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This application is a continuation-in-pan of Ross and Newton U.S. Seri al

No. 09/187,579, filed Novenber 5 1998, having the sanme title and 30 APR 2003
i ncorporated herein by reference. FIELD OF THE | NVENTI ON The present
invention relates generally to systens for detecting the present®“and
optionally the position of a product within a container or and
nore particularly, to an apparatus and method for verlfyln m@“%@@ e |n
t he contai ner of an ophthal m ¢ product such as a contact

OF THE | NVENTI ON Au g 5.2 1. .o0nht halfnic Ienses
as disclosed in U S%?hkl%- N HRIL achieved a
very hi gh degree of aut omat i on and enable Ienses to be nDIded renoved from
the nolds, further processed and subsequently packaged, all mnthout any

di rect human invol vglﬁﬁéﬁt’l’ liayen 54 eantinpajiony naar eoegans, Newies, USoRenaNo. i t
has been , e to
vorify tha0 § R Lt My RREE, £ TR 9 R S B R LM n RO, o
nmanpower requirements and the associated | abor costs. Automated |oading of

| enses wi L£ho iy sz EQ%I ual transfer of a contact lens into a

package c=i LRON THE TG ENLION two percent of processed packages being

shi pped wi thout a | eRSpreddit SiveSioAREBted Eéh@ratl]?rio bysTBS f&h@a@c\(ﬁg BPrdsthc@ aheund
on one production Ilne whi ch uses manual |oading of lenses.”In"one prior
art syst emtmngliy tm';emsntnn of spradaetenithing comamesorpeskagdeandanoro paditularly.dnanin a
package | i S and
per form n an op | ca clghnilsgy\e’g??%ﬁ t‘% hﬁgee IH eeg&g]gd?r%r?gﬂq ‘E})}i%aﬁré%spgos%uggﬁ&t}
package i ss a tdntact teas.ed fron1the bottom and a canera nodul e di sposed over

t he package takes a picture of the package. The inmage is processed by a
conputeri zed i mage processing systemto determ ne whether the lens is

m ssing f pankQROACHOE TIHINGBENFI®NPPr oach works relatively well, it is
expensi ve and sof tware I ntensive. *co0aoz* 3 0 APR 2003 U. S. Patent

No. 5,633,504 discl 63@@2@d§y§@rewaWdrfextm@@cﬁrmphwgm@iqnmg ag disgleyed ireld-S.
contact | s@%ixtlh%h t5 O%H %5@a’g’ﬂeggS);s{l?rﬁlh%{']esacgﬂgedop\pég%r QBQéTQ%Of\%I Iﬂ}a?? gnrgeengblets he

fl uorescen ge€nerate
r ecept acl &nessdo bt mokded, teynovdrefrore tise mélds tfdnﬂwppmfcmsecedadrmbieqﬁhmly Ipecldagasds all s

provi ded wi.th an ultraviol et bsorbl n one enbodi nent, |ight
vt ng' cer i MadrhiRe SRR B o Lo BRE oo i s e
the | ens beenakpesirydor é&clbﬁacﬁthf:c RRahedad Nstaly Waeksohh ltélvero e ihe patkaghe
| ens appear darker than the surroundlng areas. | n another enbodi nent, a

part of tReNIUBSL2 KBY. ol FEOEFRENY kaVe CEatRIIRIPPY e FAgRIrems I Db ihe aesacipigd
expos ur e Dot LY A\ﬁé(ﬁagﬁd Y@aﬁ%g%?@éﬂg ts?go%'t qgni? n&sageﬁcfuﬂm B oYRVGh SR HLES

used e canera. hese wavel engt not ens uor escenqe such
t hat def emts a ppykege caasreswltgn moag bas twi pement offpgodessed pa¢l@gesrh¢ingg;hippect Wwithaut

) df h |
cost det eBorBn TR TS hatREn, Biney B EEER Rl R ¥E bB T bralbi by e et oo

of an autnﬁmhﬁdodﬁﬂd%Mmemssysten1mhlch |ncIudes a transport and ej ector

conveyor for ejecti an defectlv ge ich the utonated det ection
syst em det er ni nes a?‘g SYS&% stpﬁgﬁfa‘d‘écy 3 Mﬂ?e‘@@n E ens

| NVENTI ONj § pbéia%e @rabffﬁ'i;ihsﬁ?@ I%Clsacﬁlf oﬂnhg twlﬂé?ﬁ@e WitV ithdeQlph ﬂldﬁfe%hﬁﬂ @n
system and a nmethod for verifying t presence and optlonal y t pr esence

and posi t iopticabfinsaectiophivitak nﬂ@omammctlndhawstem, the nanléag@omlhmeated)ﬁrom the
directing b%l r%t n8’l‘3éﬂ{’~}1%¥4 r%oﬁlﬂg'd?sbhgya Rk %Q%a& ngﬁeé 98@1&%‘ W8 he package. The

image is processed by a computerized image processing system to determine whether the lens
is missing from the package. While this approach works relatively well, it is expensive and

software intensive.
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conbination. It is another object of the present invention to provide a
system for verifying the presence or'abseénce of an ophthal m c product

di sposed in the container which provides an accuracy of detection g3%eAPRaﬂﬂﬂ3
than 1 in 100,000. It is still another object of the present invention to
provide a systemfor verifying the presence or absence of an ophthal mc

product disposed i nt ai.ne L i s, econom cal t.o nufact ure and use.
I n accordance Wit hEjt_ﬁe}g‘g%&go'o%}s@g%@rQ}‘?ﬂloéﬁfd? FY%ﬂmar‘é‘bﬁ“g@P@ f?ﬁéﬁSthllnlg a
becone appaLRRtoMeieEmyiRiminalfy Hed&RNhd 'ﬁﬁé/t@@:tabﬂﬂg RAVE Afferths YiabRBehOr
determ ning the presencé and optionally the position of an ophthal mc

product $ghitgeaeratedgtiedens dramsohe pertionof tierreseptatieeanideriecked by tifel lans. dodhs

absorb or refl.ect ref erably absarb or, reflect. ,nost preferably absorb, -2
30O pr BTt Bl SACIAR %, BRORER 8y LRL LYol ol et i ghé
cont ai neembddimengllifliteraGing Centty watelehpthstvallandie flaoresueheiadhd lend 41 dagdeshe
which reacts differently to el ectromagnetic energy in a specified

wavel engleis FapRREat Hohbuglt arearigaiasia éark dield. Thefetd it tierens appedr dadir than the
recept ac L@chu?lﬁ'ntg\l;ﬁe:;se "I amﬂgpén%‘af tga fgﬁ*{ &tk $83 thopigﬁ%#eg%;%ﬁ(clg 8P§§)§>§§Esed

froma materia Ich™is substanti a ranspar ent romag
ener gy i matie Bypeedct bedxpauel te ighthavigoeavelbhgthsl ehiteide iof thesysierfmiancletigtes an

apparatus for detecting the presence and optionally the position of an
opht hal nf*acd%rmgae*tm?rﬁ Tnsss Medfiprgihs dapRs cause iegs rf‘ealjes‘aen%wé hab fletects appear

el ectr ongggg{tiapea«g%{hgythle%g.t ed relative to the container to direct
el ectromagnétic energy at the container; (b) a detector disposed relative

to the container addcordinghtireceetiss dataihor ehew tyremdderstdetectoesygient, vt he

sour ce which sses_ t.hrough .or,.i.s refl ect.ed .the product and the

cont ai ne POV o sous e e el e adefier, ey ion o fre i ea S50 BBl gh o
t he prodygbmiafedtdeecEOn bl whi@SIRENaEsLirhpaR 28d Bieb @R cofvlybefor ieatifg any
fluorescence of the electromagnetic energy by the product. Another

enbodi neAefeetiveanaekagsp whighihe gftompled deteetiam syptamedetaramnes gre missiag denses mHke
presence apd.qptionally the position of an ophthalmc product in a
contai ner conprises: (a) a source of electromagnetic energy | ocated
relative to the container to direct electromagnetic energy at the

cont ai ne%ﬁh&@Al@Yr&%EﬁeEﬂ"’l{ﬁﬂ?e | ocat ed such that the container is

di sposed
It is a primary object of the present invention to provide a system and a method

for verifying the presence and optionally the presence and position of an ophthalmic product
disposed in the container by directing electromagnetic radiation at the product/container
combination.

It is another object of the present invention to provide a system for verifying the
presence or absence of an ophthalmic product disposed in the container which provides an
accuracy of detection greater than 1 in 100,000.

It is still another object of the present invention to provide a system for verifying
the presence or absence of an ophthalmic product disposed in a container which is economical
to manufacture and use.

In accordance with the above objects and additional objects that will become
apparent hereinafter, the present invention provides a system for determining the presence and
optionally the position of an ophthalmic product such as a contact lens in a container. The lens

will fluoresce, absorb or reflect, preferably absorb or reflect, most preferably absorb,
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bet ween the source and the reflective surface; {c) a detector disposed
relative to the container and the source to detect el ectromagnetic energy
fromthe source which is reflected by the product, the container ajpfl APhe00)
reflective surface; and (d) a processor for determ ning the presence or
position of the product in the container responsive to fluorescence,
absorption or reflection of the el ectromagneti c energy by the product. The

present invention alsq. provid a nmethod for detecting. th resence,_or

presence ‘gﬁ‘iﬂroﬁ&ﬁpfti‘co’ﬁg’éﬁo%w %‘%Ef?ﬁa} peuny thag the cqntpinere g-msa‘iﬁﬁp@i@“t’ﬁéy b Bfuct
i ncl udi ng,a, HEGL fcWLE th BORAL Bohi e reh@h bt G heOLLRIRBRELd bne ﬁqx%&fim
frequency in a specified range, the nmethod conprising:” -3 0 APR 2003 a)

di r ect i ngwevedaigtloranghiiah dogsribe cgntainert Hgheonidinet inaludes heecepntlaifardhe lehy and

detecting the el ectronmagnetic ener i ch passes.through or is reflected
by the prRGUEETLHG I8 TR A erarcbl Pty S p B Shigh batbiiutiaty BahsParsiFls

el ect r omegB@ionfagABRS €hergyOintBE ST MR WARIRLASRAAEE Phe BASHHINAYstein hiladayr aduct
in the container. The present iInvention provides a relativel ?}/nm npl e and

economi caippasasisder feectusttes picpinsg and eptprnal i tireepcsiipnay tah ophthalmic peodvekingg on

of an oph . _C Uct in a container. It does not conprise a vision
system n%opﬂérgg%b‘fol%cpg’gg%softmre whi ch does pi xel - by-pi xel analysis of an

i mage, that is, ingge nod piudteoeyelediidntfen BRSE#rHTIochiereldiie BRAVCHEEnEh®
present invention wll now be described with particular reference to the
acconpany{iFg! elestigmggnetic energy at the container;

(b) a detector disposed relative to the container and the source to detect
electromagnetic energy from the source which passes through or is reflected by the product and
the container; and

(c) a processor for determining the presence or position of the product in the
container responsive to absorption, reflection or fluorescence of the electromagnetic energy by
the product.

Another embodiment of the apparatus of the present invention for detecting the
presence and optionally the position of an ophthalmic prbduct in a container comprises:

(a) a source of electromagnetic energy located relative to the
container to direct electromagnetic energy at the container;

(b) a reflective surface located such that the container is disposed
between the source and the reflective surface;

(c) a detector disposed relative to the container and the source to
detect electromagnetic energy from the source which is reflected by the product, the container
and the reflective surface; and

(d)  aprocessor for determining the presence or position of the product
in the container responsive to fluorescence, absorption or reflection of the electromagnetic energy
by the product.

The present invention also provides a method for detecting the presence or
presence and position of an ophthalmic product in a container, the product including a media
which absorbs or reflects electromagnetic energy of a frequency in a specified range, the method

comprising:



Figure 1 is a schematic of a mssing | ens detection apparatus of the
present invention showi ng the container between the radiation source aﬁd
the detector. Figure 2 is an isonetric view of a container and | end0 APR 2003
di sposed therein. Figure 3 is a side elevational view of the container and
| ens of Figure 2. Figure 4a is a schematic of another enbodi nent of a

m ssing |l ens detection apparatus of the present invention, and a container.

Figure 4b is a schematic agf py%ﬁregtghmJ]g&roﬁ%ﬁgicgzﬁlg;ggogt tHe ;;poélijtg lrgns

detection apparatus of th resen nven contarner. Fligure 5a is
a top viewostahirAaati c of a sensor head of the mssing | ens detection
apparatus of the present invention. Figure 5b is a cross-sectional view
along axis A-A of the seMdor Kekating theiclggiramagngstic eneygy &haeh pagses thrgpeh,erasy

schemati c erfleCMﬂgEdeﬁtﬂﬁginq‘?ﬂéc&xftaiﬁersgr{hspr head of the missing | ens

det ecti on apparat’u present 1T nvention. Figure 6b is a
cross-sectional view al or)y axipsockssingtheidhecse rotrothegatiokndrggur det€anine the 3
0 APR Z003 Figure 6¢..is gt Cros -sec}ji onal. view al ong axis B-B of the sensor

head of FiPyGFECEY PORifigh PEths@roduchinthe Ctap® i gnal view al ong axis G C of

the sensor head of Hi@Ur&ent invention provides a relatively simple and economical system for
determining the presence and optionally the position of an ophthalmic product in a container.
It does not comprise a vision system, nor complicated software which does pixel-by-pixel

analysis of an image, that is, image morphology.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described with particular reference to the
accompanying drawings:

Figure 1 is a schematic of a missing lens detection apparatus of the present
invention showing the container between the radiation source and the detector.

Figure 2 is an isometric view of a container and lens disposed therein.

Figure 3 is a side elevational view of the container and lens of Figure 2.

Figure 4a is a schematic of another embodiment of a missing lens detection
apparatus of the present invention, and a container.

Figure 4b is a schematic of yet another embodiment of a missing lens detection
apparatus of the present invention, and a container.

Figure 5a is a top view schematic of a sensor head of the missing lens detection
apparatus of the present invention.

Figure 5b is a cross-sectional view along axis A-A of the sensor head of Figure
Sa.

Figure 6a is a top view schematic of another embodiment of a sensor head of the
missing lens detection apparatus of the present invention.

Figure 6b is a cross-sectional view along axis A-A of the sensor head of Figure

ba.



6a. Figure 7 is a block diagramof a processor for determ ning the presence
of alens fromdetector inputs. Figure 8'is a top plan view schematic of an
array of containers. Figure 9 is a schematic of an autonmated systend( &PR 2003
detecting a mssing lens in accordance with the nethod of the present

i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The term
“container" is used herein to nean a receptacle for the contact |ens.

Typi cal |y, the conFigurefe Wialorosssegionrl Wewelongexisddioefitbe sayser hvad of Feguge

bow ) angaa cover (e.g. lidstock). The cover can be for exanple a plastic
cover which can be transparent or a plastic coated foil. The term
"container” wll DPigusest Bareos-se@ickbdew @fddp akiz CMoMAs Sendbit fradlof Aiguey er .
A nissing | ens detection apparatus is shown In Figure 1 and generally
characteP#zed by the reference nuneral 110. The detection apparatus 110
conprises an el ect ggﬂgﬁ ti I ALl . 4 a
processor 116. The% ourcgaf%%ﬁﬂgyggg%gagggéﬁ %%égggﬁpg%?q@%§%ﬁ$é?8%%@@%

ul t ravi ofretn detegdr,inmitsi bl e light, and infrared light. For exanple, a
visible |ight sour%e, sgch as glphillips LigEt buIbfP/NPL-S 9W 10, which

wi Il produce a por 18I IS &1AB PANSETY S7REBAEE PLant ERYARTCGRMNTS he ul travi ol et
band. Al ternativel yigtd@isSOUhERatld f SPYSRAEY & ferf kG RIRYRHibSng A4k af | on
in a narrow band, or the source may be used Iin conbinationwith a

wavel enga¢cofdantewith chqmettiad ef thepagsemvintzatidn. For exanpl e, the source may
produce a narrow band of ultraviolet |light (a wavel ength or range of

wavel engths within about 190 to 400 nanoneters). In yet another enbodi nent,
the sour pETAR FBDESCRICACGN ©F THIFPREFERRED FMBODIMERTSE! ect ed group of
ranges such as the ultraviolet and visible bands. The source 112 may enit a
pul sed or const ant Te¢ temr eaRtginer’ is upeddiesein dhmean pregeptacledfos thgrcontagh Bnen t s

pul ses of i ] e I f o]
Cbout 400 Pt hethaiherdh o e SRUEL GRS OB P SURTRE kP e

dur at i onlid§toel)oTthe tO0erwean peiforpixasple aplastkaovercwhish paebe traldpardnoons gthstinay
fromthe detector _and the contaiper and the el ectromagpetic - 5 3 0 APR
2003 encFeyed g‘“lp_r]g‘Fé?‘Hb |Spni@HieF | W TR B s Alharebip e presaritEpt P EOVEFi qui d
light cable or |ight nguife jenthEetSQ@idhC Spphiafus BY sRAVRANY BighfCe MP‘Q@nérEl%)I he
art or commercial ly available which has the aforenentioned features. The
det ect or charactengedbley thes pefersnaeenumeraiay &0.e nijtehdeteftionaghiparatesn 11 G campeisasi arul ar
range, or,it m e_r.esponsi ve, t,0_hroad nds, and/ or d-4n_conbjnation
Wt 1 oo ERR e i e e B e iy 118 et LSy
be a spebt abi®idBhnd souede, hich [REdIcesLmdeiolt LiphOVREAOEQK, agd infiatadrlighet For
Preferabl¥, t he detector has a dianeter of ap roxinategy 1 mllineter or

t her eaboGX&NPle R 15Rls dightsguigesyetnps aillips b SR/ RPLau? WY 0 WhicB YEH #TslPes ¢ he
area of 1 o L d e KN i art
et ci AT o g T R e 1 [P

t he det euotayr gehtrhtel eleelromagniehtradiadmin a naeowl bavgl lor fthe spabe may3b6 used about

400 nm and re preferably f about .300 to about 0 nm .For the

enboa meAemERBIRY Tin g e ienat e tharaA Pt Fon et dhs Solice mey a5
HFI - 010. @¢hdudy @hhrakl Balkd SOIfFAVESIES 1081t Ca Wikl dnigFEdtirafig st wWaeleAgthe gNthimabout | N
Sterling Virginia. The EIT detector has a sensitivity for radiation having
a wavel engd® HoofOBaRnAmeISHRt els Yeh| AethsF cmbedimabotite 3oursanblife Medys prasetiuse
It uses %1e9@§9%1%ﬁc gddk]a&i‘éfhg]ﬂ Eé’iéb?e%gsﬁ $Qartlet SRUAL BreANatibidt dndiGbleddhAL | ON
to a narrow bard w dth. e appardatus nay Turther conprise ones or nore
addi t i ondlhesbect A tmgy eit@ pated censtad/etectravignetioradiatidineA ipnaférusii sonrcefl 12
addi tional .detecto typigally.|nmproves the accuracy a reci si of the
i 551 ng. P Pt Qg dRbh ik Shre srah M e rundron 209 B Soutidimtandy ¢ h
the inventd I i i are
possi bl o g Bre L i R g R ron S adot LRy P Ea B T0e oy

i n a broadurbarsdrefarabhelovatedaway from tHetgedtar anitie estapheadinddhs elesteorhagnetic
limted range. Alternatively, the source 112 can produce a |limted range of
wavel engt hs. Furthernore, both the source 112 and detector 114 can operate
in the sane band. The detector 114 communi cates with a processor 116, e.g.
digital signal processor to provide an indication of the presence and
optionally the position of an ophthaliﬁi%'broduct 118, e.g., alens, in a
carrier or container 120. Preferably, the systemis calibrated so that the
ratio of the energy detected when the lens 118 is absent fromthe container
120 to the energy detected when the lens 118 is present in the container
120 is at least 1.1:1 . Mre preferably, this ratio is at least 1.5:1 and
nost preferably greater than 2:1. The detector 114 is preferably sensitive
to alimted nunber of wavel engths or range of wavel engths. For exanple,
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enbodi nrent of the invention) the detector 114 is sensitive to a bandw dth
of about 200 nanoneters or |less, preferably |ess than about 50 nanoneters,
more preferably | ess than about 25 nanoneters, and nost preferabl\3lapRRuiliio
nmor |ess. In one enbodinent, , the detector sends a single energy out put
to the processor where the output is conpared to a standard. The el ectri cal
processing circuit is calibrated to operate with a range of limted

vol t ages, - , VSl V. ] L,ndl ive
of the. aisteit S TRRRE R W B ARy Mec bk, BT EE e bR ERELCC YR, o
of the prseseadée2ghayt be aheBsurdd 8ndwn tifeheC mntodicommerchhi®y wadilabigewliciymas theoul d
go to zerq volts if the lens blocks all of the electromagnetic radiation,
e.g. Wr 2dTsPERnGh{@HFS detected by the detector. A predetermined |imt
can be establ i Shedqh_%lagIac@ﬁ WheRy bb SespSRsRdo Madbigt 1R of Batkibs in Hpduidiignal
greater than 5V, to indicate the absence of the lens 118 fromthe

cont ai nerranggj oriit miay Y rashensihette broad bards apdier bsed dgmtdrhbiasieah with & filertatletect

whet her the l.ens 118 is orjiente roperly iin the container 120 aqr..

ot oper 134671 ERAS of Bierisk aris S RS i e iR B%h 4 f Bhtigioce or

r ecept aclghoRkeReM or ARSHMNEI Peifardbly] thel @&ctdrlBasi 5 didbetel sPagRekihAtdne
proper orientation, the quantity of el ectromagnetic energy ichis

transni t tedlimeteser thereatoxts and WpAsHIss artejelylecsionagnetiscediatomegesednventiedsrect or
114 may Qg Ehpecidiatnt Baci_ch&r ﬁ%h}?’%e\/ﬁ#’l&@temlf Erli'bwaﬂg'tﬁ@%r?éoﬁ%@z%iaﬁlggviiﬁm% 118
is properly positioned. I'sinformatfon I's used by the processor or
comuni cavlech has the adorementicaed tfentures. e Prefonblyc thepleteatar dritt alemets. lighhdiapngeessor

f this i ti b f I Kk

per son_ of VPR Rra P abEaeD P S bitaRR D TR APRR PR S RRRCIRD )
di gital sifginBbr e REMSERent IHVPIMEHigliread a@%ﬁ&ﬁﬁ&grdei&tc&rl 140§ ehrt XoBEIS 365
programmed_to cl assi t he anal og sl:]gnal fromthe detectors. The

f . he
cl assi fi dAEFOR- Q9% am@gl&rfmr@&l@trewm rmeptatige dsehologhdac.pip eming Mirgigat he
anal og si g SLON agd: B4 aF ' I for
I S e b e
di gi tal shignatboo2duanodeters beasteablises hdendpyssrfdier adrangementrtk aad¢mpateiahd st
Theoretical | th rocessor, caul d anal yze the anal og signal; however, this
is not pr ?@P@S?%%’gﬁ(’e‘” ?ﬂ?o‘ﬂ’lgﬁbnt, shown in Figure 1, lens 118 is
di sposed within a reeeppaaiue rody hemkr datdpie dnb&yr GRdYe aidariondi2edtdnignetic
conventional manner as shown . in Figures ? and 3. The container 120 has a

1

. Th
subst ant i S8PIcs 4R Seteetaps- e AnrdusionRe 2 fidoprd Wetertarsgupies B IMprevsh s\ AECURRN
vieved | rompHRRiGT B midfmeIaR'RIREE ot baRSpbif iRichagat ed in the bow
122, and prgfera ly, 1t 1s™not immerséd in liquid. Alternatively, the |lens
118 can be ful |y subaesogduice with thainvertion, s@yetl spRe@@BBdatesitarnt fraguencyitengsour ce
112 and dcet cta ) 11@ arebe(ji]§ooosed r(‘aeléaotic\/ee1 2%.%?\? rcgnteai er | 20 suchrthat
el ectrorraé’ﬁ1 t1ECOPSAT BPTS6™ i °s r(ff‘?“é@t B0 At ”1| BT PreOY e T MBS RTSTINEY 120
as shown inre biogdrand .cah bet ited varhadienr, 1 luhaiapedttai sefde fo?(a Himdted @ange.
| i dst ock. However, the container in this enbodi nent may have a transm ssive

| i dst ock. AHITRANFIXsBR Eures | 1 5ap progiceqy impiifd rngeof vegelgnathy A upthemetnPott 3 can
be det er d0Rd 185 2Rd 448G41 193 c8f o &8P ARIRIEBENDT €l ectromagnetic radiation
passi ng through or reflecting fromthe I ens 118 and contai ner 120. The
preferred contact [ldaseisctonBldpomanupicates ik apressssat 116n¢.8rdigitah sigea peacessein

ul travi ol 21 o Wh ' 9490 A rays. An
excerpl ar y SPETAS il B P Bk oaSe RPN oot bPln OV phlMEel 1

Nor bl oc asg.t hieni)vh btatikeosr.coftamerl 10e s efsrablye theepsten i3 @llibyateisaitha kiecatinale r

t he tradepane Surevue aFd Aculjvmé %r.o JOI’%{]??“Oﬁl & Johnsi)&\ﬁ Ei on Products,
Inc., JacWsERRFEY feiected wherythe Igngni P isasah CRPASHI B 10ge ERFEEY UGN i n
the art aghdiBE|BSER isPrestMlin GeadRiather Y1 (Ss aPRAR M NOMoRs F9RrB82 thid Ao is

di scl osure of which is hereby incorporated by reference.” O her patents

whi ch di s#llessie] .&drandenost prgfeably BeeatendwnRb - (Rherdgtiictor il 15 preferably ssnStivel ent
Nos. 4, 390,. 4 ] radj at 4 I 0 -

phot t of mi ¢ g3 Mibper GOttt o BRLEH ORIBEIR, ToraGuBRROAAEERY okl

not appreciably absorb and block ultraviolet radiation to the same degree
as the lens. Specifically, the plastic in the container 120 nust not absorb
and bl ock the el ectromagnetic radiatior én-the range sensitive to detection
by the detector 114 to the sane degree as the |lens 118. Exenplary plastic
materials that may be used for the container 120 include, but are not
limted to, polypropylene and pol ystyrene. Thus, the presence or position
of the lens 118 within the container 120 can be determ ned by conparing the
| evel of electromagnetic radiation received by the detector in the
specified spectral range, for exanple, ultraviolet, with a known |evel for
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Anot her enbodi ment of the m ssing | ens detection apparatus of the present
invention is shown in Figure 4a. A nissing detection apparatus 200
conprises an el ectronmagnetic radiati on source 202, preferably an 30 APR 2003
ultraviolet source, and four detectors 204, 206, 208, and 210. The
detectors 204, 206, 208, 210 preferably detect ultraviolet |light and nore
preferably ultraviolet |ight having a wavel ength of from about 300 to about
350 nm There can be any nunber of detectars, preferably o,lae t? one

hundr ed, cRbPEIMENELRE Mk Ireahien t1he [rIsaey 1ahds FRY1YSr 1 2 PaBIY dgha! ebowt 90 | n
the prefgofage P@usgrgﬂéfera EQ 1R LatloQU80 AEHLRRIRE, Snorl pikfer 01 QL NAGEouUS Ed
to detect the radiation froma single source to detect a contact lens in a
cont ai ne25 nimaneersamdorosapyeferablyabowfl Oswuercless, pref erably one per

cont ai ner. The el e?trorra ngdfﬁi C ratgi gti gn soil,ljrce 502 S orti ented such th
it is able to emt 't 3 GETENEYwalP Y d LOHTRI TR H" 2567 8Y CWBRY QM HGE&iPT
opht hal mythepy B biput Hldkhpagedaolatiidhddld8. ThERSectfual ploBesingZechiass @aliblait aCk
212 with a reflective surface 211 facing the inside of the container 220
and the épedtrvHhgriaes ef kuilpdroltages, forexample) 3n 8Y pignplinaat bectke bighest iveliager oi | |
al t hough i {: .10 ' filhect | - eri glis ' , The
i dst ook TEERE B MRAUSRAUIVEE 1€ 1165} AR Blote el Bl Pbline "7 e
sane si dersséndehd tiedansal Igein thscdnitenes o The eoltapeaignaldioatd gmtoi mra eflisaf thedersf f

the |idstock. rnatjively, .the.container nay. have.a l.idstock which is
Subst ant PHeK al phe AR soRedieh BRI QR Y g8 PERP SeESHS B g eieeir
opposi t e Aheedeleffine® NAHN@hIbE Stablished, $idH dsafheh@hd f@sATRAG dBRsul& hPWRigh#)
Figure 1 of a reflective surface, e.g. a plate 213 can be positione

Opposi t e Sraster dhaack ', deringinatd the gbagnescofaplens 1 18 fres pesceontagnerhe cont ai ner 220
h i Fi ] t.i ] ti
25 the reflect Pve. SiRHarblty ek Eubhaled BEHAOEIEnLHE BORR: LHPRT OF

Al t er nat ioviehtgd paipety irgthe Robtambn 10, ortitmpraplerly dispoaet dfob exangsé, talangeatle sidebesf t he
bow and the squrce could he positioned abo t he bow , .The el ectronmagnetic
Fadi at | o SOURHHIH AT T O CrEra PEE 200 Hr Digh PPhEBosRe df AL 98 and
reflect edribytalibie thé deiMEK o tRc@bmhdiRtit @hér@Gtvhich B fdRmided (1t tBe kAMAI0418 i S
present, the lens will absorb some of the source energy,thrand t her ef ore,

6,

| ess enerBserigd) jor peflacksd| hagk del theodatestorddtapin pg lep thany osbgld walee Phish The
det ect , i i . h
ener gy adndicfes i ciat LIC Rt POAKCAE TR, Bl BRls (SO OB DRl i

of f set oromtrhmicateddo acpmedllez exdrefeot o aatapt apomwe@ssi ng. The processi ng
circuitry descri becl, above m'% g_g i ncl uded ibn this e%%di rTEnt. The detectors
204, 206, 208, and 2TETHFECPPLIES IBFYHPIEr e ANE dV RS CLFRICPh BUSStf a5,
More prefkaoablty a pefson @€ balihay skilGf the?86 or 288mertivlly 216114016 peaferably Sgigisld
radially around the sqQurce 2%12 as shaown in the m ssing |ens d,etectiop
sensor hEHARDIFOCESFOrF IRGPeFeEEl RIREESEY. 1S Fh el EH Pragzapmed © Hassify tomplogos to

whi,ch th%i%lgpﬁ‘s}% 0 AR rd e TrRE oRk$ fidlidn 2 Ah 5 fa1 0P YighAan Weeiceb APlished thye

det ectors 204-210 are nounted such that they are ained toward the cenfer of
t he expecbekriingtht anglopsignalido b digaal signat dnd anelysiais thendigitdl signal byhfor svample. and
detectors are ai,ned-toward {he center of fhe top pof the how. of. the. .

cont ai nei 2918 %Bsé%ée& %%cﬂgogog%p sai%e\i\ﬁ d ?Dﬁ' ik élngge.: d}ﬁlltc% %@Paletr?b%%nﬁéﬂr'l *of a
sensor hes@blPsheéd by néursl netvesk Algotitins. deé@etidally, thpracaidigonld afdlpanhé makiggur es
6a- 6d. The sensor he%d_226 has a body 228 to which the detectors 204, 206,
and 208 AtEhBONEY. e nQRIFEEeS02 s offset fromthe center of the body
228 so that the soyygge &RBoditeMOshon@Nh Bike UNEAT 1664 diSYREd with® d Bfprdcle @
container to be checked. The detectors 204, 206, and 208 are offset to the
si de of tandowppa? of ths comaingpptisintacopyrntiohgenarger asghipws ipbiBures 2| aydah ethe

Pr ef er abl C r | L C .t he
cour ce- 269" ERT 427 hECH SLhBRe R Gy BRI B0 BMIND BB ANCeon BRI of
t he | ens.vidwesf fesrabhetop tofi hesonramrer. i lded El®iotard én theool] &22, tahé ptefgraldent er
of the bow |aheled as 209.in, Figure 4a. Additjonal urces and.detectors
may b i AbISRRATIERan S8k o GBE S Tt oYk ot B G oPE B GUACHRE ¢ he
detectors 204, 206, 208, and 210 communicate wth a processor 216, e.g. a
digital signal processing nodule (DSP) to provide an indication of the
presence and optionally the position of7the I ens 218. Preferably, each
detector transmts an anplified single voltage corresponding to the energy
detected, which is converted to a discrete digital signal for further
processi ng. The system may be calibrated as descri bed above. - 10 30
APR 2003 Figure 7 shows a bl ock diagramof a portion of a mssing | ens
detector apparatus including a voting classifier processor 238. As shown in
Figure 7, the detectors 204-210 provide an anal og indication of the
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For exanple, if there are two possible digital representations, green and
red indicating presence and absence of the lens 218, respecti veI Y, gfgoApRtnm
signals detected by each detector, there would 16 (24) possible

conbi nati ons. According to one voting classifier scheme, if all four
digital representations fromthe detectors 204-210 are red, the voting
classifier 238 would determine that no lens 218 is present. For any other
conbi nat iseltiot.h&he sdureegl l(2| and SefecoF IEIB&e\AﬁEwbﬁbddeheWﬂiMCthﬁ‘amer 1 EnsicRitt i s
present |n t he cont ai per ((j)]ﬁ Preci si on of sing |l ens system may be

i ncr eas edSOMARIEES S3digjlonHe disriaskat therboyd d &2 Bf'@edf”@fﬁ‘ﬁ’ﬁ’l 12roe%§r53%‘@’r‘rf’hf 'rgBrﬁsl f or
each si gnl‘?rl t Ej;{ Qﬁﬂb%’iﬁ'{éngq}l@c&)ﬂ{a ek 190 ha@%odﬁ&%t @ﬂw&e@@r ﬁhg%oﬂfamtep thrs
predet ernne tage ranges FGor “éxa here are’three possi

di gi tal reeﬂmoésmermmaydmascagamnssweelhdsmuk and red i ndi catr ng presence,

possi bl e presence, _.and absence aof th s, 218, then there
are 81 (34) possi b@ee&rfsr%arpeﬁemra@hefﬁ%é}%wnﬁetﬁﬁg hbze?c%lmﬂﬁaterrang in
the prevraQLthuﬁmﬁﬂe ab%s@%gbrgre&tpon%gﬁew@raaagoﬁ ftru%ﬁ F[t@%tidgffrdnlf'ree

of the four digital representations are red and ourt !
r epr esentlst leonl MSSanslebmt@uwr t29e Theprefigredicantgitilénses Izliﬁalswbwitd t@axresremi ineentibmt a

| ens 218 is, not i.f .all four di re ent ns. ar red
Lhe vor 1 farEroa i REREb bgk & Gimict e anerormatny ded SPOTA AL B By

For any qk&gplabPrhd madetifns a\rahr@br\é%aaqr;&dra@ﬁarﬁe Eraf?c%%wurr ﬂroﬁﬂ&@mm% d\hat a
|l ens 218 is présent in the container 220. In the preferred enbodi nent) each

phot odi odéockeretBresolenses areroemdrdmyaldy a\wéableuriﬂet thenabagure Suvedie®i dnd | Acumhd®
converter, which di i.zes e si gnal o _one of e.than 100, no
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At maximumintensity, the count is 4, 0 APR"2003
Ther ef or eiscidsere afgtitich istherebyy incotparatediby terﬁeeldet éhhmpam@rwmcténslosecmmct
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det ect i ngndyhetsibesroded by adJV ghstoinitisdorcont ai ner conprises a sensor head
conpri sing one radiation source and four detectors arranged around the
source. The pref er rd§ seEqigingceRigineioarienal issslectsd s pniamat trpreckbinabserbrndur es
5a and 5 r

dotoct oo kAR SR GO RR Bl S B0 IBKY Rl R SR 6O
be acconp0smesdnetsabegb tahe bbb the-desomiapedic rabitiom ihald rengdhseneities to datectibe
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Dt ocesso Pt G4 e DeRre SFgrar heirBt | HEgmeeyery P e RS tHATHIee o
t he det eaised for Ttlﬂ: doAAGRE 1 2 inERYE bt 4rd nbhﬂnﬁédgarpdl‘ljﬁi‘bﬁﬁéneta!ﬂﬁ pBIESMme C This,
absence of a contact |ens, The boundaries of the ran%g counts in the
neural ndbeRsesenge & nositiahpf hplas hi8 wiks |thrgcoatatvéablﬂ 8 epteeeﬁfﬁ P eqrgparing
nuITer ous, L puUgh the
oyat em cunglere o Siepina fO0C ALARLT AN, R BLOL: mIfe BRalia SR AP
cont ai nerexaﬂiblesuhxeamtnt,ngn}seknqsmefeeeldbf t)hercnn:thmdreBZOsammd éﬁqerp&pcraesegbﬁtmm of
t he production environment, nclud extrene conditi Kl e

the et 1 SOBicR AVIGT bOIBRaLInPRERYe b REGFIE GTADRIR Cngblens kg Peselsudhc on
the perCer@&dc@@el’é@ﬁ&hagﬂﬁﬂc%ﬁﬁﬁh'ré&%dtb fh&l@gétOn boundari es when the

out cones are known for the teaching se The neural network preferably
makes no spatial cdnaeethérembogunenbdbe sonecedéR eat ony elgstromagngtipeadintior ssthe y
bet ween a I ef

enbodi mﬁbé%{eﬁ rgie F}PE gﬁgén%g to?g?e;%(s) d?%:?srlgdl@{tgd”‘ﬁ% #éhutcgcﬁe%l of ?rFf{'aSgd radgmo%
Hamamat siat thithdetdttdrd 14 as tomigdred »ch basglhie isfared Rvelldssociaet aith an eﬁpqmdntaeaer

source |s concentrated at the expected position of the contact lens jn the
cont ai ner} anahascoataweéaretferarlbrema@tiece wd gheh AHENFAHERNSASAHAR 1 fagilitate ght
fromthe t%@rlgﬁmﬁg f?zlr dralﬁ%t#ftﬁﬁ tﬁé‘c&rﬂﬁ HBTtRe 'ié?r‘é ﬁ'@boﬂ{ef@ﬂéunttd?%ﬁedé a
filter placed on”t source whi c Plﬁlts t he el ectromagneti c energy
to the wavel engt hs mhrch are absorbed by the Iens In the preferred

enbodi ment the light source is pul sed which heats the lens |ess and
therefore avoids chem cal changes or pogymer danege in the |ens by having
low intensity light. In the preferred enbodi nent, the photodi odes are
preferably silicon photodi odes, made by Advanced Photoni x, United Detector
Technol ogy or Hamamat su. The detectors preferably have IOM/pass filters
which only allow the radi ati on bel ow 400 nmto pass through. The sensor
heads conprising the sources and detectors were manufactured by Applied
Computi ng Technol ogy, Qakridge, Tennessee. The processing and - 12 30
APR 2003 controls |nterface and electronrcs wer e also nanufactured by
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- 13 3 0 APR 2003 In this enbodi ment, detection is perforned after
hydration, and after transfer of the lens to the bow of the final R 2003
container. Lens detection may be perfornmed before or after the addi qul &[}U
the saline solution and pl acenent and attachnment of the lidstock to the
bow of the container. The detection step is preferably after the

I nspection step, which uses a vision systemand conplicated software that
occur s befodutentilthelvpotamer 9 @nbp just\,tnoeglproai/anlwd)duyf,acdsrmét}déersdtlBoﬁhskespl i&

perforrred af t k is.aftached tpo the container to ’
Phe 1 netis @b ittrsdiogksnt e fhompn R HarienbPE i Sheh g etekBr T sehshte!
appl i cati %ﬁlngam de@ﬁdnsfi‘ﬁ%@%éd et QRPN thgrxﬂbﬂno@rﬁmong@memngokammn is
reference. Many variations of the present invention w est thensel ves

t o those pRsanilegraferradndt igmtsoipassiblgha udizeelrstramagnstio sadationdn s\@slblptsmtral Al l

SHEh, 0PV, VAL 8 AL b A ERLE 250 B BRI

presence gid Hesks klebforRignanic emdnnialthé Gisibleagbdtiunt o vhi€lPihe defeetor 1 mrsméﬂsﬁiveg
(a) source of electromagnetic energy |located relative to the container to

direct el SEni#hadenstils mrebyynoae hysiescepin Bpmée contying 138n-Theeederisgiuade &t or
di sposed rel hé 8?“&%‘&1@5’% - A Rhs ﬁ{&ﬁ a%?oer %Wéf?e%t R ﬁﬁ'&ﬁx%%&gg&?cc neF%r/Btg etic

energy fromthe source ‘passes roug Is reflecte uct
and t he cdiffesennéggreeathan the container alone.

Another embodiment of the missing lens detection apparatus of the present
invention is shown in Figure 4a. A missing detection apparatus 200 comprises an
electromagnetic radiation source 202, preferably an ultraviolet source, and four detectors 204,
206, 208, and 210. The detectors 204, 206, 208, 210 preferably detect ultraviolet light and more
preferably ultraviolet light having a wavelength of from about 300 to about 350 nm. There can
be any number of detectors, preferably one to one hundred, more preferably one to twenty and
most preferably one to ten. In the preferred embodiment, there are four detectors, e.g.
photodiodes, used to detect the radiation from a single\source to detect a contact lens in a
container. There can be any number of sources, preferably one per container.

The electromagnetic radiation source 202 is oriented such that it is able to emit
radiation toward a container 220 for containing an ophthalmic product, such as a lens 218. The
container 220 has a lidstock 212 with a reflective surface 211 facing the inside of the container
220 and the electromagnetic source 202, Typically, the lidstock comprises foil, although it may
comprise other reflective materials known in the art. The lidstock is preferably substantially flat.

The detectors are located on the same side of the container as the source. The radiation is
reflected off the lidstock.

Alternatively, the container may have a lidstock which is substantially transparent
or no lidstock. The detectors can be placed opposite the electromagnetic source similar to the
embodiment shown in Figure 1 or a reflective surface, e.g. a plate 213 can be positioned

opposite the electromagnetic source 202 with respect to the container 220 as shown in Figure 4b.

The reflective plate 213 performs the same function as the reflective surface of the lidstock 212.



(c) a processor for determ ning the presence or position of the product in
the container responsive to fluorescence, absorption or reflection ﬁ% $2®
el ectromagneti c energy by the product. 2. An apparatus as defined 3 8 %
1, wherein the product is a contact lens. 3. The apparatus according to
claim2, wherein the container conprises a reflective foil which reflects
el ectromagnetic energy. 4. An apparatus as defined in claim2, wherein the

source emiltangivelyt sleioagnasl sho@natheplattasulidbedosdivaddurgenthe botwvhendihe sawieol et
range. 5. The apparatus according to claim4, wherein the source enmts
pul sed ef@dd peragtenadabaretigPonhvi ng a wavel ength in the ultraviol et range.

6. An apparatus as TH@fei'eE&&’mL efit f?écﬁatﬁm i%%ﬁ&%i‘i‘te{i] 'ﬁ%n‘??m‘érs%ﬁg:%rﬂotﬁ(hrough the
el ectromagneti c energy having a wavel ength in the i1nfrared range. 7. An
appar at usorasineleldnad reflectbdibmtize liddeekel 1 dritte ceffdcaed plaen®l L olftalens 28811s

ul travi ol et absorbi ng. pedi a which _absorbs el ectropagnetic ener in the
ul t ravi op@ﬁemg%é.ens- Wik sbsorty SERAPR FOIATES. en&rsyasbgﬁ\méreaéesaép%édmﬂlrpec| ai m
1, wher e&é?]e%t?&&"’o R QEREBATIAOIR b€ 3n@21 ROl elRRIrE2049 zo&@o@pﬁfarﬁbm@&

defined 1n claim7, erein sald processor conprises a neural net
al gori t hensighd! thah capglates ta theasnednf dateded m theakelkevant frdgeemiynranpe timo mmayebeeni t s

el ectromagnet i ner in.the visible range and id contact l.ens cantains
o it Rt ol pe e i Tomra et tor SRR AR PR TP drEied
hygr oscopbdvelefisbe ihdluddNindRRadolimeas defined in claim 2, wherein the |ens
i ncl udes a nedi'a which absorbs or reflects el ectromagnetic enercgaél of a

e

wavel ength in a spébe d¢teqiors 34206408, andel 1@ @rn pipirably pesitigredargurdcibe pauses e
(51, L1 DR kR BA0SH HoLai OB, 06584 alo S g YRSy Sbhe

the source 202 as shown in the missing lens detection sensor head 222 of Figures 5a and 5b. The
sensor head 222 has a body 224 to which the source 202 and detectors 204-210 are mounted.
Preferably, the detectors 204-210 are mounted such that they are aimed toward the center of the
expected location of the lens. In the embodiment shown, the source and detectors are aimed
toward the center of the top of the bow] of the container 201 labeled as 209 as shown in Figure
4a.

Another embodiment of a sensor head 226 of the missing lens detection apparatus
is shown in Figures 6a-6d. The sensor head 226 has a body 228 to which the detectors 204, 206,
and 208 are mounted. The source 202 is offset from the center of the body 228 so that the source
202 is not centered under (or over) the lens in a container to be checked. The detectors 204, 206,
and 208 are offset to the side of the apparatus 226 opposite the side the source 202 is located.
Preferably, the detectors 204-208 are positioned along an arc. Also, the source 202 and detectors
204-208 are angled toward the expected location of the lens. Preferably, the source and detectors
are aimed at the top center of the bowl labeled as 209 in Figure 4a. Additional sources and
detectors may be included in the apparatuses 222 and 226.

Referring to Figure 4a, the detectors 204, 206, 208, and 210 communicate with
a processor 216, e.g. a digital signal processing module (DSP) to provide an indication of the
presence and optionally the position of the lens 218. Preferably, each detector transmits an
amplified single voltage corresponding to the energy detected, which is converted to a discrete

digital signal for further processing. The system may be calibrated as described above.
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13. An apparatus as defined in claim2, wherein said |lens includes a nedia
whi ch absorbs or reflects el ectronmagneti ¢ energy having a mavelen%mhﬂhnmﬁ%
specified range and said detector is sensitive to el ectromagnetic ' n
in the specified range. 14. An apparatus as defined in claim2, further
conprising a plurality of sources and a plurality of detectors disposed
relative to each other for detecting the presence or ' position of a
contact lens in a container. 15. An apparatus . as recited in claim]l1,

wherei n sai d det ecFi#urg sshowsa tieckdiagam of g PORiPnQS ganissing leas detecion apparats

claiml, m"fgﬁfﬁa”vo%ﬂ 012065 & B Resdof 2 S/Qseﬁﬁto(&%q?%?é’me %7t e{ig%@gggi ?gb’ﬁroifﬁ‘é' ted

in claim conpri'sing a Iter

appar at usn aaglog dhdigation &fl thiemeflectédi pbhezr receivpd ivaiicly neiyebd oometed umdrdigital
detectors. 19. 'The ap aratuiﬁacqordl ? to claim1, further conprising one

to twent JePASERILIRISsDasod on eeqtyatatd xolfage dagwEchY ﬁgarttﬁérspws%}ﬁc er 8 bk,
opht hal n}&g&rtﬂgHCtA L&, GRRIRE BeE F&Qﬁgﬂﬁéss\k'ﬂaner(aal)en@’ BN [p?éaseﬂ Jp the container

el ectromaghetic energy 1ocated relative to the contal ne
el ect r onaghbised or tiesgyighal rt;lnesemmmbas n&ccordiby tea prefdned tembedsnent af;tec bresatt ed

such that the ¢ ai .ner dis ced. between t he d.the reflective
surf ace; lrtveytl%?rwtlﬁﬁglaﬁﬁﬁere%3§éf etrrmifies sSRIESPES at eie 8?9 Pivétﬁl@olﬁ@&}vrféblcand

the sour egnikifin ??&%Fenﬁin‘é@%ﬂ@?ﬂp%ch%ﬁﬂ?fegi/eséﬂt&mntJ&‘ﬁmb‘%%'i%ﬁeTM\i*Q i &k - dpstable
reflected by t roduct, the container, and the reflective surface; and

(d) . a praa@esemi ‘Hegenefated aniing ngllhrat@qwsemethoés browogi the en. of the product
I n the container g ﬁpon5| g Q the uores | I labsorﬁ%1 on. of refl.ection
of the el ectronagn Py & Fg{g 16 988?? e 25130 JCRTEY® rgr%Féltag’gt |ef1|g
the preseanpiatiag pRRsideiags a@éena@opmlauémlzrrs Cre@;ﬁdédb'élz fon tlfé s? sadd’awted Byhéach
product including a media which fluoresces absorbs or ects t he

el ect r ordgiaetor, theenepyld 1612 Appssibdeiearelinatipns, ép@ndmgé@omeav@@g class fiereschesie,
compri si iy £3) 4 hE]er%{ar'eQ&tS]o%‘s‘tﬁfo%ﬁﬁ%%bc?orgﬂﬁl-ﬂ}’o e LEGHRLBENE L1 A6 A8

cont ai ner’;
would determine that no lens 218 is present. For any other combination, the voting classifier 238

would determine that a lens 218 is present in the container 220.

Precision of the missing lens system may bg\ increased by increasing the number
of possible digital representations for each signal from each detector, i.¢., by decreasing the size
of the predetermined voltage ranges. For example, if there are three possible digital
representations, green, yellow, and red indicating presence, possible presence, and absence of the
lens 218, respectively, then there are 81 (3*) possible combinations (as compared to only 16
combinations in the previous example). According to one voting classifier scheme, if three of
the four digital representations are red and the fourth digital representation is yellow, the voting
classifier 238 would determine that a lens 218 is not present. Also, if all four digital
representations are red, the voting classifier 238 would determine that a lens 218 is not present.

For any other combination, the voting classifier 238 would determine that a lens 218 is present
in the container 220.

In the preferred embodiment, each photodiode (detector) is read by a twelve bit
analogue to digital (A/D) converter which digitizes the signal into one of more than 100, more
preferably more than 1000, and most preferably 4.096 discrete levels (referred to as counts). If

the photodiodes detects no radiation, the count is 0. At maximum intensity, the count is 4,096.

- 11 -



(b) detecting, w thout imaging, the absence of or reduction in

el ectromagnetic energy of a frequency in'a specified range which pa,ﬁeﬁ
through or is reflected ' by the product and the container; and (c) R 2003
processing the detected el ectronmagneti c energy to determ ne the presence or
position of the product in the container. 22. A nmethod as defined in claim
21, wher eThertfoee, dheebghtanegsiet hittingatheatetextori whdnna idne isihotr presenk et calibrages to- 17

3 0 APR 2003 23. A nethaod as defjned.in clajm?21, wherein the
el ectr onﬁ@lﬁé‘ﬁ éer’%@?li‘gﬁol‘@s’i ' “i‘%%re_fq’i‘ieflé?%]& frpryRYt "_?Itﬂ:é%he met hod of claim
21, wherein said e|I§Qﬂerﬁ@ﬁ%@teh%oﬂf%jén@tth9%}3}%&9@@%&%&3?5&@ IHRPr&kide I 18fs a

frequency in the specified range. - 18
N. AL. A. Ain aAngiinky EoA@Nsed & sésr Avaddedmprigh@Rone raliatin source and four detectors
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the apparatus for detecting the contact lens in the container. This teaching set preferably includes
samples representative of the production environment including extreme conditions, e.g. wrinkles
of the reflective lidstock surface. The neural network algorithm is based on the perceptron model
and establishes the decision boundaries when the outcomes are known for the teaching set. The
neural network preferably makes no spatial connections \between the detectors as would be
necessary between pixels in an imaging focal plane array.

In the preferred embodiment, the electromagnetic source 1s a short arc zenon lamp
made by Hamamatsu, which is a structured light source. The radiation from the source is
concentrated at the expected position of the contact lens in the container, and as a result, the
detectors are not flooded with stray light from the whole container. Further in the preferred
embodiment, there is a filter placed on the light source which limits the electromagnetic energy
to the wavelengths which are absorbed by the lens. In the preferred embodiment the light source
is pulsed which heats the lens less and therefore avoids chemical changes or polymer damage in
the lens by having low intensity light. In the preferred embodiment, the photodiodes are
preferably silicon photodiodes, made by Advanced Photonix, United Detector Technology or
Hamamatsu. The detectors preferably have low pass filters which only allow the radiation below

400 nm to pass through. The sensor heads comprising the sources and detectors were

manufactured by Applied Computing Technology, Oakridge, Tennessee. The processing and
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320 is to be checked by the automated detection system to determine if each individual container
has a lens 318 disposed in bowl 322. The containers 320 define first alignment lugs 326
depending from a first side of the container adjacent to and slightly spaced from the bowl 322,
and second alignment lugs 328 depending from a second side of the container 320. If any lenses
318 are missing, the entire blister pack is rejected. Alternatively, the lenses 318 are contained
in individual containers 320, at the time of detection, so that a missing lens 318 in a particular
container 320 does not result in rejection of an entire group of containers 324.

Figure 9 is a schematic illustration of a lensload system 330 employing an
automated detection system having a transport and ejector assembly. Details of a lensload
system are disclosed in U.S. Patent No. 5,568,715, the disclosure of which is hereby incorporated
by reference. The system 330 generally comprises a transport subsystem 332, a missing lens
detector 310, a processor 316, and a coniroller 333. The lenses (not shown) are transferred by
a lens loading mechanism or assembly 334 that loads the |enses into the containers 320 and
optionally seals the containers with a lidstock. The containers 320 are conveyed via a conveyor
342 in the direction of the arrow to the missing lens detector 310. The radiation from the
electromagnetic radiation source 312 is directed as indicated by the arrows at and through the
container 32:0 as shown. The radiation detector 314 measures the radiation which impinges on
it, and the processing circuitry 316 which may be incorporated into the detector communicates
the amount of radiation measured to the controller 333. When a reflective lidstock is attached
to the container 320 or a reflective plate is opposite the source 312 with respect to the container
320, a missing lens apparatus as shown in Figure 4a or 4b may be substituted for the missing lens
detector 314. In the preferred embodiment, the container is sealed, the lidstock is reflective and
the apparatus and sensor head shown in Figures 4a, 5a and 5b are used. The controller 333 which
may be incorporated into the processor 316 is coupled to the reject mechanism 336. The reject
mechanism 336, shown as a push-bar, under the control of the controller 333 removes those
containers 320 which are missing lenses. Containers 320 that do not have a detected lens are

pushed by a push bar 344 to another conveyor (not shown) which delivers them to a trash bin.
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and complicated software that occurs before the hydration step. More preferably, the detection

step is performed after the lidstock is attached to the container to ensure that the final container

contains the lens.

All patents, publications, applications, and test methods mentioned herein are
incorporated by reference.

Many variations of the present invention will suggest themselves to those skilled
in the art in light of the above detailed description. All such obvious variations are within the

full intended scope of the appended claims.
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1. An apparatus for detecting the presence or position of an
ophthalmic product in a container, comprising:

(a) source of electromagnetic energy located relative to the
container to direct electromagnetic energy at the container;

(b)  a non-imaging detector disposed rclative to the containcr
and the source to detect electromagnetic energy from the source which passes through or
is reflected by the product and the container; and

(©) a processor for determining the presence or position of the
product in the container responsive to fuorescence, absorption or reflection of the

electromagnetic energy by the product.

2. An apparatus as defined in claim 1, wherein the product is a contact lens.

3. The apparatus according to claim 2, wherein the container comprises a

reflective foil which reflects electromagnetic energy.

4. An apparatus as defined in claim 2, wherein the source emits

electromagnetic energy having a wavelength in the ultraviolet range.

5. The apparatus according to claim 4, wherein the source emits pulsed

electromagnetic energy having a wavelength in the ultraviolet range.

6. An apparatus as defined in claim 2, wherein the source emits

electromagnetic energy having a wavelength in the infrared range.

7. An apparatus as defined in claim 2, wherein the contact lens contains an

ultraviolet absorbing media which absorbs electromagnetic energy in the ultraviolet range.
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9. An apparatus as defined in claim 7, wherein said processor comprises a

neural network algorithm.

10.  An apparatus as defined in claim 2, wherein the source emits

electromagnetic energy in the visible range and said contact lens contains a tint.
11.  Anapparatus as defined in claim 2, wherein the lens is a hygroscopic lens.

12.  An apparatus as defined in claim 2, wherein the lens includes a media
which absorbs or reflects electromagnetic energy of a wavelength in a specified range, and the
container includes a receptacle for the lens and is constructed from a material which absorbs or

reflects the electromagnetic energy differently than the lens.

13. An apparatus as defined in claim 2, wherein said lens includes a media
\
which absorbs or reflects electromagnetic energy having a wavelength in a specified range and

said detector is sensitive to electromagnetic radiation in the specified range.

14.  An apparatus as defined in claim 2, further comprising a plurality of
sources and a plurality of detectors disposed relative to each other for detecting the presence or

position of a contact lens in a container.

15.  Anapparatus as recited in claim 1, wherein said detector is a calorimeter.

16.  An apparatus as recited in claim 1, wherein said detector is a
spectrometer.

17.  The apparatus recited in claim 16, further comprising a filter.
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19. The apparatus according to claim 1, further comprising one to twenty

detectors.

20, An apparatus for detecting the prescnce of an ophthalmic product in a
contfainer comprising:

(a) a source of electromagnetic energy located relative to the
container to direct electromagnctic encrgy at the container,;

) a reflective surface located such that the container is displaced
between the source and the reflective surface;

(c) 3 non-irhaging detector disposed relative to the container and the
source to detect electromagnetic energy from the source which is reflected by the product, the
container, and the reflective surface; and

(d) .2 processor for determining the presence or position of the
product in the container responsive to the [luorescence, absorption or reflection of the

electromagnetic energy by the product.

21. A method for detecling the presence or position of an ophthalmic product
in a container, the product including a media which [luoresces, absorbs or reflects the
electromagnetic energy of a frequency in a specified range, the method comprising:

@ directing electromnagnctic energy at the product and the
container;

(b) detecting, without imaging, the absence of or reduction in
electromagnetic energy of a frequency in a specified range which passes through or is reflected
by the product and the container; and

(c) processing the detectcd electromagnetic energy to determine the

presence or position of the product in the container.

22. A method as defined in claim 21, wherein the electromagnetic radiation

is in the ultraviolet range.
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24.  The method of claim 21, wherein said electromagnetic radiation of said

directing step is of a frequency in the specified range.
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