METHOD AND APPARATUS FOR | NSPECTI NG OPHTHALM C LENS
TECHNI CAL FI ELD [001] The enbodi nents herein relate to
ophthal m c | enses and, nore particularly, but not
exclusively to inspection of ophthal mc |enses,
preferably in an automated | ens manufacturing |ine.
BACKGROUND OF THE | NVENTI ON [ 002] Ceneral ly,
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production Iines, which include various production
st eps and |nspection steps. In the process of
manuf acturing ophthalmc | enses commonly referred to
as contact |enses, the I pect ed at
vari ous stages of its naﬁgﬁgi%ure I%ﬁipectlng t he
| en a 1dentifi.cation
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| enses are inspected is after the contact lens is
cast[oon]lGtedrallp, opmhadmic Ahsdshas wimdeiurthencanimatd parsction
is inspected to identify exi stence of defects such as,
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stage at which the contact lenses are inspected is after the contact lens is cast-molded in
molds. At this stage, the contact lens is inspected to identify existence of defects such as,
bubbles in the polymer of clear and printed contact lens, print smear in the case of printed
contact lens, in addition to any other defects encountered in a contact lens.

[{003] Colored or printed contact lens enhances the beauty of the eyes of the user.
As the market volumes for such lenses are large, it 1s required to produce these lenses in
large volumes using automated systems. In spite of high production volumes, it is critical
that quality is maintained as these contact lenses make physical contact with the eyes. A

number of systems exist today that inspect the lenses after cast-molding process.



open zone for an inspection systemto be positioned
above the | enses for capturing images of the conplete
| ens. This process increases the tine to i nspect the
finished product and it becones difficult to
differentiate whether defects existed before or after
t he di sengagenent of one of the nolds. [004] O her
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light 48 teinerdify Glogathk Yottt lemgate Shpthka wWeheehsgihdabtical system to
occur during the process of |ens manufacturing and
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[005] Therefore a need exists in the industry to clearly distinguish the defects that
occur during the process of lens manufacturing and those defects that occur after the
mold disengagement process. Further, a need exists in the industry for a system that can
perform inspection of the complete contact lens (center zone as well as peripheral zone)
when the contact lens is disposed in the cavity between the two molds.
SUMMARY OF THE INVENTION
[006] In view of the foregoing, an embodiment herein provides a method for

inspecting an ophthalmic lens (hereinafter referred to as contact lens) when the contact

lens is molded in the cavity of the mold assembly. The contact lens is inspected when the



assenbly. The contact lens is inspected by
illTumnating it using an illum nation system The
contact lens is illumnated by direct |ight rays as
wel |l as angular light rays reflected fromthe case of
a female nold. A portion of each of the nolds
corresponding to the cavity between the male nold and
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canera of the first channel inmaging optical system

CaptjuhsSinddhother embodiment, to overcome the dark ring zone that is caused in
the first embodiment, the contact lens is illuminated by direct light rays and angular light
rays. The light rays emerging from the contact lens are split into two channels using a
beam splitter. The light that is split to travel in the first channel is collected by a first
imaging optical system and the light that is split to travel in the second channel is
collected by a second imaging optical system. The first channel imaging optical system is
configured in such a way that the entrance pupil is located close to the lens. The light rays

emerging from the center zone of the contact lens enter the imaging optical system of the



I mage, which is used to inspect the center zone of the
contact |lens. The second channel imaging optica
systemis designed such that the entrance pupil of the
l ens of the imaging optical systemis |ocated inside
the case of the male nold or |ocated outside but
substantially close to the case of the male nold,
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camera, thereby enabling identification of defects in the center zone as well as the
peripheral zone of the contact lens.

[0010] Embodiments further disclose a system for inspecting a contact lens when
the contact lens is disposed in a cavity between a male mold and a female mold. The
system includes an illumination system, an imaging optical system and at least one
camera. The illumination sysiem is configured to illuminate the contact lens with direct
light rays as well as angular light rays reflected from the case of the female mold.

Further, the imaging optical system is configured to capture light rays emerging from all



of the contact lens using the light captured by the

i magi ng optical system [0011] These and ot her aspects

of the enbodi ments herein will be better appreciated

and under st ood when considered in conjunction with the
foll ow ng description and the acconpanyi ng draw ngs.
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[0015] FIG. 3 illustrates complete zone of the contact lens 114 that needs to be
inspected, in accordance with an embodiment;

[0016] FIG. 4 illustrates the center zone 402 and periphery zone 404 of the
contact lens 114, in accordance with an embodiment;

(00171 FIG. S illustrates the system 200 in which light rays 504 emerging from
the peripheral zone of the contact lens 114 are depicted, in accordance with an
embodiment;

[0018] FIG. 6 illustrates an image of the contact lens 114 captured using the
system 200 in which bubble defect in the peripheral zone of the contact lens 114 is
visible, in accordance with an embodiment;

[0019] FIG. 7 illustrates a two-channels, two-cameras system 700 for inspecting

contact lens 114, in accordance with an embodiment;



t he two-channel imaging optical system which is used
to inspect center zone of the contact lens 114, in
accordance with an enbodi nent; [0021] FIG 9
illustrates a two-channels, single-canmera system 900
for inspecting the entire contact lens 114, in
accordance w th an enbodi nent; and [0022] FIG 10
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enbodi nents herein disclose nmethod and system for
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intended merely to facilitate an understanding of ways in which the embodiments herein
may be practiced and to further enable those of skill in the art to practice the
embodiments herein. Accordingly, the examples should not be construed as limiting the
scope of the embodiments herein.

[0024] The embodiments herein disclose method and system for inspecting an
ophthalmic lens (herein after referred 1o as contact lens) when the contact lens is disposed
in a cavity between a male and female mold of a mold assembly. Referring now to the
drawings, and more particularly to FIGS. [ through 10, where similar reference

characters denote corresponding features consistently throughout the figures, there are

shown embodiments.



at | east one canera. In an enbodi nent, the
illumnation systemis configured to illum nate the
contact lens using direct light rays and angul ar |ight
rays. Further, the optical inmaging systemis
configured to receive the light rays enmerging fromthe
contact lens. Further, the canmera is configured to
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lehaduathen theeahnsr fsapeliguwed taeaptuthen ihegmbiethpobaiadiGanshesng the
a curved surface 112, such that, when the nold
liglg sexbley b3 Ok inmging opaodagitag. posi ti on, as shown in
FIG 1, the curved surfaces 110 and 112 define the
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an enbodi ment. [0028] The system 200 conpri ses an
cqupledrivitag icase Kyps Farhiazothe raale neddil Y hape pearpd swjaseddp, and the

204 and a canera 206. In an enbodi nent, the o
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as well as angular light rays reflected fromthe
cavity corresponding to the shape of the contact lens 114 to be molded. The contact lens
114 is manufactured by molding contact lens material in the cavity. Further, the mold
assembly 100 can assume a disengaging position (not shown in the figure), enabling
removal of the contact lens 114 out of the mold assembly 100.

[0027] FIG. 2 illustrates a system 200 for inspecting the contact lens 114 when

the contact lens 114 is disposed in a cavity between the male mold 102 and female mold
104, in accordance with an embodiment.

[0028] The system 200 comprises an illumination system 202, an imaging optical

system 204 and a camera 206. In an embodiment, the illumination system 202 is



case of the female nold 108. In this specification,
t he enbodi nents are descri bed by considering that
light rays are emtted into the case 108 of the female
nold 104. Further, the illum nation system 202 is
configured to emt direct light rays and angul ar [|ight
rays. Further, the inmaging optical system 204 is
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| en 14. I n an diment, .the ¢ ra.206 is a .
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considg diaf Eﬁh‘é'%t %ﬁF‘?‘E}?ﬁi 1gtoy tg% é‘JiSSd Ut Eeﬁ?lﬁ’é‘{; naqle d OgysFurther,
the nmold assenbly 100, such that the illumnation
they Hpimimpepsystenh 2 @k isanbeyred fonanif divegt dighorays awhanglpr light rays.
conpared to the male nold 102. The illum nation system
Fagizr, the poading optisdl dystegudd ia confepradhiatredeivghichf raysrembiging from
illumnation system 202 is directed towards the
tleanhact lehe b4, Fhdther, e cameearDod isnamifigutell ¢o iukd thad lipht reenived by
system 202 is positioned along the |ongitudinal axis
thf ilﬁdgﬁ'lgﬂﬁbtﬂcaﬂ%?ﬁ&m 041Q0d Mpiukee ithile bl lime@bdtoRns 114. In an
system 202 is [ocated on the first side of the nold
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canera 206 are located™ on the second side of the nold
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asse 1 03 é FIG 3 ill rates fhe complete
cont e 0,3 by Gou stens 80 10 Bled U5 R RED G mod
erform 100% i ngpegtion .of the s 114. Further,
$reby 100 Skl deafien§Rih eyrineSrensmisdo thoieglganold 104
zone to be inspected is divided into a center zone .
ay premPasttbigdle lr@&w@plwﬂz- ahe Ipeatighesiem 2Enis pesiaersin such a
zone) 404. In the case of prior art systenms used for
way dpi 6 thtrfgpne diet idomidagng seitap 882 ¢ dircctdddowads the whtachigns 114.
nol d assenbly, the inage 8 captured is not suitable
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first portion of the contact lens 114 corresponding
oft @ hitd BRBmSRated waarahd QRinihatitst ek 02ns Kd@ed4n the first side
of the mold assembly 100, the imaging optical system 204 and the camera 206 are located
on the second side of the mold assembly 100. The imaging optical system 204 is located
in between the camera 206 and the mold assembly 100.
[0030] FIG. 3 illustrates the complete contact lens 114 that is supposed to be
captured to perform 100% inspection of the lens 114. Further, FIG.4 is same as FIG.3
with the difference that the zone to be inspected is divided into a center zone (non shaded

zone) 402 and a peripheral zone (shaded zone) 404. In the case of prior art systems used

for inspecting contact lens disposed in the cavity of the mold assembly, the image



will be referred to as center zone and a second
portion of the contact lens 114 corresponding to the
shaded zone 404 that is illustrated in FIG 4 will to
referred to as peripheral zone. The shaded zone 404
is not captured because the case 106 (see FIG 2) of
the male nold 102 has inner size S smaller than the

%Ja@r@d &f ok Q@td%%%ﬁgx&pécﬁﬁ i pCIEHé'ait Re 49@5‘1@@%@9(%&9? a fifte portion

102 bl o ma portion o

%@tc%ﬁ#act RS 114 5&{-&%? ditd {% the Wl%nesﬂ%ée% Wolie QHE'lqusﬁdte ﬁs FIG. 4

ens’ o i mage o systemof prior

PRI B G A 11
C%&&E%ﬁ%ﬂ%o{(‘)t %f s%%ﬁ%ﬁ%éBf Sgiggsgljtﬂggﬂag%}i 1:51::] ?I&Shadeil to 1c?eued 1o as

systenms. [0031 In an enbodi nent, the contact lens 114
pgriphieras pene dhe d gre 4R9 g nohsaired Pecroes the case Hgelsee FIG. 2)
engagi ng position, which neans, the contact lens 114
of the diakpoeldd 02 has mnerapidet S/srb@tem@n thdezaed] the erpitatt 1@ Daiftius the
female nold 104 (see FIG 2). The illum nation system
caR02106l bfimhmatabs mdéié H@Anbhcks llghs fibhd abpodion estt tHel gdritact lens.
rays as well as angular light rays reflected fromthe

Fedsemofe, theelifmet eupildt.th WEH321 fkGmae idplit@tdyae@sSot PRor art
systen1200 in which |ight rays 504 energing from the

s)REHIsAD &Scled %@ﬁleoerehﬁlHQh& &E‘atg%fgt oﬂtf%ﬂlss%/%l%fh \'vﬁicg @PIaE "a@gy hom the
in accordance with an i rent | i ght rays

m%IIP'H%h 9 (fd QRS tﬂ?rbm&ﬁé} &ﬁ%gaé)gﬁlnw(?ﬁf&%ﬂ&@e‘&tzo'ng%at (FIG.

pass t fou the entrance pup
e entrance pupil 502 of the

ﬁ%ﬁ@ﬁﬁﬁl% tgy%ygn%”%wﬁﬁﬁllis Iocated i nsi de the case

106 of qp mal e outsl substanti al |y

cl os ?iﬂ h#! 83@8 en{ h'i‘e rﬁ?lnlé"c lfl'(%“ *Fﬁ@e‘il?ﬁiaﬁfhﬁ'@ the mold:

optical systemis placed far away fron1the case of the
asyePlly o ds molbe epgreay pryitioRe Whishtpemedhp epitact 3om lilAds disposed
_the case 106 of the male nold or outside but
insabevidntbietydey tbe onae 1Boldol Ahend dewalef molde t orl(seendl(d 2). The

106 enabl es capturing of light rays emerging fromthe
illperngobe rsgdtera @i idhmivaes cent@tict ll@rsl 1816y, direct light rays as well as
angular light rays reflected from the case of the female mold.

[0032] FIG. 5 illustrates the system 200 in which light rays 504 emerging from
the peripheral zone of the contact lens 114 is depicted, in accordance with an
embodiment. The light rays 504 emerging from the peripheral zone of the contact lens
pass through the entrance pupil 502 of the imaging optical system 204. The entrance
pupil 502 of the imaging optical system 204 is located inside the case 106 of the male
mold or outside but substantially close to the case of the male mold 106. The imaging

optical system is placed far away from the case of the male mold 106. Locating the

enfrance pupil 502 inside the case 106 of the male mold or outside but substantially close



[0033] The canera 206 uses the |light entering the
i magi ng optical system 204 to capture an inmage, which

will be |ater processed to identify existence of
defects in the peripheral zone 404 of the contact
| ens 114 when the contact lens 114 is still inside a

nmold. [0034] FIG 6 illustrates an inage 600 of the
(Ot @kt Jrens rri]alc4nf6ﬁpt1 Ogﬁ'a‘tﬁéé %1151 OlsMﬁﬁt%szngler rggl from the

accordance with an e iment. In this Tmge a

pgﬁ{h%saﬁ,&%ﬂtﬁec&wﬁ%&4(1 the per  pheral zone. The

um nation system see FIG 5) illum nates the
ngulthrs] Pl 2 Bt zﬁ I gt Rl t& el gy RBynystom 204 0
f ermal ld. Th t I 204 util
ARt 1P TR BB VB e st EFgasn e

114 to produce the inage in Fig. whi ch i s captured
p@yﬂw&%éO@aﬁ%4afﬁwamnw@1kﬁsﬂé4w§wﬁdb%smﬁwaﬂmmtH@-@é@glnmdea
of female nold 106 has a profile 508 that blocks a
mebktion of the light fromthe illum nation system 202,

and there is no reflected light fromthis zone of the
case[00B4 ] Eithaloallnotatbs h@4magh e0@af the coniget6dk (1Rl @GptuBdd asging the
the captured i mage 600 corresponds to this profile

sypftn 200, h@chldfmcedwith xR @nfd@indnt. UBt that Rfagd a Mibbldiadfect 602 is
ray corresponding to the profile 508 that is

pfe@&]@@[ﬂﬁieq}eﬁpﬁﬁﬁl idre. ﬂ?er Hluhdifi o8 QdstéR 2oh E(sce‘ MR8y ilkidlifates the
ring iS located in the center zone of the contact

(%ln%b? ic’hy& 14 Qﬁx%clh@%b é@fﬁ%@ l\»\}e'll% alnglg #1@?@@%%?{%&@% Hﬁlﬁqhﬁ case

inspecting t pheral con ens

o5 PRS0 SO b5, emﬁ%gﬁtfz@faa iy o
he. d .
ex%ﬁ%mg%ﬁﬁﬁm fac %@?L%q @-o@w%ftlwég%ylm%pwﬁm s captured by
her i mage, is used to inspect the cen

1h£§ﬁ’@e@f20(’t Hé“ &b‘?ﬁ w&@d hehdhe @apelifamwe apldlq %@gnoﬁle 508 that
enabl es 100% i nspection of the contact |ens. 10 [0036]

blptlE, a Fortibh @f threalight fapnt the-idaimaton sysiwom 262vend thrs tiene reflected
700 for inspecting contact lens 114 that is inside a

ligin| febrasisie atateyo1@O caderofaemalcdacidel 04 The darkedipo6EHIG. 6) in the
captured image 600 corresponds to this profile 508. In the FIG. 5, line 5006 illustrates a
virtual ray corresponding to the profile 508 that is responsible for the dark ring 604 in the
image. This dark ring is located in the center zone of the contact lens 114. Hence the
resulting image can only be used for inspecting the peripheral zone of the contact lens
114.

f0035] In an embodiment, the illumination system 202 is configured to illuminate
the center zone using the direct rays as well as angular rays, and the imaging optical

system is configured to capture another image, which is used to inspect the center zone of

~ the contact lens. Capturing of 2 images enables 100% inspection of the contact lens.
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It may be noted that system 700 illustrated in FIG 7
has sone el enents, which are comon to the el enents
of system 200, and such common el enents have been
assigned the sane reference nunber. In system 700,
the i magi ng optical systemincludes a beam splitter
708, a first channel inmaging optical system 702, and a

secogzghaane! 1ll'uﬁ?fﬂéqn9 twORbMER], 19%h8I 20 tenTH0b T8F inspecting
t he systen1700 includes a first camera 704 associ at ed

cégﬁéctﬂ lenk 2?4 fll'xaﬁ ?st mglgggnﬁc!ld a&@ﬂl'b (R)O %ﬂ gc%brcﬁﬂ(?bt \fv‘m i %m@@éﬂmem

secon canera aSSOCIate second

Itfagyn%glno edct gur eoéot I7851|1‘h§ 1%1 ﬁr?nzlglﬂl‘ Tﬁa%%g c cl%Plcntts $hich arc

I'S “con i‘ght

fromth ens i rst ch nne

QBB TR © Fﬁyftﬁwiio% Bl PSR T @?Vet*ﬁsn assigned
second | magi ng optical system 204 is Iocated |nS|de

the ame ggfereney nyRkerndy siest 000l Bragingcartical disted) telugg @ beam
substantially close to the case of the male nold 106.

sphitfer &% gnirst Plzamnel imagugi agicdpysical 78y gvém seomd ehapnd imaging
is located far away fromthe case 106. Locating the

omivhl systeen Prpifurtb@? thengstm tHeinclndes ofird kempml @W4msbatiated with
106 or locating it outside but substantially close to

tht: fiest eBseebimdghes dpaicsl symbsl 7D0Gné aabloas canaat20b iap@ciafed with the
light rays emerging fromthe periphery zone of the

sceORt afnd1apRgihd bptidd @ystbrh @0k, TRy SeahDsgli@r $&ERWnfigured to split
channel , that enter t%e second channel imaging optica

1i ?—E ?5}%”706?6%461 @H? lh%?rf:@l@ QO a&q&% lzqunﬁ)nl?lgi 8RnfERhH 5¢d0dd Rhannel.

I mge as ustrated I n Thi s |nage IS

%g agﬂnc%%:g%g%f)ﬁ Ftl %créc!roplﬁ %ﬁ eE’IPZF Sﬁfcapéry@[em ntl&*%{ed nixs;dc the
h h fij .
08593? O s ﬂ@"lf()%rogtlo‘g% ptiae B0 s el 53*’%18?9 ‘hsfﬁase of the
her image as  illustrated in FIG 8, The fir

me!ﬁawﬂéﬂ Op-reltsi seieP g ihengd “%%éé’iée?ﬁtlﬁélzsyis’@“azoﬁtlégﬁﬁé? ’@Cfﬂed far away

imagi ng optical systemsimlar to prior art systens
fremdhhenseilPe. lervatingibe cpupice pupid 202 dnsiderthagesy of theompleheold 106

case of the male nold 106. 11 [0038] By anal yzing the
ort oatingaig esisidddfue ctisstaniabp tlose he tleenitse ol Zdonmaksmulkell 106asnables

the peripheral zone can be detected, resulting in
capQRHy i oTI B kayeren®rpih P drceo i driphtgnand 4 the contact lens 114. The
light rays in the second channel, that enter the second channel imaging optical system
204 and second camera 206 enables capfuring of the image as illustrated in FIG. 6. This
image is used to inspect the peripheral zone of the contact fens 114.

[0037] Further, the light rays of the first channel that enter the first channel

imaging optical system 702 and first camera 704 enable capturing of another image as
illustrated in FIG. 8. The first channel imaging optical system 702 is a standard imaging

optical system similar to prior art systems and has its entrance pupil located far away

from the case of the male mold 106.
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when it is still inside a nold assenbly 100. It also
enabl es the use of two different optica
magni fi cations for each channel. Additionally the
system enabl es use of two different resol ution
caneras for each channel. This flexibility allows
enhancenent in performance of this enbodi nent. [0039]

Furt F@BS ]fE')lf g\af}gaﬁkt hsL6 ﬁﬁﬁ;%s el iR BBMNGL Senter zone as well as the

si ngl e-caner a sys em 90 i nspecting a cont act
pcl:rgﬂgl}aé‘ g?]%eeg%ﬁv: B:ehd étg‘cté(ﬁ %ggmgeﬂﬁlog ﬁ)alﬁg}%gﬁ%% o%g}%ec I}]etef‘ lens 114

BEESET SO BEAD, U 8 GO BLAER o it

em 700, ~and_such common L ements have bee
Oléliféf grieaiichins fRe crely shamele "}fg‘%’é‘@ﬁ Sfr%amgblcs use of two
optical system 901 of system 900 includes ups of
d’lf fret aesehsing scageps 9peacty glpnngy A hisgiexibibigy 91%2% pegpement in
splitters 904 and 916, a first field stop 908, a
p@ﬁnmdeﬂﬁéMdewbaﬁﬂgzo, and minors 912 and 924. [0040]
The imagi ng optical system 901 has two channels. The
fir sfo0ddjanmikr, HIGc Putesratdsearby QCGnn&O8singd-0aaad §d2m 900 for
and the second channel includes itens 918, 920, 922

ingptif2 4. coliagy i@nal Bt, avHi@Ns GAIDA Md & 8BcB0R, 1 @04 a&bMance with
and 916 for both the optical channels. The positions

a@ém&ﬂﬁ‘m@ﬂt [13RAeLPMRL ﬁlapgysfehue%muapité(ﬁﬁ' Fiehamae L‘.(ﬁn@@l)éments
be different.” The entrance pupil of first channel

thtgﬁ)(reb&xﬁﬂ&?% & @ cmgg{gy ;J}gﬁlet B8 TRd @gﬁqcm"fboc AP s géht common

o e entrance pupl second annel
elgm{:@s gévebbefsn sb%}eg H}e sgmer f’[o I8 en%fl: m%m Sor rcﬁmrlﬁlagmlgé)é)glcal System 901
901
of Riteliore T BeLpoRPe B ¢ ?ﬁ'@%ﬁ%ﬁmﬁa BE@-%WM PRy e Do

the case 106 of the male nold 102 or_ outside but
spifBEs RAEnd L g fems deldstan 9Q§n anteesad figld e 8y ané aHars 912 and
of the imaging optical 12 system 901 to capture |ight
9%ays emerging fromthe peripheral zone of the contact
lens 114.
[0040] The imaging optical system 901 has two channels. The first channel

includes items 906, 908, 910 and 912 and the second channel includes items 918, 920,
922 and 924. There are a few common items 902, 904, 914 and 916 for both the optical
channels. The positions of the entrance pupils of the two optical channels may be
different. The entrance pupil of the first channel may be located far away from the molds.
In contrast, the entrance pupil 502 of the second channel may be located inside the case
106 of the male mold 102 or outside but substantially close to it. The image optical
system 901 itself is located far away from the mold.

[0041] Placing the entrance pupil 502 inside the case 106 of the male mold 102 or

outside but substantially close {o it enables the second channel of the imaging optical

12



[0042] Light fromthe contact |ens 114 reaches the

beam splitter 904 through the groups of lens elenents
902. The beamsplitter splits the light rays into two
channel s. [0043] The two channel s generate two
internmedi ate i mages and nerge these inages into a

single image that is captured by the canmera 206 that

b : . s vst : i
AR DO bR 1D ravGRblchihe BUR GE e el Rt o B egpact Lo

e contact |lens 114 and the second internedi ate
Image is an imge of the peripheral zone of the

t 14.. The first field st 908 | [t
o a0 SRR G b St S 1 S RoRP PROR shiBleF S thrbeh he
' Further, th d field. , 920 i
g%ﬁ%& 19%265@11%{58 002 WhE bFAm aﬂt%resrgit%ﬁxg@ébt TArS PR hgnmeds.

equal to outer dianeter of the peripheral zone of the

i magé04antha Heo ichamelsdBenveate twef inferae¢iplgginiagee godImerge these
i nner dianeter of the peripheral zone of the second

inagee imtedi Sngdeiimage thaFus tdpgured iby theypaberandittethat ksaattached to the
center disk of the second field stop 920 is opaque.

offifval tyseem A0 ErThediist eiteimegdase nndgt as ed ilnyed ofethd cehiepsone of the
908 and 920 are further imaged and nerged into a

chitat®les i1MRged 8 sdidnalingesedidle heke id 8n ifld}e QWkd %ﬂipheral zone of
magni fi cations of the internedi ate i mages nay be

adibharerhs 110 THenkMag stdp sit sabes b Miankdt& ofl@ntef zone of the
black ring 3 corresponding to the edge of the center

. ircle of tF fi.eld; 850D ohs : | he: :

R AU L g TR 0 S USR8 PLERE R T e

o R k3 RS0 R LD HERET AR D8 e s

possible to adjuyst the optical magnifications . of the .
anjd b frHey ﬁl&t@tqrﬁga’éfs“% cHE [ m%%me‘ﬁﬁa%hﬁipeavl?%ﬂsma? of the
the further inmage to provide overl apping of the images _
sespnd gerpeniaterimagnd Fpdhdrph aray| beAwisl thahaenieagdisk iy thyt second field
internmedi ate i mages results in overlapping of a snal
stgp A20 of optehec. dbwkttero tintewnslisie anagek diltowd regaligld efops A@S and 920 are
center zone and peripheral zone of the contact |ens
fulthér indyedfdndamegediinoed singhgendgs asséidplhged msPBgcti0bThé optical
the center zone and 13 peripheral zone of the contact
mh@ifcabibfls of MSini@Hullibe ihﬂégé@@l‘%{?’ ibeSRBEEAOM dfc fl@e illustrated in

conplete lens when it is still inside a nold.
FIG. 10, a black ring 3 corresponding to the edge of the center opaque circle of the 2nd
field stop is present. The width of black ring 3 may vary and may also be zero (non
existence of black ring) depending upon the opiics design. Further, in an embodiment, it
is possible to adjust the optical magnifications of the intermediate images and the optical
magnifications of the further image to provide overlapping of the images of the center
and peripheral zone. Overlapping of intermediate images results in overlapping of a small

zone of the contact lens near the boundary of the center zone and peripheral zone of the

coniact lens 114. The final combined image 1s used to inspect both the center zone and

13



[0044] The enbodi nents discl osed herein can be

i npl emented through at | east one software program
runni ng on at |east one hardware device on a network.

[ 0045] The foregoing description of the specific
enbodi mnents will so fully reveal the general nature
of the enbodi nents herein that others can, by applying

&-Wfamtmné&m% eskagor 1&RadY] th@?&'uﬁy iR bR ﬁns@&*ai% Jr¥e complete
varlous appl 1 cations such specif enbodi mrent s

1e %ﬁ Qﬁﬂﬁggﬁggl q@nwthe generlc concept, and,
ere

ore, suc aptations and nndlflcatlons should

ﬁgg nﬁ){gﬁﬂl ﬂbee ddéx%gl%ts uﬁ)cgci E%Itegl ¢ l%eh én%lemglﬂ%d élaough at least
enb dlnents IS to b unde stood t hat the
W Ei@%"aB’r‘“P’é‘ﬁﬁ PRAI B85 CERBRAYAE dEre Pﬁ 3 “§“"f°d¥‘ the
pur pose of description and not of limta
Ther ¥X8% e Thoiireoipsdeseiiio Hibr Perér émﬁoqifawétsa’éléﬁo fully reveal
described in terns of preferred enbodi nents, those
thekgdriced] tiature g the temitddimende dgreity éhat rdhers van.e b byt surrent
herein can be practiced with nodification within the
kispriledgde, arddific apediff andércldapts faas valilesc mppledtiteer esuch  specific
14 CLAIM5 What is clainmed is: 1. A nethod for
ehBsP@elts NFitBo@odtgeting efemwWien geh&ic aohapt, heds thedefore, such
di sposed in a cavity between a male nold and a femal e

dcm@la@kong il {}%ﬁm@u&%mau@ A4 ark lihiefiedabl BiGodnlReteABEAGithin the
I ens using direct light rays and angular |ight rays;

m%grﬂé\% Enll(ﬂ ﬁ’é g)lp %ﬂé@ylént?%‘?rﬂ% &0 lf)geg r@lﬁ%@uﬁ’&l@ %fs lb %Sllnla¥rst00d

glng optica systen1 conflgurlng a
han

tha 1&1{% ghiatsc af neI orQermmc{ ?mélm(ec{]heerem egl A’)SIPQOSG gf descrtlpllon and

aptur rays errergl

rﬁﬁwﬁ{ﬂ%ﬁg T oo aHE MR hestih g BESafessrtern terms

that its entrance pupil _is Iocated i nsi de, the case of
ok pr&fomsr enherBmats. dgssisiyidled in the art will recognize that the embodlments

herein can be practiced with modification within the spirit and scope of the claims as

described herein.
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but substantially close to it, to capture the |ight
rays energing fromthe peripheral zone of the contact
| ens; capturing individual images using |ight rays
entering each of the two channels of the two-channe
i magi ng optical system or capturing a single
conposite image fromthe two-channel inmaging optica
system and inspecting the defgglsg i n the two images
or in a single conposite inmage. 2. The nethod
wAGERISing §o claiml, wherein illum nating the contact
I'ens using angular light rays conprises, projecting

light r .at_an angle into the inner surface, of the ”
Lo BN PERRIE fSPRe e UERa R R Eas igPr e cavity
rays to illumnate {h ontact |lens. 3. The nethod

ac oY %’Bleé’il‘gé FWC!L? E&mf’i‘? ’@Pﬁ %ﬁ?ﬂﬁ‘?%ﬂ‘g}‘%ﬁ@% ght

energing fromthe contact |ens conprises, splitting

l'i ght r‘gy@“@h‘ﬁ% giengnipeidpns ensciiseléaht rava gnd prgylay lightrays;
first channel and a second channel. 15 4. The net hod

accor disagturiog dighl rayslemevgimg diom Swpoutettigns o woddshnel imaging
i mmges fromeach of the two channels conpri ses,

capt urioygicalrsggiemusi ng i ght rays entering the first

channel to inspect the center zone of the contact

| ens, aaligeaR! WriirfgchdfBgeosicngvo-tHaghdl ihaghgesdtRal Bgtem to
the second channel to inspect the peripheral zone of

e SRS P T e enchra- b
0t LT AR, O, SRS
o191 R e AERSEAROR R o SO AERR i
RN N S SR L e P
mold, t he" %Sl’gi‘sltzeg]e g?l?igrci)r?igcg%ns

periphéral zo ¢ ;

capluring individual images using light rays entering each of the two channels

of the two-channel imaging optical system, or capturing a single composite

image from the two-channel imaging optical system; and

inspecting the defects in the two images or in a single composite image.

2. The method according to claim 1, wherein illuminating the contact lens using
angular light rays comprises, projecting light rays at an angle into the inner surface
of the case of the female mold and using the reflecied light rays to illuminate the
contact lens.

3. The method according to claim 1, wherein capturing the light emerging from the

contact lens comprises, splitting light rays emerging from the contact lens into a

first channel and a second channel.
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an illum nation systemconfigured to emt direct and
angular light rays into a case of the female or nale
nol d, thereby, illumnating the contact lens that is
di sposed between a male nold and a female nold ; a

t wo- channel i maging optical systemconfigured to
receive light energing fromthe contact lens; a first

4Chaﬁﬂ?hm@%d%&ﬁn&%@1&B@Bﬂq|“MERﬂi&%uﬁ&&Hﬁ%NK§X§&%@kshonaumh
configured to capture the Ilght rays energing f rom

cen = the fir
$iellile %QE;H%& e¥shc%n 9%%36‘%5 IQ}F]IH%S%%%%?@%}? %ﬁr e u(ﬁ 1];10 first
3 1B S D8 i 2 v
substantially close to, the gase of the nale ,
capt it éa>iSrFé‘t‘1¥'|“g e 3508 SRBRYi A GPPFIT epeﬁrw&;ﬁlépg?nez%@e contact
of the contact lens; two caneras for capturing
i ndieV§- dual i mges from each of the two channels of
the two-channel inmaging optical system or a single
S.canBantodcapeditigny dains lsiviigicen cantpoed pesingingempesin image
t he two-channel inaging optical system and inage
pr omagsisay imagingmwointemaidiatd myagdsefraef detisvol phanhels and then
contact lens. 7. The system according to claim 6,
whemeigihgt e tivbh | ibematiite imaystiem € einficdiiagel f6:0inspecting both the
illumnate the contact |ens using angular |ight rays

CONRhteh 88nc MAPeRFRdNTohd Sthe EM&t @6, an angl e into the
i nner surface of the case of the female nold and using

clhea s&ﬁ&h%ﬁt 1?1%)0'0!112%15 cHAYR 14 wileh lﬂﬁq &Qﬁzﬁt fhe \Ml']SC(ﬁ o2&t ; 1|;]1 a cavity

| ens according to claim6

t Wobe(f %nnellpal]?r[&% ?%eopetm m{)I?('iyﬁlte%yster:] L3 omglgnl];l'n ur ed to

spli rom con Fens t channel

and a sec channel The syste

cl'ai m & RGBT GOE PO SRHC TG Girer YBpt gt nto a
canera to caP ure an image using the |ight ray

ent eri rfgse pidhe fgnagle ehlgﬁ]ﬁépolfi,othgrﬁgbégu{umnalmg, the contact lens that is

disposed between a male mold and a female mold ;

a two-channel imaging optical system configured fo receive light emerging
from the contact lens;

a first channel of the two-channel imaging optical system configured to
capture the light rays emerging from center zone of the contact lens;

a second channel of the two-channel imaging optical system configured such
that its entrance pupil is located inside the case of male mold or outside the
case of the male mold but substantially close to the case of the male mold, to
capture the light rays emerging from peripheral zone of the contact lens;

two cameras for capturing individual images from each of the two channels of

the two-channel imaging optical system, or a single camera for capturing a
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the center zone of the contact |ens, and, a second
canera to capture an inage using the light rays
entering the second channel to inspect the periphera
zone of the contact lens. 10. The system according to
claim®6, wherein use of single canera conprises, a
single canera to capture a conposite image resulting

from meggac c&ﬁp&s‘ﬁ@ uhfﬂ%l'f'(ﬂﬁ a8 -chhiRY BRaghd) 6[ﬁ§91()snyql'eﬁ‘19 and

to the two channel s

The system according to claim

corre

6, merlﬁ{dlré ﬁm%gsrshllé,% st Lfnigla}ﬁﬁl)pL lpgd&@étguﬂﬂg g lens.

femal e

P cavity Is trans ucent

or %ﬂans aren

10.

11.

¢ sys ein aCCOIdlng to claim 0, wherein the illumination system configured to
illuminate the contact lens using angular light rays comprises, projecting light rays
at an angle into the inner surface of the case of the female mold and using the
reflected light rays to illuminate the contact lens.
'The system according to claim 0, wherein the two-channel imaging optical system
is configured to split light from the contact lens into a first channel and a second
channel.
The system according to claim 6, wherein use of two cameras comprises, a first
camera to capture an image using the light rays entering the first channel to inspect
the center zone of the contact lens, and, a second camera to capture an image using
the light rays entering the second channel to inspect the peripheral zone of the
contact lens.
The system according to claim 6, wherein use of single camera comprises, a single
camera to capture a composiie image resulting from merger of two intermediate
images corresponding to the two channels.
The system according to claim 6, wherein a portion of each of the male mold and

female mold corresponding to the cavity is translucent or transparent.
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