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- AUTOVATI C LENS | NSPECTI ON SYSTEM TECHNI CAL FI ELD The inventi on concerns an
aut'omat ed swareresésar i nspecting | enses, for 5 exanpl e PEBAISAR/E2354

| enses. More particularly, the i nvention concerns a system wherein digital

I mages of a lens are automatically inspected by a conputer in order to
determ ne whether the | ens has been satisfactorily manufactured or nust be
rejected as defective. This automatic conputerized | ens inspection system
anal yzes digital inmage data at the edge of the |lens, the optical center 10
of the lens and in color printed regions of the lens. The inspection system
Is particularly useful in differentiating real defects from apparent
defects caused by specs of dirt or other contam nants that are deposited on
or adjacent to a |l ens. BACKGROUND OF THE | NVENTI ON 15 In the
contact |ens manufacturing industry, it is well known that automated

I nspection of contact |enses offers the opportunity to reduce production

Cher of ore. been dos: gned t oABTANASTG HENSTNSPEETBMSYRIFNC .1 S i nos of

defects. The goal in such automated systens has been to inspect for 20
all defects t FECHNICAL FllEbDrt ance in product quality control and to
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wherein digital images of a lens are automatically inspected by a computer in

order to determine whether the lens has been satisfactorily manufactured or
must be rejected as defective. This automatic computerized lens inspectioh
system analyzes digital image data at the edge of the lens, the optical center
10 of the lens and in color printed regions of the lens. The inspection system is
particularly useful in differentiating real defects from apparent defects caused
by specs of dirt or other contaminants that are deposited Qh or adjacentto a
lens. |
BACKGROUND OF THE INVENTION

15 In the contact lens manufacturing industry, it is well known that

automated inspection of contact lenses offers the opportunity to reduce
productlon costs while increasing product consistency. Automated systems
have therefore been designed to examine and reject lenses with specific
kmds of defects. The goal in such automated systems has been to inspect for
20 all defects that are of importance in product quality control and to eliminate
the need for human inspection except as needed to verify the ongoing
performance of the automated system. .
It is generally understood that a well-designed automated inspection
system is more consistent than a human inspection system because the
25 automated system does not suffer from fatigue, distractions, or changes in
subjective inspection criteria. Also, an automated system offers the
opportunity to gather a large amount of data for statistical analysis, and in that

way provfdes a means for objective quality control. This statistical base can



25 aut omat ed system does not suffer fromfatigue, distractions, or
changes in subjective inspection criteria. Al so, an automat®ed syStem offers
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| enses may have individual containers that carry a contact lens in a saline
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solution wil Ia ?rgresegéregf frggtrolc(:oﬁgg} ﬁolider Method steps are disclosed for inspecting
10 various parts of the lens. _

In automated lens inspection systerris, minute particles of dirt or ofher
contaminants can enter the saline solution of the lens holder or can adhere to
the base of the holder. The base of the lens holder can also become

- scratched in the process of manufacturing. The scratches and contaminants
16 on the lens holder and in the saline solution will appear as dark spots in the
image of the contact lens. An automatic inspection system could detect these
dark spots and erroneously identify them as defects in the lens. It is therefore
necessary to provide a means whereby such artifacts can be ignored so that
they do not affect the inspection process. The lens inspection system of the
20 invention greatly reduces the number of such artifacts and therefore
enhances the reliability of the inspection process.

-~ -An automatic contact lens inspection system must also be particularly
sensitive to defects, such as minute notches or tears at the periphery of the
lens. Known systems have not provided a sufficiently robust and accurate

25 method for detecting suc_h defects. The system of the invention employs a
particularly accurate method for detecting defects at the edge of the lens.
it is also important in a lens inspection system to provide a reliable and
accurate means for detecting defects at the optical center of the lens and in
the color printing of an iris portion of the lens. Also, if a company logo or
30 other reference mark is printed on the lens, the inspection system must be
able to detect unacceptable defects in the printing of any such logo or mark.

‘The inspection system of the invention achieves reliable and accurate



| mage of the contact |lens. An automatic inspection system could detect
these dark spots and erroneously identify themas defects in the |ens. It
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The inspection systemof the invention achieves reliable and accurate WO
99/ 26052 the mventlon records two or more images of each wrspat:tsb&ngzs'ﬂte frst
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al ggpi thms.  Toghtaminants on a cuvette that holds the lens orin a sallne solution in which

the lens is immersed. The second image of the lens is taken after the cuvette
and its saline solution have been twirled so that contaminants in solution or
scratches or other marks on the cuvette are moved relative to the location
and position of the lens image. The stored images of the lens are then

16 registered and compared to one another. A resultant image is formed from
the brightest of each pair of compared pixels (picture elements) and the dark
spots caused by moving artifacts are therefore removed from the resultant
image.- Any remaining dark spots correspond to actual defects of the lens.
The defects are therefore reliably detected and artifacts caused by |

20 contaminants and cuvette scratches are eliminated. |

In operation of the automated lens inspection system of the invention,

the'level of ambient light is detected and the output of a CCD image device of
an optical inspection station is normalized for variations in ambient light
across the field of the irﬁage. This normalization process ensures that the

25 image of the lens under inspection is not affected by variations in ambient
light.

In analyzing the resultant image of the lens, the center of the lens is

first located by é computer algorithm that draws chords across the lens and
takes the midpoint of the chords to determine the approximate position of the

30 center of the lens. The light intensity of pixels of the lens is then registered in
polar coordinates. This light intensity information in polar coordinate form is

stored in a matrix whereln light intensity values at lncremented angles are



accuracy, speed and sinplicity of the automated system of the invention has
not heretofore been denonstrated in the art. 5 SUMMARY OF "THE

| NVENTI ON | wapsabsos2t 0 achi eve the objects of the invention arGTUSI®235Cone
the problens of the prior art, the inproved automated | ens inspection
system of the invention records two or nore i nages of each inspected |ens.
The first inage of a |l ens shows dark spots that may be due to actual |ens
def ects or 10listed in rows of the matrixsand the bghtenteastthualuleslfusnncr&m&mradﬂ in a
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and cuvette scratches are elimnated. In operation of the autonmated |ens
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black spots are located in the optical zone or if the ink pattem or logo have
serious defects. |
An edge portion of the data of the S-matrix for each image of a lens is
used to construct polynomial approximations of line segments that model the
15 periphery of the lens. These polynomial approximations are overlépped and
combined to model the edge. The polynomial model! of the edge of each of
the images is then compared to the actual edge data to detect abrupt
transitions in the data. These transitions indicate tears or other defects at the
edge. The defects detected at the two image edges are then compared and
20 a defect is recognized if it was located in the same aréa of the edge for each
image of the lens.
-+ The advantages and features of the invention will be apparent from the
-, following description, claims and drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 is a plan view of a star-wheel and associated conveyors and

. cuvettes as used in the automatic lens inspection process of the invention.
Figure 2 is a partial cross-sectional view of the cuvette that holds a
hydrated lens in a saline solution.
Figure 3 is a partial perspective view of the star-wheel and support
30 mechanism of Fig. 1.
Figure 4a is an illustration of a first light field image of a hydrate?d lens

disposed in a cuvette. “



In anal yzing the resultant imge of the lens, the center of the lens is
first located by a conputer algorithmthat draws chords across the Ienf and
t akes t he nwWeP9268520f t he chords to determ ne the approxi mat gcﬁ/&sﬂ/?’éﬁ of

t he 30 center of the lens. The lighft intensity of pixels of the lens
Is then registered in polar coordinates. This light intensity information
In polar coordinate formis stored in a matriXx erein light_ jntensi

val ges at i ncr enenfigaredhlis andiiustratiopsignseeanshlig t field imageof the hydsraEe%
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defects. The matrix shall be réeferred to hereafter as the S-natrix.. When

the S-matrix canettd, dend inspection camesa andstiobsdight assembly of an-iBR§pEFERN and
conbi ned, the resultant S-matrix .contajns e liaght jntensities of pixels
of the i mage Siatipnierineleps |qmgalsy#%n Phﬂ’ep'gygg{j?ﬁ'of the iris of the

| ens is anal yzed f It ' i bra Hyeatedriensed on the
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~anal yzed to | ocate black spots. The lens is rejected if black spots are
| ocated in thtechpiqueal zone or if ‘the ink pattern or | ogo have serious
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lens is
10 matrix of the lens image of Figure 4a.

, Figure 8 is a chart that shows the brightness profile along a radial cut
through a dark spot of the lens of Figure 4a.
Figure 9 is a chart that shows a surface plot of the S-matrix in a region
near the rim of the lens of Figure 4a.
15 Figure 10 is a chart that shows the regions defined in the optical zone
for detecting dark spots in the zone.
_Figure 11 is a chart that shows the brightness deviation for the regions
of the 6ptica| zone shown in Figure 10.
Figure 12a is an illustration of the first lens image of Figure 4a showing
20 the polar coordinates of a cuvette scratch, dirt particle, lens spot defect and
logo.

. fFigure 12b is an illustration of the second lens image of Figure 4b
showing the polar coordinates of a cuvette scratch, dirt particle, lens spot
defect and logo.

25 Figure 13 is a diagrammatic illustration of S-matrices for the two
“images of Figs.-4a, 12a and 4b, 12b and the manner that the information of
these S-matrices is used to eliminate artifacts and detect real defects of the
lens. '
Figure 14 illustrates an image of a lens with an iris ink pattemn and a
30 printed logo. | .
Figure 15 illustrates an image of a Iehs_ that has a large defect in the

iris printed area.



used to construct polynom al approxi mations of |ine segnents that nodel the
15 periphery of the I ens. These pol ynoni al approxi nati ons are

over |l apped A¥RI9%2$082% ned to nodel the edge. The pol ynom al noBEF/USHSIRE edge
of each of the inages is then conpared toghe actual edge data to detect
abrupt transitions in the data. These transitions indicate tears or other
defects at the edge. The defects detected at the two i mage edges are then
conpared and 20  Figure d6diuisirztes anr@-ouajrik represénfationas thelightadtensity he sane
area of the edge for each i mge oFt the, | ens. The advantages and features of
the i nventi onpIMpatign é’ﬁﬁ%ﬁ@ﬁ%qfr davEen i ol | owi ng description, claims and

draw ngs. BRIEF DE?%@F atdsa Wgygﬁhgﬁged version of the S-hilitfigiehd S 2

pl an vi ew of a star-“Wheel and assocl ated conveyors and-cuvettes as used in
the aut omati cdhtnef Figaretdi on process of the invention. Figure 2 is a
partial cross-sectional view of the cuvette that hqglds a h draéed lens in a

sal i fe sol ution. FFigue 18 shows WWP&FOBE?WW@\YP&P%P}/W% S!'f‘ﬁVb‘V\,heel
2 FiTst 11 ght RSSRIR R EREEE, T Ot ot ed 1 ens di'sposed [ n a cuvette. - WO
99/ 26052 Figure 19 shows another contrast enhanced vef¥idn dftiie 843athixo
lens data of Figure 16. _
Figure 20 shows another contrast enhanced version of the S-matrix
10 lens data of Figure 16. '
Figure 21 shows a chart of brightness levels for an image of a lens with
different'contrast thresholds. - | |
Figure 22 shows contrast enhanced S-matrix information in association
with a scanning inspection box.
15 Figure 23 illustrateé another contrast enhanced S-matrix with a 30 by
30 scanning inspection box.
Figure 24 illustrates another contrast enhanced S-matrix with a 60 by
30 scanning inspection box.
Figure 25 illustrates another contrast enhanced S-matrix with a 100 by
20 100 scanning inspection box.
Figure 26 illustrates the Wessley Jessen WJ logo for a clear lens and a
color pﬁnted lens.
‘ Figures 27a-e illustrate magnified views of defective portions of the |
Wessley Jessen logo.
25 . Figures 28a-d illustrate examples of defects on the rim of a contact
lens. | -
Figure 29 ilustrates a chart of a surface plot of the values of an
S-matrix that contains a portion of the rim that has a defect.
Figure 30is a chart that illustrates a plot of radius and angle for points
30 in the S-matrix data set at the edge of a lens. |
Figure 31 is a flow chart of computer program functions for obtaining

first and second images of each lens in the lens inspection process.



Figure 4b is an illustration of a second light field image of the hydrated
| ens of Figure 4a after the cuvette is rotated. Figure 5 is a di %gramratic

and parti al wera9gsosgecti onal view of the cuvette, |ens inspecPCEl 8P4 and
strobe light assenbly of an-inspection 5 7 station for the |ens
I nspection systemof the invention. Figure 6 is an illustration of a |ight

field i mage of a hydrated | ens disposed in a cuvette with a dark |ine added
to show an edge | oFigurer32 is@ow chartfgomputer prognaml functions that eliminate

pal ar coordi nates disposed in an S 10, trix of the lens imge of
Figure 4a. Fi guifacts qasxsgdcm/aqqnfawmafgﬁm@q'ﬁeSﬁLﬁwmﬂL"ﬁﬁ'& Ppéﬁal ong a

radi al cut thE ma dark spot of the lens of Figure 4a. Figure 9 is a :
chart that shows a 'surface plot of the S-matrix in a region near the rim of

the lens of Figur eF‘&ﬁUrelﬁ is a flow chart of computeepidgram fanctieng farliespediiogs t he
regions defined in the optical zone for detecting dark spots in the zone.
Fi gube 11 is thenphcalzene offbedensne bright ness deviation for the regions of

the optical zone shown i Figure . E ' i1 t:1 QO t he
first lens inage oﬁ%rﬁﬁe'szé*f%‘ﬁ&b%ﬁlg&%%&é?Brd@ﬂ@*ﬁb%&%é@r’%ﬁ@? of a
cuvette scrat gkb pAhtdd iAd'drés bfthd RAS. spot defect and | ogo. Figure 12b is an
illustration of Fhe second lens image of Figure 4b show ng the polar _
coordi nates of a ciFigures35isdheliystpart opafiowodhgrt bkcomputer piegr@m and | ogo.
functions for inspecting a printed logo of the lens.
10 Figure 35b is the second part of a flow chart of computer program
functions for'inspecting a printed logo of the lens.
Figure 36 is a flow chart of computer program functions for inspecting
the rim of the lens.
Figure 37 is a flow chart of computer program functions for locating the
15 center and rim of the lens. |
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The Apparatus

Figure 1 illustrates a plan view of a star-wheel 1 and conveyors 3, 5
and 7 that interéct in the lens inspection system to move transparent cuvettes
20 9 and contact lenses 15 with respect to optical inspection stations 11 and 13
that take bright field images of the cuvettes and lenses. Figure 2 shows a
partial cross-sectional view of the cuvette 9 that holds a contact lens 15in a
saline solution 17. The cuvette 9 is made of a watertight transparent material,
such as glass, an optically clear polycarbonate or polymethylmethacrylate
25 plastic. The contact lens 15 is a hydrogel such as is known in the art. An
outer annular wall-.21 of the cuvette forms a spiliway 23 that retains any smalil
amount of the saline solution 17 that may be spilled in movement of the
cuvette. The wall 21 also acts as a bumper between cuvettes as they are
moved in the inspection process. As shown in the figure, the hydrated lens
30 15 expands to its normal shape and falls to the bottom of the cuvette 9.
| The bottom portion 19 of the cuvette 9 has a concave inner surface

which has a radius of curvature that allows the contact lens 15 to slide



25 Figure 13 is a diagranmmatic illustration of S-matrices for
the two i nages of Figs. 4a, 12a and 4b, .12b and t he manner ‘that the
i nf-or mat i oRyghosdagse S-matrices is used to elimnate artifamcrrassd2istect

real defects of the lens. Figure 14 iIIustBrates an image of a lens with an
iris ink pattern and a 30 printedl ogo. Figure 15 illustrates an
I mage of a lens that has a large defect in the iris printed area. WO

99/26052 - the force of gravity to a centered pBSilioR S the2 diwette) Fi gure
16 illustrat eqsovgr%wg_dn%rt\??rx represerﬁ at i%n of the | |pght I ntensity

i nfor mati on fTie radius efisuvitureaitie tdvette's coacdie innensurfaceis chasait tokea
enhanced version of the S-matrix l.ens.-data o
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versgon of t hpsSeddr. i Fhis@tructure minithized ahe distarndeptvat aléns Eagmavelih theows a
chart of brightness levels for an inmage of a lens with . A
time typically required for video cameras of the optical inspection stations 11,
13 to obtain an image of the lens in the inspection process. |t is highly
desirable to restrict the distance the lens can move in one video time frame,
for example 1/30 second, to a distance less than the smallest feature of the
10 inspected lens. .
The optically clear bottom portion 19 of the cuvette forms a lens. The
concave inner and convex outer surfaces of the bottom portion 19 of the
cuvette provide optical power in combination and serve to focus light through
the hydrated contact lens 15 to the entrance pupil of each camera of the
15 optical inspection stations 11, 13. _
In the lens inspection system, a saline solution is injected into the
cuvettes 9 that move along a conveyor and a contact lens is placed in
solution in eéch cuvette. The cuvettes with hydrated lenses are moved along
the input conveyor 3 until they reach the end of the conveyor and are
20 disposed betWeen teeth 25 formed in the star-wheel 1 that is indexed, for
examb_le in a counterclockwise directiori! at a rate of about one rotational
péSitidﬁ every 1.6 seconds. Although this indexing speed is satisfactory, a
; 'gFeéter or lesser speed could be employed.
Figure 3 illustrates a perspective view of two adjacent teeth 25 of the
25 star-wheel which rotates on an underlying stationary circular platform 27 and
thereby pushes-the cuvettes from the input conveyor 3 in a counterclockwise
direction. As shown in Figs. 1 and 3, each pair of teeth forms an area that
receives and holds one of the cuvettes. The star wheel 1 of Fig. 1 is shown
with 17 cuvette holding areas for simplicity of illustration. In practice, a star
30 wheel having 32 such areas has been used. Eithera Qreater or lesser
number of such areas could be used, depending upon the requirements of

the mar)ufacturing system.



different contrast thresholds. Figure 22 shows contrast enhanced S-matri x
I nformation in association with a scanni ng inspection box. 15

Fi gure 23 iwowmsnseszes anot her contrast enhanced S-matrix w t RCA/USIS/RIASE0
scanni ng inspection box. Figure 24 illustrgtes another contrast enhanced
S-matrix with a 60 by 30 scanning inspection box. Figure 25 illustrates
anot her contrast enhanced S-matrix with a 100 by 20 100 scanni ng
i nspecti on box. Fi Suwwastifg istdtiost 26.5praysithe bbtiohreyf dacts euvetie with@ blast ef

clear lens and a color printed |l ens. Figures 27a-e illustrate nified
views of def ewateransoeempressed aihbhahisssurpliedya mikeyé8 which combines

Figures 28a-dgillusfrate. e | : t ' isk€NS.
Figure 20 11 Tsrpd: aeBhEeR PRy it e tilefed Biraft o ippiedht o thiafbutidies
S-matrix thata¢ abbh3ressarelsT20 psi dtfarysther Suitdlsié phessure dTheavaterispraye 30 i s
a chart that illustrates a plot of radius and angle for points 30 I n
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bottom of the cuvette. The station 29 blows filtered, dry air from the
conventional air compressor 30 against the bottom of each cuvette. An in-liné
air filter 32 removes any particles from the compressed air and a moisture

10 trap 34 removes moisture from the air as it flows to the cuvette. A
conventional ﬁlter-fegulator—dryer unit, for example a Vortec 208R, could be
used to obtain filtered, dry air.

The speed of indexing of the star-wheel and the timing of the washing
and drying air blasts are controlied by a conventional production line program-

15 mabile logic controller (PLC) 36, for example a Series DL-5 which is
commercially available from the Allen-Bradley Company. The PLC is
adjusted and operated in a known manner. .
| A rigid cuvette guide (not shown) is mounted to the stationary structure
of the star wheel and disposed above the cuvettes at the washing and drying

20 stations so that the blasts of air at these stations do not lift the cuvettes off of
the star wheel. Holes may be drilled through the guide to allow the passage
of-air While preventing upward movement of the cuvettes. A rectangular

' stfa;ied piece of rigid plastic or any other suitable material, including metal,
could be used for this purpose.

25 In the lens inspection system, a camera of the optical inspection
station 11 takeé- and stores a first magnified digital image of each of the
lenses as they pass along the star-wheel. Figure 4a shows an example of
such an image. The outer circular bright region 31 is the cuvette that contains
the lens. The dark circular ring 33 is the edge of the lens and the annular

30 region 35 is printed with a colored iris pattern. The WJ Wessley Jessen logo
37 is printed in the colored iris region. The dark spot 39 is a lens defect. The
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Figure 32 is a flowchart of computer program functions that eliminate
artifacts ogovegdegdy contaminants in the |lens solution and nerdIEUSHs/ 22354
cuvette. Figure 33 is a flow chart of computer program functions for

I nspecting 5 the optical zone of the lens. Figure 34 is a flow chart
of conputer program functions for inspecting the printed iris area of the

| ens. Figure g3p44Ss fintfparfidie PitHe Sdlire $diaiore BAd thefing 48Ny bascratch@wmm
functions for 'inspecting a printed logo of the lens. 10 Fi gure

35b is the sdbemtivetietr of a flow chart of conputer program functions for

I nspecting a printed Jogo.of..the |lens. Eigure 36.is a,flLow,chart. of
conput er program f%ﬁ%?‘gﬂé" Igure s SRYy gfpf?zmﬂ‘?%?wﬁ"fﬁé qtépgpe&pﬁgrryeofw i s

a flow chart N r : | [ t i
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The g\ppar at usmbvesicouriterdibeioiisainith thestanwheelbaftdr its firstimadeis| takeand
conveyors 3, 5 and 7 that interact in the |lens inspection systemto nove

transparent cHigsy tape may be used toirapart aslealayise gptationalangyeReptig,eash « o
oP s oG8R A RS o B, 1R Bl 1fé BhdbrdBaGel 11
cuvette 9 thahehlide saitiohl Feand ®ifs 1510 BwiH within the cuvette.

The cuvette stops rotating when it passes the tape element 45 and the

10 'swirling motion of the lens and saline solution slows and eventually stops by
the time the cuvette reaches a second optical inspection station 13. It has
been determined that this settling process could take as long as 10 seconds.
As a consequence' of this particular timing, ten first images of lenses and
cuvettes are taken between the first and second optical inspection stations 11

156 and 13. The inspection system is not limited to 10 positions between
inspection stations. Either more or fewer positions could be used.

Atthe second station 13, a camera takes a second image of each lens
when it has stabilized and stopped its rotational movement. Figure 4b shows
the second image in which the lens, cuvette and saline solution have moved

20 with respect to their positions in the first image of Figure 4a. It can be seen
that the relative positions of the iens defect 39 and WJ logo 37 are the same
bécause they are both fixed features of the lens. The changed location of the
scratch 43 corresponds to the movement of the cuvette and the location of
the dirt particle 41 corresponds to the movement of the saline solution.

- 25 It shouid now be understood that each cuvette has an associated first
and second image, with the second image having a displaced leﬁs, solution
and cuvette with respect to ﬂ"ne first image. Particulate contaminants in the
saline solution and spots or scratches on the bottom of the cuvette will show
as dark spots in the first image. These spots will move relative to the lens

30 when the-cuvette is rotated and will therefore have different positions in the
second image which will be apparent if this image is oriented so that the

contact lenses of the two images are aligned. The relative movement of dark



saline solution 17. The cuvette 9 is nmade of a watertight transparent

material, suCh as glass, an optically clear polycarbonate or '

pol'ynet hyl nMOPae¥at e 25 plastic. The contact |ens PET{US9§/22354

hydrogel such as is known in the art. An puter annular wall 21 of the

cuvette fornms a spillway 23 that retains any snmall anmount of the saline
~solution 17 that may be spilled in noverent of the cuvette. The wall 21

al so acts as spotsispeseddie dietinguisiy he spotsas aitifacts andwpt sealdefeetsiindpRct i on
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10 available from EG&G Electro-optics of Salem, Massachusetts and can be
used to provide the strobe light pulse.

The strobe achieves a stop action image of the iens 15 within the
cuvette 9. That is, the strobe is of sufficient brilliance to form an image of the
contact lens in less than the time it takes for any part of the image to move by

16 as much as one pixel on the focal plane when the cuvette moves at the speed
of the automated inspection system. The light pulse of the strobe is randomly
deflected by a diffuser 51 to provide a diffused light pulse. The diffused light
of the strobe 47 and diffuser 51 passes through a collimated holes disk 53
that in a preferred émbodiment is made of a black opaque glass

20 approximately 20 mm in diameter and 2 mm thick, with a grid of about
600,000 holes, each about 20 um in diameter. The disk is commercially
available as Part No. 781-0009 from Collimated Holes, Inc. of Campbell,
California.

_ The collimated light from the coliimator disk 53 passes through a hole

25 55 formed in the circular platform 27. The light then passes through the
bottom lens portion 19 of the éuvette. The lens 19 focuses the collimated
light throdgh the hydrated contact lens 15 and through an aperture 57 of a

_digital video camera 59 having at least one lens 61 and an associated CCD
imaging device 63. The cuvette and collimator disk are preferably separated

30 . . sothatthe disk is outside the camera’s depth-of-field and only the focused.

image of the lens and cuvette are obtained by the camera.



10 i nspected | ens. The optically clear bottomportion 19 of the
cuvette forms a |l ens. The concave inner and convex outer surfaces of the
bot t om por t wweb8osaf the cuvette provide optical power in coRETHEEE54and
serve to focus light through the hydratedygontact |ens 15 to the entrance
pupi | of each canera of the 15 optical inspection stations 1 1, 13.
In the lens inspectian system a saline solution is injected into the

cuvettes 9 that noyke RoBBH Medaplé Videoddingras Midat XFHeand its cohtrokbudnit,n
solution in each cuvette. The cuvettes with hydrated | enses are rmve_&l].'al ong
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posi tion everypdy @fﬁ'ﬁ&?ﬁﬂ@%fﬁ é}%\}wg?‘iﬁhgéiﬁ'ﬁdmmﬁy % [oBRrbikélserDosf actory, a

greater or |esser spee u e enpl oye Figure 3 illustrates a
per specti ve virmwesfsetwdIhagj theefinst andtsecand opticaldngiection statiensar - wheel whi ch

rotates on an underlying stationary circul ar tform 27 apd there pushes
the cuvettes ‘F‘?"Bﬁﬁﬂ%@'ﬂgﬂﬂf'gcéﬁ@@ﬁ]st%"‘tﬁﬁeau%ghﬁ?@&ﬂ%ﬁf’gg‘eﬁqrﬁ?' on. As

ol ds one of PRECENARasEHibiER e e ao ShRn AR FRS 7% thRh iy s an

cuvette hol didﬁPitﬁéﬁ%d‘ are storad indthé Yandoml doteks atemory oframpinspectien a st ar
30 wheel having 32 such areas has been used. Either E'égr eater or

| esser nunbercnpy ! e [ \ Tements
uies §4awbieh hasufar exampleda 290 MRaiRRMUFLRTe REOGRSTOr
of LIBe manuf aﬂllérc'orﬁgpust&s fn‘?gr]faces with the PLC 36 and controls the timing at which the

camera images are taken.

When the cuvettes leave the second opti¢a| inspection station 13 the
computer analyzes the first and second image for each lens and, based upon
this analysis, determines whether the lens has defects and should therefore

15 be rejected. If the automatic analysis determines that the lens should be
rejected, the computer 64 activates a solenoid plunger 65 which pushes the
lens to the reject conveyor 7. If the lens and the cuvette pass the automated
inspection analysis, the cuvette is moved in a counterclockwise direction
along the star-wheel and the computer 64 activates a solenoid plunger 67

20 which pushes the cuvette to a pass conveyor 5.

Defect Categories .

-+ -The automated lens inspection system can detect many different kinds
of,"lehs defects and _differentiate these defects from artifacts caused by
contaminants or scratches on the cuvette. The defects that result in rejection

25 of the lens are: |
1. Darkness patches in the optical zone at the central area of the lens.

Darkness in this area reduces fhe performance of the lens; '

2. Gross imperfections'in the printed iris pattern. Some kinds of lenses
have a printed iris pattern in an annular ring around the optical zone. If

30 this pattern is not correctly centered or is misprinted in a variety of

ways it will reduce the attractiveness and functionality of the lens;
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- washing stati-on 26-sprays the bottom of each cuvette with a blast of water
and conpressoedsasoszt hat is supplied by a m xer 28 whi ch conbP@BUSI8/22884 ed,
dei oni zed water with the filtered air of ggconpressor 30 that supplies air
at a pressure of 20 psi or any other suita%l e pressure. The water spray 5
renoves contam nants and saline droplets fromthe bottomof the cuvette. A
drying statia 29 |pfjEHetions in pRhtng tHeoRigd! pattivalariyBon sleaelehses. tTive bot t om
of the cuvette. The station 29 blows filtered, dry air fromthe
conventional air dogpisused as® reference mark by theousestossient the/lense A An

in-line air filter,K 32 repoves. anéé artlclegefromthe conpressed air and a

noi sture 10 damaged or PusgIDEdogRisst APE Ry om the air as it flows to the
cuvette. A CQ{WemNgQEﬁémﬁéi &éfé?fseﬁ%é'iéﬁs Riatéial U Thiese fifdlude Al Snitk¥Or t €C

208R, could be used to obtain I'tered, dry air. The speed of i ndexi ng of
t he 5t ar - wheel anccutbcholes; foldso@nd bthergrbblegnsind drying air bl asts are

cont ol | or (ML) dubrelas Matariabashes tp dhe Jsnss ARy RRcial s arfastiithatis *° ©
" known manner 2eqRR S8l EATREN fynkiBnalind SeBY kit A Higee” =

in a known manner. rigi Cavert & gul
stationary struct Wsgdefecté® aiidar wheel and di sposed above the cuvettes at

t he washing and drying 20 stations so that the blasts of air at
these statiorfs do Nigksorfuts or the ey ekthedens.of -
10 Normalization of lllumination

Algorithms have been develope.d.which detect the listed defects to an
acceptable level. Each type of defect has a rejection threshold that can be
changed in the algorithm to meet changes in detection criteria. Some
components of the defect inspection algorithms must be abie to perform a

15 reliable analysis even though the image illumination is uneven. Uneven
illumination can arise because of variations in either the illumination system or

_in the optical elements of the imaging system. The illumination variations
typically have a slow variation across the image. The effect of these
variations can be gr.eétly reduced by using a normalization algorithm.

20 The illumination variations can be modeled with a linear function in the
image coordinates. Let (x,y) represent a point in the image plane. A linear
illuminéfion model is provided by the equation:

S Kxy)=ax+by+tc
‘where (a,b,c) are parameters. If a = b = 0 then the illumination does not

25 change with position, and has a uniform brightness given by the value of c. If
there is a variation then a and b provide the magnitude of the change with
respect to changes in location in the x and y directions, respectively.

The values of the parameters can be calculated by a simple least-
squares fit to brightness data that is sampled across the bright regions of the

30 image. For example, brightness measurements at pixels in the cuvette region
just outside the rim of the lens are detected and stored. These values will



the star wheel. Holes may be drilled through the guide to allow the passage
of air while preventing upward novenent of the cuvettes. A frectangul ar
shaped pi eceyoboséogs d pl astic or any other suitable material porvudosgasg
nmetal, could be used for this purpose. 25 44 In the lens

i nspection system a canera of the optical i1nspection station 11 takes and
stores a first magnified digital inmage of each of the |l enses as they pass

al ong the starvaepthe ilirBinatiodds ABPURIfGI. CXRENhRicelof thé paraméetsrg of thehe
outer circular bright region 31 is the cuvette that contains the |lens. The

dark circul ar equajiopcaresound byditinga lingar funséion te the brighthessdati
region 35 is printe i th al pred iris ttern., The W ssley.Jessen
|l ogo 37 is printed ?er;haf@%ﬁgpﬁﬁ'wiag s?Egﬁ%HP'"*ﬁé"ydgrkk’g%t"’ggyli—rke%&%ens
defect. The - |eW€)-Qiat€8%8lution for the parameters is found by solving a simple set of
PCT/ US98/ 22354 10 spot 41 is a dirt particle in the Saline solution and the
line 83 is a stiwee eguationship thraeeunknowss.shown in Figure 1, a cuvette
rotation elenment 45 at the periphery of the star-wheel presses against and
lightly adheres to each cuvet?%ué’gba/xt *£9,=%  npves countercl ockwise with
the star-wheel after its firsé [ L%tgkfen. A sticky tape may be used to
I npart a clockw se rotational %‘Bve t T ehch cuvette as it noves with the
star-wheel. The rotation of th@gxc-ubg‘r,ia-e;gga:lﬁes t he saline solution 17 and
lens 15 to swirl within the cuvette. o

where f,= 2, L £, =2, 5X f, = 2, LY 8a =ZuXis By = ZyYioBy =

. ZeX YioBx = 2y Xy o8y = Z, ¥y o8, =D

10 A similar technique can be used to model the illumination variation with
a quadratic function. In that case terms are added for xy, X%, and y%. This
leads to the requirement to solve for six parameters, something that is more
complicated but similar in technique. In practice it has been found that linear
rhodeling of illumination variations is sufficient.

15 We assume that the observed brightness value at a point (x,y) is due
to the illumination passing through a medium with transmission value T(x,y).
That is, B(x,y) = T(x,y)l(x.y). By dividing by a model of the illumination we
largely remove the variations in the observations due to uneven illumination
and preserve the brightness values due to variations in transmission. This is

20 what we desire in the inspection process. Thus, the calculation T'(x,y) =
l?_(x.Y)/l(x,y), where I(x,y) is provided by the illumination model, provides a
corrected image for further analysis.

Normalization is therefore achieved by sampling the illumination at a

number of points throughout the bright region of the image plane. A

25 mathematical fuinction is then fitted to the illumination data. For each point in
the image, the measured brightness is replaced with a corrected normalized
value that is determined by the defined function.

The illumination function at any fixed camera location can be expected

to change slowly from image to image. This makes it possible to accumulate

30 the modeling data over a sequence of images as well as over each image.

This procedure can be used to dynamically update the illumination model,



The cuvette stops rotating when it passes the tape elenent 45 and the 10
swirling noticon of ‘the I ens and saline solution slows and eventual |y stops
by the tinewdeysesette reaches a second optical inspection FCEWY P4 |t
has been determned that this settling pra&dess could take as long as 10
seconds. As a consequence of this particular timng, ten first imges of

| enses and cuvettes are taken between the first and second optical ..

" inspection st ahicmpravidestrobustnessaand 16 detent largeplimination whapges thaignay
limted to 10 position etween in ction. stations. Ei.ther o] ewer
posi tions couPSc‘Efe'"LP:ﬁﬂ!g?‘HN '"??ﬂee%g\?ﬁﬁ'd "ﬁya'f‘a!ﬁ?th_é,dsege‘gdﬂk}l’%cpgé%% ‘arh%econd

| mage of each; ' et bpticabiriipeetioh
novenent . Fi gﬂt@ﬁ%ﬁﬁge\g%@ e %@%grﬁgh?ﬁgeeﬁ?}%t%i ch t#eé?ne({lag cuvette and
sal i ne sol uti gtationy thereby@vaiding calibration issuesand simplifyieg theppernoalizationn t he

first image of Figure 4a. It can be seen that the relative positions of the
| ens Sdef ect 3Pregass\p 8 pipgugtion eBVIFPRMERke because they are both fixed

features of the | nged | ocation of the scratch 43 corresponds to
t he nmovenent &P"Pfga@ﬁm’t%?gagnd the location of the dirt particle 41
corresponds to the THafREESepdh thé thsprictibR of @l ighs ®locadfing it in each of the | t

shoul d now be understood that each cuvette has an associated first and
second i nage, images:t Thedensisdocategcby finding several points dhatare likeh i beaNand
cuvette with respect the figst inmage. Rarticul at an ' .0t he
sal i ne sol uti (S}Plegﬁﬂe@kgt?% n?ﬂs stl?%PE_‘?ﬁ.?gscﬂ*f fﬁﬁﬁg\%@ﬁ&ﬂ%@#ﬁ@é@ﬁ%?{“@% N
showmps dark 1S | gt drstin h hlidt bGloweddy ¥e to
t hev‘logns 30 WD beﬁ@%\)&tﬁgqﬁgggbﬁfgﬁé’gﬁem|t t hergf ore yhave

di ff erent posiprocess that téfinescherset ofredge \points. Wihel adosragypeal thetprotessiss

Il mage is oriented so that the caontact .| enses of the two i nages are aligned.
The rel ative G5oRiQERE the nymber of points increases.

The point finding aigorithm makes use of the knowledge that the edge
of the lens is likely to be the first dark zone encountered if pixels are
16 examined in an order that begins with an edge of the image and moves
toward the opposite edge. A lens image is shown in Figure 6. In it we see
that the rim of the lens is a dark ring 33 against a Iighter background. The
disk-shaped light area outside the rim is created by light shining through the
cuvette which cbntains the lens in its saline solution. The black background
20 71 in the corners of the image is the region outside the cuvette.
To find. points on the edge, we need to look for a place where the
brightriéss of a row or column of the CCD image'drops rapidly after it has
, béeh at a high level. We require that it drop from a high level, rather than just
be at a low level, to get past the black area outside the cuvette. On a scale of
25 (0,1), with 0 corresponding to black and 1 corresponding to white, we wouid
expect the brightness to change' from a !dw level at the black periphery of the
image to a level of .7'to .9 as we move inward to the bright area correspond-
ing to the cuvette. We would expect the brightness to drop again, for
example to about .3, o indicate the presence of the edge of the lens. A point
30 “a” on the left edge of the lens can be found by detecting the minimum point
of the narrow dark region at the rim of the lens. A point “b” on th;a right edge

can be found by sear&hing from the right side of the profile toward the center.
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spots is used to distinguish the spots as artifacts and not" real “defects in
the lens. T @regeass of artifact differentiation will be expCRUSoRI2235¢
detail after the follow ng further discusggon of the apparatus of the
system Figure 5 illustrates a diagrammatic and partial cross-sectional
view of 5 + each of the optical inspection stations 11 and 13 taken

al ong. t he CenI@FidStjr@G@tIMdek orizontalilihel T8 represerits @vow of pirelsrandithe Fur t her
as shown in Fig. 5, a strobe |ight 47 is disposed beneath the circular
platform 27 t pojntsiabsded “afiand inreprsisept pointkopthe edae of the legstfouad be t ube
49 i s provided_to,contain bhe.i tense |ight pul se of -the-strobe 47. A nodel
WS 2020 st roﬁ@afqhéﬂﬂ afti)ggé egirg\pl' y 10 ~avail able from E&&G

El ectro-opti cgeifterBbetioffBssachusetts and can be used to provide the
strobe light pulse. The strobe achieves a stop action inmage of the |lens 15
Wi t hisn t he cuvet t e Paint$hom thegimdf¢he tensiezan ke fdurglipy scanning WOWS IOF ance t o

bort S £ heCs sabennSobBASED b af bSSibad SRoid Aol HAVERS e ocn
| ane when th AR ' \
gystem The I?Sﬁ#ﬁﬁ%{’gg@g%%?fgwpggéaﬁgﬂ#@ﬁ%gﬁyﬁgggﬁgtsgéb yﬁgc%ci!ﬁgfser

51 to provi detife Rirst Usitds Henined incthe Brandhéf ars edgeiigihot erficduntersd; then 47
and diffuser 51 passes through a collimted haol es disk 53 that ‘i n a

preferred embdhatfew or eplumnds giscarded firmoihecsrt for that lens.

10 The points are capturec_i in four sets: L, R, T, and B', Qorresponding to
left, right, top and bottom edges. Each point has a row and column index.
The center is estimated by averaging coordinate values from the sets.

The column index of the center, C, can be estimated by using the

column data from the L and R sets. Let {i,, i,, ... i,} be the row numbers for

15 which there is a data point in both the L and R sets. For any such row, C,
should be midway between u, (i) and ug(i). The center can then be calculated
by averaging over these estimates.

¢ = ﬁjﬁ:]m(ij) )

Similarly, let {i,, i,, ... i,} be the set of indices for which there is a data point in

20 - both the T and B sets. The row index of the center can then be calculated by
-~ K I n
- G = Egé(ur(ij) + up(iy))

The estimates of (C,, C,) may be influenced by spurious outlier points. These
points can be removed after the location of the lens boundary is estimated,
and the center can be recalculated using the good points. The above
25 formulas are then used with the refined data.

Inspection Matrix |

The inspection matrix provides information about the light and dark
patterns on the surface of the lens, and is the central structure for several
inspection functions. The lens image can be naturally described by a function

30 B(r,6) in polar coordinates referenced to the center of the lens. Patterns on



20 approximately 20 mmin dianmeter and 2 mmthick, with a grid of
about 600, 000 hol es, each about 20 pmin dianeter. The disk is ial |y
avai | abl e awoPR2605%0. 781-0009 from Col | i mated Hol es, Inc. of’cmﬁg,
California. The collimated light fromthe 1l i mator disk 53 passes through
a hole 25 . 55 fornmed in the circular platform27. The |ight then
passes through the bottomlens portion 19 of the cuvette. The |ens 1g

f ﬁcuseﬁ t he cdihé lenstcan bf ghseveddypampling $he brightness Patlem aver 3 5ehR

t hrough an aperjure 57 a, dj gital ,vide ra ' e
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isk are prefesab r 304 - i ' '

canmera' s dept flg of i?{rf“gqiga‘a'ﬁh?g’nﬁy‘l &%%%m&%bﬁ%@&oﬁ r?ﬁteﬁxﬁgﬁ%giﬁgmgmit te

are obt ai ned hgpidsentbrighthess saH®I€HaLEadxEd angle and whose rows represent

PCT/ US98/ 22354 12 The Kodak Megapl us vi deo_canera, , Mode], XFH and ifs
cont ol unit, biigbtressearoples a qW‘@-f‘TB’ﬁn'ﬁH@W&EﬁRJ’%WﬂK/% coul d

be used with a_N ko C ' = : ' '
ctat; on. The R8T PYACISTRARS Yhe SssBRusBrchiecs nidrifatoRih £ BEESIGOAH
pi xel s at 30 RHyata structuiré @SS e6AveriBrEforldfficiént processing e Athdughtthe 8-

i nspection stations corresponding to Fig. 5 take instantaneous strobed

i rages of t he matiixds rettangelar.tihcontpinssdatarpaints thakare enaranpolapgridnadd at

Fig. 1, these inm .
J S rlepre ee?wtsa gemappmg from polar to rectangular format.

10 Inalens imqge such as is shown in Figure 4a, it is clear that a natural
reference system will be polar coordinates referenced to the lens center. In
operation, a polar sampling grid is overlaid on the lens image and the
S-matrix is the array of image values on these sample points. The grid is
arranged to cover the lens from just inside the printed area to outside the rim.

15 The image formed by the S-matrix is shown in Figure 7. Itis clear that the

~ S-matrix contains the same information as the corresponding region of the
original image.
The brightness values in any part of the sampled region can be found
in the S-matrix. As an example, the values along a radial slice that passes .

20 through the dark spot 39 on the lens is shown in the brightness profile.chart of
Figure 8. This particular slice is represented by a data column of the
S-matrix, which corresponds to an angle of approximately 290° relative to a 0°
reférence at the top of the lens. It clearly shows the effect of such a defect.
The S-matrix therefore contains information that is a good foundation for

25 inspection algorithms.

A second example of a presentation that is available from data in the
S-matrix is shown in Figure 8. This is a surface piot formed by a section of
the S-matrix that covers the edge 33 and the dark blemish 39 of the lens.
The trench formed by the edge should be uniform and straight in this
30 -presentation. Variations in the cross-section of the rim trench are the basis

for the location of rim defects.



digitized and are stored in the random access nenory of an inspection.
conput er 64 which has, for exanple, a 200 MHz Pentium Pro Processor. 10

" Thi s -conputwo obpémstf aces with the PLC 36 and control s the tiRGTUSHWE223Mi ch
the canera i mages are taken. Wen the cuvgttes | eave the second opti cal

I nspection station 13 the conputer analyzeS the first and second i nage for
each | ens and, based upon this analysis, determ nes whether the | ens has

defects and S@%ﬂhgl zgﬁéqﬁgg@cﬁén be rejected. If the automatic

anal ysis determnes that the |lens should be rejected, the conputer 64
activates a sol enoThe jrispegtion 66thehcentral wptics! zane ofthe coptadidensjeguires a
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ring around ttheseplefects arevisiblefin #ite image as darkenadchareagatHawevers not
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surface of the cuvette, and other such effects that are not related to the lens.
These can be separated by using the fact that defects on the lens will move
with the'lens and appear in the same relative location in two images, while
things that are not attached to the lens will be in different locations in the two

16 images. Differentiation between artifacts and real defects requires that two
images of the same lens be matched geometrically. This can be done by
image combining. After the images have been combined, the optical zone
can be inspected.

images from the lenses ﬁ\ust be combined in a manner that preserves

20 the features that are common and eliminates the features that are not
common. This is accomplished by the process of: (1) finding points on each
irﬁége"tﬁat match each other; (2) performing a geometric transformation
which brings the matching points into registration; and (3) comparing all
points in the registered image arrays to eliminate artifacts that are not part of

25 the lens.

Each of the three steps can be accomplished by a variety of
computational strategies. Each strategy leads to aﬁ algorithm and to
implemented combuter code on the inspection platform. The following
describes an algorithm that accomplishes each of the three steps.

- 30 Finding Matching Points
The geometric matching algorithm described below uses six

parameters. The values of the parameters are calculated by substituting the
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I nperfectionsin printing the | ogo, particularly on clear |enses. The | ogo
is used as wowmf2é8sence nark by the user to orient the | ens. RCAAINAYIPSHr

m ssing logo is a defect; 4. Mechani cal qdgefects in the lens material.
These include tears, nicks, 5 cuts, holes, folds and ot her
probl ens; 5. Foreign material attached to the lens. Any kind of dirt or
"flash” that icsontihatesed threetrhatdhints poits be tide two irhagesintardsetadfet y

probl em and nmust be detected; and 6. Ni cks or cuts on the rimof the
lens. 10 equationa| ARadcyratgrcaleulatiomerauies Ahabihe:three malehing @eints

of def oot has MustBeklow Fon) eiate® - ibtetife BRER SRS Aoy BXBlngorT i Lo
neet changes 'p%ﬂitﬁﬂ@ﬁebﬁﬁﬁ 'bhtéﬁdrﬁma%éTEAé&ffﬁfé‘ﬁi&cﬁmﬁé rédilﬂré!ﬂ’lﬁﬂhe

I nspection algorithnms nust be able to performa reliable analysis
even & hough t featurasgehosen for nampamsoe have\fine delaé\ser’that lhamomb@lou&d ari se
because of vari.ati ons | n | | I um’ nation system or nlgt he opti cal

el ements of t W §€‘E mg "PFI"H pERCIsien iresi 3 fe §RiI"OA8Cy have
a slow vari atig gﬁ rRé&)thl?sHuﬁ@gfbi sgﬁ'l%h%ﬁifgﬁerélq ijftn%‘ﬁéﬁeé’éfy'faf' LGBal-fimg be

greatly reduce y using a zation
application.
~Lenses With Ink Patterns |
0 - The ink pattern on printed lenses provides an image that can be used

as a source of points to be matched. Figure 4a shows such an ink pattern 35.
The challenge is to find matching fmage fields in‘two different lens images in
a fraction of a second. The search is carried out by a hierarchical process
which, at each step, refines the precision of the pattern location. The steps in

15 locating matching points on lenses with ink patterns are given below. A later
described modification is required for lenses without ink patterns.

1. Locate the center of each lens image.

2. Find a prominent reference point on each lens. The most

_ common reference point is the lens logo. A line from the center
20 through the reference point provides a zero-angle reference.
The logo can be located accurately and reliably in the ink
S pattern with a hierarchical template matching search. The
search can be carried out either on the lens data in polar
coordinates or in the S-matrix of the lens in rectangular
25 coordinates. _

3. . Find three points in the ink pattern of the first lens image at
angles separated by‘about 120 degrees. The radius to ink
micropatterns can be a fraction (say 0.5) of the distance to the
rim. Form a template by cutting a small section of data from the

30 ink pattern at each location. Let us call the three micropattern |
arrays A,, B,, and C,. Note that we are not selective about the
micropatterns that are chosen. The density of printed dots in



20 The illum nation variations can be nodeled with a |inear
function in the inmage coordinates. Let (Xy) represent a point in the inmge
pl ane. A | i waeg9rdsdd2uni nati on nodel is provided by the equati BET/USP822354 = ax
+ by + ¢ where (a,b,c) are paraneters. Ifog = b =0 then the illum nation
does not 25 change wi th position, and has a uniform brightness
given by the value of c. If there is a variation then a and b provide the

nmagni t ude of the change tié ink pattarachakes nhlylﬁrpbkelylthatcaapaﬁmnlsultableiorand
directions, respectively. The val ues of thea‘gararret ers '3 be ca at ed by
a sinple | east- squares matching willibgrebiainedy A sefinementive Hﬂ '€ { he

bright regions of the 3 _ DESsHr ement s
at pixels in the cuvettgh‘? Q&Pm{ ﬂfﬁégﬁdﬂég‘ﬁpaag@ﬁ%k??'%mgé‘#‘ggﬁ@ﬁgﬂs arg
detected and stored. Th?éﬁla&éﬂﬁéﬁ%fdﬂddythatW@r&%&ﬁ@ﬁ%ndard for matching

PCT/ US98/ 22354 14 vary if the illumnation is not uniform The val ues of

the maraneters of the egequirementse found by fitting a linear function to

(e or s bt ness, dat 3 L1 dch e ded Remlbo S R SR B SRBAIR e,
pararet = 1= FOUT . St A, TRE sl v e s 1
cglerr] = flerr] coordmates relative to the reference line as were used in the
first lens image. =
10 5. Do a local pattern search with micropattern A in Iocatlon 1
Select the pixel with a maximum match score. Repeat for the
other two micropatterns.
Note that this procedure requires two gross pattern searches to find
the logos in the ink field and three microsearches in very localized regions to
15 match the patterns from the first image with those in the second image. Note
that we do not preselect the micropatterns. The selection is simply the
pattern cut out of a well-spaced location in the ink pattern. Experience has
shown that this search procedure is fast and that it enables matching points
on 1000x1000 pixel images to be located to within one pixel.
20 Lenses Without ink Patterns
_ The location of reference points on lenses that do not have ink patterns
cannot use micropatterns. The procedure is modified by (1) refining the logo
: | location and (2) using points on the lens rim at known angles from the
reference line. The process is still hierarchical, fast and accurate. First you
25 must locate the center of each lens image. Thereatter: '
| 1. Find the logo mark on each lens. The logo can be located
quickly and reliably in lenses without ink patterns by searching
for a large dark region. The search can be carried out either on
the lens data in polar coordinates or in the S-matrix of the lens

30 in rectangular coordinates.



“agf[err] + bg[err] + cg[err] = f[err] where f[err] = [err] [err] 10

A simlar techniqué can be used to nodel the illum nation vagj i Lth a
guadratic f‘Mﬁé‘?’Pgﬁ? In that case ternms are added for xy, x[e?#f&fsgﬂ#‘{
y[err]. This leads to the requirenent to 8%l ve for six paraneters,

sonething that is nore.conplicated but simlar in technique. In practice it
has been found that |inear nodeling of illumnation variati i

sufficient. 15 2. Select (ke l@ggmﬂﬁﬁfﬂé@mﬁ%eﬁ&@ﬂﬁe'ﬂ‘% Qﬂ’i‘siﬁ:e’zeée‘i;%jue at

C B st on val ue. T( x, 996 il R B el RS Ao 1645 ﬁ’cﬁﬁ%. SRR &
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observations due to uneven illum nation and preserve the brightness val ues
due to variations 8n trhoeatedbedogo Withgrestez@ccuracy in thi secord lens imagen t he

I nspection process. Thu t he cal cul ati TLer ere
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or further analysis. t th
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i mge plane. A 25 |ensrimdgenat|cal functlon|sthenf|ttedtothe

i1lumnation data. For each point in the inage, the rreasured brightness is
repl aced with a cofir ect dhef@ntel andteforanse pq;ratton theyloge fRm & g iine

AR £ e e e

posqpbl e to accunul ate 3P+120° withthe r@t@é@%deamﬁ@imemeeﬂonosmwmmnh

i mages as well as over each imge. -
the lens rim provides two additional points that can be used as
geometric match coordinates. A variation is to select the
location on the rim provided by extending the reference line until
it intersects the rim. This third point would be used in place of

15 - the logo coordinate reference. '

This search system works well with lenses of both types. The method
described for lenses without ink patterns can therefore also be adapted to
lenses with ink patterns. It is not required that points in the ink pattern be
used to .derive the reference points.

20 Geometric Mai:ching
The implementation herein uses two images gathered by two cameras,
“ which requires a match for each image pair. The same technique could be
used to match more images, but that is not necessary for this system. The
image match is carried out under the following assumptions, which are
25 reasonable for contact lens products and the imaging system.

1. The lens behaves as a rigid body so that all points on the lens
move together. If the lens were to deform significantly between
images then this assumption would be irivalid. However, the
lensisina hqmd which provides short-term stable support over

30 a period Ionger than the 10 seconds or less between images.
2. The lens motion is in a plane. It may rotate and translate in the

image p'l'ane but the tilt does not change be_tween imag-es. This



This procedure can be used to dynamcally update the illum nation nodel,
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whi-ch proviwleseds2ist ness, and to detect |large illum nati on ROTARNEE2ISAat
may occur in particular inmges, which maypd ndicate a defect in the cuvette.

The illum nation can al so be nornmalized separately for each optical
I nspection station, thereby avoiding calibration issues and sinplifying the
normal i zation 5 gesangtioniis reasonatle given the geooretenef theauwvettagthe

Location The first step in the inspection of a le i s, | gcati it in each
of the inmages. The | enggometacatthe W?ﬁ@ﬁﬂ%"‘s@ﬂ&ﬁ%ﬁ SB‘H%&? E%tafeeé‘re
likely to .be on the edglﬁ'aaﬁfest he | ens. The process of finding the points is
subject to errors 10 due to noisy variations in the image, and

therefore nust be J ol | @&shuee the ihages aré bathered withsdifferent eamerasdbere
points. The accuracy of the process is greater as the nunber of points
i ncrieases. The point fiin@ipapsibiliyof differeakisagsssizes. IMaderesGaingds ARat t he

are 15 | Ckam ned IhStsRt BRGT R dEnBIRsTRUOR PR RN O *Tre i mge
T e see that tha B oot o, L S ey
background. THueodiplishedapar inagetplane by alirsatdranstormationof coerdipatesy | i ght
shining thr Oqugr etaq:% point (, y) in Image 1 we want to find the corresponding point (u, v)
10 in Image 2. The transformatiop, commonly called an affine transform, can be
- written as a pair of linear equations.
| U =ax+by+e
v =cx+dy+f _

These equations have six parameters, (a, b, c, d, e, f) whose numerical
15 values must be determined. Once the parameter values have been |

determined, the equations can be used to map from one image plane to the

other.

The six parameters can be determined by finding three matching

points on the images. The only requirement is that the points not be on the
20 same straight line. Let A, B, and C be features on the first image and let their

coordinates be denoted by (x,, ¥.), (X, ¥.) and (X, y.) respectively. Let the

correspbnding features on the second image be A’, B’ and C’ with coordinates

(U, %), (U, vy), and (u,, v.). Upon substituting corresponding pairs of

coordinates into the u, v equationé we obtain six equations. These equations
25 can be solved for the parameter values.

= UpX, - U Xy -14,Y, +U.Y, +uayc ~BpY

2
Xy — XpXo - XY F XY, T XY - XY,

UpX, -0 X, -U,X, +U.X, +'uaxc -0, X,

b=~
Xh - Xbxc - x.yb + chb + lec - xbyc

= “VoYs + V.Y, + Va¥o = VeYb = VaYe +VpYe
XpYa =X ¥, =X, ¥y XYy _+ X, ¥e - Xp¥e

c



cuvette which contains the lens in its saline solution. The bl ack
background 20 " 71 in the corners of the image is the region outside
t he cuvett e Wa8726054 points on the edge, we need to | ook for &"ﬁﬂl ere
the brightness of a row or colum of the (D inmage drops rapidly after it
has been at a high level. We require that it drop froma high level, rather
than just be at a low level, to get past the black area outside the . '
- cuvette. On a scal e¢of-\ﬁ%§,+-vcx, +(9,%,) - v, t+v, &, covgXespondi ng to bl ack and 1
correspondi ng to wh¢ e, _ [d exnecixthe pri ghiness to change froma | ow
| evel at the bl ack peri pxﬁv\ngt heﬂﬁ’rra)é "to'a}t’l°lev'ir=,lSec of .7 to .9 as we nove
inward to the bright apnrespond-g i pg £Q, thg guvely & yVe woul d expect
the brightness to dee:aﬁ%‘a %)xr" A ¢ 5”: " Y ndi cate the
presence of the edge of t hex} aFrieX. A PNt X306 - X.Ye TXo¥ea" on the left edge

of the I ens can be found by detecti ng{ t he m ni num poi nt+of t he narrow dark
region at the rim of_tfeXt¥ans VeleXool NeXidy'~ YuX:¥h& Ve ght " dafieYecan be found
by searching fromthe right xgydexof -t Rey praly] et gpax]ythe center. VO
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Figure 6, the dark Oncé theparamheters valiesdpavesherns calculatedfthpy candeaused e
points |abeled "a" and "b" represent pojnts on the ed t.he e fuound
by se@rching A&y "t?@-’ﬂﬂ%ltomﬂpﬁﬁﬁggptir&"m PR onthe First image ‘&@Pﬁﬁ% on
the rimof thedf0sorithdpoihPBAYhE%eE6A hage O OF

Comparison of Registered Lenses

The purpos'e of lens comparison is to remove dark pixels in the image
that are not related to actual marks on the lens. This is done quite simply by
10 creating a third resultant lens image in which the value of each pixel is
replaced by the maximum value of the pixel in the two matched images. If L,
and L, are the matched lens images, then L.= max (L,, L,) is an image in
which each pixel is equal to the brightest value at that location in the two
images. This process is effective in removing foreign matter from the image if
16 that matter is darker than the true lens value. ltis possible that a pixel on a
particle of foreign matter will be lighter than a pixel in a lens marking. This
would then replace a darkef true pixel with one that was somewhat lighter.
This has little effect on the analysis of lens defects.
.. . ltis important that the lenses be accurately registered so that true dark
20 ,  Pixels are matched. If this were not the case, then dark pixels due to
scratches or other lens defects would be removed by the comparison
process. The size of the defect that could be removed in this manner is
closely related to the accuracy of the image match. By matching images to
within 1 or 2 pixels, the size of defects that may be eliminated in the
25 comparison process is made sufficiently small to be below the rejection
threshold..
The comparison algorithm can be used to “clean” selected regions of
the lens rather than the entire lens image. This makes it convenient to

combine the comparison step with, for example, the optical zone inépection



colums of the CCD i mage as descri bed above. A set of scans are perforned
over a set of rows and columms that are likely to cross the edge of the

l ens. |If itwigsoorkedsar M ned in the scan that an edge i s not eneCDUS28/22354 t hen
that row or colum is discarded fromthe gt for that lens. 10

The points are captured in four sets: L, R T, and B, corresponding to

|l eft, right, top and bottom edges. Each point has a row and col um i ndex.
The center i s stsyp.i Thteptibsl zor isdnspected irdsmall ®locks dkat dovemthdwiendng. The
colum index of the center, Cglerr] .can be estinmated by usi %ae cpl ulrm
data from t he regighefithe dans. If the tagien epmpafisen P!QQ"'."'?W‘?&'?P??O S8R onlYwy

For any ouch dagse blogk Mrih HEGhSédidh, s RERE Sub et i inblEan BEC oot
uferr] (i[err] reevdigate@intifdn thecdmpitalien tifle for ToRtparison \caindtss geeatlyer these

estimates. [err] Simlarly, let {i[err], i[err], ... iJerr]} be the set of
i ndi des for whieducadinexdhangedar a spaihincieasedor reevaluationtaf suspedt regipns.

sets. The rowi,ndex of fhe center can t.hen be.cal cul.ated by r.r l,..The

oot mates of | (EIeIAAS o8 & SR eARCs I BuBL IR LR Hnt s TBUF 1o o e .
These poi nts GRAcES haRVgsbPhithe fictat irhpfentnthfich bethe é(.}r%‘félﬁ?ry I'S
estimated, and the center can be recal cul ated using the good points. The

above 25 Opti¢alrZonenspectidren used with the refined data. |nspection

Matri x The inspection matrix provides information ab he |ight and dark
patterns on the surMVib&efgrengeto Eigure ﬁﬂo‘hﬁsoﬂt!ﬁ’él%%ﬂﬁ'&ﬁb %f'r‘%ﬁ‘teuﬁ}’]@afﬁ‘?"e

> e}"j{}og't i 1)23 PeGh 0 chhti'drBa Br tHd' fedsetﬂ?oddmﬂﬁicﬁqﬂe Qfedal 8684 M idfmgoidRd by
that this area not have defects. Hence, the OZ is inspected to look for dark
- areas that would correspond to some kind of defect.
The inspection of the optical zone is carried out by examining small
regions that cover the zone in a tiling fashion. The region dimensions are

15 chosen so that the OZ is well covered by the array. Each region is a square
of size 34 x 34 = 1156 pixels. This size is large enough to contain a good
sampling of brightness values. The current implementation uses 37 regions
arranged as shown in the table of Figure 10. Cell ¢19 is over the center of the
lens and those on the outer edges are on the boundary of the optical zone.

20 Any defect in the optical zone will appear as a dark spot in one or more
of the regions. Such defects can be found by evaluating the uniformity of the
brightness across each of the 37 regions. Let B,(n) be the average
brightness across region n and let B,,(n) be the minimum brightness in
region n. .Then the difference, D(n) = B,4(n) - Bs(n) is a rﬁeasure of the

25 brightness deviation across that region. Shown in Figure 11 is a plot of the
difference D(n) vs region number for a particular iens. This particular lens has
defects in regions 21 and 22 and suspect values in regions 8 and 14.

A criterion for lens rejection based on optical zone defects can make
use of a weighted score of deviation values. Let T, and T, be threshoid

30 values, such as T,=50and T, = 60. Give all cells with D <T, a score of 0, all
cells with T, < D < T, a score of 2 and all cells with D > T, a score of 6. Then

reject any lens with a total score of 5 or more. A sihgl'e bad region or three’



30 B(r,[err]) in polar coordinates referenced to the center of the
|l ens. Patterns on °~ WD 99/ 26052

PCT/ US98/ 229®9988022he | ens can be observed by sanpling the bPCEHSI#LIBSe
pattern over a set of (r,[err]) coordinat2§8. Let (r[err],[err]) 1 [err] m
[err] M 1 [err] n[err] N. Then the array of values S =B(r, [err]) 1 [err]
mf[err] M 1 [err] n [err] N nake up an Mmeatrlen
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e, SeABh Sl A B8 el o ol i pROGERS S B ki
rectangul ar ot dbtai webdures that coFeatavellivith theddecidibhs ntatle withdrssamg.
Al though the S- matrix is rectangular, it contains data points that are

over a pol ar igspectossid represents a mapping from polar to rectangul ar
format. 10

' h Fi
i s cPear that a naﬂl? gev;aglpgrrgﬁgéurlgﬁ m amw Qmpo}i ﬁ%gﬁvlﬂggé@s Ll
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overlaid on t ens i nage an e array o i mage val ues on

these sanple mo@pt:bleﬂma:qtatﬂnsﬁn #Hlunaingtioh thatcumar atrossitha darpeoscalexf
inside the printed area to outside the rim 1 [ ormed by

the S-matrix the entisedens, lfltbﬁlll@n'ﬂna"?" NQ"@‘I‘%WPHQSiQH@Ig?%gEg& tI?Gnt ai ns
L e "t b bRy £ 85 4584, A rob efln i dermoe. The
10 completely inoperable. Thus, this algorithm is robust and does not require
additional illumination normalizétion for its satisfactory operation for
illumination systems that are even close to normal specifications.
Example Of Artifact Elimination
The lens inspection system is able to detect real defects in the lens by
15 analytically eliminating the effect of scratches or spots on the cuvette and dirt
_ or other contaminants floating in the saline solution 17. Figures 12a and 12b
illustrate the lens of Figs. 4a and 4b and the movement of a spot defect 39 of
the lens, a scratch 43 on the cuvette and a floating dirt particle 41 in the
saline solution when the cuvette rotates clockwise 45° and the lens rotates
20 ~ clockwise 90° from the first image of Figs. 4a and 12a to the second image of
Figs. 4b and 12b. Fbr the purpose of this discussion it will be assumed that
these spots are one pixel in area. As will be explained in an example
hereafter, the automated lens inspection system will ignore the artifacts
formed by the floating particle 41 and cuvette scratch 43 and will recognize
25 the spot 39 as a defect of the lens.

' Figure 4a illustrates an example of a first image that is taken at the first
camera inspection station 11 for a lens. As shown in Fig. 4a, the image
shows dark areas corresponding to the lens spot 39, cuvette scratch 43 and
floating particle 41. Figure 4b shows the second image of the same lens

30 ~taken at the second camera inspection station 13 after the lens, saline
solution and cuvette have been rotated by the cuvette rotation element 45.

For the purpose of this dlscusswn |t will be assumed that the cuve’cte has



in the SSmatrix. As an exanple, the values along a radial slice that passes
20 t hrough the dark spot 39 on the lens is shown in the brightness
profil e chawboohedstgure 8. This particular slice is represerRGEHUSRF A3 at a
colum of the S-matrix, which corresponds26o0 an angl e of approximately 290
relative to a O reference at the top of the lens. It clearly shows the
effect of such a defect. The S-matrix therefore contains inforpatjon that
is a good foumdwedwlodlvis@d5° and theilengphas moved ¥ cleckygse frogpthabrstioinl e

f tation thaf. i ilable fromdata in the S-matrix i i
Figurb o Thi $1a Secorilimagss PhiaseummctmpyomentisnroRioBe et iseRigey o

covers the edffimifednd {liKIdBE M eRERN gtﬁtgt,ﬁﬁ pHd¥ick S8y rotiforial theverhentred

by the edge s e unitormand stral I'n thi present ati on.
Vari ations i nwilhise aicosptablest Tiwereodart lsorbentransiational movemenisitweeoithe he

| ocation of rimdefects. = WO 99/26052 s e o e e .

~ PCT/ 6598/ 2235 irst@andnacond images, trignevarofor simplicly Rf djystatigh anddn QAes 19

Qe to forei gANMARES AR UrerstaRRbe HHe i ertol: b toldonbPiRvEReri | SE0 P
gathered i Wﬁg%énswéi-é‘d"'in&ﬂi’své)?arhﬁlé renove dark regions on either
| mage that are not matched on the other. A defect is a mark on the |lens
caused by a scrat cMitheferencedoiRigurss 4a, 4b, 12a and 12b, the rotational
movement of the lens for the second image with respect to the_ﬂrst image can
10 be seen by the 90° clockwise displacement of the WJ logo 37 that is printed
 onthe lens. This logois provided to identify the manufacturer, Wessley
Jessen, and also to identify a fixed point on the lens that can be used to
reference the second image for translation and rotation with respect to the
first image. |
15 For the purpose of this analysis, as shown in Fig. 4a, the position of
the logo 37 in the first image is 60° from the 0° vertical angular reference of
the S-matrix. The logo of Figs. 4a.and 12a is defined as the 0° reference for
the first image. The lens of the second image of Figs. 4b and 12b is rotated
90° clockwise with respect to the firstimage and the 0° logo reference of the
20 second image is therefore located 150° from the vertical reference of the S-
matrix, as shown in Fig. 4b. The logo of Figs. 4b and 12b is defined as the 0°
réferéﬁce for the second image.
N in order to compare the positions of the apparent defects 39, 41 and
43 of the two images, it is necessary to mathematically translate the data of
25 . the second image until the lens of this image registers with the lens of the first
| image. When the images are in registration, the posiﬁons of the black spots
of each image can be compared and the spots that move, due to movement
of the cuvette and the solution relative to the moverhent of the lens, will be
recognized as artifacts that are not defects.
30 As explained previously, in the lens inspection system the translation
of the second image with respect to the first image is achieved by an affine

transform of the S-matrix data. The S-matrix stores the light intensity values



particle of foreign matter such as flash, and cuts or perforations. The
defects can be found by searching for dark regions in the optical zone
because al |Wof99RBes8e defects are visible in the i mage as dar RERBIFIBFAIA
However, 10 dar kened areas are al s@2taused by dirt in the saline
solution, marks on the surface of the cuvette, and other such effects that
are not related to the |l ens. These can be separated by using the fact that
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Findl g Nt chid porEt g .

‘Column 290 corresponds to 290° from the vertical reference of the S-
matrix. This angular position corresponds to an angle of 230° (i.e., 290°-60°)
~ relative to the 0° reference position of the logo 37 of the first image. Likewise,
the floating dirt particle 41 is located at a cell 79 that corresponds to a radius
15 R3 and an angle 0 that is column 300 of the S-matrix and 240° relative to the
logo. The scratch 43 on the cuvette is shown in cell 81 that corresponds to a
radius R1 and an associated angle 0 that is column 180 of the S-matrix and
~ 120° relative to the logo.
With reference to Figs. 12b and 13, the S-matrix 83 of the second
20 image shows the spot 39 stored at a cell 85 having a radius R2 and an
angle 6 that is column 20 of the S-matrix and 230° relative to the logo of the
second lens image. The spot is a defect of the lens that retains the same
r;d'fus and relative angular displacement from the logo of both images. The
floating dirt particle 41 is located in cell 87 of the second image S-matrix 83 at
25 a radius R4 and an angle 9 that is column 340 of this matrix and 190° relative
to the logo of the second lens image. This position 'occt_lrs as a result of
clockwise movement of the solution and the particle 41 in the solution. The
scratch 43 on the cuvette is located in cell 89 of the second image S-matrix at
-aradius R1 and an angle 0 that is column 225 of the S-matrix and 75° relative
30 * to the logo of the second lens image. This angular position corresponds to
the assumed 45° clockwise movement of the cuvette relative to the .

movement of the lens.



The geonetric matching al gorithm descri bed bel ow uses six paranmeters. The
val ues of the paraneters are calculated by substituting the WO 99/ 26052
PCT/ US98/ 22@®b9tgos2o0o0r di nat es of three matching poi nts on t hBCTARS99/228%fes
into a set of equations. An accurate calcpgation requires that the three
mat chi ng poi nts nmust be known very accurately. Mtching points are found by
| ocating particular features on each inmage. Accurate matching requires that
the 5 -f eat uThes affinestcansform i applieds torthieaS-natrin 83cke thiak they90hat t hey
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reci
det ai | ed i nag@oyemedt of iheclshp is subtracted drara the datp ‘Efﬁp@%&?ﬂ"aémﬁgﬁé'&essi ty

for a real -ti %e??c?k&tg?ef fh?é‘da{aeiH&?Feg\ﬂtmio'n.'Witﬁ ﬁ’i% ﬁé(ﬁ%sof]tﬂe first imageéSThae The. ...

ink pattern oh printed 1enses provides an | nage can be use

source of poi g0stransiaon i FrioeitiedtoditneefthesdiVeloskwibe aovententedfithen 35.. The
challenge is to find matching image fields in two different lens inmages in

a. fréction of secanscimage Wit respect ffo the fisst image.oihetiansformadiBunatix 84pbcess
o oh. 2% 2hheS g oBE R BESES) o Yo BB AR BB S Lo
P nat oo, ARG8T HHEANE S o0 i i ek ghi P o
the two matrices 75 and 84. _
Thus, when the dark cell 81 of the matrix 75 for the first image is
10 compared to the corresponding bright blank cell of the transformed matrix 84,
the bright blank cell of the transformed matrix is copied through to the
resultant cell 80 of the S-matrix 91. Likewise, the dark cell 82 of the
transformed matrix 84 is compared with the corresponding bright blank cell of
. the matrix 75 and the bright blank celi of the matrix 75 is copied to cell 86 of
15 resultant matrix 91. The dark spot corresponding to the scratch on the
cuvette is therefore ignored. This dark spot is properly ignored because it
moved relative to the lens and therefore could not be a defect of the lens.
Likewise, the dark cells 79 and 88 for the dirt particle 41 of the
matrices 75 and 84 are compared to their corresponding bright blank cells
20 and the bright blank cells are copied to the cells 90 and 92 of the resultant S-
matrix 91. The dark spot of the floating dirt particle 41 is therefore eliminated
in"the 'S;matrix 91. This is correct, because the floating particle 41 moved
wffh’respect to the lens and therefore is not a defect of the lens.
The only black spot that passes to the resultant S-matrix 91 is the spot
25 . 39 that is a fixed defect of the lens. This spot is copied to cell 94 of the
matrix 91 because the dark cell 77 of the matrix 75 of the first image matches
the dark cell 96 at the same R, 0 position in the transformed S-matrix 84.
- Figure 13 therefore demonstrates the method whereby contaminates in
solution and scratches on the cuvette are eliminated in the automated
30 -process of iens inspection. The resultant S-matrix contains only dark spots

that correspond to defects of the lens. If any such spots are located in the



2. Find a prom nent reference point on each |lens. The npbst conmmon
reference point is‘the lens logo. Aline fromthe center 20 : -
t hrough t he w@p¥2688e poi nt. provi des a zero-angl e reference. W?’(?&&sséan
be located accurately and reliably in the 2%hk pattern with a hierarchical
tenpl ate matchi ng search. The search can be carried out either on the |ens
data in polar coordinates or in the Smatrix of the |ens i.n rectangular 25
coor di nat es. pticakzone, theysredeiected as defedts Ry analyzing tledrggions;ag | ens

I mage at angl es seﬁa]r?ed Bg about 120 degrees. The radius to ink

mi cr opat t er ns REBHOBEY A45CHPPA0n (say 0.5) of the distance to the rim Form

a tenplate by Iﬁktﬁdhtf%naln%%bﬁoﬁe“ ion of data fromthe 30 -

ink pattern at eac ocation. Let us call the three mcropattern arrays
Alerr], Blerr], andrhg prinfed itbink patternvof the densocar bedaspectechwithia sako

PCT! B89/ 22358590 tiataT Rap beoAthERLENFe the BRR(PT o ks Fheitas beslLlalily
b oL o orHEBRIES i AP bR pAGhECLETARRS iy fadis rspae L
for any that weggalabengle Mtemdrrarolind thaicohpags of the lens. The brightness
values along each radial line are stored in the S-matrix. As explained
previously, the S-matrix columns contain the values along a path of constant
10 angle and the rows contain the values along a path of constant radius. The
iris portion of the S-matrix represents a picture of the brightness values within
a region bounded by radii r, and r, and angles 8, and 6,, but displayed on a
rectangular row and column format. In this analysis r, and r, are respectively
selected as the inner and outer radius of the iris print zone. The angles 6,
15 and 0, are selected to cover the entire circle from 0 to 360 degrees.

This description of the S-matrix assumes that the radial paths cross a
circular path centered on the lens center. A more sophisticated version of the
algorithm can use an elliptical or polynomial generated path that models the
shape of the lens.

20 The size of the S-matrix is MxN, where M is the number of points taken
along a path of constant angle and N is the number of angles.
Experirﬁentation can be done with the best size for S. The trade-off is
between more detail and more processing time. Since the purpose is to find
fairly large blank areas in the ink pattern, it is not necessary to use a large |

25 number of points in S. The best size to use can be determined empirically.

| An image of a lens is reproduced in Figure 14. This lens has a number

of medium size gaps in the printed area, but this is a part of the pattern
design. This ink pattern is acceptable. In contrast, the lens of Figure 15 has
a large unprinted region 93 running through the printed area. This lens

30 should clearly be rejected. Figure 16 shows an S-matrix gathered from the

lens of Figure 14 using 600 angles (about eVery 0.6 degree) and 150 radial



5 requirenents. 4. Locate the three localities for

mat chi ng micropattenms on the second |lens image. The three localities have
t he: sane poMar9oees2di nates relative to the reference |ine asPGBUSISREH i n
the first lens inmage. 10 5. 30Do a local pattern search with
m cropattern Alerr] in location 1. Select the pixel with a nmaxi rum nmatch
score. Repeat for the other two mcropatterns. Note that this procedure
requi res two stepss Claartycthe isfoamation foprintrzonerqualityisspreseved inARiStS-el d and
three m crosearches in very localized regions to 15 mat ch t he
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1000x1000 pi xel images to be located to wthin .Lenses
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10 match the image of S with a detector such as the human visual system, but is

not useful in an automated detection'process where one can tailor the
detector to the image. Instead, we use a process of threshold detection as
described below. | |

Threshold detection can be used to differentiate pixels that have bright

A 1) values from others that do not. Let a threshold function be defined by u=f(s),
where
£(5) = ,s=>T
- 0,8<T

As a matter of implementation, the U-métrix is scaled so that 0 is the
20 minimum (black) and 1 is the maximum (white). Applying the threshold
function to S will produce a new array, say U, in which all of the values are
, either 0 or 1. A region of S that has a large number of bright areas will
appear in U as a cluster of ones. The U-matrix for the S-matrix of Figure 16 is
shown in Figures 17-20 for different threshold settings. Figure 17 shows a U-
- 25 matrix constructed with T=235 on a brightness.scale of (0,2'55). Figure 18
shows a U-matrix c;onstructed with T=215. Figure 19 shows a U-matrix
constructed with T=200 and Figure 20 shows a U-matrix constructed with
T=150. _
The choice of the threshold is important, but not particularly sensitive.
30 It should be between the highest gray level of a printed pixel and the

brightness value of an 'merinted pixel. There is a range of values that can be



the lens data in polar coordinates or in the.S-matrix of the lens 30

I n rectangul dr coordi nates. WO 99/ 26052
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reference. The intersection of these lines with the lens rim provides two
addi ti onal poregiensrs shewn fire Figs &9. ahigdoHaeiul foran eperation thataaatches for
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' ‘sequence. If you set the threshold just on the current lens, then a cloudy OZ
may' lead to a value that is too low for T. T shouid be set to be about 20

10 ~ brightness steps lower than the average. As an example, the average
brightness in the center zone 6f the lens could be 242, which would place a
threshold at 222. Using this automated technique will ensure that the printing

~ will be lower than T and will appear black in the U-matrix. Automatic setting
of T is recommended for robust operation.

15 The range of possible threshold values can be verified by examining
the brightness histogram, an example of which is shown in Fig. 21. The
printed and unprinted pixels are clearly separated into two brightness regions
on either side of the minimum at approximately 215.

We can conduct a search for bright areas by summing over a

20 rectangular region that is stepped over the array U. One would expect the
sum to be large in bright areas and small in other areas. The size of the block
should be approximately the size of the smallest bright area in a printed zone
tlfatwould lead to a rejection. The step size is a trade-off between efficiency
and the need to be sure that the window steps within the bright area.

25 ' Let A be a matrix in which A(i,j) is the sum of the values of U within the
block located at position (i,j). Then A will have a large value when the block is
over a bright area and a small value when it is over a dark area. A surface
plot of A for a block size of 50x50 and a step size of 10 in each direction has
a peak at column 21 and row 6. The corresponding U matrix with the block

30 ' located by this peak is highlighted in Figure 22. Note that the 50x50 block

- roughly covers the bright zone in the printed area.



| enses with ink patterns. It is not: required that points.in the ink pattern
be used to derive the reference points. 20 Geonetric Matching The .

I mpl enent at mawYRsoR2 N uses two i mages gat hered by two caner aBCTRISPR223S4
requires a match for each inmage pair. Theggane techni que could be used to
mat ch nore inmages, but that is not necessary for this system -The inmage
match is carried out under the follow ng assunptions, which are 25
reasonabl e for contFiguires @3sand 24 vespectindlytshow thegooatiary of abright arealiisingens

beh d bod h || ' | e et.her. If
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short-term st onger than

the 10 secondprinting gaps beicaases theypgespart of thersmtémrdbssmi Hénbé the sizepbfne.
It may rotate and translate in the image plane but the tilt does not change

bet wen i magedhe ingpection box auist bessubstantially !arger than 60x60.
P USSB1 22554 22 SaSIR Y e SR Mt B R e
images. 3. oS 8Recfithe indpeehsn dok. E%rﬁﬂleVYstslf\oan iherig25.C AIgPs We sddier e
that an inspection box of size 100x100 fits within the unprinted area. This
provides an indication of the size to be chosen for the inspection box..
10 The analysis program has the following components:

1. Select the rows 6f the S-matrix that correspond to the printed
area. The selected rows should cover the printed area but not
pick up the bright area in the optical zone and outside the
printed area. |

15 2. Construct a matrix U that is a thresholded version of S. The
threshold should be about 20 brightness steps below the
average brightness in the optical zone.

3.  Scan the U-matrix with an inspection bdx that is about the same
size as the gaps in the printed zone that you want to detect.

20 4, Reject the lens if any of the boxes have a sum that is greater
than an acceptable threshold. This threshold should be about
T 80% of the size of the scanmng box.
, Logo lnspectlon
The purpose of logo inspection is to determine that the logo has been
25 | properly printed on the lens. The logo is used by the wearer to determine the
lens orientation: If the logo is fnisprinted to the extent that it cannot be read
oris badly mislocated then it does not serve that function. Furthermore, a
poorly printed logo is an indication to the customer of a poorly controlled
production process and a reason to reduce respect for the product. For. these
30 reasons it is necessary to irispect the logo and to determine that it has
acceptable quality.



5 is a possibility of different | mage sizes. | nmage
rescaling is an inherent part of the transformation derived .1 S
commonl y kr¥RM?2#Pa transformation, rotation and scaling Canpﬁ’t{%bsﬂzgsi
acconplished in an image plane by a |i neat3d transfor mati on of coordinates.
For each point (x, y) in lmge 1 we want to find the correspondi ng point

(u, v) 10 in Lmage, 2. The transf.or | . l(;ﬂ fine
transform -can be%?f‘?’g\mea?"ﬁqﬂ%?fsWdﬁiﬁgﬁ+ﬂﬂwgt“o%@é.’}‘/’ugﬁé% +rﬂbrleyaiadc e v
= Cx + dy + fotﬂ-&‘?s'ﬁ\igc%@hbﬂﬂfin @6 WheRAHRBE6 oh thedeft s frém 4 cléar léns whose
nunerical 15 val ues nust e determ ned. Once the paraneter val ues

have been detamdntheashe bh¢he dght isdram adenb evitisa dotased-ppintedopatters. iligge -pl ane---
mat chi ng. pol INeFERAHE herabledo Iasale SCInPBYE PeiRdR Of SHREHER BBnt s not
??r S |t Eggtzaoand I 'e-"Eh? ﬁ@&%ﬁyr@hgﬁt&? ?ﬁ?éﬁ%‘%@&%%ﬁ?%ﬁﬁ?ﬁ on the
(x[err], y[ensgo hasdheé xbaett stridtare. ] It is ashdifficultdd xonstruct dprasessaspondi ng
features on the second image be A°, B and C_wth coordi nates. )
(ulerr], V[ er ripgate(afagion withes large dariobiectagainsta dighter bagkgrounghsit i ut i ng
cor espond! 1Bl &l R S e i i BIBR O BRARATE R &
val ues. [err Jin[apf ddcelplablk form for the logo. Some examples of misformed logos are
10 shown in Figures 27(a)-(e). Examples (a), (b), (d), (e) have defects which
would cause rejection. Examplé (c) is borderline acceptable because the
wearer could determine the orientation from the relative location of the two
parts. ‘
One could set about creating a logo inspection algorithm by
16 constructing a process to recognize the letters W and J. Once letters had
| been located and recognized, their relative placement could be measured. If
they were not recognized or if the placement was incorrect then the lens
would not pass inspection. The algorithm that is described below essentially
follows this process, but without employing a general recognition tool.
20 Because there are only two patterns to be evaluated, a relatively simple
structured geometrical approach can be used effectively.
.. .The steps in the algorithm are listed below. Note that the step of
' locating the lens and constructing the S-matrix will be done elsewhere in an
int‘égrated inspection system, but is listed here for completeness.
25 1. Locéte the lens in the image and construct the S-matrix.
2. Construct a matrix U by applying a brightness threshold to the
~ elements of S. The purpose is to separate the dark logo pixels
from the background printed pixels on the basis of brightness.
(The threshold can be adjusted dynamically in an automatic
30 system.)
3. Locate the column range of U that contains the logo. This
corresponds to finding the angular sector of the lens that
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" of lens defects. the J section. Calculate the corners and center of a box that

contains J.
6. Evaluate the geometric relationships provided by the W and J
10 boxes relative to acceptance specifications.

The geometric comparisbns are based on five parameters that are

computed from the W and J box coordinates:

1. Distance D between center of W box and center of J box. Must
fall in the interval DWJMIN < D < DWJMAX.
15 2. Angular dimension DWA (width) of W box. Must fall in the

interval DWAMIN < DWA < DWAMAX,

3.  Radial dimension DWR (height) of W box. Must fall in the
interval DWRMIN < DWR < DWRMAX.

4. Angular dimension DJA (width) of J box. Must fall in the interval

20 DJAMIN < DJA < DJAMAX.
5. Radial dimension DJR (height) of J box. Must fall in the interval
.+ . DJRMIN < DJR < DJRMAX.
., 6 Aspect ratio WA = DWR/DWA of W box. Must fall in the interval
WAMIN < WA < WAMAX.
25 7. Aspect ratio JA = DJR/DJA of J box. Must fall in the interval
| JAMIN < JA < JAMAX, ‘
8. Area AW = DWA X DWR of W box. Must fall in the interval
AWMIN < AW < AWMAX.
9. Area AJ = DJA X DJR of J box. Must fall in the interval AJMIN <
3  AJ<AIMAX.

10.  The center WC of the W must be within the radial limits for the
logo location. WCMIN < WC < WCMAX. '



It is inportant that the | enses be accurately registered so that true dark

20 pi-xels are matched. |If this were not the case, then dark pixels

due to scrawemeees2 ot her | ens defects woul d be renpved by t RETAEPEFS4on

process. The size of the defect that coul B3%e renoved in this manner is

closely related to the accuracy of the image match. By matching i nages to

within 1 or 2 pixels, the size of defects that npy be elim pated ia the 25
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these parameters during the production process would provide an in-line
10 indication of problems in the printing process and possibly enable remedial
action before the process weht out of tolerance.
Edge Inspection '
The edge of lenses must be smooth and continuous. Edge defects
include nicks, cuts, chops and adhering foreign matter. The nicks that occur
156 on edges can be so small that they are almost invisible except under high
magnification. Figures 28(a)-(d) show examples of edge defects on the rim of
the contact lens that must be detected and rejected. '
‘The automated inspection of the edge of the lens requires extensi\)e
modeling. The edge inspection relies on an analysis of profile cuts across the
20 edge image, wﬁich are constructed on the basis of a geometric model of the
edge.  The edge model can be either from ellipse parameters or from a
polynomial fit of the edge in the inspection matrix. The polynomial fit is
preferred.
The process of edge inspection is essentially one of searching for rapid
25 variations in the profile of the edge. The profile of the edge can be seen in
the S-matrix as-a dark line that is nearly horizontal across the matrix. Figure
7 shows an example of such a profile 33. |
The profile of a smalll section of an S-matrix along a portion of a lens
edge that contains a defect is shown in Figure 30. The rim of the lens 33
30 appears as a deep long trench in this surface plot. The bottom of the trench

corresponds to the darkest part of the rim. The defect is visible in the surface



Wth reference to Figure 4a, the optical zone (OZ) 74 is the clear zone 10
in the central area of the lens through which the wearer sees. It is
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of 0, all cells wth T[ dong ir nEafeways,given theapesainenee of thendarg bantk| | s
with D> T2 0 s00re of SselleBuirehESh rlifich Baniabd i LaLRor ¥ RIchiPh S ©
column k with a model. The model may be static or it may be
constructed by using a subset of the edge profile in the S-
15 matrix. This comparison may be either simple or complex,
adjusting for changes in the location of the minimum point and
profile depth, for example. The result of each comparison is a
set of one or more numbers for each column that describe how
well that edge profile compares to the model.
20 4. Locate those profiles whose variation from the model makes

them suspect.

roo 5, Optionally, perform additional analysis in the region of the
. suspect profiles.
6. Conduct a matching edge analysis on the second of a pair of
25 _ lens images.
7. Compare the locations of suspéct edge points. If the suspect

points on the two images do not match to within a given
tolerance in location, then assume that the effect was caused by
a moving (foreign) object. If the locations do compare then
30 assume that it is a defect on the edge of the lens.
This inspection algorithm can be used in a single image system. In

that case it will detecf"edge defects but is vulnerable to false rejection of
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that are suspicious would produce a rejection. The actual th{,ﬁ&%@n\@i ues

and scori ngW@%2605¢en here as an illustration. The procedure
nmodi fied to obtain nmeasures that correlat8?well with the decisions made
W th human inspectors. 5 The devi ation nmeasure D(n) = B[err]

hu o The de measur e D |
Fogi on of 1 helapesaile Bapten matetin e Fpder s erBrgiia sl Aoptin,

in illumnatigpa.t t'rr%fq@ér ddiBeteNtif bddrRepot | |
the illum nat %H tg%l"l a Ongrﬁn&{)oﬁﬁné?%ﬂ#ﬁﬁ%%ﬁ?ﬁgf?gt ttahe conput art :%gr?
wi thin a smal s detectsd intthesanieedge peea bbbolhyintagesyitis cedognized as a lens

conpl etely inoperable. Thus, this algorithmis robust and does not require
addi ti onal il Md@f@ckati on normalization for its satisfactory operation for

i1l ugd nation . k en close to normal specifications. Exanple
O Artifact Eﬁé’jﬁﬁ%'ggﬁqﬂgﬁﬁé i nspect i on syst emis able to detect real
defects in the | engdye défects are detééteitin @preferpéd ambaidiment thecefbacihgof

scratches or spots on the cuvette and dirt or other contam nants floating
in the salineth®edge data o amathematicabmadel obthe edgest Apreferied methodef Fi gs.

{2200 40, and cbe ARSI 3l iligka SEEGh 8 ey LordBR RS b, o
cuvette rotat ginhdigHsiniels 4Rd ¥iéh tBMDIRSthe PbIFhial representations. The
10 basic approach can be described by looking at a plot of p, vs. B;. such as
Figure 30. ifthe data is groupéd into four sections corresponding to the angle
intervals (0°,90°), (90°,180°), (180°,270°), (270°,360°) then polynomial
approximations to p vs. B can be calculated for each section. The sections do
not have to be exactly as described here, nor even be contiguous for this
15 approach to be used. One variation is to permit some overlap in the data
sets, which facilitates interpolation of values at the set boundéries.
Let the data sets be denoted by S,, 1 <i < n, where n is the number of
data sets. Leta polynomial £(B) be defined on the points in S, such that the

sum of the squared differences
. 2
20 : U= 2 [Pj - f (ﬂj)]
' i

is 'min’ifhized. The coefficients of such a polynomial can be derived by
- sfé’ﬁdard techniques. If the polynomials are chosen to have the same degree
,p, then they can be written in the form
fB)=co*cyft+coff ... ¥ Cpff, 12i<n
25 _ A model of the rim of the lens is provided by this set of polynomials
' because the radius can be calculated for any anglé. Given a value of B,
choose the region in which it falls. Then calculate the radius using the
appropriate polynomial function. If the angle falls near the boundary,
calculate the radius at angles near the boundary in the adjoining regions and
30 interpolate the radius.



20 cl ockwi se 90 fromthe first imge of Figs. 4a and 12a to the
second i mage of Figs. 4b and 12b. For the purpose of this discussion it

wi 1 be-assygeshdest these spots are one pixel in area. As HAWUS98/22354

expl ained in an exanpl e hereafter, the auggnmated | ens inspection system
will ignore the artifacts fornmed by the floating particle 41 and cuvette
scratch 43 and wll recognize 25 the spot 39 as a defect of the

|l ens. Figure 4a ilCass mustbe takenxtngsesthef palyhomizl expeagsianisanly in theken at
the first camera inspection station 11 foregq)ll en ?wn in Fig. 4a, the

. ,As sh
iélgagedsplows d@b@rf@_&@%@ﬁﬂ'@%@i?ﬂjm'@%' xagr%%ﬁiappbmem@‘f? scrat ch
an oatin [ Ei Qe oA D :
fone g0 O toflrblyndociate diig 180 TR dr dBAER" By ARARNG ovESDIRTE

l ens, saline gl mhiche, &N pessiblelte reduee kifsredyeteffeetl by the cuvette rotation
el ement 45. For the purpose of this discussion; it will be assuned that the
cuvebte has WO Bolypoota modeling has an advantage over ellipse modeling in

PCT/ US98/ 2235 6 noyed cl o | se 45] er 90

cl ockwi se fr o&??zlmsg ‘M&{? gqngeg(iF%fea@e%h%wr\%g@g&r{#j@gz%ﬁn%}%ﬁ%nt [ ie;r]
provi ded only ' AkhN&: ey t, |
practice, anye%%f'g!téi' gﬂjnyélﬁ%e%%{eﬂ%w Il éltl)yeh%%%g)? lae(tili'lsg§ %’tﬂg?%ﬁggﬁéhafr?g beI "
t ransl at i onal elliptieatdit mayehevpoor ahe lead to lens réjection imthesipspectionpigeess,

However, for sinplicity of il]Justration and i rder o enhance an .
under st andi ngwhereastherRalyRaria! Msthgd ﬁ)’?%ﬁ?r ?-?%5%@%8'7‘90 h'variations in

10 the edge contour. '

The number of terms used in the po'lynomial fit depends upon the
amount of data that is available and the rate of change of the data. In
general, one should not use a degree higher than about 1/3 of the data points

~ that are used in calculating the coefficients. In practice, a 10th order
15 polynomial has been successfully used, although lesser or greater degree
polynomials could be used.

After a model for the edge of a lens has been calculated, it is possible
to go back and.reﬁne the ed;';e point data set. This can be done by
calculating the distance from each point in the set to the boundary and then

20 - rejecting those points that fall beyond a specified distance. The feduced data
set can then be used to create a new estimate of the parameters of the
model. The refinement process is necessary in any environment where

. artifacts are likely. Artifacts have many causes, including scratches on the
cuvette and dirt in the cuvette fluid. These artifacts are not removed in the

25 dark rim region by the previously described “cleaning” process. One
refinement step-should be used routinely. The refinement process can be
used with either the elliptical or polynomial methods, and, indeed, with any
other modeling approach.

Once a rim model is available it can be used to locate model points at.

30 any angle around the center. The efficiency of the process can often be
improved by using a look-up table. The look-up table is calculated once and

then used for all future calculations. If a value is needed that is not in the



considered in this exanple. Wth reference to Figures 4a, 4b, 12a and 12b,
the rotational novenent of the lens for the second image with respec }o
the first iweageremsa 10 be seen by the 90 cl ockw se digﬁr’é’(?g é’lt"?f of
the W logo 37 that is printed on the |eng89 This logo is provided to
identify the manufacturer, Wessley Jessen, and also to identify a fixed

point on the lens that can be used to reference the second inﬁge for
transl ati on atabledt aan be injerpolatashsem the neasest table. | Thg system has been

For th ; : L VSis, o L
oo 37 n ¢ ninpemanteoyBs akcym S 7 dR0iehuigly /7 0ol Bne ity 1"
reference of M@‘eﬁ%r té'éﬁhér-P@dihé’@Paﬂi' othérpoidfisamergolateds defined as the

Oferr] reference . irst 1mage.” The l'ens of the second i mage of Figs.
4b and 12b i s Eilipse¢ EdgedFitting cl ockwi se with respect to the first imge and
the O[err] logo reference of the

| ocabed 150[err] f WEE RPMQ’E'&F&*Q? gmﬂgc'g%gg S?W@?%%eﬂﬁﬁqt %’ed'g%?é‘ﬁBﬁn in
Fig. 4b. The éggﬁégbgqeﬂ%%? é@gé‘“%ﬁﬁ%\/}éﬁﬁ@iﬁgl fodellfRg Plagtden’ @ g8ce

for the secon to co positions™of the apparent

defects 39, 4hndARiattdpproximationvd romislocate the areacsfihe yim datmotihedensal | y
transl ate the data of 25 the second image until the lens of this

i mage regi st espolynbmialds thareafier used ta medej atayfivhellinge repigsentation;

regi stration, e positions.of t bl ack '
conpar ed and ﬂ%g"%gk!;?‘éa{ %&F 'WQ&?Bﬁggﬁ%e ﬁ%\%ﬁ%’ﬁ{“a%ﬁ?e uvé'?ﬁge%ﬁy? he
sol yiy on rel aldyewhenlifig ti}f@&?gﬁ'ﬁ%% thé) Qiewing andid. | Mbredvesr Othel lead naay .
artifacts that are not defects. 30 - As expl ained previously, in
the | ens i nspactually bweyslightlyteliipticahhetauseef variations in the manufacturing
process.
The edge finding algorithm provides a set points that fall approximately

on the lens edge. A variety of practical limitations to the imaging and

15 edgefinding process will cause a noisy variation in the location of the edge
points. Furthermore, a number of points will be found that are not even near
the edge. The edge modeling algorithm must deal with all the randomness of
the edde data and stil produce a good representation of the boundary. An
ellipse model should allow for a reasonable variation in imaging and the

20 manufacturing process and should provide a good, compact, parametric
model.

-: - An ellipse may be described by five parameters, namely, the center
c§ordinates (C, C)), the lengths of the major and minor axes, a and b, and
- the angle @ of the major axis from the horizontal axis. The simplest case is
25 when the center is at the origin of the coordinate system and the major axis is
in the horizontal direction. A point (x, y) on the ellipse has coordinate values
~ that are related by
x=acos@
y=bsin@ _
where @is an angular parameter. The distance from the center to the point

30 (x, y) is given by the Euclidean distance formula

Equation E1:  d=x?+x? = a’cos’ O+b2sin’ 0



of the second image with respect to the first inmage is achieved by an
affine transformof the S-matrix data. The S-matrix stores the |ight

i ntensity VAPWeR6052 WD 99/ 26052 PCT/US98/22354

PCT/ US98/ 22354 27 of .the inmages in colunm40of fixed angle and rows of fixed
radius relative to a 00 vertical axis. Thus, as shown in Figure 13, in the

S-matrix 75 for the first inmage of Figs. 4a and 12a, the spot 39 on the
lens is a dar&ndihsangiedhatys fiae from therpoint & 3) to W%?%“"RQW%‘GFH@ hther ance

fromthe cent ge to 5 the spot 39 and [err] is the angle
of 230[err] tﬁéﬂiggéélr@%gads to the position of the spot relative to a
O[err] reference line through the Iog of tPegsihigrpt i mage. As shown in
the S-matrix 75, the image datafo 2 ?Pé’t matrfx cell 77 that is

| ocated at col um 290 and row R¥ t ex M %cds@ | the first inmage. This
colum and row correspond to the rad| - dnd angul ar positions of the spot
39 10 n the first image. Colum 290 c sponds to 290[err] from
the verti cal JFB?@ne!ﬁ:@ egualsiBeanguian parameters an&ma?n R maleiard FiRponds

to ap angle o 3 0-60) relative to the O reference position
of the logo 3 %ﬁ%ﬁ%{dﬁéﬁgl?ﬂég Li kewi se, the floating dirt particle 41
is located at a ceAhy g@ohitic figlifeeSatPBE Fotafediab8t the ckigin of the cddrdimafie an

angle [err] that is coI um 300 of the S-matrix and 240[err] relative to the
| ogo. The scrsysiémdsy acoprdinateteansioinsation vim effeczt.ewe Ieavaﬂmfgwersaupodds to

g_ :r:? Ir P)S( gﬁdarno%ter}hgsask%%lo ttﬁéj cggﬂllnat[aesryrs{entl hi t(x y?% e the Ioca(%lon oft a point

P in one coordinate system and (u, v) be the location of the same point P in

10 the rotated system. Let the two coordinate systems have the same origin, but
have the axes rotated by an angle . Then the coordinates of P in the two
systems are related by

] u=xcosg+ ysing
Equation E2: ' .
v=—xsing+xcos¢g

The same information can be expressed in matrix form as

15 [u" | cos sing |[ x
' VJ_ -sing cosg || ¥
The origin of an ellipse can be shifted simply by adding the shift value

to each coordinate. The equation of a rotated ellipse located at (C,, C)is

u=C_ +acosécosg+bsinbsing
v=C, —acosésing+bsinéeosg

s

“In this analysis we will assume that the center of the figure has been
20 located by the centering algorithm, and that it is only necessary to find values
for the three parameters {a, b, 2}.

The observed data is a set of points (u, v}, 1 < i< n. Most of these will
fall on or near the edge of the lens, but some will fall far from the edge. Our
goal is to fit an ellipse to the observed data using the good points and

25 eliminating the outlier points that are not on the edge. We must find the major
| and minor axis lengths and the angle of rotation.

The usual method for determining parametric values from data is

statistical estimation. In this case, the parameters (a, b, 'a) arerelated in a



120[err] relative to the logo. Wth reference to Figs. 12b and 13, the
S-matrix 83 of the second 20 I mge shows the spot 39

cel’l "85 haWR$926854di us R2 and an angle [err] that is col umﬁé%?sﬁseﬂ

S-matrix and 230[err] relative to the | ogélof the second |lens image. The
spot is a defect of the lens that retains the sane radius and rel ative

I di spl ] fromthe | f .b ' . The,f| ' di
arti ol e 41 | GonbAIashANEBhe 89t of PAIRG. WeAnd 3 Hefe e BaiariElghVabiess
1 adi R4 : ¥ 2 t Kt
To0err] rel alfisn opgpninElih g ek ik SRk Ton BRoces (e BRmE K RS

occurs as a r eshstraints. Ck ictherefereneecessary ¢ cohsidentransformations bbthespoints e
41 in the solution. The scratch 43 on the cuvette is |located in cell 89 of
t he second i nias vall sirpplify the estimatipd Pre@essnd an angle [err] that is col um

225 qf the S-matri ne ./ rl | : : ; e
secontd | ens i mage. yq% ‘gs‘éﬁggﬂﬂ" %@éﬁdf\ggo@%"r%‘%%%%%ﬁ%&@éqggg%hes 45[ err]
i oe g R £ 1! &L VeI B LS e
The affine transfofgg %@E%Qteéjnﬁé’frbhﬁth%ﬁ@ihf{d(th%?ce“rﬁertﬂﬁakeé beth3pker r |

nmovenment of the lens Is Subtracted fromthe data of the second i mage in
order  to rotabherizontal daisdsi nto registration with the data of the first
i mage. The 90 translation is provided to cancel. the 90 clockw se nmovement

of the v
= T -
pean |

10 We can calculate the values of radius and angle for each point in a
| data set. This amounts to a transformation from rectangular to polar
coordinates: (u, v}, > (R, ), 1<i<n.
"It is not a good practice to estimate parameter values from individual

data points, such as the location of extreme values. Such estimates are

15 vulnerable to noise and data outliers. An estimate should make use of all of
the infomiaﬁob available from the full set of data points. Thus, we will
proceed to develop some analytical tools to use all of the values.

It can be shown from Equation E2 that u? + v = x*+ y* where (X, y)

would be the point corresponding to (u, v) on an eliipse with major axis in the

20 horizontal direction. From Equation E1 we then see that

- R? =a’cos O+b*sin%0

By substituting the trigonometric identities

11

20
cos 9-2+zcos29

11
s 2
sin 9—2 2cos29

- we can write the above as



5 second image with respect to the first inmage. The transforned
S-matrix 84 of the second image is then conpared with the S-matrix 75 of
the first iwedenkmzproduce a resultant S-matrix image 91 t haRCTE$982234 only
the brightest pixels of the two matrices 42 and 84. Thus, when the dark
cell 81 of the matrix 75 for the first image is 10 conpared to the
correspondi ng bright blank cell of the transfornmed matrix 84, the bright

bl ank cell of the transfornmed matrixg?$ptopi’edbt hrough to the resultant
cell 80 of the S-matrix 91. Likepese. the dark cglh 82 of the transforned
matrix 84 is conpared with the coOrrespandi ng dright blank cell of the

matrix 75 and the bright. blank cell of the patrixs;7#5-i-s copi.ed, to Il 86
of 15 resul Biﬂ? inﬁigatawngl.them%erasréw%e* éé Ppddng ﬁﬂf)ﬂli'g"q%dt ﬁ%

‘'scratch on the_cuvet ' ref | ' ¥

I gnor ed becau¥3"?‘f°'ﬁ%€§égpéﬁmgtb%v@{@od#ﬂgs ﬁgﬁgmﬁﬂgmyg@%%tggﬁ E&ﬁgﬁrbe a
def ect of thef(é,%ﬂ.smb'réfsm,% défiife the iktergiddiatéparaniedsi or the dirt
particle 41 of the matrices 75 and 84 are conpared to their corresponding
bright blank cells 20 and the bright blank cells are copied to the
cell's 90 and 92 of the resultant S matriw?9h’® The dark spot of the
floating dirt particle 41 is therefore @eLimnated in the S-matrix 91. This
is carrect, becaus?ﬁth? floating particle 42 noved with respect to the |ens
and therefore is ndtd4@U8Bf%ect of the Iens.,Thg?only black spot that passes
to the resultant S-matrix 91 is the spot,25 39 that is’ a fixed
defect of the lens. This spot is copied™t© cell 94 of the matrix 91 because
the dark cell 77 of the matrix 75 of.- the first inmage matches the dark cell
96 at the same R, [err] position in the transformed $- natr . Figure 13
therefore denwhich soespond tathervearage ¥alue-and ﬁ‘é‘PEg‘dﬁrPf A, W knol

from the definition of R given in Equation E3 that we can calculate the values

of Rfor each data point (y; v). If we can use the values of R % to calculate

the values of the parameters C and M, then we can find a and b from

a=+ C+
b= C-M

The angle & corresponds.'to the phase angle of a sinusoid that is fitted

R

10

to a plot of the radius R, against angle 4 for the edge points that lie on or near
the elliptical contour of the contact lens. We note that the plot of R?vs pgoes
through two full cycles over the range -180< p<180°. Thus, we fit the data

15 with a curve of the form

Equation 5: f; =C1c0s2f; + Cosin2, +C3

where f,is a value that would be calculated by substituting 5 into the
equation. We want to choose the values of the coefficients so that the fit of f;

to the actual value p; =u’ +vis as close as possible.

20 If the values of the coefficients {C, C, C;} can be found from the data,
then the ellipse parameters can be found. The needed relationships can be
found by expressing Equation 5 in terms of a constant term and a single

sinusoid.



solution and scratches on the cuvette are elimnated in the automated 30
process of lens inspection. The resultant S-matrix contains only dark spots
t hat - cor r espryébdeaszdef ects of the lens. |f any such spots ar ®OTGEIBBESHn
t he WD 99/ 26052 43 PCT/ US98/ 22354
29 optical zone, they are detected as defects by analyzing tiled regions as
previously described. Ink Pattern Inspection The printed iris ink pattern

of the lens can be i nspect ed with a @ t of 5 C,data that) can easily be
gat hered once the ce {@‘ FE ouad_IhJsﬁ,z gegt is an
array of image bright'dess Val Gé i

ﬂl g a Ilrigs.,ettgzregula angle
intervals around the conpass of.- .end. The brY ght neks val des al ong each

radial line are stored in the S—rratrlx As expl ai ned previously, the

ghgﬁter;)édC?LgW%\ég@b%t%ttnn@he va u e%?ﬂ%lgfgﬁ%aﬂo otngtn;ngoradi us. The

iris portion of the S-matrix represents a picture of the brightness val ues
wi thin a regi on bounded by radii- r[errj=§/®@r] and angles [err] and
[err], but displayed on a rectangul ar Tow and Zolum format. In this
analysis r[err] and r[err] are respectively selected as the inner and outer
radius of the iris print zone. The angles [erF] 15 and [err] are

sel ected to cover the entire circle frgmO0 to 360 degrees. This description

of the S-matrix assunes that the radfe® VpWs a
1 2

C,

,/C,z +C2

5 sin2y=

Then

f, =4eos[2( B, -7 )]+,

We can now relate the parameters of this equation to those of the plot of
radius R, against angle . The amplitude A corresponds to the amplitude M,

10 and C, corresponds to C of Equation 4. Furthermore, v is the angle at which
the function reaches its méxfmum amplitude, and therefore is equal to the
angle of rotation, ¢. That means we can calculate all of the parameters {a, b,
¢} 1f we can find the values of {C,, C, C,}. Explicitly,

Equation 6: a=\/_ C,+JC2+C?
15 b=y C,—/CZ+C2

1 C,

o
2% ¢

Now, all we have to do is determine how to calculate those coefficients from
the data. "



circular path centered on the lens center. A nore sophisticated version of
the algorithmcan use an elliptical or polynom al generated paththat
nodel-s the $hgbhepsz the lens. 20 The size of thecBAsas2assd s
MKN, where Mi1s the nunber of points takepgal ong a path of constant angle
and N is the nunber of angles. Experinentation can be done wth the best
size for S. The trade-off is between nore detail and nore processing tine.
Since the purpose ieliagin b chitUidting (f @ b eath poiatiu,iv) inltheidata pet.t er n,
it is not necessary to use a larg g nber of points in S. The
best size to ugmwiag ,B,mtdaat:brpmntBWeenqm calcwlatqd; |nAtermamgéhe>coafﬂmﬂn%s| S

reproduced in Flgure 14. This | ens s, a nuynber of P % % aps in the
printed area Theretore.df we kpewsthe eaetiigientyalues wekay G?rqﬁg li‘?l% Bttern is

accept abl e. :}’83‘8%{'?% méd%‘?ahﬁ'iﬁe%i)s%@wcﬁtéS has a I ar ge unprinted region

93 running th rinted area. ens 30 shoul d clearly be
rejected. Figure 16 shoms an S-matrix gathered fromthe lens of Figure 14
usi ng 600 angl es (about every 0.6 degre and 13Q radi al WO 99/ 26052

PCT/ 8598/ 22354 30 steps. Oearly the& Pnfpppatifn) for print zone quality is
preserved in this S- matrix. The contrast between the bright areas and the
ink pattern can be enhanced by a standard contrast enhancenent procedure.

Thi's procedure To find the best values for the coefficients, we set

— 1<7<3

This is equivaient to

] g

—2§(p,. ~1, )20"7:0’ 1<j<3

10 This leads to three equations in three unknowns.

An Ap Ap(G |B
A1 Ay Ap|Cr=|B;
Az Az Ap|Cy |B;

o

" AII of the terms in the A and B matrices can be calculated from the
observed data. The values of the coefficients {C, C, C;} can then be found
by solving this set of equations. The matrix elements are obtained from the

15 ~ data points by the following computations:

A4,=4 —ZcosZ,B

el

Ap =45, —ZSanﬂ

i=}

A, =n



5 consi sts of applying a point function u=f(s) to each el enent "s"
of the array 'in such a way that the gray |levels are spread nore evenly over
the total rwogenreds2bri ght ness. val ues. However, this process PEKE$98223p4
~with at least one nultiplication per el em8ht of the S-matrix, and does not
acconplish anything useful toward the goal of detecting bright areas. Such
a process is useful to 10 match the image of S with a detector such
as the human visual system but is ngot u fub:%p an automat ed detection
process where one can tailor the deté@tﬁnd?B t'he i nage. |nstead, we use a
process of threshold detection as descri bed bel ow. Threshold detection can
be used to differentiate pixels that have bright 15 val ues from
others that do not. Let a threshaold funcg on Eeigg%jned by u=f(s), where
[err] As a matter of inplenentat#@n?Abhﬁ 1P8<Ps scaled so that 0 is

t he 20 m ni mum (bl ack) and 1 is the maxi mum (white). Applying the
threshold function to S will produce a new array, say U, in which all of
the values are either 0 or 1. Aregion of, S %hat has a | arge nunber of
bright areas will appear in U as a CAqu_s“b 2¢hes. The U-matrix for the
S-matrix of Figure 16 is shown in Figure%' 17-20 for different threshold
settings. Figure 17 shows a U 25 matrix constructed with T=235 on
a brightness scale of (0,255). Figure 18 shows a U-matri x constructed with
T=215. Figure 19 shows a U-nmatrix constBuePe®, with T=200 and Fi gure 20
shows a U-matrix constructed with T=150. Tht choice of the threshold is

i nportant, but not particularly sensitive.

5 B, =.p,cos2 B,
§=1

B, =3 p;sin2 B,

i=]

The functions cos2 4 and sin24, can be computed directly from the

coordinate values of the data points without first calculating the angles. This

is based on the fact that
U;
10 cosfl; =————
u? +v?
Ve v,_
" sinf; =

1’uf+vf
The double angle formulas then give us

2

u; —v;
cos2 f; =cos’ f; ~sin® §, =———
u; +v;

. . 2u;v;

sin2f; =2sinficosf; =———5

uj +vj

15 If we define a pair of parameters



30 It should be between the highest gray |level of a printed pixel
and the brightness value of an unprinted pixel. There is a’ range of val ues
t hat- can beyo 99A¥esP9/ 26052 PCT/US98/22354
-PCT/ US98/ 22354 31 used for the threshold 46 Wth reference to the
brightness S-matrix histogramof Fig. 21, we see that the threshold could
be anywhere in the range 200 to 235. Note that using a | ow val ue of T=150
drops out all but the darkest regions, aSuﬁ-hv“fvm in Fig. 20. This is useful
for an operation that searches for 5 gi‘u_':{'ﬁe logo in the print pattern,
but it would not be useful in searching for daps in printing. The val ue of
T can be set autonmatically in an operational system by neasuri-ng the
average brightness over the optical zone Rafvseveral |enses in sequence. If
you set the threshold just on the curr;;n_l_]ins_, then a cloudy OZ may | ead
to a value that is toolowfor T. T shduI@Ithezset to be about 20 10
brightness steps |ower than the average. As an exanpl é, the average
brightness in the center zone of the Ilens could be 242, which would pl ace a
threshol d at gh altef the éduations fontheaniatrixcdlempmts carh beeexpmsesadﬁmpiwm
printing will be lower than T and will appear black in the U-matrix.

Aut omat i ¢ set termg efithese parargeieiended for robust operation. 15

The range of possible threshold values can be verified by exam ning the
bri ghtness histogram an exanple of which is shown in Fig. 21. The printed
and wnprinted pixels are clearly sepgfated, g, two brightness regions

10 Ay = h?

B, =208

i=]

By=2.p;h,

i=]
Finally, the solutions for the unknown coefficients can be found by

15 C=A"B



on either side of the mninumat approximately 215. W can conduct a search
for bright areas by summ ng over a 20 rectangul ar region-that i

st épped oveWAMWR682r ay U. One woul d expect the sumto be |ar §ETN§9B'??36§t
areas and small in other areas. The size & the bl ock shoul d be
approximately the size of the smallest bright area in a printed zone that

ul d | ead ' lon. Th ' ' de-off b ffi.cCi
and the need to be e Ba NGNS FeuwElEs b Arale s fe Caliaied fords

Let ADb L X ' lickme f th alues of Uwthin the
e e a maghd éoéﬁcl&ﬂt%ﬁ%éﬂ%;q&%gﬁhgﬁo%m 0 e val ues wihi

bl ock | ocated at position wi I'T have a | arge val ue when the
bl ock is over a bright area and a small val ue-when-it-is over a dark area.
A surface plot of Ahecellipseredge fittingeprotedoresdoes dobresuirp the points ondthen each
direction has a peak at colum 21 and row 6. The, corresponding U matri x

W th the bl oot the 12ns 1 b Rastpcip ATy Sarewer Otdgh gihe BRREM heseitie 22,
g"r’tez g hat V\H‘e g%égg? 3K WePd $a NS SHding dideilarth’san! dil BGs®d! fthed

PCT/ US98/ 22354 aRRsFofdg; &5 p)Brenaicidatedgoreatly pbint ihthes $étcahdthen e of a
bright area usi ngi a search box of 30x30 and 60x30. It is remarkable that

the same regi d&sylts arecearabined gacarding tothe above pguationsite finditheh box. we

want to accep rinting gaps because they are part of the pattern
desi gn. Hence,%’a}%ﬁggqrg'e of 5 t he inspection box nust be__

subst anti al | y Syxtemy Flowr Chatted0.

10 As discussed with respect to FIG. 1, a computer 64 operates _
apparatus that obtains the iméges of the cuvettes passing on the star-wheel 1
and analyzes the images to detect lens defects that will result in rejection of
the lens in manufécturing. The computer operates with a prbgram thatis
described hereafter with flow charts. This computer program is preferably

15 written in the C™ programming language. The program steps required to
implement the functions described in the fiow charts will be apparent to
programmers of ordinary skill.

" FIG. 31 s a flow chart of the functional steps for obtaining images of
each contact lens as it moves around a star-wheel in the manufacturing

20 " process. As shown in block 85, moisture on the bottom of the cuvette is dried
by a jet of air when the cuvette moves to a start position 29 as shown in
FIG 1. The star-wheel 1 is then moved forward one position so that the

' cuV//ette moves to the first camera position 11 and a first image is taken of the
contact lens in solution in the cuvette. Thereafter, moisture at the bottom of

25 the next cuvette is dried at the start position 29, the star-wheel is moved
forward one poéition and the cuvette that was at the first position moves to
the second position and is rotated by the tape 45 as it moves to the second
position. A first image is then taken of the cuvette that is now positioned at
the first camera position 11.

30 - As shown in the flow chart, the described operation continues until a
count of ten, at which time the cuvette which had its image taken at the

beginning has moved to the second camera position 13 shown in Fig. 1. As



To l ook for larger problenms in the print area it is necessary to increase
the size-of the inspection box. An exanple is shown in Fig. 25. Here we see
t hat "an i nswexoress2box of size 100x100 fits within the unpriPCPUS2¥23354 Thi s
provi des an indication of the size to be @g8osen for the inspection box. 10
The anal ysis program has the follow ng conponents: 1. Sel ect the rows of
the SSmatrix that correspond to the printed area. The selected rows should
cover the pri shewnatdwxfit ohbig. gil cthegeadnd ¢ameyattakes a smwdmgeuczfahezone
and outside the uct .a matr

P oL L o cnBhe M P RbRbpodion, 137 Therpatiar, fie st 800 sepand JuAges ot

bri-ghtness st I ViR fg&t‘ S f QO 3.

Scan t he Um?ﬁ%%%%%sﬁé@??%@h 0X ﬁ‘tﬁ'ﬁ re:éhégfe B%Weéls’% tsisze as the
~gaps in the pprograch anda pdusﬁfaudetamnamm mganade fordfie lens. The lens isthen
Reject the lens if any of th ‘boxes have a sumthat is g reater than an

accef® abl e t hfaRved 19 Pass ar fajl cepveyers dependingspgivine e oftBesi ze of the
dotorm ne t naCofELpTIGEE afkivd® ThE H0BEsS bonilits L ANEMeY P ooftapt,

The Iogo I S ujsrbeRyaremovehamundtheaitar-wheel. t he Iens orientation. If the
logo is msprinted to the extent that it cannot be read or is badly

m sl ocated then it Thegroness iscefiastivedecaune twoimage statiansmliow aorpiumqu,%
printed logo is an indicati n to he cuséorrer of a oortéu\gﬁ trolled

producti on” pr G Preivglics ph the sk C¢le s BUPEPT p WERp,

t hesm the first and second image positions was defined as ten in order to allow
sufficient tiie for the fotati'onéf movement of the cuvette, lens and solution to
stop before the second image is taken. The system is not limited to any
particular number of optical inspection stations or lens positions between
optical inspection stations. Indeed, a single optical inspection station couid

15 be used to take both the first and second images for each cuvette. In this
case, there would need to be a time delay between the first and second
images in order to allow the motion of the solution and lens to stop before the
second image is taken. Itis preferred to use two spaced optical inspection
stations in order to provide conﬁnuallyﬂ moving cuvettes and thereby increase

20 the throughput of the éystem.

| FIG. 32 illustrates a flow chart of program functions that combine the
first and second images of a cuvette and lens to provide a resuitant image
. thatexcludes artifacts produced by contaminants in the lens solution and
scratches or marks on the cuvette. With reference to the box 98 of FIG. 32,

25 . the first and second images are accessed for each cuvette discussed with
respect to FIG. 31. The light intensity information for these images is
thereafter normalized to compensate for variations in ambient light. The
center of each image is then located in a manner that will be described
hereafter and the light intensity data is represented in polar coordinates that

-30 are stored in a rectangular S-matrix. .
Although artifacts could be eliminated from the entire image of the

lens, the computatioﬁél effort is not necessarily required. in practice' it has



30 reasons it is necessary to inspect the logo and to determ ne that
It has acceptiable duality. WO 99/ 26052

PCT/ US98/ 2280493@5An exanple lens logo is nade of the initi a‘f"&”"\?\?“é”as“

of fset fromeach other. This is shown in ﬁ?g 26 where the | ogo on the | eft
Is froma clear lens and the one -on the right is froma lens with a colored

printed pattern necessary to be le to lo e | o
on either typ keep fqugﬁzth ?y sorXe areas o%elﬁﬂf&e @ﬂ%ﬁ ?cgrﬂg%teﬁﬁg%gbgﬁ&% 90
I nspection is tt{taeglg%mgh i d' ot GstebRy. It th'Ué%ﬁ fBaAd that £r8as Subhe/thet ure. |t
is not diffich 0 construct a process to locate a I’ﬁ?l on with a |arge

dark obj ect agpiicuitzone| tglot printesickiyandridgo icanite analyzed effectivaly by fisstal yze

the structure of the dark reglonto deter e that it is an_accept abl e
formfor the ﬁlﬂ'@t!‘at'SSn%'t‘%mA§§ evnAtLax Jh?&éﬁgraé‘?g" gPor requngﬁawn in

Fi guges 27(a) %ﬁ%@o?ﬁ}é corldPnadéio bé BLIdLRE ot iffihation bf Srtifts

caus I’ej ecti 8 I ne accept ecause t e wear er

coul d determ TRetdbeel9in tHis ateanaré tfransfohhed clorexample by the nsefof ameaffine
parts. One coul d set about creating a Io%o i nspection algorithmby 15
constructing mqﬁhmbsatttan%@gdpzregtst%’t etnixsls ofithgsecpndimage i t er s had

D | et o Aaek ARl Hils P kRS BT R B B poRaH o, !
the program compares each pair of pixels from the first and second i image
10 and generates a pixel of a resultant image that has the same intensity as the
brightest of the compared pixets. The resultant image therefore eliminates
any artifacts that changed position with respect to the lens. The moving
artifacts or defect features are eliminated from the resultant image. The
resultant image is then analyzed to detect defects.
16 FIG. 33 illustrates a flow chart of the computer functions that are used
to test the optical zone at the center of the lens. As shown at box 103, the
S-matrix for N tiled inspection regions is accessed for the optical zone. The
brightness deviation BD is calculated over each region. The brightness
deviation BD for each region is determined by the degree to which dark
20 features in the region vary from an average light intensity measured at the
| region. | |
.. .As shown at block 105, a high threshold T2 and a low threshold T‘l are
set in order to assign scores to the brightness deviation for each region.
Tttereafter, as shown at the decision box 107, the brightness deviation score
25 for each tile is set to 0 if the brightness deviation is less than or equal to T1. If
the brightness deviation for the tile is greater than T1 anct less than or equal
to T2, the deviation score is set to 2. If the brightness deviation is greater
than T2, the deviation score is set to 6. Scores are assigned for all of the
inspection regions in the optical zone and, as shown at box 109, the scores
30 are summed and the lens is rejected if the sum is greater than or equal to 5.
The lens passes the optical zone test if the sum of tile deviation scores is Iees
than 5.



woul d not pass inspection. The algorithmthat is described bel ow
essentially follows this process, but w thout enploying a general - -
recogni ti on wm@ed26020 ‘Because there are only two patt @CTIS9823354
eval uated, a relatively sinple structured gEonetrical approach can be used
effectively. The steps in the algorithmare . listed below Note that the
step of locating the Ilens and constructing the S-matrix will be done

el sewhere in an i ntid&G. addtiustraige the functippakprogrm steps that aie weed to or

conpl et eness. 25 sl : Locate t l ens ipn the i e

Conbt ruct & he A7 the irs ik paérn ol BRAE SertRie, e e, s 5Pyh FE BEXE g hehes s
threshold to t ; id SER a go -
pi xels fromt h%@g%r&%aﬁgﬁfg?ﬁﬁ? ie%qgrggﬁg&g# 1? ﬁg@sbasi sfﬁégﬁﬁgﬁf %gigls’éd)( The
t hreshol d can itig inlkdpatterad AlthreshaldI T is thenset tatwenty ibtighthess steps below the

system) 3. Locat e the colum range of U that contains the |ogo. This
cgr red pz_mds t AVErage hjohiness a the, pentes o the,priigal ZPBﬁ?ﬁ%%{[e”s- -GG 552

PCTI 5981 2235403 CaRDidtel Frdm he ftshlf Pahd SRtat®e! BB jighORtdisity valld O M

| -
a reduced matriXx € largest contl guous se re prxels
in A as the WgfeheiSimatiBalstsstadd dribcepied ad theWdmaaii i it i9 greéatepthdnmert

contains equal to T and is set to 0 and copied to the U-matrix if it is less than T. The

U-matrix therefore contains a relatively high contrast image of the ink pattern.

10 The threshold T is selected to enhance the features of the ink pattern for
inspection. | .

An inspection box is then defined with an area that corresponds to the

smallest clear gap in the ink pattern that would result in rejection of the lens.
An inspection box brightness threshold BT is then set. Thereafter the box is

15 scanned over the U-matrix and, if the sum of the brightness of the pixels
within the inspection box is greater than the brightness threshold BT, the lens
is rejected. If the sum of the brightness of the pixels within the inspection box
is equal to or less than the brightness threshold BT, the scanning of the box is
continued. If the box scans the entire U-matrix and finds no sum of

20 brightness pixels greater than the brightness threshold BT, the ink pattern test
for the lens is passed.

-+ - FIGS. 35a and 35b illustrate the functional program steps for analyzing
the characters of the logo that is printed on the contact lens. As shown at the
box 113 of FIG. 35a, the resultant S-matrix for the lens is accessed to provide

25 _ data from which artifacts have been removed. A very high contrast threshold
Tissetand a U-métrix is used in the previously described manner to provide
a very high contrast image that essentially shows only the dark logo printed
area of the lens. '
As shown at box 115 of FIG. 35a, the logo is analyzed to select as the
30 first character the largest contiguous set of dark pixels in the U-matrix. A box
B(1) is then dimensioned to enclose this character. Thereafter, successive

charac_ters of diminisﬁing size are selected and boxes containing these



5 W 5. Sel ect the second | argest contiguous set of
dark pixels i'n A as the J section.” Calculate the corners and center of a
box™ t hat coMEIYRS0L. 6. Eval uate the geonmetric rel ati onshi FETHESRESA by
the.Wand J 10 boxes ré@lative to acceptance
specifications. The geonetric. conparisons are based on five paraneters that

are conputed fromthe Wa J .box. coordinates: 1. Di, st apc et ween
center of wbska@%efé@fﬁe&%aﬁdy%ﬁﬁChﬂaé?féﬁ?a‘ﬁer#?%d?%&‘ﬁaﬁ MN < D <
DWMAX. 15 . ; ' ' | box.- Must
fall in the i HEEFIOF BWR%“N‘%%*@BS&W@%%%??@%% DWR

(hei ght) of W box. Adstiovimbtariing aha degistory box IMR\GIIFIS. BOE seleblRdAX. 4.

Angul ar di nensi on DJA (width) of J box. Must fall in the interval 20
DIAM N < DJIA geppmtrgcharactenstigs of earheharasietdex arechgsikedor The lens fails d

g i) B ey e R Bt iR o el IPHFGP™
i oo e A et ghomstle abeente o loid et U <
AW < AWVAX. FIG. 36 illustrates the functional steps required by the computer
program to detect defects on the edge or rim of the lens. As shown at box
119, the S-matrix for the first and second images is acceséed . The edge data
10 for each image is defined by a black horizontal line of the S-matrix. This edge
data is located in each S-matrix and the center of the lens is determined for
each image. The edge data may be located by first applying an ellipse
approximation and outlier data points may be eliminated as previously
described. Thereafter tenth order polynomials are defined to make a model
15 6f the rim of each image in four overlapping segments. A particular order of
polynomial and number of overlapping segments is not required. However,
the tenth order and four overlapping segments have been found adequate in
experimental tests. |
The polynofhial"edge model for each image is then compared to the
20 actual edge data and profile numbers are generated to indicate mismatches
between the model and rim data that could indicate a possible defect. The
locatiornis of the possible defects for the first and second images are then
compared to determine if a mismatch occurs in the same area of each image.
If a mismatch is in the same area, the apparent defect is counted and the
25 | location of mismatches, generation of profile numbers and comparison of
" apparent defects continues until all apparent defects have been found. If the
number of apparent defects exceeds a predetermined threshold, the lens is
rejected. The lens is passed if no defects or fewer defects than the
predetermined threshold are found.
30 Figure 37 illustrates the program functions that are required to focate
| the center and the edge or rim of the lens. As shown at the box 121, the light

intensity data from the charge coupled devices of the cameras are scanned



9. Area AJ = DJA X DJR of J box. Must fall in the interval AJIMN < 30
Al < AJMAX. 10. The center WC of the Wnust be within the radial" limts
for-the | ogwdoeaeszon. WCM N < WC < WCMVAX. . WO 99/ 26052 PCT/US98/22354
PCT/ US98/ 22354 35 These ten tests nust alls2be passed for the logo test to
be passed. Each test involves a pair of paranmeters that define the

endpoi nts of an acceptance interval. The twenty val ues determ ne the
accept ance cr fferegach lensdmagetat the top and botienr andleft and vghttiofipok forodarkof t he

I lett dthe 5 . . desired,] ti n.rhe | en Experi ence with
this i nspact | BE-oln-Scanning IWRA oM ihe Barkedag of temags, the prodram

I ns tion.sc _ | . 1Ak . | i .

SLarrsti ool GBfEbte fhen'tfie BAPinil/ of e imiGe dofe rBRPE nBIFIEhRE || |
JA, AW AJ, Wow intensityagThik shiags drgmineintensity lckates the edge obthectimonAgpr ocess

woul d provide an in-line 10 I ndj cation of problens in the printing
proc&ss and p&S3NMNY coRlipves inthegsame direction.gbe pregram detestethe sharp ns&  of

tol erance. Edge IR ot'h ﬁ@ﬁtg@ﬁﬁtﬂaih@ﬂj@% %FﬁgFarR%egaf@Q‘é‘ e darkest

conti nuous. Edge S inc e S, . ps an dhering forergn

matter. The nipplet ot ks detsvted d8ge of the leh8. Slaenimpoontihee Gritd sahat t hey
are al nost invisible except under high
horizontal line from the opposite edge of the lens and generates a point “b” in
the same fashion that is the darkest point at the opposite edge of the lens. A
10 . plurality of pairs of rim points are obtained in this fashion from the left and
~ right sides and top and bottom sides of the lens for both of the lens images 1
and 2. This process locates points on or adjacent to the rim of the lens. The
center of each a-b line is calculated to define a number of lines that pass
through the center of the lens. The location of the center of the lens is

16 estimated by averaging the intersection of these lines. This estimation may
be improved by eliminating outlier points, for example by polynomial or ellipse
edge modeling.

While it is preferred to prbgram the functions of the lens inspection
system in the C** language and in separate subroutines as illustrated to

20 facilitate changes and corrections, the scope of the invention is not limited to
any particular programming language or arrangement of subroutines. The
invention includes within its scope any programming language or '
arrangement of subroutines that could be used to achieve the functions and
features of the lens inspection system of the invention.

25 - The disclosed models of manufacturing equipment such as cameras,
strobes, cuvettes, diffusers and collimators could be changed without
departing from the invention. For example, cuvettes or other types of lens '
holders of different shape and with or without bottom lens surfaces could be
employed without departing from the invention. The invention is also not

30 limited to the use of adhesive tape to rotate cuvettes or lens holiders or to the
use of two cameras. One camera or more than two cameras could be used

to take two or more images of lenses. The system of the invention can also



magni fication. Figures 28(a)-(d) show exanpl es of edge defects on the rim
of the contact |ens that nust be detected and rejected. The automated

i nspecti on wowhesedge of the | ens requires extensive nodel i RET/USAY2238% e

i nspection relies on an analysis of profildd cuts across the 20 edge
i mge, which are constructed on the basis of a geonetric nodel of the edge.

The edge nodel can be either fromellipse paraneters or from ag1p | ynom al
fit of the edbe usedtednsprgdensasothaf fan sofheonactiepsess Forexa Pg?vehaé red.

The process of e i Nspect,| i S j LA r i 25
variations i ncPﬂé%g!%ﬁegéﬁ&a?gﬁ%ése%ge. h@h%%c?P m@gqsit% E{eeg;%g‘écg%s%gpggen
in. the S-matripe fiventidAwith onRithd\atsuspensiohl soliitigriszont al across the matrix.:
Figure 7 shows an exanple of such a profile 33. The profile of a snall

section of an S maffihexnuéntion maydheteforeothe emhandiedingethen specifia formsthan

def ect | h in Fi 30. Th (A t he | 33 30.,. '

deep 3 ong ¢ r oHass dediibeduitiontelenasthd it o s00h Pt pesaal PRABRISER ponds
to the darkestpagses@ht &MBobiments e dhkfétord, Yo Wetdishidrad inallyeépeds as VO

99/ 26052 PCT/ US98/ 22354 36 pl ot as

a bunp 96 on flhetratide apd ridteestriethedr. The i nspection al gorithm can detect
such a defect by finding short-range variations in the edge profile. An
i nspection process that can | ocate defects by analyzing the rim



S

profile in the S-matrix is outlined bel ow There are many possible
variations 5 in this process, and each variation has its own

adj ust ment ypadeRdgRher s Which can be set by a variety of neanBCTRISSIEES4
automatically or manually. 1.  Locate thg center of the |ens and construct
the inspection S-matrix. The radiral—profite rines nust extend across the

contain the ?J\‘f‘gc%ﬁ,m can vedond IMIISIIBAIAIT Vet ne™or om nence of e

dark band. 3. Use a conparison rfetrfictto"cohpare the value of a profile

in colum Kk W|th a nodel. The nodel be stati¢c or it e construct ed
by using a subset bf ttfenlﬁib@d @r@qtp@a,¥tﬁalﬂy1@sgect1rgg a plurapt?/yofl?ense -

matri x. This conparis ei ther sinple or conpl ex,_adjustingfor
changes in t €M r%@é?gﬁ??rif%ﬂ?z m ni mum ngnt and p?gfl |l e dept h for

exanpl e. The resu cplaém gRaeh I6RSRPS IGThelden set of one or “m
each colum that describe how well that edge profile conpa

20 5 4, takmgm:ﬁxselmageef paclt lenssinvilsdens hgldes} | on

makes t hem suspect I perform addi ti onal anal yS| s in the
regi on of the susd@@tm&r?ﬁ% 'Iégs%lalé'Conduct a matching edge anal ysis on

the second of a pah [mgda ¢econd image of each lens ih 8RS rotdRiPRns holderConpar e t he
| ocations of suspeC ge points e suspect points on the two inmages
do not match to wirebistedngesaem pixel of said second image with the corresponding

pixel of said first image;
10 comparing the pixels of at least a portlon of each first image and the .
registered pixels of the corresponding portion of said second image;
recoghizing as lens defects the defect features of said first image that
have corresponding defect features in the registered second image; and
rejecting as defective any of said Iehses that have a predetermined

15 " number of said recognized lens defects.

2. The method of Claim 1, wherein said step of recognizing
includes generating a resultant image with pi_x_els that each have the same

light intensity as the brighter of the two corresponding compared pixels.

3. The method of Claim 1, further including the step of obtaining
20 ' said first and second images with two spaced optical inspection stations, each
station using a strobe light to momentarily illuminate the lens and lens holder

and a digital camera to record an image of the lens and lens holder.

4, The method of Claim 1, further including the step of obtaining
_said first and second images with a single optical inspection station which:
25 uses a strobe light tq momentarily illuminate the lens and lens holder;
records the first image with a digital camera;
rotates the lens holder,;
uses the strobe light to momentarily illuminate the displaced lens and
lens holder; and

30 ' records the second image with the digital camera.

THIS SHEET HAS BEEN
REPLACED




tolerance in location, then assune that the effect was caused by a noving

(foreign) object. If the locations d onpare then 30 s -
assume t hat wiot99126052 de”“ Hmr' I %Eof the | ens. This insBEEYSeH22354

al gorithmcan be used lilk L system In that case it will detect
edge defects but is vulnerable to false rejection of WO 99/ 26052

PCT/ US98/ 22354 37 | enses due to foreign matter in the imge. It is . .
preferred to use tH-s al & methadpt &laimo!.ithehesinghuingt rref nomaligingc s

| mages, i1 DEatheo BREfrst anflSeBohlimaBet W EBATR RFRRNEES B, 0T

Edge defects ggbidat pgiited in a preferred enbodi ment by conparing-the -edge
data to a mat hemati cal nodel of the edge. A preferred nethod of edge
nodeling is to fit the data points in the polar coordinate representation

with polynonials afil t hethemethesof Glaimol viaheaincluding thenstepi of providing ao

basi h, be d ' J g . af

stch Sao- i qur SIS BpreERREoR Pt ¥ joBE AR o b Pl PRl ot ponci ng
to the angl e ijgéstinpdhe deMter ofl e RM 67 ddid imb§B85 Sard stbRbPoldncoordinate light
(180[err],270[err]), (270,360) then polynom al approximtions to p vS.

[err] can be defensitytath fosreaghdmagedniamS-riattixavherebrithediatads stered imo be
exactly as descri bed ?;re, nO{ even be ;;Pntigau&)us for this
columns of fixed angle and rows of fixed radius.

7. The method of Claim 1, further including the steps of:
10 defining a plurality of light sensing regions in the optical zbne of said
lens; _ |
determining the deviation in brightness across each of said regions;
assigning a number score to each region based upon the magnitude of
the deviation in brightness across the region; and
15 . rejecting the lens when the sum of the scores exceeds a predefined
threshold.

8. | The method of Claim 1, further including the steps of:
determining the light intensity of each pixel of a predefined portion of
each of said images; |

20 | o defining a light intensity threshold for enhancing the contrast of said

prg/deﬁned portion;

‘ setting pixels with light intensities equal to or above the threshold to “1”

and light intensities below the threshold to “0”; and

ahalyzing the resultant pixel values to detect areas of excessive
25 brightness.

0. The method of Claim 8, wherein said step for defining a light
- intensity threshold includes setting said threshold to be 20 brightness steps
- lower than the average brightness at the center of the optical zone of said

lens.



15 approach -to be used. One variation is to permt sone overlap in

the data sets, which Ll 4 ' pol ati on of values at the set

boundar i es.wdeér2dosr d Eﬂl ml|ﬁlﬂﬂmﬂHmed by S[err], 1 [err] BCIJGS98p2334
dalia e

where n is the nunber el s. t aspol ynom al f[err]([err]) be
defined on the points in Serr], such that the sumof the squared

di fferences 20 ) _ [err] is mnimzed. The
coefficients. of sut@. a poeynethod ofGlainh8, flstherdncluging isteptaion analy@indjdes. | f
t he pol ynom al s are .chosen to haye the sane degree.. p, then they can be
witten in thBr“Pf@F’n‘f'f@PP}’PaZ@rea of alens, tﬁegﬁ%@s\%ﬁﬁt he rimof the lens is
provi ded by this sgiLaatpol: ' ?,@ 4 kadi Srel 2ofrdspyhdihgd
for any angle. G vgﬁﬁﬁhggﬂu’éeg erftr) ,ﬁgﬁégse&?ﬁe rgglé?)na%?% Whr%hﬁit fgl | s.

Then cal cul at i éibe to Hsk smallestraleamgap rpsaig priated jris|thatwoald l1ead ¢o rejection  t he

angle falls near the boundary, calculate the radius at angles near the

boun8ary in t REtedPBPhi ng regi ons and 30 i nterpolate the radius.
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Care nust be takenSF3"0E s?f?e'nsgﬁ%%nmb% ogﬁ'b?éns%tf%r?;sgn ysl nt egélegi ons

for which theyanesgoraaid PrimtadlirisReanantial approxi mations are notoriously

I naccurate outside their region of definition. By allow ng overlap in
rejecting said lens if the sum of resultant pixel values within the '

inspection box is greater than a predefined inspection box threshold.

10 11.  The method of Claim 10, wherein said predefined inspection

box threshold is 80% of the size of the inspection box.

12. The method of Claim 8, further including steps for analyzing
printed characters on said lens, the steps including:
(@) defining said light intensity threshold for separating said
15 relatively dark printed characters from other dark patterns on said lens;
| (b)  forming a character matrix of said resultant pixel values for the
area of said printed characters; | |
(c) selecting the first character as the largest contiguous set of dark
| pixels in said character matrix; _
20 (d) calculating the corners and center of a box that contains said
first character;
S (e) selecting the next character as the next largest contiguous set
of dark pixels in said character matrix;
() calculating the corners and center of a box that contains said
25 next character; - _
(9) repeating sfeps (e) and (f) until all characters have been
selected; and
(h) evaluaﬁng at least one geometric characteristic of at least one
of said boxes relative to at least one acceptance specification to determine

30 whether the characters are acceptable.



the regions, it |s possible to reduce this edge effect. 5

Pol ynom.al . nbdel i ng has_an advant age over ellipse nodeling in
| enses thatwﬁﬁeﬂﬂlﬁhevviwlgll Iul ilL H s is the case, for ex%‘r:r'ﬁpﬁ;sqqgs"t he
I nspection of parti al B such cases the elliptical fit
may be poor and Iead to lens FEJECtIOH in the inspection process, mhereas
t he pol ynom al better a dapt to s othv I on
t he edge contour. t}ﬁe n RSéPe@Pdt%Tjﬁs‘e"Uﬁd“ﬁW"F'ﬂé BHFABYA %‘I’a‘% Ffé'ﬁds
upon the anou I58A48h 30 LENTRRE of BEIehst fydbhameRfitdies! he
data. -In genegH ﬁeosg@ s ﬁ%er!%t use Segree ?gher tt%Ytan about 1/3 of t he
dat.a. poi.nts..that are used i n cal cuI,_atl ng the coefficients. In practice, a
10t h order 15 14. poWy\eoneﬁiodﬁs()bﬂamZSMmeeisﬁaaid geonedric ahatacteyisticesser
.or greater degree polynom als coul d be After a nodel for the edge of
a lens has bediflddgsthewidth Ofﬁt 'P§%B§%PEP§ tRPXES- back and refine the edge
point data set. This can be done by cal cul ating the distance from each
point in the set t the ; ; O BhhRRIS R Nt S
t hat r5f all beyond aqspectr?ll qﬁgg{dgtgrﬂglgmﬂ'?%é re eﬁ'ge%f'dgtggﬁget ggn theh %
used to creat includesthestieight of atfleastorobsaid boxesf the nodel . The
refi nenent process is necessary in any environnment where artifacts are
likely. Artifacts have many causes, i ncluding scratches on the cuvette and

dirt in the cuvettd6s| uilie mathed of Claimt e'r'i‘of’ta"il grenedric gharactenstic
ot nemont ot Sib8es 8 SR B o FEIRELAREShd AR AT et SHEYE ol Boxes

used with either the elliptical or polynom al nethods, and, indeed, with
any 17. The method of Claim 12, wherein said geometric characteristic

10 includes the area of at least one of said boxes.

18. The method of Claim 12, wherein said geometric characteristic

includes the location of the center of at least one of said boxes.

19. The method of Claim 1, further including the steps of:
generating a mathematical model of the edge of said lens; |
15 comparmg the measured hght intensities of the pixels adjacent to the
edge of said first and second i images to the light intensities of said model at
predefined angles around the edges of the images;
generating an edge profile number for each such angular edge
comparison that is representative of how well the measured edge proﬁle of
20 . the' image compares to the model;
locating the points on the edge profiles for the first and second images
that have numbers representative of a mismatch; and
rejecting the lens if a predefined number of mismatches for the first

image correspond in position to mismatches for the second image.

25 20.  The method of Claim 19, wherein said step of generating

includes generating a polynomial model of the edge of the lens.

21.  The method of Claim 19, wherein said step of generating
includes generating an ellipse mode! of the edge of the lens.



ot her nodeling approach. Once a rimnodel is available it can be used to

| ocat e nodel

poi nt s—at—36 any—angl e around the center. The

ef fici encng.,hzhﬁgzpro iie i nproved by using a PODNSERR2850I e.
The | ook-up table is Qmmmﬁﬂm H nd gghen used for all future
e

cal cul ati ons.

PCT/ US98/ 22354 39 tabl e,

If a val we ¢s inead t is not in the WO 99/ 26052

syst em has been i npl en@®. ed Auniethad forcutomaticsllyinspedtirg aigns, somprising
degree angles around the |lens edge. The radius at any other point is
i Nt er pol at ed theestapssef: Edge Fitting 5 Al t hough pol ynoni al

fitting is preferrggd.: [ !?gq.l del the edge.
Al ternatively, el |p|?%%'ﬁ‘§§|‘ féré&é@ﬁ?%%?gs%be@% ﬁae as é{ﬁeﬁii tial
approxi nmation to rghgining 4 firAtivag8ofsarklens; the rimdata of the I|ens.

pol ynom al is thereafter used to nodel

it can be interpolated fromthe nearest table. The

edge

A

the data. An ellipse represeptation

of tHe circul ar | aneving saisbiens, selbtior andilens peler wathdespae 19 ANe-aNRIREN of

the 10

| e e appes SEHe _
Voreover, the | entiEpnEelERsA 5C8hd s SEptBIREL Decause of
variations in the_dﬁ?ﬁb{irﬁg Hi]g(gpgof%raﬁu:ﬁu%f imZ&lé t@eeﬁeéwlsﬁiﬁ@ régisteréd pirels

provides a set points t

approximately on the |l ens edge. A vari

of practical dfisaid s¢canbimage;landi nagi ng and

10

15

20

25

30

recognizing a lens defect only if a plurality of pixels of said first image
and the corresponding plurality of registered pixels of said second image are
both dark.

23. A method for automatically inspecting a lens, comprising the
steps of:

placing a lens in solution in a lens holder;

taking a first image of said lens in said holder;

rotating said holder, lens and said solution;

taking a second image of said lens in said holder;

comparing portions of said first image and corresponding registered
portions of said second image; and

providing a resultant image that eliminates differences between said

first and second images.

< -

24. A method for automatically inspecting at least one iens,
comprising the steps of:

(@) placing alens in _solut_ion in a lens holder;

(b) taking a first image of said lens in said holder;

_ (c). moving said holder, iens and said solution;

(d) taking an additional image of said lens in said holder after said
movement has stopped;
(e) repeating steps (c) and (d) to take a predetermined number of

additional images of gaid lens in said holder;

ety



15 edgef i ndi ng process will j I ;I ﬂ ﬂﬂllmatlon in the |ocation
of the edge points.- Furthernore, be found that are -

not- even newo Y9ms0s2dge. The edge m)del ing al gorithm nust deaPCRUS98/22354¢ he

randommess of the edge data and still prodbge a good representation of the
boundary. An ellipse nodel should allow for a reasonable variation in
I mgi ng and the 20 ~manufacturing process and should provide a good,

conmpact, paranetri c(fhodetomparirg bt least aporiien oésaidifisstdmagef with par anet er s,
nanely, the cent er coot di nat er.r ] t t.hs _of the,mjor
and m nor axesCOTEESPRRANG ?fﬁg’% ESP&PFEG% S?HQ ?\‘&F‘B’?aﬂ%a?eﬁraﬂqthe
hori zontal axis Si ralLies QT BPESid first at the-
origin of the coorgﬁgat [e%lg? !t;"em aﬁ%' sg@erfgctosrthgxdls |se|é§ﬁ?1€| %OI’I zontal
direction. A pmage that haye cnrrébpomd:hg@ed:tafeahmesm het regisiéredsadditionalr e

rel ated by x=acos[err] y=bsinferr] where [err] is an angul ar paranmeter. The

di st ahce from @enter to the point 30 (x, y) is given by the
Eucl i dean di stance fornula Equation ELIL: [err] WO 99/ 26052

PCT/ US98/ 22354 40 agel t g AOMbA tbPabtofndidiy iHEPBCkiG Y cdrfprivihgtfet he

center makes with t
steps of:

placing the lens in solution in a lens holder;
taking a first image of said lens in saig holder;
10 rotating said holder, lens and said solution;
| taking a second image of said lens in said holder;
| comparing the light intensity of pixels of at least one portion of said first
image with the light inte‘nsity' of pixels of a corresponding portion of said
second image; and
15 providing a resultant image with pixels that each have the same light

intensity as the brighter of the corresponding pair of compared pixels.

26. A .meth'od for automatically inspecting a lens, comprising the
steps of: | |
placing a lens in solution in a lens holder;
20 taking a first image of the lens in its lens holder;
o br,oviding relative movement between the lens and its lens holder;
" taking a éecond image of the lens and its lens holder;
registering each pixel of said second image with the corresponding |
pixel of said first image;
25 _ combaring' the pixels of at least a portion of the first image and the
' registered pixels of the corresponding portion of said second image; and
recognizing as lens defects the defect features of said first image that

have corresponding defect features in the registered second image.

—
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horizontal axis is [err] The angle a equals the angular paraneter [err]

only when the mgjor a axes have the same’length. Any
geonetri c fWQ9s/@6052N E’Hﬂ ﬂﬂ ’“ he origin of the coorRGTUESW223M4t em
by a coordinate trans oty ct 60we | eave the figure still and
rotate the axes of the coordinate system Let (x, y) be the location of a

point P in one coordinate system and v) be the_location of the sane
point Pin 10 27.  hdhedbathed aof "’muzsLM"ef?i@ seighstepnfdepRaniziogst ens

have t he same; ki §d hen t he
coor di nat es o rﬂ@‘%gr?nq%%mo& é&g#@@aﬁrﬁé@g@%ﬂﬁ g% %yyth%%%%gbgﬁﬁéé? err|
Equation E2: ‘lightintensity rab*thémbhtér]oﬁh@t\ﬁé@ﬂbéb@ﬁdﬁﬁglc@i“hp‘a?éd expressed
in mtrix formas 15 [err] The origin of an
el lipse can be shifted-sinply by adding the shift value to each coordinate.

The equation of a R8t at d@edneihedeofCaim 28, furtherjireluding dhe stgp of ebtainingr r

Faeo8t or 1] ot npaArspaNd BN bldH itk FbRPRbed opcelinsRestion At e ha
the center of stdmnfusmg & shdbelRfftchomentarily ilGRirkie e leh8 iRMhaEE End

al gorithm and that I's only necessary to find values for the three
paraneters {a@ d:lgltqlaan}Qra to necar sy imapelat the lens andtlens hpldent s (u[err]
vierr]), 1 [err] i [err] n. Mst of these wll

29.  The method of Claim 26, further including the step of obtaining
said first and second images wlth a single optical inspection station which:
10 momentarily illuminates the lens and holder:
records the first image with a digital camera;
rotates the holder;
momentarily illuminates the displaced lens and holder; and

records the second image with the digital camera.

15 30. The method of Claim 26, further including the step of
normalizing the light intensity of said first and secondimages to correct for
variations in ambient light.

31.  The method of Claim 26, further including the step of providing a
digital representation of the light intensity at each pixel of said images,
20 Iocatmg the center of each of said images, and storing polar coordinate light
. mtens;ty data for each image in an S-matrix wherein the data is stored in

columns of fixed angle and rows of fixed radius.

32.  The method of Claim 26, further including the steps of:
defining a plurality of light sensing regions in the optical zone of said
25 lens; '
determining the deviation in brightness across each of said regions;
assigning a number score to each region based upon the magnitude of
the deviation in brightness across the region; and
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fall on or near the edge of the lens, but some will fall far fromthe edge.
Qur goal is to fit ‘an elripse to the ovbserved data using the 8ood oints
and 25 = WO 9985053 naﬂlm”u“mnrﬂlll points that are not oRCTMSRERF we
must find the major an IE th®$land the angle of rotation. The
usual nethod for deterninihg ‘paMamétrfc values fromdata is statistical

o oorosoms MM Seikaing the lers when the Sum 6f the sbores dxcasdsa pgoBeas 41
nonl i near fas%%rghbmthe set of points (u[err], v[err]), 1 [err] i [err] n.
The paraneter 'val'ues nust be determned in a real-tine production process
under difficult-time--constraints. It is therefore necessary to consider
transformati ons of 3%e Rheinethduhof Gldiin 28, fplthéyintheirgsthenstepsofpr ocess. 5
The di stance of a point (u, v) on an ellipse to the origip s g;ven b

Equati on E3: determining] taerlightintensityl @f earkt Pixel OfRPIRAGANERAPYBPROT o
t he nter makes,W,tnh. .zontal axis is [err] 10 W can
calcul ate the%&fssgb# nﬁ%@éz‘{)s and angle for each point in a data set. This

amounts to a transfqufimg 8MNight PRASHY tARSHoR for @nb@haingethersbnteisesf saidl er ] ,
vierr],), [err] (Rerr], _[e?r]), 1ﬁ?err] I [err] n. Intgc"?s not agogdI :

practice to egredefirechpordiont er val ues from i ndi vi dual

setting pixels with light intensities equal to or above the threshold to “1”
and light intensities below the threshold to “0%; and '
10 analyzing the resultant pixel values to detect areas of excessive

brightness.

34. The method of Claim 33, wherein said step for defining a light
intensity threshold includes setting said threshold to be 20 brightness steps
lower than the average brightness at the center of the optical zone of said

15 lens.

35. The method of Claim 33, further including steps for analyzing a
printed iris annular area of a lens, the steps including:
defining an inspection box having a cross-sectional area corresponding
in size to the smallest clear gap in said printed iris that would lead to rejection
20 of the lens;
-, scanning said inspection box over a matrix of said resultant pixel
\iaiues for said printed iris area; and
rejecting said lens if the sum of re;ultant pixel values within the
inspection box is greater than a predefined inspection box threshold.

25 36. The method of Claim 35, wherein said predefined inspection

box threshold is 80% of thé size of the inspection box.

37. The method of Claim 33, further including steps for analyzing

printed characters on said lens, the steps including:




data points, such as the |ocation of extreme values. Such estinmates are 15
vul nerabl e to noi se"and data outtiers.—An estimate shoul d rrake use of all
of ‘the inf owmmbjzmzavai Im”ﬂ! rl ull set of data poi ntECT/ATasR2354e

wi |l proceed to devel ;ll " Iﬂ”mllﬁ“l tgals to use all of the values. It
can be shown from Equati orf E2 tMatSu[®err] + v[err] = x[err] + y[err] where

(X, y) would be the point corresponding to (u, v) on an ellipse wth major
axis in-the 20- (a) definingrsaid lightrintenisiiy thriesboldHquseparatiag said t hen see

t hat = . A b ' B bstituti .
) el 2Bk SO Ak G e DYoo i 2605
T USS0) 22354 42 (6 1] i AU ik of B3KelR sl e i | and

t he anplitude of t ant 1n erm ni ng

the val ue of thea phsaidgirinted Chatartersher efore; we define the internediate
paraneters [err] 5 . E%]uation 4: which correspond to the average
val u® and the anpl {®ude selectipg the firshsharasien asthe: InEgesd cORtIgGUQHS st ot darlsen

i n Equati on EBD}eIi?fn ggd%ﬂﬁrﬁéﬁ%ﬁ&? t he val ues

(d) calculating the corners and center of a box that contains said

first character; _
(e) selecting the next character as the next largest contiguous set
10 of dark pixels in said character matrix;
| ® calculating the cémers and center of a box that contains said
next character; |
(g) repeating steps (e) and (f) until all characters have been
selected; and
15 (h) evaluating at least one gebmétﬁc characteristic of at least one
of said boxes relative to at least one acceptance specification to determine

whether the characters are acceptable.

38. The method of Claim 37, wherein said geometric characteristic

includes the distance between the centers of at least two character boxes.

20 | 39. - The method of Claim 37, wherein said geometric characteristic
includes the width of at least one of said boxes.

R

40. The method of Claim 37, wherein said geometric characteristic
includes the height of at least one of said boxes.

41.  The method of Claim 37, wherein said geometric characteristic |

25 includes the aspect ratio of the height and width of at least one of said boxes.

42. The method of Claim 37, wherein said geometric characteristic

includes the area of at least one of said boxes.

43. The method of Claim 37, wherein said geometric characteristic

includes the location of the center of at least one of said boxes.



of R[err] for each data point (u[err], v[err]). If we can use the values of
Rl err] to cal'cul at éthevaluesof—the paraneters C and M then we can find

a and b fr owo0199/26052 - [err] ThECAALO823364 r ]
corresponds to the phalsl“l““ﬂ'"e"l"‘"lll“sl“l'uscﬂaj that is fitted to a plot of
the radius Rl err] against @andl e®[efr]*for the edge points.that lie on or
near the elliptical contour of the contact |ens. W note that the pl ot of

Rlerr] vs [err] godd-.t hriqiymethes efClaim28, durtherincluding thegteps of:

- 180 180[ e Thu t he th curve of the form
oot o gooter T gENRatina HolyronfiafiAbAe! 8t the edpe Ay ® ot 4o
cal cul ated by SUbStdoFﬁﬁdrﬂ@ the'rhéasured Ifg'ﬂ?lrﬂéh@ﬁlé@ﬂf th\éep%@!&tadjﬁcélji’cqe%ﬁet he

val ues of the coefficients so that the™fit of f[err] to the actual value p
[err] =u [errpdge[afrsajd fisst anddeconddmages ¢o kheligifdntensities of said mddei la¢

fat a5 then t nereremmscbanaips pEGid hetans obiRdmagks: needed rel ati onshi ps
can be found by expjepistatih &6 uAbbHhofie! ki or hoft shERShgllar'digy and a

si ngl e sinusoi d.

PCT/ US98/ 22354o#ipdrison]thahisseprssentativet ofi iive well thephédsured sageeprbiilenfoy
defi i
ertning [err]the image compares to the model;

locating the points on the edge profiles for the first and second images
10 that have numbers representaftive of a mismatch; and
rejecting the lens if a predefined number of mismatches for the first

image correspond:in position to mismatches for the second image.

45. A method for automatically inspecting a plurality of lenses,
comprising the steps of:

15 obtaining at least one image of each lens;

generating a polynomial model of the edge of said lens;
| comparing the measured light intensitie_s of the pixels adjacent to the
edge of each of said images to the light intensities of said model at
predefined angles around the edges of the image;

20 generating an edge profile number for each such angle edge
comparison that is representative of how well the measured edge profile of
tli.é/irﬁage compares to the model;

' locating the points on the edge profile for the image that have numbers
representative of a mismatch; and

25 rejet:ting_the lens if the mismatches exceed a predefined number of

mismatches.

46. The method of Claim 45, further including the steps of;

defining a plurality of light sensing regions in the optical zone of said
lens;

_ 30 determining the deviation in brightness across each of said regions;
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Then [err] W can now relate the parameters of this equation to those of

the plot of radius Rferrl—agatnst—angte [err]. The anplitude A corresponds
to ‘the anplwbuwdesosh 1 ds to C of Equation Zec¥usdsize3saor e,
[err] is the angle at (N“'m "ﬁ?lml |||1M“Bn pgaches its maxi num anplitude, and
therefore is equal to thectangl etofsSrotation, [err]. That neans we can
calculate all of the paraneters {a, b, [err] if we can find the values of {
Clerr], derr], ( assighing Emprﬁba'rtslcpre eoeach egidn based upen the piagnitude of
[err] [err] do is tern ne hgwto cal cul ate those

NﬁTw, al | .vve.hsve

coefficients MoAeYiRtionin nghtnegﬁ)aggqsg §Jjegion, an

PCT/ US98/ 22354 44 i nt
. | \riét Wlat ) set novm R EQ‘PJ(I%]‘ éior[a@rerxhéeaé’é &éﬂ@ﬁr@%}

(u[err], v[err]) at eac
cal cul ate f[ ethresholdt erns of the coefficients. Therefore, if we knew the
~coefficient values we could calculate the error between the nodel and the
Obse%\/ed- data. [ert ]7 The method of Claim 45, further including the steps of:
determining the light intensity of each pixel of a predefined portion of
each of said images; _
defining a light intensity threshold for enhancing the contrast of said
predefined portion; - | o
10 setting pixels with light intensities équa! to or above the threshoid to “1”
and light intensities below the threshold to “0”; and
analyzing the resultant pixel values to detect areas of ekcessive

brightness.'

48. The method of Claim 47, wherein said step of defining a light
15 intensity threshold includes setting said threshold to be 20 brightness steps
lower than the average brightness at the center of the optical zone of said

lens.

49.  The method of Claim 47, further including steps for analyzing a
printed iris annular area of a lens, the steps including: |
20 . defining an inspection box having a cross-sectional area corresponding
in.size to the smallest clear gap in said printed iris that would lead to rejection
" ofthe iens: | |
scanning said inspection box over a matrix of said resultant pixel
values for said printed iris area; and
25 - rejecting said lens if the sum of resultant pixel values within the
inspection box is greater than a predefined inspection box threshold.

50. The method of Claim 49, wherein said predefined inspection
box threshold is 80% of the size of the inspection box.



To find the best val ues for the coefficients, we set [err] This is
equivalent to [err] Thi s Ieads to three equations in three

unknowns. [worger260sk a““mum!mummm A and B matrices canPow/usas/zassat ed
fromthe observed dat he gmefficients { (err], Cerr],
Cerr]} can then be fouhd by "sol'vi ng this set of equations. The matrix

el enents are obtained fromthe 15 data points by the follow ng
conmput ations: [errPl. \Vibeometrsmbof Clalm 47 further mcludlng steps for analyzing

PCT/ US98/ 22354 4 ons err], and sin2[err], can
be computed diP I"QE?C[ 9“?"]?8%%9@ %%%P {?Qﬁdeg'ua he data points without

first calculating fhp ar@hfihg Jélﬂ?gh?m'?@ﬁs‘?@tﬁfés‘h‘&?dfd?%bp‘épétfndé'éi&] 10

relatively dark printed characters from other dark patterns on said lens;
5 | (b) forming a character matrix of said resultant pixel values for the
area of said printed characters;
(c)  selecting the first character as the largest contiguous set of dark
pixels in said character matrix;
(d) calculating the corners and center of a box that contains said
10 first character;
(e) selectihg the neit character as the next largest contiguous set
of dark pixels in said character matrix; |
4] calculating the corners and center of a box that contains said
next character;
15 _ (g) repea’ang steps (e) and (f) until all characters have been
selected; and
(h)  evaluating at least one geometric characteristic of at least one
of said boxes relative to at least one acceptance specification to determine’

whether the characters are acceptable..

20 52. The method of Claim 51, wherein said geometric characteristic
iqgluqes the distance between the centers of at least two character boxes.

L3

.~ 53.  The method of Claim 51, wherein said geometric characteristic

includes the width of at least one of said boxes.

54.  The method of Claim 51, wherein said geometric characteristic
25 includes the height of at least one of said boxes.

. ¥

55. . The method of Claim 51, wherein said geometric characteristic
includes the aspect ratio of the height and width of at least one of said boxes.

56. The method of Claim 51, whereln said geometric characterlstlc

includes the area of at least one of said boxes.



The doubl e angle for err] [err] 15 : I f we

define a pair of para '
PCT/ US98/ 22@6@94605[zerr lmﬂn I equat ions for the rrai-c:-rmSgymmnts
can be expressed si rrpl esgararreters 5

[err] [err] [err] n [err] 10 [err]
[err] [err] Finally, the solutions for the unknown coeffrcrents can be
f ound by 15 57.  The method of Claim &4pwhereihBaid geometric characteristic

includes the location of the center of at least one of said boxes.

58.  The method of Claim 45, further including the step of
normalizing the light intensity of each of said images to correct for variations
5 in ambient light. |

59.  The method of Claim 45, further including the steps of providing
a digital representation of the light intensity at each pixel of each of said
images, locating the center of each of said images and storing polar

coordinate light intensity data for each image in a rectangular S-matrix.

10 60. A method for automatically inspecting a plurality of lenses,
comprising the steps of: |
obtaining at least one image of each lens;
providing a digital representation of the light intensity at each pixel of
each of said images;
15 locating the center of each of said images;
storing polar coordinate light intensity data for each image in a
rectangular S-matrix; and ‘
using the data of said S-matrix to analyze portlons of each of said
images for lens defects.

20 77 " 81. The method of Claim 60, wherein said step of using includes
usnng the data to analyze the optical zone of each lens for defects.

62. The method of Claim 60, wherein said step of using includes
using the data to analyze a 'Iogo of each lens for defects.

63. The method of Clarm 60 wherein said step of using includes
25 using the data to analyze a printed annular area of each lens for defects.

64.  The method of Claim 60, wherein said step of using includes

using the data to analyze the edge of each lens for defects.
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maj or and m-nor axes I | e can be cal culated fromthe '
coeffi ci enWO/H24652 usﬂmmdmimmm"mﬁe el lipse edge fitti RETHBERH e
does not require the pointes en ehesrisn of6The |l ens to be sorted in any
particular order. The points in the sets L, 5 R, T and B that were

found in the originpal edge search n a e used. The values of (g[err],
hlerr] plerr]) ar Bal cﬂﬁ%i’&f%éﬁﬁ@ﬁ" ébq ﬁ'ﬁhﬁﬁ"’-i‘iﬂd'ggtﬂ?e §m ‘Pfﬁen the
resul s e SOMAIBARRI ey BFealiPUreRiibbaRto banketl Whations
FIG 1, a conpuimbientligiter ates apparatus that obtains the inmages of the
cuvettes passing on the star-wheel 1 and anal yzes the images to detect |ens

defects that will fesult in rejection of a&}he | ens in manu,fac}urin . The
conput er operates 9B+ h A Pebgadar autamaticaly desnasting RPERILPT BNSRST | ow

charts. This ‘ |s preferably 15 witten in the (err]
prog$arrm' ng |‘§‘ﬁgﬁ'§%}§5 t%gg r.(r;ag¢ am steps required to inplenent the functions
described in the fpomisingiat feaét bhe Mageisfedieh 1égs;pr ogr anmrers of ordinary

skill. FIG 31 is a flow chart of the functional steps for obtaining inmages

of each contact | edefining iapluraligsotlightisensing regionsdplan optiaat zaaa posienef ng
20 process Aa.shovvn_ in block 95, noisture on the bottom of the
cuvette i s drfa BlS2dWAIEP: air when the cuvette moves to a start position

29 as shown in  determining the deviation in brightness across each of said regions;

10 assigning a number score to each region based upon the magnitude of
the deviation in brightness across the regions; and
rejecting a lens when the sum of the scores for the regions of its image

exceeds a predefined threshold.

67. A method for aﬁtomatically inspecting a plurality of lenses,
15 comprising the steps of:
obtaining at least one image of each lens;
détermining the light intensity of each'pixel of a predefined portion of
each of said images; | |
‘defining a light intensity threshold for enhancing the contrast of said
20 predefined portion;
T ISetting pixels with light intensities equal to or above the threshold to “1”
and light intensities below the threshold to “0”; and
analyzing the resultant pixel values to detect areas of excessive
brightness.

25 ' 68. The method of Claim 67, wherein said defining step includes
setting said threshold to be 20 brightness steps lower than the average

brightness at the center of the optical zone of said lens.

69. The method of Claim 67, further including steps for analyzing a

printed iris annular area of a lens, the steps including:



FIG 1. The star-wheel 1 is then noved forward one p05|t|on so that the
cuvette noves to the first canera position 11 and a first image is taken of
t he cont actwbenaedsp sﬂl"l'!lj"l"(l Jll m"tette Thereafter, noiBCT/USISAR3Mhe
bottom of 25 deged at the start position 29, the
star-wheel is noved forward one p05|t|on and the cuvette that was at the
first position noves to the second position and is rotated by the tape 45
as it noves to thedefining@ndospedtion box havieg a crage-sestional areakorrespondiag
cuvette that js .now positi dat the fir

As shown in tiRSiZ@ Reﬁeir%eﬂ'&q?rﬁ“bﬁig BHB&gf'F'ﬁﬁﬁﬁﬁﬁ?vlaﬂﬁg&mf?’?"témbount
of ten, at Wnbf:{p\ té*‘? the cuvette which had its i-mage -taken at the
beglnnlng has noved t'o the second canera position 13 shown in Fig. 1. As
WO 99/ 26052 scanning said inspection box over a matrix of sai@GesulBa#/pghed54 48
shown at box 97 of Fig. 31, the second canera takes a second i mage of the
cuvebte in th@M@ﬁf‘Pfﬁﬁi@lPﬂ"ﬂtﬁﬁ’ iig, af?ﬁe@'@&fter the first and second inmages

O oo s 2" Ui s M R0 RPNt oLt

then 5 ins &théxﬁk’ﬂ‘?l%a@érfhéhla prdefMed Snshrittiod ibag thiesholdle out cone
of the conputer defect analysis. The process continues as cuvettes and

contact | enses are noved around the star-wheel. The process is effective
because two i nage #0ati dhe meﬂhowa&iamﬁauwherem said predefined mspect'on

box threshoid is 80% of the size of the mspectlon box.

10 71.  The method of Claim 67, further i'ncludir.xg steps for énaiyzing
printed characters on said lens, the steps including: _
(a) defining said light intensity threshold for separating said
relatively dark printed characters from other dark patterns on said lens;
(b) forming a character matrix of said resultant pixe! values for the
15 area of said printed characters; |
(c) selecting the first character as the largest contiguous set of dark
pixels in said character matrix; '
(d) calculating the corners and center of a box that contains said
first character;
20 _(e) ‘selecting the next character as the next largest contiguous set
o’f"dark' pixels in said character matrix;
: T calculating"the corners and center of a box that contains said
next character;
(g) repeating steps (e) and (f) until all characters have been
25 selected; and
(h) 'evaluating at least one geometric characteristic of at least one
of said boxes rt_alative to at least one acceptance specification to determine

whether the characters are acceptable.

72. The method of Claim 71, wherein said geometric characteristic

30 includes the distance between the centers of at least two character boxes.



nmovenent of cuvett . The nunber of cuvettes between 10
the first and second s defined as ten in order to all ow
suf fi ci ent WO 26063 t!\ﬂi\iﬁ“ﬂﬁ“‘ Hﬂj ment of the cuvette, BGEHUSIERASS4
~solution to stop befo e seconocs | rage 69 taken. The systemis not
limted to any partlcul ar nunber of optical inspection stations or lens

positions between optical inspection stations. Indeed, a single optical
i nspecti on stati on7doul @hemethod of GaimuZadwhereiaseichgeemetiic gharactesistic

second i mages. for this:.ca there would need to be a tine
del ay bet ween' “Pﬁ-!g F‘?tw'gﬁboéé(!ﬁﬂ% 9%@%§a'a§°5?ﬁer to allow the not | on of
the solution and Iens to stop before-the second image is taken. It.

preferred to use tyg, spzrﬁedn@tﬁba%'ﬂcmmsVQCWhePenﬁtsatd Qéémemd)émbctemsﬂéow de
continually noving cuvettes-and thereby increase 20 t he throughput

of the syst eninclides the hidightxif ahieast anel afsaidhboxesf program functions that
conbine the first and second i mages of a cuvette and lens to provide a

[ h d fact db t apmi ts jn.t.h
| ensbsoluti on and 261 ot SHEGIOMaT 5Wi7qr MEGRIR A SOPPRTICSATBREESHE  he
box 98 of Fl Gy cﬁ?desztﬁg aspe rath'&eoffthéﬂel G 31%$ 33t 8hE oRSERFSGEES. O

each cuvette discusse respect to |ght I ntensity
informati on for these images is thereafter normal i zed to conpensate for
vari ations in anbi 8t | Thetmethbd of Glaim 7d{ whaodinisaid)geometricecharacteristici n a

manner that wl e describ reafter d the light intensity data is
repr esent ed iWM‘-’ér g‘@(ﬁf?ﬁ‘ﬁi%aégof‘ﬁaﬂf are stored in a
rectangul ar S-matrix. Although artifacts couI d be elimnated fromthe

enti re i mage of iyl engholriEneaBrEIAih 72WnBHA'Said debitetitcaamRidrstc

required. In practice it
includes the location of the center of at least one of said boxes.

78.  The method of Claim 67, further including the steps of:
generating a polynomial model of the edge of said lens;
comparing the measured light intensities of the pixels adjacent to the
edge of each of said images to the light intensities of said mode at
15 predefined angles around the edges of the ihages;
generating an edge profile nhumber for each such angular edge
comparison that is representative of how well the measured edge profile of
the image compares to the model;
.. . locating the points on the edge profiles for each of said images that
20 ' have numbers representative of a mismatch; and
L rejecting a lens if the number of miématches for the image exceeds a
predefined number.

79. A method for automatically inspecting a plurality of ienses,
comprising the steps of:
25 placing each lens in solution in a cuvette;
taking a first image of each lens in solution in its cuvette;
rotating each cuvette and the lens and solution in the cuvette;
taking a second image of each lens in solution in the rotated cuvette;
normalizing the light intensity of each image;



WD 99/ 26052 PCT/ US98/ 22354 49
been found that only sone areas of the |lens need be correct'ed to elimnate
artifacts wWWabp/26052 no“!limjmmmmmj,m been found that area®csashszess4 he
optical zone, color pr i *¥go pn be anal yzed effectively by
first elimnating.artifacts. As shown at box 99, the programtherefore
requires a 5 particul ar area of the second imge to be selected for
el i mi nation of art ipraviding dkigitall represemtation of theclightriptensity at eache gixel of
exanpl e by the use of an affine mathematical transform to register the

pi xel s of the S?é‘i!fﬂ%g?sfmge to corresponding pixels of the first imge. As

shown at the deci si tﬁﬁ‘t ' : s each pair of pixels
fromthe first and Igébco d#%gééﬁﬁmméﬁgﬂ%sgrat es a pixel of a
resul tant image t hastoting pblae coordinatetlight iftynsity ddta for egét rage®in 4he

compar ed pixels. The resultant inmage therefore elimnates any artifacts
‘that &hanged gestangslar@-Mmetisspect to the | ens. The noving artifacts or

et et e o SR ARENTE b b4 sl 8 Ul St 1o g B
illustrates a $heutrig baéhcﬁhrétmﬁagewmé traH SOt pixB Rl ofthe dé?l%@pbﬁghQSt

the optical zone at the center of the lens. As shown at box 103, 't
S-matrix for Npartiorof thesBeavalrixrofisaig secondimages;ssed for the optical zone.

The bri ght devi ation.BD is_cal cul at ed h regi on.. The_ hright
deviati on BD for cAENSTRUEA et IrRR i #5h BBl BkSlsmahash hive "

10 the same light intensity as the brighter of the two corresponding compared

pixels; and
analyzing said resultant image for defects in an optical zone of each
lens.

80. The method of Claim 79, further including the step of analyzing
15 - said resultant image for defects in a logo pattern of each lens.

81.  The method of Claim 79, further including the step of analyzing
said resultant image for defects in a color printed area of each lens.

82. An apparatus for aUtomatically inspecting lenses, comprising:
a transparent cuvette for holding a contact lens in solution in a first
20 position; '
« . means for moving the cuvette, lens and solution relative to one another
and stopping the movement at a second position;
means for momentarily illuminating the lens and cuvette in said first
and second positions; |
25 ' means for recording a first image of the lens and cuvette at the first
position and a s'econc] image of the lens and cuvette at the séc_ond position;
means for comparing said first and second recorded images of each
lens; and ' '
means for recognizing as lens defects the defect features of said first
30 - image that have corresponding defect features in the second image.
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20 f eat ures T the region—vary—froman average |light intensity
measured at ‘the regio ock 105, a high thres

| ow t hr es hBOPHRE03% ? Emmmﬂ@ mu)mism n scores to the b? ﬂ{sgé%ﬁg
deviation for each regron¢ Therea as’ 5hown at the decision box 107,

t he brightness deviation score 25 for each tile is set to 0 if the

bri gh devi | h 1 f. .the brigh . |
Sevint i on tor t e &4 o ThE BPesilys Bf cR¥E2 hdainsoimeaR I 1efSiTEng | e
devi ati on scqpgubés Hdarsfof gehéréting PrediiNaRe ifage draddchYirsbald %éb@ﬁdt han

T2, the deviation score 1s Set Scores are assigned for all of the
i nspect i on r dgiages therresultanpimagse having paxeis that ea”edwha\athbcsamegght he scores

30 are supme l ens is ected . jf the su reat er than
or equal to gntensdy |3éﬁge?%§g€%’ Q?ﬁ'ée cgjgpsggﬂgmgé‘sqmpqrea]@x%lg ?'E?I e

deviation sc V\D 99/ 26052
PCT/%SQS/ 223?1[%%']‘@?%8&2% rﬂ?& strates the functional program steps that are

used to analyze the iris ink pattern for unacceptabl e gaps. As shown at box
111, the resul t ant84- maThe apparates bECidiny 82 rwhémin saidsneans foradomentarily
annul ar colored iris ink pattern. Athreshold T is then set to twenty

bri ght ness stilwaingingineiygdes at least one gftobgdiohtr i ght ness at the center of

the optical zone of the lens. A Unmatrix is then calculated fromthe

threshold T and S-gmtriyne E3AAIBE CIdIRFES] dilersth LSid means for. momentarily

illuminating includes at least one strobe light for generating a flash of light; at
10 least one diffuser for diffusing said flash of light; and at least one multihole

collimator for collimating the diffused flash of light.

86. The apparatus of Claim 82, wherein said means for recording

includes at least one digital camera.

87, The apparatus of Claim 82, wherein said means for momentarily
15 iluminating includes two spaced illumination stations, the first station
- associated with said first image and the second station associated with said
second imagé, each station having a strobe light for generating a flash of
light, a diffuser for diffusing said flash of light; and a multihole collimator for
collimating the diffused flash of light.

20 88. The apparatus of Claim 82, wherein said means for recording

e

includes two spaced digital cameras, the first camera for recording said first
image and the second camera for recording said second image of each lens.
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of the SSmatrix is set to 1 and copied to the U-matrix if it is greater

than or equal to T and is set to.0 and copied to the U-matrix-if. Is | ess
than T. Théov@onesi x t hereforre contains a relatively high cmwzﬁﬁge of
the ink pattern. 10 The threshdl/g3T is selected to enhance the

features of the ink pattern for inspection. An inspection box is then
defined with an area that corresponds to the smallest clear gap in the ink

patteranlt in rejection of the lens. An inspection box

bri ght ndsBEIONSEOED BT is then set. Thereafter the box is 15

scanned O\ErLTEq:}ggmtrix and, if the sumof the brightness of the pixels
w t hin tjhe box is greater than the brightness--t-hreshol-d BT, the
lens is lcejeclied f the sumof the brightness of the pixels within the

I nspection box|is equal to g 35 than t he bri ght nes t eshol d BT, the
scanning of th box IS con the box scans th e U matrix and
finds no sumo gh‘if{e k[ i ght ness

t hr eshol iInk pY 35a and
35b il ljust E}gpgéﬁ% funct caracters of
theloothae(ls pri i éd £ box ) 143 of
FIG 35a, reésyl tant g, '
dat a from%\?i ch ar 'fa@'t.\5 ,
Tis sgt and a U-matXix | R i y ),
provi dg a very hi gt(con wqd t hat essentt | | y\shet
| ogo prji nted of M 'y As shown at bof Fl ¢
anal yzed to S€ledt as - first charact t he |
set of {dark pi xef“S*i ‘ AT t.(i X. A box
. f I ~ .
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B(1) is then dinmensioned to enclose this character. Thereafter, successive
characters of dinrnishing size are sel ected and -boxes containing these

WO 99/ 2605380 99/26052 PCT/ UBOBU898833545 1
characters are defined until all charaévg§s have been detected. In the
descri bed enbodi nrent only two characters, Wand J, are detected. As shown
starting at a decision box 117 of FIG 35b, selected geonetric
characteristics of each character box are checked. The lens fails if 5

any required geonetrical characteristic is not detected for a character. If
all of the characters=have the required geonetric characteristics, the |ens

passes. FIG 36 ill usr, s/t he ¥uncti onal steps--fequi-red by -the conputer
programto detect the“edge or rimof the lens. As shown at box
119, the S-matrix for 't first and second i mages is accessed. The edge
data 10 for each 1 mage is defined by a black horizontal |ine of the

S-matrix. This edge data is located in eagh S-matrix and the center of the
lens is determ ned for each i nage. The ddge data nmay be | ocated by first
applying an ellipse approyynation and oujlier dgja points nay be elimnated
as previously descri [# Hereafter tenth orderppolynomals are defined to
make a nodel 15 e L rmni—eartt Imageli n £ overl appi ng
segnments. A particul ar ordgqr_of” polynom and_
segnents is not required. Wk enth o¥ger{and four overl appi ng
segnents have been f§ : ¢ ; i '




experinmental tests. The polynom al edge nodel for each inage is then
conpared to the 20 : actual edge data and profile nunbers are
gener at ed tWwooesnt e ni smat.ches between the nodel and ri m daiTausosazissoul d
i ndi cate a possible defect. The |ocati oB$2df the possible defects for the
first and second i mages are then conpared to determine if a msmatch occurs
In the sane area of each inmage. If a msmatch is in the sane area, the
apparent defect is counted and the 25 | ocation of m smatches,
generation of prad S . lef ects conti nues
until all appare _ n found. If" of apparent

def ect's- exceeds a ESNO] e he | & -ected. The lens
is passed if no d -m ned t hreshol d
are found. 30 am functions that
are required to | he .l ens. As shown
at the box 121, t oupl ed devi ces of
the canmeras are s '
PCT/ US98/ 22354 52
right to |l ook for
| mge, the progra
a high intensity
the edge of the r

#bm and | eft and
e dark edge of the
iZdge drops from

:;;DL%?fity | ocat es
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5 scanni ng continues in the sane direction, the program detects the
~sharp rise inintensity froma lowto a high value. The program selects "a"
as the dar kM@ 9MEORZ at the detected ed @?ff the | ens. ScanniRQY/UsPsRRIsdes

on the same horizontal |line fromthe opg te edge of the |l ens and
generates a point "b" in the same fashion that is the darkest point at the
opposite edge of the lens. A 10 plurality of pairs of rimpoints
are obtained in this fashion fromthe left and right "sides and top and
bottom sides of the lens for both of the lens inages 1 and 2. This process
| ocates points on or adjacent to the rimof the |l ens. The center of each
a-b line is calculated to define a number of lines that pass through the
center of the lens. The location of the center of the lens is 15

estimated by averaging-the intersection of these lines. This estimtion nay
be i nproved by elimnating outlier points, for exanple by polynomal or

el lipse edge nodeling. Wile it is preferred to programthe functions of
the lens inspection systgfin the Cerr] |anguage and in separate
subroutines as illustrated ty 20 facilitate changes and corrections,
the scope of the invention i/S not limted to any particular progranmm ng

| anguage or arrangenent . Qy%ntlon includes withinits
scope any programmg subroutines that could be
used to achieve the fu [ S of the | ens inspection system of
t he invention. 25 ’ di sclfosed nodel s of nanufacturing

equi pnent such as canerap i
coul-d be changed wi t hout

cuvettes or other types pf len ol ders|of different shape and mnth or
wi t hout bott.om | ens surfaces coul d _
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enpl oyed wi thout departing fromthe invention. The invention is also not 30
limted to the use of adhesive tape to rotate cuvettes or lens hol ders. or
to the use WP AWML ameras. One camera or..ppre than two canmermsrgsyghsssie
used to take two or nore images of |ens®&3 The system of the invention can
al so WD 99/ 26052 : '

PCT/ US98/ 22354 53 be used to inspect |enses other than soft contact |enses.
For - exanpl e, hard contact |enses or. hard | enses of any kind could be

i nspected by the systemof.-the ipvention with or w.thout suspension
solutions. The inventi ogait gre be cnbodi 2 4 /ot her specific forns

than 5 t hose de irit.or . .
essential characteristi refore, to be
considered in all respe i've. -54- W

Caim 1. A nethod fo - s Y- —o17 [ enses,
conprising the steps of ‘ ~ .
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taking a first inmage of each lens in its I ens holder; rotating each | ens
hol der; taking a second image of each lens in the. rotated | ens hol der;

regi steri nWeayr6os2 xel of said second |62?§1e with the corresp‘tﬁﬂpwnﬁ?%el of
said first inage; conparing the pixels | east a portion of each first

I mage and the registered pixels of the corresponding portion of said second
| mge; generating a resultant imge fromthe conparison of said pixels;
recogni zing as |lens defects the defect features of said first image that
have correspondi ng defect features in the registered second i mage; and
rejecting as defective any of said | enses that have a predeterm ned nunber

of said recogni zed | ens defects. 2. The nmethod of Caimil;- wherein said
step of generating |n§%udes generating said resultant imge with pixels

t hat each have the sa gh Trer 7 a s PT T gImMTer—0 e Wo
correspondi ng conpared pixelfs. - 3. The nmethod of Caiml, further

i ncl uding the step of RNQi frwg,said fppust and secon ges wifh two
spaced optical in¥pection s‘atibn], hi stagiton [ a strobejlight to
monentarily illu at e lterjs \aig 1ns olnl ﬁ h digital chnera to
record an i mage okzthe | ens [arfdi i &ys ol‘ﬁ_ 4. The nmet hod ofi Claim1,
further including’rhe.ﬁ%ﬁp gf obijarnijng Jardyflirgt ppd second ijages with a
single optical inspect sttati on whilch: usqs a gtrppe l'ight tojmonentarily

illumnate the le and |l eng hol der; records the|fi[fsgt inmage wiih a digital
camera; rotates tie | eHOnolfder; - 1

_ <
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-54A- uses the strobe light to nmonmentarily illum nate the displaced |ens
and | ens hol.der;. and records the second image with the digdital canera.

WO 99/ 2605W0 99/26052 : ] o PCT/ ©SBRIS9872854 5.
The method of Cdaim11, further includirfg28he step of nornmalizing the Iight
intensity of said first and second i mages to correct for variations in
anbient |ight 6 The nmethod of Caiml, further including the step of

providing a 5/ , ;%gital representation of the light intensity at each
€3,

pi xel of sa{d/i at i rg—ttreTeenterof—eagh of said i nages, and
storing pol ar “cogldi"nat e Iigwtétntenz£§¥Jd%igﬁf0r each image in an S-matrix
wherein the datd/is stored ih Murmn fi angl e and rows of fixed
radius. 7. The nmethod of (GaimJlj further inclluding the steps of: 10
defining a plurality of light sensijng regions i} the gptical zone of said

| ens; determning the Hegiqt|qn g n |bigghtinessz aqr gsg dgach of said regions
assigning a nunber scofe to gach rdggion sed ugon theg nmagni tude of
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the deviation in brightness across the region; and 15

rejecting t§%§9&3&ﬁ when the sum of the scores exceeds a predefined

t hreshol d. % method of Caim1, further i i ncl udi ng t hePETAIS98/20354
deternmining the light intensity of each 828l of a predefined portion of
each of said inmages; 20 : defining a light intensity threshold
for enhancing the contg# fi-sai d predeflned portlon settlng pi xels with

light intensities eq Dl | ONt
intensities below th | tant pixel
val ues to detect are The et hod
of T aim8, wherei t hr eshol d

i ncl udes setting sai er than the
average brightness a | ens. WO

99/ 26052
10. The nethod of G
iris annul ar area of,
box having a cross-s

.

98/ 22354 56
zing a printed
i nspection
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in size to the smallest clear gap in said printed iris that would lead to
rejection 5 of the lens; scanning said |nspect|on ‘box over a matrix
of  sai d r e ®mands2pi xel val ues for said printed iris area; POTIUSH/223%4 ng
said lens if the sumof resultant pixedspgal ues within the inspection box is
greater than a predefined inspection box threshold. 10 11

The net hod of Clain110 mhereln sai d predefined |nspect|on box threshold is
80% of t eT si ze |on box. 12. The Clqum £ further
includin or anal 2|ng ted chraracter n sai t eps

I ncl udi ng: (g% defi ﬁ-’r%é sai Cg f?eny ty weshopelgfgr se %’ I ng
said 15 atTverypark priped char geters TToNT Ot er, foark partgerns -
on sai gher&GR(\B—}:H form ngla charadqter ngtytx of sai S GRATAH dint pi xel
val ues for| th&dred of said|printed|charactefs; (c) §eﬁéiting the fifst
character the—tgrygest——cotguous—iset of dérk—pirxets{msairgTharactrer
mat i x;p 20} POT(d cal cul at i ngg (SE&@Perls |and cefter of 4] box
that conta) ns saidifi r&ﬁ (‘\h aract er; é ,ecfi"l"ﬁg tihg next gharacterfas
t he next | prgest—cgntryguousiset—of 5 |xe m—satgcharacter—at TTkK;
(f) Ul ati ng tjhe corgg sEHﬁﬂqunter Riq § box th cont ai §s IR T 2F

next charafter; (9) repdalingtstepgs (e) ang (f) udtfil all cHareatlersjhave

been sel ectet—eane
' ' \77 ( 8‘7) JL Z83 287

79

' TRANSFORMED IMAGE (-90°)
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- I
22 T [eor
DIRT
R4 41
u 888
84
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(h) eval uatjng at | east one geonetric characteristic of at |east one of
sai d boxes,&ﬁlghéﬁe to at | east one acceptance specification to determ ne
30 & _ 2the characters are acceptable. WD 99/ 2BOF/Rs98/22354

PCT/ US98/ 22354 13. The netheod of O ai mgy23 wherein said geonetric
characteristic includes the distance between the centers of at |east two
character boxes. 14. The nethod of C aim 12, wherein said geonetric
characteristic includes the wi:dth of at |east one of said boxes. 5

15. The nethod of Caim 12, wherein said geonetric characteristic includes
the hei ght of at |east one ofsis: ~met hod of Claim 12,
wherein said geonetri ¢ chara aspect ratio of..the

hei ght and width of at |east : . The method of Claim
12, wherein said geonetric c B | ncl udes the area of at
| east one of said boxes. 18. B2, wherein said
geonetric characteristic in he center of at |east
one of said boxes. 19. The: her including the steps
of: generating a mathenatica :said lens; 15

conparing the neasured |igh el s adjacent to the edge
of said first-and second inm ties of said nodel at

37

Fig) 6
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generating an edge profile nunber for each such angul ar edge conpari son
that is representative of how well the measured edge profile of 20

the i mage c¥@I¥RES2to0 the nodel; |ocating the points on the RegesdaRRidsl €S
for the first and second i mages that havi¢/2sinbers representative of a

m smat ch; and rejectlng the Iens i f a predefined nunber of msmatches for

the first on-:4 0-:m snat ches for the. second i mage.
25 P . g ibniting

generating i ncl uddg{m ;U” 5 0 S S A T S TP TR t he | ens.
21. The nethod off SRR BH1 L BN ¢ En,'{-' i SERE S I M id e s
generating an-eh! i COXEL L Rb MYRER L S NI g s B D52

58 PCT/ T R RN kicting a

| ens, conprising ‘ - ‘ A A ionin a
| ens hol der; obt ail e S DVi Ng
sai d | ens, solutlon and= ', obt ai ni ng
at conpaangqplxels of said first i mage

to correspondi ng regy,uered plxels o% sai'd segqnd lnag2;7and recogni zi ng a
| ens defect only |f' 'plurallty of plxels 0 g! T nage
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10 and the corresponding plurality of registered pixels of said
second i mage ‘are - both dark. 23. A nethod for automatically inspecting a

| ens, conpW@PHOhe steps of . placing a lens in solution i PE/VER2M der;
15 | taking a first inmage of 124231 | ens in said holder; rotating
said hol der, lens and said solution; taking a second i nage of said lens in
sai d hol der; conparing portions of said first inage and correspondlng

regi stered portions of said second image: and 20 prOV|d|ng a
resul tant imagg that elininates dfks ﬁBﬁE@%NbeCH%eﬁ said first and second

i mages. 24. A2ﬁﬂ96bd.J t—heastrone—ens,
conpri-sing the_steps - ution ip a | ensg hol der;
25 ZQQP TS m—sard—hotder; (c¢)
nmovi ng sai d ho Hi'ng an additio&al i mge
of said |ens ih%gégh ;

'g:stop?ﬂe (€] Tepeating
steps (c) and q - addptional
i mges of said ens

500

e
14

150 zoa' 250 300

treents gy
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(f) conparing at least a portion of said first image with correspondi ng
regi stered portions of each of said additional inmages; (g) - generating at

| east one ™MQ8%26/ i mage from the conparison of the i nmages pcafiskobMiass
recogni zing as lens defects the defect §¢ gptaur es of said first i mage that
have correspondi ng defect features in the reglstered addi tional inmages. 25.
A method for automatically |nspect|ng a lens, conprising the steps of.
placing the Iens in solution in a lens holder taking a first image of said

| ens in said hol del gt ating saLd_hoIder Iens and said solution; taking a
second i mage of Do ' ' tensity of
pi xel s of at |ea ! intensity
of pixels of ac jrovi ding a
resul tant i mage Bty as the
bri ghter.of the § hod for
automatical ly inf lens in
solution in a | el fs |lens

hol der; providing #el hol der;

t aking a second |nage-of ; - s ens “hol der reglsterlng each
pi xel of said second |nage Wi fthe correspondlng plxel of said first

i mage; conparing the pixels of. at | east 4ion of the first image and
t he T z _
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regi stered pixels aof the corresponding portion of said second inmage;
generati ng Wo' ?H&ﬁant I mge fromthe conparison of said pixels; and
recogni zing as ' Iens defects the defect features of said firsPCTHRgsR228%t
have correspondi ng defect features in tH8/2%gi stered second i nage. AVENDED
SHEET - 60- hg .qethod of Caim 26, wherein said step of generating
I ncl udes gene} ‘a%?g-resultant EoE =0 xel s t hatfkpibhvisse t he
same |ight i S# he bright eigs D COrrespo ; |
pi xel s. 28. A-of Claim 26, cluding tH
obt ai ni ng sai second i mags _
stations, eaci iSing a strobq | nonent ari I
| ens and hol d& f gi tal canmer RfoIEEEPFd an | mage ¢
| ens hol der. 29,__ The nethod of Caim?26, further includ#

obt ai ni ng saigjfif t 2297 econd inagg\Tﬁt ‘gazbggle opti tion

stati on whi ch® ﬁﬁgiéta 'K? i | lum na | nd hol édeL; records the

first image with digital canera; rotat#s the hol der; ri 97 '
cond F%age

illum nates the displaced | ens and hol der; and records
with the digital canera. 30. The nethod of Caim 26, further including the

step of nor |~
Fgi 27

~
wj§§;g£22é
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intensity of said first and second images to correct for variations in
anbient light. 31. The nethod of Caim26, further includi'ng the step of
provi di ng avabgedesd representation of the light intensity atpcansdesprisel of
sai d i mages, locating the center of eachgpiz said i mages, and storing polar
coordinate light intensity data for each image in an S-matrix wherein the
data is stored in colums of fixed angle and rows of fixed radius. 32. The
nmet hod of d ai furt including the steps of: defining a plurality of
| i ght sen5|ngbg?ge’ azfﬁ? optical zone of.said Iens; determning the
deviation in &S across each QLtS-\ EQreqs assi gning a number
score to each reg he g ESRaof the\geV|at|on in

bri ght ness across the regha T Ky & S

61 : DRA ' .Jehs mhen t he sum of

t he scores exceeds g# : PG R TR d 0f‘6kp|n126
further including t %}} QL }" Al g ty pf each

pi xel of a predefingd po AL e Han g 'rr\ﬁeflnlng a
light intensity thregs Q g LA R MY aLd pr edef i ned
portion; setting pi | I,‘w L oy i gg.or aboye t he
threshold to "1" and li Rij 3 Petbi i ' Al v, and

-

9%
4 :
|

3 b ..::""‘w't L ' P A

vy ; .p'# f wl" v
L F *'_T “ h-_ i ’i ; LI
I R S o Tact P V. M WO N
1
O I; Ig

~150 | =90 | -30 30 90 |. 150

~120 -¢0 o) 60 120 180
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10 anal yzing the resultant pixel values to detect areas of
excessi ve brightness. 34. - The nmethod of Claim 33, wherein said step for
- defining a Wabs2605% ensity threshold includes setting said twrcagbsdsd2isa be
20 brightness steps |lower than the averaggy2Bri ghtness at the center of. the
optical zone of said 15 |l ens. 35. The nethod of Cl aim 33, further
including steps for analyzing a printed iris annular area of a lens, the

e L N Y T

woul d I ead To Tejection 20 Of Thg Tens; scanm g Sar o1 llbpe(.,Ll on

b Esul tallt pl 7(5 ] Ul i) LI IIL Cu |
a(r))e(aovg;lglr'\iggct’{mé QEJ%‘EQITST@M e @UVEOTTEeM tFa"ﬁAR)Txﬁ OSaT &N t hi n

t he i nspection box 1s greater thanfa prederined rspectiom box timrgshol d.

25 def
i nspect i oMBYE tﬁF&ROIWHEESO%:Q‘RWéEDzeONEt R@Srh?pébibh gﬁeng' % The

met hod of Trarm 33, TUTTHENn el udi g STEPS for—armatyzirny i nted

IV ol aVaW WaVa¥almla)

characters on said | ens, the stegs—TTCcHudiTg WO-99+26652

62 PCT/ US98/ 22354 (a) lLedefilni R@Ts/%TcEI THHE iGUSSTTT Et hv84 HGHH | f or
separating said 1S MOVING TO 2nd POSITION

AT 1st CAMERA, TAKE 1st IMAGE " MOVE STAR WHEEL
OF THE CUVETTE IN 1st POSITION | | FORWARD ONE POSITION

| l
97
YES NO RINSE AND DRY BOTTOM OF
NEXT CUVETTE AT START POSITION

AT 2nd CAMERA, I=1+1

TAKE 2nd IMAGE

OF CUVETTE IN
10th POSITION | |ANALYZE st AND 2nd IMAGES

OF LENS IN 10th POSITION

RINSE AND DRY BOTTOM OF NEXT CUVETTE AT START POSITION
MOVE STAR WHEEL MOVE STAR WHEEL
FORWARD ONE | ZASS FAIL | FORWARD ONE
_II?OSITIQN AND - POSITION AND
ESTED CUODVETTE DEFLECT TESTED
MOVES TO PASS | CUVETTE TO FAIL
CONVEYOR CONVEYOR

ROTATE THE CUVETTE WHICH
IS MOVING— TO Znd POSITION

AT 1st CAMERA, TAKE 1st IMAGE
OF CUVETTE IN 1st POSITION

32;/ 31



relatively dark printed characters fromother dark patterns on said |ens;

(b)
of .said pri
character
matrix; (d)
said first character;
| ar gest conti guous set

form ng a character matrlx of

%e% &gracters
St

argest contiguou
cal culating the corn

(e)
10

said resul tant pixel
(c) sel ect

S set1c/

ers an

gdark pixels i

af _dark n| xels in._sai

values for the area

i Ng pEErUbdrRbs4
n said character

center of a box that contains
sel ecting the next character as the next

character matri x;

() cal cul ating the FACEES $Nq Q;ermqq) oQ,@dbpmA(t}gscont ains said next
character; (Qg) repealling._steps ?m and (f) until all @rs have been
sel ected; and 15 (h) evdl uat i ng at | east oneccz onetric :
characteristic of at |east one of sal d Hoxes relative to at | east e
acceptance s i INFIA e r sz( gy

accept abl e. 3§F®R'Pﬁm'l ng?"@ alm \?h‘igr%%:lve sal gg%?re}t r’?‘tﬁES

Wween the centers of at |east two
The nethod of C aim 37, wherein said

Sébﬁ;é?fmﬁﬁﬁnféa@# el VR o o, bores,

characteristic includes the dlstance bet
character boxes. 20
geonetric characteri

40. The nethod of d gcteri stic includes
the height of at | eaSt one of sald boxes} 4I. The nethod of C aim 37,
wherein said georret ri C char act er| st ic 25 i ncl udes the aspect ratio
of the h’W‘hﬁ OTT f—sa ox

- RITE POLAR COORDINATE DATA OF E H IMAGE TO AN 5-MATRIX

99

SELECT TRANSFORM AREA OF 2nd IMAGE

TRANSFORM PIXEL OF SELECTED AREA OF 2nd IMAGE
TO REGISTER WITH PIXEL OF 1st IMAGE IN SAME AREA

| L

101

15
PIXEL
BRIGHTER
FOR 1st
IMAGE
2

MAKE CORRESPONDING
PIXEL OF RESULTANT
IMAGE THE SAME
INTENSITY AS PIXEL
OF 2nd IMAGE
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PIXEL OF RESULTANT
IMAGE THE SAME
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OF 1st IMAGE

COMPARED
ALL
PIXELS
?

COMPARED
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PIXELS
N

YES YES

1 ANALYZE RESULTANT
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42. The nmethod of Caim 37, wherein said geonetric characteristic includes
the area of at |east one of said boxes. 43. The nethod of daim 37
wherein sawD 926082 ri ¢ characteristic includes the location RETTIVS98/20 31 er
of at |east one of said boxes. -63- 44. The nethod of C aim 26, further

i ncluding the steps of: generating a pdigyBdm al nodel of the edge of said
| ens; conparing the neasured light intensities of the pixels adjacent to

the edge of said first ands nkeng! of said
nodel at ~pregefined angl es ar d"r‘iri %% R ﬂéﬁe% q%'éwﬁ ratf ng an
edge proflyczoﬁy each such gul ar (fg ﬁ?d q
f
ge

represe t he rreasured edge profille of the |mage corrpares -
to the nodel ocating the poi R z =

: DEFHH@HMWMEEU INSP?E(IWIG'N REIM@NS
the lens if a predefined nunbe ome'spmch;qsﬂgp\u hEONEStOFm}MAG—E
correspond in position to m sn& >

for autonatically inspecting a pIuraI [ ty of f enses) conprising the steps

of : obtaining at |east one |mage %AEE@L}\% B%%—I:ﬁ\'!ﬂgs DEQ)!X‘PM 21

| of th f ! -
model of the edge of said Iens; BD OVER EACH REGION

second i m t hat have nunber

705 ~—4 SET HIGH"T2 AND LOW T1-
THRESHOLDS FOR BD SCORES

PASS OPTICAL | 1=0
 ZONE TEST
109 —
I=T+1
NO f <
SUM ALL TILE
DEVIATION

SCORES

YES

REUVECT LENS

IS BD
FOR TILE (T)
>T1 AND <OR
=T2

YES

107

1S BD
FOR TILE (1)
<OR =Tt

SET DEVIATION
SCORE=2
FOR TILE (1)

SET DEVIATION
Y. SCORE =0

FOR TILE (1)
SET DEVIATION
'~ SCORE=6
FOR TILE (1)




conparing the neasured light intensities of the pixels adjacent to the edge

of each of said inmages to the Ii
angl es ar owgxhokbgszedges of the i

nmeasured edge .profile of the imge conpares to the nodel;

ght intensities of said nodel

at predefined

mage; generating an edge prBCTAUSISRZAHer for
each such angl e edge conparison that it/28presentative of how well the

| ocating the

points on the edge profile for the inmage that have nunbers representative

of  a msmatch; rejecting t

nunber of ni smat ches:; def | MEGES | RESULYTANT| $gMABBHSi RgR
d&NNLﬂLlegCUleOReW Et |MTHTEB?(NghF

optical zone of sajd |l ens;

P

a)

each of said regi assi gr-rg
t he magni tude of the deviat | on |

(A TIUIFUCI O\JTI < LU cacvir T CTyrunl

n brlght nesd across the region;

-63A- rejecting the lens
threshol d. 46. The net hod

ACE BRI CHF

har I ng
defining a plurality of Ii oht se EN&%E slen ‘I’E}(ngpt | caIFz

| ens; determ ning the deviatron

In brlght negs across each of s

redefi ned
Pgions in the
ness across
based upon
and -
predefined -
steps of:
one of said
ai d regions;

SET CONTRAST THRESHOLD T TO 20 BRIGHTNESS
STEPS BELOW AVERAGE CENTER BRIGHTNESS OF LENS

FORM HIGH CONTRAST U~MATRIX WITH S-MATRIX
VALUES SET.TO 1 IF > OR=T AND O IF <T

DEFINE AN INSPECTION BOX WITH AN AREA
CORRESPONDING TO SMALLEST CLEAR GAP IN INK
PATTERN THAT WOULD RESULT IN REVECTION OF LENS

BRIGHTNESS THRESHOLD BT

SET INSPECTION BOX

SCAN INSPECTION BOX
OVER THE U-MATRIX

‘NO | NO

1S
SCANNING
DONE

PASS INK
PATTERN OF LENS

1S
SUM OF
BRIGHTNESS OF
PIXELS WITHIN THE
' INSPECTION
BOX>BT

YES

REVECT
LENS
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"WWO 99/ 26052

64

PCT/ US98/ 22354

assi gni ng a-nunber score to each regi on based upon the nagnitude of the
devi-ati on wo 9¥egfat ness across the region; and rejecting t h&CTASISRREH t he

sum of the scores exceeds

a. predefi ned20/a3eshol d. - 5

47. The

met hod of d aim 45, further includi ng the steps of: determning the |ight

I ntensity of each pixel

defining a light intensitly ti€hRIBS oRESHAITANTL he
S ~-MAT RIXSEORIT Pl ENSGt
217" and L ght[atons

predefined portion; 10
equal to or above the thr

threshold to "0"; and anal-

yzing the resu|tant pixel val

of excessive brightness.
defining a light 15 '

threshold to be 20 brightn

the center of the optical

zone of said | éns.

Ja3d i mages;
fontrast of said
P light intensities
ties below the
ues to detect areas

f. 7 erein said step of
Bsfiﬂezglqbgﬁﬁfﬁ ﬁrgd}@ setting said
eds Ftehs TQued ah avefage brightness at

The net hod of C aim 47,

ul ar area of a

49
further including steps flp VA Pk ALied Ak
I ens, the steps includi ng:t_o %k AB%F@‘Y_ Fl'l(g |d TRAi.n | nspection box
havi ng a cross-sectional §ta1 E%&&&%I | tihe smal | est clear
éad rej'ecti bn
|

gap in said printed iris

I=1

5/”5

SELECT FIRST CHARACTER AS

LARGEST CONTIGUOUS SET OF
DARK PIXELS IN THE U-MATRIX

CALCULATE CORNERS AND CENTER
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THE SELECTED CHARACTER

SN Py

SELECT NEXT CHARACTER AS
THE NEXT LARGEST CONTIGUOUS
SET OF DARK PIXELS IN THE
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SELECTED CHARACTER

ALL
CHARACTERS
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YES
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of the lens; scanning Said inspection box over a matrix of said resultant

pi xel values for said printed iris area; and 25 : rej ecting
said lens | J9B§os§um of resultant pixel values wthin the |ipcpesdsiassdbox is
greater than a predefined inspection téqy jhreshold. 50. The method of

Cl aim 49, wherein said predefined i nspec?l on box threshold is 80% of the

- size of the inspection box. WD 99/ 26052
65 PCT/ US98/ 22354 51. The net hod ot X@ail &7 SAMWhar—
i ncluding steps for analyzing printed characters on said}lens, the steps

i 'ncl udi ng: (a).__d.aqi ning said light intensity threshold|for separating
said rel ativelly]day rinted characters fromather dark.gatterns on said
| ens; 5 (b) formng a character matrix of said resultant
pi xel values for {the area of said printed characters; (c) sel ecting the
first character—as—the |argest contiguous set of dark pixels in said
character matfIx]#H cak-eu-at-rg—the corners and center of a box that
cont ai ns sai d10 first charadter; (e) selecting the next
character as thelgext lar e)s,t7.contigtous set of dark prxels i i d :
character matrfX;g gal cul ating tlhe corners aqg)gp r/ of ffB}hat
»

cont ai Ns sz cblSTANCE
BETWEEN B(I)
AND B(I+1)
CORRECT

NO

YES _' LENS FAILS

WIDTH OF “\_NO
B(I) CORRECT
? w
YES LENS FAILS

IS
HEIGHT OF NO
B(I) CORRECT
? Y
LENS FAILS
YES 1S
CENTER
“1s LOCATION OF
ASPECT RATION_ NO B(1) CORRECT
, Cgl:/ B(1) P \
RRECT LENS FAILS
LENS FAILS
YES
1S CHARACTERS
AREA OF NO EVALUATED
B(1) CORRECT i
? | LOGO
vES LENS FAILS | PASSES




next character; 15 (9) repeating steps (e) and (f) until
all characters have been sel ected; and (h) eval uating at | east one '
geonetric ov@apepdosz i stic of at | east one of said boxes rel atRGRUSW/23354 east
one acceptance specification to determapgeyhether the characters are
acceptable. 20 52. The method of Caim51, wherein said
geonetric characteristic includes the distance between the centers of at

L

| T 18] 00 GNP e v
ggg?rét”uc) c%é@%ﬁst@'ﬁ”ﬁt Bé¥s i ? 3| & hojkes.

54. The nmethod of U aimbol, Wherei-n sal f geonetric characteristic ¥5
I ncl udes the | ST d/of Cdaim
[

51, wherein s D GATTE EDGEhDATYer ADc CENTER! hOFas heENS 16% the
hei ght and wi fthR nt SWW@C@SS@F’QH%S&5QndTh¢MWGE® f Caim

51, wherein s | east one
of sai d boxes. WO 99/ 26052 66 57. The¢ nethod of Caimb51, wherein said
geonetric ch r%%ﬁr kl-,(IEI qgﬁﬁzw '_g{—%‘&%ﬁ th egﬁﬁaq&_l% | east

ore ot "sai s R EEN BT G T

GENERATE A POLYNOMIAL MODEL OF THE RIM
OF 2nd IMAGE IN 4 OVERLAPPING SEGMENTS

COMPARE EDGE MODELS TO THEIR RESPECTIVE
RIM IMAGES AND GENERATE PROFILE NUMBERS
THAT INDICATE POSSIBLE MISMATCH DEFECTS

DO ist
& 2nd IMAGES
HAVE A MISMATCH
DEFECT IN THE
SAME AREA

?

COUNT THE MISMATCH | vEs
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AREA OF BOTH IMAGES

~"1S DEFECT
COUNT > A
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THRESHOLD

?

YES

PASS LENS

Y
REJECT LENS
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normal i zing the light intensity of each of said images to correct for
variations 5 in ambient light. 59. . The nethod of *Cl aim 45, further
i ncl udi ng wdnes/zsosps of providing a digital representation @CTUSISRIGht
intensity at each pixel of each of saigh/pbgages, locating the center of each
of said inmages and storing polar coordi nate light intensity data for each

i mage in a rectangular S-matrix. 10 60. A nethod for
- aut omat i cal |py—-nspeetirg—a—pturat+ty—ef—-enrses—eorpr+sthe—y he steps of :

obt ai ni ng at "BEAN 66D | bEd‘éSOﬂlvh‘h@IES elsé& QOFRKDM; EA:IRgl fal
repr esent at ijof& & EtShe ATt ghOR MR iBOTAAOACAND xeE FOF ANEh tof—927d | mages;

5 RIGIH‘Fat LCEDKWR]@GW@R @AWH MX@L@ I mages storing pol ar
coordi nate Il nt en dat 4 aezTa angdl ar S-matri x;
and using the data of said S matrl X ta anal yze portlons k “each of said

61. The nethod pf C ai m 60,

e data to anajyze the opti cal
[ D, wherein said

each lens for

usi ng incl udes

| mages ftor=+e€ns def . 20
wherein s ge Q ;ging i ncl uge
zone of ms for defects,
step of using/includes usipe
defects. 63. The net hog-of E&%
25 usi ng the data tF /
for defects. 64. said step of using
i ncl udes using the data to ana # each |l ens for defects.

KEEP SCANNING IN SAME DIRECTION

IMAGE LIGHT
INTENSITY RISE
FROM LOW TO HIGH
VALVE

?

NOTE .POINT ‘a“ IS\ DARKEST POINT AT ONE EDGE OF
LENS AND POINT “b" IS DARKEST POINT AT OPPOSITE
EDGE OF LENS ON THE SAME LINE

i

LOCATE A PLURALITY OF PAIRS OF RIM POINTS «
AND b FROM LEFT AND RIGHT SIDES AND TOP AND
BOTTOM OF LENS FOR BOTH IMAGES 1 & 2

CALCULATE CENTER OF EACH a/b LINE
CONNECTING A PAIR OF EDGE POINTS

ESTIMATE LOCATION OF CENTER OF LENS BY.
AVERAGING INTERSECTIONS OF LINE CENTERS
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The nmet hod of C aim60, further incl udugg-the step of nor mal i i ng the | i ght
i.ntensity of each of said imges to correct for vari

fight. 66. A nethod—for autonmatically inspecting a mn$0a¥bpme@m5
conprising the steps | east one i mage of each | ens;

def i ni ng weobwlﬂ{l tym |II| M“Eulmm regions in an optical zone portion of

each of said | rrages deteérnt nimg st he deviation in brightness across each:of
sai d regions; assi gning a nunber score to each region based
upon t he magm‘t ude Amethad forautarnatically inspegtingha plurality of lenses, eargpisiag thend
rejecti ngstg?égps when the sum of the scores for the regions of its inage
exceeds a predefined threshold. 67. A method for automatically inspecting
a plurality of Ienspdacmgéach lens in adengholsieng t he steps of: obtaining at

| east one inmage of C ns.. det ing the Ili I ntensity of each pixel
of a predefi ngd portgﬁﬂﬂaﬁ stimage sy e?&ﬂ&e'%n'ﬁ fsden %B?'Pﬁf 'ng a light intensity
threshol d for enhangiafifigidaeh 61y haidér; of sai d

takihg a second image of each lens in the rotated lens holder;

registering each pixel of said second image with the corresponding pixel of

said first image;
. comparing the pixels of at least a portion of each first image and the

registered pixels of the corresponding portion of said second image;

generating a resultant image from the comparison of said pixels;

recognizing as lens defects the defect features of said first image that
have corresponding defect features in the registered second image; and

rejecting as defectlve any of sald Ienses that have a predetermlned

number of said recognized Iens defects.

2. The method of Claim 1, wherein said step of generating includes
generating said resuitant image with pixels that each have the same light intensity as
the brighter of the two corresponding compared pixels.

_____

3. The method of Claim 1, further including the step of obtaining said first
and second images with two spaced optical inspection stations, each station using a
strobe light to momentarily illuminate the lens and lens holder and a digital camera to
record an image of the lens and lens holder.

4, The method of Claim 1, further including the step of obtaining said first
and second images with a single optical inspection station which:
uses a strobe light to momentarily illuminate the lens and lens holder;
records the first image with a digital camera;
rotates tl;e lens holder;
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20"+ *  predefined portion; setting pixels with Iight _59t8¢52e%@| )
to or above the threshold to "1" and | i5#K- intensities g@??IPR 20 -
to-"0"; and analyzing the resultant pixel values to de as o

excessive brightness. 25 . 68. The nethod of O aim 67, wherein
sai d defining stepus@sthesstrohedight tgymomentarnily duminatethe gisplares leps and dens

st eps Iowdérhéﬁdthe average brightness at the center of the optical zone
of said I'ens.’'b9. The nethod of Claim67, further including steps for

anal yzi ng a pri nt edegords thensedond image with theldigital caimerat eps i ncl udi ng: WO
99/ 26052 PCT/ US98/ 22354
defining an inspection box having a cross-sectional area corresponding in
size to the smallest clear gap in said printed iris that would lead to
rejection of the lens; scanning said inspection box over a matrix of said

resul tant pixel 5 Wd printed iris area; and rejecting
said lens if the su ant pixel values within the inspection box is
greater than a predef| i 'mox threshold. 70. The nethod of

Cl ai m 69, wherein sai Hmfmm‘l ection box threshold is 80% of the
size of the inspectiolybox. uO® s * 71. The nethod of Cl aim 67,
further including steps for analyzing

)

!
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B A o steps nctvi ng: (IS E/0235%
it M= " £ S e R

characters fromot
‘matrix of said resultant pi xel values for the 15 area of said
printed charact er s{f) (c) comparieg af legst a portionf sgighlirstimagewith garrespanding

d | cul
The. cor ndpasted poftins o phth br ellabiatichafRmes; M1 () LoRert! 50 M
(e)  selecting thegnexgenérating atleastond resuitant inmaggcedm tioe comparisors of thef

dark pixels in sajd character matrix; (f) cal culating the corners and
center ofMR98%@Nthat contains said next character; (g) repeating steps

(e) and (f) until @) cRadoRhlAtiFas'ns Ms%defectfeauﬁeé ef&4id firstimhagl)
eval uat i ng@at | east ‘one geonetric characteristic of | east one of said

boxes r elth@l Rave:eoreasppadiag dﬁf%cté%%téfﬁsdﬁé@ Eﬁﬂé&tﬁfﬂdc%ﬁqlﬁ!ﬁf‘aﬂ ¥mage%r i ne

whet her the characters are acceptabl e. The nmethod of Claim71, wherein

1 ecrel it a5 gt s 1
PCT/ US98/ 22354 placing the lens in solution in a lens holder;
taking a first image of said lens in said holder;
rotating said holder, lens and said solution;
N taking a second image of said lens in said holder;
~ comparing the light intensity of pixels of at least one portion of said first
image with the light intensity of pixels of a corresponding portion of said second image;
and '
providing a resultant image with pixels that each have the same light

intensity as the brighter of the corresponding pair of compared pixels.

26, A rhethod for automatically inspecting a lens, comprising the steps of.
placing a lens in solution in a lens holder;
taking a first image of the lens in its lens holder;
providing relative movement between the lens and its lens holder;
taking a second image of the lens and its lens holder;
registering each pixel of said second image with the corresponding pixel of
said first image;
comparing the pixels of at least a portion of the first image and the
registered pixels of the corresponding portion of said sécond image;
generating a resultant image from the comparison of said pixels; and
recoghnizing as lens defects the defect features of said first image that
have corresponding defect features in the registered second image.

>
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69 7 “method of Claim71, wherein said georretrlc.cﬁwsgesLZZBSA
i ncI udes the m‘m E“lﬁ lllhaﬂ t one of sepd boxes. The net hod 0F1;RCI ai m

71, vvhereln aracteristic includes th APRE

‘one of said boxes. ~ 75. The nethod of @r‘?ﬂéﬁ}@@\%er ei nms{?a[?d

geonetric characteristic includes the aspect ratio of the height and w dth
of at |east oR&.of Thainethes ofClaim 26, whereiptsaishistep ofgenerating ingludes n sai d

9e0e 11 GiehRNRRISHId Blskiiah il AReRIAA Slon AT B Ren igttifpfiiess 77

The nmeth wherern sai eonetric ¢ aracterls
i ncl udes thébrighteaof the tab ddnrespending oofnmed pixels. one of said boxes. 78. The
met hod of Claim 67, further including the steps of: generating a pol ynom al

rodel of L 2°  The ol BN AUGH B 5 580 4t Ao Gk = ©
i nt ensi t iatd s¥cond iimagesieith ao $paced optical fispeefiomsidtions) eachatationiusing aedges

corpar i sGHOBRABN © Mamestasl HAMIEtB 7 57 a0 hoWer 4R-a il GATREHRTPEPS of
t he 'mg%"qﬁ‘?g%ﬁ%é'é“gﬁh H%bbld’eﬁcat' ng the points on the edge profil es

for each of I mages t have nunbers representative of a
m smatch; and _rejecting a Iens I f the nunber of m smatches for the imge

exceeds a pred@8 i ndhemethed of ¢iaim 26, fertherdneluding the step Qfeﬂht?'"lﬂgsﬁ?é‘éfﬁﬁg a

plural i t 43 sdcBRd fages with a single optical inspection station which:
SN ' momentarily illuminates the lens and holder;
- records the first image with a digital camera;
rotates the holder;
momentarily illuminates the displaced lens and holder; and

records the second image with the digital camera.

30. The method of Claim 26, further including the step of normalizing the light

intensity of said first and second images to correct for variations in ambient light.

31. The method of Claim 26, further including the step of providing a digital
representation of the light intensity at each pixel of said images, locating the center of
- each of said images, and storing polar coordinate light intensity data for each image in

an S-matrix wherein the data is stored in columns of fixed angle and rows of fixed
radius.

32. The method of Claim 26, further including the steps of:
defining a plurality of light sensing regions in the optical zone of said lens;
determining the deviation in brightness across each of said regions;
assigning a number score to each region based upon the magnitude of the
deviation in brightness across the region; and

>
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"eonpr ] "ng the st e ﬂ | pl aci ng each 1 eﬁ[ﬂﬁs@l&j &le 54
tt t aki of eachl in solution t

(r:(l;;/:t [ ﬁg egcdrﬂ“u&l“'e“uml ﬁll ens and g?;lsut ion in the mgj“tﬁt &BRazmm

'second i nmage of each lens in solution in the rotated cuvette; normalizing

the light intensity of each inmage; -70- providing a digital
repr esent at i oddof The method of Blaims26, jurtherdacudipg the stepsofi d | mages:

| ocating the cente I coordi nate |ight

intensity data forbg'g%rﬁﬁﬁgrg lY'ﬁ)%gwggag‘eogJﬁ‘%%B%%F?la}gﬁsdorrpar| ng with an

af fine transform t bemparieg theofneatureddight interssitlescof thé pixets atljacentito theédgeich

St i x B paaTe et errpRges dLineriant etstiesal seithmosrLgeeBiptndatien

W th pix ane light intensity as ‘the brighter of the
Aréundifie &dyes dTING irhdifesd

two correspondi ng conpared pi xel's; and analy2|ng said resultant image for

defects in an opti ganemstng aofed@@cmoﬁlermmm or garh siahrpgular edas m 79, .
e PPttt Bt kol tlod SRR dbeiibgg LS 0
t he st ep companes tozrthegnedeln
locating the points on the edge profiles for the first and second images
that have numbers representative of a mismatch; and
. rejecting the lens if a predefined number of mismatches for the first image
correspond in position to mismatches for the second image.

45. A method for automatically inspecting a plurality of lenses, comprising the
steps of:
obtaining at least one image of each lens;
generating a polynomial model of the edge of said lens;
comparing the measured light intensities of the pixels adjacent to the edge
of each of said images to the light intensities of said model at predefined angles around
the edges of the image;
. generating an edge profile number for each such angle edge comparison
: that is representative of how well the measured edge profile of the image compares to
the model;
focating the points on the edge profile for the image that have numbers
representative of a mismatch;
rejecting the lens if the mismatches exceed a predefined number of
mismatches;
defining a plurality of light sensing regions in the optical zone of said lens;
determining the deviation in brightness across each of said regions;
assngmng a number score to each region based upon the magnitude of the
devnatlon in bnghtness across the region; and
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resul tant -i.' | i|n .a color printed area o 'Gé’ / 2 3&4
S TN e it S 22

apparatus fo nspect i ng-63@Ases, conpri QEEA{)Qgg)aps@PReQUUU

cuvette for ngva rcorttact lens in solution in a fi'r i on; nmeans
for noving the cuvette, |lens and solution relative to one another and

st oppi ng t he noventejécting the ensombenpths surs of thessgeses exceasisehpeedefined

il lum nat“igggh&ge | ens and cuvette in said first and second positions; neans
for recording a first inmage of the lens and cuvette at the first position

and a second image_of the |lens and cuvette at the second position; means
f or conpari ng46ai dThe mathod of Slaimdd, fwtherdecluding fesstepsefich |1 ens; neans for

generating a resul . L OIp,. i .Qf, el y ans
for recogni zi ng asagﬁmgé g&q@ﬂ'@ qﬁ@ﬂﬁ%qﬁ‘%@fgaﬁeggq?\%rlgéh%%@cél %ﬁ??&?&?ﬂ%ﬁ

t hat have corr espodeienginitty thet déviationria drightricss agrsershchroigaid regicﬂ%; The
apparatus of Claim82, wherein said nmeans for generating includes neans for
generating said resultant image with pixels that each have the sane |ight
intensity as the brighter of the two correspondi ng conpared pixels fromthe
first and second i mages. 84. The apparatus of C aim 82, wherein said neans
for monentarily illumnating includes at | east one strobe |ight.

g
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85 pparat ' : erei n said -neans for _MS&Q By :
Il lumnating i nclmg“@ﬂllm‘ﬁimmg strai@e |ight for generating a flash of
light; at |east fusersto¥ diffusing said flash ' d
‘l east one multihole collimator for collimating the di fﬁPﬁngﬁ?oAﬁR Jﬂ“ﬂ
86. The appar at uroyidinga digital reprasestatios af theightdntepsity aleach piyeliofsaites
at Ieasti sdi gital canera. 87. The apparatus of C aim 82, wherein said
means for nmentarily illumnating includes two spaced illum nation

stations, the firdocatingtthe ceatesof eathedf saidlimagest first i mage and the second
station associated,W.th said second.i e.  ea tation havi.ng a str
| i ght for generat is‘r%m?;g pq)slggﬁo "\a?%pﬂh%&em'& @é}@?o'f %?é?ﬂ'mq%s'f‘%greggﬂr}g?‘ﬁ?ash

of |i.ghtg-magxa mul ti hole collimator for collimating the diffused flash of
light. 88. The apparatus of C aim 82, wherein said nmeans for recordin

i ncludes two space@mpajingawitteanaffing transiom the pixelsof at legst 2 pedian oighe & d
First | nRaeH oS bdcRFirSGRRIGE i ThedrdnSformRaPixeId Bf 13 ShriepBRding PforPbf thach

| ens.

S-matrix of said second image; |
generating a resultant image for each lens with pixels that each have the
same light intensity as the brighter of the two corresponding compared pixels; and
analyzing said resultant image for defects in an optical zone of each lens.

80. The method of Claim 79, further including the step of analyzing said
resultant image for defects in a logo pattern of each lens.

81. The method of Claim 79, further including the step of analyzing said
resultant image for defects in a color printed area of each lens.

82. An apparatus for automatically inspecting lenses, comprising:
a transpérent cuvette for holding a contact lens in solution in a first
position;
means for moving the cuvette, lens and solution relative to one another
; and stopping the movement at a second position;

{

means for momentarily illuminating the lens and cuvette in said first and
second positions;

means for recording a first image of the lens and cuvette at the first
position and a second image of the lens and cuvette af the second position;

means for comparing said first and second recorded images of each lens;

means for generating a resultant image from the comparison of said
images; and

means for recognizing as lens defects the defect features of said first
image that have corresponding defect features in the second image.
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- 83.  The apparatus of Claim 82, wherein said means for generating includes
means for generating said résultant image with pixels that éach have the same light
intensity as the brighter of the two corresponding compared pixels from the first and
second images.

84. The apparatus of Claim 82, wherein said means for momentarily
illuminating includes at least one strobe light.

85. The apparatus of Claim 82, wherein said means for momentarily
illuminating includes at least one strobe light for generating a flash of light; at least one
diffuser for diffusing said flash of light; and at least one multihole collimator for
collimating the diffused flash of light.

86. ' The apparatus of Claim 82, wherein said means for recording includes at
least one digital camera.

87." The apparatus of Ciaim 82, wherein said means for momentarily

e

illuminating includes two spaced illumination stations, the first station associated with
said first image and the second station associated with said second image, each station
having a strobe light for generating a flash of light, a diffuser for diffusing said flash of
light; and a multihole collimator for collimating the diffused flash of light.

88. The apparatus of Claim 82, wherein said means for recording includes two
spaced digital cameras, the first camera for recording said first image and the second
camera for recording said second image of each lens.

ENDED SHEET



' -

WOoOIREY-0
Fos coRy _
1DER + ANNEXES

: o ‘,!'Vgl;':s:
PCT WORLID INTELLECTUAL PROPERTY ORGANIZATION ‘”{"J)“

N International Burean

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Publication Number: /WO 99/26052

| A2

GOIN : (43) International Publication Date: 27 May 1999 (27.05.99)

(21) International Application Number: .~ PCT/US98/22354 | (81) Designated States: - AL, AM, AT, AU, AZ, BA, BB, BG, BR,
. BY, CA, CH, CN, CU, CZ, DE, DX, EE, ES, FI, GB, GD,

(22) International Filing Date:  ~ 22 October 1998 (22.10.98) GE, GH, GM, HR, HU, ID, IL

(30) Priority Data:
08/971,160 _~

(71) Applicant: WESLEY-JESSEN CORPORATION [US/US];
333 East Howard Avenue, Des Plaide:

(US).

(72) Inventors: RHODY, Harvey, E../60 Ma

NY 14450 (US). LEUNG, Billy, C;3704 Martins Dairy
o, 547,
Tian Mu Road West, #2606, Building A, Shanghai (CN‘).//

Circle, Olney, MD 20832 (US). X

(74) Agent: BRINKS HOFER GILSON & LIONE; P.O. Box 10087,

Chicago, IL 60610 (US).

14 November 1997 (14.11.97) _-US

IL 60018-5903

Drive, Fairport, | Published

KZ, LC, LK,
MW, MX, N

upon receipt of that report.

SL, T3, T™, TR, TT, UA, UG
patent (GH, GM, KE, LS, MW, SD,
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European

I°
n
B
A
3
8
8

Without international search report and to be republished

(54) Title: AUTOMATIC LENS INSPECTION SYSTEM/

(57) Abstract

An automatic system for inspecting contact lenses that are suspended in a saline solution within a lens holder. In the manufacturing
process a first electronic image is taken of each lens disposed in its holder, Thereafter a second image is taken of the lens after the holder
has been rotated and the solution and Iens have moved. The two images are compared and any dark spots on the first image that move with
respect to the second image are eliminated as artifacts that are caused by contaminants in the solution or marks on the lens holder. The rim
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