| NSPECTI ON OF DEFECTS | N A CONTACT LENS TECHNI CAL

FI ELD [ 001] The enbodi nents herein relate to clear and
printed contact |enses, and nore particularly but not
exclusively to, technique for inspecting printed
contact |lens. BACKGROUND [002] Contact |enses of
various types are bei ng manufactured and used for
correcting MNSPROTICRIMEDEFHUIP RS ASCONTAELERSUt i C
pur poses, anong others. Such contact |enses may be
broadly classified as being printed contact |ens or
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ngent. technj e cat .
oFEHT o T s BREE B Rl Cﬁaefm anlef Fopf2 sy ynd more
; rements of the consungr, they are |nspeited at
particygly Bwsﬂ%% vy L PRIt nsBeciing P iptsg gpntact lens
Traditionally, a contact |l ens after being nolded is
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mell suited for inspecting clear contact |ens, such a
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prln ed contact lens. A printed contact I'ens has an
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‘“Spe Vé‘ﬁo‘fsr?é@g ﬁfg@le‘h&a‘lb‘é“@lﬁ ted for identifying the
def ects because the black dots corresponding to the
blB] eladitiepally. mespripst learnbiar baigeanelded freinspestdd B edgfects, using
~corresponding to the iris print. Alternatively, if
brightdield ilbarikatione FYG.i 1| MNustiatest dromags 108 edl afodvar icoipgdeisngrhich is taken
the printed contact |ens, the image of the printed
using bogittazdd illensnanioh] Initheligide, the bagiit agdadathe contact lens, and the black dots
102 are bubble or other types of defects that are present in the clear contact lens. While the bright
field illumination is well suited for inspecting clear contact lens, such a technique may not be
best suited for inspecting printed contact lens. A printed contact lens has an iris print, and when
such lenses are illuminated using bright-field illumination, the image of the printed contact lens
will include black area corresponding to the iris print and black dots corresponding to bubble or
other types of defects. Such an image may not be suited for identifying the defects because the

black dots corresponding to the bubble defects may get camouflaged in the black area

corresponding to the iris print. Alternatively, if only dark-field illumination is used for inspecting



corresponding to the iris print and bright dots
correspondi ng to bubble or other types of defects.
Such an inmage may not be suited for identifying the
def ects because the bright dots corresponding to the
bubbl e or other simlar type of defects may get
camoufl aged in the bright area corresponding to the
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[006? In view of the foregoing, an enbodi nent herein
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[006] In view of the foregoing, an embodiment herein provides a method for inspecting
clear and printed contact [enses. The method includes illuminating the contact lens using bright
field illumination and dark field illumination simulianeously, when the contact lens is disposed in
a cavity between a male mold and a female mold. Further, image of the contact lens is captured
using light emerging from the contact lens and entering the imaging optical system. The image is
then processed for identifying existence of defects in the contact lens. The defects are identified

by processing the image corresponding to the dark defects that are in a first portion of dynamic

range of brightness and bright defects that are in a second portion of the dynamic range of



bri ghtness. The dark defects are contam nation in the
case of clear lens, and in case of printed contact
| ens, the dark defects are contam nation and print
snear. The bright defects are bubble and simlar
defects in clear as well as printed contact |ens.
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[008] These and other aspects of the embodiments herein will be better appreciated and
understood when considered in conjunction with the following description and the
accompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES
[009] The embodiments herein will be better understood from the following detailed
description with reference to the drawings, in which:
[0010] FIG. 1 illustrates an image 100 of a clear contact lens captured using bright-field

illumination.

[0011] FIG. 2 illustrates a mold assembly 200, in accordance with an embodiment;



[0012] FIG 3 illustrates a system 300 for inspecting
clear or printed contact lenses inside a nold, in
accordance with an enbodi nent; [0013] FIG 4
illustrates the path of the light fromthe
i1lumnation systemto the clear or printed contact

| ens, in accordance with an enbodi nent; and [0014]
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be construed as limiting the scope of the embodiments herein.

[0016] The embodiments herein disclose a method and system for inspecting clear and
printed contact lenses. Referring now to the drawings, and more particularly to FIGS. 2 through
5, where similar reference characters denote corresponding features consistently throughout the
figures, there are shown embodiments. It may be noted that embodiments of the invention are
described taking contact lens as an example. However, a person skilled in the art, in light of this
patent specification, may make modifications, which are within the scope of the claims, to enable

inspection of other transparent objects.



[0017] FIG 3 illustrates a system 300 for inspecting
clear or printed contact |enses, in accordance wth
an enbodi nent. System 300 conprises an illum nation
system 302, an imaging optical system 304, canera 306
and a Data Processing System (DPS) 308. The system
enabl es inspection of a contact lens 210 that is

di sposed in a nold assevbirgn2BBsCNEMBOASSEMBLY [ 0018]
FIG 2 illustrates a nold assenbly 200, in accordance
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shown in the figure), enabling retrieval of the molded contact lens 210.
ILLUMINATION SYSTEM

[0019] The illumination system 302 (FIG. 3) is configured to illuminate the contact lens
210, which is disposed between the male mold 202 and female mold 204 of the mold assembly
200. The illumination system 302 illuminates the contact lens 210 by providing bright field
illumination and dark field illumination simultaneously, In an embodiment, the illumination
system 302 includes two parts. The first part of the illumination system is configured to provide

direct light rays 402 (illustrated in FIG 4) to illuminate the contact lens using bright field

ilumination. The second part of the illumination system 302 is a ring-type light head that directs



l'ight rays, which may be referred to as angul ar |ight
rays 404 (illustrated in FIG 4), angularly into the
i nner surface of the case 214. The angul ar |ight rays
404 that are incident on the inner surface of the
case 214 are reflected and scattered by the inner
surface of the case 214 and falls on the contact |ens
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CONFI GURATI ON [0023] In an enbodi ment, as illustrated
CAMERAFI G 3 and 4, illumnation system 302 is |ocated
on a first side of the nold assenbly 200, such that,
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contact lens 108 to identify defects in the contact lens 210.

SYSTEM CONFIGURATION

{0023} In an embodiment, as illustrated in FIG. 3 and 4, illumination system 302 is
located on a first side of the mold assembly 200, such that, the illumination system 302 is
proximate to the female mold 204 as compared to the male mold 202. The illumination system
302 is posttioned in such a way that light from the illumination system 302 is directed towards
the contact lens 210. While the illumination system 302 is located on the first side of the mold
assembly 200, the imaging optical system 304 and the camera 306 are ocated on the second side
of the mold assembly 200. The imaging optical system 304 is located in between the camera 306

and the mold assembly 200.



| NSPECTI NG CONTACT LENS [0024] In an enbodi ment, clear
or printed contact |lens 210 is inspected when the nold
assenbly 200 is in the engaging position, which neans,
the contact lens 210 is disposed in a cavity between
the male nold 202 and female nold 204. Wiile the
contact lens 210 is disposed between the nolds, the
illum nation system 302 emits direct light rays 402
and angul ar light rays 404 that fall on the contact

lens 210. FIG 4 thpé&ﬁﬂwﬁ Fﬁﬁ%ﬁﬁ by light rays
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optlca? system 304. The light received by the imaging optical system 304 is used by the camera
306 to capture at least one nmage of the contact lens 210.
[0025] FIG. 5 illustrates an image 500 of a printed contact lens 210, in accordance with
an embodiment. In the image 500, it may be seen that portions of the image corresponding 1o
clear part of the contact lens, iris print on the contact lens, bubble and other similar defects have
significantly different brightness levels. In an embodiment, if the dynamic range of brightness of

the image 500 that can be captured by the camera 306 is 255 grayscale levels, then portion of the

image corresponding to the iris print has brightness in a first portion of the dynamic range of



bri ght ness, wherein the first portion could be between
0 and 140 grayscale levels, for exanple. In inage
500, print snear 504 that has been encircled can be
clearly distinguished. Print snears can be classified
as dark defects. Contamnation in the case of clear
l ens and printed contact |lens can also be classified
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erei n that others can, by app yi'ng current

as seen %qhe %éure Xl n%n {;eo [y t?' sﬁlp ets%gf lihe (rglr&g)r oﬁgi%ﬁn%gé Ic?rﬂc—‘?’spondmg, to

clear %gner Iiﬁ% rg q?ﬁoa%gplé{hg’%r fg%{)ﬁt{n‘et ueh a?@g%g}% 1%1 gi?m}al defects,
conmprehended within the nmeanin and range of

enablggilip {H1Seiedo grocessdheinggr é@%anfb%swwéf% It is to be
under st ood that the phraseol ogy or tern1no|o
e 126y dlc Hellegding idgsdription oé thuppesse ghboddasies |th1| nfulldreveal the
not of limtation. Therefore, while the enbodi nents

generhlaragirn ofigiv entbedimadederdib dat otharsteen, by applypresfuerenegchowledge, readily
enbodi nents, those skilled in the art will recognize

modifyhald/dr hap thodiriman ysplichedBistciC §lecie ditadirh@fdwwhd il departing from
nodi fication within the spirit and scope of the clains

the g@Rrid@8fdchPafd, (HEERKE) suéh adaptations and modifications should and are intended
to be comprehended within the meaning and range of equivalents of the disclosed embodiments.
It is {0 be understood that the phrascology or terminology employed herein is for the purpose of
description and not of limitation. Therefore, while the embodiments herein have been described
in terms of preferred embodiments, those skilled in the art will recognize that the embodiments

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

herein.



CLAIM5 What is clainmed is: 1. A nmethod for inspecting

a contact |lens, the nethod conprising: illum nating
the contact lens using bright field illumnation and
dark field illum nation sinultaneously; capturing

i mage of the contact |ens using light received from
the contact |lens; and processing the inmage for

i dentifying exi stence of one or nore defects in the
contact lens. 2. The nethod according to claim1l.
wherein illumnating the contp RL Mis€Ns conprises, using
direct light for providing bright field illumnation

“ma%gc%ﬂﬁxﬁgntact | ens. 3. The nmethod according to claim

I

8]

erein |IIun1nat|ng the contact |ens conpri ses,

usi n ul ar ht fo rovi din ow. angl e dark

o befhon PR iR el kel U perBi e et hod
according to c]aim 3, erein |Ilun1nat|n t he cont act

| ens HRRRGE, g{yq aﬁon}ar«bw] s oemgr Peg Tigldg;i g@’c‘ﬁ“ﬁ‘@“ﬂ iggft dark field
angularly into the inner surface of a case of the

mol d Hheninglics svepkgowdiording to claim 1, wherein the

i nspected contact lens is disposed inside a cavity

bet weepiuangrmhage wbihg cantdctderfservalgdighbiedeivéd frdinehaesmtestllens; and
according to claim1, wherein processing the inmge
conphr®esing tlemhhge/fonddendiyitg edftanioftonator atoee tefeds in the contact
first portion of dynam c range of brightness and

i dentdrkyi ng bright defects that are in a second

portion of the dynam c range of brightness. 7. A

%Yl%tlﬁé'fhcgcpéccbﬂﬁt&eﬁt dieh 8 GRALAGHuhERENS P’@ &)Ylﬁat:@f@hs comprises, using

corrprl St ng: an | | um nati on system con gure

Jeamgﬁﬁ{a? BPOQ?di%? gﬁ@ﬁt‘#@!@pgmﬁﬁ 09:d l'il ggﬁtagt 1&1' d

Ium n an _ _ un nat
SRR i [ehad 0[1“1‘3‘3{3 ﬁStce"]éuﬁ Olens comprises, usi

Sé]i‘?}‘??gclf’ﬁﬁ%“é’ '8t g™ POt 't HEEoNt dEt slegy cgmprises, using
angular light for providing low angle dark field illumination to the contact lens.
The method according to claim 3, wherein illuminating the contact iens using angular light
comprises, projecting light angularly into the inner surface of a case of the mold.
The method according to claim 1, wherein the inspected contact lens is disposed inside a
cavity between a male mold and a female mold.
The method according to claim 1, wherein processing the image comprises, identifying
dark defects that are in a first portion of dynamic range of brightness and identifying bright
defects that are in a second portion of the dynamic range of brightness.
A system for inspecting a contact lens the system comprising:

an illumination system configured to illuminate the contact lens using bright field

illumination and dark field illumination simultaneously;



10.

11.

[2.

13.

result of sinultaneous bright field illum nation and
dark field illumnation; a canera configured to
capture inmage of the contact |ens using the |ight
received by the inmaging optical system and a data
processi ng system configured to process the imge for
i dentifying existence of defects in the contact |ens.

8. ThE is¥she Bpaca ol dibmoiol fectlvigMidht dM@ERE Frdnl@he contact lens as a

illum natron Systemis configured to iTlumnate the
cont ?&sﬁl}tlo? OinuiEhdd9s gfiélﬁ(ﬁeld 19BnkiBh AR 8k %'eﬂﬁHQﬁﬁnﬁh&n;
field itllumnation to'the contact Iens. 9. The system

according to claim7, wherei i L nat i m, ...
o ot Qufedeld patPETRAR: §i0R S TR BY R Teceived by
angul ar. Iight qu grovjding | ow angl e dark field

i |1 ufiTTeesE PECY ASEBAMct 1 ens. 10. The system

according to claim9, wherein the iILuninaLiQ system . .
is cér?l@}"’dﬁ'?‘é?és”@%*‘)ﬁf‘f@} %?E’chgui'qdéﬂ&"")&ﬁsgfd %P’P%geifﬁ?ﬁ clfging existence of
i nner surface of a case of the nold for illum nating

t he doleetadn thegpstact lams. The system according to claim

7, wherein the inspected contact lens is disposed

iThsi ghstean acawding tbetlamwery, avinatie thelidwandtion fsgstaineis configured to
nmol d. 12. The system according to claim7, wherein the
didiminpteabie ssiting I&watsem digct hgiftifgupedidig biighe ficid Yluddadtion to the
defects that are in a first portion of dynam c range
Rbntattiight ness and identifying bright defects that are

in a second portion of the dynam c range of

4805 kg TRSAFTUREGS 0k Mo is ot 1
Rﬁﬁlﬁﬁl‘f{g 12O REARLY ﬂeﬁ@%‘sin%oangular light for providing low angle dark field
illumination to the contact lens.

The system according to claim 9, wherein the illumination system is configured {o project
light angularly into the inner surface of a case of the mold for illuminating the contact lens.
The system according to claim 7, wherein the inspected contact lens is disposed inside a
cavity between a male mold and a female mold.

The system according to claim 7, wherein the data processing system is configured to
identify dark defects that are in a first portion of dynamic range of brightness and
identifying bright defects that are in a second portion of the dynamic range of brightness.
The system according to claim 7, wherein the contact lens is clear contact lens or printed

contact lens.
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