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Description
BACKGROUND

[0001] Unless otherwise indicated herein, the materi-
als described in this section are not prior art to the claims
in this application and are not admitted to be prior art by
inclusion in this section.

[0002] Aneye-mountable device may include sensors,
adjustable lenses, electronics, or other components con-
figured to provide a controllable optical power, to obtain
health-related information (e.g., based on a flow rate or
level of oxygenation of blood in vasculature of an eye),
or to provide some other functionality to a user wearing
the eye-mountable device. Such an eye-mountable de-
vice may include a sensor apparatus configured to detect
physiological properties of a wearer and/or properties of
the environment of a wearer. Additionally or alternatively,
such an eye-mountable device may include a liquid crys-
tal lens, electrowetting lens, or some other type of ad-
justable lens to provide a controllable optical power to an
eye. In some examples, the eye-mountable device may
be in the form of a contact lens that includes a sensor
apparatus configured to detect a property of interest.
[0003] EP 2772792 A1 discloses a powered ophthal-
mic lens having built-in sensors configured to detect
blinks and/or blink patterns by comparing stored pre-de-
termined blink patterns to a recent history of incident light
samples. Based upon the pattern or sequence of blinks,
the powered ophthalmic lens may change state, for ex-
ample, its refractive power in order to either focus on a
near object or a distant object.

SUMMARY

[0004] Aspects of the invention are set out in the ap-
pended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]

Figure 1Ais atop view of an example eye-mountable
ophthalmic device.

Figure 1B is an aspect view of the example eye-
mountable ophthalmic device shown in Figure 1A.
Figure 2A is a side cross-section view of an example
eye-mountable ophthalmic device while mounted to
a corneal surface of an eye.

Figure 2B is an example equivalent electronic circuit
of an element of the device shown in Figure 2A.
Figure 2C is a side cross-section view of the example
eye-mountable ophthalmic device and eye shown in
Figure 2A but with the eye-mountable ophthalmic
device partially occluded by eyelids.

Figure 2D is an example equivalent electronic circuit
of an element of the device shown in Figure 2C.
Figure 2E is a side cross-section view of the example
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eye-mountable ophthalmic device and eye shown in
Figure 2A but with the eye directed downward such
that the eye-mountable ophthalmic device is partially
occluded by an eyelid.

Figure 3 illustrates an example signal generated us-
ing an eyelid occlusion sensor.

Figure 4 illustrates an example signal generated us-
ing an eyelid occlusion sensor.

Figure 5 is a block diagram of an example system
that includes an ophthalmic device in wireless com-
munication with an external reader.

Figure 6 is a flowchart of an example method.
Figure 7 is a flowchart of an example method.
Figure 8A is a flowchart of an example method.
Figure 8B is a flowchart of an example method.

DETAILED DESCRIPTION

[0006] In the following detailed description, reference
is made to the accompanying figures, which form a part
hereof. In the figures, similar symbols typically identify
similar components, unless context dictates otherwise.
The illustrative embodiments described in the detailed
description and figures are not meant to be limiting. Other
embodiments may be utilized, and other changes may
be made, without departing from the scope of the subject
matter of the appended claims. It will be readily under-
stood that the aspects of the present disclosure, as gen-
erally described herein, and illustrated in the figures, can
be arranged, substituted, combined, separated, and de-
signed in a wide variety of different configurations, all of
which are explicitly contemplated herein.

I. Overview

[0007] It can be beneficial in a variety of applications
to be able to control the optical power (e.g., diopter, focal
length) of a lens. For example, the ability to control the
optical power of a contact lens or eyeglasses could allow
such devices to compensate for a diminished or lost abil-
ity of a person’s eye to naturally accommodate. Accom-
modation is a process by which the optical properties of
a person’s eye (e.g., the focal length of the crystalline
lens of the eye) are controlled to allow the eye to focus
on objects at different distances from the eye at different
points in time. The ability of a person’s eye to accommo-
date may be diminished by age, lost completely due to
removal or the crystalline lens (e.g., as aresult of cataract
surgery), or diminished or lost for some other reason.

[0008] An adjustable lens could have an optical power
(e.g., a diopter, a focal length) that is controllable. The
optical power of such an adjustable lens could be me-
chanically controllable, e.g., by the application of a me-
chanical force or pressure to deform one or more refrac-
tive, reflective, or diffractive elements of the lens, by the
application of a hydraulic or pneumatic pressure to
change a volume or geometry of an element by adding
or subtracting fluid from the volume or controlling a pres-
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sure of a fluid within the volume, or by exerting some
other mechanical force(s) to control or change the optical
power of the adjustable lens. Additionally or alternatively,
an adjustable lens could be electronically controllable,
e.g., by the application of an electrical or magnetic field
to change an optical property of a material of the lens,
by applying an electrical field or current to control the
geometry of a volume of fluid within the lens, by applying
an electrical field to control the refractive index of one or
more elements of the lens, or by exerting some other
electrical field(s) or force(s) to control or change the op-
tical power of the adjustable lens.

[0009] Such an adjustable lens could be incorporated
into an ophthalmic device designed to be disposed on or
within an eye and to provide a controllable optical power
to the eye. Such an ophthalmic device could be an eye-
mountable device, such as a contact lens. Alternatively,
such an ophthalmic device could be an implantable de-
vice, e.g., a device configured to be implanted within a
lens capsule of an eye. Such an ophthalmic device could
include one or more controllers, sensors, or other elec-
tronic components to facilitate operation of the adjustable
lens to provide a controllable optical power to an eye to
which the device is mounted and/or in which the device
is implanted. The provided optical power could be con-
trolled to compensate for a reduced ability of the eye to
accommodate. For example, the provided optical power
could be controlled to facilitate viewing of near objects
when the eye is looking at an object near the eye, and
to facilitate viewing of far objects when the eye is looking
atan objectfar from the eye. The ophthalmic device could
include sensors to detect a distance of objects from the
device, a vergence of the eye relative to another eye, a
pupillary diameter, or some other physical variable that
may be related to an optical power that it could be ben-
eficial for the ophthalmic device to provide.

[0010] Insome examples, the ophthalmic device could
include one or more sensors configured to detect a de-
gree of occlusion of the sensor(s) and/or of the ophthal-
mic device by one or both of a wearer’s eyelids or to
detect some other process related to gestures that a user
may produce using their eye(s). Such occlusion could
include occlusion of the sensor(s) due to the wearer
squinting or blinking. Additionally or alternatively, such
occlusion could include occlusion of the sensor(s) due
to the wearer looking upward, downward, or in some oth-
er direction such that the sensor is located beneath an
eyelid or other accessory tissue of an eye. The degree
of occlusion could be sensed by an eyelid occlusion sen-
sorand used to operate the adjustable lens. Forexample,
the degree of occlusion could be sensed and used to
determine that a user has blinked, squinted, looked
downward, changed a direction of gaze, or engaged in
some other volitional, reflex, or other movement of their
eye and/or eyelids. Such movements could form ele-
ments of one or more eye-based gestures that could be
detected based on outputs of the sensor. Based on such
detected movements, the optical power of the adjustable
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lens could be controlled.

[0011] Insome examples, the ophthalmic device could
detect, using an eyelid occlusion sensor, that a wearer
is looking downward and responsively set the optical
power of the adjustable lens to facilitate viewing of near
objects (e.g., to facilitate reading). In response to detect-
ing that the wearer is no longer looking downward, the
optical power of the adjustable lens could be set to facil-
itate viewing of far objects. Alternatively, the optical pow-
er of the adjustable lens could remain set to facilitate
viewing of near objects until another condition is detected
(e.g., the wearer squinting for a specified period of time,
looking downward, blinking, or performing some other
movement). Additionally or alternatively, the degree of
occlusion of a sensor could be detected and used to de-
tect that a wearer is squinting. The optical power of the
adjustable lens could be set, responsive to detecting that
the wearer has been squinting for a specified period of
time, to facilitate viewing of near objects (e.g., to facilitate
reading). In response to detecting that the wearer is
squinting again, looking downward, blinking, or perform-
ing some other movement, the optical power of the ad-
justable lens could be set to facilitate viewing of far ob-
jects. Additional or alternative movements and/or eye-
based gestures could be detected using such a sensor
and could be used, via a variety of different user interface
schemes, to operate an adjustable lens.

ll. Example Eye-Mountable Ophthalmic Device

[0012] An adjustable lens and eyelid occlusion sensor
as described herein could be incorporated into an eye-
mountable device or into some other ophthalmic device.
Such an ophthalmic device could additionally include an
electronic apparatus (e.g., one or more sensors, control-
lers, batteries, antennas, or other elements) that, along
with the adjustable lens, is encapsulated within a rigid,
gas permeable polymer layer, a soft polymer layer, or
within some other encapsulating material. Such encap-
sulation could provide protection and/or structure to the
lens and electronic apparatus, an overall shape or exter-
nal mounting surface of the eye-mountable and/or im-
plantable device, and/or some other benefit. An ophthal-
mic device including an adjustable lens can be configured
or operated to provide a controllable optical power to an
eye and/or some other applications (e.g., sensing a level
of blood oxygenation or other physiological parameters
of a wearer, detecting blinks or other user inputs or ac-
tions, providing power to a device implanted within an
eye).

[0013] Note that aspects of the example ophthalimic
devices described herein (e.g., eyelid occlusion sensors,
controllers, power sources, adjustable lenses, methods
of operation) could be applied without limitation to eye-
mountable devices, implantable devices, or otherwise
configured ophthalmic devices configured to provide a
controllable optical power, or some other benefit, to an
eye.
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[0014] A polymer layer (or other material) within which
elements of an adjustable lens (one or more lenses, lens
chambers, electrodes, volumes of immiscible fluids,
and/or volumes of liquid crystal), electronics, sensors,
interconnects, and/or other components are encapsulat-
ed could be formed to be removably mounted directly to
an eye in a manner that is compatible with eyelid motion
(e.g., the polymer layer could be formed as a soft or rigid
contact lens). Alternatively, such a polymer layer (e.g., a
rigid, gas-permeable polymer layer) could be embedded
within some further encapsulating material (e.g., within
a hydrogel or other soft or rigid polymer layer formed to
mount to an eye) and/or could be formed to mount to or
within a soft polymer layer that is configured to mount to
an eye in combination with the polymer layer containing
the electroactive lens.

[0015] Figure 1A is a top view of an example eye-
mountable ophthalmic device 110. Figure 1B is an aspect
view of the example eye-mountable ophthalmic device
shown in Figure 1A. It is noted that relative dimensions
in Figures 1A and 1B are not necessarily to scale, but
have been rendered for purposes of explanation only in
describing the arrangement of the example eye-mount-
able ophthalmic device 110. The eye-mountable ophthal-
mic device 110includes an electronic apparatus 111 em-
bedded within a polymer layer 120. The electronic appa-
ratus 111 includes an adjustable lens 121. Components
of the electronic apparatus 111 may be embedded (e.g.,
fully encapsulated within a rigid, gas-permeable polymer
layer or other material to provide mechanical stability to
the electronic apparatus 111, to prevent exposure of
components of the electronic apparatus 111 to water or
other substances in an environment of the eye-mounta-
ble ophthalmic device 110, or to provide some other ben-
efit. The polymer layer 120 could comprise such a rigid,
gas-permeable polymer layer; alternatively, the rigid,
gas-permeable polymer layer could be embedded within
the polymer layer 120 (e.g., within a soft hydrogel of the
polymer layer 120).

[0016] The polymer layer 120 can be shaped as a
curved disk. The polymer layer 120, elements of the elec-
tronic apparatus 111 (e.g., lenses, lens chambers, elec-
trodes, liquid crystals, immiscible fluids), or other com-
ponents of the eye-mountable ophthalmic device 110 can
be composed of substantially transparent material(s) to
allow incident light to be transmitted to the eye while the
eye-mountable ophthalmic device 110 is mounted to the
eye. The polymer layer 120 can be a biocompatible, ox-
ygen-permeable material similar to those employed to
form soft vision correction and/or cosmetic contactlenses
in optometry, such as a silicone hydrogel. Additionally or
alternatively, a rigid, gas-permeable polymer layer en-
capsulating the electronic apparatus 111 and/or one or
more lenses or other elements of the adjustable lens 121
could be composed of a biocompatible, oxygen-perme-
able material like silicone acrylate, fluoro-silicone acr-
ylate, or some other rigid, gas-permeable polymers. The
polymer layer 120 and/or one or more lenses or other
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elements of the adjustable lens 121 could include further
compounds or materials to provide some functionality,
e.g., to block ultraviolet light from being transmitted,
through the eye-mountable ophthalmic device 110, to an
eye. Further, the polymer layer 120 could include a sur-
face coating configured to provide some functionality,
e.g., a hydrophilic coating or some other coating to in-
crease wetting and/or comfort.

[0017] The polymer layer 120 can be formed with one
side having a concave surface 126 suitable to fit over a
corneal surface of an eye. The opposing side of the disk
can have a convex surface 124 that does not interfere
with eyelid motion when the eye-mountable ophthalmic
device 110 is mounted to the eye. A circular outer side
edge 128 connects the concave surface 124 and convex
surface 126. The eye-mountable ophthalmic device 110
can have dimensions similar to a vision correction and/or
cosmetic contact lenses, such as a diameter of approx-
imately 1 centimeter, and a thickness of about 0.1 to
about 0.5 millimeters. However, the diameter and thick-
ness values are provided for explanatory purposes only.
In some embodiments, the dimensions of the eye-mount-
able ophthalmic device 110 can be selected according
to the size and/or shape of the corneal surface of the
wearer’s eye. The shape of the eye-mountable ophthal-
mic device 110 can be specified with a curvature, astig-
matism, or other properties to provide a specified optical
power to an eye. Additionally or alternatively, the shape
of the eye-mountable ophthalmic device 110 could be
specified to apply a force to a cornea of an eye to which
the eye-mountable ophthalmic device 110 is mounted,
e.g., to correct keratoconus or according to some other
application.

[0018] The polymer layer 120 can be formed with a
curved shape in a variety of ways. For example, tech-
niques similar to those employed to form vision-correc-
tion contact lenses can be employed to form the soft pol-
ymer layer 120. These methods can include molding, ma-
chining, lathing, polishing, or other processes. While the
eye-mountable ophthalmic device 110 is mounted on an
eye, the convex surface 124 faces outward to the ambient
environmentwhile the concave surface 126 faces inward,
toward the corneal surface. The convex surface 124 can
therefore be considered an outer, top surface of the eye-
mountable ophthalmic device 110 whereas the concave
surface 126 can be considered an inner, bottom surface.
The "top" view shown in Figure 1A is facing the convex
surface 124. From the top view shown in Figure 1A, the
outer periphery 122, near the outer circumference of the
curved disk is curved into the page, whereas the center
region, corresponding to the location of the electroactive
lens 121, near the center of the disk is curved out of the
page.

[0019] An electronic apparatus 111 is embedded with-
in the polymer layer 120. The electronic apparatus 111
includes the central adjustable lens 121 surrounded by
a substrate 130. The adjustable lens 121 and substrate
130 can be embedded such that the substrate 130 is
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situated along the outer periphery of the polymer layer
120, away from the center region of the eye-mountable
ophthalmic device 110. The substrate 130 does not in-
terfere with vision because it is too close to the eye to be
in focus and is positioned away from the center region
of the adjustable lens 121 where incident light is trans-
mitted, through the adjustable lens 121, to the light-sens-
ing portions of the eye. Moreover, the substrate 130 can
be formed of a transparent material to further mitigate
any effects on visual perception. In some examples, the
substrate 130 could be formed from and/or disposed on
an element of the adjustable lens 121. For example, a
particular lens or other element of the adjustable lens
121 could include a peripheral region on which electron-
ics can be disposed and/or on which metallic traces, elec-
trodes, antennas, interconnects, or other conductive el-
ements (e.g., conductive elements for electrically cou-
pling electronics to electrodes or other elements of the
adjustable lens 121) can be formed.

[0020] The substrate 130 can be shaped as a flat, cir-
cularring (e.g., adisk with a central hole). The flat surface
of the substrate 130 (e.g., along the radial width) is a
platform for mounting electronics such as chips (e.g., via
flip-chip mounting) and for patterning conductive mate-
rials (e.g., via deposition techniques) to form electrodes
(e.g., ananode and/or cathode of an electrochemical bat-
tery, electrodes for detecting an impedance of a tear film
orothertissues, electrodes of an electrochemical sensor,
contact electrodes for electrically contacting with leads
of the adjustable lens 121), conductive loops (e.g., a con-
ductive loop of an eyelid occlusion sensor), antenna(e),
and/or connections. The substrate 130, adjustable lens
121, and/or the polymer layer 120 can be approximately
cylindrically symmetric abouta common central axis. The
substrate 130 can be implemented in a variety of different
form factors.

[0021] A conductive loop 170, controller 150, and sen-
sor 160 are disposed on the embedded substrate 130.
The controller 150 can be a chip including logic elements
configured to detect an occlusion of the eye-mountable
ophthalmic device using the conductive loop 170 and/or
sensor 160, to receive wireless power using the conduc-
tive loop 170, to send and/or receive wireless communi-
cations using the conductive loop 170, to operate the
sensor 160, and to provide a controllable optical power
using the adjustable lens 121. The controller 150 is elec-
trically connected to the conductive loop 170, sensor 160,
and adjustable lens 121 (e.g., to conductive leads or elec-
trodes of the adjustable lens 121) by interconnects 151
that may be wholly or partially situated on the substrate
130. Additional or alternative components could be dis-
posed on the substrate 130, e.g., an electrochemical bat-
tery could be provided on the substrate 130 to power the
eye-mountable ophthalmic device 110.

[0022] The interconnects 151, the conductive loop
170, and any conductive electrodes (e.g., an anode and
cathode of an electrochemical battery, electrodes of an
impedance sensor configured to detect an impedance
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through atear film or other tissues, for an electrochemical
ion sensor, etc.) can be formed from conductive materials
patterned on the substrate 130 by a process for precisely
patterning such materials, such as deposition, lithogra-
phy, etc. In embodiments wherein the substrate 130 is
part of a lens or other element(s) of the adjustable lens
121, electrode(s) of the adjustable lens 121 could be
formed on the lens or other element(s) of the adjustable
lens 121 via such processes.

[0023] The conductive materials patterned on the sub-
strate 130 can be, for example, gold, platinum, palladium,
titanium, carbon, aluminum, copper, silver, silver-chlo-
ride, conductors formed from noble materials, metals,
combinations of these, etc. Electrode(s) of the adjustable
lens 121 could be electrically coupled to the controller
150 or other electronic components of the eye-mountable
ophthalmic device 110 via such interconnects 151 and/or
via wires, conductive adhesives, liquid crystal, or some
other interconnecting means.

[0024] The sensor 160 could include a variety of com-
ponents configured to detect one or more physical vari-
ables of interest, e.g., a light level, a bioelectric field, a
spectrum of light received from vasculature of an eye. In
some examples, the sensed variable could be related to
one or more parameters of a body (e.g., an amount of
blood in a portion of subsurface vasculature, an oxygen-
ation state of blood, to what degree an eyelid is occluding
the sensor 160), properties of the environment of the de-
vice (e.g., anambientillumination, a barometric pressure,
a temperature), properties of the device (e.g., an accel-
eration, an orientation), or to detect some other informa-
tion. Such sensors could include accelerometers, elec-
trodes (e.g., electrodes of an electrophysiological sensor
configured to detect an electrooculogram, an electromy-
ogram, or some other bioelectrical signal), lightdetectors,
thermometers, gyroscopes, capacitance sensors, pres-
sure sensors, strain gauges, light emitters, microphones,
or other elements configured to detect one or more phys-
ical variables related to a property of interest. Variables
detected using the sensor 160 could be used to control
an optical power of the adjustable lens 121. For example,
the detected variables could be related to a vergence of
aneye (e.g., relative to another eye,), a distance between
the eye-mountable ophthalmic device 110 and an object
in an environment of awearer, an electrical activity of the
ciliary muscles or other muscles of an eye, a pupillary
diameter, a degree of occlusion of the eye-mountable
ophthalmic device 110, or some other variable(s) that
could be used to determine, e.g., a desired optical power
to provide to an eye of a wearer.

[0025] The eye-mountable ophthalmic device 110 in-
cludes an eyelid occlusion sensor. The eyelid occlusion
sensor includes one or more sensors that generate an
output (e.g., a voltage, a current, a binary digital value)
related to a degree of occlusion of the one or more sen-
sors and/or of the eye-mountable ophthalmic device 110
by one or more eyelids or other tissues of or proximate
to an eye. Such an eyelid occlusion sensor could include
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one or both of the sensor 160 or conductive loop 170 or
could include additional or alternative elements. For ex-
ample, the eyelid occlusion sensor could include a light-
sensitive element (e.g., a photodiode, a photoresistor) of
the sensor 160 and could operate to generate an output
related to a degree of occlusion of the sensor 160 by
using the light-sensitive element to detect an intensity or
other property of light received by the light sensitive el-
ement. In some examples, the eye-mountable ophthal-
mic device 110 could include additional light-sensitive
elements (e.g., disposed at respective locations around
the substrate 130) and the eyelid occlusion sensor could
use the additional light-sensitive elements to detect a de-
gree of occlusion of the eye-mountable ophthalmic de-
vice 110, e.g., by detecting a sum or other property of
the light detected by the additional light-sensitive ele-
ments, by determining how many of the additional light-
sensitive elements are receiving more than a threshold
amount of light, or by some other method.

[0026] Inanotherexample, the eyelid occlusion sensor
could include the conductive loop 170 and could use the
conductive loop to generate an output related to a degree
of occlusion of the eye-mountable ophthalmic device
110. An impedance magnitude, real impedance, imagi-
nary impedance, inductance, capacitance, resistance,
quality-factor, resonance frequency, or some other prop-
erty of the conductive loop 170 could be related to the
degree of occlusion of the eye-mountable ophthalmic de-
vice 110 and the eyelid sensor could operate to detect
such a property of the conductive loop 170. This could
include applying a specified voltage and/or current wave-
form to the conductive loop 170 and detecting a property
(e.g., acurrent, a voltage) of the response of the conduc-
tive loop 170 to the applied current and/or voltage.
[0027] In the example shown in Figures 1A-B, the ad-
justable lens 121 and other elements of the electronic
apparatus are fully encapsulated within the polymer layer
120, thatis, the polymer layer 120 completely surrounds
the electronic apparatus 111 such that no aspect or ele-
ment of the electronic apparatus 111 is exposed to an
environment of the eye-mountable ophthalmic device
110 (e.g., to a tearfluid of an eye to which the eye-mount-
able ophthalmic device 110 is mounted). However, this
is intended as a non-limiting example embodiment. In
other embodiments, one or more volumes of liquid crys-
tal, one or more fluids disposed in an electrowetting lens,
or other elements of the adjustable lens 121, the control-
ler 150, the conductive loop 130, the sensor 160, the
interconnects 151, the substrate 130, an adhesive ap-
plied to the adjustable lens 121 or to some other compo-
nent(s), or some other elements of the eye-mountable
ophthalmic device could be fully encapsulated within a
combination of the polymer layer 120 and some other
component(s) of the eye-mountable ophthalmic device
110 (e.g., within a rigid, gas-permeable polymer layer
that is, itself, embedded within a soft polymeric material
of the polymer layer 120) such that the fully encapsulated
components are protected from ingress of moisture or

10

15

20

25

30

35

40

45

50

55

other substances or are provided with some other benefit
related to being fully encapsulated.

[0028] For example, the polymer layer 120 could be
formed by placing the adjustable lens 121, substrate 130,
and components disposed on the substrate 130inamold,
filling the mold with a precursor material (e.g., a solution
of monomer units), and curing the precursor solution. The
mold could include a number of support features that are
in contact with a particular lens or other element of the
adjustable lens 121, e.g., to provide support to the ad-
justable lens 121 while casting a rigid, gas-permeable
polymeric material or other material or elements of the
polymer layer 120, to control a location of the adjustable
lens 121 within the formed polymer layer 120, or to pro-
vide some other benefit. In such an example, one or more
locations of the particular lens, corresponding to the lo-
cations at which the particular lens was contacted by the
support features of the mold, may be exposed following
formation of the polymer layer 120. Thus, the particular
lens of the adjustable lens 121 is not fully encapsulated
within the formed polymer layer 120. However, other el-
ements of the eye-mountable ophthalmic device, includ-
ing the controller 150, the interconnects 151, one or more
volumes of liquid crystal, immiscible fluids, and/or further
lenses or other elements of the adjustable lens 121, the
sensor 160, or the conductive loop 170 are fully encap-
sulated within the combination of the polymer layer 120
and the particular lens of the adjustable lens 121.
[0029] As shown in Figure 1A, the controller 150 and
sensor 160 are mounted to a side of the substrate 130
facing the convex surface 124. However, the electronics,
sensor, interconnects, etc. situated on the substrate 130
can be mounted to either the "inward" facing side (e.g.,
situated closest to the concave surface 126) or the "out-
ward" facing side (e.g., situated closest to the convex
surface 124). Moreover, in some embodiments, some
electronic components can be mounted on one side of
the substrate 130, while other electronic components are
mounted to the opposing side, and connections between
the two can be made via conductive materials passing
through the substrate 130.

[0030] The conductive loop 170 can be a layer of con-
ductive material patterned along the flat surface of the
substrate to form a flat conductive ring. In some instanc-
es, the conductive loop 170 can be formed without mak-
ing a complete loop. For instance, the conductive loop
170 can have a cutout to allow room for the controller
150 and sensor 160, as illustrated in Figure 1A. However,
the conductive loop 170 can also be arranged as a con-
tinuous strip of conductive material that wraps entirely
around the flat surface of the substrate 130 one or more
times. For example, a strip of conductive material with
multiple windings can be patterned on the side of the
substrate 130 opposite the controller 150 and sensor
160. Interconnects between the ends of such a wound
conductive loop can be passed through the substrate 130
to the controller 150.

[0031] Note thatthe eye-mountable ophthalmic device
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110 illustrated in Figures 1A-B is intended as a non-lim-
iting example embodiment. An eye-mountable or other-
wise configured ophthalmic device that includes an elec-
tronic apparatus at least partially embedded within a pol-
ymer layer could include additional or alternative ele-
ments to those shown in Figures 1A-B, or could lack some
of the elements shown in Figures 1A-B. For example,
such an eye-mountable ophthalmic device could include
only one of a conductive loop or a further discrete sensor
to facilitate detection of a degree of occlusion of the de-
vice and/or portions thereof by an eyelid or other tissues
accessory to an eye. Further, while elements of the eye-
mountable ophthalmic device 110 shown in Figures 1A-
B are fully encapsulated within the polymer layer 120, an
eye-mountable, an implantable, or an otherwise-config-
ured ophthalmic device as described herein could include
an electronic apparatus that is only partially embedded
within a rigid and/or soft polymer layer. For example, one
or more channels, windows, or other features could be
formed in such polymer layer(s) to expose electrodes,
sensors, or other elements of such a partially embedded
electronic apparatus to an environment of such an oph-
thalmic device.

[0032] Still further, while the eye-mountable ophthal-
mic device 110 illustrated in Figures 1A-B includes an
electronic apparatus 111 embedded within a polymer lay-
er 120 that is formed to mount directly to an eye, an eye-
mountable ophthalmic device could be configured differ-
ently and/or include additional or alternative elements
configured to facilitate mounting of the eye-mountable
ophthalmic device to an eye. For example, the polymer
layer 120 could be one or the other of a soft polymer layer
(e.g., a hydrogel) or arigid, gas permeable polymer layer
that is shaped to mount directly to an eye (e.g., could
have a shape similar to the illustrated polymer layer 120).
In some examples, arigid, gas permeable polymer layer
of the device 110 (e.g., that encapsulates the electronic
apparatus 111) could be shaped such that the rigid, gas
permeable polymer layer can be mounted on or within
the a soft polymeric material of the polymer layer 120
such that the combination of the rigid, gas permeable
polymer layer and the soft polymeric material can be re-
movably mounted to an eye in a manner that is compat-
ible with eyelid motion. The soft polymeric material and
the rigid, gas permeable polymer layer could be config-
ured in this way to permit reuse of the rigid, gas perme-
able polymer layer and electronic apparatus 111 encap-
sulated therein, to permit dry storage of the rigid, gas
permeable polymer layer and electronic apparatus there-
in 111 (e.g., to reduce arate of degradation of a chemical
sensor of the electronic apparatus, to reduce a rate of
degradation of a liquid crystal or other fluids of the ad-
justable lens 121), or to provide some other benefit.
[0033] Sucharigid, gas permeable polymerlayercould
be configured to be mounted on or within the polymer
layer 120 in a variety of ways, e.g., via capillary forces,
via an adhesive, via formed prongs, clips, ridges, or other
formed elements in one or both of the polymer layer 120
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and/or the rigid, gas-permeable polymer layer, or using
some other means to mount the rigid, gas permeable
polymer layer on or within the polymer layer 120. The
rigid, gas permeable polymer layer and polymer layer
120 could be configured such that, when the rigid, gas
permeable polymer layer is mounted to the polymer layer
120, the rigid, gas permeable polymer layer is fully en-
capsulated within the polymer layer 120 or such that the
rigid, gas permeable polymer layer is only partially en-
capsulated within the polymer layer 120 (e.g., such that
an outer surface of therigid, gas permeable polymer layer
is in contact with a corneal surface or an inner eyelid
surface of an eye when the rigid, gas permeable polymer
layer is mounted to the polymer layer 120 and the com-
bination of the rigid polymer layer and the polymer layer
120 is mounted to the eye).

[0034] The electronically adjustable lens 121 is config-
ured such that a voltage, current, or other property of an
electrical signal applied to the adjustable lens 121 can
be controlled to control the optical power of the electron-
ically adjustable lens 121. In some examples, this could
include applying a voltage across a layer of liquid crystal
of the adjustable lens 12 1 to, e.g., control a refractive
index of the liquid crystal. In other examples, the adjust-
able lens 121 could include an electrowetting lens, e.g.,
could include two or more immiscible fluids, which differ
with respect to refractive index, disposed within a lens
chamber. Controlling the optical power of such an ad-
justable lens 121 could include applying a voltage to one
or more electrodes in contact with the immiscible fluids
to control a geometry of an interface between the fluids.
The adjustable lens 121 could include other components
configured to provide a controllable optical power through
some other method or process (e.g., by electronically
controlling a flow of a fluid, by using magnetic fields to
exert forces on magnetically active fluids, by using one
or more piezo elements or other actuators to deform,
translate, or rotate one or more lenses or other optical
elements).

[0035] The adjustable lens 121 could include addition-
al elements, e.g., electrodes to apply a voltage or current
to a liquid crystal, to two or more immiscible fluids within
alens chamber of an electrowetting lens, and/or to some
other element of the adjustable lens 121, one or more
layers of material configured to contain and/or provide
structure to other elements of the adjustable lens 121
(eg., one or more rigid layers, formed as lenses, that con-
tain a liquid crystal and that include a texture configure
to align the liquid crystal relative to the rigid layers, alens
chamber containing two or more immiscible fluids), or
other components. In some examples, the adjustable
lens 121 could include one or more elements (e.g., one
or more textured, rigid layers on which electrodes are
disposed) composed of a rigid, gas permeable polymeric
material, e.g., of the same material from which a rigid,
gas permeable polymerlayer encapsulating the electron-
ic apparatus 111 is formed.

[0036] The adjustable lens 121 could include two or
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more lenses between which are disposed one or more
volumes of liquid crystal. For example, the adjustable
lens 121 could include stacked first, second, and third
lenses, a first volume of liquid crystal disposed between
the firstand second lenses, and a second volume of liquid
crystal disposed between the second and third lenses.
Such an adjustable lens, including two separate volumes
of liquid crystal, could be configured such that anisotropy
in the optical effects of the liquid crystal is at least partially
compensated for by providing the anisotropic optical ef-
fectin afirst direction using the first volume of liquid crys-
tal and also providing the anisotropic effect in a second,
perpendicular direction using the second volume of liquid
crystal. Two or more electrodes could also be provided
(e.g., deposited or otherwise formed on one or more of
the lenses) to apply an electrical field or other electrical
force or energy to the volume(s) of liquid crystal of the
adjustable lens 121 to control the optical power (e.g., the
diopter, the focal length) of the adjustable lens 121.
[0037] Figure 2A is a side cross-section view of an ex-
ample eye-mountable ophthalmic device 210 while
mounted to a corneal surface of an eye 10. It is noted
that relative dimensions in Figure 2 are not necessarily
to scale, but have been rendered for purposes of expla-
nation only in describing the arrangement of the example
eye-mountable ophthalmic device 210. Some aspects
are exaggerated to allow for illustration and to facilitate
explanation. The eye-mountable ophthalmic device 210
includes an adjustable lens 211. The eye-mountable oph-
thalmic device 210 also includes electronics 230 config-
ured to operate the adjustable lens 211. The electronics
230 and the adjustable lens 211 are embedded in a pol-
ymer layer 220 (e.g., a layer comprising a rigid, gas-per-
meable polymeric material and/or a hydrogel or other soft
polymeric material). The electronics 230 could be dis-
posed around the adjustable lens 211 (e.g., on a ring-
shaped substrate) and/or disposed on a lens or other
elementofthelens 211. The electronics include an eyelid
occlusion sensor configured to detect a degree of occlu-
sion of the eyelid occlusion sensor and/or of the eye-
mountable ophthalmic device 210 by one or more eyelids
or other tissues associated with the eye 10.

[0038] The eye 10 may be wholly or partially covered
by an upper eyelid 30 and a lower eyelid 32. Incident light
is received by the eye 10 through the adjustable lens
221, the polymer layer 220, and the cornea of the eye
20, where light is optically directed to light sensing ele-
ments of the eye 10 (e.g., rods and cones, etc.) to stim-
ulate visual perception. The motion of the eyelids 30, 32
distributes a tear film across the exposed corneal surface
of the eye 10. The tear film is an aqueous fluid secreted
by the lacrimal gland to protect and lubricate the eye 10.
The tear film layers are distributed across the corneal
surface and/or external surfaces of the device 210 by
motion of the eyelids 30, 32. For example, the eyelids
30, 32 raise and lower, respectively, to spread a small
volume of tear film across the corneal surface and/or the
external surfaces of the eye-mountable ophthalmic de-
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vice 210. The tear film layer on the corneal surface also
facilitates mounting the eye-mountable ophthalmic de-
vice 210 by capillary forces between a concave external
surface the device 210 and the corneal surface. In some
embodiments, the eye-mountable ophthalmic device 210
can also be held over the eye in part by vacuum forces
against corneal surface due to the concave curvature of
the eye-facing concave external surface.

[0039] The eyelid occlusion sensor of the eye-mount-
able ophthalmic device 210 can be operated to output a
signal related to a degree of occlusion of the eyelid oc-
clusion sensor and/or of the eye-mountable ophthalmic
device 210 by one or both of the eyelids 30, 32 and/or
by some other accessory tissue of the eye 10 (e.g., tis-
sues at a corner of the eye 10). Such an output could
have a characteristic value (e.g., a characteristic high
value) when the eyelids 30, 32 of the eye 10 are open or
otherwise minimally occluding the eye-mountable oph-
thalmic device 210, as shown in Figure 2A.

[0040] Such an output of the eye occlusion sensor
could be related to an amount of light received by one or
more light-sensitive elements of the eye occlusion sen-
sor, an electrical impedance between two or more elec-
trodes of the eye occlusion sensor that are in contact with
a tear film or some other element(s) of the eye 10 or
eyelids 30, 32, or some other physical variable related
to the degree of occlusion of one or more elements of
the device 210. In some examples, the output of the eye-
lid occlusion sensor could be related to an impedance
magnitude, a real impedance, an imaginary impedance,
an impedance at two or more frequencies, aninductance,
acapacitance, a resistance, a quality factor, aresonance
frequency, or some other electrical property of one or
more elements of a component (e.g., a conductive loop)
of the eyelid occlusion sensor that is inductively, capac-
itively, or otherwise electrically coupled to tissues (e.g.,
the eyelids 30, 32) of the eye 10.

[0041] For example, the eyelid occlusion sensor could
include a conductive loop (e.g., similar to conductive loop
170) that is, when the eye-mountable ophthalmic device
210 is mounted to the eye 10, electrically coupled to tis-
sues of the eye 10 that are proximate to the conductive
loop. Such a conductive loop could have electrical char-
acteristics similar to an equivalent circuit comprising one
or more inductors, capacitors, and/or resistors, where
the properties of one or more of the elements of the equiv-
alent circuit are related to the degree of occlusion of the
eye-mountable ophthalmic device 210. Figure 2B shows
an example of such an equivalent circuit 230a corre-
sponding to a conductive loop of the eye-mountable oph-
thalmic device 210 when the eyelids 30, 32 are open, as
shown in Figure 2A. The equivalent circuit 230a includes
an inductor having a first inductance, L. The inductor is
connected in parallel with a resistor and a capacitor that
are connected in series. The resistor has a first resist-
ance, Ry, and the capacitor has a first capacitance, Ci.
One or more of the inductance of the inductor, the resist-
ance of the resistor, or the capacitance of the capacitor
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could be dependent on a degree of occlusion of the de-
vice 210 by the eyelids 30, 32 or by some other tissues
of or near the eye 10. The change in such properties
could be detected, using the eyelid occlusion sensor
(e.g., by applying a pulse of voltage or current to the
conductive loop and detecting a property of a voltage or
current responsively exhibited by the conductive loop),
and used to generate the output of the eyelid occlusion
sensor that is related to the degree of occlusion of the
device 210.

[0042] Suchanincrease inocclusion ofthe eye-mount-
able ophthalmic device could include the user blinking,
squinting, or otherwise moving the eyelids 30, 32 closer
together. A squintis illustrated in Figure 2C, which shows
that the upper eyelid 30 has been partially lowered over
the eye 10 and the eye-mountable ophthalmic device 210
and the lower eyelid 32 has been partially raised over
the eye 10 and the eye-mountable ophthalmic device
210. As a result, the eye-mountable ophthalmic device
210 is partially occluded by the eyelids 30, 32. Corre-
spondingly, the equivalent resistance of the conductive
loop could decrease. This is illustrated by Figure 2D,
which shows a second equivalent circuit 230b corre-
sponding to the conductive loop of the eye-mountable
ophthalmic device 210 when the eyelids 30, 32 are par-
tially closed, as shown in Figure 2C. The second equiv-
alent circuit 230b corresponds to the first equivalent cir-
cuit 230a except that the resistance of the resistor is R,,
which is less than R;.

[0043] Other motions or movements of the eye 10, the
eyelids 30, 32 or other tissues of a wearer could result
in an increase in the degree of occlusion of the eye-
mountable ophthalmic device 210 which could be detect-
ed by the eyelid occlusion sensor. For example, the wear-
er could look downward, upward, or in some other direc-
tion such that the eye-mountable ophthalmic device 210
is at least partially occluded by one of the eyelids 30, 32
orby some other tissue of or near the eye 10. A downward
look is illustrated in Figure 2E, which shows that the eye
10 has been rotated to look downward such that the eye-
mountable ophthalmic device 210 is partially occluded
by the lower eyelid 32. Correspondingly, the equivalent
resistance of the conductive loop could decrease, e.g.,
as illustrated in Figure 2D.

[0044] Such changes in an electrical property of a con-
ductive loop, or of some other component of an eyelid
occlusion sensor, could be detected in a variety of ways.
In some examples, such detection could include applying
a specified voltage and/or current waveform to the con-
ductive loop (or other component of the sensor) and de-
tecting an electrical response (e.g., a voltage across, a
current through) of the conductive loop. Such an applied
voltage and/or current waveform could include a sinusoi-
dal waveform, a square waveform, or some other repeat-
ing waveform having a specified frequency, phase, am-
plitude, or other properties. An amplitude, relative phase,
frequency, or other properties of a corresponding current
through and/or voltage across the conductive loop could
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then be detected (e.g., by detecting the current and/or
voltage at one or more points in time) and used to gen-
erate an output related to the degree of occlusion of the
device 210 (e.g., an output related to the impedance of
the conductive loop). In some examples, multiple differ-
ent sinusoidal or otherwise repeating waveforms could
be applied at respective different frequencies, e.g., to
determine information related to an impedance spectrum
or other electrical characteristics of the conductive loop.
[0045] In some examples, the applied voltage and/or
current waveform could include one or more pulses (e.g.,
square pulses) of a specified voltage or current. An am-
plitude at one or more subsequent points in time or other
properties of a corresponding current through and/or volt-
age across the conductive loop could then be detected
(e.g., by detecting the current and/or voltage at one or
more points in time) and used to generate an output re-
lated to the degree of occlusion of the device 210 (e.g.,
an output related to a time constant of the decay of the
voltage across the conductive loop over time, an output
related to the impedance of the conductive loop).

lll. Example User Interactions with an Ophthalmic De-
vice

[0046] An eye-mountable, implantable, or otherwise
configured ophthalmic device as described herein could
include an adjustable lens and could operate the adjust-
able lens to provide a controllable optical power to an
eye. Such a controllable optical power could be provided
to restore a degree of accommodation to the eye (e.g.,
a degree of accommodation that has been reduced by
age, removal of a crystalline lens of the eye, or due to
some other factors) or to provide some other benefit. The
optical power of the adjustable lens could be controlled
based on a variety of different conditions. In some exam-
ples, the ophthalmic device could receive wireless com-
munications (e.g., radio frequency signals, optical sig-
nals) from an external device (e.g., a manual control pen-
dant, a device including one or more sensors, animplant-
ed device configured to detect activity of the ciliary mus-
cles of an eye) and operate the adjustable lens based on
such communications. Additionally or alternatively, the
ophthalmic device could include one or more sensors to
detect one or more physical variables that could be used
to determine an optical power to provide using the ad-
justable lens. Such detected physical properties could
be related to explicit movements (e.g., eye blinks,
squints, eye motions) performed by a wearer to control
the ophthalmic device (e.g., according to a specified user
interface scheme of the device). Such detected physical
properties could additionally or alternatively be related
to other movements performed by awearer, e.g., adown-
ward motion of the eye corresponding to use of near-
focus areas of a bifocal lens for reading, a squint indicat-
ing effortful viewing of an object.

[0047] Such an ophthalmic device could include an
eyelid occlusion sensor configured to generate one or
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more outputs related to a degree of occlusion of the eyelid
occlusion sensor and/or of the ophthalmic device by one
or more eyelids or other tissues of or near an eye to which
the device is mounted and/or in which the device is im-
planted. By generating an output related to a degree of
occlusion of the ophthalmic device, the eyelid occlusion
sensor can facilitate control of the adjustable lens based
on blinks, squints, downward gazes, or other movements
of an eye, eyelids, or other tissues of or near a wearer’'s
eye. Such a range of detectable movements can permit
more complex or otherwise improved user interface
schemes for the operation of the adjustable lens of the
ophthalmic device. For example, such an eyelid occlu-
sion sensor could facilitate a user interface scheme
wherein a wearer looking downward, as when using a
bifocal lens to view a nearby object, may be detected and
used to set or change an optical power provided by the
adjustable lens.

[0048] Further, detection of partial occlusion of the
ophthalmic able device may permit a wearer to receive
feedback from the ophthalmic device while operating the
device, as the wearer may continue to view his or her
environment through the adjustable lens while only par-
tially occluding the ophthalmic device (e.g., by squinting
or looking downward). Such feedback could include the
wearer sensing that the optical power provided by the
adjustable lens has changed.

[0049] The output of such an eyelid occlusion sensor
could be used in a variety of ways to operate an adjust-
able lens or to control some other aspect(s) of the oper-
ation of an eye-mountable or otherwise configured oph-
thalmic device. The ophthalmic device could be operated
based on a level, an amount of noise, a pattern, one or
more edges, or other features or properties of the output
of such an eyelid occlusion sensor. The output of such
an eyelid occlusion sensor could be used to detect blinks,
winks, squints, downward gazes, upward gazes, sac-
cades, or other movements or properties of an eye, one
or more eyelids, or of some other tissue(s) of or near an
eye.

[0050] Figure 3 shows an example output 300 gener-
ated by an eyelid occlusion sensor as a function of time.
The output 300 is related to a degree of occlusion of an
eye-mountable ophthalmic device that includes the eye-
lid collusion sensor, with lower levels of the output 300
indicating greater levels of occlusion of the eye-mount-
able ophthalmic device. The example output 300 in-
cludes a variety of features related to the movement of
an eye, eyelids, and/or an environment of the eye-mount-
able ophthalmic device. For example, the output 300 in-
cludes a number of negative edges 301a, 301b, 301c
during which the degree of occlusion of the eye-mount-
able ophthalmic device increased. The output also in-
cludes a number of positive edges 303a, 303b, 303c dur-
ing which the degree of occlusion of the eye-mountable
ophthalmic device decreased. Such edges could be re-
lated to squints, winks, blinks, downward gazes, or other
motions of an eye and/or eyelids. For example, a blink
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305 is represented in the output 300 by a negative edge
301c followed by a positive edge 303c. The output 300
also includes noise 307. Such noise could represent
movements of the eye and/or eyelids, e.g., one or more
saccades. Additionally or alternatively, such noise could
represent noise within circuitry of the eyelid occlusion
sensor (e.g., due to electromagnetic noise that has cou-
pled into a circuit of the sensor), variation in a property
of the environment of a wearer (e.g., a variation in an
ambient light level), or some other source of noise.
[0051] In order to detect movements of a wearer’s eye
and/or eyelids that may be used to control the adjustable
lens, a variety of features of the output 300 could be de-
tected. Such features could be detected on a continuous
bases (e.g., determined at the same rate that the output
300 is sampled, determined by an analog circuit) or at
some other rate or timing. Such detected features could
include a noise level of the output 300 (e.g., an RMS
noise of the output), whether the output exceeds one or
more thresholds, whether the output has increased or
decreased (e.g., by more than a threshold rate, by more
than a threshold amount within a particular period of
time), or some other properties of the output 300.
[0052] Determination of such features could include
detecting an output of an analog circuit, e.g., an analog
comparator, an analog filter, an analog differentiator, a
sample-and-hold circuit, an analog signal maximum or
minimum level detection circuit, a rectifier, an analog
RMS noise detection circuit, or some other analog com-
ponents. Determination of such features could include
detecting an output of a digital circuit, e.g., a digital com-
parator, a digital filter, a digital differentiator, a digital co-
incidence detector, a digital accumulator, a counter, a
register, or some other digital components. Additionally
or alternatively, one or more processors configured to
execute programs instructions could be used to detect
such features, e.g., by using an analog-to-digital convert-
er to sample the output 300 at a plurality of points in time
and then performing some operations, based on the pro-
gram instructions, to detect the features based on the
plurality of samples of the output 300. Such program in-
structions could be stored in a memory of a controller
that includes the one or more processors and/or stored
in some other non-volatile computer readable medium.
Such a controller could additionally or alternatively in-
clude the analog and/or digital elements described
above, or some other components (e.g., circuitry for op-
erating an adjustable lens and/or eyelid occlusion sen-
sor).

[0053] For example, whether a noise level (e.g., an
RMS noise) of the output 300 exceeds a specified level
could be detected. The output of such a detection is in-
dicated in Figure 3 as "NOISE". Additionally or alterna-
tively, whether the output 300 exceeds one or more
thresholds could be detected. Note that, as used herein,
a signal value exceeding a threshold may in include the
signal value being greater than or equal to the value of
the threshold. Alternatively, the signal value exceeding
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the threshold may include the signal value being less
than or equal to the value of the threshold. For example,
whether the output 300 exceeds afirst threshold, "T| ow",
could be detected. The output of such a detection is in-
dicated in Figure 3 as "Ltpresy"- Additionally or alterna-
tively, whether the output 300 does not exceed a second
threshold, "T,gy", could be detected. The output of such
a detection is indicated in Figure 3 as "HtpresH"-
[0054] Whether a degree of occlusion of the eye-
mountable ophthalmic device has decreased or in-
creased during a period of time could be detected. This
could include detecting positive and/or negative edges
within the output 300. The output of such a detection of
negative edges is indicated in Figure 3 as "INCREASE"
(as such negative edges may indicate an increase in the
degree of occlusion of the eye-mountable ophthalmic de-
vice) and the output of such a detection of positive edges
is indicated in Figure 3 as "DECREASE" (as such positive
edges may indicate a decrease in the degree of occlusion
of the eye-mountable ophthalmic device).

[0055] Such detection could be based on the output of
adigital or analog differentiator or other filter, a magnitude
of change in the output 300 between two different sam-
ples of the output 300 (e.g., subsequent samples of the
output, subsequent downsampled samples of the out-
put), the contents of a ring buffer or other set of one or
more digital registers or sample-and-hold circuits, or
some other circuitry or program execution. Such deter-
mination could be performed using very little power, e.g.,
using digital comparators, counters, or other compo-
nents. Operation of the adjustable lens based on detect-
ed edges could be resilient against changes in an aver-
age level of the output 300 (e.g., due to changes in an
ambient light level, an electrical property of a conductive
loop, a hydration level of a wearer) relative to comparison
of the output 300 to one or more thresholds, as detection
of edges or similar features in the output 300 may be
performed based on relative changes in the output 300
rather than based on preset thresholds.

[0056] Such detected edges or other features could be
used, in an energy-efficient manner, to detect additional
features within the output 300. For example, blinks (e.qg.,
305) could be detected based on proximity in time be-
tween a negative edge (e.g., 301c) and a subsequent
positive edge (e.g., 303c). Such a detection could be per-
formed in an energy-efficient manner by resetting and/or
starting a digital counter in response to detection of a
negative edge. Detection of a blink could be based on
detection of a positive edge before the digital counter
reaches a threshold value. If the counter reaches the
threshold value without a positive edge being detected,
some operation could be responsively performed (e.g.,
an operation related to setting or changing an optical
power of the adjustable lens).

[0057] Thefeatures, and methods of detection thereof,
described herein could be used according to one or more
user interface schemes to control an adjustable lens.
Such a user interface scheme could be based on explicit
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movements that a wearer could perform to control the
ophthalmic device (e.g., eye blinks, squints, eye mo-
tions). Additionally or alternatively, such a user interface
scheme could be based on other movements performed
by a wearer, e.g., a downward motion of the eye corre-
sponding to use of near-focus areas of a bifocal lens for
reading, a squint indicating effortful viewing of an object.
[0058] The ophthalmic device could operate to detect
whether the output 300 of the eyelid occlusion sensor is
noisy (e.g., due to a user engaging in saccades, blinks,
or other transient movements or processes, due to noise
present in the circuitry of the eyelid occlusion sensor, or
due to optical, electromagnetic, or other noise sources
present in the environment of the wearer). Responsive
to detecting that the output 300 is not noisy (e.g., that a
level of noise in the output 300 during a specified prior
period of time was below a specified level), the adjustable
lens could be operated based on the magnitude of the
output of the eyelid occlusion sensor (e.g., based on a
determination that the output 300 does or does not ex-
ceed one or more threshold values).

[0059] Determining that a level of noise in the output
300 during a specified prior period of time was below a
specified level could be performed in an energy-efficient
manner by resetting and/or stopping a digital counter in
response to detecting that the noise level is above the
specified level. Alternatively, such a digital counter could
be reset and/or started in response to detecting that the
noise level has decreased below the specified level. De-
tecting that the level of noise during the specified prior
period of time was below the specified level could then
include determining that the digital counter has reached
a specified threshold value. This is illustrated in Figure 3
with respect to the detected "NOISE" signal by the ar-
rows. Each arrow represents the specified duration of
time following a period of time during which the noise in
the output 300 was above a specified threshold. At the
end of such a duration of time (the heads of the arrows),
some operationsrelated to the adjustable lens (e.g., com-
parison of the level of the output 300 to one or more
thresholds) could be performed. Alternatively, ifthe noise
level exceeds the specified threshold value before the
counter reaches the threshold, the counter could be reset
or some other operation could be performed (illustrated
in Figure 3 by 310).

[0060] For example, if output 300 exceeds "T| q\" at
a first point in time and a level of noise in the output 300
during a specified period of time prior to the first point in
time is below the specified level, the optical power of the
adjustable lens could be switched between a first optical
power and a second optical power. This is indicated in
Figure 3 by "OUTPUT,", with downward arrows indicat-
ing setting the optical power of the lens to a first optical
power (e.g., an optical power for viewing near objects)
and upward arrows indicating setting the optical power
of the lens to a second optical power (e.g., an optical
power for viewing far objects).

[0061] In another example, if output 300 exceeds
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"TLow" at a first point in time and a level of noise in the
output 300 during a specified period of time prior to the
first point in time is below the specified level, the optical
power of the adjustable lens could be set to a first optical
power (e.g., an optical power for viewing near objects).
Subsequently, if output 300 does not exceed "Tgy" at
a second point in time and a level of noise in the output
300 during a specified period of time prior to the second
pointintime is below the specified level, the optical power
of the adjustable lens could be set to a second optical
power (e.g., an optical power for viewing far objects).
This is indicated in Figure 3 by "OUTPUT,", with down-
ward arrows indicating setting the optical power of the
lens to the first optical power and upward arrows indicat-
ing setting the optical power of the lens to the second
optical power. Other methods of operation, based on the
illustrated thresholds and/or additional thresholds, could
be used. For example, if the level of noise in the output
300 during a specified period of time prior to the first point
in time is below the specified level and the output 300 is
between two thresholds (e.g., if the output 300 exceeds
"ThigH" but does not exceed "T| ow"), the optical power
of the adjustable lens could be maintained at whatever
level it is set to at the first point in time.

[0062] The ophthalmic device could operate to detect
whether the output 300 of the eyelid occlusion sensor
has increased or decreased and, subsequent to such
detection, determine whether the output 300 has re-
mained at substantially the same level. Responsive to
making such a determination, the adjustable lens could
be operated (e.g., based on whether the detected edge
was a positive edge or a negative edge, based on wheth-
er the detected edge was part of a blink). The device
could additionally detect whether the edge was part of a
blink (e.g., based on one or more detected subsequent
edges) and condition such operations on such a deter-
mination.

[0063] For example, if a negative edge (e.g., 301a) is
detected (e.g. related to the degree of occlusion of the
ophthalmic device increasing during a corresponding pe-
riod of time), the ophthalmic device could determine
whether the detected output 300 at a first point in time
(e.g., 320a) differs from the detected output 300 at a sec-
ond subsequent point in time (e.g., 320b) by less than a
specified amount. If so, the optical power of the adjust-
able lens could be switched between a first optical power
and a second optical power. The first and second points
in time could be points in time specified relative to the
timing of the negative edge, e.g., relative to a time of
detection of the negative edge (e.g., 320c). This is indi-
cated in Figure 3 by "OUTPUT;", with downward arrows
indicating setting the optical power of the lens to a first
optical power (e.g., an optical power for viewing near
objects) and upward arrows indicating setting the optical
power of the lens to a second optical power (e.g., an
optical power for viewing far objects).

[0064] In another example, if a negative edge (e.g.,
301a) is detected (e.g. related to the degree of occlusion
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of the ophthalmic device increasing during a correspond-
ing period of time), the ophthalmic device could deter-
mine whether the detected output 300 at a first point in
time (e.g., 320a) differs from the detected output 300 at
a second subsequent point in time (e.g., 320b) by less
than a specified amount. If so, the optical power of the
adjustable lens could be set to a first optical power (e.g.,
an optical power for viewing near objects). The first and
second points in time could be points in time specified
relative to the timing of the negative edge, e.g., relative
to a time of detection of the negative edge (e.g., 320c).
[0065] Subsequently, if a positive edge (e.g., 303a) is
detected (e.g. related to the degree of occlusion of the
ophthalmic device decreasing during a corresponding
period of time), the ophthalmic device could determine
whether the detected output 300 at a third point in time
(e.g., 330a) differs from the detected output 300 at a
fourth subsequent pointin time (e.g., 330b) by less than
a specified amount. If so, the optical power of the adjust-
able lens could be set to a second optical power (e.g.,
an optical power for viewing far objects). The third and
fourth points in time could be points in time specified rel-
ative to the timing of the positive edge, e.g., relative to a
time of detection of the positive edge (e.g., 330c). This
is indicated in Figure 3 by "OUTPUT,", with downward
arrows indicating setting the optical power of the lens to
the first optical power and upward arrows indicating set-
ting the optical power of the lens to the second optical
power.

[0066] In some examples, a user interface scheme
could include detecting whether a specified number (e.g.,
three) of one or more events (e.g., blinks) have occurred
within a specified span of time. It could also be advanta-
geous to prevent each event that occurs subsequent to
such a detection to also trigger such a detection. An oph-
thalmic device could be configured to perform such op-
erations efficiently by using a number of digital counters,
where the number of digital counters is at least twice the
number of events to be detected within the specified span
of time. Upon detection of an event, a first digital counter
could be started (e.g., incremented during each of a
number of subsequent sample periods or other clock pe-
riods) and a second digital counter could be incremented.
If the event is detected again before the first counter
reaches a specified threshold, a third digital counter could
be started, the first digital counter could be incremented,
and a fourth digital counter could be incremented. The
specified threshold corresponds to the specified span of
time. Upon detection of further events before the first
counter reaches the specified threshold, a further digital
counter could be started, a yet further digital counter
could be incremented, and the even-numbered counters
could be incremented. Ifthe second digital counter reach-
es the number of events to be detected before the first
digital counter reaches the specified threshold, the oph-
thalmic device could detect that the specified number
(e.g., three) of one or more events (e.g., blinks) has oc-
curred within the specified span of time. Additionally, the
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digital counters could be reset and/or stopped. Alterna-
tively, if the first digital counter reaches the specified
threshold without the second digital counter reaching the
number of events to be detected, the digital counters
could be reset and/or stopped.

[0067] An example scenario for using counters isillus-
trated in Figure 4, which shows an example output 400
generated by an eyelid occlusion sensor. The example
output 300 includes a variety of features related to the
movement of an eye, eyelids, and/or an environment of
the ophthalmic device. As shown, the output 400 repre-
sents a number of blinks 401a, 401b, 401c, 401d, 401e,
401f. The timing of detection of the blinks 401a, 401b,
401c, 401d, 401e, 401f is represented in Figure 4 by
"BLINKS". Figure 4 also represents the value of six dif-
ferent digital counters of the ophthalmic device over time
(represented by "COUNT, 4", "COUNT 5", "COUNT,,",
"COUNT,g", "COUNT;,", and "COUNT,g"). The oph-
thalmic device is configured to detect whether three
blinks have occurred within a specified span of time.
[0068] Upon detection of the first blink 401a, the first
counter ("COUNT,,") is started and the second counter
("COUNT,g") isincremented. Upon detection of the sec-
ond blink 401b, the third counter ("COUNT,,") is started
and the first counter and the third counter ("COUNT,g")
are incremented. Upon detection of the third blink 401c,
thefifth counter ("COUNT,") is started and the first coun-
ter, the third counter, and the sixth counter ("COUNT3g")
are incremented. The ophthalmic device then detects
that the second counter has reached the threshold
number of events, three, and responsively determines
that three blinks have occurred within the specified span
of time (represented in Figure 4 by the arrow). The oph-
thalmic device also resets and stops the digital counters.
Subsequently, the fourth blink 401d is detected and, re-
sponsive to that detection, the first counter ("COUNT 1,")
is started and the second counter ("COUNT,g") is incre-
mented. However, no further events are detected before
the first counter reaches a threshold value related to the
specified span of time, so the first and second counters
are stopped and reset.

[0069] The systems and methods described herein
could be operated to detect blinks, winks, squints, down-
ward gazes, or other movements of an eye and/or eyelid
while detecting a degree of occlusion of the eye (e.g., by
detecting an output of an eyelid occlusion sensor) at a
low rate, e.g., at a rate that is less than 40 Hertz, or a
rate that is less than 20 Hertz. Operating an eyelid oc-
clusion sensor to detect the degree of occlusion of an
eye and/or to perform some operations based on the de-
tected degree of occlusion at such a low rate could facil-
itate the performance of such operations while using a
low amount of power, e.g., less than 15 nanoamps, or
less than 10 nanoamps. Such low-power operation could
allow an ophthalmic device to operate for an extended
period of time (e.g., days, weeks) without recharging a
rechargeable battery of the ophthalmic device and/or re-
placing the ophthalmic device.
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IV. Example Electronics of an Ophthalmic Device

[0070] Figure5is ablock diagram of a system 500 that
includes an ophthalmic device 510 (e.g., an eye-mount-
able device, an eye-implantable device) as described
herein. The ophthalmic device 510 is in wireless commu-
nication with an external device 580. The ophthalmic de-
vice 510 includes a controller 530, an adjustable lens
533, an eyelid occlusion sensor 539, and a communica-
tion interface 535. The adjustable lens 533 is configured
to provide a controllable optical power, e.g., to an eye to
which the ophthalmic device is mounted or in which the
ophthalmic device is implanted. The eyelid occlusion
sensor 539is configured to detect occlusion of the sensor
539 and/or the ophthalmic device 510 by one or more
eyelids or other tissues proximate to an eye to which the
ophthalmic device 510 is mounted, in which the ophthal-
mic device 510 is implanted, or with which the ophthalmic
device 510 is otherwise associated. The adjustable lens
533 and eyelid occlusion sensor 539 are operated by the
controller 530. The communication interface 535 in-
cludes one or more antennas, amplifiers, oscillators, mix-
ers, modulators, or other elements that can be operated
by the controller 530 to wirelessly communicate informa-
tion between the ophthalmic device 510 and the external
device 580 via radio frequency signals or some other
wireless signals.

[0071] Thecommunicationinterface 535, the controller
530, the eyelid occlusion sensor 539, and the adjustable
lens 533 can all be connected together via interconnects
515, e.g., via patterns metallic traces formed on a sub-
strate material on which the components (e.g., 533, 530,
539, 535) are disposed. Further, impedance sensing
electrodes, electrowetting lens electrodes, liquid crystal
lens electrodes, conductive loops, antennas, or other el-
ements of the components (e.g., 533, 530, 539, 535)
could comprise metallic traces or patterns formed on
such a substrate material.

[0072] In some examples, one or more components of
the ophthalmic device 510 could form part of two or more
of the adjustable lens 533, the eyelid occlusion sensor
539, or the communication interface 535. For example,
a conductive loop could be used, as part of the eyelid
occlusion sensor 539, to detect a degree of occlusion of
the ophthalmic device 510 by an eyelid. Such a conduc-
tive loop could also be used, as part ofthe communication
interface 535, to send or receive wireless communication
signals and/ortoreceive wireless power from the external
device 580.

[0073] To facilitate contact-mounting to an eye, a pol-
ymeric material of the ophthalmic device 510 can have
a concave surface configured to adhere ("mount") to a
moistened corneal surface (e.g., by capillary forces with
a tear film coating the corneal surface). Additionally or
alternatively, the ophthalmic device 510 can be adhered
by a vacuum force between the corneal surface and the
polymeric material due to the concave curvature. While
mounted with the concave surface against the eye, the
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outward-facing surface of the polymeric material can
have a convex curvature that is formed to not interfere
with eye-lid motion while the ophthalmic device 510 is
mounted to the eye. For example, the polymeric material
can be a substantially transparent curved polymeric disk
shaped similarly to a contact lens.

[0074] The ophthalmic device 510 could be powered
in a variety of ways. For example, the ophthalmic device
510 could include an electrochemical battery and/or ult-
racapacitor to store energy for use by the device 510.
Additionally or alternatively, the device 510 could include
means for harvesting wireless energy (e.g., radio fre-
quency energy, optical energy). For example, a radio-
frequency energy-harvesting antenna (e.g., an antenna
of the communication interface 535) can capture energy
from incident radio radiation. In another example, a pho-
tovoltaic cell or other optical energy receiving element(s)
could receive energy from the ambient illumination
present in the environment of the device 510 and/or op-
tical energy emitted from an external device (e.g., from
the external device 580).

[0075] The controller 530 could include a variety of
electronic components to facilitate operations of the oph-
thalmic device 510 as described elsewhere herein. For
example, the controller could include amplifier, compa-
rators, sample-and-hold circuitry, analog-to-digital con-
verter(s), voltage references, constant current sources,
pulse generators, oscillators, rectifiers, or other circuitry
to operate the eyelid occlusion sensor 533 to generate
an output related to a degree of occlusion of the eyelid
occlusion sensor 539 and/or the ophthalmic device 510
by one or more eyelids or other tissues proximate to an
eye with which the ophthalmic device 510 is associated
(e.g., to which the device is mounted, in which the device
isimplanted). The controller 530 could include amplifiers,
charge pumps, boost converters, constant current sourc-
es, voltage references, switches, blocking capacitors,
rectifiers, digital-to-analog converters, or other circuitry
to operate the adjustable lens 533 to provide a specified
optical power, e.g., to provide an optical power selected
from a set of two or more different optical powers. Such
different optical powers could facilitate a wearer viewing
objects within respective different ranges of distances
from the viewer’s eye. For example, the adjustable lens
533 could be operated to provide an optical power se-
lected from a two different optical powers, a first optical
power corresponding to near vision and a second optical
power corresponding to far vision.

[0076] The controller 530 could additionally include
logic components configured to implement the methods
of operation of an ophthalmic device described herein.
In some examples, such logic components could include
one or more digital counters, clocks, latches, flip-flops,
comparators, lookup tables, multipliers, adders, coinci-
dence detectors, registers, or other components config-
ured to provide a finite state machine or other form of
digital controller configured to implement the operations
described herein. Additionally or alternatively, the con-
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troller 530 could include a computing device that includes
one or more processors configured to execute program
instructions stored in a memory of the device in order to
perform the operations described herein. For example,
the controller could include a flash memory, a program-
mable read-only memory, or some other non-volatile
computer readable medium that could contain such pro-
gram instructions. In some examples, the controller 530
could be configured and/or programmed to receive such
instructions (e.g., from the external device 580) using the
communication interface (e.g., to receive initial program-
ming for the device 510, to receive programming up-
dates, to receive user preferences or parameters).
[0077] Itis noted that the block diagram shown in Fig-
ure 5 is described in connection with functional modules
for convenience in description. However, embodiments
of the ophthalmic device 510 can be arranged with one
or more of the functional modules ("subsystems") imple-
mented in a single chip, integrated circuit (e.g., an appli-
cation-specific integrated circuit), and/or physical fea-
ture. That is, the functional blocks in Figure 5 need not
be implemented as separated modules. Moreover, one
or more of the functional modules described in Figure 5
can be implemented by separately packaged chips elec-
trically connected to one another. Further, note that an
ophthalmic device as described herein could include ad-
ditional, fewer, and/or or alternative components to those
shown in Figure 5 (e.g., additional sensors, electrodes,
batteries, controllers, transmitters, receivers, light emit-
ters, etc.). For example, the ophthalmic device 510 could
lack the communication interface 535 and could be con-
figured to operate independent of any external devices
(e.g., 580) to operate the eyelid occlusion sensor 539
and adjustable lens 533 as described herein.

[0078] The external device 580 includes a communi-
cation interface 588 to send and receive wireless signals
to and from the ophthalmic device 510. The external de-
vice 580 also includes a computing system with a proc-
essor 586 in communication with a memory 582. The
external device 580 can also include one or more of user
controls 585, and a display 587. The memory 582 is a
non-transitory computer-readable medium that can in-
clude, without limitation, magnetic disks, optical disks,
organic memory, and/or any other volatile (e.g. RAM) or
non-volatile (e.g. ROM) storage system readable by the
processor 586. The memory 582 can include a data stor-
age 583 to store indications of data, such as user pref-
erences (e.g., a user selection between a number of dif-
ferent potential user interface schemes that could be im-
plemented by the device 510), program settings (e.g., to
adjust behavior of the ophthalmic device 510 and/or ex-
ternal device 580), etc. The memory 582 can also include
program instructions 584 for execution by the processor
586 to cause the external device 580 to perform proc-
esses specified by the instructions 584. For example, the
program instructions 584 can cause external device 580
to perform any of the function described herein. For ex-
ample, program instructions 584 may cause the external
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device 580 to provide a user interface that allows for re-
trieving information communicated from the ophthalmic
device 510 (e.g., sensor outputs or other information re-
lated to the eyelid occlusion sensor 539) by displaying
that information on the display 587 in response to com-
mands input through the user controls 585.

[0079] The external device 580 can be a smart phone,
digital assistant, or other portable computing device with
radios, light emitters, light detectors, or other wireless
connectivity sufficient to provide for wireless communi-
cation with the communication interface 535 of the oph-
thalmic device 510. The external device 580 can also be
implemented as an wireless module (e.g., a radio, an
optical data link) that can be plugged into a portable com-
puting device, such as in an example where radio fre-
quency wireless signals used to communicate with the
ophthalmic device 510 are at carrier frequencies notcom-
monly employed in portable computing devices. In some
instances, the external device 580 is a special-purpose
device configured to be disposed relatively near a mount-
ing location of the ophthalmic device 510 on the wearer’s
body (e.g., near a wearer’s eye) to allow the communi-
cation interfaces 535, 588 to operate with a low power
budget. The external device 580 could also be imple-
mented in eye glasses or a head-mounted display.

V. Example methods

[0080] Figure 6 is a flowchart of a method 600 for op-
erating an ophthalmic device. The ophthalmic device in-
cludes an eyelid occlusion sensor, an adjustable lens,
and a controller. The method 600 includes detecting, at
a plurality of points in time, an output of the eyelid occlu-
sion sensor (602). This could include applying a specified
current and/or voltage waveform to a conductive loop, a
light-sensitive element (e.g., a photodiode), two or more
electrodes, or some other element(s) of the eyelid occlu-
sion sensor at each of the plurality of points in time. De-
tecting the output of the eyelid occlusion sensor could
include operating an ADC, a comparator, or some other
electronic component to detect a voltage across and/or
a current through an element (e.g., a conductive loop, a
light-sensitive element, two or more electrodes) of the
eyelid occlusion sensor one or more times for each of
the plurality of points in time. Detecting the output of the
eyelid occlusion sensor could include using an analog or
digital filter, comparator, sample-and-hold, RMS detec-
tor, coincidence detector, or some other electronic com-
ponent to generate a signal (e.g., an analog signal, a
digital signal) related to the output of the eyelid occlusion
sensor.

[0081] The method 600 includes determining, based
on the detected output of the eyelid occlusion sensor,
that a degree of occlusion of an eye increases during a
first period of time (604). This could include this could
include detecting positive and/or negative edges or other
features within the detected output. Such detection could
be based on the output of a digital or analog differentiator
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or other filter, a magnitude of change in the output be-
tween two different samples of the output (e.g., subse-
quent samples of the output, subsequent downsampled
samples of the output), the contents of a ring buffer or
other set of one or more digital registers or sample-and-
hold circuits, or some other circuitry or program execu-
tion.

[0082] The method 600 includes determining thatade-
tected output of the eyelid occlusion sensor at a first point
in time differs from a detected output of the eyelid occlu-
sion sensor at a second pointin time by less than a spec-
ified amount, wherein the second point in time is after
the first period of time (606). This could include deter-
mining that a difference between the detected output of
the eyelid occlusion sensor at the first point and the de-
tected output of the eyelid occlusion sensor at the second
point in time is less than a specified value. The first and
second points in time could be points in time specified
relative to the timing of the detected edge or relative to
some other time related to the first period of time during
which the degree of occlusion of the eye increased.
[0083] The method 600 includes, responsive to deter-
mining that the detected output of the eyelid occlusion
sensor at the first point in time differs from the detected
output of the eyelid occlusion sensor at the second point
in time by less than the specified amount, adjusting an
optical power of the adjustable lens (608). This could
include setting the adjustable lens to a first optical power
(e.g., an optical power for viewing near objects), switch-
ing the adjustable lens between a first optical power (e.g.,
an optical power for viewing near objects) and a second
optical power (e.g., an optical power for viewing far ob-
jects), or performing some other operations. Such a de-
termination could be based on some other determina-
tions, e.g., a determination that the first period of time,
during which the degree of occlusion of the eye in-
creased, was not followed, within a specified minimum
period of time, by a second period of time during which
the degree of occlusion of the eye decreased.

[0084] The method 600 could include additional steps
or elements in addition to those depicted in Figure 6 (i.e.,
602, 604, 606, 608). The method 600 could include other
steps or elements as described elsewhere herein, or
some further steps or elements.

[0085] Figure 7 is a flowchart of a method 700 for op-
erating an ophthalmic device. The ophthalmic device in-
cludes an eyelid occlusion sensor, an adjustable lens,
and a controller. The method 700 includes detecting, at
a plurality of points in time, an output of the eyelid occlu-
sion sensor (702). This could include applying a specified
current and/or voltage waveform to a conductive loop, a
light-sensitive element (e.g., a photodiode), two or more
electrodes, or some other element(s) of the eyelid occlu-
sion sensor at each of the plurality of points in time. De-
tecting the output of the eyelid occlusion sensor could
include operating an ADC, a comparator, or some other
electronic component to detect a voltage across and/or
a current through an element (e.g., a conductive loop, a
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light-sensitive element, two or more electrodes) of the
eyelid occlusion sensor one or more times for each of
the plurality of points in time. Detecting the output of the
eyelid occlusion sensor could include using an analog or
digital filter, comparator, sample-and-hold, RMS detec-
tor, coincidence detector, or some other electronic com-
ponent to generate a signal (e.g., an analog signal, a
digital signal) related to the output of the eyelid occlusion
sensor.

[0086] The method 700 includes determining, at a first
point in time based on the detected output of the eyelid
occlusion sensor, that a level of noise in the output of the
eyelid occlusion sensor during a specified period of time
prior to the first point in time is below a specified level
(704). This could include resetting and/or stopping a dig-
ital counter in response to detecting that the noise level
is above the specified level. Alternatively, such a digital
counter could be reset and/or started in response to de-
tecting thatthe noise level has decreased below the spec-
ified level. Detecting that the level of noise during the
specified prior period of time was below the specified
level could then include determining that the digital coun-
ter has reached a specified threshold value.

[0087] The method 700 includes determining thata de-
tected output of the eyelid occlusion sensor at the first
point in time exceeds a first threshold (706). This could
include operating an analog or digital comparator to de-
termine that the output of the eyelid occlusion sensor
exceeds the first threshold. The method 700 also in-
cludes, responsive to determining (1) that the detected
output of the eyelid occlusion sensor at the first point in
time exceeds the first threshold, and (2) that the level of
noise in the output of the eyelid occlusion sensor during
the specified period of time prior to the first point in time
is below the specified level, adjusting an optical power
of the adjustable lens (708). This could include setting
the adjustable lens to a first optical power (e.g., an optical
power for viewing near objects), switching the adjustable
lens between a first optical power (e.g., an optical power
for viewing near objects) and a second optical power
(e.g., an optical power for viewing far objects), or per-
forming some other operations.

[0088] The method 700 could include additional steps
or elements in addition to those depicted in Figure 7 (i.e.,
702,704,706, 708). The method 700 could include other
steps or elements as described elsewhere herein, or
some further steps or elements.

VI. Example synchronization of ophthalmic devices

[0089] Devices as described herein may be used in
pairs, e.g., with an individual device mounted to and/or
implanted within each of a user’s eyes. Each device of
such a pair can operate to detect eye-based gestures of
their respective eyes (e.g., by detecting the level of oc-
clusion of a sensor of the device over time) and, respon-
sive to detecting such gestures, adjust the optical power
provided by respective adjustable lenses of the devices.
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Each device of such a pair could perform such operations
substantially independently (e.g., without engaging in
communication with each other) to compare sensor out-
puts, to synchronize operation of the adjustable lenses
(e.g., to maintain the adjustable lenses at the same level
of optical power), or to perform some other operations in
concert.

[0090] However, when two devices (e.g., eye-mount-
able devices, eye-implanted devices) are operated in
such amanner, their operations may become unsynchro-
nized. For example, a device mounted to the left eye of
a wearer could provide an optical power suited to dis-
tance vision while a device mounted to the right eye of
the wearer could provide an optical power suited to close-
up vision. Such desynchronization may occur due to one
of the devices failing to detect an eye-based gesture (a
false negative detection), one of the devices erroneously
detecting an eye-based gesture when none occurred (a
false positive detection), or due to some other circum-
stance. Such circumstances could be related to differ-
ences in anatomy or physiology between the eyes, to
differences in the electrical or other properties of the de-
vices, to differences in the ambient lighting or other prop-
erties of the environment of the devices, or to some other
factors.

[0091] In order to prevent such desynchronized oper-
ation and/or to provide other benefits, the devices could
be provided with means for wireless communication.
However, such means could increase the cost of the de-
vices, impose additional size, aesthetic, or volume con-
straints on the devices, or could be associated with some
other unwanted structural or functional modification to
the devices. Further, operating such means to commu-
nicate wirelessly may require more energy than is feasi-
ble, given a particular device power budget.

[0092] Alternatively, devices as described herein could
be operated to detect multiple different eye-based ges-
tures, where at least one of the detected gestures is a
"reset" gesture. Such a reset gesture could provide a
failsafe method for the ophthalmic devices to be placed
into a specified, synchronized operational state. Such a
"reset state" could include adjusting the adjustable lens
of an ophthalmic device to a specified "reset" optical pow-
er (e.g., an optical power suited for distance vision) or
setting some other operational state, parameter, ormode
of the ophthalmic device to a pre-specified state. If a
wearer determines that a pair of devices in use by the
wearer has become desynchronized, the wearer can per-
form the "reset" gesture in order to place the devices
back into synchronized operation.

[0093] Such"reset" gestures may generally have long-
er durations, require more eye-based activity, or be oth-
erwise more effortful to perform than other gestures de-
tected by devices described herein that are used by such
devices to performnon-"reset" operations (e.g., to adjust
an optical power of an adjustable lens between two dif-
ferent optical powers suited to distance vision and close-
up vision, respectively). For example, a "reset" gesture
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could include more sub-gestures (e.g., blinks, winks,
squints, downward glances), longer duration sub-ges-
tures (e.g., longer-duration winks, squints, etc.), longer
overall duration, a more complicated sequence of sub-
gestures (e.g., a specific alternating sequence of winks
and blinks), or could require more effort, on the part of a
wearer, to perform than other non-"reset" gestures. Such
differences between "reset" gestures and other gestures
may provide for easier control of non-"reset" operations
of the device (e.g., to adjust the optical power of a device
between distance vision and close-up vision), may pre-
vent inadvertent activation of the "reset" operation of the
device (which is likely to be needed only rarely), and/or
may provide other benefits.

[0094] Figure 8A is a flowchart of a method 800A for
operating an ophthalmic device as described herein. The
method 800A includes reading a gesture signal 802a.
This could include detecting, at a plurality of points in
time, an output of an eyelid occlusion sensor or detecting
the output of some other sensor in some other manner.
For example, digital and/or analog circuitry could receive
a signal from a sensor (e.g., an eyelid occlusion sensor)
and produce an output (e.g., a digital output) when the
sensor output is indicative of a gesture. The method 800a
also includes determining, based on the gesture signal,
whether an "adjust" gesture is present in the gesture sig-
nal 804a. If such an "adjust" gesture is detected, the op-
tical power of an adjustable lens of the device is adjusted
806a (eg., toggled between first and second optical pow-
ers, set to a particular optical power corresponding to the
detected "adjust" gesture). If an "adjust" gesture is not
detected, the method 800a includes determining, based
onthe gesture signal, whether a "reset" gesture is present
in the gesture signal 808a. If such a "reset" gesture is
detected, the device is set into a "reset" state 810a. This
could include adjusting the optical power of the adjusta-
ble lens to a pre-specified "reset" optical power, setting
an operational mode of the device to a pre-specified "re-
set" mode, or performing some other operations to "reset"
the device.

[0095] The "adjust" gesture(s) detected in Figure 8A
could be any of the eye-based gestures described herein.
For example, the "adjust gesture could include one or
more blinks, winks, squints, downward gazes, or other
eye-related activities or combinations or permutations
thereof. Detecting an "adjust" gesture 804a could in-
clude detecting one of a set of "adjust" gestures. For ex-
ample, there could be first and second "adjust" gestures
corresponding to respective firstand second optical pow-
ers of the adjustable lens (e.g., a distance-vision power
and a close-up vision power) and detecting a particular
one of the multiple "adjust" gestures could result in the
device adjusting the optical power of the lens to the op-
tical power corresponding to the detecting one of
the "adjust" gestures. The "adjust" gesture(s) could be
detected according to any of the methods described
herein. For example, detecting an "adjust" gesture could
include determining alevel of noise presentin the gesture
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signal, comparing the gesture signal at one or more
pointsintime to itself and/or one or more threshold levels,
determining whether the gesture signal has increased or
decreased over time, or determining some other features
or properties of the gesture signal.

[0096] The "reset" gesture(s) detected in Figure 8A
could be any of the eye-based gestures described herein.
In some examples, the "reset" gesture could have a
greater duration, include more sub-gestures (e.g., more
blinks), include a more complicated sequence of sub-
gestures, include longer-duration sub-gestures (e.g.,
longer duration squints), or otherwise require more effort
and/or time to accomplish than the "adjust" gesture(s).
In some examples, the "reset" gesture could include the
"adjust" gesture as a sub-gesture. For example, the "ad-
just" gesture could include performing, e.g., three blinks
in succession within a specified period of time without
performing any additional blinks within another specified
period of time thereafter. The "reset" gesture could, in
such an example, include performing more than three
blinks in succession within yet another specified period
of time.

[0097] Setting the device to a "reset state" 810a could
include adjusting an adjustable optic to a pre-specified
optical power, setting an internal state or mode of the
device to a pre-specified state or mode, resetting one or
more setting or states (e.g., threshold values) of the de-
vice to a factory standard settings, or operating the device
in some other fashion such that, after setting the device
tothe "reset state," the device operates in a pre-specified
manner. In some examples, this could include setting the
device to a "reset state" that is in-common with the "reset
state" of a paired device. For example, the "reset state"
for both of the pair of devices could include the adjustable
lens of each device being set to the same optical power
to facilitate distance vision. Alternatively, the "reset state"
for each device of a pair of devices could differ, e.g.,
according to differences in the prescription of each eye
of a wearer. For example, the "reset state" for a first de-
vice could include the adjustable lens of the first device
being set to a first prescribed optical power to facilitate
distance vision in the left eye of a wearer, while the "reset
state" for a second device could include the adjustable
lens of the second device being set to a second pre-
scribed optical power to facilitate distance vision in the
right eye of a wearer.

[0098] In some examples, setting a device to a "reset
state" could include operating the adjustable lens of the
device to provide a pre-specified optical power or to as-
sume some other pre-specified state. This could be es-
pecially beneficial in examples where other eye-based
gestures detected by the device (e.g., squints, winks,
downward glances) are used to toggle the optical power
of the adjustable lens between two or more discrete, pre-
specified optical powers (e.g., between a first optical
power suited to distance vision and a second optical pow-
er suited to close-up vision). Figure 8B is a flowchart of
such a method 800b for operating an ophthalmic device
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as described herein.

[0099] The method 800b includes reading a gesture
signal 802a. The method 800b also includes determining,
based on the gesture signal, whether an "adjust" gesture
is present in the gesture signal 804b. If such an "adjust"
gesture is detected, the optical power of an adjustable
lens of the device is toggled between first and second
optical powers 806b. If an "adjust" gesture is not detect-
ed, the method 800b includes determining, based on the
gesture signal, whether a "reset" gesture is present in
the gesture signal 808b. If such a "reset" gesture is de-
tected, the optical power of the adjustable lens is set to
the first optical power 810b.

VII. Conclusion

[0100] Where example embodiments involve informa-
tion related to a person or a device of a person, the em-
bodiments should be understood to include privacy con-
trols. Such privacy controls include, at least, anonymiza-
tion of device identifiers, transparency and user controls,
including functionality that would enable users to modify
or delete information relating to the user’s use of a prod-
uct.

[0101] Further, in situations in where embodiments
discussed herein collect personal information about us-
ers, or may make use of personal information, the users
may be provided with an opportunity to control whether
programs or features collect user information (e.g., infor-
mation about a user's medical history, social network,
social actions or activities, profession, a user’s prefer-
ences, or a user’s current location), or to control whether
and/or how to receive content from the content server
that may be more relevant to the user. In addition, certain
data may be treated in one or more ways before it is
stored or used, so that personally identifiable information
is removed. For example, a user’s identity may be treated
so that no personally identifiable information can be de-
termined for the user, or a user's geographic location
may be generalized where location information is ob-
tained (such as to a city, ZIP code, or state level), so that
a particular location of a user cannot be determined.
Thus, the user may have control over how information is
collected about the user and used by a content server.
[0102] The particular arrangements shown in the Fig-
ures should not be viewed as limiting. It should be un-
derstood that other embodiments may include more or
less of each element shown in a given Figure. Further,
some of the illustrated elements may be combined or
omitted. Yet further, an exemplary embodiment may in-
clude elements that are not illustrated in the Figures.
[0103] Additionally, while various aspects and embod-
iments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art.
The various aspects and embodiments disclosed herein
are for purposes of illustration and are not intended to be
limiting, with the true scope being indicated by the fol-
lowing claims. Other embodiments may be utilized, and
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other changes may be made, without departing from the
scope of the subject matter presented herein. It will be
readily understood that the aspects of the present dis-
closure, as generally described herein, and illustrated in
the figures, canbe arranged, substituted, combined, sep-
arated, and designed in a wide variety of different con-
figurations, all of which are contemplated herein.

Claims
1. An ophthalmic device (110) comprising:

an eyelid occlusion sensor;

an adjustable lens (121); and

a controller (150), wherein the controller com-
prises electronics that perform operations com-
prising:

detecting, at a plurality of points in time, an
output of the eyelid occlusion sensor;
determining, based on the detected output
of the eyelid occlusion sensor, that a first
gesture has occurred by:

determining, based on the detected
output of the eyelid occlusion sensor,
that a degree of occlusion of an eye in-
creases during afirstperiod of time; and
determining that a detected output of
the eyelid occlusion sensor at a first
point in time (320a) differs from a de-
tected output of the eyelid occlusion
sensor at a second point in time (320b)
by less than a specified amount, where-
in the first point in time and the second
point in time is after the first period of
time;

responsive to determining that the first ges-
ture has occurred, switching the optical
power of the adjustable lens between a first
optical power and a second optical power,
wherein the first optical power is different
than the second optical power;
determining, based on the detected output
ofthe eyelid occlusion sensor, thata second
gesture has occurred; and

responsive to determining that the second
gesture has occurred, setting the optical
power of the adjustable lens to the first op-
tical power.

2. The ophthalmic device of claim 1, wherein the first
gesture has a first duration, and wherein the second
gesture has a second duration that is greater than
the first duration.
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The ophthalmic device of claim 1, wherein detecting
an output of the eyelid occlusion sensor at a plurality
of points in time comprises detecting the output of
the occlusion sensor at a rate that is less than 40
Hertz.

The ophthalmic device of claim 1, wherein the eyelid
occlusion sensor comprises an impedance sensor.

The ophthalmic device of claim 1, wherein the eyelid
occlusion sensor comprises a light sensor.

A method comprising:

detecting, at a plurality of points in time, an out-
put (300) of an eyelid occlusion sensor;
determining, based on the detected output of
the eyelid occlusion sensor, that a first gesture
has occurred by:

determining, based on the detected output
of the eyelid occlusion sensor, that a degree
of occlusion of an eye increases during a
first period of time; and

determining that a detected output of the
eyelid occlusion sensor at afirst pointin time
(320a) differs from a detected output of the
eyelid occlusion sensor at a second pointin
time (320b) by less than a specified amount,
wherein the first pointin time and the second
point in time is after the first period of time;

responsive to determining that the first gesture
has occurred, switching the optical power of an
adjustable lens between a first optical power and
a second optical power, wherein the first optical
power is different than the second optical power;
determining, based on the detected output of
the eyelid occlusion sensor, that a second ges-
ture has occurred; and

responsive to determining that the second ges-
ture has occurred, setting the optical power of
the adjustable lens to the first optical power.

The method of claim 6, wherein the first gesture has
a first duration, and wherein the second gesture has
a second duration that is greater than the first dura-
tion.

The method of claim 7, wherein detecting an output
of the eyelid occlusion sensor at a plurality of points
in time comprises detecting the output of the occlu-
sion sensor at a rate that is less than 40 Hertz.

The method of claim 6, further comprising:

determining, based on proximity in time between a
negative edge and a subsequent positive edge in
the detected output of the eyelid occlusion sensor,
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that the increase in the degree of occlusion of the
during the first period of time is not part of a blink,
wherein adjusting an optical power of the adjustable
lens is performed responsive to determining that the
increase in the degree of occlusion of the during the
first period of time is not part of a blink.

The method of claim 7, wherein determining, based
onthe detected outputof the eyelid occlusion sensor,
that a first gesture has occurred further comprises:

determining, at a given point in time based on
the detected output of the eyelid occlusion sen-
sor, thatalevel of noise in the output of the eyelid
occlusion sensor during a specified period of
time prior to the given point in time is below a
specified level; and

determining that a detected output of the eyelid
occlusion sensor at the given point in time ex-
ceeds a first threshold.

The method of claim 10, wherein determining that
the level of noise in the output of the eyelid occlusion
sensor during the specified period of time prior to the
given point in time is below the specified level com-
prises detecting an output of a noise detector.

The method of claim 10, wherein determining that
the detected output of the eyelid occlusion sensor at
the given point in time exceeds the first threshold
comprises detecting an output of a comparator.

Patentanspriiche

1.

Ophthalmische Vorrichtung (110), umfassend:

einen Augenlid-Okklusionssensor;

eine einstellbare Linse (121); und

eine Steuerung (150), wobei die Steuerung
Elektronik umfasst, die Vorgange ausfiihrt, die
folgende umfassen:

Detektieren einer Ausgabe des Augenlid-
Okklusionssensors zu einer Vielzahl von
Zeitpunkten;

Bestimmen, dass eine erste Geste aufge-
treten ist, basierend auf der detektierten
Ausgabe des Augenlid-Okklusionssensors,
durch:

Bestimmen, dass ein Okklusionsgrad
eines Auges wahrend einer ersten Zeit-
spanne zunimmt, basierend auf der de-
tektierten Ausgabe des Augenlid-Ok-
klusionssensors; und

Bestimmen, dass sich eine detektierte
Ausgabe des Augenlid-Okklusions-
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sensors zu einem ersten Zeitpunkt
(320a) von einer detektierten Ausgabe
des Augenlid-Okklusionssensors zu ei-
nem zweiten Zeitpunkt (320b) um we-
niger als ein angegebenes Ausmaf’ un-
terscheidet, wobei der erste Zeitpunkt
und der zweite Zeitpunkt nach der ers-
ten Zeitspanne eintreten;

als Reaktion auf das Bestimmen, dass die
erste Geste aufgetreten ist, Umschalten der
Brechkraft der einstellbaren Linse zwischen
einer ersten Brechkraft und einer zweiten
Brechkraft, wobei sich die erste Brechkraft
von der zweiten Brechkraft unterscheidet;
Bestimmen, dass eine zweite Geste aufge-
treten ist, basierend auf der detektierten
Ausgabe des Augenlid-Okklusionssensors;
und

als Reaktion auf das Bestimmen, dass die
zweite Geste eingetreten ist, Einstellen der
Brechkraft der einstellbaren Linse auf die
erste Brechkraft.

Ophthalmische Vorrichtung nach Anspruch 1, wobei
die erste Geste eine erste Dauer aufweist und wobei
die zweite Geste eine zweite Dauer aufweist, die lan-
ger ist als die erste Dauer.

Ophthalmische Vorrichtung nach Anspruch 1, wobei
das Detektieren einer Ausgabe des Augenlid-Okklu-
sionssensors zu einer Vielzahl von Zeitpunkten das
Detektieren der Ausgabe des Okklusionssensors mit
einer Rate umfasst, die kleiner ist als 40 Hertz.

Ophthalmische Vorrichtung nach Anspruch 1, wobei
der Augenlid-Okklusionssensor einen Impedanz-
sensor umfasst.

Ophthalmische Vorrichtung nach Anspruch 1, wobei
der Augenlid-Okklusionssensor einen Lichtsensor
umfasst.

Verfahren, das Folgendes umfasst:

Detektieren einer Ausgabe (300) eines Augen-
lid-Okklusionssensors zu einer Vielzahl von
Zeitpunkten;

Bestimmen, dass eine erste Geste aufgetreten
ist, basierend auf der detektierten Ausgabe des
Augenlid-Okklusionssensors, durch:

Bestimmen, dass ein Okklusionsgrad eines
Auges wahrend einer ersten Zeitspanne zu-
nimmt, basierend auf der detektierten Aus-
gabe des Augenlid-Okklusionssensors;
und

Bestimmen, dass sich eine detektierte Aus-
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gabe des Augenlid-Okklusionssensors zu
einem ersten Zeitpunkt (320a) von einer de-
tektierten Ausgabe des Augenlid-Okklusi-
onssensors zu einem zweiten Zeitpunkt
(320b) um weniger als ein angegebenes
Ausmald unterscheidet, wobei der erste
Zeitpunktund der zweite Zeitpunkt nach der
ersten Zeitspanne eintreten;

als Reaktion auf das Bestimmen, dass die
erste Geste aufgetreten ist, Umschalten der
Brechkraft der einstellbaren Linse zwischen
einer ersten Brechkraft und einer zweiten
Brechkraft, wobei sich die erste Brechkraft
von der zweiten Brechkraft unterscheidet;

Bestimmen, dass eine zweite Geste aufge-
treten ist, basierend auf der detektierten
Ausgabe des Augenlid-Okklusionssensors;
und

als Reaktion auf das Bestimmen, dass die
zweite Geste eingetreten ist, Einstellen der
Brechkraft der einstellbaren Linse auf die
erste Brechkraft.

Verfahren nach Anspruch 6, wobei die erste Geste
eine erste Dauer aufweist und wobei die zweite Ges-
te eine zweite Dauer aufweist, die langer ist als die
erste Dauer.

Verfahren nach Anspruch 7, wobei das Detektieren
einer Ausgabe des Augenlid-Okklusionssensors zu
einer Vielzahl von Zeitpunkten das Detektieren der
Ausgabe des Okklusionssensors mit einer Rate um-
fasst, die kleiner ist als 40 Hertz.

Verfahren nach Anspruch 6, das ferner Folgendes
umfasst:

Bestimmen, dass der Anstieg des Okklusionsgrads
des Auges wahrend der ersten Zeitspanne nicht Teil
eines Blinzelns ist, basierend auf der zeitlichen Nahe
zwischen einer negativen Flanke und einer darauf-
folgenden positiven Flanke in der detektierten Aus-
gabe des Augenlid-Okklusionssensors, wobei das
Einstellen einer Brechkraft der einstellbaren Linse
als Reaktion darauf durchgefiihrt wird, dass der An-
stieg des Okklusionsgrads des Auges wahrend der
ersten Zeitspanne nicht Teil eines Blinzelns ist.

Verfahren nach Anspruch 7, wobei das Bestimmen,
dass eine erste Geste aufgetreten ist, basierend auf
der detektierten Ausgabe des Augenlid-Okklusions-
sensors ferner Folgendes umfasst:

Bestimmen, zu einem gegebenen Zeitpunkt ba-
sierend auf der detektierten Ausgabe des Au-
genlid-Okklusionssensors, dass ein Grad des
Rauschensin der Ausgabe des Augenlid-Okklu-
sionssensors wahrend einer angegebenen Zeit-
spanne vor dem angegebenen Zeitpunkt unter
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einem angegebenen Wert liegt; und
Bestimmen, dass eine detektierte Ausgabe des
Augenlid-Okklusionssensors zu dem gegebe-
nen Zeitpunkt einen ersten Schwellenwert tiber-
schreitet.

Verfahren nach Anspruch 10, wobei das Bestimmen,
dass der Grad des Rauschens in der Ausgabe des
Augenlid-Okklusionssensors wahrend der angege-
benen Zeitspanne vor dem gegebenen Zeitpunktun-
ter dem angegebenen Wert liegt, das Detektieren
einer Ausgabe eines Rauschdetektors umfasst.

Verfahren nach Anspruch 10, wobei das Bestimmen,
dass die detektierte Ausgabe des Augenlid-Okklusi-
onssensors zudem gegebenen Zeitpunktden ersten
Schwellenwert Uberschreitet, das Detektieren einer
Ausgabe eines Komparators umfasst.

Revendications

1.

Dispositif ophtalmique (110) comprenant :

un capteur d’occlusion de paupiere ;

une lentille réglable (121) ; et

un contréleur (150), dans lequel le contréleur
comprend une électronique qui exécute des
opérations comprenant :

la détection, a une pluralit¢é de moments,
d'un résultat du capteur d’occlusion de
paupiére ;

la détermination, sur la base du résultat dé-
tecté du capteur d'occlusion de paupiére,
du fait qu’un premier geste ait eu lieu en :

déterminant, sur la base du résultat dé-
tecté du capteur d’occlusion de paupie-
re, qu’'un degré d’occlusion d’un oeil
augmente pendant une premiéere
période ; et

en déterminant qu’un résultat détecté
du capteur d’occlusion de paupiere a
un premier moment (320a) differe d’'un
résultat détecté du capteur d’occlusion
de paupiere a un deuxieme moment
(320b) de moins d’'une quantité spéci-
fiee, dans lequel le premier moment et
le deuxieme moment sont postérieurs
a la premiere période ;

en réponse a la détermination du fait que le
premier geste ait eu lieu, le passage de la
puissance optique de la lentille réglable en-
tre une premiére puissance optique et une
deuxiéme puissance optique, dans lequel
lapremiére puissance optique est différente
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de la deuxiéme puissance optique ;

la détermination, sur la base du résultat dé-
tecté du capteur d’occlusion de paupiére,
du fait qu’un deuxieme geste ait eu lieu ; et
en réponse a la détermination du fait que le
deuxieme geste ait eu lieu, le réglage de la
puissance optique de la lentille réglable sur
la premiére puissance optique.

Dispositif ophtalmique selonlarevendication 1, dans
lequelle premier geste possede une premiere durée,
et dans lequel le deuxiéme geste possede une
deuxiéme durée qui est supérieure ala premiére du-
rée.

Dispositif ophtalmique selonlarevendication 1, dans
lequel la détection d’un résultat du capteur d’occlu-
sion de paupiére a une pluralité de moments com-
prend la détection du résultat du capteur d’occlusion
a une fréquence qui est inférieure a 40 Hertz.

Dispositif ophtalmique selonlarevendication 1, dans
lequel le capteur d’occlusion de paupiére comprend
un capteur d'impédance.

Dispositif ophtalmique selonlarevendication 1, dans
lequel le capteur d’occlusion de paupiére comprend
un capteur de lumiére.

Procédé comprenant :

la détection, a une pluralité de moments, d’'un
résultat (300) d’'un capteur d’occlusion de
paupiere ;

la détermination, sur la base du résultat détecté
du capteur d’occlusion de paupiére, du faitqu’un
premier geste ait eu lieu en :

déterminant, sur la base du résultat détecté
du capteur d’occlusion de paupiére, qu’un
degré d’occlusion d’'un oeil augmente pen-
dant une premiére période ; et

en déterminant qu’un résultat détecté du
capteur d’occlusion de paupiére a un pre-
mier moment (320a) differe d’un résultat dé-
tecté du capteur d’occlusion de paupiére a
un deuxieme moment (320b) de moins
d’'une quantité spécifiée, dans lequel le pre-
mier moment et le deuxieme moment sont
postérieurs a la premiére période ;

en réponse ala détermination du fait que le pre-
mier geste aiteu lieu, le passage de la puissance
optique de la lentille réglable entre une premiere
puissance optique et une deuxiéme puissance
optique, dans lequel la premiére puissance op-
tique est différente de la deuxiéme puissance
optique ;
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la détermination, sur la base du résultat détecté
du capteur d’occlusion de paupiére, du faitqu'un
deuxiéme geste ait eu lieu ; et

en réponse a la détermination du fait que le
deuxiéme geste ait eu lieu, le réglage de la puis-
sance optique de la lentille réglable sur la pre-
miere puissance optique.

Procédé selon la revendication 6, dans lequel le pre-
mier geste posséde une premiere durée, et dans le-
quel le deuxiéme geste possede une deuxiéme du-
rée qui est supérieure a la premiére durée.

Procédé selon la revendication 7, dans lequel la dé-
tection d’un résultat du capteur d’occlusion de pau-
piere a une pluralité de moments comprend la dé-
tection du résultat du capteur d’occlusion a une fré-
quence qui est inférieure a 40 Hertz.

Procédé selon la revendication 6, comprenant en
outre :

la détermination, sur la base de la proximité dans le
temps entre un front négatif et un front positif ultérieur
du résultat détecté du capteur d’occlusion de pau-
piére, du fait que I'augmentation du degré d’occlu-
sion pendant la premiére partie ne fasse pas partie
d’'un clignement de l'oeil, dans lequel I'ajustement
d’'une puissance optique de la lentille réglable est
effectué en réponse a la détermination du fait que
'augmentation du degré d’occlusion pendant la pre-
miére période ne fasse pas partie d’un clignement
de l'ceil.

Procédé selon la revendication 7, dans lequel la dé-
termination, sur la base du résultat détecté du cap-
teur d’occlusion de paupiere, du fait qu’'un premier
geste ait eu lieu comprend en outre :

ladétermination, aun momentdonné surlabase
du résultat détecté du capteur d’occlusion de
paupiére, du faitqu’un niveau de bruit du résultat
du capteur d’occlusion de paupiére pendant une
période spécifiée antérieure au moment donné
soit inférieur a un niveau spécifié ; et

la détermination du fait qu’un résultat détecté du
capteur d’occlusion de paupiére au moment
donné dépasse un premier seuil.

Procédé selon la revendication 10, dans lequel la
détermination du fait que le niveau de bruit du résul-
tat du capteur d’occlusion de paupiéere pendant la
période spécifiée antérieure au moment donné soit
inférieur au niveau spécifié comprend la détection
d’'un résultat d’'un détecteur de bruit.

Procédé selon la revendication 10, dans lequel la
détermination du fait que le résultat détecté du cap-
teur d’occlusion de paupiére au moment donné dé-
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passe le premier seuil comprend la détection d’'un

résultat d’'un comparateur.
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