Systems and Methods for the Inspection of Contact Lenses BACKGROUND [0001]In recent decades,
contact lenses have become a preferential alternative to other eyesight correction methods. Due to
their increased popularity, it has become mandatory that contact lenses be manufactured on a large
scale in order to meet consumer demand. Further, these lenses are required to be precision
manufactured with low tolerances in order to provide a suitable and effective corrective lens.
[0002]The polymerization casting of axially symmetrical articles, such as contact lenses, may be
performed by using a spin casting process. Spin casting has proven to be an effective way to mass
produce contact lenses. In this process, a controlled quantity of a polymerizable liquid is placed into an
open mold, which is then rotated about its vertical axis at a rotational speed sufficient to produce a
centrifugal force that cagsgteméadiadMaubda e Ciap BRI i pabmetzable liquid. By
maintaining a controlled rotation rate, the centrifugal force caused by the rotation will cause the
polymerizable liquid to adopt a generally concave shape. Once the polymerizable liquid has attained
an equilibrium shape, polymerization of the liquid can be effected by any suitable means, such as heat
or eXpOSHfECtR@ﬁ' ic radiation (i.e. ultraviolet light) so as to produce a solid polymeric contact lens.
[0003]T ed in a spin casting process is typically characterized by an outer cylindrical
wall and a mold @¥hjprisihg rarcexgasddscomnuvave msisihy cbeitynmd hershapetiof dltermgiding cavity will
ypicaly giles, B Alane ol aths ies ke fuished saniaciens, Aamay sapiam such
desired elements s Ient|cullat|ng curves, toric curves, non-sphericaléurves and other such features or
shapes dhtlewpaipptienseting mathv theivegd oits dpptiesFprovewdes tomegietiisimer pledetérhinggmanner.
[0004]Thg sbangdastorQfihsaresiepiat Qldharksiase PEIRIRN DS ARIE MIBRE PIeRRaRtl by the
angular speed of rotation, as well as other factors such as the surface tension of the polymerizable
liquid, arftiitAllaeedRIFaEbYS qOB g iyedons:.

[0002] The polymerization casting of axially symmetrical articles, such as contact

lenses, may be performed by using a spin casting process. Spin casting has proven to be an
effective way to mass produce contact lenses. In this process, a controlled quantity of a
polymerizable liquid is placed into an open mold, which is then rotated about its vertical axis at a
rotational speed sufficient to produce a centrifugal force that causes a radially outward
displacement of the polymerizable liquid. By maintaining a controlled rotation rate, the
centrifugal force caused by the rotation will cause the polymerizable liquid to adopt a generally
concave shape. Once the polymerizable liquid has attained an equilibrium shape, polymerization
of the liquid can be effected by any suitable means, such as heat or exposure to actinic radiation
(i.e. ultraviolet light) so as to produce a solid polymeric contact lens.

[0003] The open mold used in a spin casting process is typically characterized by an
outer cylindrical wall and a mold comprising an exposed concave molding cavity. The shape of
the molding cavity will typically define the shape of the front surface of the finished contact lens,
and may contain such desired elements as lenticulating curves, toric curves, non-spherical curves
and other such features or shapes aimed at interacting with the eye, its optical processes, or
eyelids in a predetermined manner.

[0004] The shape factor of the posterior or back surface of the lens is determined
predominantly by the angular speed of rotation, as well as other factors such as the surface

tension of the polymerizable liquid, and the acceleration due to gravity.



[0005]During the manufacture of contact lenses, the polymer is typically polymerized in a spin tube.
The spin tube must be able to both present an accurate and straight inner bore for the molds and must
spin around its own vertical axis with minimal run out of polymerizable liquid and minimal vibration
within the system. Inconsistencies in the production of spin-cast contact lenses may be introduced by
any number of manufacturing elements. For example, variance in the run out of the spin tube may
affect the final contact lens. Additionally, inaccurate mounting of the spin tub into the rotation mount
may introduce inaccuracies that affect the contact lens produced. Additionally, contaminants may be
inadvertently introduced or system vibrations may generate a product that lacks sufficient precision
(e.g. a contact lens with undesirable imperfections or defects). Furthermore, removal of the resultant
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inspect multiple aspects of a lens, the lens is transferred to multiple instruments."The multiple
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lens loss and waste. This increased lens loss during the inspection process is particularly troublesome

in a prestyiBRAdH AR IE RRLASEE Y thedBSoff prescription lens for a particular individual.
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introducing the possibility of lens damage during transference between instruments. Addjtionally, the
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not all defective contact lenses can be detected by this type of inspection, or nominal defects are
established, such as bubbles formed by water spillages, which however illustrate artifacts.
Furthermore, automated inspection systems are ill equipped to identify artifacts on the lens that
may not be lens defects, but rather system contamination, such as dust specs and/or fibers. By
having to sort out the perfect lenses, the yield is reduced, which has a negative effect on
balancing the costs.

[0007] In order to reduce the negative effect of automated inspection systems, many
current systems incorporate manual inspection of the lens. However, in order to manually
inspect multiple aspects of a lens, the lens is transferred to multiple instruments. The multiple
transference of the lens can actually damage or deform the lens as part of the inspection process.
Consequently, this traditional manual inspection system generally causes an artificially inflated
rate of lens loss and waste. This increased lens loss during the inspection process is particularly

troublesome in a prescription lab which is manufacturing a one-off prescription lens for a

particular individual.



SUMMARY [0009]According to one exemplary embodiment, an apparatus for the inspection of
contact lenses provides for a more flexible approach to the inspection of ophthalmic products, allows
for faster and more efficient inspection, can improve the objectivity of inspection outcomes irrespective
of operator skill or experience, while providing for a single inspection system that can provide a means
to fully inspect and grade lenses within a controlled and efficient audit station. [0010]According to one
exemplary embodiment, the present exemplary system provides an inspection system that includes a
measurement device communicatively coupled to a CT measurement instrument. The Measurement
device includes a cuvette designed to provide a fully wet measurement environment that provides
closed cuvette properties. According to this embodiment, the cuvette includes a magnetic cuvette
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color interpretation module that prowaes or accurate detection of iron based materials in the lens
under inspection. 100121Furthermore, according to one exemplary embodiment, the present
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exemplary embodiment, via an intuitive touch screen inspector interface. This provides for objective
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outcomes irrespective of operator skill or experience, while providing for a single inspection
system that can provide a means to fully inspect and grade lenses within a controlled and
efficient audit station.

[0010] According to one exemplary embodiment, the present exemplary system
provides an inspection system that includes a measurement device communicatively coupled to a
CT measurement instrument. The Measurement device includes a cuvette designed to provide a
fully wet measurement environment that provides closed cuvette properties. According to this
embodiment, the cuvette includes a magnetic cuvette positioning and retention system that
eliminates the need for fasteners in the actual cuvette. Additionally, the exemplary cuvette
includes anti-schlieren and vibration/pulse control properties, at least in the form of baffle plates
and mixing plates that homogenize the temperature gradients in the cuvette.

[0011] Additionally, according to one exemplary embodiment, the present exemplary
lens inspection system includes a base curve measurement system that incorporates raytracing in
conjunction with profilometry and sagittal evaluation. The exemplary system incorporates
multiple and sequential lighting conditions to provide the optimal views for accurately
identifying lens imperfections. Additionally, according to one exemplary embodiment, the
present exemplary system incorporates a color interpretation module that provides for accurate

detection of iron based materials in the lens under inspection.
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100131The accompanying drawings illustrate various embodiments of the principles described herein
and are a part of the specification. The illustrated embodiments are merely examples and do not limit
the scope of the claims. 100141Fig. IA is a perspective view of a user inspecting a lens with a lens
inspection system, according to an embodiment of the present exemplary system and method.
100151Fig. 1B is a perspective view of the lens inspection system of Fig. 1A, according to one
embodiment of the present exemplary system and method. 100161Figs. 2A-2F illustrate various views
of a lens cuvette, according to various embodiments of the present exemplary system and method.
100171Fig. 3 is a system block diagram illustrating a saline circulation control set-up, according to an
embodiment of the present exemplary system and method.

[0012] Furthermore, according to one exemplary embodiment, the present exemplary
lens inspection systems and methods include a system that incorporates both human qualification
and computer quantification. The human qualification is enabled, according to one exemplary
embodiment, via an intuitive touch screen inspector interface. This provides for objective LOT

grading and human qualification and computer quantification based inspection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings illustrate various embodiments of the principles
described herein and are a part of the specification. The illustrated embodiments are merely
examples and do not limit the scope of the claims.

[0014] Fig. 1A is a perspective view of a user inspecting a lens with a lens inspection
system, according to an embodiment of the present exemplary system and method.

[0015] Fig. 1B is a perspective view of the lens inspection system of Fig. 1A,
according to one embodiment of the present exemplary system and method.

[0016] Figs. 2A-2F illustrate various views of a lens cuvette, according to various
embodiments of the present exemplary system and method.

[0017] Fig. 3 is a system block diagram illustrating a saline circulation control set-up,
according to an embodiment of the present exemplary system and method.

[0018] Figs. 4A and 4B are a perspective view and a cross-sectional perspective view
of a measurement device, according to an embodiment of the present exemplary system and
method.

[0019] Figs. 5A and 5B illustrate perspective views of light sources that may be used
in connection with the measurement device of Figs. 4A and 4B, according to an embodiment of
the present exemplary system and method.

[0020] Figs. 6A and 6B are schematic illustrations of the ophthalmic configuration of
the measurement device, according to an embodiment of the present exemplary system and

method.



100181Figs. 4A and 4B are a perspective view and a cross-sectional perspective view of a
measurement device, according to an embodiment of the present exemplary system and method.
100191Figs. 5A and 5B illustrate perspective views of light sources that may be used in connection
with the measurement device of Figs. 4A and 4B, according to an embodiment of the present
exemplary system and method. 100201Figs. 6A and 6B are schematic illustrations of the ophthalmic
configuration of the measurement device, according to an embodiment of the present exemplary
system and method. 100211Figs. 7A, 7B, and 7C are photographs of a defect inspection image using
a bright field light field, a telecentric light field, and a dark field light field, respectively, according to an
embodiment of the present exemplary system and method. 100221Fig. 8 is a screen shot of a lens

inspection imagedhted against a7telageniiare photographs of a defect inspection image using a
bright field light field, a telecentric light field, and a dark field light field, respectively, according
to an embodiment of the present exemplary system and method.

[0022] Fig. 8 is a screen shot of a lens inspection image lighted against a telecentric
light field and its corresponding test data, according to an embodiment of the present exemplary
system and method.

[0023] Figs. 9A and 9B are photographs of a side views of a lens under test,
according to an embodiment of the present exemplary system and method.

[0024] Figs. 10A and 10B are perspective views and frontal views of a CT
measurement device, according to an embodiment of the present exemplary system and method.

[0025] Fig. 11 is a schematic illustrating the base-curve measuring principles used by
the present measurement device, according to an embodiment of the present exemplary system
and method.

[0026] Fig. 12A is a screen shot of lens inspection data obtained with the present lens
inspection system, according to an embodiment of the present exemplary system and method.

[0027] Fig. 12B is a screen shot of a lens inspection image and the corresponding test
procedure instructions, according to an embodiment of the present exemplary system and
method.

[0028] Fig. 13A is a schematic illustrating the step-by-step workflow screen
generation incorporated by the lens inspection system, according to an embodiment of the
present exemplary system and method.

[0029] Fig. 13B is a schematic illustrating the step-by-step workflow of a lens
inspection incorporated by the present lens inspection system, according to an embodiment of the
present exemplary system and method.

[0030] Fig. 13C is a schematic illustrating the step-by-step workflow for lens
measurement incorporated by the lens inspection system, according to an embodiment of the
present exemplary system and method.

[0031] Fig. 14 depicts a block diagram of a computer system suitable for

implementing the present systems and methods.
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light field and its corresponding test data, according to an embodiment of the present exemplary
system and method. 100231Figs. 9A and 9B are photographs of a side views of a lens under test,
according to an embodiment of the present exemplary system and method. 100241Figs. 10A and 10B
are perspective views and frontal views of a CT measurement device, according to an embodiment of
the present exemplary system and method. 100251Fig. 11 is a schematic illustrating the
base-curve measuring principles used by the present measurement device, according to an
embodiment of the present exemplary system and method. 100261Fig. 12A is a screen shot of lens
inspection data obtained with the present lens inspection system, according to an embodiment of the
present exemplary system and method. 100271Fig. 12B is a screen shot of a lens inspection

image and the ggysespondigi@siut the drawings, identical reference numbers designate similar, but

not necessarily identical, elements.

DETAILED DESCRIPTION

[0033] In the following description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present systems and
methods. It will be apparent, however, to one skilled in the art that the present systems and
methods may be practiced without these specific details. Reference in the specification to “an

29 ¢¢

embodiment,” “an example” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment or example is included in at least that
one embodiment, but not necessarily in other embodiments. The various instances of the phrase
“in one embodiment” or similar phrases in various places in the specification are not necessarily
all referring to the same embodiment.

[0034] The present exemplary system and methods are configured for the inspection
and grading of ophthalmic products. More specifically, according to one exemplary
embodiment, the present exemplary systems and methods are configured for the efficient and
accurate inspection of contact lenses. While the present specification will describe the
exemplary inspection system, for ease of explanation only, as being used to inspect the quality of

newly manufactured contact lenses, it will be understood that the present exemplary system may

be used to visually inspect any number of ophthalmic products.

Overall System

[0035] Fig. 1 A is a perspective view of a user inspecting a lens with a lens inspection
system, according to an embodiment of the present exemplary system and method. As illustrated
in Fig. 1A, the present exemplary inspection system 100 includes a measurement device 120
communicatively coupled to a pen display 110 and a center thickness (CT) gauge 130. The
exemplary inspection system 100 is disposed, according to one exemplary embodiment, on a
stable support structure 140 for easy and reliable use by a user 150, which stable support

structure may include a tray table 170 having a highly resistant surface.
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procedure instructions, according to an embodiment of the present exemplary system and method.
100281Fig. 13A is a schematic illustrating the step-by-step workflow screen generation incorporated
by the lens inspection system, according to an embodiment of the present exemplary system and
method. 100291Fig. 13B is a schematic illustrating the step-by-step workflow of a lens inspection
incorporated by the present lens inspection system, according to an embodiment of the present
exemplary system and method. 100301Fig. 13C is a schematic illustrating the step-by-step workflow
for lens measurement incorporated by the lens inspection system, according to an embodiment of the
present exemplary system and method. 100311Fig. 14 depicts a block diagram of a computer system
suitable for implementing the present systems and methods. [0032]Throughout the drawings, identical

reference numhyegs ¢lesigpatel Bmitateddtbvides a perspective view of the lens inspection system 100
of Fig. 1A without the user 150, for ease of view, according to one embodiment of the present
exemplary system and method. As shown in Fig. 1B, the exemplary inspection system 100
includes a user interface, which may be in the form of a pen display 110, and a CT gauge 130,
communicatively coupled to a measurement device 120. The support structure 140 structurally
supporting the lens inspection system 100 may include any number of features aimed at
increasing the accuracy of measurements and reducing the introduction of image degrading
environmental variances including, but in no way limited to, separated tables 142 to reduce the
transfer of vibrations, a weighty framework 144 to reduce static and transient vibrations, frames
filled with sand, spikes on the floor, and any other features or devices configured to reduce
standard waves and vibrational effects.

[0037] As mentioned above, the present exemplary system and method are
configured to provide an increased order of inspection accuracy than a traditional system, while
reducing inspection time, reducing user training time, and greatly reducing the occurrences of
lens transference during inspection. Further details of the components of the exemplary lens

inspection system 100 are provided below with reference to the figures.

Cuvette System

[0038] According to one exemplary embodiment, the present exemplary inspection
system 100 is a single integrated system that includes an open cuvette 200 that facilitates the
measurement of the lens under test 270 inside the cuvette without physically touching or
transference of the lens. According to one exemplary embodiment, the open cuvette 200
facilitates the measurement of all parameters required by the International Organization for
Standardization (ISO) except for CT. Consequently, according to the present exemplary method,
the CT of the lens under test 270 is measured last, just before the lens under test is discarded or
placed in a vial. According to the present exemplary method, as described in further detail below
with reference to Figs. 10A-11, the CT measurement is determined and fed back into the
measurement device 120, via any number of wired or wireless communication features, to

determine the base curve of the lens under test 270. Alternatively, all parameters required by
7



not necessarily identical, elements. DETAILED DESCRIPTION [0033]In the following description, for
purposes of explanation, numerous specific details are set forth in order to provide a thorough
understanding of the present systems and methods. It will be apparent, however, to one skilled in the
art that the present systems and methods may be practiced without these specific details. Reference
in the specification to "an embodiment,” "an example" or similar language means that a particular
feature, structure, or characteristic described in connection with the embodiment or example is
included in at least that one embodiment, but not necessarily in other embodiments. The various
instances of the phrase "in one embodiment” or similar phrases in various places in the specification
are not necessarily all referring to the same embodiment. [0034]The present exemplary system and
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reliable use by a user 150, which stable support structure may include a tray table 170 having a highly
resistant’dg¢iaerally, the open top portion 201 of the exemplary cuvette 200 facilitates manipulation of

the lens under test 270 with a pair of tweezers or other device during inspection.

[0040] As illustrated, the cuvette 200 includes a sensor mount 250 for positioning a
thermal probe and/or other sensors in the saline contained within the cuvette with the lens under
test 270. Additionally, the exemplary cuvette 200 includes a number of sidewalls 260 defining
the interior of the cuvette 200 for the housing of the saline and lens under test 270. As shown, a
number of light apertures 280, lenses 282, and measurement apertures 281 may be defined by the
side wall 260 to facilitate the positioning, lighting, inspection, and imaging of the lens under test
270, as will be described in further detail below.

[0041] The incorporation of an open cuvette 200 with a closed based visual system
provides a number of benefits to the present exemplary system. Traditional closed cuvettes are
small, narrow capillary based systems where a lens is inserted. The closed cuvette system is
often used because it provides a static state for inspection of the lens. The space in traditional
cuvettes is such that a lens just fits inside without extra space. Once packaged, the lens would
remain in the cuvette until opened by an inspection lab. However, manipulation during the
inspection of a lens in a traditional closed cuvette could not be made.

[0042] In contrast, the present exemplary cuvette 200 allows for rapid insertion and
inspection of a lens, while allowing for high levels of flexibility in touching the lens, moving the
lens, repositioning the lens, manipulating the lens to determine if there is a particle on the lens
during inspection that will float off. Additionally, the present cuvette still offers a completely

static measuring environment similar to a closed cuvette system.
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6 [0036]Fig. 1B further provides a perspective view of the lens inspection system 100 of Fig. IA without
the user 150, for ease of view, according to one embodiment of the present exemplary system and
method. As shown in Fig. 1B, the exemplary inspection system 100 includes a user interface, which
may be in the form of a pen display 110, and a CT gauge 130, communicatively coupled to a
measurement device 120. The support structure 140 structurally supporting the lens inspection system
100 may include any number of features aimed at increasing the accuracy of measurements and
reducing the introduction of image degrading environmental variances including, but in no way limited
to, separated tables 142 to reduce the transfer of vibrations, a weighty framework 144 to reduce static
and transient vibrations, frames filled with sand, spikes on the floor, and any other features or devices
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Alternatin)ﬂ%m %%%@H%ﬂ@r@‘?éﬁ%i?&g Bgltlﬂ;e cuvette 200 during the measurement. In other words, to

maximize precision of the measurements taken by the present exemplary measuring device 120,
the saline contained within the cuvette 200 is completely still for the split second that the lens
under test 270 is actually being measured.

[0044] As shown in Fig. 3, the pump is fluidly coupled to the cuvette 200 via the
saline orifices 286. While the present exemplary system is described as pumping saline into the
cuvette 200 during inspection, it will be recognized that any acceptable fluid may be used for
hydration of the wet cell of the cuvette 200. As illustrated, the pump 300 provides saline to the
cuvette 200 through an input valve 320 and saline is returned to the pump 300 via an output
valve 330. Additionally, a bypass 310 fluidly communicates with the input and output lines
associated with the pump 300. During operation, when a test of a lens under test 270 is to be
made, the bypass 310 is opened and the input valve 320 and output valve 330 are closed.
Consequently, the saline contained in the cuvette maintains static and free of flow for precise
measurement. Additionally, the pump 300 may continue operation as the saline exiting the pump
300 is returned via the closed loop created by the bypass to maintain constancy of temperature.
After the measurement is concluded, the bypass 310 closes and the input valve 320 and output
valve 330 are actuated to allow the filtering flow of the saline to continue.

[0045] Due to this configuration, the microsecond that the imaging takes place, the

saline has a pulsing effect and is absolutely static. Consequently, a closed cuvette effect is
9



ISO including CT may be obtained through the open cuvette 200. According to this exemplary
embodiment, the CT of the lens may be determined while in the open cuvette 200 via optical means
such as profilometry or the like. [0039]Continuing with Figs. 2A-2F, exemplary views of a lens cuvette
200 are illustrated, according to various embodiments of the present exemplary system and method.
As illustrated, the lens cuvette 200 is disposed on a cuvette mounting base 430 of the inspection
system 100 during use. According to one exemplary embodiment, the cuvette 200 includes an open
top portion 201 that facilitates the insertion of a lens under test 270 into the cuvette. Additionally, the
open top portion 201 of the exemplary cuvette 200 facilitates manipulation of the lens under test 270
with a pair of tweezers or other device during inspection. [0040] As illustrated, the cuvette 200
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manipulation during the inspection of a lens in a traditional closed cuvette could not be made. [0042]In
contrast Sthdpid sarieeaeongiag e ety Tonngiid 6PrEe drise fictihend Mdpdettdiedr & lens, while

allowing gpiRigkniaMsimeifiesiiibrir darcingdRrirneEIRVUIRE Wiilg 0sudeBRIBAGIHIHENS IRRS,
manipulating the lens to determine if there is a particle on the lens during inspection that will float off

AdditionSARReHHL3R GRS shdditiaealle SHTRIRTERNERETR it A PSESBIRASMERT Sifilar to a

closed cingplerisyisiesBess are also heat sensitive and will dimensionally vary depending on the

temperature. Consequently, the present exemplary cuvette 200 is temperature controlled to
maintain a constant standard temperature irrespective of the environment around it.

[0047] However, by maintaining a constant temperature via the flow of heated fluid,
a temperate gradient may be introduced into the system. The created temperature gradient is
often known as a schlieren-effect. A schlieren effect is where a power gradient is shown across a
lens under test 270 due to the temperature of the water affecting the lens differently in different
areas. Consequently, as illustrated in Figs.2A-2F a two tiered system is illustrated providing for
the homogenization of the water or saline temperature before it is introduced to the portion of the
cuvette housing the lens under test 270. According to one exemplary embodiment, the inlays
240 comprise baffles or mixing plates. The inlays 240 forming a part of the cuvette are
configured to break up the laminar flow of the saline from a pump inlet or saline orifice 286 and
create a soft mixing effect within the environment of the wet cell itself. Once the saline passes
through the inlays 240 and experiences the gentle mixing, a non-laminar flow is produced in
order to homogenize the temperature gradients.

[0048] According to one exemplary embodiment, the present cuvette 200 also
includes a number of positioning features configured to precisely place the cuvette on the cuvette

mounting plate 430 of the measurement device 120. According to this exemplary embodiment,
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[0043]More specifically, the static measuring environment of the present cuvette 600 is provided via
the saline orifices 286, inlays 240 disposed within the testing area, and a dynamically adjustable pump
system, as described in further detail below. As illustrated in Figs. 2C-2F, a number of saline orifices
286 may be formed in the cuvette 200 to facilitate the introduction of saline into the interior of the
cuvette defined by the sidewalls 260. According to one exemplary embodiment, illustrated in Fig. 3, a
pump 300 is incorporated to circulate saline into the cuvette 200. According to the present exemplary
embodiment, the pump 300 is configured to be effective in moving the saline through a filter to keep
the saline clean. However, as illustrated in Fig. 3, the pump 300 and the corresponding configuration is
configured to controllably stop the flow of saline into the cuvette 200 at an instant to eliminate the flow

of salineti the smet2epliopsbricrEiir AR dHE NG dhecBpEsa YR MENsS IOEhesworlsista p@ximize
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may confiPiféeBrser et HsteRE SRt B din b ih & sisiip spodtinrétiragsdnsidhmeleiakéydusbp created by
the bypags tadnaitain sRpstansy of temperature. After the measurement is concluded, the bypass
310 closes and the input valve 320 and output valve 330 are actuated to allow the filtering flow of the

saline to continl4o45BERmityigvdtnFigu el anetisielsaesha that dodimEgAsY eI place, the
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around itymolding the rare earth magnets 299 into the cuvette 200, there are no parts or screws such as
those utilized in traditional cuvettes that often result in leaks or other structural compromises to
the cuvette 200.

[0050] Molding of the rare earth magnets 299 into the cuvette 200 to form the
magnetic mount 220 is advantageous in that the rare earth magnets are encapsulated and
waterproof. This eliminates the likelihood of any rust or contamination. In contrast, traditional
cuvettes are fastened with screws and other fasteners that are then sealed with O-rings. The O-
rings tend to wear after a time leak.

[0051] Once the cuvette 200 is positioned on the magnetic mounts 210 there is
11



[0047]However, by maintaining a constant temperature via the flow of heated fluid, a temperate
gradient may be introduced into the system. The created temperature gradient is often known as a
schlieren-effect. A schlieren effect is where a power gradient is shown across a lens under test 270
due to the temperature of the water affecting the lens differently in different areas. Consequently, as
illustrated in Figs.2A-2F a two tiered system is illustrated providing for the homogenization of the water
or saline temperature before it is introduced to the portion of the cuvette housing the lens under test
270. According to one exemplary embodiment, the inlays 240 comprise baffles or mixing plates. The
inlays 240 forming a part of the cuvette are configured to break up the laminar flow of the saline from a
pump inlet or saline orifice 286 and create a soft mixing effect within the environment of the wet cell
:c:self- Ofﬁ%ﬁdﬁﬁgﬁﬁﬁ&%ﬁﬁﬁ%ﬂ?ﬁﬁ@é&ﬁcﬁ'ﬁg hialaf@ &éﬁlgmﬁ&%ﬁg%fm@ﬁ[% gaegjaeml,e gﬂ'@imm@fme-lam:nar
ow is produced in order to homogenize the temperature gradients. [0048]According to ope exemplary
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of the measuring device within'the measuremén a|5)ertur<ca1 to have a’common reference. Due to
the tilt 23GrtHedens weller inspection 270 will settle to the plural datum features 283 in the
measurement gggedjre 281 ol ruvalis 200 batpasiion kaerBsty JrinsRectionmAlieragvely, the

cuvette 200 itself may be manufactured such that the surface of the measurement aperture 281 is

positiond@PAEAbAh glecednidiitfiie a1 TeHRBRER RRsfen the RISt mHE mspeeiord ahamsst the
plural dagsm seatppespaas REinsrectiame[RO4RIGantpWRe WD Fig. 1Zhithe Uy stie.BRAmay be fixed to

the measurement device 120 by any number of mechanical fastening systems including a magnetic

attractiom W& Sp &R0 HERSIAING 16 GieBRingeyBintoRARett BRe B ot el eafth magnets
299 maydee saipradynopiher; theduvetico2 0Qapereittieprirasy wrenddaviceid 20t Heilirie a
magneti(i fastening gf {he %Lé ette 200 to the measuremerEt c{egice. Accordi t? ne exemplary

n contrast; the lens and the measurement aperture 281 that make up thesolid part of the

cuvette 200, or the top and bottom parallel flats, may be manufactured of glass which is inserted

into the cuvette 200 during or after manufacture. The lens 282 and the measurement aperture

281 are manufactured of high quality glass so that the optical reliability, homogeneity, and

stability is present.

Measurement Device

[0053] Figs. 4A and 4B are a perspective view and a cross-sectional perspective view
of a measurement device, according to an embodiment of the present exemplary system and
method. As illustrated in Figs. 4A and 4B, the exemplary measurement device 120 includes a
main body 400 mounted on a vibration isolating base 440. The vibration isolation base 440 and
other components of the measurement device 120 may also be coated by a waterproofing finish
450. As shown, the body 400 defines a cuvette mounting base 430 for receiving and positioning
the cuvette 200. A plurality of light sources 420,425 are coupled to the body 400 and
specifically positioned to selectively illuminate the lens under test 270 contained in the cuvette
200. Additionally, a number of measurement lenses 435 may be formed in the body 400 of the

measurement device 120 to facilitate the capture of lens inspection images. Continuing with Fig.
12



embodiment illustrated in Figs. 2b and 2f, a plurality of rare earth magnets 299 may be formed or
molded into the cuvette 200. The rare earth magnets 299 may then form a magnetic mount 220 that
interacts with a connection base 210 including one or more location pins, datums, or other geometric
positioning features that facilitate very accurate and consistent positioning of the cuvette. This
magnetic mount 220 also provides for easy removal of the cuvette. Moreover, by molding the rare
earth magnets 299 into the cuvette 200, there are no parts or screws such as those utilized in
traditional cuvettes that often result in leaks or other structural compromises to the cuvette 200.
[0050]Molding of the rare earth magnets 299 into the cuvette 200 to form the magnetic mount 220 is
advantageous in that the rare earth magnets are encapsulated and waterproof. This eliminates the
likelihood &f @B ¥ xbigip0ir-¢ diamaALENNd v €ONEASh fiaditian alsehveite seaigatasianadunithseeews and
other faséjners that are then ,sealg& v(\?/%h O-riqﬁs. The 0- rings tend%)o wear Efter a time leak.
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including, but in no way limited to, a suitable static plastic like ABS or polycarbonate. Furthermore, the

various pMs SR oo HRlet e hiekioripreehl dadud caadslgde sy arent,

dependinghandthr e gibedraic (o e LResatats orantiashe thenlelsk8la0d4pe imaaspiement aperture
281 that make ufp the solid part of the cuvette 200, or the top and bottom parallel flats, may be

manufadiiP¥iiofgithesdsiiien e disldsqantuiiHe dstaibedobibtbrigerikslManufacture. The lens 282

and the measu[e03sNt apaduxeA8lyase maswiactuned0fdpiah qualiiy glassosedhatibexeptitahreliability,
homogeneity, and stapility is_present. Measurerpent evice 1EOES:% Fig?. ?A and 4B are atperspective
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configurations are detailed below with reference to Figs. 6A and 6B.

[0056] Figs. 5A and 5B illustrate a number of exemplary light sources 420,425 that
may be used in conjunction with the present exemplary system. As illustrated in Figs. SA and
5B, collimated LED light sources 500 may be used to generate a desired light field. Alternative
light configurations may also be used as are known in the art.

[0057] Figs. 6A and 6B are schematic illustrations of the ophthalmic configuration of
the measurement device, according to an embodiment of the present exemplary system and
method. As illustrated in the optics diagram 600 of Fig. 6A, any number of illumination sources
610, 630 may be oriented relative to the lens under test 270. According to one exemplary
embodiment, one illumination source 630 is configured to provide a light source to a side view
camera 640 oriented in line with the lens under test 270 to obtain a side view image of the lens.
Additionally, light provided by the various illumination sources 610 oriented in line with the lens
under test 270 are reflected and split by any number of mirrors 680 and beam splitters 670 to
provide images to the vision and control camera 650 and Shack-Hartman Sensor 660. While one
exemplary configuration is illustrated in Fig. 6A, the delivery of the desired images can be

performed using any number of varying configurations.
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of a measurement device, according to an embodiment of the present exemplary system and method.
As illustrated in Figs. 4A and 4B, the exemplary measurement device 120 includes a main body 400
mounted on a vibration isolating base 440. The vibration isolation base 440 and other components of
the measurement device 120 may also be coated by a waterproofing finish 450. As shown, the body
400 defines a cuvette mounting base 430 for receiving and positioning the cuvette 200. A plurality of
light sources 420,425 are coupled to the body 400 and specifically positioned to selectively illuminate
the lens under test 270 contained in the cuvette 200. Additionally, a number of measurement lenses
435 may be formed in the body 400 of the measurement device 120 to facilitate the capture of lens
inspection images. Continuing with Fig. 12 4A, the exemplary measurement device 120 may include a
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configurations are detailed below with reference to Figs. 6A and 6B. [0056]Figs. 5A and 5B illustrate a

number 6PRRSHSIANAIR)PRosHFERYS orFmied sokkierAdyApagsseidlin QRsflves oo WigseRRfREsent
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generate a t field. Alternative light configurations may also be used as are known in the art.
Figs. 9A and 9B illustrate images taken from a side view camera 640 of the

present exemplary system. According to the present exemplary embodiment, the use of a profile
or side view camera 640 in conjunction with a Shack-Hartman sensor 660 provides for the
identification of power and power shift of the lens under test 270. These measurements are then
used to determine the base curve of the lens under test 270. More specifically, using optical
profilometry traditionally resulted in diffractive effects at the extremes of the perimeter of the
object being measured. Consequently it was impossible to guarantee that you were exactly in the
principal meridian of the object being imaged if you’re looking across the three dimensional
shape in profile. According to the present exemplary system, the height or the maximum height
of the lens, or the total sag of the lens 270 is determined by profilometry. The center thickness of
the lens 270 from the CT gauge 130 (which is the last measurement) is fed back to the system
and is then is subtracted from the front surface maximum height profilometry. The resulting
measurement is the back surface total sag from diameter, i.e. from edge to edge to the center,
resulting in the overall sag of the lens under test 270. Consequently, the true base curve is
determined.

[0060] This determination of the true base curve is beneficial because the industry
works on a standard of 10mm cord and measures to a spherical form. However, these traditional
measurements are not ideal if an aspheric lens, bicurve lens, or multiple curve lens is

manufactured. According to these embodiments, accurate base curve cannot be measured.
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[0057]Figs. 6A and 6B are schematic illustrations of the ophthalmic configuration of the measurement
device, according to an embodiment of the present exemplary system and method. As illustrated in the
optics diagram 600 of Fig. 6A, any number of illumination sources 610, 630 may be oriented relative to
the lens under test 270. According to one exemplary embodiment, one illumination source 630 is
configured to provide a light source to a side view camera 640 oriented in line with the lens under test
270 to obtain a side view image of the lens. Additionally, light provided by the various illumination
sources 610 oriented in line with the lens under test 270 are reflected and split by any number of
mirrors 680 and beam splitters 670 to provide images to the vision and control camera 650 and
Shack-Hartman Sensor 660. While one exemplary configuration is illustrated in Fig. 6A, the delivery of
]Ehe ﬁesiﬁgpeﬂﬁ@gﬁ% @ﬁﬂih@rﬂ?ﬁﬁ@?@ﬁ&@@ﬂﬁ@ﬁﬁtﬂﬂ@ﬁ@[@%ﬁﬁ%ﬁ &ezfgé%fa%%%wﬁ@@ﬁﬁaﬁigt GBI
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system provides a very accurate trace across a 10mm section of the lens using front surface

profilometry.

Light Field
[0064] According to the present exemplary system, at least three distinct light fields

are used and imaged to the user 150 during inspection of a lens under test 270. Figs. 7A, 7B, and
7C are photographs of a defect inspection image using a bright field light field, a telecentric light
field, and a dark field light field, respectively, according to an embodiment of the present
exemplary system and method.

[0065] According to the present exemplary system, a bright field light field works
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14 Specifically, traditional measuring configurations include a probe that is rotated upwards until it
touches the bottom of the lens while the lens is supported on a 10mm cord. Once the probe contacts
the lens, a dial gauge then estimates the base curve. The actual formula traditionally used is S=R
minus the square route of R2 minus Y2 where Y2 is a half cord and R is the radius of the aptical
radius, as illustrated in Fig. 11. However, traditional base curve computations fail to take into account
aspheric lenses. 100611In contrast to traditional systems, the present exemplary system uses the
back total sag determined through front surface profilometry and subtraction of the measured CT,
which is accurate to half a micron. With this information, we can determine the power of the lens
because the Shack-Hartmann sensor 660 traces the power. Knowing what the base curve should read

with the maasHEgipavehalanehyithrthe. Adfandaieiavasalhsag: agtgedyveceanihg deirimingd
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accurate trace acrossa | eCtIOH the lens using front surtace pro |Iometry
lens of a bright ﬁeld. Consequently, non-wet circles or bubbles passing through the lens will be

displayed by the telecentric light field as deep or profound tunnels. The resulting three
dimensional appearances highlight the non-wet defects that are only displayed as a light circle by
the bright field light field.

[0067] The dark field illustrated in Fig. 7C, which is a black background, is
essentially a light source which is coming in from behind the lens in an oblique direction that,
therefore, creates a negative image of the lens which highlights edge splits.

[0068] The various light fields are sequentially presented to the user 150 on the pen
display 110 for human detection of defects. The defects can then be circled or identified by the
human user 150 so that they system may then measure and quantify the defect.

[0069] The present exemplary system also incorporates a color based iron filter that is
configured to automatically identify rust contamination.

[0070] Fig. 8 is a screen shot of a lens inspection image lighted against a telecentric
light field and its corresponding test data, according to an embodiment of the present exemplary
system and method. As mentioned previously, the lens inspection image is presented to the user
150 for identification of actual lens defects, as contrasted with dust or other impurities that may
appear in the image. As illustrated in Fig. 8, once the actual lens defects are identified, the
system quantifies the size and severity of the defects and displays the automated results as test

data 800 to the user 150.

CT Measurement Device

[0071] Figs. 10A and 10B are perspective views and frontal views of a CT

measurement device, according to an embodiment of the present exemplary system and method.
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100641According to the present exemplary system, at least three distinct light fields are used and
imaged to the user 150 during inspection of a lens under test 270. Figs. 7A, 7B, and 7C are
photographs of a defect inspection image using a bright field light field, a telecentric light field, and a
dark field light field, respectively, according to an embodiment of the present exemplary system and
method. 100651According to the present exemplary system, a bright field light field works from the
premise that normal surface defects and inclusions are displayed, according to standard inspection
systems. This lighting condition is good for very broad based rejects and for determining whether
something is a reject or merely a contaminant on the lens under test 270. 100661The second light
field, illustrated in Fig. 7B, is a telecentric light field. A telecentric light field basically extends the focal
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10068”“? }{I%Srﬂ ?‘ fé%%r e de &‘1&%{‘8%'&%185% ‘?Qst%% B%e'éﬁu S 'Ehé;%‘%i) éhsﬁuman%l%}{ 110 for

human etectlon o ects cts can then e circled or i ent user 150 SO
that theyleystedentesy 218 mmethsnrec anbigatedtifpnhtheléferdtsurface maximum height profilometry

to determine the overall sag of the lens under test 270.

User Interface

[0072] As mentioned previously, the present exemplary system 100 may include a
pen display 110 for displaying images to a user 150 and for allowing interaction between the user
150 and the system. The pen display 110 of the present exemplary system 100 may include any
number of data display and/or input devices including, but in no way limited to a touch display, a
pen display, and the like. The pen display 110 provides a human interface having a touch screen
that displays test images, test data (Fig. 12A), provides step by step directions, video, and visual
imagery configured to show the operator how to perform proper inspection. Specifically, as
illustrated in Fig. 12B, the user 150 is provided with a test image 1200 and a corresponding step
by step instructions 1210 on how to obtain the desired inspection information. The step by step
instructions 1210 may be in the form of video, images, sounds, and the like. This enables the
present exemplary system to enable rapid competency by users 150 regardless of language,
training, or other communication barriers.

[0073] Additionally, the visual step by step instructions 1210 enable the
incorporation of customized voiceover of the imagery or instructions which may be provided in a
choice of different languages so that the instructions are tailored to the individual 150 that is
using the measuring system 100. Consequently, training time will be reduced and language
requirements may be eliminated. Additionally, productivity will be enhanced due to rapid

training and understanding.
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100691 The present exemplary system also incorporates a color based iron filter that is configured to
automatically identify rust contamination. 100701Fig. 8 is a screen shot of a lens inspection image
lighted against a telecentric light field and its corresponding test data, according to an embodiment of
the present exemplary system and method. As mentioned previously, the lens inspection image is
presented to the user 150 for identification of actual lens defects, as contrasted with dust or other
impurities that may appear in the image. As illustrated in Fig. 8, once the actual lens defects are
identified, the system quantifies the size and severity of the defects and displays the automated results
as test data 800 to the user 150. CT Measurement Device 100711Figs. 10A and 10B are perspective
views and frontal views of a CT measurement device, according to an embodiment of the present

exemplary systgigrand meihod ALG Acersaing: QR remplay-sihesimeriichegyamplary CT gauge
130 includes a test mount ‘i@?o for receiving a lens under test 270 after aIE%‘ger inspections have
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As illustrated, the user 150 is systematically stepped through the inspection process including the
display of a telecentric light field image, a dark field image, and a bright field image (in any
sequential order) followed by a CT measurement. Similarly, as illustrated in the step-by-step
workflow for lens measurement incorporated by the lens inspection system shown in Fig. 13C,
environmental conditions such as vibrations are measured and calculations are performed and/or
rejected according to identified limits.

[0075] Fig. 14 depicts a block diagram of a computer system 1510 suitable for
implementing the present systems and methods, either as an integral component of the
measurement device 120, or as a stand-alone component communicatively coupled to the
inspection system 100. Computer system 1510 includes a bus 1512 which interconnects major
subsystems of computer system 1510, such as a central processor 1514, a system memory 1517
(typically RAM, but which may also include ROM, flash RAM, or the like), an input/output
controller 1518, an external audio device, such as a speaker system 1520 via an audio output
interface 1522, an external device, such as a display screen 1524 via display adapter 1526, serial
ports 1528 and 1530, a keyboard 1532 (interfaced with a keyboard controller 1533), multiple
USB devices 1592 (interfaced with a USB controller 1590), a storage interface 1534, a floppy
disk drive 1537 operative to receive a floppy disk 1538, a host bus adapter (HBA) interface card
1535A operative to connect with a Fibre Channel network 1590, a host bus adapter (HBA)
interface card 1535B operative to connect to a SCSI bus 1539, and an optical disk drive 1540
operative to receive an optical disk 1542. Also included are a mouse 1546 (or other point-and-
click device, coupled to bus 1512 via serial port 1528), a modem 1547 (coupled to bus 1512 via
serial port 1530), and a network interface 1548 (coupled directly to bus 1512).
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User Interface [0072]As mentioned previously, the present exemplary system 100 may include a pen
display 110 for displaying images to a user 150 and for allowing interaction between the user 150 and
the system. The pen display 110 of the present exemplary system 100 may include any number of
data display and/or input devices including, but in no way limited to a touch display, a pen display, and
the like. The pen display 110 provides a human interface having a touch screen that displays test
images, test data (Fig. 12A), provides step by step directions, video, and visual imagery configured to
show the operator how to perform proper inspection. Specifically, as illustrated in Fig. 12B, the user
150 is provided with a test image 1200 and a corresponding step by step instructions 1210 on how to
obtain the desired inspection information. The step by step instructions 1210 may be in the form of
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[0077] Storage interface 1534, as with the other storage interfaces of computer
system 1510, can connect to a standard computer readable medium for storage and/or retrieval of
information, such as a fixed disk drive 1544. Fixed disk drive 1544 may be a part of computer
system 1510 or may be separate and accessed through other interface systems. Modem 1547
may provide a direct connection to a remote server via a telephone link or to the Internet via an
internet service provider (ISP). Network interface 1548 may provide a direct connection to a
remote server via a direct network link to the Internet via a POP (point of presence). Network
interface 1548 may provide such connection using wireless techniques, including digital cellular
telephone connection, Cellular Digital Packet Data (CDPD) connection, digital satellite data
connection or the like.

[0078] Many other devices or subsystems (not shown) may be connected in a similar
manner (e.g., document scanners, digital cameras and so on). Conversely, all of the devices
shown in Fig. 15 need not be present to practice the present systems and methods. The devices
and subsystems can be interconnected in different ways from that shown in Fig. 15. The
operation of a computer system such as that shown in Fig. 15 is readily known in the art and is

not discussed in detail in this application. Code to implement the present disclosure can be
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implementing the present systems and methods, either as an integral component of the measurement
device 120, or as a stand-alone component communicatively coupled to the inspection system 100.
Computer system 1510 includes a bus 1512 which interconnects major subsystems of computer
system 1510, such as a central processor 1514, a system memory 1517 (typically RAM, but which
may also include ROM, flash RAM, or the like), an input/output controller 1518, an external audio
device, such as a speaker system 1520 via an audio output interface 1522, an external device, such
as a display screen 1524 via display adapter 1526, serial ports 1528 and 1530, a keyboard 1532
(interfaced with a keyboard controller 1533), multiple USB devices 1592 (interfaced with a USB
controller 1590), a storage interface 1534, a floppy disk drive 1537 operative to receive a floppy disk
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rejects, i.e. determining whether a potential reject is an actual reject or merely a contaminant or

other issue in the system. For example, a small hair or a small particle or a small piece of fluff
may enter the saline and seep to the surface of the lens under test. A human user can easily make
the identification that the potential defect is merely a contaminant due to the special nature of

that kind of reject on the surface of the lens and the fact that the human can manipulate the lens
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191Moreover, regarding the signals described herein, those skilled in the art will recognize that a
signal can be directly transmitted from a first block to a second block, or a signal can be modified (e.g.,
amplified, attenuated, delayed, latched, buffered, inverted, filtered, or otherwise modified) between the
blocks. Although the signals of the above described embodiment are characterized as transmitted from
one block to the next, other embodiments of the present systems and methods may include modified
signals in place of such directly transmitted signals as long as the informational and/or functional
aspect of the signal is transmitted between blocks. To some extent, a signal input at a second block
can be conceptualized as a second signal derived from a first signal output from a first block due to
physical limitations of the circuitry involved (e.g., there will inevitably be some attenuation and delay).
Thereforgi@s paabheieizer searndsigsal derived from a first signal includes the first signal or any

modifications to the first signal, whether due to circuit ljmjtations or due to passage through other
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of the lens and the fact that the human can manipulate the lens with a pair of tweezers in the cuvette.
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generally around that reject. The system processor will identify the reject within that drawn

circle and will immediately put an overlay over that reject which is going to exactly conform to

the input that the company has put for that reject to whether the defect complies within the

company or ISO standards. Therefore, every defect that is circled in that category will be

subjected to a common overlay so that there is no subjectivity in the quantification of defects.

[0083] According to one exemplary embodiment, an individual company may
provide baseline standards for acceptability of defects, which are then implemented by the
present system after an overlay of the defects. Consequently, the present system provides a
completely objective construction of whether a lens under test passes or fails and all lenses are
judged on a set of agreed criteria, which may or may not be the ISO standards.

[0084] Similarly, depending on magnification, limits for pass or failure of a lens may
be set by a company incorporating the present system. The limits will establish what constitutes
areject. The incorporation of a user determination will reduce or eliminate the occurrence of
false rejects.

[0085] Furthermore, in contrast to traditional systems, the present exemplary system

provides a one-step automatic measurement system. Once the lens under test is set up in the
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and the system then quantifies the defects. In other words, the human user qualifies the instrument,
gualifies the reject via identification, and then the computer measures the defect according to a fixed
standard based on preprogrammed algorithms. Consequently, the human user never makes a
judgment on the pass or fail applicability of that reject. According to one embodiment, the user
identifies a defect that then simply draw a circle or other identifier generally around that reject. The
system processor will identify the reject within that drawn circle and will immediately put an overlay
over that reject which is going to exactly conform to the input that the company has put for that reject
to whether the defect complies within the company or ISO standards. Therefore, every defect that is
circled in that category will be subjected to a common overlay so that there is no subjectivity in the

quantificatipateha@tastsser is 83 Aecaicingdoserr RXCMp@nieRadidarinas indjvidualiepmpany
may provyide baseline standards for acceptahility of defects, which are then implemented by the
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depending on magnlﬁcatlonfr}Pml Stor pASSOF faiflrs of 4 lens may bB'sé 8y a company incorporating
the preserbaystesror Tharimitewiestgidiso winapeonstifutesiadeed:. Vhaynoodporation ehd user
determingat}g)rtlig%ig J%gé‘oc‘si&%‘?ﬂ'ﬂﬂ%efm? Qecurrence f false rejects. 100851Furthermore, in contrast
to traditionaflsystem i the preserit exemp?ary system Provides a one-step automatic measurement
system. Once the lens under test is set up in the cuvette and the user is satisfied that there not
sufficient imperfections to constitute a reject, a first button may be pressed and the power and other
ISO parameters are determined automatically.  [0086] The preceding description has been
presented only to illustrate and describe embodiments and examples of the principles described. This
description is not intended to be exhaustive or to limit these principles to any precise form disclosed.
Many modifications and variations are possible in light of the above teaching.
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