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(

transmitting, by a first processor disposed inoron a
first ophthalmic device, first data to a second
processor disposed in or on a second ophthalmic
device:

604
(

transmitting, by the second processor,
second data to the first processor;

{— 606
determining, by the first processor and during a time :

pariod, a first characteristic of a user based on at least
the second data; and |

608
;

determining, by the second processor and
during the time period, a second
characteristic of the user based on at ieast
the first data.




US 2020/0064658 A1l

LOAD BALANCING OPHTHALMIC
OPERATIONS METHOD AND SYSTEM

TECHNICAL FIELD

[0001] The present disclosure relates to ophthalmic
devices having embedded controlling elements, and more
specifically, to the embedded controlling elements and
method for using the same to balance energy load between
wearable ophthalmic devices.

BACKGROUND

[0002] Near and far vision needs exist for all. In young
non-presbyopic patients, the normal human crystalline lens
has the ability to accommodate both near and far vision
needs and those viewing items are in focus. As one ages, the
vision is compromised due to a decreasing ability to accom-
modate as one ages. This is called presbyopia.

[0003] Adaptive optics/powered lens products are posi-
tioned to address this and restore the ability to see items in
focus. But, what is required is knowing when to “activate/
actuate” the optical power change. While a manual indica-
tion or use of a key fob to signal when a power change is
required is one way to accomplish this change. However,
leveraging anatomical/biological conditions/signals may be
more responsive, more user friendly and potentially more
“natural” and thus more pleasant.

[0004] A number of things happen when we change our
gaze from far to near. Our pupil size changes, our line of
sight from each eye converge in the nasal direction coupled
with a somewhat downward component as well. However, to
sense/measure these items are difficult, one also needs to
filter out certain other conditions or noise, (e.g., blinking,
what to do when one is lying down, or head movements).

[0005] Inreference to FIG. 4, when observing an object in
each eye the visual axis points toward the object or Target.
Since the two eyes are spaced apart (distance b) and the focal
point is in front, a triangle is formed. Forming a triangle
allows the relationship of angles (61, and 6R) of each visual
axis to the distance (Y) the object is from the eyes to be
determined. Since the distance (Y) is what determines if a
change in optical power is required, then knowing the angles
and the distance between the eyes and using simple math
would allow a system to make a decision regarding when to
change the optical power.

[0006] Sensing of multiple items may be required to
remove/mitigate any false positive conditions that would
indicate a power change is required when that is not the case.
Use of an algorithm may be helpful. Additionally, threshold
levels may vary from patient to patient, thus some form of
calibration will likely be required as well.

[0007] A user may use multiple ophthalmic devices, such
as one for each eye. However, if load is not properly
balanced between the ophthalmic devices, then one ophthal-
mic device may lose power before the other. Thus, there is
a need for more sophisticated ophthalmic devices that bal-
ance processing and communication load to prevent one
device from losing power before the others.

SUMMARY

[0008] A system of the present disclosure comprises a first
ophthalmic device configured to be disposed adjacent an eye
of a user, and a first sensor system disposed in or on the first
ophthalmic device, the first sensor system comprising a first
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sensor and a first processor operably connected to the first
sensor and configured to alternate between a primary mode
and a secondary mode; during the primary mode, the first
processor is configured to receive first data from one or more
of the first sensor and a second sensor system disposed in a
second ophthalmic device, determine a first characteristic of
the user based on at least the first data, and transmit the first
characteristic of the user to the second sensor system; and
during the secondary mode, the first processor is configured
to transmit second data to the second sensor system and
receive a second characteristic of the user from the second
sensor system, wherein the second sensor system determines
the second characteristic of the user based on at least the
second data.

[0009] According to another aspect of the present disclo-
sure, a system including a first ophthalmic device configured
to be disposed adjacent a first eye of a user, the first
ophthalmic device comprising a first sensor system, the first
sensor system comprising a first sensor and a first processor
operably connected to the first sensor; a second ophthalmic
device configured to be disposed adjacent a second eye of
the user, the second ophthalmic device comprising a second
sensor system, the second sensor system comprising a
second sensor and a second processor operably connected to
the second sensor; the first processor is configured to receive
first data from the second sensor system and determine a first
characteristic of the user during a time period based on at
least the first data; and the second processor is configured to
receive second data from the first sensor system and deter-
mine a second characteristic of the user during the time
period based on at least the second data.

[0010] According to another aspect of the present disclo-
sure, a method including transmitting, by a first processor
disposed in or on a first ophthalmic device, first data to a
second processor disposed in or on a second ophthalmic
device; transmitting, by the second processor, second data to
the first processor; determining, by the first processor and
during a time period, a first characteristic of a user based on
at least the second data; and determining, by the second
processor and during the time period, a second characteristic
of the user based on at least the first data.

BRIEF DESCRIPTION OF THE OF THE
DRAWINGS

[0011] FIG. 1 shows an exemplary implementation
according to an embodiment of the present disclosure.
[0012] FIG. 2 shows a flowchart according to an embodi-
ment of the present disclosure.

[0013] FIG. 3 shows another exemplary implementation
according to an embodiment of the present disclosure.
[0014] FIG. 4 shows an example of focus determination.
[0015] FIG. 5 shows another flowchart according to an
embodiment of the present disclosure.

[0016] FIG. 6 illustrates a flow diagram according to
aspects of the present disclosure

DETAILED DESCRIPTION

[0017] Before explaining at least one embodiment of the
disclosure in detail, it is to be understood that the disclosure
is not limited in its application to the details of construction
and the arrangement of the components set forth in the
following description or illustrated in the drawings. The
disclosure is applicable to other embodiments or of being
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practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed
herein is for the purpose of description and should not be
regarded as limiting. As will be appreciated by one skilled
in the art, aspects of the present disclosure may be embodied
as a system, method or computer program product.

[0018] The present methods and systems relate to an
ophthalmic system comprising one or more ophthalmic
devices, such as a system comprising at least one ophthalmic
device for each eye of a user. In such a system, sharing load
between devices can be important to battery consumption.
Both devices may be important (e.g., or necessary) for the
functioning of the system. If one devices battery goes out
before the other, both may no longer able to function. The
present methods and systems can account for drains on the
power supply when making decisions on load balancing.
Drains on the power can comprise, for example, numerical
processing energy consumption and the communication
system’s consumption.

[0019] Load balancing can be utilized for any operation
performed by an ophthalmic device, such as a filtering
operation, calculation, communication operation, and/or the
like. For example, calculations are used to make a decision
regarding accommodation, especially in the context of a
vergence accommodation method. Load balancing can be
utilized in the determination of which ophthalmic device
(e.g., of a pair of ophthalmic devices disposed in or on a user
eyes) is going to perform the computation and how the
information is shared.

[0020] As an illustration, because everyone’s eyes are a bit
different, (e.g., pupil spacing and location, lens-on-eye posi-
tion, etc.), even at a fixed close distance, initial vergence
angles will differ from patient to patient. It is important once
ophthalmic devices (e.g., lenses) are placed in or on the eye
to calibrate what the initial vergence angle is, so that
differences in this angle can be assessed while in service.
This value can be used for subsequent calibration calcula-
tions. Load balancing can be used to in both the calibration
process as well as other processes disclosed herein, such as
customization of accommodation threshold, another other
calculations related to eye gaze. accommodation, vergence
(e.g., convergence, divergence), and/or the like.

[0021] Now referring to FIG. 1, an exemplary implemen-
tation shows a system (e.g., sensor system) according to an
embodiment of the present disclosure. The system can be
disposed in or on an ophthalmic device. The ophthalmic
device can comprise a contact lens or an implantable lens, or
a combination of both. The ophthalmic device can be
configured to be disposed adjacent an eye of a user. Adjacent
to the eye may comprise disposed on a surface of the eye, in
contact with the eye, resting on the eye, supported by the
eye, disposed in a liquid on a surface of the eye, and/or the
like. The contact lens comprises a soft or hybrid contact lens.
The ophthalmic device can be part of a system of at least two
ophthalmic devices, as shown in FIG. 3.

[0022] A system controller 101 controls an activator 112
(e.g., lens activator) that changes the adaptive optics/pow-
ered lens (see FIG. 3) to control the ability to see both near
and far items in focus. The system controller 101 may
comprise a processor, memory, and/or the like. The system
controller 101 (e.g., the processor) may be operably coupled
to a sensor element 109. The system controller 101 may
receive signals 102 (e.g., data signals, control signals) from
the sensor system 109.
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[0023] The sensor element 109 can comprise a plurality of
sensors (103, 105 and 107). Examples of sensors can com-
prise a multidimensional sensor, a capacitive sensor, an
impedance sensor, an accelerometer, a temperature sensor, a
displacement sensor, a neuromuscular sensor, an electro-
myography sensor, a magnetomyogtraphy sensor, a phono-
myography, or a combination thereof. The plurality of
sensors (103, 105 and 107) can comprise a lid position
sensor, a blink detection sensor, a gaze sensor, a divergence
level sensor, an accommodation level sensor, a light sensor,
a body chemistry sensor, neuromuscular sensor, or a com-
bination thereof. The plurality of sensors (103, 105 and 107)
can comprise one or more contacts configured to make direct
contact with tear film of an eye of the user.

[0024] As an illustration, the plurality of sensors (103, 105
and 107) can comprise a first sensor 103, such as a first
multidimensional sensor that includes an X-axis accelerom-
eter. The plurality of sensors (103, 105 and 107) can
comprise a second sensor 105, such as a second multidi-
mensional sensor that includes a Y-axis accelerometer. The
plurality of sensors (103, 105 and 107) can comprise a third
sensor 107, such as a third multidimensional sensor that
includes a Z-axis accelerometer. The plurality of sensors
(103, 105 and 107) further provide calibration signals 105 to
a calibration controller 110. The calibration controller 110
conducts a calibration sequence based on the calibration
signals from the plurality of multidimensional sensors (103,
105 and 107) as a result of user actions which is sensed by
the plurality of multidimensional sensors (103, 105 and 107)
and provides calibration control signals to the system con-
troller 101. The system controller 101 further receives from
and supplies signals to communication elements 118. Com-
munication elements 118 allow for communications
between user lens and other devices such a near-by smart-
phone. A power source 113 supplies power to all of the
above system elements. The power source can comprise a
battery. The power sources may be either a fixed power
supply, wireless charging system, or may be comprised of
rechargeable power supply elements. Further functionality
of the above embedded elements is described herein.
[0025] As another embodiment, the three axis accelerom-
eters can be replaced by a three-axis magnetometer. Cali-
bration would be similar because each axis would poten-
tially require calibration at each extreme of each axis.
[0026] In the context of using sensors to determine ver-
gence, specifically accelerometers, there are opportunities to
calibrate. Offsets, due to the micro-electromechanical sys-
tems (MEMS) and/or due to the electronics, mounting on the
interposer, etc. can cause variations with the algorithms and
thus cause some errors in the measurement of vergence. In
addition, human anatomy from person to person, is different.
For instance, eye to eye space can vary from 50 to 70 mm
and can cause a change in trigger points based on eye
spacing alone. So there is a need to take some of these
variables out of the measurement, thus calibration and
customization performed by the current embodiment when
the lens are on the user. This serves to improve the user
experience by both adding the preferences of the user and to
reduce the dependencies of the above-mentioned variations.
[0027] The plurality of sensors (103, 105 and 107) can
measure acceleration both from quick movements and from
gravity (9.81 m/s%). The plurality of sensors (103, 105 and
107) usually produce a code that is in units of gravity (g).
The determination of vergence depends on the measurement
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of gravity to determine position, but other methods may
depend on the acceleration of the eye. There are going to be
differences and inaccuracies that will require base calibra-
tion before use calibration.

[0028] The current embodiment uses three sensors on each
ophthalmic device. However, calibration may be done using
two sensors, e.g., the first sensor 103 (e.g., X-axis acceler-
ometer) and the second sensor 105 (e.g., Y-axis accelerom-
eter). In either embodiment, each accelerometer has a full
scale plus, full scale minus, and zero position. The errors
could be offset, linearity, and slope errors. A full calibration
would calibrate to correct all three error sources for all of
axes sensors being used.

[0029] One way to calibrate the sensors is to move them
such that each axis is completely perpendicular with gravity,
thus reading 1 g. Then the sensor would be turned 180
degrees and it should read -1 g. From two points, the slope
and intercept can be calculated and used to calibrate. This is
repeated for the other two sensors. This is an exhaustive way
of calibrating the sensors and thus calibrating the vergence
detection system.

[0030] Another way is to reduce the calibrate effort for the
lens is to have the wearer do just one or two steps. One way
is to have the wearer look forward, parallel to the floor, at a
distance wall. Measurements taken at this time can be used
to determine the offset of each axis. Determining the offset
for each axis in the area where the user will spend most of
the time provides a greater benefit to maintain accuracy.
[0031] Given that everyone is a little different, customiz-
able features can prove a better user experience for all users
than a one size fits all approach. When using the lens with
just two modes, accommodation and gaze, then the point
where this is a switch from gaze to accommodation one can
have several parameters in addition to the switching thresh-
old that would affect the user experience.

[0032] The threshold going from gaze to accommodation
is depended on the user, the user’s eye condition, the
magnification of the lens, and the tasks. For reading, the
distance between the eye and book is about 30 cm, where
computer usage is about 50 cm. A threshold set for 30 cm
wouldn’t work well for computer work, but 50 cm would
work for both. However, this longer threshold could be
problematic for other tasks by activating too early, depend-
ing on the magnification and the user’s own eye condition.
Thus, the ability to alter this threshold, both when the lens
is first inserted and at any time afterwards as different
circumstances could require different threshold points, pro-
vides the user customization to improve visibility, comfort
and possibly safety. Even having several present thresholds
is possible and practical, where the user would choose using
the interfaces described here 10 select a different threshold.
In addition, the user could alter the threshold or other
parameters by re-calibrating per the embodiments of the
present disclosure as described hereafter.

[0033] Still referring to FIG. 1, switching from gaze to
accommodation, the system uses the threshold as the acti-
vation point. However, going from accommodation to gaze
the threshold is shifted to a greater distance, which is called
hysteresis. Accounting for hysteresis is added in order to
prevent uncertainty when the user is just at the threshold and
there are small head movements which may cause it to
switch from gaze to accommodation to gaze, etc. Most
likely, the user will be looking at a distant target when he
wants to switch, so the changing of the threshold is accept-
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able. The hysteresis value can be determined in several
ways: one, the doctor fitting the lenses can change it, two,
the user can change this value via a lens interface, and three,
an adaptive algorithm can adjust it based on the habits of the
user

[0034] Custom Modes are common now in cars, i.e. sport,
economy, etc. which allow the user to pick a mode based on
anticipated activity where the system alters key parameters
to provide the best experience. Custom Modes are also
integrated into the lens of the current embodiments. Cali-
bration and customization settings can be optimized for a
given mode of operation. If the user is working in the office,
it is likely that the user will need to go between states (gaze
and accommodation), or even between two different ver-
gence distances because of the nature of the tasks. Changes
in the threshold, hysteresis, noise immunity, and possible
head positions would occur to provide quicker transitions,
possible intermediate vergence positions, and optimization
for computer tasks, as well as, tasks that there is a lot if
switching between gaze and accommodation. Thus, options
to switch the lens into different modes to optimize the lens
operation can provide an enhanced user experience. Further-
more, in an “Exercise” mode, the noise filtering is increased
to prevent false triggering and additional duration of positive
signal is required before switching to prevent false switching
of the lens being triggered by stray glances while running.
A “Driving” mode might have the lens being configured for
distant use or on a manual override only. Of course, various
other modes that could be derived as part of the embodi-
ments of the present disclosure.

[0035] In today’s world, the smart phone is becoming a
person’s personal communications, library, payment device,
and connection to the world. Apps for the smartphone cover
many areas and are widely used. One possible way to
interact with the lens of the present disclosure is to use a
phone app. The app could provide ease of use where written
language instructions are used and the user can interact with
the app providing clear instructions, information, and feed-
back. Voice activation options may also be included. For
instance, the app provides the prompting for the sensor
calibrations by instructing the user to look forward and
prompting the user to acknowledge the process start. The
app could provide feedback to the user to improve the
calibration and instruct the user what to do if the calibration
is not accurate enough for optimal operation. This would
enhance the user experience.

[0036] Additional indicators, if the smart phone was not
available, can be simple responses from the system to
indicate start of a calibration cycle, successful completion,
and unsuccessful completion. Methods to indicate operation
include, but are not limited to, blinking lights, vibrating
haptics drivers, and activating the lens. Various patterns of
activation of these methods could be interpreted by the user
to understand the status of the lens. The user can use various
methods to signal the lens that he/she is ready to start or
other acknowledgements. For instance, the lens could be
opened and inserted into the eyes awaiting a command.
Blinks or even closing one’s eyes could start the process.
The lens then would signal the user that it is starting and then
when it finishes. If the lens requires a follow-up, it signals
the user and the user signals back with a blink or eye closing.
[0037] The system controller 101 can be configured to
perform a load balancing procedure. For example, the sys-
tem can comprise at least two ophthalmic devices, as shown



US 2020/0064658 A1l

later in FIG. 3. For purposes of illustration multiple oph-
thalmic devices are described, one or more (or each) of
which can be an ophthalmic device as shown in FIG. 1. For
example, a first ophthalmic device can be configured to be
disposed adjacent a first eye of a user. As illustrated in FIG.
1, the first ophthalmic device can comprise a first sensor
system. The first sensor system can comprise a first sensor
and a first processor operably connected to the first sensor.
A second ophthalmic device can be configured to be dis-
posed adjacent a second eye of the user. The second oph-
thalmic device can comprise a second sensor system. The
second sensor system can comprise a second sensor and a
second processor operably connected to the second sensor.

[0038] The load balancing procedure can comprise any
combination of at least two processing modes. The at least
two processing modes can comprise a primary mode (e.g.,
full processing mode). While in primary mode, the ophthal-
mic device can receive data from one or more other oph-
thalmic devices, process the data, transmit an output of the
processing, a combination thereof, and/or the like. The at
least two processing modes can comprise a secondary mode
(e.g., low power mode, partial processing mode, drone
mode). While in the secondary mode, the ophthalmic device
can be configured to receive and/or transmit data to another
ophthalmic device that is operating in primary mode. While
in secondary mode, the ophthalmic device can also imple-
ment instructions (e.g., adjust lens, modify power levels,
change characteristic of the user, such as eye gaze, eye
vergence, accommodation parameters) from another oph-
thalmic device.

[0039] In a duval-primary configuration, at least two oph-
thalmic devices can be configured to operate (e.g., simulta-
neously) in a primary mode. The at least two ophthalmic
devices can be configured to each receive data from each
other and perform the same or different processing based on
the data. For example, a time period can be determined (e.g.,
based on a schedule, based on a synchronized clock, via a
message from another ophthalmic device). During the time
period, each of the at least two ophthalmic devices can
perform a processing cycle. The processing cycle can com-
prise receiving data, processing the data, transmitting the
data, a combination thereof, and/or the like. The received
data can comprise an output of processing (e.g., by a
different ophthalmic device) during a prior time period (e.g.,
a prior processing cycle). As a further explanation, the first
processor can be configured to receive first data from the
second sensor system. The second processor can determine
a first characteristic of the user during a time period based
on at least the first data. Example characteristics of the user
are described further herein. The second processor can be
configured to receive second data from the first sensor
system. The second processor can determine a second char-
acteristic of the user during the time period based on at least
the second data. The first characteristic can be the same as
the second characteristic. For example, both the second
processor and the first processor can apply the same pre-
defined function to the same or similar data. The first
characteristic can be different from the second characteristic.
For example, both the second processor and the first pro-
cessor can apply the same predefined function or different
functions to the same data, similar data, or different data.

[0040] In a primary-secondary configuration, one of the
ophthalmic devices can operate in a primary mode while the
other of the ophthalmic devices operates in a secondary
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mode. The ophthalmic devices can switch between primary
mode and secondary mode. As a further explanation, the first
processor can be configured to switch between the primary
mode and the secondary mode to balance a processing load
between the first ophthalmic device and the second ophthal-
mic device. For example, the first processor can be config-
ured to operate in the primary mode while a second proces-
sor of the second ophthalmic device operates in a
corresponding secondary mode. The first processor can be
configured to operate in the secondary mode while the
second processor of the second ophthalmic device operates
in a corresponding primary mode.

[0041] As a further explanation, during the primary mode,
the first processor can be configured to receive first data
from one or more of the first sensor and a second sensor
system disposed in a second ophthalmic device, determine a
first characteristic of the user based on at least the first data,
transmit the first characteristic of the user to the second
sensor system, a combination thereof, and/or the like. Dur-
ing the secondary mode, the first processor can be config-
ured to transmit second data to the second sensor system
and/or receive a second characteristic of the user from the
second sensor system. The second sensor system can deter-
mine the second characteristic of the user based on at least
the second data. The first characteristic can be the same as
the second characteristic. The first characteristic and/or
second characteristic of the user can be determined based on
a predefined function. For example, both the second pro-
cessor and the first processor can apply the predefined
function to the same or similar data. The first characteristic
can be different from the second characteristic. For example,
both the second processor and the first processor can apply
the same predefined function or different functions to the
same data, similar data, or different data.

[0042] Switching between primary mode and secondary
mode can be performed based on a load balancing con-
straint. The load balancing constraint can specify that
switching between modes occurs after a predefined number
of processing cycles (e.g., 1, 2, 5, 10, 100, 100, or any other
number), after a predefined amount of energy is consumed
(e.g., by the device in the primary mode), after a predefined
amount of battery life remains, after performing a predefined
sequence of operations, a combination thereof, and/or the
like.

[0043] To help quantify this concept, the following defi-
nitions are proposed: 1) a full calculation consumes 1 CPU
energy unit and 2) a communication (TX and/or RX) cycle
consumes 1 COM energy unit. The dual-primary configu-
ration and the primary-secondary configuration are illus-
trated as follows via these definitions.

[0044] In the dual-primary configuration, a first ophthal-
mic device can communicate with the second ophthalmic
device to transmit data from the first ophthalmic device. The
second ophthalmic device can also communicate with the
first ophthalmic device to transmit data from the second
ophthalmic device. Both the first ophthalmic device and the
second ophthalmic device can calculate outputs using the
same algorithm (e.g., predefined function). Both the first
ophthalmic device and the second ophthalmic device can
reach the same conclusion and act accordingly. The total
energy consumption during a time period (e.g., a processing
cycle) can be two COMs and two CPUs with each device
consuming one CPU and one COM via the device’s respec-
tive battery. Data can be shared between the ophthalmic
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devices. For example, all data in the system can located at
both the first ophthalmic device and the second ophthalmic
device. The data may be used (e.g., in some cases, required)
for certain algorithms (e.g., functions, calculations) and
filters. The energy usage can be represented as follows:

Total energy/cycle=2*CPU+2*COM

Device Energy/cycle=CPU+COM

[0045] The primary-secondary configuration can comprise
selecting one ophthalmic device to perform calculations
(e.g., for a current measurement) for multiple ophthalmic
devices, and then switching (e.g., back and forth) which
ophthalmic device performs the calculations. Communica-
tions between the ophthalmic devices can send data from the
current secondary ophthalmic device (e.g., device not per-
forming calculations) to the current primary ophthalmic
device. In addition, communications can send instructions
back to the second ophthalmic device after the calculation is
complete. If a filter or other calculation requires previous
information, then at least one set of data can be sent from the
previous primary ophthalmic device to the present ophthal-
mic device. The energy usage for this scenario can be
represented as follows:

Total energy/cycle=CPU+3*COM
Primary Device Energy/cycle=CPU+2*COM

Secondary Device Energy/cycle=1COM

[0046] Over time, the ophthalmic devices can switch
between which device is in primary mode and which device
is in secondary mode to balance out energy usage between
the ophthalmic devices. For example, each of the ophthalmic
devices may monitor energy usage and/or battery level. The
energy usage and/or battery level may be communicated
from one ophthalmic device to another. If the battery life
drops below a threshold for one of the ophthalmic devices
(e.g., the one in primary mode), the ophthalmic device may
request that the other ophthalmic device (e.g., the one in
secondary mode) take on a larger processing load (e.g.,
change to a primary mode).

[0047] By way of comparison, the dual-primary configu-
ration may use more or less total energy than the primary-
secondary configuration, depending on the relative cost
between the CPU and COM unit energy. For example, if 1
COM=1 CPU, then the two methods use the same energy. If
COM is less than CPU, then the other method would be
better. In addition, the dual-primary configuration can main-
tain more data for filtering and may be simpler to implement
in an already complicated system.

[0048] The processing of data performed while in primary
mode can comprise any operation, such as filtering (e.g.,
filtering noise), determining a measurement, determining a
characteristic of a user, a combination thereof, and/or the
like. The characteristic (e.g., first characteristic, second
characteristic) of the user can comprise an eye vergence
parameter (e.g., a vergence angle), a calibration parameter
(e.g., sensor calibration setting), an accommodation param-
eter (e.g., accommodation threshold), an eye gaze parameter,
an indication of a medical condition (e.g., a predisposition,
a disease) a trigger (e.g., gaze value, divergence angle, light
level, blink sequence) related to the user (e.g., for entering
a specialized operation mode, such as a custom mode),
and/or any other calculation.
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[0049] Referring to FIG. 2, one method according to an
embodiment of the present disclosure is depicted. The
process starts at an initial time (far left of the figure) and
proceeds forward in time. Once the lens (see FIG. 3) are
inserted, the system readies for calibration 203. The user
performs a blink pattern 205. The lens acknowledges with a
single activation of the lens 207 as part of a first calibration.
The user holds still 209 as the system and the sensor
calibration 213 starts. The lens acknowledges with a single
activation of the lens if the first stage of calibration is good
211. If the initial calibration is bad, then the lens acknowl-
edges with a double activation 211. If the calibration is bad,
then the user must restart the calibration process 205. After
the initial calibration, the system is ready for customization
223. The user conducts another blink pattern 221. The lens
acknowledges with a single activation of the lens and a
second calibration, customization, is started in some fixed
time 235 as part the system customization accommodation
threshold 233. The user then looks at either their hand or a
book at reading position 231. The lens acknowledges with a
single activation of the lens if the second stage of calibration
customization is good 237. If the second stage of calibration
customization is bad, then the user must restart the calibra-
tion customization process 221. Once the lens acknowledges
with a single activation of the lens that the second stage of
calibration customization is good 237 the system has the
completed customization accommodation calibration and
the lens are ready for full use by the user.

[0050] Other embodiments to customize the threshold can
be accomplished. One way is to have the user’s doctor
determine the comfortable distance for the user by measur-
ing the distance between the eyes of the patent, the typical
distance for certain tasks, and then calculate the threshold.
From there, using trial and error methods, determine the
comfortable distance. Various thresholds can be pro-
grammed into the lens and the user can select the task
appropriate threshold.

[0051] Another method is to allow the user to select his
threshold himself. The lens can use the same system that it
uses to measure the user’s relative eye position to set the
accommodation threshold. Where the user’s preference of
when to activate the extra lens power. There is an overlap
where the user’s eyes can accommodate unassisted to see
adequately and where the user’s eyes also can see
adequately with the extra power when the lens is active. At
what point to activate determined by user preference. Pro-
viding a means for the user to set this threshold, improves
the comfort and utility of the lenses. The procedure follows
this sequence:

[0052] The user prompts the system to start the
sequence. Initially the system could prompt the user as
a part of the initial calibration and customization;

[0053] The lenses are activated. The ability to achieve a
comfortable reading position and distance requires the
user to actually see the target, thus the lens are in the
accommodation state;

[0054] The user focuses on a target which is at a
representative distance while the system determines the
distance based on the angles of the eyes by using the
sensor information (accelerometers or magnetometers);
after several measurements and noise reduction tech-
niques the system calculates a threshold and indicates
that it has finished,
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[0055] The new threshold has been determined. A slight
offset is subtracted to effectively place the threshold a
little farther away, thus creating hysteresis. This is
necessary to move the threshold slightly longer (angle
slightly lower) in order to guarantee when the user is in
the same position, the system will accommodate even
with small head or body position differences; The value
of this hysteresis could be altered by an algorithm that
adapts to user habits. Also, the user could manually
change the value if the desired by having the system
prompt the user to move the focus target to a position
that the user does not want the lenses to activate all the
while focusing on the target. The system would deac-
tivate the lenses and then determine this distance. The
Hysteresis value is the difference in the deactivate
distance and the activate distance. Lenses are now on
dependent on the new threshold and hysteresis values

[0056] To have a good user experience, the user can
receive confirmation that the system has completed any
adjustments or customization. In addition, the system can be
configured to determine if the user performed these tasks
properly and if not, and then request that the user preforms
the procedure again. Cases that prevent proper customiza-
tion and adjustment may include excessive movement dur-
ing measurement, head not straight, lens out of tolerance,
etc. The interactive experience will have far less frustrated
or unhappy usets.

[0057] Feedback can be given through various means.
Using a phone app provides the most flexibility with the
screen, cpu, memory, internet connection, etc. The methods
as discussed for calibration per the embodiments of the
present disclosure can be done in conjunction with the use
of a smartphone app with use of the communication ele-
ments as described in reference to FIG. 1 and with reference
to FIG. 3 hereafter.

[0058] As a part of continual improvement for the lens,
data for the ophthalmic devices can be collected and sent
back to the manufacturer (anonymously) via the smartphone
app to be used to improve the product. Collected data
includes, but not limited to, accommodation cycles, errors,
frequency that poor conditions occur, number of hours worn,
user set threshold, etc.

[0059] Other methods to indicate operation include, but
not limited to, blinking lights, vibrating haptics drivers, and
activating the ophthalmic devices. Various patterns of acti-
vation of these methods could be interpreted by the user to
understand the status of the ophthalmic device.

[0060] Referring now to FIG. 3, shown is another exem-
plary implementation according to an embodiment of the
present disclosure in which sensing and communication may
be used to communicate between a pair of ophthalmic
devices (305, 307), such as contact lenses. Pupils (306, 308)
are illustrated for viewing objects. The ophthalmic devices
(305, 307) include embedded elements, such as those shown
in FIG. 1. The embedded elements (309, 311) included for
example 3-axis accelerometers/magnetometers, lens activa-
tors, calibration controller, a system controller, memory,
power supply, and communication elements as is described
in detail subsequently. A communication channel 313
between the two ophthalmic devices (305, 307) allows the
embedded elements to conduct calibration between the
ophthalmic devices (305, 307). Communication may also
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take place with an external device, for example, spectacle
glasses, key fob, dedicated interface device, or a smart-
phone.

[0061] Communication between the two ophthalmic
devices (305, 307) can be performed in order to implement
a load balancing scheme. The ophthalmic devices (305, 307)
can periodically communicate data, such as sensor data,
output of calculations (e.g., characteristic of a user), param-
eter data (e.g., filters applied). Communication between the
two ophthalmic devices (305, 307) can be periodically
performed. such as a predefined number of times during a
time period, according to specific schedule, in response to a
triggering condition, and/or the like. In a dual-primary
configuration, both ophthalmic devices (305, 307) can com-
municate outputs of calculations (e.g., characteristics of
users), sensor data, and other data. In a primary-secondary
configuration, the ophthalmic device in secondary mode can
receive outputs of calculations from the ophthalmic device
in primary mode. The ophthalmic device in secondary mode
can transmit stored data (e.g., sensor data), data from a
previous time period (e.g., processing cycle), and/or the like.
After receiving data from the ophthalmic device in second-
ary mode, the ophthalmic device in primary mode can
perform one or more calculations and provide the output
back to the device in secondary mode.

[0062] As an example, communication between the oph-
thalmic devices (305, 307) can be important to detect proper
calibration. Communication between the two ophthalmic
devices (305, 307) may take the form of absolute or relative
position, or may simply be a calibration of one lens to
another if there is suspected eye movement. If a given
ophthalmic device detects calibration different from the
other ophthalmic device, it may activate a change in stage,
for example, switching a variable-focus or variable power
optic equipped contact lens to the near distance state to
support reading. Other information useful for determining
the desire to accommodate (focus near), for example, lid
position and ciliary muscle activity, may also be transmitted
over the communication channel 313. It should also be
appreciated that communication over the channel 313 could
comprise other signals sensed, detected, or determined by
the embedded elements (309, 311) used for a variety of
purposes, including vision correction or vision enhance-
ment.

[0063] The communications channel (313) comprises, but
not limited to, a set of radio transceivers, optical transceiv-
ers, or ultrasonic transceivers that provide the exchange of
information between both lens and between the lenses and a
device such as a smart phone, FOB, or other device used to
send and receive information. The types of information
include, but are not limited to, current sensor readings
showing position, the results of system controller computa-
tion, synchronization of threshold and activation. In addi-
tion, the device or smart phone could upload settings, sent
sequencing signals for the various calibrations, and receive
status and error information from the lenses.

[0064] Still referring to FIG. 3, the ophthalmic devices
(305, 307) further communicate with a smart phone (316) or
other external communication device. Specifically, an app
318 on the smart phone (316) communicates to the ophthal-
mic devices (305, 307) via a communication channel (320).
The functionally of the app (318) follows the process as
outlined with referenced to FIG. 5 (described hereafter) and
instructs the user when to perform the required eye move-
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ments. In addition, the device or smart phone (316) could
upload settings, sent sequencing signals for the various
calibrations, and receive status and error information from
the contact lenses (305, 307).

[0065] Referring to FIG. 5, another method according to
an embodiment of the present disclosure is depicted. The
process starts at an initial time (far left of the figure) and
proceeds forward in time. Once the ophthalmic devices (see
FIG. 3) are inserted, the system readies for calibration 503.
User activates App or device 205. The app program indicates
calibration and the first calibration starts in 3 seconds 507 as
part of a first calibration. The user holds still 509 as the
system and the sensor calibration 513 starts. The program
indicates if calibration is good or bad 511. If calibration is
bad the program restarts and goes back (to step 505) 511.
After the initial calibration, the system is ready for customi-
zation 523. The user chooses the next calibration procedure
521. The program indicates the second calibration will start
in 5 seconds 535 as part the system customization accom-
modation threshold 533. The user then looks at either their
hand or a book at reading position 531. The program
determines if second stage of calibration customization is
good 537. If the second stage of calibration customization is
bad, then the user must restart the calibration customization
process 521. Once the program acknowledges that the
second stage of calibration customization is good 537 the
system has the completed customization accommodation
calibration and the lenses are ready for full use by the user.
As a non-limiting example, the calibration process may
leverage load sharing as described herein. For example, one
of a pair of lenses may be used for the calibration process
and may then transmit calibration settings to the second of
the pair of lenses for calibration of both lenses. As such, the
CPU load may be minimized in the second lens as compared
to the CPU load in the first lens for calibration. Further load
sharing methods may be used.

[0066] As an example, FIG. 6 illustrates a method accord-
ing to aspects of the present disclosure. In step 602, a first
processor disposed in or on a first ophthalmic device may
transmit first data to a second processor disposed in or on a
second ophthalmic device. The first ophthalmic device may
comprise a first battery and the second ophthalmic device
comprises a second battery. In certain aspects, the first data
is from a first sensor disposed within the first ophthalmic
device, and wherein the first sensor comprises a capacitive
sensor, an impedance sensor, an accelerometer, a tempera-
ture sensor, a displacement sensor, a neuromuscular sensor,
an electromyography sensor, a magnetomyography sensor, a
phonomyography, or a combination thereof. In certain
aspects, the first data is from a first sensor disposed within
the first ophthalmic device, and wherein the first sensor
comprises a lid position sensor, a blink detection sensor, a
gaze sensor, divergence level sensor, an accommodation
level sensor, a light sensor, a body chemistry sensor, neu-
romuscular sensor, or a combination thereof. In certain
aspects, the first data is from a first sensor disposed within
the first ophthalmic device, wherein the first sensor com-
prises one or more contacts configured to make direct
contact with tear film of an eye of the user. In step 604, the
second processor may transmit second data to the first
processor. In certain aspects, the second data is from a
second sensor disposed within the second ophthalmic
device, and wherein the second sensor comprises a capaci-
tive sensor, an impedance sensor, an accelerometer, a tem-
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perature sensor, a displacement sensor, a neuromuscular
sensor, an electromyography sensor, a magnetomyography
sensor, a phonomyography, or a combination thereof. In
certain aspects, the second data is from a second sensor
disposed within the second ophthalmic device, and wherein
the second sensor comprises a lid position sensor, a blink
detection sensor, a gaze sensor, divergence level sensor, an
accommodation level sensor, a light sensor, a body chem-
istry sensor, neuromuscular sensor, or a combination thereof.
In certain aspects, the second data is from a second sensor
disposed within the second ophthalmic device, wherein the
second sensor comprises one or more contacts configured to
make direct contact with tear film of an eye of the user. In
step 606, the first processor may determine, during a time
period, a first characteristic of a user based on at least the
second data. The time period may comprise a time period to
complete a single processing cycle. In certain aspects,
determining, by the first processor and during the time
period, the first characteristic of the user based on at least the
second data consumes an energy value within a threshold of
equivalence to an energy value consumed in determining, by
the second processor and during a time period, the second
characteristic of a user based on at least the first data. For
example, the first processor and second processor may have
the same design and run the same process but may differ in
energy consumption due to variability, such as manufactur-
ing process variability, operating condition variability, and/
or the like. The threshold equivalence may be a threshold
associated with the allowed variability of the first processor
and/or second processor. The threshold may not be explicitly
defined or stored as a value but may be understood as a
general range of expected variability for the ophthalmic
devices. In certain aspects, determining, by the first proces-
sor and during the time period, the first characteristic of the
user based on at least the second data and determining, by
the second processor and during the time period, the second
characteristic of the user based on at least the first data are
both performed based on a predefined function. In step 608,
the second processor may determine, during the time period,
a second characteristic of the user based on at least the first
data. One or more of the first characteristic and the second
characteristic of the user may comprise an accommodation
parameter. One or more of the first characteristic and the
second characteristic of the user comprises an eye vergence
parameter. One or more of the first characteristic and the
second characteristic of the user comprises an eye gaze
parameter. As an example, the characteristic of the user
comprises an indication of a medical condition, such as an
indication of disease. The first and/or second ophthalmic
device may comprises a contact lens or an implantable lens,
or a combination of both. The contact lens may comprise a
soft or hybrid contact lens. In certain aspects, determining
the characteristic of the user is performed by both the first
processor and the second processor as part of a load bal-
ancing scheme that balances energy consumption between
the first ophthalmic device and the second ophthalmic
device.

[0067] It is important to note that the above described
elements may be realized in hardware, in software or in a
combination of hardware and software. In addition, the
communication channel may comprise any include various
forms of wireless communications. The wireless communi-
cation channel may be configured for high frequency elec-
tromagnetic signals, low frequency electromagnetic signals,
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visible light signals, infrared light signals, and ultrasonic
modulated signals. The wireless channel may further be used
to supply power to the internal embedded power source
acting as rechargeable power means.
[0068] The present disclosure may be a system, a method,
and/or a computer program product. The computer program
product being used by a controller for causing the controller
to carry out aspects of the present disclosure.
[0069] Aspects of the present disclosure are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer
program products according to embodiments of the disclo-
sure. It will be understood that each block of the flowchart
illustrations and/or block diagrams, and combinations of
blocks in the flowchart illustrations and/or block diagrams,
can be implemented by computer readable program instruc-
tions.
[0070] The corresponding structures, materials, acts, and
equivalents of all means or step plus function elements in the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present disclosure has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the disclosure in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the disclosure. The embodiments were chosen and
described in order to best explain the principles of the
disclosure and the practical application, and to enable others
of ordinary skill in the art to understand the disclosure for
various embodiments with various modifications as are
suited to the particular use contemplated.
[0071] The descriptions of the various embodiments of the
present disclosure have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
disclosed herein.
What is claimed is:
1. An ophthalmic system comprising:
a first ophthalmic device configured to be disposed adja-
cent an eye of a user; and
a first sensor system disposed in or on the first ophthalmic
device, the first sensor system comprising a first sensor
and a first processor operably connected to the first
sensor and configured to alternate between a primary
mode and a secondary mode,
wherein, during the primary mode, the first processor is
configured to receive first data from one or more of the
first sensor and a second sensor system disposed in a
second ophthalmic device, determine a first character-
istic of the user based on at least the first data, and
transmit the first characteristic of the user to the second
sensor system, and
wherein, during the secondary mode, the first processor is
configured to transmit second data to the second sensor
system and receive a second characteristic of the user
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from the second sensor system, wherein the second
sensor system determines the second characteristic of
the user based on at least the second data.

2. The ophthalmic system according to claim 1, wherein
the first ophthalmic device comprises a contact lens.

3. The ophthalmic system according to claim 2, wherein
the contact lens comprises a soft or hybrid contact lens.

4. The ophthalmic system according to claim 1, wherein
the first ophthalmic device comprises a contact lens or an
implantable lens, or a combination of both.

5. The ophthalmic system according to claim 1, wherein
determining the first characteristic of the user by the first
processor is performed based on a predefined function.

6. The ophthalmic system according to claim 1, wherein
the first characteristic of the user comprises an accommo-
dation parameter.

7. The ophthalmic system according to claim 1, wherein
the first characteristic of the user comprises an eye vergence
parameter.

8. The ophthalmic system according to claim 1, wherein
the first characteristic of the user comprises an eye gaze
parameter.

9. The ophthalmic system according to claim 1, wherein
the first sensor comprises a capacitive sensor, an impedance
sensor, an accelerometer, a temperature sensor, a displace-
ment sensor, a neuromuscular sensor, an electromyography
sensor, a magnetomyography sensor, a phonomyography, or
a combination thereof.

10. The ophthalmic system according to claim 1, wherein
the first sensor comprises a lid position sensor, a blink
detection sensor, a gaze sensor, divergence level sensor, an
accommodation level sensor, a light sensor, a body chem-
istry sensor, neuromuscular sensor, or a combination thereof.

11. The ophthalmic system according to claim 1, wherein
the first ophthalmic device comprises a first battery and the
second ophthalmic device comprises a second battery.

12. The ophthalmic system according to claim 1, wherein
the first sensor comprises one or more contacts configured to
make direct contact with tear film of an eye of the user.

13. The ophthalmic system according to claim 1, wherein
the first characteristic of the user comprises an indication of
a medical condition.

14. The ophthalmic system according to claim 13,
wherein the medical condition comprises an indication of
disease.

15. The ophthalmic system according to claim 1, wherein
the first processor is configured to switch between the
primary mode and the secondary mode to balance a pro-
cessing load between the first ophthalmic device and the
second ophthalmic device.

16. The ophthalmic system according to claim 1, wherein
the first processor is configured to operate in the primary
mode while a second processor of the second ophthalmic
device operates in a corresponding secondary mode, and
wherein the first processor is configured to operate in the
secondary mode while the second processor of the second
ophthalmic device operates in a corresponding primary
mode.

17. The ophthalmic system according to claim 1, wherein
the first characteristic is the same as the second character-
istic.

18. The ophthalmic system according to claim 1, wherein
the first characteristic is different from the second charac-
teristic.
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19. An ophthalmic system comprising:

a first ophthalmic device configured to be disposed adja-
cent a first eye of a user, the first ophthalmic device
comprising a first sensor system, the first sensor system
comprising a first sensor and a first processor operably
connected to the first sensor; and

a second ophthalmic device configured to be disposed
adjacent a second eye of the user, the second ophthal-
mic device comprising a second sensor system, the
second sensor system comprising a second sensor and
a second processor operably connected to the second
sensor,

wherein the first processor is configured to receive first
data from the second sensor system and determine a
first characteristic of the user during a time period
based on at least the first data, and wherein the second
processor is configured to receive second data from the
first sensor system and determine a second character-
istic of the user during the time period based on at least
the second data.

20. The ophthalmic system according to claim 19,

wherein the first ophthalmic device comprises a contact lens.

21. The ophthalmic system according to claim 20,
wherein the contact lens comprises a soft or hybrid contact
lens.

22. The ophthalmic system according to claim 19,
wherein the first ophthalmic device comprises a contact lens
or an implantable lens, or a combination of both.

23. The ophthalmic system according to claim 19,
wherein determining the first characteristic of the user by the
first processor consumes an energy value within a threshold
equivalence to an energy value consumed in determining the
second characteristic by the second processor.

24. The ophthalmic system according to claim 19,
wherein determining the first characteristic of the user by the
first processor and determining the second characteristic of
the user by the second processor are both performed based
on a predefined function.

25. The ophthalmic system according to claim 19,
wherein the first characteristic of the user comprises an
accommodation parameter.

26. The ophthalmic system according to claim 19,
wherein the first characteristic of the user comprises an eye
vergence parameter.

27. The ophthalmic system according to claim 19,
wherein the first characteristic of the user comprises an eye
gaze parameter.

28. The ophthalmic system according to claim 19,
wherein determining the first characteristic of the user by the
first processor and determining the second characteristic of
the user by the second processor is performed as part of a
load balancing scheme that balances energy consumption
between the first ophthalmic device and the second ophthal-
mic device.

29. The ophthalmic system according to claim 19,
wherein the first sensor comprises a capacitive sensor, an
impedance sensor, an accelerometer, a temperature sensor, a
displacement sensor, a neuromuscular sensor, an electro-
myography sensor, a magnetomyography sensor, a phono-
myography, or a combination thereof.

30. The ophthalmic system according to claim 19,
wherein the first sensor comprises a lid position sensor, a
blink detection sensor, a gaze sensor, divergence level
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sensor, an accommodation level sensor, a light sensor, a
body chemistry sensor, neuromuscular sensor, or a combi-
nation thereof.
31. The ophthalmic system according to claim 19,
wherein the first ophthalmic device comprises a first battery
and the second ophthalmic device comprises a second
battery.
32. The ophthalmic system according to claim 19,
wherein the first sensor comprises one or more contacts
configured to make direct contact with tear film of an eye of
the user.
33. The ophthalmic system according to claim 19,
wherein the first characteristic of the user comprises an
indication of a medical condition.
34. The ophthalmic system according to claim 33,
wherein the medical condition comprises an indication of
disease.
35. The ophthalmic system according to claim 20,
wherein the time period comprises a time period to complete
a single processing cycle.
36. The ophthalmic system according to claim 20,
wherein the first characteristic is the same as the second
characteristic.
37. The ophthalmic system according to claim 20,
wherein the first characteristic is different from the second
characteristic.
38. A method for balancing load in an ophthalmic device,
the method comprising:
transmitting, by a first processor disposed in or on a first
ophthalmic device, first data to a second processor
disposed in or on a second ophthalmic device;

transmitting, by the second processor, second data to the
first processor;

determining, by the first processor and during a time

period, a first characteristic of a user based on at least
the second data; and

determining, by the second processor and during the time

period, a second characteristic of the user based on at
least the first data.

39. The method according to claim 38, wherein the first
ophthalmic device comprises a contact lens.

40. The method according to claim 39, wherein the
contact lens comprises a soft or hybrid contact lens.

41. The method according to claim 38, wherein the first
ophthalmic device comprises a contact lens or an implant-
able lens, or a combination of both,

42. The method according to claim 38, wherein determin-
ing, by the first processor and during the time period, the first
characteristic of the user based on at least the second data
consumes an energy value within a threshold equivalence to
an energy value consumed in determining, by the second
processor and during a time period, the second characteristic
of a user based on at least the first data.

43. The method according to claim 38, wherein determin-
ing, by the first processor and during the time period, the first
characteristic of the user based on at least the second data
and determining, by the second processor and during the
time period, the second characteristic of the user based on at
least the first data are both performed based on a predefined
function.

44. The method according to claim 38, wherein one or
more of the first characteristic and the second characteristic
of the user comprises an accommodation parameter.
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45. The method according to claim 38, wherein one or
more of the first characteristic and the second characteristic
of the user comprises an eye vergence parameter.

46. The method according to claim 38, wherein one or
more of the first characteristic and the second characteristic
of the user comprises an eye gaze parameter.

47. The method according to claim 38, wherein the
determining the characteristic of the user is performed by
both the first processor and the second processor as part of
a load balancing scheme that balances energy consumption
between the first ophthalmic device and the second ophthal-
mic device.

48. The method according to claim 38, wherein the first
data is from a first sensor disposed within the first ophthal-
mic device, and wherein the first sensor comprises a capaci-
tive sensor, an impedance sensor, an accelerometer, a tem-
perature sensor, a displacement sensor, a neuromuscular
sensot, an electromyography sensor, a magnetomyography
sensor, a phonomyography, or a combination thereof.

49. The method according to claim 38, wherein the first
data is from a first sensor disposed within the first ophthal-
mic device, and wherein the first sensor comprises a lid
position sensor, a blink detection sensor, a gaze sensor,
divergence level sensor, an accommodation level sensor, a
light sensor, a body chemistry sensor, neuromuscular sensor,
or a combination thereof.
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50. The method according to claim 38, wherein the first
ophthalmic device comprises a first battery and the second
ophthalmic device comprises a second battery.

51. The method according to claim 38, wherein the first
data is from a first sensor disposed within the first ophthal-
mic device, wherein the first sensor comprises one or more
contacts configured to make direct contact with tear film of
an eye of the user.

52. The method according to claim 38, wherein the
characteristic of the user comprises an indication of a
medical condition.

53. The method according to claim 52, wherein the
medical condition comprises an indication of disease.

54. The method according to claim 38, wherein the time
period comprises a time period to complete a single pro-
cessing cycle.

55. The method according to claim 38, wherein the first
ophthalmic device is disposed in a first eye of the user and
the second ophthalmic device is disposed in a second eye of
the user.

56. The method according to claim 38, wherein the first
characteristic is the same as the second characteristic.

57. The method according to claim 38, wherein the first
characteristic is different from the second characteristic.

L S T T



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCH %5
CPCH%E=
HShEREERE

BEX)

—ME%, BEBESREESE - RMRZFPHE R LHFE -4
ERNE - BEAAIREEF -RMRZRHE_RBRZHNES
AIEEE ; BAERFEREARAE -LER ELEEREN
i b, F-AEBFE-NIRRRABERFWE ST ; FLERSR

MEIERBMFARNGEZNRLE

US20200064658A1

US16/112627
EEREER DRI LE
BEMHIFE | INC.
BAEMADIFE | INC.

HUMPHREYS SCOTT
WHITNEY DONALD K
TONER ADAM

HUMPHREYS, SCOTT
WHITNEY, DONALD K.
TONER, ADAM

G02C7/04 GO6F9/50 G02C7/08 A61F2/16 A61B3/113 A61B5/00

patsnap

2020-02-27

2018-08-24

G02C7/04 A61F2/16 A61B5/4836 A61B3/113 A61B5/7282 A61B5/6821 GO6F9/505 G02C7/081

Espacenet USPTO

HZNBERAZLETE - BUIRHE AP E 1T,

300"

316



https://share-analytics.zhihuiya.com/view/f5d38279-3d3b-4728-aa9a-5dd264f2052b
https://worldwide.espacenet.com/patent/search/family/068234029/publication/US2020064658A1?q=US2020064658A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200064658%22.PGNR.&OS=DN/20200064658&RS=DN/20200064658

