: 10434~ Ifos
LENS "PARAVETER NEASURENENT USI NG OPTI CAL SECTI ONI NG The present invention

rel ates gener AT TY F&p(l ﬁqg%géfyﬁnl §§ LUILaCt | ens paraneters by using an

5optical sect ng.tec 2, ,and nore parfticularly pertains to a lens

paramet er neas Ui ‘?19: ‘% pt'i-¢gp? %ﬁgctl orfi ng. The accurat g, ment of
contact |ens dgﬁ'eté’rs hasprésenPastia grdblemin the prior Whi | e
a current net Fagre bhﬁasurrhg -z e 8pfcdet-"-gns di arpgt,&p\,{zg)us\sgec(ge‘islg l e, no

met hod exi st s|ldtABMECK or : Frssd uPS-rigprdsd - f'rort radi us of curvature (FC) of a
cont act Iens. OFAEENFREBCEHT .neasur.i.ng..t.he.jback radius of curvature (BC) of.

a contact .l ens; s | PYSAMITEER /MEASGRRMEND USREC | dpTIcAn dtderoeteds for
neasurlnglthe center thickness (CI)- of a contact Tens involve physically

deform ng or destroying the | ens. The neasurenent of the base curve and
center thickness of arlwrpm.ébexhtenism:amtbmv:eeyatiééfge:méral]]'yetQOthelrrent

base curve i gue for
measuri ng trﬂ&?%ﬂ%% cg&é)érée)é %%é%#%ﬁgw %@f%m errors
i ntroduceg entical a¢qimoritan Hee¢lmparet Lﬁ@ddﬁ°¥¢le9%¥)¢3c@1i’-:b®rlﬁ whi ch

pertains to a lens parameter measurement using optical

sectioning.
The accurate measurement of contact lens
parameters has presented a problem in the prior art.

]L)While a current method for méasuring a contact lens
diameter (D) is reliable, no method exists at all for
measuring the front radius of curvature (FC) of a
contact lens. The method for measuring the back radius'
‘of curvature (BC) of a contact lens is instrument/

15 operator specific, and the methods for measuring the
center thickness (CT) of a contact lens involve
physically deforming or destroying the lens.

The measurement of the base curve and center
thickness of a contact lens can be very difficult. The

o current base curve measurement is performed by an
ultrasound technique for measuring the back sag at a
predetermined diameter. Aside from errors introduced by
variations in the temperature of the solution in which
the contact lens is immersed, the lens itself is not

o5 perfectly spherical, and thus does not fulfill the
requirements of the geometrical equation used to
transform back sagittal height readings into radius of
curvature values. In addition, fhe device cannot
measure the front radius of curvature of the contact

lens, nor can it measure the asphericity or toricity of
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the contact lens is imersed, the lens itself is not 25 perfectly
spherical, and thus does not fulfill the requirenents of the geonetri cal
‘equation used to transform back sagittal height readings into radius of
curvature values. In addition, the device cannot measure the front radius
of curvature of the contact 30 lens, nor can it neasure the asphericity or
toricity of -2- either the front or_khack curve of the contact |ens. The
center thickness is neasured by lowering a plunger onto a wet contact |ens
nount ed on a pedestal, and neasuring the difference in height fromthe

pedestal gl gheheFNtReSrPBAEULEMBALK! 8GROLAUE BHE 86AtLELM¥ALL abiger at es of

material deformation fromthe neasurlnaeforce attributable to material
nodul us, i nEBREEEt BhichnafgetschanberefePyhioVeréry analregsrdestgn. A

noncont act i agwetassheaent 1e86hnbdHEedOBhdabgedtsbal| ehhtiaRbgsutdng
Accordingl vy g, present. ! BuenLigh. 3, h' BELoHob0sBal P e " HREZU N0
5 measurement technique suffers from variable rates of
material deformation from the measuring force
attributable to material modulus, inconsistent plunger
counter weight force, and lens design. A noncontacting
measurement technigque would be much preferable.

10 Accordingly, the present invention is directed
to a method of measuring desired parameters of a contact
lens by optical sectioning comprising:

a. positioning a contact lens on a support
fixture;

15 | b. generating a line of light;

c. directing the line of light through a
selected diameter of the contact lens;

d. deteéting as an image the light scattered
at the surfaces of the contact lens at the selected

oo diameter; and

e. analyzing the detected light image to
measure the desired parameters of the contact lens.

The present invention is further directed to
an apparatus for measuring desired parameters of a

o5 contact lens by optical sectioning comprising:

a. a support fixutre for positioning a
contact lens being measured;

b. means for generating and directing a line
of light through a selected diameter of the contact

30 lens; and
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| ens by optical sectioning conprising: a. positioning a contact |lens on a
support fixture; 15 b. generating a line of light; c. directing
the line of Iight through a sel ected dianmeter of the contact |ens; d.
detecting as an imge the light scattered at the surfaces of the contact

|l ens at the selected 20 dianeter; and e. analyzing the detected |ight

i mge to neasure the desired paraneters, of the contact |ens. The present
invention is further directed to an apparatus for measuring desired
paraneters of a 25 contact |ens by optical sectioning conprising: a. a

support filxut re for ROsi tHNFR RIUHAH i dP B R8I NhdRATHL A idht Means for
generating and directing a line of |ight thHrough a sel'ected dianeter of the
cont act 3oqqﬁﬁ§e§gq14§5 he surfaces of the contact lens at the
selected diameter, and for analyzing the detected light
image to measure the desired parameters of the contact
5 lens.

The subject invention provides an optical
sectioning technique for measuring at least four basic
parameters of a contact lens comprising the diameter
(D), front radius of curvature (FC), back radius of

10 curvature (BC), and center thickness (CT), which can be
‘measured directly or deduced from a cross-section of the
lens. The present invention uses a line or sheet of
light to illuminate and highlight a cross-sectional view
of an immersed lens. That cross-sectional view contains

15 all of the information necessary to obtain all four
parameters directly, without contacting or destroying
the lens. ,

In one embodiment, the 4880 A line of an Ar*

laser is collimated, and then focused with a cylindfical

o0 lens onto a contact lens. The resulting line of light
is directed onto a support fixture with a cup which
contains a slotted pedestal. The cup is filled with a
saline solution, and the lens is placed on a pedestal
completely immersed under the surface of the solution,

25 and the line of lighf is adjusted so as to pass through
the middle of the contact lens. A charge coupled
television (CCTV) camera detects the light scattered
from the surfaces of the contact lens, and a software
program analees the image to obtain the desired

30 parameters of the contact lens.
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-3- c. neans for detecting as an image the |ight scattered at the surfaces
of: the contact lens at the selected dianeter, and for analyzing the
:detected |ight imge to neasure the desired paraneters of the contact 5

‘'l ens. The subject invention provides an optical sectioning technique for
measuring at |east four basic paraneters of a contact |ens conprising the
di aneter (D), front radius of curvature, (FC), back radius of 10 curvature
(BO), and center thickness (CT), which tan be neasured directly or deduced
froma cross-section of the | ens. The present invention uses a |line or

sheet of Ijght to illygLngtesapd E#GQLEQQL ﬁagfﬂéﬁg§§gf%ﬂg$§?%28?% f an

i mer sed I"ens. That cross-sectional view contains f ormation
necessary tBYOBEBENPHLPY!BEE PaFhBREHBeSs. di LBcifynoNFeRBRAEL EB% 1 a®Rfng or

destroying bperheds. ihNrefte8tDEAI 8BNthat NEN4BEPL fichl Nenshedpibrrr] | aser
I's collimated, gnd thgn foguFed mntﬁaa cyllggrlcal 20 lens onto a contact

| ens. The r&28I PEngSFFREMGE [igppackage”;: and 1s very compact.
5Also, it combines in one instrument the functions now

accomplished by a micro-comparator, ultrasound gauge,

Rehdergauge, and microscope. Additionally, the front

curve radius of the contact lens can be measured, which

is not presently possible and could be of great benefit,
10 particularly for aspheric contact lenses. '

The optical sectioning technique provides a
very useful method for determining a contact lens _
diameter, front and back curvature, thickness and power.
The measurement of these parameters is much more

15 accurate than any current prior art methods, and can
advantageously be used to measure lenses in packages.
The optical sectioning technique is also much more
accurate than all current prior art methods, and is less -
expensive than the multiple instruments in usage today.

o0 The measurement technique is noncontacting,
nondestructive, and nonintrusive. Image processing is
employed to enhance the image and calculate the lens
parameters. It also can measure aspects of contact
lenses which no other prior methods can measure, such as

25 the asphericity of the front and back surfaces. Lens
designs using asphericity cannot be measured using any
known prior art method, nor can any unintentional
asphericity be detected. The optical sectioning
technique can also be applied to bifocal lenses,

30

35



Is directed onto a support fixture with a cup which contains a slotted
pedestal. The cup is filled with a saline solution, and the lens is placed
on a pedestal conpletely i mersed under the surface of the solution, 25 and
the line of light is adjusted so as to pass through the m ddle of the
contact lens. A charge coupled television (CCTV) canmera detects the |ight
scattered fromthe surfaces of the contgct |ens, and a software program
anal yzes the inage to obtain the desired 30 paraneters of the contact |ens.
35 -4- 1 The present invention has nmany advant ages over
present priparaitulechyi goesentripsanontent athgngpnhadtopenates in
reflection gogstBak the optical inspection can be performed "in-package”,
and is very conpact. 5 Also, it conbines in one instrunent the functions
now acconpl i shed by aTheckechsapaltaspproarhr 4sotadfgauga, LReRdefgauge, and

m croscope. 1Agdtt wAnah! ¥s bheckteAt through a lens, immersed in a
5 saline solution, and positioned on a pedestal. The line
of light travels parallel to the lens center of rotation
axis and bisects the lens. Scattered light is imaged
onto a CCD camera, and the resultant image is enhanced
and analyzed. The optical elements used in the

10 detection system can include a flat, a wedge, and an
imaging lens system. The resultant image is analyzed
using a nonlinear least squares fitting data processing
approach.

A wideband light source is preferably used to

15 decrease pixellation from speckle. The instrument is
designed for compactness and ease of usage with
interchangeable sample holders or cells for different
types of contact lenses, single button operation, and
easy calibration.

20 In accordance with the teachings herein, the
present invention provides a method and apparatus for
measuring desired parameters of a contact lens by
optical sectioning which comprises positioning a contact
lens on a support fixture. A line of light is generated

25 and directed through a selected diameter of the contact
lens. An image is detected of the light scattered at
the surfaces of the contact lens at the selected
diameter, and the detected light image is analyzed to
measure and determine the desired parameters of the

30 contact lens.
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curve radius of the contact |ens can be neasured, which is not presently
possi bl e and coul d be of great benefit, 10 particularly for aspheric
contact |enses. The optical sectioning technique provides a very useful

met hod for determ ning a contact |ens diameter, front and back curvature,

t hi ckness and power. The measurenent of these paraneters is nmuch nore 15
‘accurate than any current prior art nmethods, and can advantageously be used
to measure |l enses in packages. The optical sectioning technique is also
much nore accurate than all current prior art nethods, and is | ess-

expensiveqthan the mutfi gl8at 88t AUFRILS i:HeUéﬁﬂfyéi’ga?!roa_ﬂdggetf!@asur ement
t echni que 1S noncontactin nondestructi ve, d non| ntrusi ve. I magg

an
processi ng W%a%ﬂf?@y%ﬂr?%géﬁﬁ%neg heleaghefant BaFLaI BREATRESTEN
par anmet er s. a | ¢tont 86t ChEngeasHpLi 851G Cthe Ofianet&et (bensesonbi eidfas ot her

Ui faces, | Lo SRETEREe LETRE RafR Tert b SRRor 1Et s ctpehr &g any. known
prior art sneehboelr thickaesanyCThi nt B¢ i amalyssphean cprgvbdedet ect ed. The
optical secii@y {\gnd £ChOL HFed APaPhir £Fs 30P! LRE LOMPALLCEENL SRRESK

include the front radius of curvature with aspheric

form, the back radius of curvature with aspheric form,

the lenticular curve radius, the peripheral curve

10 radius, the sagittal height, aspherical deviations, and

the power of the lens.

The line of light is directed onto a support
fixture which includes a container in which a pedestal
is positioned, and the container is filled with a saline

15 solution. The contact lens is placed on the pedestal
completely immersed in the solution, and the line of
light is directed over the edge of the container and
through a selected diameter of the contact lens. A
charge coupled television (CCTV) imaging camera detects

oo the image of the light scattered from the surfaces of
the contact lens. The imaging camera is preferably
positioned at a right angle to a light source used to
illuminate the contact lens. The imaging camera - is
elevated with respect to and views the iens at an angle

o5 greater than the critical angle relative to the surface
of the saline solution, which is the minimum angle at
which light is transmitted and below which all light is
reflected and none transmitted by the surface of the

saline solution.

30
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30 35 -5- 1 particularly concentric annular ring contact |ens designs.
The technical approach is to forma line of light which is directed through
a lens, imersed in a 5 saline solution, and positioned on a pedestal. The
line of light travels parallel to the Iens center of rotation axis and

bi sects the lens. Scattered light is inmaged onto a CCD canera, and the
resultant image is enhanced and anal yzed. The optical elenents used in the
10 detection systemcan include a flat, a wedge, and an i naging | ens
system The resultant inage is analyzed using a nonlinear |east squares

fitting d%t a processiTme &;pﬁmh s B dIRRN Gndd iltentetity Garl S preferably
Fzsdcgﬁpémaﬁgcre‘%sﬁefooﬁg at | q_?rjelg]felrora S ecaklceont‘@c |1nesr'ltsr unffich | S desi gned
immersed in saline packaging solution in a packaging
container. i
5 The detection system can include an optical
flat, an optical prism mounted on the optical flat, and
an optical imaging system.
The image 1s analyzed by a software program
which uses a nonlinear least squares fitting data

10 Processing approach. The analysis includes an image
processing macro routine which combines several
morphological routines into one sequence which is
executed for each image, the result of which is stored
digitally, and the stored image is then input to a

15 software routinelfor calculation of selected parameters
of the contact lens. The parameter calculation is based
upon a nonlinear regression based upon the residuals
error from a Taylor Series expansion of an expected
contact lens curve profile.

20 The beam of light is shaped and focused in an
arrangement in which light from a light source passes
through a spatial filter, is collimated by a collimating
lens, and is focused by a c¢ylindrical lens into a line
of light at the contact lens being measured. The line

25 of light is directed onto the support fixture which
includes a central support button, surrounded by
alignment posts to properly position a contact lens
within the support fixture. The central support button
and alignment posts are positioned at a level A in the

30 fixture, and the top of the alignment posts do not
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I nt erchangeabl e sanpl e holders or cells for different types of contact

| enses, single button operation, and easy calibration. 20 I n
‘accordance with the teachings herein, the present invention provides a

.met hod and apparatus for measuring desired paraneters of a contact |ens by
‘optical sectioning which conprises positioning a contact |ens on a support
fixture. Aline of light is generated &b and directed through a selected
di aneter of the contact lens. An inage is detected of the |ight scattered
at the surfaces of the contact lens at the selected dianeter, and the

det ect ed tLi@tnemahagmovs ankdygkdto Ateacaur'scaahdflwl emiﬁlnsatpnelsjesi red

paraneters I 149" det ai |
Cﬁg@fé’én fé‘ss ably - ters Jfoned on s %%urleeﬁia%c

t he analy5|s prOV| neasure par a | east

par armet er s &% té‘%olﬂ‘é%% Bend d@ﬁﬁpﬁ%ﬂﬁg the GHiahmeterig fiil¥ediitiadi us
saline solution, and the optical flat is guided by the

5 slide rails to slide to one side while clearing the area
over the central support button and alignment posts.
The contact lens being measured is lowered into the
saline solution between the alignment posts, and comes
to rest on top of ﬁhe central support button in an
10 essentially horizontal position. The optical flat is
then slided to a second opposite side to position it
above the contact lens for an optical sectioning
measurement .
In the detection arrangement, light from the
15 illuminated contact lens is directed by imaging optics
onto a camera, an image is captured by a frame grabber
and digitally stored in memory, the stored digital image
is then subjected to image processing, including image
enhancement, curve fitting, and measurement of
o0 parameters of the lens by the application of selected
known algorithms which are available commercially in
software.
The foregoing objects and advantages of the
present invention for a lens parameter measurement using
25 optical sectioning may be more readily understood by one
skilled in the art with reference being had to the
following detailed description of several preferred
embodiments thereof, taken in conjunction with the

accompanying drawings wherein like elements: are
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of curvature (FC), back radius of curvature (BC), and 5 center thickness
(CT). The analysis can provide additional neasured paraneters of the
icontact |ens which include the front radius of curvature with aspheric
form the back radius of curvature with aspheric form the |lenticular curve
radi us, the peripheral curve 10 radius, the sagittal height, aspheri cal

devi ati ons, and the power of the lens..glhe line of light is directed onto a
support fixture which includes a container in which a pedestal is
positioned, and the container is filled with a saline 15 solution. The
contact | g_rmesisgxmta@@doyorﬁdémtmibs&aﬁemrpé atwkgra Isrerlmsslighouthe sol uti on,

and the |i ?é‘é@%gl ecah?(ﬂ ﬂY%l%IJ}F edge of the container and

through a s e con | ens. A charge coupl ed
t el evi sion (CCTV) i na@lglgr%akm#hllmm%s 20 fidnw ighapt o1f the | i ght

scattered fg %éfh?e&?é@&é‘és Ofort Neertd éi?&tmét?éls meditdRhtLiSBiera i s
preferably cg)OSJtlone ht an Ie to a aﬁqht source used to illum nate

t he cont abt®® %Wg}%&) ito dihs SR FFHESHER™t 0 and vi ews

the lens at an angl e Phgyred el Ivstirdtes arid ienddodingdre: rcﬁi atnve to the

surface optical arrangement for shaping and focusing a beam of
light in which light from a source passes through a
spatial filter, is collimated by a collimating lens, and

10 is focused by a cylindrical lens into a line of light at
the contact lens being measured;

Figures 3, 4 and 5 are respectively top
planar, and end and side elevational, views of a support
fixture for holding a contact lens during the

stmeasurement technique of the present invention;

Figures 6 and 7 are respectively side
elevational and top planar views of a central support
button and surrounding alignment posts to properly
position a contact lens within a support fixture;

20 Figures 8 and 9 are respectively top planar
and side elevational views of an optical glass flat,
having a prism positioned on top thereof, positioned on
slide rails;

Figure 10 is a side elevational view of only

o5 the optical flat and slide rail assembly; and

Figure 11 illustrates a curve fit
approximation to the measured points of a contact lens
pursuant to the processing techniques of the present
invention, with the curve being of sag in pixels versus

30
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of the saline solution, which is the mninumangle at which light is
transmtted and bel ow which all light is reflected and none transmtted by
the surface of the saline solution. 30 35 -7- The optical sectioning
imeasur enent can advantageously be utilized on a contact lens which is
I mersed in saline packaging solution in a packaging container. 5
The detection system can include an opigcal flat, an optical prism nounted
on the optical flat, and an optical imging system The inmage is anal yzed
by a software program which uses a nonlinear |east squares fitting data 10
processi ng dippraoss. inl heieals e rodanE mossswared nages sprsssgsissmgofirecr o
routine which conbines, several norphol ogical routines into one sequence
whieh s The present invention provides a
nondestructive measurement technique for measuring all
gof the physical dimensions of a hydrated contact lens.
The measurable dimensions include the front curve
radius, lenticular curve radius, péripheral curve
radius, back cﬁrve radius, diameter, center of lens
thickness, sagittal height, power, and aspherical
10 deviations. The lenticular and peripheral juncture is
also discernible. Heretofore in the prior art, many of
these parameters were not measurable and, if measurable,
suffered from inaccuracies and/or damage or destruction’
of the lens being measured.
15 Figure 1 illustrates a flow chart of a
preferred process in which light from a light source 10
is shaped at 12 into a desired beam shape as a line of
light which is directed onto a lens positioned in a lens
holding fixture at 14. An image of the illuminated lens
oo is directed by imaging optics 16 onto a camera 18, and
an image is captured by a frame grabber 20, and
digitally stored in memory at 22. The stored digital
image is then subjected to image processing, including
image enhancement at 24, curve fitting at 26, and
o5 measurement of pgrtinent parameters of ;he lens by the
application of appropriate algorithms at 28, and the
measured parameters are then displayed at 30.
The light source may be any high intensity
light generator such as a laser diode, arc lamp, or high
30 radiance LED. Reduction to practice has been with a
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executed for each inmage, the result of which is stored digitally, and the
stored image is then input to a 15 software routine for cal culation of.

sel ected paraneters of the contact |ens. The paraneter calculation is based
‘upon a nonlinear regression based upon the residuals error froma Tayl or
‘Seri es expansion of an expected contact |ens curve profile. 20

The beam of light is shaped and focusegiin an arrangenment in which |ight
froma |light source passes through a spatial filter, is collimted by a
collimating lens, and is focused by a cylindrical lens into a |line of |ight
at the comt]aiﬁe:} errmvtte}eng ardaigh ethdiBmed iIRD 2mywfbd imphdfdrrati riact ed onto

t he suppor tg f ncl to surrounded by
0 propgrnié Aj%f sl V?aaceta%&w be

al i gnnent pos posittion a con h|n t he support
fixture. Theiﬂmnechl(ldi)pmoxstuu"tttdxe dm is filgreremrangsost SThe ecqpsingdned at a

level A inthg 30 {detiding Bdddindet Updd' & ILUHEM: PASF HAGHOt 35
5detection system. At the extremes, too high an
intensity could damage or modify the lens being
measured, while at the other extreme, no detectible
image would be generated. The ideal is a small thin
line of intense light in a small source.

10 Figure 2 illustrates one embodiment of an
optical arrangement for shaping and focusing a beam of
light, in which light from a source 34 passes through a
spatial filter 36, and is collimated by a collimating
lens 38. A cylindrical lens 40 focuses the collimated

15 beam into a line of light at the contact lens 41. A
mirror 42 is angularly adjustable to properly position
the focused line of light relative to the contact lens.
The contact lens is positioned on a pedestal 44 in an
observation support cup 46 in which it is immersed in

oo saline solution.

Figure 2 illustrates a basic approach to
providing the cross-sectioning light and picking up the
scattered light image. A line of light can be formed by
spatially filtering, collimating and cylindrically

o5 focusing an Ar?* (4880 A, nominally 20 mW) laser beam.
The resultant line of light beam passes through a
mounting cell, as shown in Figures 2-10, holding a lens
immersed in saline solution. The scattered light is
received by a lens which focuses it onto a detection

30 camera.
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-8- 1 extend above a level B. An optical flat with a prism positioned
thereon is slidably positioned on slide rails at the level B. A cavity in
the fixture is filled with saline solution, and the optical flat is guided
by the 5 slide rails to slide to one side while clearing the area over the
‘central support button and alignnent posts. The contact |ens being neasured
Is lowered into the saline solution bettgeen the alignnent posts, and cones
to rest on top of the central support button in an 10 essentially

hori zontal position. The optical flat is then slided to a second opposite
side to pq5ition it abbeele¢he beimachedsused ocamrbepposhticeedi oni ng

ToasUr e laal iy ACs UAbEPLI PILceArANAETERLon | LON AL OM LG AReLY | 4 nat ed

contact |ens |s d|re ICS OoNto a canera, an Image is
capt ur ed bygléeﬁ%rred%‘l?%bbe%naﬂ@lgwgﬁitéfl@/ st Bi@gres %en‘br@ndt%ea%@ or ed

digital i %pé&b@é‘lﬁ%ﬁ%?ﬂqé@ | B Cerid O£ESSe 1 We & TEvak Agal MBgE
enhancenent , curve f|tt|n g tasurement %H%g araneters. of the |ens by

the appli Gaft¥e oPf s"él%‘(’:l? ure of ¥ nlk FEEREE | LR

commer ci al lguring the measurement technique of the present

invention. Figures 6 and 7 are respectively side
elevational and top planar views of a central eupport
button and surrounding alignment posts to properly

10 position a contact lens within the support fixture.
Figures 8 and 9 are respectively top planar and side
elevational views of an optical glass flat, having a
prism positioned on top thereof, positioned on slide
rails in the support fixture, and Figure 10 is a side.

15 elevational view of only the optical flat and slide rail
assembly.

Referring to Figures 3-10, a central support
button 50 and cooperating alignment posts 52 are
positioned at level A, Figure 5, in the fixture 14. The

o0 top of the alignment posts 52 do not extend above a
level B in the fixture 14. BAn optical flat 54 with a
prepositioned 10 degree wedge prism 56 is slidably
engaged on slide rails 58 which rest at level B in the
fixture 14. The lower surface of the optical flat 54 is

25 positioned slightly below the level of the saline
solution to remove any optical distortions as might
otherwise be caused by ripples on the surface of the
saline solution.

In operation, a cavity 60 in the fixture is

30 filled with saline solution. The optical flat 54 guided
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software. The foregoi ng obj ects and advantages of the present invention for
a.lens parameter measurement using 25 optical sectioning may be nore
readily understood by one skilled in the-art with reference being had to
~the follow ng detailed description of several preferred enmbodinents
~thereof, taken in conjunction with the acconpanying draw ngs wherein |ike
el ements are 30 35 -9 - 1 designatet3by identical reference nunerals
t hroughout the several views, and in which: Figure 1 illustrates a flow
chart of a preferred process for |ens paraneter neasurenent using 5 optical
sect i oni ny purshemlide el &fenits ishidiad ¢e Fhearight | (Iudfthat' & one
embodi ment. n a0 AP a1l A BAla ders haR Nhash fSusidng @ beam of
light in which light froma source passes througlh a .
cooperating alignment posts 52. The lens being measured

is dropped or lowered into the saline solution between

5 the three essentially uniformly positioned alignment

posts 52. As the lens sinks in the saline solution, it

normally touches (bumps) one or more of the alignment

posts 52 and comes to rest on the top of the support

‘button 50 in an essentially horizontal position. The
10 optical flat 54 is then slided to the left extreme (in

Figure 5) which positions it properly above the lens for

an optical sectioning measurement.

The mounting cell 14 is designed to allow most

of the excess laser light to be absorbed at the bottom
15 of the cell out of the view of the camera. The optical

flat 54 and wedge prism 56 are used with the cell in the

detection system to aid in correcting image distortions

produced by the surface of the solution covering the

lens and the viewing angle.
20 o The lens can be correctly positioned by hand

with respect to the scanning line of light, or the

position of the scanning line of light can be adjusted,

as by the mirror 42, so as to cause an image to occur on

a desired diameter (normally the center diameter) of the
25 lens being measured. In appropriate circumstances, the

contact lens might be rotated to position the line of

light along a different meridian (different angular

diameter) of the lens. In a continuous mode of

operation, such as on a production line, the light

30 source is energized, and the image from the camera is
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spatial filter, is collimted by a collimating |lens, and 10 is focused by a
cylindrical lens into a line of light at the contact |ens being neasured;
Figures 3, 4 and 5 are respectively top planar, and end and si de

‘el evational, views of a support fixture for holding a contact |ens during
the 15 neasurenent techni que of the present invention; Figures 6 and 7 are
respectively side elevational and top _pl,anar views of a central support
button and surroundi ng alignnment posts™to properly position a contact |ens

Wi thin a support fixture; 20 Figures 8 and 9 are respectively top
pl anar an§ éhgékéhet’ét{reﬂﬁfy%ﬁ&\é fhe aDiGRE | fﬁég&'ﬁé%ﬁ'@he aayipgqa prism
positioned on top thereof, positioned on slide rails; gare 10 is a side
el evat i onal P¥PBRE of13REyeSs { RAtRRY| thf FREETANDE sHiaehPider asdBnBey: and

Figure 11 Ibhylﬁiéall%}‘r adgusvedf séd a@pt@xpnaéemhéom@genansalr ed points of a
Cnventi on. SFERCTRG SUPUSLBE nGtof SxEoTh FRARTEroRf (navenehe Eah
5 be prov1ded by motors or by a pos1tlon1ng cylinder.

The energized light source causes a detectable
line of light (through a vertical section of the contact
lens) to be imaged, and allows for either the holder or
the camera to be spatially adjusted. Movement must be

10 only to and fro so that the line of light illuminating
the lens is maintained in parallel alignment with the
imaging camera so as to not introduce distortion into
the subsequent image enhancement and measurement.

When the light source illuminates the mounted

15 lens, light is scattered by the surfaces of the lens and
produces a bright area on the external surfaces of the
lens (the illuminated surfaces contacted by the line of
light). The prism 56 provides a suitable magnification
(spread) of the image which is relayed by an imaging

oo optical system 60 80 as to nearly fill the detection
area or screen of the imaging camera 18. One
advantageous position for the imaging camera 18 is at a.
right angle to the light source at the level of the
contact lens specimen. Practicality dictates that the

o5 camera be elevated and view the lens at an angle. The
camera views the contact lens over the edge of the cup
and at an angle greater than the critical angle. The
critical angle is defined as the minimum angle at which
light is transmitted through the surface of the saline

30 solution, and below which all light is reflected by the
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35 -10- 1 distance in pixels across a neasured cross-section of a
contact |ens. The present invention provides a nondestructive neasurenent
technique for nmeasuring all 5 of the physical dinensions of a hydrated
icontact | ens. The neasurabl e di nensions include the front curve radius,
lenticular curve radius, peripheral curve radi us, back curve radi us,

di aneter, center of |ens thickness, %gttal hei ght, power, and aspheri cal
10devi ati ons. The lenticular and peripheral juncture is also discernible.
Heretofore in the prior art, many of these paraneters were not neasurable

and, if a&wﬁé&@,oﬁtﬁﬁ@r@i{ﬁ@mémma@n&&l@wlt@faw@mﬁaﬁe@r destruction

of the | ens measur ed ure 1 jllustrates a flow chart
of a prefer‘?aglolrbgo%’e‘%slri‘%e’@\f‘ﬁ‘%ﬁ cf‘?]blfﬁcrflr% I‘Teg;cﬂflléeo%r%% ?L’&’S]raslré?‘l ped at
12 into a desteiad behow shaflee asmagingecaiiera is positioned to

account for the Scheinpflug effect, i.e. all optical
5 paths are of equal length. The raw image is captured by
a frame grabber 20 and transferred to digital
storage 22.
As illustrated in Figures 8 and 9, the
illuminating light 62 is usually positioned normally to
10 the surface of the optical flat 54 directly above a
contact lens 64, and is in the form of a line of
light 66.
The image detection apparatus can incorporate
a COHU Model 4810 Camera and Data Translation Model 2855
15 Frame Grabber. A Melles-Griot Cooke Triplet lens
optimized for infinite conjugate images a cross-
sectional image onto the camera, accounting for the
Scheinpflug condition.
Software has been developed to p;ocess'the
op image, including image acquisition, filtering, sorting
and calculations. An image processing macro routine
combines many of the morphological routines into one
sequence which is executed for each image, the result of
which is stored digitally. The stored image is then
25 input to a software routine for sorting and calculation
of parameters. In greatexr detail, the image is acquired
and preprocessed by several stages of filtering for the
purpose of removing extraneous background noise. The
filtered image is then thresholded so that only the lens
30 profile is visible. The profile is then fit to

35



Iighf which is directed onto a lens positioned in a |lens holding fixture at
14. An image of the illumnated lens 20 is directed by inmaging optics 16
onto a canera 18, and an inage is captured by a frame grabber 20, and
digitally stored in nenory at 22. The stored digital inmage is then
isubj ected to inmage processing, including imge enhancenent at 24, curve
fitting at 26, and 25 neasurenent of {EFtinent paraneters of the |lens by
the application of appropriate algorithns at 28, and the neasured
paraneters are then displayed at 30. The |ight source may be any high
intensitylF@gﬁ@sg@ﬂeﬁﬂgﬁdﬁﬁﬁ@ﬁsasS@°P§§@ﬂ @P@@e? &lddiagp thgeeni gh 30
radi ance LEBBinRedualiied) LRdPt3ahisqatRas iheeN twbt ,Br%a%rs,l asehrghhovever a
hi gh radi ance LEE may be preferred in so enbodi menfs. A refﬁrred
wavel engt h &Y °Fh¥P§r@ﬁc | BPIEaSe i Anthe PREPEALAETAXNEET FRE required
l'ight intetfisohy istirdependeEachpenrifheesensichen tippottedetd deteaetieon
system AL :402:8% LITR chRo AN0R:8" £ALRIBh! Losedhdidagmae or modify the
calculated. '
The parameter calculation is based upon a
powerful nonlinear regression technique based upon the
residuals error from a Taylor Series expansion of the
10 expected curve profile. In greater detail, the
estimates of the time residual differences between
empirical values of the fitting function and actual
values, and the estimated residuals, are incrementally
improved by expanding the actual functional residuals
15 with a linear Taylor series about the estimated values.
This equation is reorganized in terms of the actual and
estimated residuals, and a set of parameters is found
which minimizes the sum of the squares of the true
residuals. This function has a minimum value when all
oo of its partial derivatives with regard to the fitting
function coefficients are zero. This set of nominal
equations is solved by obtaining the first order
approximations to the incremental improvements mentioned
above. The process is then iterated using the improved
25 values until the increments fall below a specified
tolerance. This method tends to converge very rapidly,
and allows the data to be fit to any arbitrary function
for contact lenses, which allows the output of the
software to be used as feedback in a manufacturing

30 process.
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nmeasured, while at the other extrenme, no detectible inage would be
generated. The ideal is a small thin l[ine of intense light in a smal

source. 10 Figure 2 illustrates one enbodi nent of an optica
arrangenent for shaping and focusing a beamof light, in which light froma
source 34 passes through a spatial filter 36, and is collimated by a
collimating lens 38. A cylindrical |eng740 focuses the collimted 15beam
into aline of light at the contact lens 41. A mrror 42 is angularly
adjustable to properly position the focused line of light relative to the
contact |@ns. The conpaghréem:s islpsesratemea omrve pfiestal 44 in an

Fioure 2 i1 FaeroaiuetiBnoto Lufhéanited whllTa RE +restha& 18d T oni ng

i ght and ppuksugnUptohehecarOQeedlmggheChma@@esAof|ﬁ@eq@r¢$gm¢ can be
formed by s [ I Y, cu5|ng an
bAALLEL| G e EEILTBLLAG TRy, LA bLeel webaboric,

[err] (4880 nom nal I ne of |ight
bean1passébd%%¥%@%% hﬂnﬁbﬁ%l%ga%€9$s %sm%#ﬁNWﬁ¢rF#Qiﬁn%%F%FQE)Oﬁoﬁdlng a

| ens i mer segntdcsaléne. sol ution. The scattered light is

Optical sectioning of a lens is provided by
the present invention to improve the accuracy of lens
parameter measurements. The most critical parameters

10 include center thickness, thickness profile, radii of
curvature and aspheficity of the front cdurve, back curve
and lenticular curve, and the diameter as a function of
radial and azimuthal position. From these values the
lens power can also be readily calculated from known

15 equations.

In the optical sectioning technique, the lens
is optically sectioned using a pseudo-coherent light
source which is scattered sufficiently from the
illuminated surface of the lens material. The image is

o0 captured by a solid state camera and frame grabber, and
analyzed using typical image processing algorithms. In
one embodiment, the technique was evaluated using an
Argon ion laser emitting at the 488 nm line with a power
of 30 mW, a COHU 4810 CCD camera and a Data Translation

25 2855 frame grabber. Tests were conducted using several
dozen soft hydrogel contact lenses. The results
indicated that the optical or laser sectioning technique
measured the center thickness, the thickness profile,
the radii of curvature of the front curve and the back

30 curve, the diameter, the lenticular radius of curvature,
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received by a |l ens which focuses-it onto a detection 30 canera. 35 -12-
The | ens bei ng nmeasured can be positioned using a support fixture 14, such
as that illustrated in greater detail in Figures 3-10. Figures 3, 4 and 5
iare respectively top planar, and end and side elevational, 5 views of a
support fixture for holding a contact |ens during the measurenment technique
of the present invention. Figures 6 anflg7 are respectively side el evati onal
and top planar views of a central support button and surroundi ng alignnent
posts to properly 10 position a contact |lens within the support fixture.

Fi gures 8lamﬂ S les eagpspeiciitelas tofyianian o widdalelsawat i onal vi ews of

an opti cal 8 |na{]h§’ Jﬂw LP tsarﬂl Slt %q;clil %nﬂjt‘tﬂ% i1y eof , positioned

on slide ral suppo ure gure i's a side. 15
el evat i onalacgunaay . orwkgﬁnetfenrcqot |t(h§| lfeln@t mrsqukldr &g calculated

with repeatability and accuracy.

5 While several embodiments and variations of
the present invention for a lens parameter measurement
using optical sectioning are described in detail herein,
it should be apparent that the disclosure and teachings
of the present invention will suggest many alternative

10 designs to those skilled in the art.
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assenbly. Referring to Figures 3-10, a central support button 50 and
cooperating alignnent posts 52 are positioned at |level A Figure 5 1in the
fixture 14. The 20 top of the alignnent posts 52 do not extend above a
level Bin the fixture 14. An optical flat 54 with a prepositioned 10
degree wedge prism56 is slidably engaged on slide rails 58 which rest at
level Bin the fixture 14. The | ower sg%face-of the optical flat 54 is 25
positioned slightly below the | evel of 'The saline solution to renpve any
optical distortions as m ght otherwi se be caused by ripples on the surface

of the sali t A0l eration, a cavity 60 in the fixture is 30
filled V\Ab’hﬂ& agle Mﬁﬁ]ffg)"l'he optical flat 54 guided 35 -13- 1 by the
slide rails 58 is slikedA deHog QhimgashEng rdesired RARFaRe e ar the area

over the byf g htd¥t lens by optical sectioning comprising:
a. positioning a contact lens on a support
5 fixture;
b. generating a line of light;
c. directing the line of light through a
selected diameter of the contact lens;
d. detecting as an image the light scattered

10 at the surfaces of the contact lens at the selected
diameter; and _

e. analyzing the detected light image to
measure the desired parameters of the contact lens.

2. A method as claimed in claim 1, wherein

15'the analyzing step provides the measured parameters of

at least four basic parameters of a contact lens
comprising the diameter (D), front radius of curvature
(FC), back radius of curvature (BC), and center
thickness (CT).

20 3. A method as claimed in claim 1, wherein
the analyzing step provides the measured parameters of
the contact lens which include the front radius of
curvature with aspheric form, the back radius of
curvature with aspheric form, the center thickness, the

25 diameter, the lenticular curve radius, the peripheral
curve radius, the sagittal height, aspherical
deviations, and the power of the lens.

4. A method as claimed in claim 1, wherein
the line of iight is directed onto.a support fixture

30 which includes a container in which a pedestal is-
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coopérating al i gnnment posts 52. The | ens bei ng neasured—+s—t+repped-or

| owered into the saline solution between 5 the three: eﬁ&gm(hﬂ |forn1y
positioned alignment posts 52. As the lens sinks in the ,
‘normal | y touches (bunps) one or nore of the alignnent p nes to

‘rest on the top of the support button 50 in an essentia

position. The 10 optical flat 54 is then-slided to the Ieft extrene (in
Figure 5) which positions it properly above the I ens for an opti cal
sectioning nmeasurenment. The mounting cell 14 is designed to all ow nost of
the excesg pasktionghi thebeonbsbnerdiat fihtedovitim a5satinde cell out of

the view of siiig: £HIPr dna ToRe OPLAE2Ls bPhcaf SRO:NEISEARLLSIN 56 are used

with the celT in the detection systemto ald In correcting inmage
di st orti onsCorRtRERYY bimppEsedr tackhersehet ton ut3h % etimgy ¢he I ens and

the view nglaqigt eis 28irected ovefh@hée@agga@f bene ogdeE€4iyepOsdi oned by
hand w0l SSPESh 2 A0ERCRRANLLDS O Lyglop Lol EcRESTtIon Of e
an image to occur on %. desimethod caetelaimed it | glaire 4:em1m¢re111armt er) of
the charge coupled television (CCTV) imaging camera detects
the image of light scattered from the surfaces of the
contact lens.
10 6. A method as claimed in claim 5, wherein
the imaging camera is elevated with respect to and views
the lens at an angle greater than the critical angle
relative to the surface of the saline solution, which is
the minimum angle at which light is transmitted and
15 below which all light is reflected and none transmitted
by the surface of the saline solution.
7. A method as claimed in c¢laim 1, wherein
the contact lens is immersed in saline packaging
solution in a packaging container.
20 8. A method as claimed in claim 1, wherein
the detection system includes an optical flat, an
optical prism mounted on the optical flat, and an
imaging lens system.
9. A method as claimed in claim 1, wherein
25 the image is analyzed by a software program which uses a
nonlinear least squares fitting data processing
approach.
10. A method as claimed in claim 1, wherein
the step of analyzing includes an image processing macro

30 routine which combines several morphological routines
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25 |l ens being neasured. In appropriate circunstances, the contact |ens
m-ght be rotated to position the line of Iight along a different neridian
(different angul ar dianeter) of the lens. In a continuous node of
operation, 'such as on a production line, the Iight 30 source is energized,
land t he i mge fromthe camera is 35 -14- 1 checked to verify that the
jllght image is on the desired proper diggneter. Either the canmera or the
hol der can be physically adjusted so as to place the image on a sel ected
di aneter. The slight adjustnment novenent can 5 be provided by notors or by
a p05|t|OQ{ﬂﬁt6théd§équ$H@eeWﬁ56hZEQ bkgbhiteQuEee éaa§e§magd¢teﬁéable l'ine
of 1ight (through a_verti ectlog gt t he ontac e i maged, and
c

al l ows for EPPHEF Phe%RoF eFSo?t?ﬁ% e Ybeagé #ﬁ%l §°5ﬁ ust ed.

‘Movenent nushage L8 vhéy fopandtbra spftharethgutnne 6bxlight illumnating
the lens is.opLptatRsd b Baiabiel BLE-GRAUELEsVbENch8Ccontact 1ens.
5 11. A method as claimed in claim 10, wherein

the parameter calculation is based upon a nonlinear
regression based upon residuals error from a Taylor
Series expansion of an expected contact lens curve
profile. _

10 12. A method as claimed in claim 1, wherein
the step of generating includes the steps of shaping and
focusing a beam of light in which light from a light
source passes through a spatial filter, is collimated by
a collimating lens, and is focused by a cylindrical lens

15 into a line of light at the contact lens being measured.

13. A method as claimed in claim 1, wherein
the line of light is directed onto the support fixture
which includes a central support button, surrounded by
alignment posts to properly position a contact lens

oo within the support fixture.

14. A method as claimed in claim 13, wherein
the central support button and alignment posts are
positioned at a level A in the fixture, and the top of
the alignment posts do not extend above a level B in the

o5 fixture, an optical flat with a prism positioned thereon
is slidably positioned on slide rails and rests at the
level B, a cavity in the fixture is filled with saline
solution, the optical flat is guided by the slide rails
to slide to one side while clearing the area over the

30 central support button and alignment posts, the contact

35
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inagihg canera so as to not introduce distortion into the subsequent inmage

enhancenent and neasurenent. \Wen the |ight source illum nates the nounted
15 lens, light is scattered by the surfaces of the |l ens and produces a
bright area on the external surfaces of the lens (the illum nated surfaces

icontacted by the line of light). The prism56 provides a suitable

magni fication (spread) of the i mge whpgh i's relayed by an i nagi ng 20
optical system60 so as to nearly fill the detection area or screen of the
I magi ng canera 18. One advant ageous position for the imaging canera 18 is
at a righy bagg ebdind heeddgied sirirkeveated himtiewdle afalivee cositwcion ens

speci nen. Pr tlcall he nd view the
| ens at an ang T 'Ilhe cams‘#a vr?tevgoa% g l%f EJe%s(pg]ilegérte <I’qﬂl{e%eh(jéae of the
cup and at Qﬂnlarfgl esuppelteroution tire amleess,entnaarﬂghe hopiezanttal cal angle is
defined as 4he; iy, maﬂéng{ee St AU e 1dOhls 118hdd asrnslraéaecd:tahrough t he

surface of ‘the saline 30 sol ution, and, bel ow which all |s refl ected
by the 355 second opposite side to position it above the on act

lens.

15. A method as claimed in claim 14, wherein
the optical flat has its lower surface immersed in the
saline solution to eliminate optical distortions by the

10 surface of the solution.

16. A method as claimed in claim 1, wherein
the contact lens is immersed in saline solution while
positioned on the support fixture.

17. A method as claimed in claim 1, wherein

15 light from a light source is shaped into a line of light
which is directed onto a contact lens positioned in the
support fixture, light from the illuminated contact lens
is directed by imaging optics onto a camera, an image is
captured by a frame grabber and digitally stored in

oo memory, the stored digital image is then subjected to
image processing, including image enhancement, curve
fitting, and measurement of parameters of the lens by
the application of selected algorithms. '

18. A method as claimed in claim 1, wherein

o5 the detecting step is performed with a camera positioned
to view the contact lens through a prism and at an angle
relative to a vertical.

19. Apparatus for measuring desired
parameters of a contact lens by optical sectioning

30 comprising:
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1 surface of the saline solution and none transmtted. A saline-air
Interface correction is required as expl ai ned herei n-bel ow. The inmagi ng

icamera is positioned to account for the Scheinpflug effect, i.e. al
optical 5 paths are of equal length. The raw image is captured by a frame
grabber 20 and transferred to digital storage 22. As illustrated in Figures

8 and 9, the illumnating light 62 is_ggually positioned normally to 10 the
surface of the optical flat 54 directly above a contact lens 64, and is in
the formof a line of light 66. The inage detection apparatus can

I ncor poratte a COHU Moglel &t Shipriesute r i antk- Do ar Tvesnist adniong Model 2855 15

Frane Grabbgénté%wé§§-lggirg%tr‘%%§ﬁeﬁj plet lens optimzed for infinite

conjugate iAges a Ccross- s al”inage onto the canera, accounting for
t he Schei npflug condiki orme®8us tfer agenerauiary divt|dperEtingpracesie t he 20

i mage, i ncldidi NgdBge-Ae $1dd bt dd |d Rinditer SOF Y @Kk £ cul ations. An
| mage processing macro routine : :
5 lens; and

c. means for detecting as an image the light
scattered at the surfaces of the contact lens at the
selected diameter, and for analyzing the detected light
image to measure the desired parameters of the contact

10 lens.

20. Apparatus as claimed in claim 19, wherein
the support fixture includes a container in which a
pedestal is positioned, the container is filled with a
saline solution, and the lens is placed on the pedestal

15 completely immersed in the solution, and the line of
light is directed over the edge of the container and
through a selected diameter of the contact lens.

21. Apparatus as claimed in claim 20, wherein
a charge coupled television (CCTV) imaging camera

oo detects the image of light scattered from the  surfaces
of the contact lens.

22. Apparatus as claimed in claim 21, wherein
the imaging camera is elevated with respect to and views
the lens at an angle greater than the critical angle

25 relative to the surface of the saline solution, which is
the minimum angle at which light is transmitted and
below which all light is reflected and none transmitted
by the surface of the saline solution.

30
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conbi nes many of the norphol ogical routines into one sequence which is
executed for each inmage, the result of which is stored digitally. The
stored image is then 25 input to a software routine for sorting and

cal cul ation of parameters. In greater detail, the imge is acquired and
preprocessed by several stages of filtering for the purpose of renoving
extraneous background noise. The filtergd image is then threshol ded so that
only the lens 30 profile is visible. The profile is then fit to 35 - 16-
1 cartesian coordinates, snoothed with a sliding three point filter, and

transl atedy into two apsaysappakhtsk aéralamédt ha Emakmsmpf awBerand a
second arra for t sur f nputted to a

nt surf ce i
o on s | MEprobaplaret: iAhands SERerReE of BBLERFCPRRRESABEN atad The

par anmet er cabtutavhomni a paskdgipgncanpawsetrul nonlinear regression
techni que based upon EQ? Apparatus as claimed in claim 19, wherein
5 the detection system includes an optical flat, an
optical prism mounted on the optical flat, and an
imaging lens system.
25. Apparatus as claimed in claim 19, wherein
said generating and directing means includes an
]I)arrangement in which light from a light source passes
through a spatial'filter, is collimated by a collimating
lens, and is focused by a cylindrical lens into a line
of light at the contact lens being measured.
26. Apparatus as claimed in claim 19, wherein
15 the support fixture includes a central support button,
surrounded by alignment posts to properly position a
contact lens within the support fixture.
27. Apparatus as claimed in claim 26, wherein
the central support button and alignment posts are
oo Positioned at a level A in the fixture, and the top of
the alignment posts do not extend above a level B in the
fixture, an optical flat with a pfism positioned thereon
is slidably positioned on slide rails and rests at the
level B, a cavity in the fixture is filled with saline
25-solution, the optical flat is guided by the slide rails
to slide to one side while clearing the area over the
central support button and alignment posts, the contact
lens being measured is lowered into the saline solution
between the'alignment posts, and comes to rest on the

30 central support button in an essentially horizontal
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* c L M S *



residuals error froma Tayl or Series expansion of the 10 expected curve
profile. In greater detail, the estimates of the tinme residual differences
bet ween enpirical values of the fitting function and actual val ues, and the
lesti mated residuals, are incrementally inproved by expandi ng the actual
functional residuals 15 with a linear Taylor series about the estimted

val ues. This equation is reorgani zed img&erns of the actual and esti nated
residuals, and a set of paranmeters is found which mnimzes the sumof the
squares of the true residuals. This function has a m ni mrum val ue when al

20 of its padgialicdgr iaval ithes opitticaleddat tie thenf istitided ftonati on

coeffici ent 3 8¢ £ efosllies 38k o, BATiR3LYuaLlAls ihesRpedpy obtal ning
the first order app Ximat1 ons t ot Be e ement & I mprovenent’s menti oned
above. The pevsess is then iterated using the inproved 25 values until the

increments fall bel ow,y spegihiraduobe 2168 melNiis ¥EARD 16eNds to converge
very rapidly, and allows thé data to he fit to any arbitrary function for

cont act | énd@sIugingh mepnsg ofh d"BEESIR Yo £ hen £o8EPChal 800 1Be Sgdd#eas
f eedback i nsali@idhaehilen®osd tiopedSon the support fixture.

29.. Apparatus as c¢laimed in claim 19, wherein
light from the illuminated contact lens is directed by
imaging optics onto a camera, an image is captured by a

10 frame grabber and digitally stored in memory, and the
stored digital image is then subjected to image
processing for measurement of the paraméters of the

lens.
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35 -17- 1 Figure 11 |Ilustrates a curve fit apprOX|nat|on to
t he nmeasured points of a contact |ens pursuant to the processing techniques
of the present invention, with the curve being of sag in pixels versus 5
di stance in pixels across a neasured cross-section of a contact |ens.
Optical sectioning of a lens is provided by the present invention to

i nprove the accuracy of |ens paranetergeasurenents. The nost critical
parameters 10 include center thickness, thickness profile, radii of
curvature and asphericity of the front curve, back curve and | enticular

curve, ang AbsrRhereterTEe Bréoncgues of radial and azi muthal position
From t hese val ues the_ | ens SO be readlé%%cal ul ated from known

15 equations. In the'%%t?%%%n%%ﬁ??Bnﬁ%ﬁ PLLAFNT YL, “FFE"F%ns is optically
sectioned usaramet@seuoh-zobentadt | legs by optical sectioning which

comprises a support fixture on which a. contact lens is
5 positioned. The support fixture includes a container in

which a pedestal is positioned, and the container is
filled with a saline solution. The contact lens is
placed on the pedestal completely immersed in the saline
solution. A line of light is generated and directed by

10 imaging and shaping optical elements over the edge of
the container and through a selected diameter of the
contact lens. An imaging camera detects and image of
the light scattered at the surfaces of the contact lens
at the selected diameter, which is captured by a frame

15 grabber and is digitally stored for subsequent image
processing and determination of the desired parameters
of the contact lens. The analysis provides at least
four basic parameters of the contact lens including the
diameter (D), front radius of curvature (FC), back

oo radius of curvature (BC), and center thickness (CT), and
can also provide the lenticular curve radius, the
peripheral curve radius, the sagittal height, aspherical
forms and deviations of the several measured curvatures,

and the power of the lens.
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source which is scattered sufficiently fromthe illum nated surface of the
~lens material. The inmage i s~0 captured by a:solid st at s=tanera and frame
gr abber, and anal yzed using typical image processing algorithnms. In one
enbodi nent, the techni que was eval uated using an Argon ion |laser emtting
at the 488 nmline with a power of 30 nW a COHU 4810 CCD ThwBRéesHayBieroRdpated
Transl ati on 25 2855 franme grabber. Tests were conducted usi gfm EIIM ﬁ

I 'cKn

soft hydrogel contact |enses. The results indicated that th
| aser sectioning technique neasured the center thickness, ess
profile, the radii of curvature of the front curve and the back 30 curve,
the dianmeter, the lenticular radius of curvature, 35 | and t he
asphericity as(g fungt-i on of radjal and azi mut hal position repeatably and
wi th sufficients ? acy IT borekei@sat he | ens power coul d be cal cul at ed
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the present invention for a |ens paraneter measurenent using optical

sectioning are deseribed in detail herein, it should be*apparent that the
. di stl osure and teachings of the present invention w

een Replaced
“alternative 10 designs to those skilled in the art. 15 20 2
WHAT IS CLAIMED IS: 1. A nethod of measuring desired parane

contact lens by optical sectioning conprising: a. positioning a contact
| ens on a support 5 fixture; b. generating a line of light; c. directing
the line of |ight through a selected di ameter of t he contact |ens;
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d. detectlng as an image the IW the surfaces of the
contact |lens at the sel ected di ameter and Iy2| g the detected |ight
i'mage to nmeasure the desired parmj ont act lens. 2. A nethod as
claimed in claiml1l, wherein 15 th ‘e provi des the asur ed
paranmeters of at |east four basic a contact |ens c@nprising
the dianmeter (D), front radius of curvature (FC) back radi us of #curvature
(BC), and center thickness (CT). 20 . A nmethod as clained in
claim1, wherein the analyzing step provides the measur ed par anet eargs of the
contact |lens which include the front radius of curvature wth as ric

form the back radius of curvature wsth aspherig form the centeff})
t hi cknessfg t he 25cQ| aneter, the | entPcullBT_COW'® radi us, the per pﬁeral
. curve r%ﬂ‘hs t he sagi t tial—hei ghj 3 dvi ations, and thH pbwer of
. the lenss tirvad as med ; raelnthellne of [{light is
di rect ed ont u.piport re i\K : ¢gsea container in ch a
~ pedestal¥is~ o & | - o
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35 ~ -20- positioned, the container is filled with a saline solution, and
the lens is placed-on the pé&lestal conpletely inrersed ¥ the solution, and
‘the line of light is directed over the edge of the container:-and through a
"sel ected diraneter of the contact lens. 5. A nethod as clainmed in claim4,
wher'ein a charge coupled television (CCTV) imging canera detects the inmage
of light scattered fromthe surfaces of the contact lens. 6. A nethod as
clained in claim5, wherein the imaging canera is el evated with respect to
and views the lens at an angle gregpeicsd Nt Groppal angle relative to
the surface of the saline solution, which is the mninmm angle at which
light is transmtted and bel ow which all light is reflected and none
transmtted by the surface of the saline solution. 7. A nethod as cl ai ned
in claiml, wherein

LENS PARAMETERS BY LASER SECTIONING
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t he contact lens is imrersed in saline packaging solution in a packag??@ﬁ“m”
contalner 8. Anethod as clained in claim1l1l, wherein the step of detecting
as an irmage the light scattered at the surfaces of the contact |lens at the
sel ected di aneter includes usi optical flat, an optical prismnounted .
on the optical flat, and an imaging lens system 9. A nethod as clained in
claim1, wherein the image is anal yzedZ-b¥ A software program whi ch uses a
nonl i near | east squares fitting data processing approach. 10. A nethod as
claimed in claiml1, wherein the step of analyzing includes an i mge
processing macro routine which conbines several norphol ogical routines

-21- into one sequence which is executed for each inmage, the resul t of

‘which is stored digitally, and the stored inage is then input to a software

: 'EJ%I%]E b 1ean! TP NG

routine for CEICUI@NgM@ 5,8
11. A nethod—as Clained : )
The present invention relates generally to the
measurement of contact lens parameters by using an
Soptical sectioning technique, and more particularly
pertains to a lens parameter measurement using optical
sectioning. _
The accurate measurement of contact lens
parameters has presented a problem in the prior art.

]I)While a current method for méasuring a contact lens
diameter (D) is reliable, no method exists at all for
measuring the front radius of curvature (FC) of a
contact lens. The method for measuring the back radius
of curvature (BC) of a contact lens is instrument/

15 operator specific, and the methods for measuring the
center thickness (CT) of a contact lens involve
physically deforming or destroying the lens.

The measurement of the base curve and center
thickness of a contact lens can be very difficult. The
pg Current base curve measurement is performed by an
ultrasound technique for measuring the back sag at a
predetermined diameter. Aside from errors introduced by
variations in the temperature of the solution in which
the contact lens is immersed, the lens itself is not

25 perfectly spherical, and thus does not fulfill the

requirements of the geometrical equation used to
transform back sagittal height réadings into radius of
curvature values. In addition, fhe device cannot
measure the front radius of curvature of the contact
'30 lens, nor can it measure the asphericity or toricity of
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t he paraneter cal cul ation is based upon a nonl i near regressi on based upon
residuals error froma Taylor Series expansion of an expected contact |ens

curve profile. 10 12. A nethod as cl ai ned
the step of generating includes the steps of shaping 3 ;ﬁh$ tg##p e}]Of
light in which light froma Iight source passes through a s Wllt

is collimated by a collimating lens, and is focused by a cylindrical Iens
15 into a line of light at the contact |ens being nmeasured. 13. A nethod as
claimed in claim1, wherein the line of light is directed onto the support
fixture which includes a central support button, surrounded by alignnent
‘posts to prope[rJEwsO(PS\mJMETEm MMWEMEMS UAING oiFTTCRLe SEQITUNING xt ure.

14. A net hod paABST® SORE €1l n t he central support button and
al i gnment posts are posi {ion % I fi Leegand the top of
the alignnment posts do no e%?g%§ %gése%a g&%th§nﬁ é%g | Xxture, an
optical flat weelfamepersnofosi contadtt B,eneobm gpsnpaabsycpespmmne@i@h

s! 'tﬁes;?: |5 andohptised! a Bapkete! rExcaredUh! kniBh! Bechhthdte 1ehs! ikl ed

5 positioned. The support fixture includes a container in
which a pedestal is positioned, and the container is
filled with a saline solution. The contact lens is
placed on the pedestal completely immersed in the saline
solution. A line of light is generated and directed by

10 imaging and shaping optical elements over the edge of
the container and through a selected diameter of the
contact lens. An imaging camera detects and image of
the light scattered at the surfaces of the contact lens
at the selected diameter, which is captured by a frame

15 grabber and is digitally stored for subsequent image
processing and determination of the desired parameters
of the contact lens. The analysis provides at least
four basic_parameters of the contact lens including the
diameter (D), front radius of curvature (FC), back

oo radius of curvature (BC), and center thickness (CT), and
can also provide the lenticular curve radius, the
peripheral curve radius, the sagittal height, aspherical
forms and deviations of the several measured curvatures,

and thq power of the lens.
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solution, the optical flat is guided by the slide rails to slide to one
side ‘whil e clearing the area over.the 30 central support button and

al i gnnent posts, the contact 35 ~-22- | lens being nmeasured is | owered
into the saline solution between the alignnent posts, and cones to rest on
the central support buttonin an essentially horizontal position, and the
optical flat is then slided to a 5 second§ opposite side to position it
above the contact lens. 15. A nmethod as—Ttained in claim14, wherein the
optical flat has its |lower surface inmersed in the saline solution to
elimnate optical distortions by the 10 surface of the solution. 16. A
method as clainmed in claiml1, wherein the contact lens is imersed in
saline solution while positioned on the support fixture. 17. A nethod as
claimed in claiml, wherein
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15 light froma light source is shaped into a line of light whichis
| ens positioned in the support fixture, light from

disrected onto a contact
‘the illum nated contact lens is directed by imaging optics onto a canera,
an image is captured by a frame grabber and digitally stored in 20 nenory,
the stored digital image is then subjected to i mage processing, including
i mge enhancenent, curve fitting, and medslr ement  of paraneters of the |lens
by the application of selected algorithnms. 18. A nethod as clainmed in claim
1, wherein 25 the detecting step is perforned with a canera positioned to
| ens through a prismand at an angle relative to a

| ens

vi ew t he cont act
nmeasuring desired paraneters of a contact

vertical. 19. Apparatus for
by optical sectioning 30 conprising: 35 -23- 1 a. a support
fixutre for positioning a—
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contact |ens being neasured; b. neans for generating and directing a line
of li'ght through a selected diameter of the contact 5 |lens; and c. neans
“for detecting as an image the light scattered at the surfaces of the
contact lens at the selected dianeter, and for analyzing the detected |ight
imge to neasure the desired paranmeters of the contact 10 |ens. 20.
Apparatus as claimed in claim19, wherei A the support fixture includes a
container in which a pedestal is positioned, the container is filled with a
saline solution, and the lens is placed on the pedestal 15 conpletely
imrersed in the solution, and the line of light is directed over the edge
of the container and through a sel ected dj the contact lens. 21
Apparatus as clained in claim20, wherei Em.gcoupl ed tel evision
(CCTV) inmaging canmera 20 detects the inmage of light scattered fromthe
surfaces of the contact lens. 22. Apparatus as clained in claim2l, wherein
the imaging canera is elevated wth respect to and views
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the'lens at an angle greater than the critical angle 25 relative to the
surface of the saline solution, which is the mninmum angle at which |ight
~is transmtted and bel ow which all light is reflected and none transmtted
by the surface of the saline solution. 30 35 -24- 23. Apparatus as
claimed in claim19, wherein the contact lens is imersed in saline
packagi ng solution in a packaging contaither. 24. Apparatus as clained in
claim19, wherein 5 the detection systemincludes an optical flat, an
optical prismmounted on the optical flat, and an imaging | ens system 25.

Apparatus as clained i JG; wherein said geneﬁ"@a directing
- means i ncludes an 10 aF in which light fro Wtdsource passes
through a spatial filter, is collinmated by a collinmating
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| ens, and is focused by a cylindrical lens into a line of light at the
contact | ens being neasured. 26. Apparatus as clained in claim19, wherein
15 the ,support fixture includes a central support button, surrounded by

al i gnment posts to properly position a contact lens within the support
fixture. 27. Apparatus as clainmed in claim26, wherein the central support
button and alignnent posts are 20 posrtﬁoﬁed at a level Ain the fixture,
and the top of the alignnent posts do 1Mot extend above a level B in the
fixture, an optical flat with a prism positioned thereon is slidably
positioned on slide rails and rests at the level B, a cavity in the fixture
is filled with saline 25 solution, the optical flat is guided by the slide
rails to slide to one side while clearing the area over the central support
button and alignment posts, the contact [Bns being neasured is |owered into
t he saline solution between the alignnenv<§bsts, and cones to rest on the

. 30 central support button in an essentia@ﬁﬁ)horizontal 35 11111111 111111
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. . Uivtz4._q
pron, and the optical flat is then slided to a second oppost®e
Ition it above the contact lens. 28. Apparatus as clained in

i ncludi ng means for imersing the contact |ens

) 5 in aLii ne,
RALIAN PATENT@FFIGE: he support fixture. 29. fication No. d
HBEPOQRErein |ight fromt hepPI | uni nat ed cont m\f\ploi: ?gﬁiﬁlﬁﬁ&w

9'%&90]?“ifﬁxfﬁ%‘i’gﬂ:&ﬁdm%_fr(é&dnﬂﬁﬁﬁoii&npﬁﬁttw&ﬂ,smét)a_ 10 franme grabber
rgitally

stored in nenory, and the stored digital image is then :
sub| ecAsdrringementder measwagesitgd parmatersof p contast lens (41 hby eniical seatiopige whichgamprises 2
| enpsuppért AR 19Pn3hich a contact lens is positioned. The support fixture includes a container in which 2

- | pedestal is positioned, and the container is filled with a saline solution. The contact lens is placed on the pedestal
completely immersed in the saline solution. A line of light (66) is generated and directed by imaging and shaping
optical elements over the edge of the container and through a selected diameter of the contact lens. An imaging
camera (18) detects and image of the light scattered at the surfaces of the contact lens at the selected diameter, which
is captured by a frame grabber (20) and is digitally stored for subsequent image processing and determination of the
desired parameters of the contact lens. The analysis provides at least four basic parameters of the contact lens
including the diameter (D), front radius of curvature (FC), back radius of curvature (BC), and centre thickness (CT),,
and can also provide the lenticular curve radius, the peripheral curve radius, the sagittal height, aspherical forms and
deviations of the several measured curvatures, and the power of the lens. .
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positioned, the container is filled with a saline
solution, and the lens is placed on the pedestal
completely immersed in the solution, and the line of
light is directed over the edge of the container and

_ - A
through a selected diameter of the contact lens.

5. A method as claimed in claim 4, wherein a

charge coupled television (CCTV) imaging camera detects

the image of light scattered from the surfaces of the
contact lens.

6. A method as claimed in claim S, wherein
the imaging camera is elevated with respect to and views
the lens at an angle greater than the critical angle
relative to the surface of the saline solution, which is

the minimum angle at which light is transmitted and

below which all light is reflected and none transmitted

by the surface of the saline solution.

7. A method as claimed in claim 1, wherein
the contact lens is immersed in saline packaging
solution in a packaging container.

3. A method as claimed in claim 1, wherein the step of detecting
as an image the light scattered at the surfaces of the contact lens at the
selected diameter includes using an optical flat, an optical prism
mounted on the optical flat, and an imaging lens system.

9. A method as claimed in claim 1, wherein
the image is analyzed by a software program which uses a
nonlinear least squares fitting data processing
approach.

10. A method as claimed in claim 1, wherein
the step of analyzing includes an image processing macro

routine which combines several morphological routines
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