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Because contact lenses are intended for use in the eye, great care is taken to make
20  sure that lenses meet strict quality control standards. To ensure consistent quality of the
contact lenses, automatic inspection of the contact lenses using industrial image processing
methods may be implemented. The known methods for inspection of ophthalmic lenses are *

based on bright-field and/or dark-field imaging.

25 WO-A-2005/054807 discloses a method for the automatic inspection of contact lenses, in
particular tinted contact lenses, in an automatic lens manufacturing process, the method
comprising the use of a dark-field inspection unit with the preferred dark-field inspection

method being the so-called Schlieren method.

30 EP-A-1248092 further discloses the combination of a dark-field inspection unit and a bright-
field inspection unit, preferably the combination of the so-called Schlieren method and the
transmitted light method. The contact lens is subsequently observed in a dark-field and
bright-field.
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30 15" manner at different dlstances from the mask The images are taken subsequently using one

mask at a time.

EP-A-0686842 discloses a lens inspection system and method using two optimized bright-

field illumination zones, i.e. using light at two different grey levels. One grey level for the
20  centre zone and one grey level for the peripheral zone. Whereas the use of phase contrast

(another conceivable inspection method} is considered to be hypersensitive, i.e. enhancing

cosmetic flaws to an extent that the lens is rejected for being defective.

To improve production yield and more importantly to improve the quality of the
25  ophthalmic lens and the wearers comfort, there is a need to create a more accurate
inspection system. In particular, a suitable inspection system should carry out an exhaustive
examination of the ophthalmic lenses for accuracy of size, surface defects, tears, peripheral
ruptures and inclusions such as bubbles and foreign bodies, as well as small defects at the
edges of an ophthalmic lens.
30
The invention solves this problem with the features indicated in claim 1. As far as

further essential refinements are concerned, reference is made to the dependent claims.
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- ging unit. Even more preferably the device allows selectively employing either
the phase contrast and bright-field imaging unit or the phase contrast and dark-field imaging
unit. Further preferably the device allows simultaneously employing the bright-field imaging
unit and the phase contrast imaging unit. In another aspect the device allows simultaneously
employing the dark field imaging unit and the phase contrast imaging unit.
20 In still another aspect, the present invention may include devices and methods to improve

the inspection of tinted or colour contact lenses

Further details and advantages of the invention may be seen from the description and the
drawings that follow.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic illustration of an inspection device comprising a phase-

contrast imaging unit according to the invention.
30 Fig.2 shows a bright-field image of 2 contact lens.
Fig. 3 shows a dark-field image of a contact lens.

Fig. 4 shows a phase contrast image of a contact lens.



Fig. 3shows a dark-field inmage of a contact |lens. Fig. 4shows a phase
contrast inmage of a contact lens. WD 2007/060173PCT/ EP2006/ 068744 -
4 - Figs. 5a-c show a conparison of a bright-field (a), a dark-field
(b) and a phase contrast (c) image of a defective lens. Figs. 6a-c
show anot her conparison of a bright-field (a), a dark-field (b) and a
phase contWag#7{0edi73 nage of a defective |ens. 5Figs. 7R&0/Erh@n/0e8744
conparison of a bright-field (a) and a phase contrast (c) inage of a
defective toric lens. Figs. 8a-c show-a-conparison of a bright-field
(a), a dark-field (b) and a phase contrast (c) image of a toric |ens.
10According to the present invention ophthal mc |enses are inspected
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image of a toric lens.

10 According to the present invention ophthalmic lenses are inspected by an inspection
method comprising using a phase contrast imaging unit. In alternative embodiments, bright

field and/or dark-field imaging may be used to supplement the phase contrast imaging.

The phase contrast technique, as generally known, employs an optical mechanism to

15 translate minute variations in phase into corresponding changes in amplitude, which can be
visualized as differences in image contrast. Further, it is known, that phase contrast imaging
can be employed as a technique to render a contrast-enhancing effect in imaging transparent
specimen.

20 Contrary to references in the prior art, which consider phase contrast imaging hypersensitive
and therefore unsuitable for inspection of ophthalmic lenses, it has surprisingly been found,
that phase contrast imaging is in fact suitable for the inspection of ophthalmic lenses and
provides for an accurate inspection system. It has further been found, that in particular the
combination of phase contrast imaging with either bright-field or dark-field imaging provides a

25  more accurate inspection system. Even further it has been found, that using phase contrast
imaging and bright-field imaging simultaneously provides an even more accurate inspection

system.

The phase contrast imaging method for inspecting an ophthalmic lens as of the present
30  invention is based on the transformation of refractive index differences into intensity
differences whereas bright-field imaging is based on absorption differences. In a preferred

aspect of the invention both imaging methods are combined and applied simultaneously.
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specimen passes though the phase plate. When the deviated and undeviated beams of light
are recombined further along the light path, the differences in the phase of the deviated and
undeviated light beams become additive or subtractive. The resulting wave is the sum of the
20  two waves which have their crests and troughs opposite each other. The resulting wave is up
to four times darker than the background. Therefore the specimen appears darker than the
background and features on the specimen will be either lighter or darker than the
surrounding field. The resulting image, when viewed by a user, or analyzed by a computer
' program, makes tears and other small defects visible.
25
It has to be noted, that the present invention is directed to a phase contrast imaging method
and system. Therefore, the phase of the light is not analyzed as such (as for example in US
5066120}, but the difference of intensity due to in-phase or phase-shifted interference is
captured as an image. Only then, said image is used for detecting accuracy of size, surface
30 defects, tears, peripheral ruptures and inclusions such as bubbles and foreign bodies, as

well as small defects at the edges.

An inspection device according to one embodiment of the invention is illustrated in Figure 1
and preferably consists of a phase contrast inspection unit 1 and bright-field inspection unit

35 2. The contact lens 3, which is preferably a soft contact lens, is held in a container 4.
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In optical terminology, phase plates that alter the phase of surround light relative to diffracted
light by S0 degrees (either positive or negative) are termed quarter wavelength plates

20  because of their effect on the optical path difference. As a general rule, when objective
numerical aperture and magnification is increased, the phase plate width and diameter both
decrease.

In one embodiment of the phase contrast inspection unit, the thin phase plate contains a ring
25  efched into the glass that has reduced thickness in order to differentially advance the phase

of the surround wave by a quarter-wavelength. In another preferred embodiment the ring is

further coated with a partially absorbing metallic film to reduce the surround light amplitude

by 60 to 80 percent.

Because the rear focal plane usually resides near an internal lens element, some phase

30  confrast objectives are produced by actually etching into the surface of a lens.

Referring back to Figure 1, the contact lens 3 is preferably at least temporarily housed in a

container 4 that is transparent at least at the bottom to allow the illumination beam coming
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sol ution,” such a exa wat er or sal i ne sol a SI ar
test |igeRUce ¥y 5 @#%fbwe thangﬂeélﬁatp@uwﬁ it AdivelgA exaqie wheR therentachigs is in
when a 5th@m{gpagtonlp@g.§oﬁ,s pl aced in the container the container tends
e PR ME R IR SN, A
Car ri er pmpwididdrtypeduflightaoonsbs istitiiies Rdlogdnsmpeag be used, in which case a
filter may be used to create monochromatic light. The light emanating from the light source 5
is then collimated by a suitable lens 6.
To increase the output of light or light intensity, a concave mirror (not shown) may be used.
20  The light reflected by the light source 5 and the concave mirror is then focused onto an input
diaphragm (not shown}, in a preferred embodiment by a heat filter and a biconvex lens (not
shown). The diaphragm lies in the focus point of a further lens, so that the light emanating
from the light source 5 is collimated and parallel light is present in the examining zone. It is
also possible for an interference filter (not shown) to be additionally used behind the lens 6,
25  in order to substantially increase the length of coherence of the light emanating from the light

source 5.

The illumination beam transmitted through the contact lens 3 is incident on an imaging

convex lens 7. Past the lens 7 the illumination beam is divided by a beam splitter 8, e.g. a
30  beam-dividing cube. One beam is that of the phase contrast optics and the other beam is

given in transmitted light (j.e. directed to the bright field optics).

In an alternative embaodiment, the beam splitter may be used in the same way to direct one

beam to the phase contrast optics and the other beam to a dark field optics. In another

embodiment, the beam splitter may be used to direct one beam to the phase contrast optics
35 and the other beam to a bright and dark field optics.



The light source 5 is used to illum nate the contact | ens 3 and may
be any suitable kind of 10monochromatic |ight source generating
either a continuous illumnation beamor a serious of flashes or

pul ses. In the latter case the inspection system preferably further

i ncludes a synchroni zation or coordination nmechani sm between the
transport WOARYNE6MM and the |ight source which takes c&CEEPRAG/IOGSH

| i ght source is activated exactly when the contact lens is in the

i nspection position. 15Exanpl es of pregerred |light sources are |ight
emtting diodes (LEDs) or short arc-xenon flash |anps. O her types of
| i ght sources, such as hal ogen | anps may be used, in which case a
filter may be used to create nonochromatic light. The |ight emanating
fromthe_|light source 5 is then collimted by a suitable lens 6. To

i ncr ease Teg Enagingpinits afe acy kemplptediby tatleisntdeansl 16yendz €oR caweranifrangri’.
(not shown) may be used. 20The light reflected by the |ight source 5
and the concave mrror is then focused onto an i nput dlaphr‘gn1(not
shown), [ tBe PreinetierebpasntinmeRteryafion bramt athcrnﬂ@&c lef1ggs aregirefgrpplyused,
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illum nation eam am's
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the bright field E“CS In an alternative e I ment eam
spl i t t er espegiatheetipslive in delertingearmelimgeleds aishassughes dalesis tlerrs Heptyiess e

cont r ast a@phtiGSiodich e babdley aleBridnbaiedar k field optics. In another
enbog ment, the beamsplitter nay be used to direct one beamto the

phase” cont r ast optics 35and the other beamto a bright and dark field
optics. InAD ebalre AdARGEIEERANDEL R 68d 4daging, the phase retarding plate 9 may be

complemented by a beam stop 13 in the filter plane 12 (both not shown in Figure 1). Beam
stop 13 should advantageously be of larger diameter than the input diaphragm (not shown in
Figure 1}, so that the illuminating part of the beam is fully scattered by the imaging properties
20  of the contact lens 3 despite deviations in the illuminating beam. Of course, the beam stop 13
should not be too large, because a disadvantageous number of low frequency parts may be
filtered out. Finally, the deviation of the scaitered beam is small as compared to the direction
of the beam. Using computer-assisted simulation of the path of the beam and the
confirmation from the experiments, with an input diaphragm of 1 mm, the size of the beam

25  stop 13 is advantageously 2-3 mm.

In the absence of scattering or refraction of the illumination beam by the contact lens 3, no
light is transmitted past the stop 13 and to the CCD camera 17, and the resuiting picture is
completely dark, with the exception of features of a contact lens that deflect light enough to
30  miss the stop 13. Such features will cause some light to be incident on the pixel array of
camera 17. An image of the incident light is preferably taken by a lens 16 of camera 17 for

analysis.



- 8 - The imaging units are each conpleted by a lens 14 and 16 and a
CCD canera 15 and 17. For the illum nation beam and the
observation beam achromatic |lenses are preferably used, 5in order to
avoi d aberrations. Cbservation is preferably carried out under a
smal | angle. For an extensive and thorough inspection of contact

| enses, | wW@antheatar tinted contact |enses, a dark-fi eCWEPHS@@EBT440N
unit may be used in conbination with a bright-field inspection unit
and/ or a phase contrast inaging unit which nore easily recogni zes

| i near surface defects 10outside the iris print. This dark-field

met hod, characterized by the fact that a beamstop is positioned
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clearly visible in Fig. 6b. Here the first dark-field image (Fig. 6b) can be used to identify the
area for potential defects, which then is either confirmed or disapproved by the subsequent
20  or simultaneous second phase contrast image (Fig. 6c).

Fig. 7 shows a comparison of a bright-field and a phase contrast image taken simultaneously
of the same toric lens. In Fig. 7a the bubble in the lens material (X) appears
undistinguishable from an adhering air bubble on the surface of the lens (O) as in the

25  previous images. Whereas in Fig. 7c the bright halo reveals the true nature of the defect fo
reject the lens. Here again either phase contrast image (Fig. 7a) alone or the combination
with the bright-field image (Fig. 7c} would allow to reliably reject a lens (and only a lens) with
true defects.

30  Fig. 8 shows three images of a toric lens, i.e. a lens where the orientation on the eye is
essential for the effective vision correction. Neither the bright-field (Fig. 8a), nor the dark-field
(Fig. 8b) image allow to capture the orientation of the lens in the package. However, the
phase contrast image (Fig. 8c) clearly reveals the underlying optical design and the
respective orientation of the lens. ‘

35



Figures 2 to 4 show a bright-field (Fig. 2), a dark-field (Fig. 3)
and a phase contrast image (Fig. 4) of a contact lens in high
resolution. In Figures 5 to 8, the inages of |ens specinen obtained
with bright-field, dark-field and phase contrast inaging are
conpared. 5Fig. 5 features a lens with a bubble in the lens materi al
(X) as welWOoagdTwaims an adhering air bubble on the surf &a/EPRIGAES7IeNS
(0). The latter (0) is not a |lens defect, whereas the bubble in the
lens material (X) is a lens defect whigh has to be identified by the
system and nmet hod of the present invention to reject the |lens as
defective. Fig. 5a is the bright-field inmage, Fig. 5b is the

dark-fie
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- 10 - more preferred embodiment the contact lens is a tinted contact lens.

25



The present invention is preferably used on a manufacturing line. By
an appropriate transport subsystemin a production plant, the

speci nen (contact lens) is noved along a predeterm ned path into the
| ens inspection position wherein one |e at the time is inspected.
Preferably the lens is continuously nDV|ng t hrough the inspection
system 5however the lens may also be in a stationary position during
t he inspecthgﬂ. Because the resulting dark-field imge is not
affected by~dHy® object in or within the | ens which absorbs |ight such
as an iris print this method is particularly effective to inspect
tinted contact ns Cosnetjc defeﬁég whi ch may be hi dden by the
iris print beéong 5&#@9“%@@5@&39&5@ m#@@&?ﬂ?@@ﬁEﬂ%“@ﬁé@ﬁ@F”@ﬁd@@

contrast |naglngmapbmﬁﬂeﬁ@ﬁmhﬁﬁga&ﬂﬁp&@hl&ﬁmfb&k@uﬁ@%ﬂbﬁ&mghmﬂaé%ﬁa
contrast and daré field imag g%égtgéused he image is autonmatically
1

processed by a ¢ Wﬁ%‘i"&?am‘%ﬁl Vit ‘é’lhthta@“‘f l@]l%‘@’ta bright fiedhignaging

process it furt hefit; aecapeiingardt ﬁha@é @t&]ﬁﬁ obd &G (ﬁﬁﬂ]blﬂlﬂ: 161! Wil d @AmbBM séﬁ%b{r
known nethod in tge .art. The nethods describ above are suitable fo

i nspect any ki nd"&f mBﬁWﬁWﬁVﬁF@mPéﬁgﬁgme%dﬁﬁ???éﬂ%%%“@ﬁntact | enses.
Preferably the contact lens is a soft contact lens for exanple a
conventional hy or .exanpl e a pol y- HENVA
hono or copol ? dfheqléeﬂf@ﬁ/ﬂ lafi rlmt{l ’51?"“ & BF’&P&QLS“ e sgid phbalmig iR a dark
pol yet hyl engl ycofieldmagingahytsi | oxane hydrogel. In a nore preferred
enbodi nent the contact lens is a tinted contact lens. 25 Cdains 1. A
nmet hod for inspecting an ophthalmc |ens conprising: placing an

ophthalmc |ens T raetmrﬁfalaﬂﬁﬂ VIR dafd iRGLGY &fn@ﬂéﬁ:@@xhﬂﬂﬁne@&ﬁ}t%&wmg
observing said o Hﬁ E' |ens on 3 E?ase cqont r ast |naﬁ unit;
observing said o% P "HC cBhyith fhe Jark fiplgimagingamit andihs ipRage Genmiest impgng
capturing an i nmaget. of the observed ophthalmc lens with a canera

sensor, wherein the canmera sensor is incorporated with the inmaging
unit. 2. The method of claim11, further conprising observing said

opht hal mi c | eds Tir lﬂet]dﬂ]rd{' clatr@l dvlie%géaﬂgnaﬁﬁdtcoﬁpl1%9%1%&1@@@!)@[}3&[/1% m

2, wherein said neth rlses S eously observing said

opht hal mic | ens Wdt%f?& A P?(W'Iﬂi' e h'm{’r‘régp HOREHH Wt ZRdithe H]éasb FRp&ast imaging
contrast inmagingminit. 4. The met hod of claim 11, wherein said nethod
conprises simnmultaneously observing said ophthalmc lens wth the
bright field imaging unit and the phase contrast imging unit, 5. The

met hod of cl abm#he antl&lti@If Bhan b,ezame‘ﬁpd betainephtles 1sd§@ﬂoﬁ@eo@!r§!ﬁ@6th& blﬂi@é to

t he phase contrast uni t bright field, i ing unit
or t Ee dark fi elcgntras 1194 lh;mtfmd tonhe bnght t%?d imaging unit or the darlrrfB Qd m(‘l:]agmﬂ

unit,

6. The method of claim 1, wherein said method is incorporated into an automated lens

manufacturing line.

7. A method for inspecting an ophthalmic lens comprising: placing an ophthalmic lens
in a container comprising a transparent bottom; observing said ophthalmic lens on a
phase contrast imaging unit; and observing said ophthalmic lens on a dark field
imaging unit; and registering an image of the observed ophthalmic lens with a camera

sensor, wherein the camera sensor is {ncorporated with the imaging unit.

8. The method of claim 7 further comprising observing said ophthalmic lens on a bright

field imaging unit.



6.. The nmethod of claiml, wherein said nethod is incorporated into
an automated | ens manufacturinghne. 7. A nethod for inspecting an
ophthalmc lens conprising: placing an ophthalmc lens in a container
conprising a transparent bottom observhgg said ophthalmc I ens on a
phase contrast inmaging unit; and observinhg said ophthalmc I ens on a
dark field imaging unit; and regi stering an i nage of the observed
ophthalmc lens with a canera sensor, wherein the canera sensor is

incorporated with the imaging unit. - 12 - 9. The nethod of claim S8,
wherein said et Rdn&ReasicReS 3Sh ik Wﬁ&ﬁ&d’coﬁﬁﬁ&@ Ylhﬂlga@@hs%f observmg
ophthalmc |ens mn h the brlght field imaging unit and phase

contrast i nmagi ngSaithyrhthalmje leppwithdhepgaht dielddmaging wit a%ﬁhé\e@h%BQOIWé%tmagmg
splitter is usedyti®@ direct light to the phase contrast inmaging-unit
and to the bright field inmaging unit or the dark field inmaging unit.
11. The method of claim7, wherein said nethod conprises

si mul t aneousl y Oobﬁﬁﬁéﬂuﬂgof%ﬁﬂuﬁ oORIdiRh Blam pBAS lsVHséﬂotdngct (ﬁgﬁtifo firk §[|1 de
i maging unit and the phase cont r ast |nag 8 unit. 3

claim 7, wherei nC¥HpY IRagIHa tiaad fofbobright irldimaging gnit @rﬂ“h‘ﬂﬁt”@ﬁﬁ@ !T@}’lglﬂg
|nspect|on met hoghit. n an aut omated | ens manufacturing |ine.

11. The method of claim 7, wherein said method comprises simultaneously observing
said ophthalmic lens with the dark field imaging unit and the phase contrast imaging

unit.

12, The method of claim 7, wherein said method is incorporated into an automatic

inspection method in an automated [ens manufacturing line.



