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Description
TECHNICAL FIELD

[0001] This disclosure relates generally to the field of
optics, and in particular but not exclusively, relates to
eye-mountable devices including contact lenses.

BACKGROUND INFORMATION

[0002] Accommodation is a process by which the eye
adjusts its focal distance to maintain focus on objects of
varying distance. Accommodation is a reflex action, but
can be consciously manipulated. Accommodation is con-
trolled by contractions of the ciliary muscle. The ciliary
muscle encircles the eye’s elastic lens and applies aforce
on the elastic lens during muscle contractions that
change the focal point of the elastic lens.

[0003] As an individual ages, the effectiveness of the
ciliary muscle degrades. Presbyopia is a progressive
age-related loss of accommodative or focusing strength
of the eye, which results in increased blur at near dis-
tances. This loss of accommodative strength with age
has been well studied and is relatively consistent and
predictable. Presbyopia affects nearly 1.7 billion people
worldwide today (110 million in the United States alone)
and that number is expected to substantially rise as the
world’s population ages. Techniques and devices that
can help individuals offset the effects of Presbyopia are
increasingly in demand.

[0004] WO2012/061411 discloses a contactlens or an
intraocular lens including an electronic component and
a dynamic optic, where the dynamic optic is configured
to provide a first optical power and a second optical pow-
er, where the first and the second optical powers are
different. The dynamic optic may comprise a fluid lens.
[0005] WO2013/036789 discloses electronic devices
including eyewear, windows and displays, prepared by
in situ formation of conjugated polymers.

[0006] US 2011/228212 discloses an adapter for a
spectacle frame which is configured for enabling the
spectacle frame to operate and control electro-active
lenses housed therein. In particular, the spectacle frame
may allow electro-active lenses housed therein to focus
and be controlled both automatically and manually.
[0007] US 2007/0285759 discloses an electrical con-
trol system for controlling a plurality of variable transmit-
tance windows.

[0008] The invention is directed to an eye-mountable
device as described in claim 1 and to the method of pro-
viding failsafe operation for such device, as claimed in
claim 20.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Non-limiting and non-exhaustive embodiments

of the invention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to
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like parts throughout the various views unless otherwise
specified. The drawings are not necessarily to scale, em-
phasis instead being placed upon illustrating the princi-
ples being described.

Figure 1 is a functional block diagram of an eye-
mountable device that provides auto-accommoda-
tion and an external reader for interacting with the
eye-mountable device, in accordance with an em-
bodiment;

Figure 2 is a block diagram to illustrate an eye-
mountable device including a failsafe logic or sub-
system according to an embodiment;

Figure 3 is a flowchart to illustrate a failsafe process
for an eye-mountable device according to an em-
bodiment;

Figure 4A is a top view illustration of an eye-mount-
able device, in accordance with an embodiment; and
Figure 4B is a perspective view illustration of an eye-
mountable device, in accordance with an embodi-
ment.

DETAILED DESCRIPTION

[0010] Embodiments of a system, apparatus, and
method for failsafe operation of eye-mountable devices
are described herein. In the following description numer-
ous specific details are set forth to provide a thorough
understanding of the embodiments. One skilled in the
relevant art will recognize, however, that the techniques
described herein can be practiced without one or more
of the specific details, or with other methods, compo-
nents, materials, etc. In other instances, well-known
structures, materials, or operations are not shown or de-
scribed in detail to avoid obscuring certain aspects.
[0011] Reference throughout this specification to "one
embodiment" or"an embodiment" means that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, the appearanc-
es of the phrases "in one embodiment" or "in an embod-
iment" in various places throughout this specification are
not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or char-
acteristics may be combined in any suitable manner in
one or more embodiments.

[0012] Itis an embodiment of this invention to provide
an eye-mountable device according to claim 1. It is a
further embodiment of this invention to provide a method
of providing a failsafe operation for an eye-mountable
device according to claim 20. In some embodiments, an
eye-mountable device, which may include a smart con-
tact lens or similar device, includes a failsafe subsystem
and operation. Described herein is a smart contact lens
or other eye-mountable device that includes an accom-
modation actuator for adjusting the focal distance of an
optical lens of the device to one of multiple different vision
accommodation states. The vision accommodation



3 EP 3 155 476 B1 4

states may include, for example, a near field state and a
far field state, but may include other states, such as a
middle field state between the near field state and the far
field state. In some embodiments, the vision accommo-
dation is automatically adjusted in real-time based upon
a user’s gazing direction. The accommodation actuator
is disposed in a center region of the smart contact lens
(e.g., covering at least the foveal vision).

[0013] However, an eye-mountable device will have
accommodation states that may not be appropriate in all
circumstances. In an example, a near field accommoda-
tion state to provide vision accommodation for vision of
objects at close distances may provide a danger if the
lens or device remains in near field accommodation in a
failure condition. For example, an incorrect accommoda-
tion state may create a danger in operation such as driv-
ing a motor vehicle, riding a bicycle, or otherwise piloting
or riding a moving vehicle, or any other activity in which
distance vision is needed immediately for safety.
[0014] In some embodiments, a failsafe mode for an
eye-mountable device transitions the eye-mountable de-
vice to a failsafe focal distance. In some embodiments,
the failsafe focal distance is a far field (distance vision)
accommodation state because the far field vision setting
generally allows a user to safely handle any situation,
including operations in which a failure to any other vision
setting may be life threatening. However, the specific fail-
safe focal distance may vary in differentimplementations.
In some embodiments, an eye-mountable device is to
fail into the failsafe focal distance to provide for safe op-
eration in any failure condition. As used herein, a failure
condition includes any device failure, shutdown condi-
tion, power loss, or other condition in which one or more
functions of the eye-mountable device, such as the auto-
accommodation function, are not operating properly.
[0015] In some embodiments, a failsafe subsystem of
an eye-mountable device is to monitor indicators for fail-
ure conditions and to provide that the optics of the device
enter into a failsafe focal distance upon the detection of
a failure condition. In some embodiments, the failsafe
subsystem includes one or more of:

(1) System health detection, including monitoring of
one or more operational indicators for the device,
the one or more operational indicators including one
or more of sensor values, vision accommodation
states, health of the accommodation actuator, and
electrical and power issues.

(2) Timeout condition monitoring.

(3) Response to failsafe commands.

(4) Initializing to a state including a failsafe focal dis-
tance on initialization or reset.

(5) Failsafe focal distance default features.

[0016] In some embodiments, an eye-mountable de-
vice is to remain in the failsafe mode until one or more
conditions are met for leaving the failsafe mode. In some
embodiments, such conditions may include one or more
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of receiving a positive command for leaving the failsafe
mode; waiting for a certain period of time to expire; and
successfully completing a health check of the device.
[0017] Embodiments of the eye-mountable device may
include a power supply, control electronics, an accom-
modation actuator, a gaze direction sensor system, and
an antenna all embedded within a flexible lens enclosure
formed to be contact mounted to an eye (e.g., shaped to
be removeably mounted to a cornea and allow eyelid
motion to open and close). In one embodiment, the con-
trol electronics are coupled to monitor the sensor system
to identify gaze direction/focal distance, manipulate the
accommodation actuator to control the optical power of
the eye-mountable device, and provide wireless commu-
nications with an external reader. In some embodiments,
the power supply may include charging circuitry for con-
trolling inductive wireless charging of an embedded bat-
tery.

[0018] The flexible lens enclosure may be fabricated
of a variety of materials compatible for direct contact with
a human eye, such as a polymeric material, a hydrogel,
PMMA (polymethyl methacrylate), silicone based poly-
mers (e.g., fluoro-silicone acrylate), or otherwise. The
electronics may be disposed upon a ring substrate em-
bedded within the flexible lens enclosure near its periph-
ery to avoid interference with incident light received clos-
er to the central region of the cornea. The sensor system
may be arranged on the substrate to face outward to-
wards the eyelids to detect the gaze direction/focal dis-
tance based upon the amount and position of eyelid cov-
erage over the sensor system. As the eyelids cover dif-
ferent portions of the sensor system, this changes a char-
acteristic (e.g., its capacitance), which can be measured
to determine gaze direction and/or focal distance.
[0019] Insome embodiments, the gaze direction/focal
distance information can then be used to determine the
amount of accommodation to be applied via a see-
through accommodation actuator positioned in a central
portion of the flexible lens enclosure. The accommoda-
tion actuator is coupled to the controller to be electrically
manipulated thereby via the application of a voltage
across a pair of flexible conductive electrodes. For ex-
ample, the accommodation actuator may be implement-
ed with a liquid crystal cell that changes its index of re-
fraction in response to an applied electrical bias signal
across the flexible conductive electrodes. In other em-
bodiments, the accommodation actuator may be imple-
mented using other types of electro-active materials such
as electro-optic materials that vary refractive index in the
presence of an applied electric field or electro-mechan-
ical structures that change the shape of a deformable
lens. Other example structures that may be used to im-
plement the accommodation actuator include electro-
wetting optics, micro-electro-mechanical systems, or
otherwise.

[0020] In some embodiments, a device includes
means for providing vision accommodation for an optical
lens, including means for selecting one of a plurality of
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vision accommodation states for the device; means for
monitoring one or more operational indicators for the de-
vice; and means for transitioning the device to a failsafe
mode upon detecting a failure condition for the device,
the failsafe mode including establishing a failsafe focal
distance for the vision accommodation state. In some
embodiments, the failsafe focal distance is a far field
state.

[0021] In some embodiments, the means for monitor-
ing of one or more operational indicators includes means
for monitoring sensor values, and the device further in-
cludes means for detecting a failure condition if one or
more sensor values are outside of a good range for the
sensor.

[0022] In some embodiments, the means for monitor-
ing of one or more operational indicators includes means
for monitoring vision accommodation results for the de-
vice, and the device further includes means for detecting
a failure condition if vision accommodation results are
incorrect.

[0023] In some embodiments, the means for monitor-
ing of one or more operational indicators includes means
for monitoring for electrical or power issues, wherein a
failure condition is detected if one or more electrical or
power properties for the device are outside of good rang-
es.

[0024] In some embodiments, the device further in-
cludes means for monitoring for occurrence of timeout
conditions for the device, and means to transition the
device to the failsafe mode upon determining that a time-
out condition has occurred.

[0025] In some embodiments, the device further in-
cludes means for monitoring for receipt of failsafe com-
mands, and means for transitioning the device to the fail-
safe mode upon receiving a failsafe command.

[0026] In some embodiments, the device includes
means for initializing or resetting the device; means for
setting the vision accommodation state to the failsafe fo-
cal distance; means for performing a health check for the
device; and means for proceeding to the vision accom-
modation for the optical lens upon successfully complet-
ing the health check. In some embodiments, a default
state for the optical lens is the failsafe focal distance, the
device including means to transition the optical lens to
the failsafe focal distance upon a power loss for the de-
vice.

[0027] In some embodiments, the device includes
means for overriding the accommodation logic in the fail-
safe mode.

[0028] Figure1isafunctional block diagram of an eye-
mountable device 100 with gaze tracking for auto-accom-
modation along with an external reader 105, in accord-
ance with an embodiment of the disclosure. The exposed
portion of eye-mountable device 100 is a flexible lens
enclosure 110 formed to be contact-mounted to a corneal
surface of an eye. A substrate 115 is embedded within
or surrounded by flexible lens enclosure 110 to provide
a mounting surface for a power supply 120, a controller
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125, a sensor system 135, an antenna 140, and various
interconnects 145 and 150. An accommodation actuator
130 is embedded within flexible lens enclosure 110 and
coupledto controller 125 to provide auto-accommodation
to the wearer of eye-mountable device 100. The illustrat-
ed embodiment of power supply 120 includes an energy
harvesting antenna 155, charging circuitry 160, and a
battery 165. The illustrated embodiment of controller 125
includes control logic 170, accommodation logic 175,
communication logic 180, and a memory for storage of
data and instructions 185. The illustrated embodiment of
reader 105 includes a processor 192, an antenna 194,
and memory 186, wherein the memory may include data
storage 188 and program instructions 190.

[0029] In some embodiments, the device further in-
cludes a failsafe subsystem 117, wherein the failsafe
subsystem 117 is to monitor operational indicators for
the device, and is to transition the eye-mountable device
100 to a failsafe mode upon detection of a failure condi-
tionforthe device 100. In some embodiments, the failsafe
subsystem 117 is operable to override the accommoda-
tion logic 175 upon detecting a failure condition. While
the failsafe subsystem 117 is illustrated as being sepa-
rate from other elements of the device 100 for ease of
illustration, in some embodiments portions of the failsafe
subsystem are incorporated into other elements of the
device 100.

[0030] Controller 125 is coupled to receive feedback
control signals from sensor system 135 and further cou-
pled to operate the accommodation actuator 130. Power
supply 120 supplies operating voltages to the controller
125 and/or the accommodation actuator 130. Antenna
140 is operated by the controller 125 to communicate
information to and/or from eye-mountable device 100. In
one embodiment, antenna 140, controller 125, power
supply 120, at least a portion of failsafe subsystem 117,
and sensor system 135 are all situated on the embedded
substrate 115. In one embodiment, accommodation ac-
tuator 130 is embedded within a center region of flexible
lens enclosure 110, butis not disposed on substrate 115.
Because eye-mountable device 100 includes electronics
and is configured to be contact-mounted to an eye, it is
also referred to herein as an ophthalmic electronics plat-
form, a contact lens, or a smart contact lens.

[0031] To facilitate contact-mounting, the flexible lens
enclosure 110 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 eye-mountable
device 100 can be adhered by a vacuum force between
the corneal surface and flexible lens enclosure 110 due
to the concave curvature. While mounted with the con-
cave surface against the eye, the outward-facing surface
of flexible lens enclosure 110 can have a convex curva-
ture that is formed to not interfere with eye-lid motion
while the eye-mountable device 100 is mounted to the
eye. For example, flexible lens enclosure 110 can be a
substantially transparent curved disk shaped similarly to
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a contact lens.

[0032] Flexible lens enclosure 110 can include one or
more biocompatible materials, such as those employed
for use in contact lenses or other ophthalmic applications
involving direct contact with the corneal surface. Flexible
lens enclosure 110 can optionally be formed in part from
such biocompatible materials or can include an outer
coating with such biocompatible materials. Flexible lens
enclosure 110 can include materials configured to mois-
turize the corneal surface, such as hydrogels and the
like. Flexible lens enclosure 110 is a deformable ("non-
rigid") material to enhance wearer comfort. In some in-
stances, flexible lens enclosure 110 can be shaped to
provide a predetermined, vision-correcting optical power,
such as can be provided by a contact lens. Flexible lens
enclosure 110 may be fabricated of various materials in-
cluding a polymeric material, a hydrogel, PMMA, silicone
based polymers (e.g., fluoro-silicon acrylate), or other-
wise.

[0033] Substrate 115 includes one or more surfaces
suitable for mounting sensor system 135, controller 125,
power supply 120, failsafe subsystem 117, and antenna
140. Substrate 115 can be employed both as a mounting
platform for chip-based circuitry (e.g., by flip-chip mount-
ing) and/or as a platform for patterning conductive ma-
terials (e.g., gold, platinum, palladium, titanium, copper,
aluminum, silver, metals, other conductive materials,
combinations of these, etc.) to create electrodes, inter-
connects, antennae, etc. In some embodiments, sub-
stantially transparent conductive materials (e.g., indium
tin oxide or the flexible conductive materials discussed
below) can be patterned on substrate 115 to form circuit-
ry, electrodes, etc. For example, antenna 140 can be
formed by depositing a pattern of gold or another con-
ductive material on substrate 115. Similarly, intercon-
nects 145 and 150 can be formed by depositing suitable
patterns of conductive materials on substrate 115. A
combination of resists, masks, and deposition tech-
niques can be employed to pattern materials on substrate
115. Substrate 115 can be a relatively rigid material, such
as polyethylene terephthalate ("PET") or another mate-
rial sufficient to structurally support the circuitry and/or
electronics within enclosure material 110. Eye-mounta-
ble device 100 can alternatively be arranged with a group
ofunconnected substrates rather than a single substrate.
For example, controller 125 and power supply 120 can
be mounted to one substrate, while antenna 140 and
sensor system 135 are mounted to another substrate and
the two can be electrically connected via interconnects.
[0034] Substrate 115 can be shaped as aflattenedring
with a radial width dimension sufficient to provide a
mounting platform for the embedded electronics compo-
nents. Substrate 115 can have a thickness sufficiently
small to allow the substrate to be embedded in flexible
lens enclosure 110 without adversely influencing the pro-
file of eye-mountable device 100. Substrate 115 can have
a thickness sufficiently large to provide structural stability
suitable for supporting the electronics mounted thereon.
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For example, substrate 115 can be shaped as a ring with
a diameter of about 10 millimeters, a radial width of about
1 millimeter (e.g., an outer radius 1 millimeter larger than
an inner radius), and a thickness of about 50 microme-
ters. Substrate 115 can optionally be aligned with the
curvature of the eye-mounting surface of eye-mountable
device 100 (e.g., convex surface). For example, sub-
strate 115 can be shaped along the surface of an imag-
inary cone between two circular segments that define an
inner radius and an outer radius. In such an example,
the surface of substrate 115 along the surface of the im-
aginary cone defines an inclined surface that is approx-
imately aligned with the curvature of the eye mounting
surface at that radius.

[0035] In some embodiments, power supply 120 and
controller 125 (and the substrate 115) can be positioned
away from the center of eye-mountable device 100 and
thereby avoid interference with light transmission to the
eye through the center of eye-mountable device 110. In
contrast, accommodation actuator 130 can be centrally
positioned to apply optical accommodation to the light
transmitted to the eye through the center of eye-mount-
able device 110. For example, where eye-mountable de-
vice 100 is shaped as a concave-curved disk, substrate
115 can be embedded around the periphery (e.g., near
the outer circumference) of the disk. In some embodi-
ments, sensor system 135 includes one or more discrete
capacitance sensors that are peripherally distributed to
sense the eyelid overlap.

[0036] Intheillustrated embodiment, powersupply 120
includes a battery 165 to power the various embedded
electronics, including controller 125. Battery 165 may be
inductively charged by charging circuitry 160 and energy
harvesting antenna 155. In one embodiment, antenna
140 and energy harvesting antenna 155 are independent
antennae, which serve their respective functions of en-
ergy harvesting and communications. In another embod-
iment, energy harvesting antenna 155 and antenna 140
are the same physical antenna that are time shared for
their respective functions of inductive charging and wire-
less communications with reader 105. Charging circuitry
160 may include a rectifier/regulator to condition the cap-
tured energy for charging battery 165 or directly power
controller 125 without battery 165. Charging circuitry 160
may also include one or more energy storage devices to
mitigate high frequency variations in energy harvesting
antenna 155. For example, one or more energy storage
devices (e.g., a capacitor, an inductor, etc.) can be con-
nected to function as a low-pass filter.

[0037] Controller 125 contains logic to choreograph
the operation of the other embedded components. Con-
trol logic 170 controls the general operation of eye-
mountable device 100, including providing a logical user
interface, power control functionality, etc. Accommoda-
tion logic 175 includes logic for monitoring feedback sig-
nals from sensor system 135, determining the current
gaze direction or focal distance of the user, and manip-
ulating accommodation actuator 130 in response to pro-
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vide the appropriate accommodation. The auto-accom-
modation can be implemented in real-time based upon
feedback from the gaze tracking, or permit user control
to select specific accommodation regimes (e.g., near
field accommodation for reading, far field accommoda-
tion for regular activities, etc.). Communication logic 180
provides communication protocols for wireless commu-
nication with reader 105 via antenna 140. In one embod-
iment, communication logic 180 provides backscatter
communication via antenna 140 when in the presence
of an electromagnetic field 171 output from reader 105.
In one embodiment, communication logic 180 operates
as a smart wireless radio-frequency identification
("RFID") tag that modulates the impedance of antenna
140 for backscatter wireless communications. The vari-
ous logic modules of controller 125 may be implemented
in software/firmware executed on a general purpose mi-
croprocessor, in hardware (e.g., application specific in-
tegrated circuit), or a combination of both.

[0038] Eye-mountable device 100 may include various
other embedded electronics and logic modules. For ex-
ample, a light source or pixel array may be included to
provide visible feedback to the user. An accelerometer
or gyroscope may be included to provide positional, ro-
tational, directional or acceleration feedback information
to controller 125.

[0039] In some embodiments, an eye-mountable de-
vice includes a failsafe logic or subsystem, such as fail-
safe subsystem 117 illustrated in Figure 1, to cause the
device to switch to a failsafe focal distance. In some em-
bodiments, the failsafe logic or subsystem includes one
or more of the following:

(1) Operational Indicators for System Health - In
some embodiments, an eye-mountable device is op-
erable to monitor multiple operational indicators for
the device, and to switch the device to a failsafe
mode including a failsafe focal distance upon the de-
tection of a failure condition. The failsafe focal dis-
tance may be, but is not limited to, a far field focal
distance. In some embodiments, the device includes
a system health detector to monitor the device op-
eration indicators. In some embodiments, one or
more detection circuits for monitoring of the device
are powered using the same supply as the supply
driving the optics.

[0040] As used herein, operational indicators to be
monitored for an eye-mountable device may include but
are not limited to:

(a) Sensor Values - In some embodiments, a system
health detector is to monitor values for multiple sen-
sors and other elements of an eye-mountable de-
vice, and is determine whether any of such values
are outside of a good range. As used herein, a good
range is a range of values that represent a normal
or acceptable condition or operation. Stated in an-
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other way, operating in a good range may mean that
the respective value or values generally are above
or below a certain threshold, are between certain
thresholds (such as above afirstthreshold and below
a second threshold), or are otherwise within a certain
set of values. Further, operating in a good range may
include allowance of certain temporary transient val-
ues that are outside of a normal range for short pe-
riods of time.

[0041] In some embodiments, sensors monitored by
the system health detector may include, but are not lim-
ited to: Accommodation actuator operation sensor; ca-
pacitive sensor or impedance sensor for optics; photodi-
ode (PD) light sensor; conductivity sensor; temperature
sensor; strain sensor; inertial sensor (accelerometer,
magnetometer, gyroscope); and voltage or current de-
tector.

[0042] In some embodiments, the system health de-
tector may further monitor for sensor values with transient
value issues, such as if certain transient properties vary
too quickly or uncharacteristically over time, such as a
collection of values that represent a signal trend that is
uncharacteristic of a device or sensor that is operating
normally. The determination regarding transient proper-
ties may include, but are not limited to, use of FIR (Finite
Impulse Response), IIR (Infinite Impulse, Response), or
other memory-based filter; a non-linear filter; or statistical
analysis or other algorithms.

(b) Vision Accommodation States - In some embod-
iments, the system health detector is to monitor vi-
sion accommodation, and detect the production of
incorrect accommodation values by algorithms or
operations. Incorrectaccommodation values may in-
clude accommodation values that fluctuate or vary
rapidly, or that should not be produced in normal
operating conditions. Among other potential prob-
lems, incorrect accommodation values may be pro-
duced if the calibration of the eye-mountable device
is incorrect, such as in circumstances in which set-
tings for the device are corrupted.

(c) Electrical and Power Issues - In some embodi-
ments, the system health detector is to detect elec-
trical and power issues. In some embodiments, is-
sues include power loss such as a battery issue, high
power usage that may require a shutdown, voltages
or currents outside of good ranges, and other elec-
trical and power conditions.

[0043] In some embodiments, detection of electrical
and power issues includes detection of issues regarding
transient electrical properties. If the transient electrical
properties of the accommodating optic over time move
strangely, this may indicate degradation of the optic, and
thus should result into a failsafe failure into a failsafe focal
distance, such a far field setting. The determination re-
garding transient properties may include, but are not lim-
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ited to, use of FIR, IR, or other memory-based filter; a
non-linearfilter; or statistical analysis or other algorithms.
[0044] In some embodiments, a device includes a
brownoutrecovery flag. In some embodiments, if the chip
browns out with low power conditions, and then recovers,
the device can set a flag to be sent to logic that runs off
of the battery to signal when chip is "healthy and ready
to work"

(2) Timeout Condition - In some embodiments, the
failsafe logic or subsystem may monitor for one or
more timeout conditions that are indicative of a sys-
tem issue. In one example, the system health detec-
tor may sense that a user hasn’t blinked in a certain
amount of time, which may indicate a sensor failure
or, ifany of the multi-bit oranalog inputs of the system
health monitor from the plurality of sensors that feed
it stay at the same value for too long of a period of
time, which behavior may signify a failure in certain
circumstances.

(3) Failsafe Command - In some embodiments, the
failsafe subsystem further includes one or more fail-
safe commands to direct the eye-mountable device
to switch directly to the failsafe mode, thereby switch-
ing to a failsafe focal distance operation and ignoring
algorithm determinations. In some embodiments, a
process is provided overriding the current accom-
modation mode, which may be an automatic accom-
modation mode, alocked accommodation mode pro-
viding near field or far field accommodation, and
moving to the failsafe mode. In some embodiments,
a failsafe command allows a user, who may deter-
mine that the eye-mountable device is potentially op-
erating improperly, to switch from the current accom-
modation mode to the failsafe mode by providing a
manual override command.

In some embodiments, a failsafe command may in-
clude but is not limited to:

(a) A user input command from a user in oper-
ation of the eye-mountable device, such as, for
example, a user blink pattern including, for ex-
ample, blinking a certain number of times in a
certain amount of time. In some embodiments,
a blink pattern may detected by one or more
sensors, such as, but not limited to, capacitive
sensor, photodiode (PD) light sensor, strain sen-
sor, pressure sensor, conductivity sensor, or
temperature sensor. In some embodiments, a,
eye-mountable device includes separate, blink-
detector circuitry to allow operation when other
circuitry fails, and may include a separate power
connection to, for example, to run off of the bat-
tery directly.

Similarly, a userinput may include other contact,
such as a signal on a pressure or strain sensor
or similar mechanism made by tapping on the
eye (or on a closed eyelid) to engage the pres-
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sure or strain sensor.

(b) A radio signal from an external device, such
as a reader device, to communicate with the
eye-mountable device, wherein the external de-
vice may include a handheld device, smart
phone, head/environmentally-mounted radio
communicators, or other device.

(c) Avisible or non-visible (such as infrared) light
signal directed to the eye-mountable device.

(4) Setting to Failsafe Focal Distance on Initialization
or Reset - In some embodiments, the eye-mountable
device includes logic to lock the accommodation into
an initial default failsafe focal distance upon initiali-
zation or reset of the device, wherein the logic does
not release the setting lock until the device com-
pletes a health check. In this manner, the device is
to start in the default failsafe focal distance upon in-
itializing or resetting the eye-mountable device, in-
cluding a re-start of the eye-mountable device.

(5) Failsafe Focal Distance Default Features - In
some embodiments, an eye-mountable device in-
cludes one or more features for ensuring that the
optics of the eye-mountable device reverts to failsafe
focal distance for all powered optics (liquid crystal
diffractive optic, electrowetting optic, MEMS/physi-
cal actuator-based optic, or other optics) when no
power or voltage is applied to such optics. Stated in
another way, the optics are configured such that the
resting state of the optics without stimulation is a
failsafe focal distance, such as a far field state. In
this matter, ifthere is a power loss such that no power
or voltage is applied to the optics, the optics will au-
tomatically rest at failsafe focal distance vision.

[0045] In a particular example, a liquid crystal cell may
be configured to be in the failsafe focal distance state
when no actuation is applied to it. Thus, if the battery
runs out or there is otherwise a power failure, the optical
accommodation enters the failsafe mode, wherein the
optical accommodation is set to the failsafe focal dis-
tance.

[0046] In certain implementations, an optic may be bi-
stable (or more generally multi-stable), indicating that the
optics are stable in two (or more) states, and will remain
in the current state if no stimulus is applied to the optic.
In some embodiments, a lens includes a back-up stimu-
lus to enable the return of the optic to a failsafe focal
distance state upon the loss of power. In some embodi-
ments, the back-up stimulus may include a charge from
a capacitor that is applied to the optic in circumstances
in which the lens is in a near field state (or other non-
failsafe state) and there is a power loss.

[0047] In some embodiments, an eye-mountable de-
vice is to fail in a failsafe mode that includes a command
to lock in the failsafe focal distance. In this manner, upon
the eye-mountable device returning to operation, the de-
vice is set to remain in the failsafe focal distance state.



13 EP 3 155 476 B1 14

[0048] In some embodiments, an eye-mountable de-
vice includes an initial default setting, the device to start
in the default setting upon initializing the eye-mountable
device. In some embodiments, the initial default setting
is to lock the eye-mountable device into the same setting
as the failsafe mode, such setting being the failsafe focal
distance. In this manner, in addition to the operation of
the eye-mountable device on a failure condition, the initial
default setting insures that the device remains in the fail-
safe mode on a re-start of the eye-mountable device.
[0049] Figure 2 is a block diagram to illustrate an eye-
mountable device including a failsafe logic or subsystem
according to an embodiment. Figure 2 is intended to il-
lustrate particular aspects of an eye-mountable device
200 in connection with failsafe operation, and such figure
does not include all elements of the device 200.

[0050] In some embodiments, the eye-mountable de-
vice 200 includes a failsafe logic or subsystem 210, which
may be the failsafe subsystem 117 illustrated in Figure
1. While the elements of the failsafe logic 210 are illus-
trated together for purpose of illustration in Figure 2, such
elements are not necessarily located in a same location
within the device and may not be physically or electrically
connected.

[0051] In some embodiments, the failsafe logic 210 in-
cludes a system health detector to monitor operational
indicators for the device 200, which may include moni-
toring multiple sensors 220, monitoring operation of ac-
commodation logic 225, and monitoring various electrical
and power values, which may include monitoring an an-
alog detection circuit 230. In some embodiments, the an-
alog detection circuit 230 may trip when supply voltages
fall below some threshold (signifying brownout of chip).
[0052] In some embodiments, the failsafe logic 210 in-
cludes a failsafe command logic 214 to receive com-
mands via a receiver or sensor 235 to transfer the device
200 into a failsafe mode. In some embodiments, the fail-
safe command logic may be separate from any normal
command logic for the device. In some embodiments, a
command from a user (such as a manual command) or
from a reader (such as a wireless command), wherein
the reader may be reader 105 illustrated in Figure 1.
[0053] Insomeembodiments, the failsafe logic include
an initialization logic 216 that causes accommodation for
optics 240 to be locked into the failsafe focal distance
setting (which may be, but is not limited to, a far field
state) upon any initialization or reset of the device 200,
and to hold the accommodation in the locked state until
a health check for the device is successfully passed.
[0054] Figure 3 is a flowchart to illustrate a failsafe
process for an eye-mountable device according to an
embodiment. In some embodiments, a failsafe process
300 includes, upon commencing operation or resetting
the eye-mountable device 302, entering an initial setting
including locking the optics of the device into a failsafe
focal distance 304. An initial health check is then per-
formed for the eye-mountable device 306.

[0055] In some embodiments, upon a failure of the in-
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itial health check 308 the eye-mountable device is to en-
ter a failsafe mode, wherein the accommodation for the
device optics is set to a failsafe focal distance state 320.
In some embodiments, the failsafe focal distance is a far
field setting. In some embodiments, upon passing the
initial health check 308, the device enters accommoda-
tion operation 310, wherein the optics of the device are
automatically modified based on current conditions, as
described with regard to Figure 1.

[0056] In some embodiments, upon entering the ac-
commodation operation 310, the device is subject to one
or more failsafe operations. Such operations may oper-
ate simultaneously or in any order. In some embodi-
ments, the device may enter the failsafe mode 320 upon
one or more of the following occurring:

(1) One or more sensor value, accommodation re-
sult, or electrical or power issues being detected 312.
(2) A timeout condition, which may indicate potential
operation problems 314.

(3) Receipt of enter-failsafe command (enter-FS)
from a user or from a reader device that is commu-
nicating with the eye-mountable device 316.

[0057] Insome embodiments, if operation of the device
isrecoverable, the deviceis to remain in the failsafe mode
320, until, for example, receiving a command to exit the
failsafe mode (exit-FS) 324 (if the failsafe mode was en-
tered based on a previous enter-failsafe command 322)
and passing a health check 326, wherein the process
may then return to the accommodation mode 310. In
some embodiments, the process may alternatively re-
main in the failsafe mode 320 until the device is reset or
shut down, and can continue with the commence oper-
ation or reset process 302.

[0058] Further, at any pointin operation, upon a power
failure 330, such as a complete loss of power for the
device, the optics of the device then enter a default, no
power state, wherein the default state for the optics is a
failsafe focal distance setting 332.

[0059] Figure 4A and Figure 4B illustrate two views
of an eye-mountable device 400, in accordance with an
embodiment of the disclosure. Figure 4A is a top view of
eye-mountable device 400 while Figure 4B is a perspec-
tive view of the same. Eye-mountable device 400 is one
possible implementation of eye-mountable device 100
illustrated in Figure 1. In some embodiments, the eye-
mountable device 400 includes a failsafe logic or sub-
system such as illustrated as failsafe subsystem 117 in
Figure 1 or failsafe logic or subsystem 210 in Figure 2.
[0060] The illustrated embodiment of eye-mountable
device 400 includes a flexible lens enclosure 410, a ring
substrate 415, a power supply 420, a controller 425, an
accommodation actuator 430, a capacitive sensor sys-
tem 435, and an antenna 440. It should be appreciated
that Figures 4A and 4B are not necessarily drawn to
scale, but have been illustrated for purposes of explana-
tion only in describing the arrangement of the example
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eye-mountable device 400.

[0061] Flexible lens enclosure 410 of eye-mountable
device 400 is shaped as a curved disk. Flexible lens en-
closure 410 is formed with one side having a concave
surface 411 suitable to fit over a corneal surface of an
eye. The opposite side of the disk has a convex surface
412 that does not interfere with eyelid motion while eye-
mountable device 400 is mounted to the eye. In the illus-
trated embodiment, a circular or oval outer side edge 413
connects the concave surface 411 and convex surface
412.

[0062] Eye-mountable device 400 can have dimen-
sions similar to a vision correction and/or cosmetic con-
tact lenses, such as a diameter of approximately 1 cen-
timeter, and a thickness of about 0.1 to about 0.5 millim-
eters. However, the diameter and thickness values are
provided for explanatory purposes only. In some embod-
iments, the dimensions of eye-mountable device 400 can
be selected according to the size and/or shape of the
corneal surface of the wearer’s eye. Flexible lens enclo-
sure 410 can be formed with a curved shape in a variety
of ways. For example, techniques similar to those em-
ployed to form vision-correction contact lenses, such as
heat molding, injection molding, spin casting, etc. can be
employed to form flexible lens enclosure 410.

[0063] Ring substrate 415 is embedded within flexible
lens enclosure 410. Ring substrate 415 can be embed-
ded to be situated along the outer periphery of flexible
lens enclosure 410, away from the central region where
accommodation actuator 430 is positioned. In the illus-
trated embodiment, ring substrate 415 encircles accom-
modation actuator 430. Ring substrate 415 does not in-
terfere with vision because it is too close to the eye to be
in focus and is positioned away from the central region
whereincidentlightis transmitted to the light-sensing por-
tions of the eye. In some embodiments, ring substrate
415 can optionally be formed of a transparent material
to further mitigate effects on visual perception. Ring sub-
strate 415 can be shaped as a flat, circular ring (e.g., a
disk with a centered hole). The flat surface of ring sub-
strate 415 (e.g., along the radial width) is a platform for
mounting electronics and for patterning conductive ma-
terials to form electrodes, antenna(e), and/or intercon-
nections.

[0064] Capacitive sensor system 435 is distributed
about eye-mountable device 400 to sense eyelid overlap
in a manner similar to capacitive touch screens. By mon-
itoring the amount and position of eyelid overlap, feed-
back signals from capacitive sensor system 435 can be
measured by controller 425 to determine the approximate
gaze direction and/or focal distance. In the illustrated em-
bodiment, capacitive sensor system 435 is formed by a
series of parallel coupled discrete capacitive elements.
Other implementations may be used.

[0065] Accommodation actuator 430 is centrally posi-
tioned within flexible lens enclosure 410 to affect the op-
tical power of eye-mountable device 400 in the user’'s
center of vision. In various embodiments, accommoda-
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tion actuator 430 includes an element that changes its
index of refraction under the influence of flexible conduc-
tive electrodes manipulated by controller 425. By chang-
ing its refractive index, the net optical power of the curved
surfaces of eye-mountable device 400 is altered, thereby
applying controllable accommodation. Accommodation
actuator 430 may be implemented using a variety of dif-
ferent optoelectronic elements. For example, accommo-
dation actuator 430 may be implemented using a layer
of liquid crystal (e.g., a liquid crystal cell) disposed in the
center of flexible lens enclosure 410. In other embodi-
ments, accommodation actuator 430 may be implement-
ed using other types of electro-active optical materials
such as electro-optic materials that vary the refractive
index in the presence of an applied electric field. Accom-
modation actuator 430 may be a distinct device embed-
ded within enclosure material 410 (e.g., liquid crystal
cell), or a bulk material having a controllable refractive
index. In yet another embodiment, accommodation ac-
tuator 430 may be implemented using a deformable lens
structure that changes shape under the influence of an
electrical signal. Accordingly, the optical power of eye-
mountable device 400 is controlled by controller 425 with
the application of electric signals via one or more elec-
trodes extending from controller 425 to accommodation
actuator 430.

[0066] The above description of illustrated embodi-
ments of the invention, including what is described in the
Abstract, is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. While specific
embodiments of, and examples for, the invention are de-
scribed herein for illustrative purposes, various modifica-
tions are possible within the scope of the invention, as
those skilled in the relevant art will recognize.

[0067] These modifications can be made to the inven-
tion in light of the above detailed description. The terms
used in the following claims should not be construed to
limit the invention to the specific embodiments disclosed
in the specification. Rather, the scope of the invention is
to be determined entirely by the following claims, which
are to be construed in accordance with established doc-
trines of claim interpretation.

Claims

1. Aneye-mountable device (100, 200, 400), compris-
ing:

an optical lens (110, 410);

an accommodation actuator (130, 430) config-
ured to provide vision accommodation for the
optical lens;

a controller (125, 425) including an accommo-
dation logic (175, 225) configured to select one
of a plurality of vision accommodation states for
the device, the plurality of vision accommoda-
tion states including at least a failsafe focal dis-
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tance; and
a failsafe subsystem (117, 210) including:

a system health detector (212), the system
health detector configured to monitor one
or more operationaliindicators for identifying
one or more failure conditions of the device;
and

wherein the failsafe subsystem is config-
ured to cause the device to transition to a
failsafe mode upon the failsafe subsystem
identifying a failure condition for the device,
wherein the failsafe mode includes setting
the vision accommodation state to be the
failsafe focal distance;

wherein the monitoring of one or more op-
erational indicators includes monitoring
sensor values, and wherein a failure condi-
tionis detected if one or more sensor values
from each of one or more sensors (135, 220,
235, 435) over a predetermined period of
time are outside of a predetermined range
for each of the one or more sensors.

The device of claim 1, wherein the failsafe focal dis-
tance is a distance vision state.

The device of claim 1, wherein the monitoring of one
or more operational indicators by the system health
detector includes monitoring vision accommodation
results for the device, wherein a failure condition is
detected if the vision accommodation results are in-
correct.

The device of claim 3, wherein the vision accommo-
dation results are incorrect when the vision accom-
modation states selected by the accommodation log-
ic are deemed to vary rapidly.

The device of claim 1, wherein the monitoring of one
or more operational indicators by the system health
detector includes monitoring for electrical or power
issues, and wherein a failure condition is detected if
one or more electrical or power properties for the
device are outside of good ranges.

The device of claim 1, wherein the failsafe subsys-
tem includes logic configured to monitor for a timeout
condition, wherein the failsafe subsystem is config-
uredto transition the device to the failsafe mode upon
determining that a timeout condition has occurred.

The device of claim 6, wherein determining that a
timeout condition has occurred comprises sensing
that a user of the device has not blinked over a period
of time.

The device of claim 1, wherein the failsafe subsys-
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1.

12.

13.

14.

15.

16.

17.

tem includes a failsafe command logic (214) config-
ured to receive a failsafe command for the device,
wherein the failsafe subsystem is configured to tran-
sition the device to the failsafe mode upon receiving
a failsafe command.

The device of claim 8, wherein the failsafe command
comprises a user input command from a user of the
device, wherein the user input command comprises
a blink pattern of a user of the device.

The device of claim 1, wherein the failsafe subsys-
tem includes an initialization logic (216) configured
to cause the vision accommodation state to be set
at the failsafe focal distance upon initialization or re-
set of the device.

The device of claim 10,wherein the initialization logic
is configured to lock the vision accommodation state
in the failsafe focal distance upon initialization or re-
set of the device until one or more conditions are met.

The device of claim 11, wherein the one or more
conditions comprise:

receiving a positive command to exit the failsafe
mode;

waiting for a certain time period; or
successfully completing a health check of the
device.

The device of claim 1, wherein the device comprises
a power supply (120, 420) and a default state for the
optical lens is the failsafe focal distance, wherein the
optical lens is configured to transition to the failsafe
focal distance upon aloss of the power to the device.

The device of claim 1, wherein the failsafe subsys-
tem is configured to override the accommodation
logic to maintain the device in the failsafe mode upon
detecting a failure condition.

The device of claim 1, wherein the failsafe subsys-
tem is configured to override the accommodation
logic to transition the device from a current accom-
modation mode to the failsafe mode upon detecting
a failure condition.

The device of claim 1, wherein the one or more sen-
sors of the failsafe subsystem include at least one
of: an operation sensor coupled to the accommoda-
tion actuator, a capacitive sensor, an impedance
sensor, a photodiode, a conductivity sensor, a tem-
perature sensor, a strain sensor, an inertial sensor,
a voltage detector, or a current detector.

The device of claim 5, further comprising:
a battery (165) coupled to one or more components
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of the eye-mountable device to provide a power sup-
ply for the one or more components of the eye-
mountable device.

The device of claim 1, further comprising:

a battery coupled to the accommodation actua-
tor to power the accommodation actuator; and
a sensor coupled to the battery to measure a
voltage or a current of the battery, wherein the
voltage or the current corresponds to an opera-
tional indicator.

The device of claim 1, wherein the eye-mountable
device includes an analog detection circuit (230)
coupled to one or more components of the eye-
mountable device, and wherein the system health
detector performs further operations including:

monitoring a supply voltage of the one or more
components, wherein the supply voltage corre-
sponds to an operational indicator; and

identifying a brownout of the one or more com-
ponents in response to the supply voltage falling
below a first threshold, wherein the brownout is
indicative of a failure condition being detected.

A method of providing afailsafe operation for an eye-
mountable device (100, 200, 400) according to any
one of claims 1 to 19, comprising:

providing vision accommodation for the optical
lens, including selecting one of the plurality of
vision accommodation states for the device;
monitoring one or more operational indicators
for the device;

upon detecting a failure condition for the device,
transitioning the device to the failsafe mode, the
failsafe mode including establishing the failsafe
focal distance for the vision accommodation
state; and

wherein the monitoring of one or more operation
indicators includes monitoring sensor values,
and wherein a failure condition is detected if one
or more sensor values from each of one or more
sensors (135, 220, 235, 435) over the predeter-
mined period of time are outside of the prede-
termined range for each of the one or more sen-
sors.

The method of claim 20, further comprising:

initializing or resetting the device (302);

setting the vision accommodation state to the
failsafe focal distance (304);

performing a health check for the device (306);
and

upon successfully completing the health check,
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1"

proceeding to the vision accommodation for the
optical lens (310).

Patentanspriiche

1.

Am Auge anbringbare Vorrichtung (100, 200, 400),
umfassend:

eine optische Linse (110, 410);

einen Akkommodationsaktuator (130, 430), der
konfiguriert ist, um Sichtakkommodation fir die
optische Linse bereitzustellen;

eine Steuerung (125, 425), die eine Akkommo-
dationslogik (175, 225) umfasst, die konfiguriert
ist, um einen aus einer Vielzahl von Sichtakkom-
modationszustanden fiir die Vorrichtung auszu-
wahlen, wobei die Vielzahl von Sichtakkommo-
dationszustdnden zumindest eine Ausfallsi-
cherheits-Brennweite umfasst; und

ein Ausfallsicherheits-Untersystem (117, 210),
umfassend:

einen Systemintegritatsdetektor (212), wo-
bei der Systemintegritdtsdetektor konfigu-
riert ist, um ein oder mehrere Betriebsindi-
katoren zum Identifizieren einer oder meh-
rerer Fehlerbedingungen der Vorrichtung
zu identifizieren; und

wobei das Ausfallsicherheits-Untersystem
konfiguriert ist, um zu bewirken, dass die
Vorrichtung in einen Ausfallsicherheits-Mo-
dus Uibergeht, wenn das Ausfallsicherheits-
Untersystem eine Fehlerbedingung fir die
Vorrichtung identifiziert, wobei der Ausfall-
sicherheits-Modus das Einstellen des
Sichtakkommodationszustands als die
Ausfallsicherheits-Brennweite umfasst;
wobei das Uberwachen eines oder mehre-
rer Betriebsindikatoren das Uberwachen
von Sensorwerten umfasst und wobei eine
Fehlerbedingung detektiert wird, wenn ein
oder mehrere Sensorwerte aus jedem von
einem oder mehreren Sensoren (135, 220,
235, 435) Uber eine vorbestimmte Zeitspan-
ne auflerhalb eines vorbestimmten Be-
reichs fir jeden des einen oder der mehre-
ren Sensoren ist/sind.

Vorrichtung nach Anspruch 1, wobei die Ausfallsi-
cherheits-Brennweite ein Fernsichtzustand ist.

Vorrichtung nach Anspruch 1, wobei das Uberwa-
chen eines oder mehrerer Betriebsindikatoren durch
den Systemintegritdtsdetektor das Uberwachen von
Sichtakkommodationsergebnissen fir die Vorrich-
tung umfasst, wobei eine Fehlerbedingung detektiert
wird, wenn die Sichtakkommodationsergebnisse in-
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korrekt sind.

Vorrichtung nach Anspruch 3, wobei die Sichtak-
kommodationsergebnisse inkorrekt sind, wenn die
durch die Akkommodationslogik ausgewahlten
Sichtakkommodationszusténde als schnell variie-
rend erachtet werden.

Vorrichtung nach Anspruch 1, wobei das Uberwa-
chen eines oder mehrerer Betriebsindikatoren durch
den Systemintegritatsdetektor das Uberwachen auf
elektrische oder Leistungsprobleme umfasst und
wobei eine Fehlerbedingung detektiert wird, wenn
eine oder mehrere elektrische oder Leistungseigen-
schaften der Vorrichtung auerhalb guter Bereiche
liegen.

Vorrichtung nach Anspruch 1, wobei das Ausfallsi-
cherheits-Untersystem eine Logik umfasst, die fir
das Uberwachen auf eine Zeitiiberschreitungsbe-
dingung konfiguriert ist, wobei das Ausfallsicher-
heits-Untersystem konfiguriert ist, um die Vorrich-
tung bei Bestimmen, dass eine Zeitiiberschreitungs-
bedingung aufgetreten ist, in einen Ausfallsicher-
heits-Zustand zu Gberfuhren.

Vorrichtung nach Anspruch 6, wobei das Bestim-
men, dass eine Zeituberschreitungsbedingung auf-
getreten ist, das Abflihlen umfasst, dass ein Benut-
zer der Vorrichtung tber eine bestimmte Zeitspanne
nicht geblinzelt hat.

Vorrichtung nach Anspruch 1, wobei das Ausfallsi-
cherheits-Untersystem eine Ausfallsicherheits-Be-
fehlslogik (214) umfasst, die konfiguriert ist, um ei-
nen Ausfallsicherheits-Befehl fiir die Vorrichtung zu
empfangen, wobei das Ausfallsicherheits-Untersys-
tem konfiguriert ist, um die Vorrichtung bei Empfan-
gen eines Ausfallsicherheits-Befehls in den Ausfall-
sicherheits-Modus zu Uberfiihren.

Vorrichtung nach Anspruch 8, wobei der Ausfallsi-
cherheits-Befehl einen Benutzereingabebefehl von
einem Benutzer der Vorrichtung umfasst, wobei der
Benutzereingabebefehl ein Blinzelmuster eines Be-
nutzers der Vorrichtung umfasst.

Vorrichtung nach Anspruch 1, wobei das Ausfallsi-
cherheits-Untersystem eine Initialisierungslogik
(216) umfasst, die konfiguriert ist, um zu bewirken,
dass der Sichtakkommodationszustand bei Initiali-
sierung oder Neustart der Vorrichtung in der Ausfall-
sicherheits-Brennweite eingestellt wird.

Vorrichtung nach Anspruch 10, wobei die Initialisie-
rungslogik konfiguriert ist, um den Sichtakkommo-
dationszustand bei Initialisierung oder Neustart der
Vorrichtung in der Ausfallsicherheits-Brennweite zu
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blockieren, bis eine oder mehrere Bedingungen er-
fullt sind.

Vorrichtung nach Anspruch 11, wobei die eine oder
mehreren Bedingungen Folgendes umfassen:

Empfangen eines positiven Befehls, um den
Ausfallsicherheits-Modus zu verlassen;
Warten fiir eine bestimmte Zeitspanne; oder
erfolgreiches Durchfiihren einer Integritatsiber-
prufung der Vorrichtung.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
eine Leistungsversorgung (120, 140) umfasst und
ein Standardzustand fiir die optische Linse die Aus-
fallsicherheits-Brennweite ist, wobei die optische
Linse konfiguriert ist, um bei einem Leistungszu-
fuhrausfall an die Vorrichtung zur Ausfallsicherheits-
Brennweite iberzugehen.

Vorrichtung nach Anspruch 1, wobei das Ausfallsi-
cherheits-Untersystem konfiguriert ist, um die Ak-
kommodationslogik zu Gibersteuern, um die Vorrich-
tung bei Detektieren einer Fehlbedingung in dem
Ausfallsicherheits-Modus zu halten.

Vorrichtung nach Anspruch 1, wobei das Ausfallsi-
cherheits-Untersystem konfiguriert ist, um die Ak-
kommodationslogik zu Gibersteuern, um die Vorrich-
tung bei Detektieren einer Fehlerbedingung von ei-
nem aktuellen Akkommodationsmodus in den Aus-
fallsicherheits-Modus zu berfihren.

Vorrichtung nach Anspruch 1, wobei der eine oder
die mehreren Sensoren des Ausfallsicherheits-Un-
tersystems zumindest eines der Folgendes um-
fasst/umfassen: ein Betriebssensor, der mit dem Ak-
kommodationsaktuator gekoppeltist, ein kapazitiver
Sensor, ein Impedanzsensor, eine Photodiode, ein
Leitfahigkeitssensor, ein Temperatursensor, ein
Dehnungssensor, ein Tragheitssensor, ein Span-
nungsdetektor oder ein Stromdetektor.

Vorrichtung nach Anspruch 5, weiters umfassend:
eine Batterie (165), die mit einer oder mehreren
Komponenten der am Auge anbringbaren Vorrich-
tung gekoppeltist, um eine Leistungsversorgung flr
die eine oder mehreren Komponenten der am Auge
anbringbaren Vorrichtung bereitzustellen.

Vorrichtung nach Anspruch 1, weiters umfassend:

eine Batterie, die mit dem Akkommodationsak-
tuator gekoppelt ist, um den Akkommodations-
aktuator mit Leistung zu versorgen; und

einen Sensor, der mit der Batterie gekoppelt ist,
um eine Spannung oder einen Strom der Batte-
rie zu messen,
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20.

21.
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wobei die Spannung oder der Strom einem Be-
triebsindikator entspricht.

Vorrichtung nach Anspruch 1, wobei die am Auge
anbringbare Vorrichtung eine analoge Detektions-
schaltung (230) umfasst, die miteiner oder mehreren
Komponenten der am Auge anbringbaren Vorrich-
tung gekoppelt ist, und wobei der Systemintegritats-
detektor weitere Vorgange ausfiihrt, einschlieRlich:

Uberwachen einer Versorgungsspannung der
einen oder mehreren Komponenten, wobei die
Versorgungsspannung einem Betriebsindikator
entspricht; und

Identifizieren eines Spannungseinbruchs der ei-
nen oder mehreren Komponenten als Reaktion
darauf, dass die Versorgungsspannung unter
eine erste Schwelle fallt, wobei der Spannungs-
einbruch ein Indikator dafiir ist, dass eine Feh-
lerbedingung detektiert wird.

Verfahren zum Bereitstellen eines Ausfallsicher-
heits-Betriebs flr eine am Auge anbringbare Vor-
richtung (100, 200, 400) nach einem der Anspriiche
1 bis 19, umfassend:

Bereitstellen von Sichtakkommodation fir die
optische Linse, einschlieBlich Auswahlens ei-
nes der Vielzahl von Sichtakkommodationszu-
sténden fir die Vorrichtung;

Uberwachen eines oder mehrerer Betriebsindi-
katoren fiir die Vorrichtung;

Uberfiihren der Vorrichtung in den Ausfallsi-
cherheits-Modus, wobei der Ausfallsicherheits-
Modus das Festlegen der Ausfallsicherheits-
Brennweite fir den Sichtakkommodationszu-
stand umfasst, bei Detektieren einer Fehlerbe-
dingung fir die Vorrichtung; und

wobei das Uberwachen eines oder mehrerer
Betriebsindikatoren das Uberwachen von Sen-
sorwerten umfasst und wobei eine Fehlerbedin-
gung detektiert wird, wenn ein oder mehrere
Sensorwerte aus jedem des einen oder der
mehreren Sensoren (135, 220, 235, 435) uber
die vorbestimmte Zeitspanne aufllerhalb des
vorbestimmten Bereichs fiir jeden des einen
oder der mehreren Sensoren liegt/liegen.

Verfahren nach Anspruch 20, weiters umfassend:

Initialisieren oder Neustarten der Vorrichtung
(302);

Einstellen des Sichtakkommodationszustands
auf die Ausfallsicherheits-Brennweite (304);
Durchfiihren einer Integritatstberprifung fiir die
Vorrichtung (306); und

Fortschreiten zur Sichtakkommodation fiir die
optische Linse (310) bei erfolgreicher Durchfiih-
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rung der Integritatstberprifung.

Revendications

1.

Dispositif a pose oculaire (100, 200, 400),
comprenant :

une lentille optique (110, 410) ;

un actionneur d’'accommodation (130, 430) con-
figuré de maniére a fournir une accommodation
de la vision pour la lentille optique ;

un contréleur (125, 425) incluant une logique
d’accommodation (175, 225) configurée de ma-
niére a sélectionner un état parmi une pluralité
d’états d’'accommodation de la vision pour le dis-
positif, la pluralité d’états d’'accommodation de
la vision incluant au moins une distance focale
a sécurité intégrée ; et

un sous-systéme a sécurité intégrée (117, 210)
incluant :

un détecteur d’intégrité de systéme (212),
le deétecteur d’intégrité de systéme étant
configuré de maniére a surveiller un ou plu-
sieurs indicateurs de fonctionnement pour
identifier une ou plusieurs conditions de dé-
faillance du dispositif ; et

dans lequel le sous-systéme a sécurité in-
tégrée est configuré de maniére a amener
le dispositif a effectuer une transition vers
unmode a sécurité intégrée lorsque le sous-
systéme a sécurité intégrée identifie une
condition de défaillance pour le dispositif,
dans lequel le mode a sécurité intégrée in-
clut la définition de I'état d’'accommodation
de la vision comme étant la distance focale
a sécurité intégrée ;

dans lequel I'étape de surveillance d’'un ou
plusieurs indicateurs de fonctionnement
consiste a surveiller des valeurs de capteur,
et dans lequel une condition de défaillance
est détectée si une ou plusieurs valeurs de
capteur provenantde chaque capteur parmi
un ou plusieurs capteurs (135, 220, 235,
435) sur une période de temps prédétermi-
née se situent en dehors d’'une plage pré-
déterminée pour chaque capteur parmiledit
un ou lesdits plusieurs capteurs.

Dispositif selon larevendication 1, dans lequel la dis-
tance focale a sécurité intégrée est un état de vision
éloignée.

Dispositif selon la revendication 1, dans lequel I'éta-
pe de surveillance d’un ou plusieurs indicateurs de
fonctionnement par le détecteur d’intégrité de sys-
téme consiste a surveiller des résultats d’accommo-
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25

dation de la vision pour le dispositif, dans lequel une
condition de défaillance est détectée si les résultats
d’accommodation de la vision sont incorrects.

Dispositif selon la revendication 3, dans lequel les
résultats d’accommodation de la vision sont incor-
rects lorsque les états d’accommodation de la vision
sélectionnés par la logique d’accommodation sont
considérés comme variant rapidement.

Dispositif selon la revendication 1, dans lequel I'éta-
pe de surveillance d’'un ou plusieurs indicateurs de
fonctionnement par le détecteur d’intégrité de sys-
téme consiste a surveiller des problemes électriques
ou d’alimentation, et dans lequel une condition de
défaillance est détectée si une ou plusieurs proprié-
tés électriques ou d’alimentation du dispositif se si-
tuent en dehors de plages pertinentes.

Dispositif selon la revendication 1, dans lequel le
sous-systeme a sécurité intégrée inclut une logique
configurée de maniére a surveiller une condition de
fin de temporisation, dans lequel le sous-systeme a
sécurité intéegrée est configuré de maniére a faire
passer le dispositif en mode a sécurité intégrée lors-
qu’une condition de fin de temporisation s’est pro-
duite.

Dispositif selon la revendication 6, dans lequel I'éta-
pe consistant a déterminer qu’une condition de fin
de temporisation s’est produite comprend I'étape
consistant a détecter qu’un utilisateur du dispositif
n’a pas cligné des yeux au cours d’une période de
temps.

Dispositif selon la revendication 1, dans lequel le
sous-systeme a sécurité intégrée inclut une logique
de commande a sécurité intégrée (214) configurée
de maniére a recevoir une commande a sécurité in-
tégrée pour le dispositif, dans lequel le sous-systeme
a sécurité intégrée est configuré de maniére a faire
passer le dispositif en mode a sécurité intégrée lors-
qu’est recue une commande a sécurité intégrée.

Dispositif selon la revendication 8, dans lequel la
commande a sécurité intégrée comprend une com-
mande d’entrée utilisateur provenant d’un utilisateur
du dispositif, dans lequel la commande d’entrée uti-
lisateur comprend un motif de clignement d’oeil d’'un
utilisateur du dispositif.

Dispositif selon la revendication 1, dans lequel le
sous-systeme a sécurité intégrée comprend une lo-
gique d’initialisation (216) configurée de maniére a
amener I'état d'accommodation de la vision a étre
réglé sur la distance focale a sécurité intégrée suite
a l'initialisation ou de la réinitialisation du dispositif.
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15.

16.
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18.

26

Dispositif selon la revendication 10, dans lequel la
logique d'initialisation est configurée de maniére a
verrouiller I'état d’accommodation de la vision sur la
distance focale a sécurité intégrée suite a l'initialisa-
tion ou a la réinitialisation du dispositif, jusqu’a ce
gu’une ou plusieurs conditions soient satisfaites.

Dispositif selon la revendication 11, dans lequel une
ou plusieurs conditions comprennent les étapes ci-
dessous consistant a :

recevoir une commande positive visant a sortir
du mode a sécurité intégreée ;

attendre une période de temps donnée ; ou
mener a bien un contréle d’intégrité du dispositif.

Dispositif selon larevendication 1, dans lequel le dis-
positif comprend une alimentation électrique (120,
420), et dans lequel un état par défaut pour la lentille
optique est la distance focale a sécurité intégrée,
dans lequel la lentille optique est configurée de ma-
niere a effectuer une transition vers la distance fo-
cale a sécurité intégrée lors d’'une perte de I'alimen-
tation du dispositif.

Dispositif selon la revendication 1, dans lequel le
sous-systéme a sécurité intégrée est configuré de
maniére a écraser la logique d’'accommodation afin
de maintenir le dispositif en mode a sécurité intégrée
suite a la détection d’'une condition de défaillance.

Dispositif selon la revendication 1, dans lequel le
sous-systéme a sécurité intégrée est configuré de
maniére a écraser la logique d’'accommodation pour
faire passer le dispositif d’'un mode d’accommoda-
tion en cours au mode a sécurité intégrée suite a la
détection d’une condition de défaillance.

Dispositif selon la revendication 1, dans lequel ledit
un ou lesdits plusieurs capteurs du sous-systéme a
sécurité intégréeincluentau moins'undes éléments
parmi : un capteur de fonctionnement couplé a I'ac-
tionneur d’accommaodation, un capteur capacitif, un
capteur d'impédance, une photodiode, un capteur
de conductivité, un capteur de température, un cap-
teur de contrainte, un capteur inertiel, un capteur de
tension, ou un détecteur de courant.

Dispositif selon la revendication 5, comprenant en
outre :

une batterie (165) couplée a un ou plusieurs com-
posants du dispositif a pose oculaire en vue de four-
nirune alimentation électrique pour ledit un ou lesdits
plusieurs composants du dispositif a pose oculaire.

Dispositif selon la revendication 1, comprenant en
outre :
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une batterie couplée al'actionneur d’accommo-
dation pour alimenter I'actionneur
d’accommodation ; et

un capteur couplé a la batterie pour mesurer une
tension ou un courant de la batterie, dans lequel
la tension ou le courant correspond a un indica-
teur de fonctionnement.

28

initialiser ou réinitialiser le dispositif (302) ;
définir I'état d'accommodation de la vision sur
la distance focale a sécurité intégrée (304) ;
mettre en oeuvre un contréle d’intégrité pour le
dispositif (306) ; et

lorsque le contréle d’intégrité a été mené a bien,
procéder a 'accommodation de la vision pour la

lentille optique (310).
19. Dispositif selon larevendication 1, dans lequel le dis-
positif a pose oculaire inclut un circuit de détection 70
analogique (230) couplé a un ou plusieurs compo-
sants du dispositif a pose oculaire, et dans lequel le
détecteur d’intégrité de systeme met en oeuvre des
opérations supplémentaires consistant a :

15
surveiller une tension d’alimentation dudit un ou
desdits plusieurs composants, dans lequel la
tension d’alimentation correspond a un indica-
teur de fonctionnement ; et
identifier une perte de tension dudit un ou des- 20
dits plusieurs composants en réponse ala chute
de la tension d’alimentation en dessous d’'un
premier seuil, dans lequel la perte de tension
indique qu’une condition de défaillance a été dé-
tectée. 25

20. Procédé de fourniture d’'un fonctionnement a sécu-
rité intégrée pour un dispositif a pose oculaire (100,
200,400) selon I'une quelconque des revendications
1a19, comprenantles étapes ci-dessous consistant 30
a:

fournir une accommodation de la vision pour la

lentille optique, notamment sélectionner un état

parmi la pluralité d’états d’accommodationdela 35

vision pour le dispositif ;

surveiller un ou plusieurs indicateurs de fonc-

tionnement pour le dispositif ;

suite a la détection d’une condition de défaillan-

ce pour le dispositif, effectuer une transition du 40

dispositif vers le mode a sécurité intégrée, le

mode a sécurité intégrée incluant I'établisse-

ment de la distance focale a sécurité intégrée

pour I'état d'accommodation de la vision ; et

dans lequel I'étape de surveillance d’'un ou plu- 45

sieurs indicateurs de fonctionnement consiste a

surveiller des valeurs de capteur, et dans lequel

une condition de défaillance est détectée si une

ou plusieurs valeurs de capteur provenant de

chaque capteur parmi un ou plusieurs capteurs 50

(135, 220, 235, 435) sur une période de temps

prédéterminée se situent en dehors de la plage

prédéterminée pour chaque capteur parmi ledit

un ou lesdits plusieurs capteurs.

55
21. Procédé selon la revendication 20, comprenant en
outre les étapes ci-dessous consistant a :

15
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