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ENHANCED ELECTRO-ACTIVE LENS SYSTEM

Background of the Invention

[0001] Many people, even those with otherwise good vision, have minor vision
deficiencies that fall under the category of non-conventional refractive error that prevent
them from achieving the best visual acuity possible. Unlike conventional refractive error, i.e.
“near-sightedness” or “far-sightedness” and other types of problems usually addressed in
persons with corrected vision, the impact of unconventional refractive error, such as higher
order aberrations, may even be difficult for an individual to perceive until it has been
identified, measured and corrected during an eye exam and the individual has an opportunity
to realize the increased visual acuity that accompanies correction of these errors.

[0002] The effect of higher order aberrations may vary depending on environmental
conditions, such as distance from an object being viewed or the size of the pupil, which
fluctuates based on the distance viewed and the amount of ambient light entering the pupil.
Thus, a lens that has a fixed correction for higher order aberrations may still not provide an
individual a proper correction except under certain conditions.

Summary of the Invention

[0003]  Accordingly, it may be desirable to provide lens systems and optical devices that
address these and other vision correction needs that permit dynamic changes in the higher
order cdrrection and/or which may assist in helping multiple persons with different higher
order correction needs use the same optical device.

[0004] In accordance with an exemplary aspect of the invention, a lens system comprises
a first electro-active layer that provides correction of at least one higher order aberration; the
provided higher order correction dynamically changes in response to a user’s needs while
looking through the lens system. The dynamic changes may be based, for example, in a
response to a change in the user’s gaze, the user’s pupil size, or the elapsed time after a blink.
[0005] In accordance with another exemplary aspect of the invention, an optical device
comprises at least one lens to correct higher order aberrations. The lens may be integrated
with or removably attached to the optical device, and may include additional features that
make the optical devices particularly suitable for use by multiple persons, especially in

rugged and/or military environments.
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[0006]  Additional aspects, features and advantages of the present invention will be more
apparent when considered in light of the following detailed description of exemplary
embodiments of the invention.

Brief Description of the Drawings

[0007]  Figure la is an illustration of an electro-active pixel pattern to correct for a higher
order aberration under a given set of conditions.

[0008]  Figure 1b is an illustration of an electro-active pixel pattern to correct for a higher
order aberration under a different given set of conditions.

[0009] Figure 2 is an illustration of goggles containing a lens system according to an
exemplary embodiment of the invention.

[0010] Figure 3 is an illustration of a lens system according to an exemplary embodiment
of the invention.

[0011]  Figure 4 is an illustration of a lens system according to another exemplary
embodiment of the invention.

[0012]  Figure 5 is an illustration of an optical device using a higher order aberration
correcting lens system according to an exemplary embodiment of the invention.

[0013]  Figure 6 is an illustration of an optical device using a higher order aberration
correcting lens system according to another exemplary embodiment of the invention.

[0014] Figures 7a and 7b are an illustration of an optical device with a removable higher
order aberration correcting lens according to an exemplary embodiment of the invention.
[0015]  Figure 8 is an illustration of an optical device with a removable higher order
aberration correcting lens according to another exemplary embodiment of the invention.
[0016]  Figure 9 is an illustration of an optical device with a programmable higher order
aberration correcting lens according to an exemplary embodiment of the invention.

[0017]  Figure 10 is an illustration of an optical device according to an exemplary
embodiment of the invention.

[0018]  Figure 11 is an illustration of a line of sight guide for use with an optical device
according to an exemplary embodiment of the invention.

[0019] Figure 12 is an illustration of a line of sight guide for use with an optical device
according to another exemplary embodiment of the invention.

[0020] Figure 13 is an illustration of a line of sight guide for use with an optical device
according to yet another exemplary embodiment of the invention.

[0021]  Figure 14 is a Zernike mode chart illustrating exemplary higher order aberrations.

Detailed Description of Exemplary Embodiments
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[0022] Exemplary embodiments of the invention are directed to lens systems and optical
devices using lens systems that provide enhanced vision capabilities.

[0023] As described in more detail in U.S. Patent 6,619,799, incorporated herein by
reference in its entirety, electro-active lenses have been developed that are capable of
providing vision correction that corrects for both conventional refractive error, such as
hyperopia and myopia, and that corrects for non-conventional refractive error, including
higher order aberrations.

[0024] The benefits of correcting non-conventional refractive error in particular may
provide an individual with a visual acuity that is better than 20/20. Non-conventional errors,
particularly higher order aberrations, such as coma, for example, typically result from
deficiencies within the eye and often prevent even those with good vision, i.e. 20/20, from
improving visual acuity to a higher level such as 20/15, 20/10 or even approaching 20/8.
[0025]  The effect of the higher order aberration on a person’s vision may fluctuate based
on the size of the pupil and or the gaze distance of the object being viewed. For example, as
the pupil enlarges when ambient light is low or when gazing at a near object, a person may
experience that the aberration has a greater or lesser effect on that person’s vision than in
high ambient light when the pupil is smaller or when gazing at a distant object. Changes in
pupil size may also result from blinking, as well as changes from temperature, altitude,
environmental conditions and even the emotional state of an individual.

[0026] In general, a smaller pupil provides a slightly sharper focus and covers some of
the aberrations that may be present in the eye, which are typically located in the cornea or the
crystalline lens, as well as other parts of the eye. In conditions where the pupil opens wider
to admit more light, more of the aberrations are exposed and thus introduced into images
created as light enters the eye. An increase in the impact of spherical aberrations may be
particularly noticeable as pupil size increases.

[0027]  Thus, an aberration that may have a substantial impact on vision when a pupil is
dilated, such as in low light conditions, may have a different or lesser impact in bright light
when the pupil is typically much smaller in size and limits the amount of light entering the
eye. The light passes through a smaller area of the eye and thus may not pass through a
portion of the eye subject to a particular deficiency, while other deficiencies may be
exaggerated. As aresult, a person may have a substantially constant base optical power in
varying ambient light conditions, e.g., -2.50 Diopter (D), but may need two or more different

prescriptions to correct higher order aberrations depending on the viewing conditions.
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[0028]  Likewise, a change in gaze distance may also result in a change in the aberrations
of the eye. Generally, pupil size increases as one focuses on an object in a near distance
range, typically less than about 18-24 inches from the eye. Additionally, the curvature of the
crystalline lens of the eye also changes as gaze distance changes. The change in pupil size,
along with a change in the crystalline lens curvature combine to alter the impact of an
aberration as gaze distance varies. Convergence effects when viewing objects in a near
distance range may also alter the impact of aberrations at different gaze distances.

[0029]  According to exemplary embodiments of the invention, a lens system is provided
that dynamically adjusts the higher order aberration correction to correlate with the pupil
diameter and/or the gaze distance of one looking through the lens system. In this manner, the
same lens that corrects an individual’s higher order aberrations to provide improved visual
acuity when the pupil is dilated also adjusts to maintain that level of visual acuity as the pupil
contracts.

[0030] The lens system comprises an electro-active lens that has at least one layer of
electro-active material, such as a liquid crystal for example, as described in the ‘799 Patent.
The layer of electro-active material is divided into a two dimensional array of pixels using a
transparent insulator, such as indium tin oxide, for example, or other transparent insulating
material. Each pixel is individually addressable so that an applied voltage causes the electro-
active material in each pixel to take a certain molecular orientation. As light passes through
the individual pixels, the light is refracted at a certain angle based on the indices of refraction
resulting from the orientation of the electro-active material in particular pixels. By adjusting
the voltage applied to each of the individual pixels, different pixels are oriented at different
angles yielding different indices of refraction. In this way, thelens system can be controlled
to refract light corresponding to a particular pattern to achieve a vision prescription that
corrects the aberrations of a person’s eye and yields a higher order correction across the
entire eye when the individual views through the lens system.

[0031] Higher order aberrations can be measured, for example, through the use of a
wavefront analyzer to determine the pattern of optical power needed to provide higher order
aberration correction. Wavefront analyzers measure the distortion of a plane light wave
passing through the eye caused by aberrations and may be used to sense the location and
magnitude of the aberrations in the eye. Exemplary types of higher order aberrations are
shown in the Zernike chart shown at Figure 14. The measured wavefront is then used to
determine a vision prescription that may be electronically stored as a series of vision

corrections in which different vision corrections may be needed for different areas of the eye.
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[0032]  As previously discussed, higher order aberrations typically vary depending on the
gaze distance and pupil size. Accordingly, the wavefront may be measured under a variety of
lighting conditions and at different gaze lengths. For example, measurements may typically
be taken while an individual is gazing at a distance of 20 feet, corresponding to “far” vision,
2 to 3 feet, corresponding to “intermediate” vision, and distances up to about 18 to 24 inches,
corresponding to “near” vision. More and/or different distances may be used to measure
different levels of change in the higher order correction needed. Likewise, measurements are
taken under at least bright and dim ambient light conditions, although a range of ambient
light conditions may be used to determine how the higher order aberration changes from light
to dark or vice versa.

[0033] Similar accommodations can be made for changes in the aberration correction that
result from eye blinks. Higher order aberrations change after an eye blink due to tear spread
over the cornea. This tear spread continues to change as a function of time after a blink and
may depend upon several factors. Exemplary factors impacting rate of change of tear spread
include consistency of the tear film, evaporation, drainage, and gravity.

[0034] For a specific individual the effect of the higher order aberration and thus the
desired correction will continue to change over an elapsed period of time after a blink until
the specific individual blinks again. Then, the higher order aberration correction cycle will
repeat itself.

[0035] Using a wavefront analyzer, measurements of one’s higher-order aberrations can
be made just before a blink, just after a blink, and at specific intervals between blinks to
determine how the aberrations fluctuate with blinking. Once measured, an eye care
professional may determine whether one or more prescriptions following a blink to correct
for the changing aberrations is desirable; these prescriptions may then be programmed into a
microcontroller chip that drives the electro-active lens that provides the correction. When a
blink occurs in the user’s eye, detected by a photo-sensor or other such device, the
microcontroller can alter the correction between one or more stored prescriptions to optimize
the user’s vision during the time interval after the blink.

[0036] By measuring and storing a prescription to correct higher order aberrations at
various distances and ambient light intensities and or at different stages of tear film spread, a
comprehensive set of prescriptions may be stored in an electronic memory associated with
the lens system. The stored set of prescriptions for various viewing conditions, when used in

combination with a sensor that detects such viewing conditions, may be used such that the
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lens system dynamically changes to provide and subsequently maintain a level of enhanced
visual acuity as viewing conditions continue to change.

[0037]  One such sensor that may be used is a photo-detector that monitors pupil diameter.
As the photo-detector senses a change in pupil size, a controller adjusts voltage applied to the
array of pixels of the lens system based on the measured pupil diameter to dynamically
modify the prescription to provide the proper higher order aberration correction, permitting
an individual looking through the lens system to maintain an enhanced level of visual acuity.
[0038]  Another sensor that may used is a photo-sensor that detects reflection of light off
the cornea of an eye. Each time an eye blinks, the lid interrupts the reflection of light from
the cornea. This may cause a prescription to be displayed to the user corresponding to a
certain tear film condition. The prescription may change as a function of time based on pre-
measured effects of changes in the user’s tear film until the user blinks again and the photo-
sensor determines the prescription should be reset to the initial after-blink prescription.
[0039] In yet another embodiment of the invention, the sensor may measure ambient light
rather than a change in pupil size per se. Based on previously measured pupil size under
varying ambient light conditions, the higher order correction needed for the pupil size at
those ambient light conditions may be displayed to the user.

[0040] An exemplary pixel pattern to correct higher order aberrations is shown in the lens
100 of Figure 1a. The lens 100 includes a base lens 102 and a pixelated electro-active region
105. Based on particular aberrations of the eye under a certain set of conditions, such as
bright light for example, a wavefront analyzer has previously measured that a particular
correction is needed by a user for a particular area of the eye. Accordingly, a first region 110
of the pixelated electro-active region 105 is programmed to compensate for a deficiency
corresponding to a portion of the wavefront passing through the eye corresponding to that
area of the lens, while a different correction is needed at a second region 120 of the pixelated
electro-active region 105 to compensate for a deficiency corresponding to a different portion
of the eye.

[0041]  Depending on the individual and/or the conditions under which the individual’s
eye is measured, a variety of patterns may be obtained that change depending on the
particular individual’s needs. For example, the same individual, when the pupil is fully
dilated, may require the vision correction prescription shown in Figure 1b to maintain the
enhanced level of visual acuity provided by the correction of higher order aberrations and

which can be switched by a controller based on a signal received by a sensor (not shown) that
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monitors pupil size or other conditions that may result in a change in the higher order
aberration correction needed.

[0042] It should be appreciated that in certain circumstances, a person may desire a lens
that is machined with a fixed higher order aberration prescription. Measurements may be
taken of the individual at various light intensities and gaze distances to determine an average
higher order aberration prescription which may not provide the individual with the best visual
acuity under all conditions but which may nonetheless represent a satisfactory solution.
Conversely, if the conditions are predetermined, then the fixed correction can be designed for
those particular conditions to maximize the effect of the correction.

[0043]  Lens systems that correct higher order aberrations may also correct for
conventional refractive error, for example, through additional layers of electro-active material
or through a fixed focal length optic included with the lens system that provides spherical
correction as further described in the 799 Patent. The fixed focal length optic
advantageously may be used to provide a fail safe mechanism when the higher order
aberration correction is provided electro-actively. This may prevent the loss of distance
vision in the event that electro-active vision correction fails during a task such as driving, etc.
For example, in the event that a power loss or other malfunction results in a failure of one or
more electro-active layers, the fixed focal length optic still provides the individual with
sufficient vision correction to see until the malfunction can be repaired. Typically, the fixed
focal length optic provides far field vision.

[0044]  The fixed focal length optic may be used as a base lens to which the electro-active
layer(s) is attached and may provide no optical power; i.e. 0 D. For example, if a fixed focal
length optic is used as a foundation to which one or more layers of electro-active material are
attached, a fixed optic with no optical power may used by people that only desire correction
of higher order aberrations and either do not need conventional vision correction or choose to
rely on an alternative method of vision correction such as contact lenses or laser surgery, for
example.

[0045]  Lens systems according to exemplary embodiments may advantageously be used
in a variety of applications where enhanced visual acuity is desirable including spectacles and
optical devices. One particularly advantageous use may be when the lens system is part of a
goggle device for use by military personnel or others typically in rugged environments where
enhanced visual acuity may be particularly desirable. The enhanced visual acuity may
provide enhanced clarity for environment perception, communication, and/or target

acquisition. For example, increased visual acuity may provide a soldier the ability to
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perceive an aircraft silhouette sooner and enable him to more quickly determine whether that
silhouette represents a friendly or enemy aircraft and, thus, whether evasive action is needed.
[0046] An exemplary embodiment of goggles that correct for higher order aberrations is
shown in Figure 2. The goggles 200 include a frame 210 and a lens system 220 that corrects
for higher order aberrations, and which may optionally also correct conventional refractive
error. The goggles 200 may further include a power source, such as a battery 230. The
battery 230 can be a thin strip battery that is lightweight and attaches to the frame 210 of the
goggles 200. A solar strip 240 may serve as a primary or auxiliary power source, with excess
power stored in the battery 230 to provide power when solar energy is insufficient to provide
all of the requisite power. A sensor 295 measures pupil size to provide higher order
aberration correction dynamically.

[0047]  The lens system for use in goggles or other applications may be tinted or polarized
to reduce eye strain and provide protection from the sun. Tinting may be accomplished, for
example, through the use of a photochromic layer or an electrochromic layer that can be
electrically adjusted to provide a desired level of tint depending on the intensity of brightness.
[0048] Referring again to Figure 2, where the goggles 200 are intended for use in military
operations, the goggles 200 may further include a microphone 260 and speaker 270 that, in
combination with a transceiver 280, provide a hands-free communication system. The
goggles 200 may also include a heads-up microdisplay 285 that assists a wearer with
mapping and directions or other visual controls that may be useful. The lens system 220
along with the communication system and the heads-up microdisplay 285 may be controlled
by a microchip 290 that produces the pixel pattern for the higher order aberration correction.
The goggles 200 may further be adapted to communicate with a portablé computer (not
shown) either via hardwire or wireless signals that provides access to other applications, such
as target acquisition, for example, that is displayed to the heads-up microdisplay 285.

[0049]  When used in military operations, it may also be particularly desirable to protect a
soldier’s eyes from laser exposure, which may be one form of enemy attack. To provide this
protection, lens systems according to exemplary embodiments of the invention may include a
laser protection layer.

[0050]  The laser protection layer may include a rugate filter. Rugate filters typically
provide laser protection at specific frequencies. The laser protection layer may also be a
layer of electro-active material of high non-linear susceptibility added to the lens system.
This electro-active material does not provide for vision correction, but when activated by

applying an electrical potential, has absorptive and/or reflective properties that provide laser
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protection for a wider range of frequencies than rugate filters. Examples of these types of
materials include high “chi-2” or “chi-3” non-linear optical materials, such as lithium niobate,
for example.

[0051]  Anexemplary embodiment of a lens system that includes laser protection is
shown in a side view in Figure 3. The lens system 300 includes a fixed distance optic 310
and an electro-active layer 320 that provides for the correction of higher order aberrations.
The lens system additionally includes a laser protection layer 330 and an electrochromic layer
340. As shown in the lens system 300 of Figure 3, a hard coat 350 may be applied as a
protective layer over the electro-active layer 320 and any intervening layers. Also, an anti-
reflective coating 360 is optionally applied which may reduce the amount of light lost due to
reflection, which may improve the overall performance of the lens system 300.

[0052] Lens systems that correct for higher order aberrations may advantageously include
a night vision module. The night vision module may be used with an electro-active lens
system that provides dynamic correction of higher order aberrations or alternatively may be
used with a lens system that provides a fixed correction of higher order aberrations. The
addition of a night vision module to provide increased visual acuity at night may provide a
strategic advantage for military personnel and others that desire or need to see in extremely
low light or no light conditions. For example, a firefighter’s face shield may include a
correction for higher order aberrations along with a night vision or long wave infrared (IR)
imaging module. This may provide the firefighter with the ability to more quickly perceive a
person in need of rescue in a dark, smoky building than using night vision or thermal imaging
alone, increasing response time and the likelihood of a successful rescue.

[0053] Night vision modules for use with lens systems according to exemplary
embodiments of the invention typically use either a visible light photomultiplier tube or an IR
detection system. IR-based night vision systems detect infrared energy from various
emission sources, such as living organisms (typically in the 8-12 micron range). The IR
energy is converted into a form that renders it for display on a screen, showing a visible
contrast between different objects based on the amount of IR energy each object emits.

[0054] One infrared system that may be used includes a focal plane array that is a 2-
dimensional layout of rows and columns of pixels, similar to the pixel array that provides the
electro-active higher order aberration correction. The pixels of the night vision module
include a material that is infrared sensitive. The material in each pixel absorbs infrared
energy and based on the intensity of the infrared signals received, emits energy in a form that

is measured and replicated on a screen. Suitable infrared sensitive materials for use in the
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night vision module may include ferroelectric material, platinum silicide, indium antimonide,
gallium arsenide quantum wells, silicon extrinsically doped with arsenic, micro-bolometers,
and other materials that exhibit quantifiable changes in energy when exposed to infrared
energy.

[0055] Other methods of providing vision in low light situations in combination with the
correction of higher order aberrations that may be included as part of a night vision module in
accordance with exemplary embodiments of the invention include the use of an image
intensifier device. When using these intensifier devices, light in the form of infrared or
visible energy strikes a photoemitter plate. The plate emits electrons corresponding to the
strength of the light signal, i.e. the stronger the light, the more electrons that are emitted from
the photoemitter plate. The electrons pass as a beam through an image intensifier, typically a
micro-channel plate that amplifies the electron beam. Once amplified, the electrons strike
phosphors on a fluorescent screen and their energy is converted into visible photons.

[0056] An exemplary embodiment of a lens system that includes a night vision module is
shown in Figure 4. The lens system 400 is similar to that described with respect to Figure 3,
with the addition of a night vision module 460 between the anti-reflective coating 450 and the
hard coat 440. It should be appreciated that the night vision module may be at any position in
the lens system 400 provided that the higher order aberration correcting layer 420 is between
the night vision module 460 and the eye of a person viewing through the lens system 400.
[0057] In order to provide enhanced night vision that has a level of acuity similar to
regular vision, the detectors and screens should have resolution comparable to the higher
order lens, particularly where the higher order correcting lens is electro-active. For example,
the pixel array that provides higher order aberration correction preferably has the same or
fewer number of rows and columns than any other pixel array in the lens system, such as the
night vision module. If the resolution of the night vision module or any other layer is less
than the resolution provided by the higher order correcting layer, then the night vision
module becomes a limiting factor and the full range of improved visual acuity possible with
the correction of higher order aberrations may not be achieved. In embodiments in which the
night vision module uses a photomultiplier tube, the higher-order aberration correction may
be provided directly by the photomultiplier tube.

[0058] Exemplary embodiments of the invention are also directed to optical devices that
include a lens system that corrects for higher order aberration. The lens systems of these
optical devices are dissociated from a user’s eye and typically are used in addition to any

other vision correction device worn by the user, such as spectacles, contact lenses, etc.
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Dissociated optical devices typically provide a limited field-of-view, restricted to a small
solid angle, usually centered on the optical axis of the eye. Dissociated optical devices
include telescopes, ophthalmoscopes, binoculars, monoculars, rifle scopes, goggles, cameras,
visofs, faceshields, gun sights, microscopes, and bio-microscopes, by way of example only.
[0059]  Asshown in Figure 5, one such dissociated optical device is a telescope 500. A
higher order correcting lens 510 is positioned in front of the eyepiece 520 such that a user
looking through the telescope 500 first views through the lens 510 that corrects for higher
order aberrations. Put another way, light travels to the telescope user’s eye first through the
objective lens 530, then through the eyepiece 520 and finally through the higher order
correcting lens 510.

[0060] Other monocular optical devices, i.e. those with a single eyepiece, may be
designed in a similar fashion as the telescope, while for an optical device with two eyepieces,
e.g. binoculars, higher order aberration correcting lenses 610 may be placed in front of each
eyepiece 605, as shown in the binoculars 600 of Figure 6. Other dissociated optical devices
may be used with a lens system that corrects higher order aberrations which operate in a
similar manner as described with respect to the telescope and binoculars.

[0061] It should be appreciated that in any optical device, additional lenses, mirrors and
other optical devices may be present within the optical device intermediate the objective lens
and the eyepiece.

[0062] For many individuals, aberrations are not the same in each eye. Thus, in
monocular optical devices, such as a telescope, for example, the higher order aberration-
correcting lens is typically designed to correct for the eye that the individual predominantly
will use to view through the device. Where the higher order aberration-correcting lens is an
electro-active lens, the optical device may be programmed so that the user can indicate which
eye will be used to view through the device and the appropriate prescription can be applied.
For example, if an individual typically looks through a telescope with the right eye, the
default setting of an electro-active higher order correcting lens may be programmed with a
vision prescription that provides a pixel pattern to correct aberrations consistent with those in
the right eye. However, if the individual desires to look with the left eye, he may simply flip
a switch or otherwise change the pattern of the lens to provide for higher order aberration
correction of the left eye.

[0063] When an optical device includes a lens system to correct for higher order
aberrations, the lens system may be integrated directly into the optical device or it may be

part of a removable attachment that separates from the optical device. It should be
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appreciated that whether or not the lens system is integrated with the optical device, the
higher order aberration correcting lens may be used as the lens of the eyepiece itself rather
than being used in addition to and placed between a separate eyepiece lens and the eye.
[0064]  If the lens is integrated and higher order aberration correction is provided electro-
actively, vision prescriptions for various individuals may be stored on an electronic storage
device, such as a memory chip associated with the optical device. The memory device may
be associated with a controller that relays the proper vision prescription information for a
particular user to the optical device so that multiple persons may use the device.

[0065]  If the higher order correcting lens is not electro-active, but is machined with a
fixed prescription, the lens is preferably not integrated. Otherwise, the optical device would
include a lens with a higher order correction prescription specifically created for one person
and would not account for use by other individuals with different higher order aberrations
that requires a different prescription. To alleviate this potential concern, the higher order
correcting lens may be part of a removable attachment that separates from the optical device.
[0066] Removable lenses may permit an individual to carry her own higher order
correction lens with her. For example, in a laboratory, a group of scientists may all use
several different microscopes interchangeably. The scientist may have a removable lens that
allows her to attach a lens designed to correct her own specific higher order aberrations to
whatever microscope she is using in the lab. In this manner, she always has her ideal level of
visual acuity when viewing through any one of the microscopes in the lab. Removable lens
attachments may also be advantageous in manufacturing optical devices. The basic optical
device can be assembled in the same way, while the attachment with the higher order
correcting lens system is specially manufactured so that each different user has his or her own
prescription machined or electronically programmed into the higher order aberration-
correcting lens.

[0067]  Anexemplary embodiment of how a higher order aberration correcting lens may
be removably attached to an optical device is shown in Figures 7a and 7b illustrating a
riflescope 700. An attachment 710 containing a higher order aberration-correcting lens 715 is
removably attached to the riflescope 700. The attachment 710 may slide over the eyepiece
720 so that light passes through the object lens 750, through the eyepiece lens 725, and
finally through the higher order aberration-correcting lens 715 before passing to a user’s eye.
As shown in Figure 7b, the attachment 710 contains a channel 717 that passes over a tab 722
that projects from the eyepiece 720 of the riflescope 700. Although Figures 7a and 7b show
the attachment 710 fitting over the eyepiece 720, it should be appreciated that the
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arrangement could be reversed, for example, such that the attachment fits within the eyepiece.
For example, as shown in Figure 8, the attachment 810 may have threads 811 that screw into
a counter bore 821 of the eyepiece 820 of the optical device 800.

[0068] Higher order correction is typically an asymmetrical correction, thus the higher
order correcting lens should not be free to rotate. Rather, the lens should have a designated
top and bottom so that a user can easily attach the piece containing the higher order
aberration-correcting lens to the optical device and so that the vision correcting area of the
lens is properly aligned with the location of the aberrations of the eye. This may be achieved,
for example, by a single tab and channel system as shown in Figure 7b such that the higher
order aberration- correcting lens can only attach to the optical device when the lens is
properly aligned. Where the attachment fits vﬁthin the eyepiece, such as shown in Figure 8,
the eyepiece 820 and the attachment 810 may each have a notch 840 or some other form of
indicia that indicate the higher order aberration-correcting lens 815 is properly oriented when
the notches 840 are aligned.

[0069]  In some exemplary embodiments, it may be desirable to use a higher order
aberration-correcting lens that is integrated into an optical device, particularly when the
optical device is designed to provide the higher order correction electro-actively. This may
have the advantage of allowing multiple persons to use the same optical device, as the
electro-active prescription may be programmable and the prescription produced by the lens
can be modified depending on the individual using the optical device in addition to providing
dynamic changes for the user. In this case, each user does not need a separate lens
attachment, but only a vision prescription electronically stored at a location that can be
accessed by the optical device. Vision prescriptions for multiple persons may be stored in an
electronic memory associated with the optical device, such as on a memory chip in
communication with the optical device.

[0070]  The individual using the optical device may identify herself as the user in some
manner, such as entering a code on a keyboard or a retinal scan conducted by the optical
device, by way of example only. Based on the identity conveyed to the optical device, the
proper prescription or set of prescriptions for that user is available for display via the electro-
active lens. Figure 9 illustrates a microscope 910 with an integrated higher order correcting
lens 920 attached to a computer 930 by which a user may enter a user id or other information
to identify herself as the user of the microscope and thus direct the electro-active higher order
correcting lens 920 of the microscope 910 to display the proper pixel pattern for that user’s

higher order vision prescription. Based on the identity of the individual, the proper pixel
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pattern is displayed to provide the user of the device with her own vision prescription. The
vision prescriptions may be stored on a memory chip on the optical device itself or separately
on a computer or other device that is associated with the optical device.

[0071] The computer may transmit information via a hardwire as shown in Figure 9, or it
may be a wireless transmission from a portable device as shown in Figure 10. In Figure 10, a
night scope 1010 with electro-active higher order vision correcting lenses 1015 includes a
receiver 1070 to receive a wireless transmission of data from a portable computer 1060, such
as via bluetooth or RFD technology, for example.

[0072] In this manner a person could walk around with a vision prescription stored on a
small computer, such as on a PDA or cellular phone, for example, that could be transmitted to
any compatible electro-active device. When the person wanted to use an optical device with
an electro-active lens that provides higher order aberration correction, regardless of whether
the person had previously used the optical device before, the vision prescription may be
transmitted from the PDA to the optical device. The optical device may then be used by the
person to see through it with a prescribed improvement in visual acuity.

[0073] Unlike contact lenses or intraocular lenses, lenses that are dissociated from the
eye, such as those used according to certain exemplary embodiments of the invention, don’t
move with the eye. As an individual looks at different objects, the individual’s line of sight
may change such that that the aberrations of the eye are no longer matched with the higher
order correction provided by the lens, causing some loss in the enhanced visual acuity in a
similar manner as described above when an attachment is not correctly aligned on the optical
device. Thus, it may be desirable to provide a way to periodically assist the user to easily and
quickly return to the proper line of sight. Accordingly, when higher order aberration
correcting lenses are used in optical devices, a temporary or permanent guide may be used
that helps the user find and maintain a proper line of sight through the lens to maintain the
benefit of the enhanced visual acuity the higher order correcting lens provides.

[0074] To find and maintain the proper line of sight, the higher order correcting lens may
include indicia that helps an individual see the “sweet spot™ of the lens so that when the line
of sight passes through that area of the lens, the best visual acuity possible with the lens is
achieved. Often, the best visual acuity is maintained when the line of sight passes through
the center of the lens, although this is not always the case. When the sweet spot is off center,
an aid to the user to maintain the proper line of sight may be particularly advantageous.
[0075] The indicia may be etched into the lens, such as the etched cross-hair shown in

Figure 11, where the cross hair 1120 represents the point of the higher order correcting lens
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1110 through which the line of sight should be maintained. Additionally, if the lens is
electro-active, a hue or coloration may be emitted to identify an area of contrast where the
individual should direct his line of sight, as shown in Figure 12, in which the line of sight is
identified as a bulls-eye 1220 at the center of the higher order aberration-correcting lens
1210. By applying an electrical current to an electro-active material, a chromatic change can
be imparted that creates the bulls-eye. Exemplary materials to impart a chromatic change
include liquid crystals, conductive polymers or other known electro-chromic materials.
[0076]  Yet another exemplary form of indicia for finding and maintaining a proper line of
sight is the use of a template that is substantially opaque except for a pin-hole that restricts
the line of sight so that the user can only see through the lens when the user is looking
through the sweet spot as shown in Figure 13. The pin-hole opening 1320 may be revealed
by a physical template 1310 that slides over or attaches to the lens 1305. The opening 1320
may also be created electro-actively, for example, by producing a cross polarization between
two layers of electro-active material, such that all but a small, circular portion of each of the
electro-active layers are activated. The unactivated areas are in substantial registration with
one another so that when the electro-active layers are in a cross-polarized state, the cross
polarization filters out all light except for light that passes through the unactivated,
unpolarized area that forms a pin-hole.

[0077]  Where the indicia are temporary, the indicia may be removed. For example, with
a pin-hole created by polarization, once the individual has determined the proper line of sight,
the polarization can be removed allowing the full area of the lens for viewing. If the
individual, at a later time, is concerned that his line of sight may have moved from the sweet
spot, the individual may cause the indicia to re-appear and re-adjust his line of sight back to
the sweet spot.

[0078] In higher order correcting lenses that are electro-active, an eyetracker may be used
along with or in lieu of indicia. The eyetracker measures where the individual is looking and
can thus detect where the line of sight is. By determining where the line of sight is, a
controller, such as the computer that displays the appropriate pixel pattern for a particular
user also adjusts that pattern to keep the eye looking through the sweet spot. For example, if
an individual is originally looking straight ahead, but adjusts his line of site to look up, the
eyetracker will detect this change and cause a signal to be relayed so that the controller
adjusts the vision correcting pixel pattern upward to keep the pattern at the same location

with respect to the eye.
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[0079]  The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, various modifications of the present invention, in addition to those
described herein, will be apparent to those of ordinary skill in the art from the foregoing
description and accompanying drawings. Thus, such modifications are intended to fall within
the scope of the following appended claims. Further, although the present invention has been
described herein in the context of a particular implementation in a particular environment for
a particular purpose, those of ordinary skill in the art will recognize that its usefulness is not
limited thereto and that the present invention can be beneficially implemented in any number

of environments for any number of purposes.

16



WO 2005/017572 PCT/US2004/026341

We claim:
1. A lens system comprising at least one electro-active layer that provides correction of at
least one higher order aberration, wherein the provided higher order correction dynamically

changes in response to a user’s needs while looking through the lens system.

2. The lens system of claim 1 wherein the higher order correction dynamically changes to

maintain the user’s best visual acuity.

3. The lens system of claim 1 wherein the provided higher order correction changes
dynamically in response to a change in gaze distance by the user looking through the lens

system.

4. The lens system of claim 1 wherein the provided higher order correction changes

dynamically in response to a change in pupil size by the user looking through the lens system.

5. The lens system of claim 1 wherein the provided higher order correction changes

dynamically in response to a change in a tear film of the user’s eye.

6. The lens system of claim 1 further comprising a second layer of electro-active material,
the second layer of electro-active material, when activated, providing at least one of
absorptive or reflective protection from a laser.

7. The lens system of claim 1 further comprising a night vision module.

8. The lens system of claim 7 wherein the night vision module comprises an infrared

imaging device and a display screen.

9. The lens system of claim 7 wherein the night vision module comprises an image

intensifier.
10. The lens system of claim 1 further comprising a photo-detector, wherein the photo-

detector is configured to detect the diameter of a pupil of the user looking through the lens

system.
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11. Alens system comprising:
a lens that provides correction of at least one higher order aberration; and
a night vision module for use in association with the lens, the night vision module

capable of being positioned in front of the eye of a user.

12. The lens system of claim 11 wherein the lens provides electro-active correction of the

higher order aberration.

13. The lens system of claim 11 further comprising a heads-up display.

14. The lens system of claim 11 further comprising a communications system.

15. The lens system of claim 11 wherein the lens further comprises a chromic layer.

16. The lens system of claim 11 wherein the lens further comprises a laser protection layer.

17. The lens system of claim 11 wherein the lens system further comprises a solar power

cell.

18. The lens system of claim 11 wherein the lens system further comprises a transceiver

configured to receive a wireless transmission of a higher order vision correction prescription.

19. An optical device comprising a lens that corrects for at least one higher order aberration

of a user’s vision.

20. The optical device of claim 19, wherein the higher order correction is configured to

dynamically change based on a detected pupil size of a user of the optical device.

21. The optical device of claim 19 selected from the group consisting of a telescope, a
microscope, bio-microscope, ophthalmoscope, camera, a rifle scope, binoculars, and a night

scope.

22. The optical device of claim 19 wherein the lens that corrects for at least one higher order

aberration is removably attached to the optical device.
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23. The optical device or device of claim 22 wherein the lens removably attached to the

optical device is adapted to attach over an eyepiece of the optical device.

24. The optical device or device of claim 22 wherein the lens removably attached to the

optical device is adapted to attach within an eyepiece of the optical device.

25. The optical device of claim 22 wherein the optical device comprises a means for aligning

the lens at a proper orientation.

26. The optical device of claim 19 wherein the lens includes viewable indicia to assist an

individual in viewing through a proper location of the lens.

27. The optical device of claim 26 wherein the indicia are permanently viewable.

28. The optical device of claim 26 wherein the indicia are temporarily viewable.

29. The optical device of claim 19 wherein the higher correction of the lens is

programmable.
30. The optical device of claim 29 wherein an electronic storage medium is associated with
the optical device, the electronic storage medium capable of storing a prescription for higher

order aberration correction.

31. The optical device of claim 30 wherein the electronic storage medium is adapted to store

a plurality of prescriptions of different higher order aberration corrections.

32. The optical device of claim 31 wherein the plurality of different higher order aberration

prescriptions are associated with a plurality of different viewing conditions.

33. The optical device of claim 31 wherein the plurality of different higher order aberration

prescriptions are associated with a plurality of different users.
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34. The optical device of claim 33 wherein the optical device is adapted to receive a
communication that identifies a user of the lens, the higher order correction altered to

correspond to the identified user.

35. The optical device of claim 34 wherein the identification of the user is obtained via a

wireless communication.

36. The optical device or device of claim 35 wherein said wireless communication is

accomplished by RFD technology.

37. The optical device of claim 29 wherein a plurality of higher order aberration corrections

are stored in an electronic storage device associated with and accessible by the optical device.

38. The optical device of claim 37 wherein a stored higher order aberration correction is
transmitted to a controller associated with the lens to modify the higher order prescription of

the optical device to correspond to an individual using the optical device.

39. The optical device or device of claim 38 wherein the transmission of the prescription is a

wireless transmission.

40. A method for obtaining a prescription for the correction of higher order aberrations of an
individual comprising:

measuring higher order aberrations of the individual, wherein the higher order
aberrations of the individual are measured under conditions comprising at least one of the
group consisting of: measuring higher order aberrations at a plurality of gaze distances,
measuring higher order aberrations of the individual under a plurality of levels of ambient
light intensity, and measuring higher order aberrations of the individual over a plurality of

blink periods.

41. The lens system of claim 1 further comprising a fixed focal length optic.

42. The lens system of claim 1 wherein the lens system provides conventional refractive

vision correction to the user looking through the lens system.
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43. The optical device of claim 26 wherein the indicia are a pin-hole produced by two
orthogonal polarized layers, the polarized layers having an aperture in substantial registration

with one another to create the pin hole.

44. The optical device of claim 43 further comprising an eye-tracker to measure an
individual’s line of sight, wherein the higher order aberration correction changes based on a

change in the individual’s line of sight.

45. The optical device of claim 26 wherein the indicia are electrically activated, and when

activated, produce an area of color contrast on the lens.

46. The optical device of claim 19 wherein the lens is electro-active.

47. The optical device of claim 19 wherein the lens system is integral with optical device.

48. The optical device of claim 30 wherein the electronic storage medium is attached to the

optical device.

49. An optical device comprising the lens system of claim 1.

50. A method for altering a correction of higher order aberrations comprising:
dynamically changing a higher order aberration correction provided by an electro-
active lens in response to at least one of a change in the gaze of a user looking through the

lens, a change in ambient lighting, or a change in the user’s tear film.

51. An optical device comprising:

an electro-active lens system to provide a variable higher order aberration correction,
wherein the higher order aberration correction varies in response to a change in the gaze of a
user looking through the lens, a change in ambient lighting, or a change in the user’s tear

film.

52. A lens system that provides a correction for higher order aberrations, the lens system
comprising indicia for guiding a user’s eye to see through an area of the lens system that

provides the correction for the higher order aberrations.
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53. The lens system of claim 52 wherein the indicia are selected from the group consisting of

a cross hair image, a circular image, a pin-hole or a circumscribed area.
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