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CORNEAL MEASUREMENT APPARATUS AND
A METHOD OF USING THE SAME

Field of Invention

The present invention relates to corneal measurement apparatus and a method of
corneal measurement, and more particularly to an apparatus and method for projecting a

plurality of slits of light for performing corneal measurements.

Background of the Invention

Ophthalmologists and optometrists would like to have an accurate representation
of subjects’ eye. Such representations include, for example, one or more of a
representation of a subject’s corneal anterior surface, posterior surface, and corneal
thickness and density, as well as anterior chamber profiles. This information may be
used to prescribe contact lenses and eye glasses, and to reshape the cornea by surgical
procedures or to perform other surgical procedures. Since it is not comfortable to
measure these data with physical contact, remote sensing techniques are preferably used
to perform the measurements. A device that measures only the front surface of a cornea
is commonly referred to as corneal topographer, a device that measures the front and
back surfaces of a cornea, and the stroma of the eye is referred to as a corneal profiler,
and a device that measures anterior chamber profile including the comea is called an
anterior chamber analyzer.

One common technique for obtaining corneal measurement information includes
projecting narrow bands of light (commonly referred to as slits or slit beams) onto a
patient’s cornea at multiple locations across a cornea. For each of the slits, after the light
in the slit has been scattered by the cornea, an image of the light is obtained.

To project a slit of light, typically, an aperture of appropriate shape and size, and
a lens are placed in the path of light from a light source such that the light passing
through the aperture forms a slit of light on a subject’s cornea. Typically, to project slits
at each of multiple locations across the cornea, a single aperture is translated such that
the light passing through the aperture at selected times forms the multiple slits. One
example of such a corneal measurement apparatus is presented in U.S. Patent 5,512,966

to Snook.
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A problem with such apparatus is that it is difficult to accurately position an
aperture to form each of the slits, and over time (after many patients) it is difficult to

know the position of the slits accurately so that an accurate recreation of a cornea can be

obtained.

Summary
Aspects of the present invention are directed to eye measurement apparatus

having a slit mask defining a plurality of apertures for projecting slits of light onto an eye.

An aspect of the present is directed to an apparatus for measuring a subject’s
cornea, comprising (A.) a slit projection subsystem comprising a light source, (B.) a
mask subsystem disposed in a path of light from the light source, comprising a first slit
mask defining a plurality of apertures, (C.) a movement apparatus adapted to move at
least a portion of the slit projection subsystem, the movement apparatus configured and
arranged such that, by moving the portion of the slit projection subsystem, portions of
the light can be selectively transmitted through an aperture of the plurality of apertures
toward the cornea, (D.) an imaging element configured and arranged to image at least
one of the plurality of apertures onto the cornea, and (E.) an image capture subsystem
arranged to capture images of the portions of light after the light impinges on the cornea.

In some embodiments, the slit projection subsystem comprises a second slit mask
defining a selection aperture, the movement apparatus being adapted to move the second
slit mask.

In some embodiments, the apparatus further comprises (F.) a second slit
projection subsystem comprising a second light source, (G.) a second mask subsystem
disposed in a path of second light from the second slit projection subsystem, comprising
a second slit mask defining a second plurality of apertures, (H.) a second movement
apparatus adapted to move at least a portion of the second slit projection subsystem, the
second movement apparatus configured and arranged such that by moving the portion of
the second slit projection subsystem, portions of the second light can be selectively
transmitted through an aperture of the second plurality of apertures toward the cornea;
and (I.) a second imaging element configured and arranged to image the second plurality
of apertures onto the cornea, the image capture subsystem arranged to capture images of

the portions of second light after the light impinges on the cornea.
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In some embodiments, the second slit mask is disposed upstream of the first slit
mask. In some embodiments, the slit projection subsystem is configured and arranged to
project light from the light source through each of the plurality of apertures defined in
first slit mask without moving the light source.

In some embodiments, the light source comprises at least one LED arranged to
project light in the path of light. In some embodiments, the apparatus further comprises
a condenser lens configured and arranged to gather light from the light source and project
the light in the path of light. In some embodiments, the imaging element and condenser
lens are configured and arranged to operate as a condenser-projector system. In some
embodiments, the imaging element and the first slit mask are disposed in a Scheimpflug
arrangement to obtain a plane of slit images at the cornea.

In some embodiments, the plurality of apertures is disposed in a single plane.

In some embodiments, the plurality of apertures is formed on a single substrate. In some
embodiments, the plurality of apertures is defined by openings in an opaque layer
deposited on the substrate.

In some embodiments, the apparatus comprises an image processing subsystem
coupled to the image capture subsystem, the image processing subsystem being adapted
to convert the images into a representation of the cornea. In some embodiments, the
apparatus further comprises a subject positioning apparatus adapted to maintain the
subject’s cornea in a location.

In some embodiments, the light source comprises at least one high power LED.
In some embodiments, the light source consists of a single LED.

In some embodiments, the movement apparatus is adapted to translate the at least
portion of the slit projection subsystem. In some embodiments, the light source is
adapted to project a slit of light and the movement apparatus is adapted to translate the
light source. In some embodiments, the movement apparatus is adapted to translate the
second slit mask. In some embodiments, the movement apparatus is adapted to rotate the
at least portion of the slit projection subsystem.

Another aspect of the present invention is directed to a method of facilitating
measurement of a subject’s cornea, comprising: (A.) providing a plurality of apertures,
(B.) projecting light toward the plurality of apertures, (C.) moving at least a portion of a

slit projector subsystem while maintaining the plurality of apertures in fixed locations to
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selectively transmit a portion of the light toward the cornea, the portion of the light
passing through a selected aperture of the plurality of apertures; and, (D.) imaging the
portions of light after the light impinges on the cornea.

In some embodiments, the step of moving comprises translating the at least
portion of the slit projection subsystem. In some embodiments, the step of moving
comprises rotating the at least portion of the slit projection subsystem.

In some embodiments, the step of moving comprises moving a selection slit. In
some embodiments, the step of moving comprises moving at least one source.

In some embodiments, the light passes through the selection aperture prior to
passing through any of the plurality of apertures. In some embodiments, the step of
projecting light comprises projecting light from at least one LED. In some embodiments,
the step of imaging produces images, and the method further compriées processing the

images to convert the images into a representation of the cornea.

Brief Description of the Drawings

Ilustrative, non-limiting embodiments of the present invention will be described
by way of example with reference to the accompanying drawings, in which the same
reference number is used to designate the same or similar components in different figures,
and in which:

FIG. 1 is a schematic view of an example of a corneal measurement apparatus
according to aspects of the present invention;

FIG. 2 is an expanded view showing further details of one arm of the corneal

measurement apparatus of FIG. 1;

FIG. 3 is an illustration of an example of an embodiment of a first slit mask
defining a plurality of apertures viewed along line 3 — 3 of FIG. 2;

FIG. 4 is an illustration of an example of an embodiment of a second slit mask
defining a selection aperture viewed along line 4 — 4 of FIG. 2;

FIG. 5 illustrates further details of another example of an embodiment of one arm
of the corneal measurement apparatus shown in FIG. 1;

FIG. 6 is a schematic illustration of further details of one example of light sources

included in a slit projection subsystem;
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FIG. 7 is a schematic view of another example of a corneal measurement
apparatus according to aspects of the present invention;

FIG. 8 is an illustration of an example of an embodiment of a second slit mask
defining a selection aperture viewed along line 8 — 8 of FIG. 7; and

FIG. 9 is an illustration of further details of an example of an embodiment of first

slit mask defining a plurality of apertures viewed along line 9 — 9 of FIG. 7.

Detailed Description

FIG. 1 is a schematic view of an embodiment of a corneal measurement
apparatus 10 according to aspects of the present invention. The corneal measurement
apparatus is adapted to measure a subject’s cornea C. The corneal measurement
apparatus comprises two slit projection systems 13a, 13b (including light sources 12a
and 12b, respectively), two mask subsystems 100a, 100b, and an image capture
subsystem 50. Mask subsystems 100a and 100b are disposed in the paths of light from
slit projection systems 13a and 13b, respectively.

Slit projection system 13a and mask subsystem 100a are in a first arm 75a of the
corneal measurement apparatus and slit projection system 13b and mask subsystem 100b
are in a second arm 75b of the corneal measurement apparatus. In the illustrated
embodiment, the first arm projects slits of light onto one half of the cornea, and the
second arm projects slits of light onto the other half of the cornea. For example, the path
of each of the projected slits of light may be at a approximately forty-five degree angle to
the visual axis of the subject’s eye. Although the illustrated embodiment of a
measurement apparatus has two arms, in other embodiments, a measurement apparatus
may only have a single arm.

Referring to FIG. 2, further details of an example embodiment of one arm of the
corneal measurement apparatus 10 are shown. The arm comprises a mask subsystem
comprising a first slit mask 130 defining a plurality of apertures 132; and a slit projection
subsystem comprising a light source 12a and a second slit mask 120 defining a selection
aperture 122.

The arm also comprises a movement apparatus 110 adapted to translate the
second mask. Second slit mask 120 is configured and arranged such that, by

appropriately positioning the second slit mask using the movement apparatus to move



WO 2008/079766 PCT/US2007/087747

the second slit mask relative to the first slit mask, selection aperture 122 selectively
transmits portions of the light from source 12a such that light traveling through an
aperture of the plurality of apertures 132; impinges on cornea C. It will be appreciated
that although in the illustrated embodiment, the movement apparatus translates the
second mask, the movement apparatus may move the selection aperture in any suitable
manner to suitably position the selection aperture. Also, the movement apparatus may
move any suitable portion of the slit projection subsystem to suitably project a slit of
light onto a cornea C. For example, as set forth below, the light source may be moved.

Ray R demonstrates that the selection aperture 122 transmits light to cornea C
from a selected one 132 of the plurality of apertures, when selection aperture 122 is
appropriately aligned with the selected one 132 of the plurality of apertures.
Subsequently, by translating second slit mask 120, the selection aperture can be
positioned such that light from another of the plurality of apertures 132, can be
transmitted to cornea C. Such positioning of the selection aperture can be repeated such
that light from each of the plurality of apertures or light from any suitable ones of the
plurality of apertures 132 can be transmitted to cornea C. It will be appreciated that, on
portions of the first slit mask and the second slit mask that are outside of the apertures
disposed thereon, the slit masks are opaque or substantially opaque to light from source
12a.

It is to be appreciated that although, in the illustrated embodiment, the second slit
mask 120 (i.e., the mask including the selection aperture) is disposed upstream (i.e.,
closer to source 12a along the optical path) from first slit mask 130, in other
embodiments, the first slit mask (i.e., the mask including the plurality of apertures) can
be disposed upstream of the second slit mask.

Referring again to FIG. 1, light sources 12a and 12b generate the light in which a
corresponding mask subsystem is disposed. In some embodiments, the source projects
light from the light sources in a cone of light CN to permit light to be projected through
each of the apertures defined in first slit mask 130 without moving the source. That is to
say that, in some embodiments, only the second slit mask 120 is moved. The movement
occurs to expose a given one of the plurality of apertures on the first mask 130 to light
from a light source. It will be appreciated that, in such embodiments, the plurality of

apertures 132 that provide the slits of light can remain fixed in a given location during
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the acquisition of the plurality of slit images used to produce a representation of a
subject’s eye. An advantage over prior art measurement apparatus, in which a single
aperture is moved to produce slits of light, is that slits of light are produced with
positions that are more accurately known, thereby providing more accurate
representations of subjects’ eyes.

In some embodiments, it is advantageous if the source is monochromatic and
suitably bright. For example, an LED or a plurality of LEDs may be used to generate the
light. In some embodiments, a high power LED has been found useful. In some
embodiments, a superluminescent LED is used. An aspect of the invention is directed to
a single high power LED configured and arranged to be capable of illuminating the
plurality of apertures 132 as the selection aperture is moved.

In some embodiments, it is advantageous that the projection subsystem include a
conventional condenser-projector system. In FIG. 1, condenser lenses 14a, 14b gather
light from sources 12a and 12b respectively, and projector lenses 18a, 18b are configured
and arranged such that the condenser lenses images sources 12a and 12b onto the
projector lenses 18a, 18b, respectively. The projector lenses are also configured and
arranged to image the apertures 132 onto cornea C. It is typically preferable that the slits
of light are not convergent or divergent between the first slit mask and the cornea.
However, some convergence or divergence may be present. Although in the illustrated
embodiment the projector lenses 18a, 18b are conventional refractive lenses, any suitable
imaging element may be used (e.g., a mirror, holographic element). In a given arm, a
single lens may be fixed in a position to image all apertures onto the cornea.
Alternatively, more than one lens may be positioned in the arm or a single lens may be
moved to project the apertures.

Although in the illustrated embodiment the condenser lenses 14a, 14b are
illustrated as conventional refractive lenses, any suitable imaging element may be used
(e.g., a mirror, holographic element). In some embodiments, the condenser lens may be
omitted. The projection system components and first slit mask 130 may be disposed in a
Scheimpflug arrangement to obtain a plane of slit images at cornea C. Also, one or more
folding mirrors 16a and 16b may be included to direct light onto the cornea, and to

achieve an appropriate package shape to fit in a housing (not shown) of the apparatus.
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Further details of first slit mask 130 are now given with reference to FIG. 3. Slit
mask 130 includes a plurality of apertures 132, — 132,. Typically, the slits are of a same
width W and length L and are evenly spaced apart; however, aspects of the invention are
not so limited.

For example, twenty apertures may be provided on the slit mask in first arm 75a
(shown in FIG. 1) so that twenty slits of light are projected onto a subject’s cornea and
twenty images are obtained using light from the first arm 75a of the measurement
apparatus 10 (shown in FIG. 1). Accordingly, when combined with twenty images from
second arm 75b (shown in FIG. 1) a total of 40 slit images of a subject’s eye are obtained.
It will be appreciated that any suitable number of apertures may be provided on the first
slit mask in each of mask subsystems 100a, 100b (shown in FIG. 1).

For example, first slit mask 130 may be formed on a substrate 135 of soda lime
glass or BK7 glass. An opaque layer may be deposited on a surface of the substrate. For
example, an opaque metal layer may be deposited on the substrate, and the apertures may
be subsequently formed by etching a portion of the metal layer to expose the substrate.
Each of the apertures is sized and shaped such that in a given measurement apparatus a
slit of light is projected onto a cornea in a conventional manner. Typically, the apertures
are rectangular in shape. However, any suitable shape may be employed. In some
embodiments, it may be desirable to apply an antireflective coating to one or both of the
surfaces of a substrate. Although the plurality of apertures 132 are shown as being
formed on a single substrate (and in a single plane) any suitable construction may be
used in which the apertures are formed at fixed locations relative to one another.

Further details of the second slit mask 120 are now given with reference to FIG. 4.
Slit mask 120 includes a single selection aperture formed on a substrate 125. The
selection aperture is sized to permit light to pass from one of the plurality of apertures to
comea C (shown in FIG. 1). Typically, the size of the selection aperture is larger in
width and length than any of the plurality of apertures. The selection aperture is also
typically small enough such that light is only permitted to pass through a single one of
the plurality of apertures and onto cornea C.

In the illustrated embodiment of the second slit mask, an aperture portion 124
(typically half the length of the selection aperture) is also provided. The aperture portion

is used for alignment of the measurement apparatus relative to a subject’s cornea on
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whom a corneal measurement is to be made. The aperture portion is aligned with one of
the plurality of apertures on the first slit mask, such that light is projected though only a
portion of the one of the plurality of apertures and a portion of a slit of light is projected
onto the middle of a subject’s eye by the first arm 75a (shown in FIG. 1) (e.g., an upper
half of a slit is formed at the middle of the subject’s eye by the first arm).

Another, second slit mask 120 also having an aperture portion is disposed in the
other arm 75b (shown in FIG. 1). The position of aperture portion 124’ in a second slit
mask (in the second arm 75b) is shown in dashed lines. Similar, to the aperture portion in
the first arm, the aperture portion in the second arm is aligned with one of the plurality of
apertures on the first slit mask of the second arm. Again, the aperture is arranged to
project light onto the middle of the subject’s cornea (e.g., a lower half of an aperture is
formed at the middle of the subject’s eye). In a conventional manner, the subject’s
cornea is aligned with the measurement apparatus, by positioning either the subject or
the machine such that the two portions of the slits of light align to form a single, full-
length slit of light (e.g., the upper half of the slit of light from the first arm aligns with
the lower half of the slit of light from the second arm) to form a single, full slit of light.
The second slit masks 120 (in the first and second arm) may be formed in a manner
similar to that described above for the first slit mask 130.

Referring again to FIG. 1, the image capture subsystem 50 is arranged to be able
to capture an image of light projected for each of the plurality of apertures after the light
impinges on the cormea. It will be appreciated that, to capture of the images to obtain a
representation of a cornea, each of the plurality of apertures is selected sequentially by
appropriately aligning each aperture with the selection aperture as described above.
Image capture subsystem 50 may be any suitable conventional imaging device, such as a
CCD camera.

Movement apparatus 110 may comprise any suitable mechanism for moving (e.g.,
translating) the second mask 120 to project slits of light form the plurality of apertures
132 on the first slit mask 130 to cornea C. For example, the movement apparatus may
comprise a linear translation motor capable of the moving (i.e., translating) the second
slit mask in a direction perpendicular to the length L of the plurality of apertures 132.

Corneal measurement apparatus 10 also includes an image processing subsystem

to convert the images into a single representation of the comea. Techniques for
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reconstructing a representation of a subject’s cornea once the slit images are obtained are
well known and are not described further here. Projection systems as described herein
may be used with corneal topographers, corneal profiler apparatus and anterior chamber
analyzers.

Corneal measurement apparatus 10 includes a subject positioning apparatus 60
adapted to maintain a subject’s cornea in a location. For example, the apparatus may be
provided with a chin rest and/or a forehead rest which will fix the location of the
subject’s head.

FIG. 5 illustrates further details of another example of an embodiment of one arm
200 of corneal measurement apparatus 10 (shown in FIG. 1). The arm comprises a mask
subsystem comprising first slit mask 130 defining a plurality of apertures 132;, and a slit
projection subsystem 220 comprising a plurality of light sources 212, (shown in FIG. 6).
It will be appreciated that, in contrast to the embodiment shown in FIG. 2, subsystem
220 is arranged to project a slit of light without the use of a mask having a selection
aperture (e.g., mask 120 having a selection aperture 122 in FIG. 2). In some
embodiments, the projection subsystem comprises a cylindrical lens 222 to gather light
from the light sources and focus it on a selected one of the apertures 132;. Alternative
arrangements for projecting a slit of light are given in U.S. Pat. 6,409,346 (issued June
25, 2002) and 6,286,958 (issued September 11, 2001) both to Koest. Additionally, a
prism 223 may be located in the path of the slit of light to improve homogeneity of the
light, the prism being rotated or oscillated as taught in U.S. Patent 7,040,765 (issued May
9, 2006). The substance of said three (3) patents is hereby incorporated by reference.

The arm also comprises a movement apparatus 210 adapted to move (e.g.,
translate) the slit projector subsystem 220, so as to appropriately position the plurality of
light sources such that light travels through a selected one of the plurality of apertures
132; and is focused onto cornea C (e.g., by lens 218).

FIG. 6 is a schematic illustration of the further details of the light sources 212,
included in the illumination slit projection subsystem. The sources may, for example,
comprise LEDs disposed on a circuit board to project a long narrow band of light. Any
suitable number LEDs may be used. Although, a plurality of sources is shown in the

illustrated embodiment, a single elongate source may be used.
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FIG. 7 is a schematic view of another example of a corneal measurement
apparatus 700 according to aspects of the present invention. The corneal measurement
apparatus comprises a slit projection systems 713 (including a light source 712), a mask
subsystems 731, and an image capture subsystem 750. The mask subsystem is disposed
in the path of light from slit projection systems 713. The mask subsystem comprises a
first slit mask 730 defining a plurality of apertures 732;., (shown in FIG. 9).

Slit projection systems 713 comprises a light source 712, a second slit mask 720
defining a selection aperture 722 (shown in FIG. 8), and a slit imaging lens 740 (e.g., a
cylindrical lens having a length aligned with the length of the selection aperture). Slit
projection systems 713 also comprises a movement apparatus 710 adapted to rotate
source 712 and second mask 720. By appropriately positioning the second slit mask
using the movement apparatus, selection aperture 722 selectively transmits portions of
the light from source 712 such that light traveling through a selected one of the plurality
of apertures 732; impinges on cornea C. As discussed above, in some embodiments, the
source may project a cone of light such that movement of the source is not necessary to
project a plurality of slits of light.

In some embodiments, imaging lens 740 is rotated by movement apparatus along
with source 712 and second mask 720; alternatively, a plurality of imaging lenses can be
arranged such that one is aligned with each of the plurality of apertures of first slit mask
730. It will be appreciated that, in embodiments as illustrated in FIG. 7, the plurality of
apertures 732 that provide the slits of light can remain fixed in a given location during
the acquisition of the plurality of slit images used to produce a representation of a
subject’s eye. An advantage over prior art measurement apparatus is that slits of light
are produced with positions that are more accurately known than with conventional
apparatus, thereby providing more accurate representations of subjects’ eyes.

FIG. 8 is an illustration of an example of an embodiment of a second slit mask
720 defining a selection aperture 722 viewed along line 8 — 8 of FIG. 7. FIG. 9 is an
illustration of further details of an example of an embodiment of first slit mask 730
defining a plurality of apertures 732; viewed along line 9 — 9 of FIG. 7. It will be
appreciated that, in some embodiments, slit projection system 713 comprises a source as

in FIG. 2; and in other embodiments, slit projection system 713 is constructed as slit
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projection system 220 (shown in FIG. 6) and as such comprises a source or sources
configured to project a slit of light without the use of a selection aperture.

Having thus described the inventive concepts and a number of exemplary
embodiments, it will be apparent to those skilled in the art that the invention may be
implemented in various ways, and that modifications and improvements will readily
occur to such persons. Thus, the embodiments are not intended to be limiting and
presented by way of example only. The invention is limited only as required by the
following claims and equivalents thereto.

What is claimed is:

12
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1. An apparatus for measuring a subject’s cornea, comprising:
(A.) a slit projection subsystem comprising a light source;
(B.) a mask subsystem disposed in a path of light from the light source,
comprising a first slit mask defining a plurality of apertures;
(C.) a movement apparatus adapted to move at least a portion of the slit
projection subsystem, the movement apparatus configured and arranged such that,
by moving the portion of the slit projection subsystem, portions of the light can
be selectively transmitted through an aperture of the plurality of apertures toward
the cornea;
(D.) an imaging element configured and arranged to image at least one of the
plurality of apertures onto the cornea; and
(E.) an image capture subsystem arranged to capture images of the portions of

light after the light impinges on the cornea.

2. The apparatus of claim 1, wherein the slit projection subsystem comprises a
second slit mask defining a selection aperture, the movement apparatus being adapted to

move the second slit mask.

3. The apparatus in claim 1, further comprising

(F.) a second slit projection subsystem comprising a second light source;

(G.) a second mask subsystem disposed in a path of second light from the second
slit projection subsystem, comprising a second slit mask defining a second plurality of
apertures,

(H.) a second movement apparatus adapted to move at least a portion of the

second slit projection subsystem, the second movement apparatus configured and

arranged such that by moving the portion of the second slit projection subsystem,
portions of the second light can be selectively transmitted through an aperture of
the second plurality of apertures toward the cornea; and

(1) a second imaging element configured and arranged to image the second

plurality of apertures onto the cornea,

the image capture subsystem arranged to capture images of the portions of second

light after the light impinges on the cornea.
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4. The apparatus in claim 2, wherein the second slit mask is disposed upstream of

the first slit mask.

5. The apparatus in claim 1, wherein the slit projection subsystem is configured and
arranged to project light from the light source through each of the plurality of apertures

defined in first slit mask without moving the light source.

6. The apparatus in claim 1, wherein the light source comprises at least one LED

arranged to project light in the path of light.

7. The apparatus in claim 1, further comprising a condenser lens configured and

arranged to gather light from the light source and project the light in the path of light.

8. The apparatus in claim 7, wherein the imaging element and condenser lens are

configured and arranged to operate as a condenser-projector system.

9. The apparatus in claim 1, wherein the imaging element and the first slit mask are

disposed in a Scheimpflug arrangement to obtain a plane of slit images at the cornea.

10. The apparatus in claim 1, wherein the plurality of apertures are disposed in a

single plane.

11. The apparatus in claim 1, wherein the plurality of apertures are formed on a

single substrate.

12. The apparatus in claim 11, wherein the plurality of apertures is defined by

openings in an opaque layer deposited on the substrate.
13. The apparatus in claim 1, further comprising an image processing subsystem

coupled to the image capture subsystem, the image processing subsystem being adapted

to convert the images into a representation of the cornea.

14
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14.  The apparatus in claim 1, further comprising a subject positioning apparatus

adapted to maintain the subject’s cornea in a location.

15.  The apparatus in claim 6, wherein the light source comprises at least one high
power LED.
16. The apparatus in claim 5, wherein the light source consists of a single LED.

17. The apparatus of claim 1, wherein the movement apparatus is adapted to translate

the at least portion of the slit projection subsystem.

18. The apparatus of claim 17, wherein the light source is adapted to project a slit of
light and the movement apparatus is adapted to translate the light source.

19. The apparatus of claim 2, wherein the movement apparatus is adapted to translate

the second slit mask.

20. The apparatus of claim 1, wherein the movement apparatus is adapted to rotate

the at least portion of the slit projection subsystem.

21. A method of facilitating measurement of a subject’s cornea, comprising:

(A.) providing a plurality of apertures;

(B.) projecting light toward the plurality of apertures;

(C.) moving at least a portion of a slit projector subsystem while maintaining the
plurality of apertures in fixed locations to selectively transmit a portion of the light
toward the cornea, the portion of the light passing through a selected aperture of the

plurality of apertures; and
(D.) imaging the portions of light after the light impinges on the cornea.

22. The method of claim 21, where the step of moving comprises translating the at

least portion of the slit projection subsystem.
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23.  The method of claim 21, where the step of moving comprises rotating the at least

portion of the slit projection subsystem.

24, The method of claim 21, where the moving comprises moving a selection slit.

25. The method of claim 21, where the moving comprises moving at least one source.

26. The method of claim 24, wherein the light passes through the selection aperture
prior to passing through any of the plurality of apertures.

27.  The method of claim 21, wherein the step of projecting light comprises projecting
light from at least one LED.

28. The method of claim 21, wherein the step of imaging produces images, and the
method further comprises processing the images to convert the images into a

representation of the cornea.

16



WO 2008/079766 PCT/US2007/087747

100a /ﬂ 100b
140 14b

v
SNNN\A




WO 2008/079766 PCT/US2007/087747




WO 2008/079766 PCT/US2007/087747

3/6

130—"°

FIG. 4



I

FIG. 5



WO 2008/079766 PCT/US2007/087747

5/ 6

710
VA
750




WO 2008/079766 PCT/US2007/087747

6,/6

212,

/720

| 212
n 722

@)\... © @@{

FIG. 6 FlG. 8

732

FIG. 9



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/087747

CLASSIFICATION OF SUBJECT MATTER

INV. A61B3/10 A6183/107

According o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B

Minimum documentatlon searched (classmcatlon system followed by ciassification symbols)

Documentation searched other than minimurn documentation to the extent that such documents are included in the fields searched

EPO—InternaI

‘Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category_‘ Citation of document, \_Nith indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005/134797 Al (GROVE DONALD C [US] 1-3,5-8,
GROVE DONALD CHARLES [US]) . 10-13,
23 June 2005 (2005-06-23) 15-17,
19,21,
22,24,
‘ 27,28
paragraphs [0028], [0032], [0034] '
figure 10
X | US 2005/122474 A1 (KORETZ JANE F [US]) _ k 1,2,4,
-9 June 2005 (2005-06-09) ' 9-14,17,
18,
: 20-26,28
paragraphs [0054], [0056], [00641],
[0067]
figures 2,5-8
- /__

m Further documents are listed in the continuation of Box C.

[I See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art whlch is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

*L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not in conflict.with the application but
cited to understand the prlncuple or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

“Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
me'r:ts rs1uch combination being obvious to a person skilled
in the al

"&* document member of the same patent family

Date of the actual completion of the international search

28 May 2008

Date of mailing of the intemational search report

05/06/2008

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
* NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Worms, Georg

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEABCH REPORT

' International application No

o PCT/US2007/087747
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
4 Category™ | Citation of document, with indication, where appropriate, of the relevant passages ) » Relevant to claim No.
A | US 4 422 736 A (NUNOKAWA .KAZUO [Jr]) ‘ 4,26
27 December 1983 (1983-12-27) ' o :
figure 3 : '

Form PCTASA/210 (continuation of second sheet) (April 2005)

page 2 of 2



. INTERNATIONAL SEAhCH REPORT

Information on patent family members

International application No

PCT/US2007/087747
Patent document Publication Patent family Publication
cited in search report date member(s) ~_ date
US 2005134797 Al 23-06-2005 AU 2004305011 Al , 07-07-2005
' ' CA 2548076 Al © 07-07-2005
CN 1913824 A ' 14-02-2007
EP 1699347 Al - 13-09-2006
JP 2007513700 T 31-05-2007
KR 20060121290 A 28-11-2006
WO 2005060824 A1 07-07—2005‘
us 2005122474 Al 09-06-2005 NONE
US 4422736 A 27-12-1983  JP 1434222 C 07-04-1988
) : . JP 56132936 A 17-10-1981
JP

62044490 B 21-09-1987

Form PCT/ISA/210 (patent family annex) (Aprit 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

