measur i ngda‘ntnﬁsctnon mmyles Iwihateahe thesdiinferich bR AGAS ard BN B FRET 10BBL&T orff
the first chflrst i mage |inear radial distance

| ens,
bei ng rreaag%'r %’?f‘%}?‘r{ ig4fign f‘?afl%ts ﬁé&j’é"”df"”teh@d elong the 18P degree mptidipml i ¢
lens to §é6m0F] r sAltHoupl the@fisclodre lheRH REGE BASH @bé&f%ﬁxﬂoﬁ% RIFG Hped
for the ne surln% is one of the outer peripheral edge o he
opht hal mP89rEnd Maithessembadigtentsairepretented &y yatitof examipte drelmo; bpwaiof h,
all of thng t nmeasur ed ,usi the
sane | ens eﬂctzlatgidcser§ Ah)}mtgﬁ:] éé (%rlrk rgg]ltb"{a?tgrll %J %‘r’t':egrg%%?%eﬂleredn & lygked dthmg‘h
measur ed S&ORF Vf éhe@msmttlh‘eenper prmatded thaf tht Ifls&ttdr&nﬁcluded in agjedieh abrhPigatfon are
second | f the sec by npeasuring second
i mge | eﬁgﬁpﬁggg}r IR&% t Eds Bgar?;ﬂtg'i?ﬁhthﬁc PRI sPecHffcation aadtsnd
i mage of kttch)eledi@nﬁ Oneaﬁdirdﬁﬁ@(ﬁkdl intBgat.| Inngakioh 3&@5/ Adanfid St &ﬂﬁﬁnalﬁgh Bgfeatures
measur ed frﬁ ‘W& lcoqﬁﬁggage of the center of the ophthalmc
to the sEEHRASKGHEE"HFX Hbmﬁﬁﬁ@OdWH@F@ﬁﬂmﬁﬁéﬂP@n§“édg€ﬂ9§§d for
t he measetgré det018€ dederiptiéh, @ r 0 al m.c
| ens, or t hggg:gnner edge gf t hgﬁ&e%]htg ﬁg&?ﬁmg e§1émnﬁ 99%?]% difmefics, IP % ]pef Cot'q%tt Lhed
second i fpeRgaen alleedific @F%P“ﬁﬂ@v&meeéeaweﬂﬁﬁa@Uhednmshmgutmsmﬂ&ﬂﬁnﬂens
edge, thgresR¢@ReripTRIadllgar radial distances are nmeasured using the
sane | ens edge as the ?lrst i mge |linear radial distances, and the
second image linear radial distances so neasured vary around the
perineter of the |ens; determ ning an anount of rotational,
novenent of the lens fromthe first position to the second position
by calculating a first and second image | ens angul ar shift between
the first lens edge profile and the second | ens edge profile;
calculating a first and second i nage feature angular shift between a
correspondi ng feature located in the first and second i mages;
di stinguishing a feature that has noved with the lens froma feature
that has not noved with the |l ens by conmparing the first and second
i mage | ens angular shift to the first and second i mage feature
angul ar shift of the correspondi ng feature; classifying the
correspondi ng feature that has the first and second i mage feature
angul ar shift within about +5 of the lens angular shift, and is not a
normal |lens feature, as a lens defect; and
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rejecting the lens if the lens includes a pre-determ ned nunber of

| ens def ects. 2. The nethod of claim1, wherein the step of
processing the first inage and the second inage with a conputer
algorithmto locate features in the imges |ocates features
conprising potential |ens defects in both the first imge and the
second image, and the step of calculating the first and second inage
feature angul ar shlft bet ween the corresponding feature |ocated in

t he firstQ%H% Seamsd 'Y mages is conducted only when the potential |ens
defects are detected in both the first inmage and the second i nmages.

3. The method of claim]l, wherein the step of causing the lens to
move from the firstApeahed ‘Efﬁnt’(P@Ctt%eans(@é@ﬁgmBé%istf‘Prdjf?fQ?éﬁnﬁ?m@&n&aus| ng
novenent of th t claim
1, wherein theEr S'I[V g{r}%o neécﬁhﬂs?lﬁﬁlé 1%}1]29%%9{%&% ?/Ig lﬁra g?nﬁt){rﬁ{ea% ?trag;er
position to thebtsmmgrwlﬁrptlmagc of\thcopiphiﬂsécslenmtaiﬁmtrmjsitioaristhmo&uamnt or
transl atign l.ens_ novene t hod of Ia|n11
wherei n t B dfagy TEGETIR: BRLTERS" ¢ st e ophfele: oo et on
to the seapsgd om@sa:risleagle 61aﬁeémtﬁeSp1{tﬁatlaﬁd REs, e efdilo iimt@iding/drduddri Ng

t he contai ner, The method of clai m 1, wherein the

step of ppﬁa%@gql ﬁ%eetq#éhef?nhéltalmwéaé ofreh 18968 GAge olthgeriihalmicdepn bt er
al gori t hnufs&né@%@erftﬁ%ﬁke rf Rehl& erg?(gat iR RAdSHhd &Hh%m didod he

first and second I mages to ate t ures I h the 1'mage

7. The metérobinatfons ithxrenfl, V\/ner ein the step of processing the first

i mage and second i mput er thmto OG te f eat res
in the imges ((::aélrsrlf)l |sesp%h(§1tpm]tc 1?y| ng gt ﬁgrogﬂggbrsﬁg??%%?‘a %Odléaénerg t he
i nner edgescond pésiortinshedvneriiet ween the outer peripheral edge and the
i nner edge, or conbinations there in the first and second i nmages

and | ocating aC¥fEVng3 Sﬁﬁonl‘irlﬁ’ﬁg%ﬂf tﬁ%ﬁ@&b@é@lq lepsatdbryecambppsitionyhe

devi ati Ons&ghdﬂgndf‘é%ﬂﬁub;lblﬁga%oﬁd RRALYrIHA cchRPSF ﬂgfoﬁﬁfhalmm lens afdta The
met hod of claim wherein the container is in a first |ocation when

the first Sﬁcﬁﬁ@énﬂgﬁ ob Bredemserd ganlbithe antére oplktbalenic s, fky kens edgodrdliding thhen
(7 SeEondLRHRuLS SHLSREphugis O TR0 L e P
identifi catelchmanmbktvueSn tdreuet ptitythefab adgerand thopasradge of thBeplithslgiic BAg
second | rrg'xgc?osnibinations thereof;
processing the first image and second image with a computer algorithm to locate
features in the images;
generating a first lens edge profile from the first image by measuring first image
linear radial distances around a perimeter of the first image of the lens, each first image
linear radial distance being measured from the first image of the center of the ophthalmic
lens to the first image of the lens edge, wherein the lens edge used for the measuring is
one of the outer peripheral edge of the ophthalmic lens, or the inner edge of the
ophthalmic lens, or both, all of the first image linear radial distances are measured using
the same lens edge, and the first image linear radial distances so measured vary around
the perimeter of the lens;
generating a second lens edge profile from the second image by measuring second

image lens linear radial distances around a perimeter of the second image of the lens,

each second image linear radial distance being measured from the second image of the
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10. The method of claim9, wherein the I ens conprises at |east one

additional feature other than the identification mark. 11. The
nmet hod of claim 1, wherein the first and second i mages are obtai ned
usi ng at | east one canera. 12. The method of claim 11,

wherein the at | east one canera includes a conplenentary netal oxide
sem conductor (CMOS) integrated circuit, a charge-coupl ed device

r.ecor di The, net

CCD) arra or..both for. the im . 3.. od
050 o Fetert b SohtaicgRap e Lodd SR ARe lons gz RSt Rg o0 Py
suf fi ci entubed toAthg endadura@gibliccofakie butdgRribRertiided obt BphthginliENgs B aR
and the lens surface are in focus sinultaneously. 14. The

) Y- . sl
net hod of eRsdaeP! thgrphtaknic hanssqrdyth, gH ophe speond gmegrdinepy reelial digigacesf
the ophthatdThasin@ Sk il \Embids e OB O ORI Mgl dlsiEe%60N
i mmge of the ophthalnmc Iens at the secon pO%ItIOI’l conprise
gener at i ngneasused gimg the edrde lennetgeas thefestophpghbhan cadizdstant¢shaal the ght
sour ce. di 15. 1.‘I'he tn?d[ of claim 1%, Wnereig the.sttefs tﬁfl )
obt ai ni ng *¥RE ¥t 1%%855% SIS EpRERATHH @Y BREGhe pRrimeter o the lens;
posi tion and obétainiihing ah AgoeRCANGtafidHRAYendembhy faRdlehadr i Ghd BRSpattiochhe
second position further conprise producing collimted |ight fromthe
li ght souft®eRFeRd Rosiaen belsuiriingsfustand sehopd anagrdersangelar shifhetegen

light to &FR9BER edge profile and the second lens edge profile;

calculating a first and second image feature angular shift between a corresponding
feature located in the first and second images;

distinguishing a feature that has moved with the lens from a feature that has not
moved with the lens by comparing the first and second image lens angular shift to the
first and second image feature angular shift of the corresponding feature;

classifying the corresponding feature that has the first and second image feature
angular shift within about +5° of the lens angular shift, and is not a normal lens feature,
as a lens defect; and

rejecting the lens if the lens includes a pre-determined number of lens defects.

2. The method of claim 1, wherein the step of processing the first image and
the second image with a computer algorithm to locate features in the images locates
features comprising potential lens defects in both the first image and the second image,
and the step of calculating the first and second image feature angular shift between the
corresponding feature located in the first and second images is conducted only when the

potential lens defects are detected in both the first image and the second images.
3. The method of claim 1, wherein the step of causing the lens to move from
the first position to the second position comprises causing movement of the lens relative

to the container.

4. The method of claim 1, wherein the step of causing the lens to move from
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16. The method of claim 15, wherein the step of producing collinmated
light fromthe [ight source includes partially collimating the |ight
fromthe light source with said collimting | ens, and then using the
container and the liquid in container to conplete collimtion of the
partially collimated light fromthe |ight source. 17. The
nmet hod of claim1, wherein the step of distinguishing the feature

t hat has q%%et %g ens.fromthe feature tgat has not noved with
the I ens P TR ISH%? SECopfl RRYgn GamPTises 1RGP TeS AROVFBFBEOThy nor e
than a m ghmEkRoanduhsahowdiicht, of BBt I ve to the ophthalmc lens as a
non-|lens feature. 18. The nmethod of claim 1, herein the first
and second | ens edge profiles are generated using conputer software.
19. The methodsof Cyfl fibhod DPOLBLT, ARABA RIS Ak ddic M&p&@mﬁy
of containers, each cont al ner conprising a single opht alm ens

and i nspedtei fng pokigiop kathalsécoyd pésitieneapriser rothtifie ttesconiamek, tvilretnpsthy .

20. The nEthd of cIa|n119 wherein the plurality of containers are
provi ded P ?P%ea ‘arrangenent . 21. An aut omat ed ophthal mc

| ens inspection systemconprising: a canera; a |ight source; a
carrier capable of noving an ophthalmc lens in a |lens container from
a first positi®n i nThechehobslpiay Livderein e s Oétﬁéqui*Wt ¢ Fest epagsiand
bei ng arr aRae i e BRE] Ui AlgoifiAiNd BEud ks IR Mokl Ghobiiislens
carrier; and a processing unit receiving first and seco ens
i mages t akeeshbiirtgthe Gmtrendasecortveinpgercte deiatethel faaturésauitlmgnagés. r st
processi ng nodule for detecting features in the inages taken by the
canmera; a second processing nodul e for ascertaining novenent of the

| ens by conpari.ng arTld msthod 6NdaigdpeviRidi iHeated@MBratQehg thO st Hgagkianst
l ens i mage a % a second | ens edge profile Penerated fromthe second

| ens i mag&cor Bngge vgth qw%ea@b%ﬁm fq lgcate %‘ﬁ@rlaf@dﬁﬁﬁest%@mses
processi ngickidfying thOBUENRrph&al cdolbt thdRAE RYe, %?ﬁ{%qﬁétﬁ&efbb{\x%%n AR

| i near radial "di stances around a perinetei of the lens in the first

i mage, eapﬁipﬂﬂﬁraé@dgermgéhd inprareg, admhbldatsmaﬁmeeolﬁmthg fiast rpdisasordrent
froma center th en t i rst d

first i nagﬁeage\smgﬁd C§1 hedseflléqugng meanlfégecft?raslgnst%does % seutiggre‘%?uon%emﬁ of
an outer pEﬁmﬁ&&ﬁmﬂpo&@gaJeﬁsddkﬁtIens, or an inner edge of the |ens,
or both, all of the first inmage |inear radial distances are neasured
using the sane |l ens edge, and the first imge |inear radial distances
so neasured vagy arppdethb®oR@LibIE Walerd tHeREntaBiBSis 1@-5‘@1r§t MR a8&ERRG

| ens edge proflle i's generated by proceSS|n? unit fromthe second

| ens i magdedystimaguisiontyingd cohin 4 seagd. Hiffeeent locadomawheli he agrond ingasind

t he per|n§6 #' gf the lens in the second i mage, each second image

| i near ial distance being a neasurenent fromthe center of the
lens in the second inage to the |l ens edge in the second inage,

wherein the | ens edge us r.the asurene ne of the outer
peri pheral edgé of Eﬁ%o pim 1néf" The(%g‘%‘ ]ISTIC & CPBRLSES B pot h,

al | of thelef@ERRON ABGMd thORRBAt fiatbRnafl 8 bAELHe FIBFRBSHEER (HSTRY
the sane | ens edge, the second image |linear radial distances are

measur ed @ﬁﬁﬁ@”ﬂhémgahe | ens edge as the first inmage |inear radial

10. The method of claim 9, wherein the lens comprises at least one additional

feature other than the identification mark.

11.  The method of claim 1, wherein the first and second images are obtained

using at least one camera.
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di stances, and the second linear radial distances so neasured vary
around the perineter of the lens; and a third processing nodul e for
conparing the novenent of the features detected by the first
processi ng nodul e to the novenent of the |lens as ascertained by the
second processing nodul e by calculating, at least in part, a first
and second i mage | ens angul ar shift between, the first |ens edge

profile and the second | ens edge profile. 22. The net hod of
claim1, wherein the first and second images are obtained using one
camer a. 23. Tige ABthbEf Qhinf | Bivwhelein fhdlat RESt 0RO BRALB iRMdcDE St eps
of : determ ni ng, based on the determ ned anount of rotational

novenent &¢mple@entaryanetalymideremiqondecterd MO Bhintegraidsecissuisonehapgssionpled,
if the op 6y -Rﬁﬂ 5 d, if the ophthalmc |ens
di d not ng%/‘g@én@(g))tﬁgﬁ’ (gl,%\é?g{?g?%grd% e %gﬂ%g%gw mc lens to nove from

t he second position in the container to a third position in the

cont ai ner and tainin hird i of the ophthalmc, |ens at, the
Chird posi 11 o3 notiiedo fhefe b dedimye s b RRiarihegaicre pdepth
center of of f&d eptftlallMBed ©RSqEARGNAMLEE IdyhiORB&H Ke EREdsE RS B 3&sOf
the entire ophthalmc |ens, the | ens edge including the outer

per i pher aPuré&ggaregn foys sigphiepeausiyc | ens, or the inner edge of the
ophthalmc lens, or the distance between the outer peripheral edge
and the inner edge of the ophthalmc |lens, or conbinations thereof;
generating a tid.rd Tenscbddef geiof 1,|vehetaiothetsteps bhobtainingelyefilsyimage of

measuri ng .t hi jmage || near radj.al di stanceg around a perineter of
The- i rqterhalyelsfe s of 85 o bBRSH i EREE e I et b S it e
bei ng measek ecthé E@Bhd pésitidh dochpris@génetting ASrigRMi@d iR{getdTen:phtHABIET C
lens to the third i mage of the | ens edge, wherein the | ens edge used
for the nmSREWIthEJighEsSWHE- of the outer peripheral edge of the
ophthalmc lens, or the inner edge of the ophthalmc |ens, or both,
all of the third image |inear radial distances are neasured using the
sane | ens edgel5.t heThametiod nbhgan 14 edereiadic alepsioSataaiviag tar fersnemgened
and The ¢ I RHTITREDE < AGLE Tradboiorni raage Us R Pasoufs Suming

t he peri neihett thé sdcbed p&itsin fafBer comprise SO&INE dbllgatad 1 g tHeflight
rotational novenent of the lens fromthe first position to the third
position BRPIEEAViEhp a?lﬁﬁ)@ﬂ%g fens aqd dirrgtinghihe qollimagrd lisbh® aGigisrar shi ft
between the first |l ens edge profile and the third | ens edge profile;

calculating a first and third image feature angular shift between a
correspondi ng t@®at uflesmetbedoldaimly, mdefeinr gt signaf prodneng peljested light

di stingui ghi feature at_h nmovied with t | ens froma feature
that  has. Tor s 0el S e eftORpRAptlei e htR o s o8 Rals

i mage | ensaidoglimatinglend, tand eheh hising ittedonaiidr hdd thel lifeidtit tentaingitb asmplbief t
of the correspondi feature; . . classifying the correspondi ng
feature tHﬁﬁ“ﬁ%@l@ﬂgeP?P§B”§W&n?ﬁ¢P&m#ﬁﬁﬁgwﬁgﬁgwwgmangular shift

Wit hin about +5 of the lens angular shift, and is not a nornal |ens

feature, as a | ens defect; and
17.  The method of claim 1, wherein the step of distinguishing the feature that

has moved with the lens from the feature that has not moved with the lens further
comprises classifying a feature that moves by more than a minimum angular shift relative

to the ophthalmic lens as a non-lens feature.

18.  The method of claim 1, herein the first and second lens edge profiles are

generated using computer software.
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rejecting the lens if the lens includes a pre-determ ned nunber of

| ens defects. 24. The nethod of claim1, further conprising
obtaining a third image and a fourth inmage of the ophthal mc |ens.
25. The nmethod of claim 1, wherein a lens defect is classified as a
feature that has an angular shift within about =1 of the |ens angul ar
shift, and is not a normal |ens feature.

19.  The method of claim 1, further comprising providing, a plurality of
containers, each container comprising a single ophthalmic lens, and inspecting the

plurality of lenses for defects simultaneously.

20. The method of claim 19, wherein the plurality of containers are provided

in a linear arrangement.

21.  An automated ophthalmic lens inspection system comprising: a camera; a
light source; a carrier capable of moving an ophthalmic lens in a lens container from a
first position in the container to a second position, the camera being arranged to receive
light from the light source via the lens carrier; and a processing unit for receiving first
and second lens images taken by the camera, the processing unit having a first processing
module for detecting features in the images taken by the camera; a second processing
module for ascertaining movement of the lens by comparing a first lens edge profile
generated from the first lens image and a second lens edge profile generated from the
second lens image, the first lens edge profile is generated by the processing unit from the
first lens image by measuring first image linear radial distances around a perimeter of the
lens in the first image, each first image linear radial distance being a measurement from a
center of the lens in the first image to a lens edge in the first image, wherein the lens edge
used for the measurement is one of an outer peripheral edge of the lens, or an inner edge
of the lens, or both, all of the first image linear radial distances are measured using the
same lens edge, and the first image linear radial distances so measured vary around the
perimeter of the lens, and the second lens edge profile is generated by processing unit
from the second lens image by measuring second image linear radial distances around the
perimeter of the lens in the second image, each second image linear radial distance being
a measurement from the center of the lens in the second image to the lens edge in the
second image, wherein the lens edge used for the measurement is one of the outer
peripheral edge of the lens, or the inner edge of the lens, or both, all of the second image
linear radial distances are measured using the same lens edge, the second image linear

radial distances are measured using the same lens edge as the first image linear radial
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distances, and the second linear radial distances so measured vary around the perimeter of
the lens; and a third processing module for comparing the movement of the features
detected by the first processing module to the movement of the lens as ascertained by the
second processing module by calculating, at least in part, a first and second image lens

angular shift between, the first lens edge profile and the second lens edge profile.

22.  The method of claim 1, wherein the first and second images are obtained

using one camera.

23.  The method of claim 1, further comprising the steps of:

determining, based on the determined amount of rotational movement of the lens
from the first position to the second position, if the ophthalmic lens moved more than £5°,
and, if the ophthalmic lens did not move more than +5°, causing the ophthalmic lens to
move from the second position in the container to a third position in the container and
obtaining a third image of the ophthalmic lens at the third position, the third image
comprising a third image of the center of the ophthalmic lens and a third image of the
lens edge of the entire ophthalmic lens, the lens edge including the outer peripheral edge
of the ophthalmic lens, or the inner edge of the ophthalmic lens, or the distance between
the outer peripheral edge and the inner edge of the ophthalmic lens, or combinations
thereof;

generating a third lens edge profile from the third image by measuring third image
linear radial distances around a perimeter of the third image of the lens, each third image
linear radial, distance being measured from the third image of the center of the
ophthalmic lens to the third image of the lens edge, wherein the lens edge used for the
measuring is one of the outer peripheral edge of the ophthalmic lens, or the inner edge of
the ophthalmic lens, or both, all of the third image linear radial distances are measured
using the same lens edge, the third image linear radial distances are measured using the
same lens edge as the first image linear radial distances, and the third image linear radial

distances so measured vary around the perimeter of the lens; and

38



determining an amount of rotational movement of the lens from the first position
to the third position by calculating a first and third image lens angular shift between the
first lens edge profile and the third lens edge profile;

calculating a first and third image feature angular shift between a corresponding
features located in the first and third images;

distinguishing a feature that has moved with the lens from a feature that has not
moved with the lens by comparing the first and third image lens angular shift to the first
and third feature angular shift of the corresponding feature;

classifying the corresponding feature that has the first and third image feature
angular shift within about £5° of the lens angular shift, and is not a normal lens feature,
as a lens defect; and

rejecting the lens if the lens includes a pre-determined number of lens defects.

24.  The method of claim 1, further comprising obtaining a third image and a

fourth image of the ophthalmic lens.
25. The method of claim 1, wherein a lens defect is classified as a feature that

has an angular shift within about £1° of the lens angular shift, and is not a normal lens

feature.
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