ELECTRONI C OPHTHALM C LENS W TH LI D POSI TI ON SENSOR BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The present invention relates
to a powered or electronic ophthalmc |ens, and nor e
particularly, to a powered or electronic ophthalmc |Iens having a
sensor and 10associ ated hardware and software for detecting eyelid
position. 2. Discussion of the Related Art As el ectronic devices
continue to be n1n|atur|zed it S becon1ng i ncreasingly 15nore
likely to creg oe egbrgﬂ & gev:ces for a
variety of us&s L 2 el dy
chem stry, adn1n|ster|ng controlled dosages of medi cati ons or

t herapeutic agents via various nechani sns, including automatically,
in response to measurements, or in response to external control
signals, and augnenting the perfornmance of organs or tissues.

Exanmpl g cKGROUND cleyHEaVENTIgRe gl ucose infusion punps,
pacemakers, defibrilTTators, ventricul ar assist devices and
neugostinmul ators. A new, particularly useful field of application is
in ophthal m c wearable | enses and contact |enses. For exanple, a
wear abl e | eRs piay disOvehidie @ | ens assenbly having an

el ectronically adjustable focus to augnent or enhance performance of
the eye. In another exanple, either with or w thout adjustable
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2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming increasingly

15 more likely to create wearable or embeddable microelectronic devices for a variety of
uses. Such uses may include monitoring aspects of body chemistry, administering
controlled dosages of medications or therapeutic agents via various mechanisms,
including automatically, in response to measurements, or in response to external
control signals, and augmenting the performance of organs or tissues. Examples of

20 such devices include glucose infusion pumps, pacemakers, defibrillators, ventricular
assist devices and neurostimulators. A new, particularly useful field of application is in
ophthalmic wearable lenses and contact lenses. For example, a wearable lens may
incorporate a lens assembly having an electronically adjustable focus to augment or
enhance performance of the eye. In another example, either with or without adjustable

25 focus, a wearable contact lens may incorporate electronic sensors to detect
concentrations of particular chemicals in the precorneal (tear) film. The use of
embedded electronics in a lens assembly introduces a potential requirement for

communication with the electronics, for a method of powering and/or re-energizing the



el ectronics, for interconnecting the electronics, for internal and
external sensing and/or nonitoring, and for control of the

el ectronics and the overall function of the |ens. The human eye has
the ability to discern mllions of colors, adjust easily to 5shifting
i ght conditions, and transmt signals or information to the brain at
a rate exceeding that of a high-speed internet connection. Lenses,
such as contact |enses and intraocular |lenses, currently are utilized
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to 10enhance vision as well as to correct vision defects.
Contact lenses may be utilized to correct nyopia, hyperopia,
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Contact lenses may be utilized to correct myopia, hyperopia, astigmatism as well
as other visual acuity defects. Contact lenses may also be utilized to enhance the
natural appearance of the wearer's eyes. Contact lenses or “contacts” are simply

15 lenses placed on the anterior surface of the eye. Contact lenses are considered
medical devices and may be worn to correct vision and/or for cosmetic or other
therapeutic reasons. Contact lenses have been utilized commercially to improve vision
since the 1950s. Early contact lenses were made or fabricated from hard materials,
were relatively expensive and fragile. In addition, these early contact lenses were

20  fabricated from materials that did not allow sufficient oxygen transmission through the
contact lens to the conjunctiva and cornea which potentially could cause a number of
adverse clinical effects. Although these contact lenses are still utilized, they are not
suitable for all patients due to their poor initial comfort. Later developments in the field
gave rise to soft contact lenses, based upon hydrogels, which are extremely popular

25 and widely utilized today. Specifically, silicone hydrogel contact lenses that are
available today combine the benefit of silicone, which has extremely high oxygen
permeability, with the proven comfort and clinical performance of hydrogels.
Essentially, these siticone hydrogel based contact lenses have higher oxygen
permeability and are generally more comfortable to wear than the contact lenses made

30 of the earlier hard materials.



contact lens to the conjunctiva and cornea which potentially could
cause a nunber of adverse clinical effects. Al though these contact

| enses are still utilized, they are not suitable for all patients due
to their poor initial confort. Later devel opnents in the field gave
rise to soft contact |enses, based upon hydrogels, which are
extrenely popul ar 25and wdely utilized today. Specifically, silicone
hydr ogel contact | enses that are avail abl e today conbi ne the benefit
of silicone, which has extrenely high oxygen perneability, with the
proven confort and clinical performance of hydrogels. Essentially,
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patient to keep tabs on blood sugar levels by analyzing components of the tear film
without the need for drawing blood. In addition, an appropriately configured lens may
incorporate sensors for monitoring cholesterol, sodium, and potassium levels, as well
25 as other biological markers. This, coupled with a wireless data transmitter, could allow
a physician to have almost immediate access to a patient’s blood chemistry without the
need for the patient to waste time getting to a laboratory and having blood drawn. In
addition, sensors built into the lenses may be utilized to detect light incident on the eye
to compensate for ambient light conditions or for use in determining blink patterns.
30



25as ot her biological markers. This, coupled with a wirel ess data
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As these are powered lenses, energy or more particularly current consumption,

20 to run the electronics is a concern given battery technology on the scale for an
ophthalmic [ens. In addition to normal current consumption, powered devices or
systems of this nature generally require standby current reserves, precise voltage
control and switching capabilities to ensure operation over a potentially wide range of
operating parameters, and burst consumption, for example, up to eighteen (18) hours

25 on a single charge, after potentially remaining idle for years. Accordingly, there exists a
need for a system that is optimized for low-cost, long-term reliable service, safety and
size while providing the required power.

In addition, because of the complexity of the functionality associated with a

30 powered lens and the high level of interaction between all of the components
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250n a single charge, after potentially remaining idle for years.
Accordingly, there exists a need for a systemthat is optimzed for

| ow-cost, long-termreliable service, safety and size while providing
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detectors may be i
enough to detect light intensity changes that occur when a person blinks.

20 Ambient light sensors or photosensors are utilized in many systems and
products, for example, on televisions to adjust brightness according to the room light,
on lights to switch on at dusk, and on phones to adjust the screen brightness.
However, these currently utilized sensor systems are not small enough and/or do not
have low enough power consumption for incorporation into contact lenses.

25

It is also important to note that different types of blink detectors may be
implemented with computer vision systems directed at one’s eye(s), for example, a
camera digitized to a computer. Software running on the computer can recognize
visual patterns such as the eye open and closed. These systems may be utilized in

30 ophthalmic clinical settings for diagnostic purposes and studies. Unlike the above
5



i npl enented with conputer vision systens directed at one's eye(s),
for exanple, a canera digitized to a conputer. Software running on
the conputer can recogni ze visual patterns such as the eye open and
cl osed. These systens may be utilized in 30ophthal mc clinical
settings for diagnostic purposes and studies. Unlike the above
descri bed detectors and systens, these systens are intended for off
eye use and to |look at rather than | ook away fromthe eye. Although
t hese systens are not small enough to be incorporated into contact
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An eyelid position sensor could be used to detect that a user is falling asleep, for

20 example to trigger an appropriate alert to keep the user awake. There are existing

systems for detecting lid position; however they are limited to devices like camera
imagers, image recognition, and infrared emitter/detector pairs which rely on reflection
off the eye and eyelid. Existing systems to detect lid position also rely on the use of
spectacles or clinical environments and are not easily contained within a contact lens.

25

SUMMARY OF THE INVENTION

The electronic ophthalmic lens with lid position sensor in accordance with the

30 present invention overcomes the limitations associated with the prior art as briefly
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25 SUMVARY OF THE | NVENTI ON The el ectronic ophthal mc
lens with Iid position sensor in accordance with the 30present

I nvention overcones the |imtations associated with the prior art as
briefly described above. This |id position sensor nay be integrated
into a contact lens instead of requiring a clinical environnent or
spectacles as is comon for existing eye-facing detection systens.
The lid position sensor is of the appropriate size and current
consunption for use in a contact lens. It also outputs the
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15 to receive the output control signal and implement a predetermined function.

In accordance with another aspect, the present invention is directed to a powered
ophthalmic lens. The powered ophthalmic lens comprises a contact lens, and
an eyelid position sensor system incorporated into the contact lens, the eyelid position
sensor system including a sensor array having a plurality of individual sensors to detect
eyelid position, a system controller configured to sample each individual sensor in the
sensor array to detect eyelid position and provide an output control signal, and at least
one actuator configured to receive the output control signal and implement a

predetermined function.

In accordance with yet another aspect, the present invention is directed to a
powered ophthalmic lens. The powered ophthalmic lens comprises an intraocular lens,
and an eyelid position sensor system incorporated into the intraocular lens, the eyelid
position sensor system including a sensor array having a plurality of individual sensors

to detect eyelid position, a system controller configured to sample each individual
7



In accordance with yet another aspect, the present invention is
directed to a powered ophthalmc |lens. The powered ophthalmc | ens
conprises an intraocular |ens, and an eyelid position sensor system
incorporated into the intraocular |lens, the eyelid position sensor
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sensors to detect eyelid position, a systemcontroller configured to
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an individual attenpts to focus on a distant ob{ ect, he or she may
squi nt therpeeligs dnayyalsgindipatgallen agtiens o uncligns At Play: Fay exampls; wheB@n
as an i } 16 ~0 | 472 i ri

opt o T ToseS o SREEONE I BB SVela RS, "McBrdin detebfor SR
eyébi dnpysiment mayess ulilizedyasaarsimpbtinia ah elestronis eohdinalmimlenaavithi alvariable

wearin l,.eGt roni | .mi n t _he or. she.is in danger of
Fart i i BB TS A6 BEHI HkablbdalPh agfadrigh il desbudfio”,
power e@n%emay,; wheman (hmmi_dua: m?ms @d(») s N £ disyesit emecwereC?T e hay s
any number of functjons, including.20actuating a variable-focus optic
i £ i ncPHYBH. jfh%hf@l%@ﬂl%?éﬁ%%@?@%ﬂ %rﬁﬂ%w_’Bﬁégﬁﬂt'hﬁ£a?}éﬂﬂ@l{té@°&“
other  BRMBENRUPHERAMIPRAS wwilked PEPIBRO Foctis 'dpit §6 YocuSRR ZBbniTRIdh & BREAH:S
clock generation circuit r?{, control algorithns and circuitry, and

| edS dpbjeet. i adsiitiany, gn eyelid position sensor may also be utilized to alert an individual

wearing an electronic ophthalmic lens that he or she is in danger of falling asleep.

The present invention more generally relates to a powered contact lens
comprising an electronic system, which performs any number of functions, including
20 actuating a variable-focus optic if included. The electronic system includes one or more
batteries or other power sources, power management circuitry, one or more sensors,

clock generation circuitry, control algorithms and circuitry, and lens driver circuitry.

Control of a powered ophthalmic lens may be accomplished through a manually
25  operated external device that communicates with the lens wirelessly, such as a hand-
held remote unit. Alternately, control of the powered ophthalmic lens may be

accomplished via feedback or control signals directly from the wearer. For example,
8



Control of a powered ophthalmc |ens may be acconplished through a
manual |y 25 operated external device that conmunicates with the | ens
wirelessly, such as a handheld renote unit. Alternately, control of
t he powered ophthalmc | ens nay be acconplished via feedback or
control signals directly fromthe wearer. For exanple, sensors built
into the I ens may detect blinks and/or blink patterns. Based upon the
pattern or sequence of blinks, the powered ophthal mc | ens may change
rder to either focuys on

state, for exanple, |tsrefrat|v wer jn
a near SSBPELUSHINP Hiedgamm Qleft bligkna ﬁforﬁﬁmae@*é%m?o#aéﬁ@wpﬂ bR i s
a CO”D%B?QFn & sd rg;u%nééfl%? Bfﬂl@spmé BéW@r'édVH'Hh%lﬁlﬁf I%ﬁ&%%a?f@b@ftét%t fdPS of

bl i nks or exa is open or closed, the ddration of

t he bl iesampfse nismefra¢tb'9emawerh@ Ol’dﬁl’é® efihemfocdsipata raar adjett vhe digiamlerbjent.
blinks in a given tine period. The exenplary algorithmin accordance
with the present invention relies on sanpling |light incident on the
eyesat a cefhaibling aetdction algoritithes debaipuneatiofahesysieat temtralleamndich

stored and co ared t ecent history of .incident |light s | es.
When pé‘?Eeé&tsn% F@HSt"f%‘éﬂﬁWF‘ﬁkfoa gxapplen ﬁ){%ﬁ’ (jﬁ‘)ﬁ e o gl @5%3 éh%ggpe\PPP 3?f
i N the 1y BRSNS Qbs&d, thé i?fterebqﬁ‘fmllﬁatlérp aﬁetthaﬁhmﬁeh%f b iA' 9fén t O

change the refractive power of l'ens. 'The blink detection
al gor i time peripdad: be@xaﬂuﬂawlal@nnthmyn @ccerdengg mtbrthe Pressnt inygntion relies on

15pr ef v Q ' f .

condi t?éngh'a%ggﬁ'ﬁéggﬁteﬁ yésgba%eyﬁ%l%?g%ﬁﬁ%%g e%% (ilél’;[ hbg%g'l.'k bl i nk
seqoengettéimsenare stared rhdropnipared o tHetrebenmlstorpofeﬁeudeaﬂhgrhaammlesi Men

trainin is re dtou |I|ze|nt tlonal nks. tp actjvate a

cont r o PRt TBAh ek RetsAtER g T 05 s Al Bt ocPe Sietar il Tor
and asgQ&inBlet abﬁ% tHe/leRb driber ﬂér&}%%@b thé YEHctioa pplveY b lansaf e,

| ow cost, and reliable means and 20nmethod for detecting blinks via a

powered or electronic contact |ens, which also has a | ow rate of

power Consu?ﬂ&'bﬂﬂl? ﬁ@f?ec iSn %g@{rlﬂﬁﬁ%nhoissb SRIPAIRL tfap& th8 ?e t ;]nd/egtion

ophthal mc lI'ens of ac rvating or con
power edrejerablseoperate cverrmrteiaabnmbiyw\edmrange of Itghtlng condmons and is preferably

able to distinguish an intentional blink sequence from involuntary blinks. [t is also
preferred that minimal training is required to utilize intentional blinks to activate and/or
control the powered ophthalmic lens. The blink detection algorithm and associated
circuitry of the present invention provides a safe, low cost, and reliable means and

20  method for detecting blinks via a powered or electronic contact lens, which also has a
low rate of power consumption and is scalable for incorporation into an ophthalmic lens,

for at least one of activating or controlling a powered or electronic ophthalmic lens.

The present invention is also directed to a powered or electronic ophthalmic lens

25 that incorporates an eyelid or lid position sensor.

BRIEF DESCRIPTION OF THE DRAWINGS




The present invention is also directed to a powered or electronic
ophthalmc | ens 25that incorporates an eyelid or lid position sensor.
BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her
features and advantages of the invention will be apparent fromthe
foll owi ng, nore particular description of preferred enbodi ments of
the invention, as illustrated in the acconpanying drawi ngs. 5Figure 1
illustrates an exenplary contact |lens conprising a blink detection
systemin accordance with sone enbodi nents of the present invention.
Fi gure 2 il iThefferggemndangt elbrf taatures pndasiveatagsa obthe ingartiamwillhent on
the sur S |

 nvol uaPBr b P e feREEiEre pEfoul HBicRoh A pRerbtaT chlieaiments of the
versusm\aemhora,mt idusisatbd én ther abolpdnyegadratvargsd on sone poi nt bet ween
the maxi mum and mninmum|light intensity levels in accordance with the

present invention. Figure 3 is an exenplary state
tragsition giggs af’mltfs‘tra@e@ém BKerplapy EbRXACEKAS @BMmbAsihgarsiMkArRAE&ion t h
t he present inventijon. gure 4 is a diagrammtic representation of a

phot odEYEEH 'Brﬂcﬁafq@nﬁﬁlwlihz%dmé Q“H@Fiéﬁ@ntﬁmﬂt@%ﬂ@ﬁ@nfrl@lé@"tﬁld l'i ght

signals in accordance with the present invention. 20Figure 5is a

bl ock diagram of digital conditioning logic in accordance with the
Figure 2 illustrates a graphical representation of light incident on the surface of

the eye versus time, illustrating a possible involuntary blink pattern recorded at various
10 light intensity [evels versus time and a usable threshold level based on some point
between the maximum and minimum light intensity levels in accordance with the

present invention.

Figure 3 is an exemplary state transition diagram of a blink detection system in

15  accordance with the present invention.

Figure 4 is a diagrammatic representation of a photodetection path utilized to

detect and sample received light signals in accordance with the present invention.

20 Figure 5 is a block diagram of digital conditioning logic in accordance with the

present invention.

Figure 6 is a block diagram of digital detection logic in accordance with the
present invention.
25
Figure 7 is an exemplary timing diagram in accordance with the present

invention.

Figure 8 is a diagrammatic representation of a digital system controller in

30 accordance with the present invention.
10



present invention. Figure 6 is a block diagram of digital
detection logic in accordance with the present invention. 25
Figure 7 is an exenplary timng diagramin accordance with the

present invention. Figure 8 is a diagrammtic
representation of a digital systemcontroller in 30 accordance with
t he present invention. Figure 9 is an exenplary timng

diagram for automatic gain control in accordance with the present
invention. 5Figure 10 is a diagrammtic representation of
|'i ght-bl ocking and |ight-passing regions on an exenplary integrated

circuit di eFidﬁr@@QQ%ﬂ%ﬁQﬂér&"l‘mﬂﬁ db; §|ﬁ%r élﬁ"ﬁS ttlbgfé 1) control in acddr@4i &

11 is a diagranmatic repr tati an exenpl ar ectronic

i nsert withribé pdésegt invientiok. det ect or, for a powered contact lens in
accordance with the present 10i nventi on. Figure 12 is a

di agrammatic representation of an exenplary eyelid position sensor in

accordance Wdube t1hgs Qrmammmwaﬁbres@ntalﬁﬁlcmugm Higcking andiligbi-pagsatg C
representation of two exenplary eyelid position sensors havin

comuni@APMoAN @H%@]F"@Wﬁnt@wﬁi%’ SWF% Mg ippertippee WEF\X%%H"Q%?W%“Q%
accordance wth the present invention.

Figure 11 is a diagrammatic representation of an exemplary electronic insert,
including a blink detector, for a powered contact lens in accordance with the present

10  invention.

Figure 12 is a diagrammatic representation of an exemplary eyelid position

sensor in accordance with the present invention.

15 Figure 13 is a diagrammatic representation of two exemplary eyelid position
sensors having a communication channel for synchronizing operation between two eyes

in accordance with the present invention.

Figure 14A is a diagrammatic representation of a first exemplary electronic
20 system incorporated into a contact lens for detecting eyelid position in accordance with

the present invention.

Figure 14B is an enlarged view of the first exemplary electronic system of Figure
14A.
25
Figure 15 is a diagrammatic representation of exemplary outputs from eyelid

position sensors in accordance with the present invention.

11



Figure 14A is a diagranmatic representation of a first exenplary

el ectroni c 20systemincorporated into a contact |lens for detecting
eyelid position in accordance with the present invention. Figure 14B
is an enlarged view of the first exenplary el ectronic system of

Fi gure Figure 15 is a diagrammatic representation of exenplary
outputs fromeyelid position sensors in accordance with the present
I nventi on. Figure 16A is a diagrammatic representation of a

second exenplary el ectrgnic systemincorporated into a contact |ens
for detecti @%?ép‘ﬁds a&agrﬁmmtﬁ: reEseRiaee afia $econd %PB@@W electronic

| nvent ispirenpinbgiicRaib fhib% ahiad@1ORA dKlengleyBRERSSESIH SXeRRENNith
el ectronic systemof Figure 16A. DETAILED DESCRI PTI ON OF THE
PREFERHEDPESBADNVENKSH. 113Convent i onal contact |enses are polyneric
structures with specific shapes to correct various vision problens as
briefly set forth above. To achi eve enhanced functionality, various
cirsuits andigueamnoBdsha omiatgde vieht eghatsedond brempeseelelryniersystem of
structuyres. For exanple, control circuits, mcroprocessors,

communi &4 JAAdevi ces, power supplies, sensors, actuators,
light-emtting diodes, and mni ature antennas may 15be integrated

into contact |enses via custombuilt optoel ectronic conponents to not
only DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Conventional contact lenses are polymeric structures with specific shapes to
correct various vision problems as briefly set forth above. To achieve enhanced
functionality, various circuits and components may be integrated into these polymeric
structures. For example, control circuits, microprocessors, communication devices,
power supplies, sensors, actuators, light-emitting diodes, and miniature antennas may

15  beintegrated into contact lenses via custom-built optoelectronic components to not only
correct vision, but to enhance vision as well as provide additional functionality as is
explained herein. Electronic and/or powered contact lenses may be designed to
provide enhanced vision via zoom-in and zoom-out capabilities, or just simply modifying
the refractive capabilities of the lenses. Electronic and/or powered contact lenses may

20  be designed to enhance color and resolution, to display textural information, to translate
speech into captions in real time, to offer visual cues from a navigation system, and to
provide image processing and internet access. The lenses may he designed to allow
the wearer to see in low light conditions. The properly designed electronics and/or
arrangement of electronics on lenses may allow for projecting an image onto the retina,

25 for example, without a variable focus optic lens, provide novelty image displays and
even provide wakeup alerts. Alternately, or in addition to any of these functions or
simitar functions, the contact lenses may incorporate components for the noninvasive
monitoring of the wearer’s biomarkers and health indicators. For example, sensors
built into the lenses may allow a diabetic patient to keep tabs on blood sugar levels by

30 analyzing components of the tear film without the need for drawing blood. [n addition,
12



correct vision, but to enhance vision as well as provide additional
functionality as is explained herein. Electronic and/or powered
contact | enses may be designed to provide enhanced vision via zoomin
and zoomout capabilities, or just sinply nodifying the refractive
capabilities of the |l enses. Electronic and/or powered contact |enses
may 20be designed to enhance color and resolution, to display
textural information, to translate speech into captions in real tine,
to offer visual cues froma navigation system and to g%pvi e, i mage

pr oces SRPPERRI A SOREgUIEE des May HRCrRpreEs SeRiPTd EOr dBNgReg AelesierBly
Lhe _veapfunt Ardfothdbitiieldigis WANSL biRABiolddEaRhaRBIS YTINE BoahEd with a

el ectroni cs and/ or arrangenen ectroni ¢S on ns_es mgty al |l ow for
pr oj ecwirglessrdatantrgeswittes cobild allow aphysisiboto saveplreostwiniresiate access to a

br ovi aealigiat Bod shmeT iR fe S tp e e mafiffite Waf? BS BRfhaiiE]
funeti aioratoryand having bisdd @awn. tiheddivhaséndors beilt in@the MEepona) be
conponents for the nonjnvasive nonitoring of the wearer's biomarkers
and hedfifzeq lrqietagtdiobt ingidlentQa tha aye erBPeNsAle qu ﬁ"ﬂ?'%“tt'l%‘t P@@B@Wy

al I ow g, iR ideferhfting Mink Paﬁ@,@,@_ tabs on bl ood sugar |evels by
0

30anal yzi ng conponents of the tear filmw thout the need for draw ng
bl ood. In addition, an appropriately configured | ens may incorporate

vl | as ot ndheneibed B FeRkAR Foftar RES ol e BRSEPPROERTR G E"
tr ansnnbtessarpuletharits \carredtiamd®ramhancd theevisionas hatiemts diithl cneacoasse of
ot i AP ) e R nGorTg 8136 BeaBAIEAncn
addi ti pladgiss ahe ehdtitlohid irRadt!iénd RB§ B UtYedSinWiIl kd gfkhrice MifhRE Vision

l'ight incident on the eye to conpensate for anbient_Iight conditions
or for oupevide aaide warietyn§f BIrclirngdily aedescribed aboveThhepelaglrenic gentact

ﬁ' ectr Pemscm%g EBE@HS{; S%ri%ble! 8u£é§t?cef%hs‘ 3N S&%rﬁﬁ\eﬁ ) Bat?cfemgddeq into
ecessary elenents to correct and/or enhance the vision of patients
W tih oaeobtaditans afjusteimplycarebetitding eleetionics mothodes &artssfooanp shieable se

perform a_ usef ul ht hal m ¢, function. In.addition he el ectroni

ont ac lurcRgal iy THE SRATICPIAENS PEBIE Preae BHRUTEen TBRHEF HHSPURIE] info any
provi daumbet Becorbéabis<y ad H8sdribeRalbol¥. #P a8@E6H | IRESoANAMERseEay also
el ectronic contact |l ens may conprise a variable focus optic |lens, an

assenbingg@raarate theyerieue ppapaaantsmng functionality described herein. However, for
ease of explanation, the disclosure will focus on an electronic contact lens to correct

20 vision defects intended for single-use daily disposability.

The present invention may be employed in a powered ophthalmic lens or
powered contact lens comprising an electronic system, which actuates a variable-focus
optic or any other device or devices configured to implement any number of numerous

25  functions that may be performed. The electronic system includes one or more batteries
or other power sources, power management circuitry, one or more sensors, clock
generation circuitry, control algorithms and circuitry, and lens driver circuitry. The
complexity of these components may vary depending on the required or desired
functionality of the lens.

30
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15a contact lens or just sinply enbedding el ectronics without a | ens
for any suitable functionality. The electronic | ens of the present

i nvention nmay be incorporated into any nunber of contact |enses as
descri bed above. In addition, intraocular |enses nay al so incorporate
t he various conponents and functionality described herein. However,
for ease of explanation, the disclosure will focus on an electronic
contact lens to correct 20vision defects intended for single-use
daily disposability. ~The present invention nmay be enpl oyed in
a powered oMonkal ﬁﬂy an elegonie o iaverred orhi@imicdars msdia asaeynilighed

el ectr g i t i = : i y

devi ce g e ol ol RS BVl PR QPR (5 1S s Ry
f unct i esandalaeld mayoteeunie rffopexeohplel ladfobineay wivaliesslyycemenunioatewdésthene
or nore batteries ar other power sources, power na nt circuyitry,
one o PRBFLlens feSed dgam Mgt Bertieolisa'ey, AlGReiRlY Senlibl otithrs
andsci pewetéd oplRtRginie fenstinby & ficbmiplistiad vidT8edmR| @ dohitoPdighdl§ dRectly

conponents may vary depending on the required or desired )
funct i #1981 theyvearer.hEor exaimplggsensors built inigrihe dgnsonay detach blinksrand/ey blink
power e h ] } ; :

Dper ot B3R s A (DR ERaaf S oRTRLE OB, Sip do farB U aimic lens
hand- hatay chemgesstatei for ekempbex dtspbfractivefpmwearay owdardb eitbéryfocosmn @i rosre

with the. powered. .|l ens.based upon manual input fromthe wearer.
Al ter n&sl:ﬁ% ?rﬁgjﬁt?rgtlosoé?&t he 5 powered ophthalmc | ens may be

acgonpl i shed via feedback or control signals directly fromthe
wearer. For exanple, sensors built into the |ens, may detect blinks

and/ or bl i nRItpEAY Rlinkgigledionp s RAETBALE Elasirgpi B¥S lns IIaRE,
the poygBESELrRRREMABLS ||s88 SvHERY tlﬁég;@’f?ﬁtér%@ﬁcﬁ‘l bétWeeﬁ’f@%}BE@r and fhe

refractive ppV\BI’ In order to el t_ | OCus on a n(_aar ) ect OI’. a
di st anelesbpaictcontart lens, suchhas activatisigygnothdrretedunéc dédee,iar sengioges ed

oner o EREP LB ot TR o e, Pt S 8 N Rae R B i

cons actlerlsanay bewsbd &as cagjuhatidn With amahiees odl 2cémpotet wihevéin ¢he oimera
sendi ng a cong&n to aRot her el ectroni c device. For exr@npl e,  blink
8PS hagho

det ect OpReNFANFISY SR MRS raieROMAEer JTeedAndidteieHse a
caner agQfcifes MRk 8eqUbRictnat i RBtAE itauses the mouse pointer to perform a

command, such as double-clicking on an item, highlighting an item, or selecting a menu
item.
20
A blink detection algorithm is a component of the system controller which detects
characteristics of blinks, for example, is the lid open or closed, the duration of the blink,
the inter-blink duration, and the number of blinks in a given time period. The algorithm in
accordance with the present invention relies on sampling light incident on the eye at a
25 certain sample rate. Pre-determined blink patterns are stored and compared to the
recent history of incident light samples. When patterns match, the blink detection
algorithm may trigger activity in the system controller, for example, to activate the lens

driver to change the refractive power of the lens.
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keeps track of where the eye(s) noves on the conputer screen, and
when the user executes a blink sequence that it detected, it causes

t he nouse pointer to performa command, such as double-clicking on an
item highlighting an item or selecting a nmenu item 20 A
blink detection algorithmis a conponent of the systemcontroller

whi ch detects characteristics of blinks, for exanple, is the Iid open
or closed, the duration of the blink, the inter-blink duration, and

t he nunber of blinks in a gilven time periaod. The algorithmin

accor dance WinKNg fetherrepist °$'H9@ﬁ€’|%ﬁ’nml qfdge 8Me|§§rﬁﬂq g gggential

i nci de%nc@i%nto?%né‘éﬁe agjj dﬁk Fcﬁé& itie & fn foRdi€n oB[e%tsd%rf‘éﬁ‘nﬂﬂQ bl'i nk
patterns are stored co are to t recent history of I ncident
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t
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Bl i pki agso §er¢;dfsetdremd/edmmmaafwbmenmgnt@ffrdm@h@é@él N&rraaly, binkdng is
essential function of the eye. Blinking protects the eye fromforelgn

obj ect §one gutamaliasily, bqtrﬂﬁ@fﬂﬁ'ﬁl@'b’ﬂ?ﬁ eonliibHteRS Bihe care vpibdfrianty-
appear

o ant SNGERTATLDY théy bER 1R Sropb Il B SR IR M BB VREble
ser ves te comawnicate vetbalty nanith gastires can blinkaonee for yes tehd teice.for no. The

cont 1 Btk Betelifo ARy ARG VAT bt 8 areer bbb B ftsn g Bras,
beipur pregetdhot Bedtorfusapivith noerhal uﬂmkmgdl@@bsnsmdnecrtﬁema:kdselftbunkmg is to
communj cate verbally or with gestures _can blink once for

twi ce P8HlidgRd gha meanikfoneprledlling an agHen.tthan %pwgv'eweﬁgrﬂwe?%i%%@ﬁ@
i nvent b%n‘ﬁchbh £8An&M ddkt Qﬂra%lbhﬁ ferwidd |hQ€«PerFé¥B %eﬁor’ilﬁm‘é? rd)ch&‘?Oh%Hk
nor mal “bl i nki ng response. her words, 1f blinking is

uti| i zepeedmaymeaaitedted by @mtmlveri ofjaetnmamqltmmg fatigret eie iy maﬁlaat:on

patter C t e

PP advernd =Sk birkindp A8 1 o) SRBgLs ALl ad BINEK ufisg i 6
gumberottferfvaﬂabies ihaitrﬁﬂeudbli‘r]guﬁgatTmaverege leﬂgtlulbfunvnftmta:rg}bimks and the

| Sease terns r S [erer account

or t nEngaafrhansohs burara aBbu Byt FadreaRfaBimBiserends, Aviacs mhiige
| engt hppdh df@bmehastink Rk Iar%ﬁe d)fsteh 1 @)hﬁvélaﬁeey Bﬁnlé%#tmlﬁ{]% bHadRed
(100) to four hundred (400) m|liseconds. Average adult men and wonen
bl i nk averagedime between pudyntany/blinkstiaepout §. alt@sgve@ntm(m)tsecoadﬁ t he
average tinme between involuntary blinks is about 0.3 to seventy (70)

seconds. 20An exenpl ary enbodi nent of the blink detection algorithm
mago be sunm@miezcedwpilarytelnd)dduhbnmﬁtgeSbiialpsletection algotithrdafiaylee aommarized

i ntentonal ] “bl.i nk sequence that a user will execute for positive
blink HefEdeiQying step
1. Define an intentional “blink sequence” that a user will execute for positive

blink detection.
2. Sample the incoming light level at a rate consistent with detecting the blink
25  sequence and rejecting involuntary blinks.
3. Compare the history of sampled light levels to the expected “blink
sequence,” as defined by a blink template of values.
4, Opticnally implement a blink “mask” sequence to indicate portions of the
template to be ignored during comparisons, e.g. near transitions. This may allow for a

30 user to deviate from a desired *blink sequence,” such as a plus or minus one (1) error
15



2. Sanmple the incomng light level at a rate consistent with
detecting the blink 25sequence and rejecting involuntary blinks.

3. Cbnpare the history of sanpled |light |levels to the expected "blink
sequence, " as defined by a blink tenplate of val ues. 4,
Optionally inplenent a blink "mask" sequence to indicate portions of
the tenplate to be ignored during conparisons, e.g. near transitions.
Thi s may allom/for a 30user to deviate froma desired "blink
sequence,” such as a plus or mnus one (1) error 15 w ndow, wherein
one or W'f'i‘ﬁ%”d’? qretmsong el Mare ehiens gativasion, eeniral caiskiocHs fhangeAary eeH.

A | ittt 1BY et O Vel 1 L R SAAS of BT PSRl B

the bli seque I"ar sequence
defined as folloms 51. bli nk (closed) for 0.5 s 2. open for 0 5s 3.
blink (clos ) for red (100) nms sanple

are. & tuel A exeBliiary BBk seavonse maxBeeRRd Al oy

5 . blink (closed) for 0.5 s
2. open for0.5s
3. blink (closed) for 0.5 s

At a one hundred (100) ms sample rate, a twenty (20) sample blink template is
10 given by
blink_template = [1,1,1, 0,0,0,0,0, 1,1,1,1,1, 0,0,0,0,0, 1,1].

The blink mask is defined to mask out the samples just after a transition (0 to
mask out or ignore samples), and is given by
15 blink_mask =[1,1,1,0,1,1,1,1,0,1,1,1,1, 0,1,1,1,1, 0,1].

Optionally, a wider transition region may be masked out to allow for more timing
uncertainty, and is given by
blink_mask =[1,1,0,0,1,1,1,0, 0,1,1,1,0, 0,1,1,1,0, 0,1].

20
Alternate patterns may be implemented, e.g. single long blink, in this case
a 1.5s blink with a 24-sample template, given by
blink_template =[1,1,1,1,0,0, 0,0,0,0,0,0, 0,0,0,0,0,0, 0,1,1,1,1,1].
25 It is important to note that the above example is for illustrative purposes and does

not represent a specific set of data.

Detection may be implemented by logically comparing the history of samples
against the template and mask. The logical operation is to exclusive-OR (XOR) the

30 template and the sample history sequence, on a bitwise basis, and then verify that all
16



blink _tenplate =1,1,1, 0,0,0,0,0, 21,1,1,1,1, 0,0,0,0,0, 1,1].

The blink mask is defined to mask out the sanples just after a

transition (0 to nask out or ignore sanples), and is given by

15blink_mask=1[1,1,1, O0,1,1,1,1, O0,1,2,1,1, O0,1,1,1,1, O,1].

Optionally, a wider transition region may be masked out to allow for

nore timng uncertainty, and is given by blink _mask=[1,1,0,

o,1,1,10, 0O0,2,2,2,0, 0,2,1,1,0, 0O,1]. 20 Al ternate

patterns nay be_ inplenmented, e.g. single long blink, in this case a

1. 5s blYAIA @W‘%O'Y@@WB “B%Fﬁﬂ'@@te; oRnRXENHIe 1S ilustrateshinihe blink mask
1,1,1 ok ] i . .

[ mhor ST A ) 2ach plaog pbiie lieipe B ol maskitatthl vald® s Jadic 1,

and doedlinsthasdpmatentheablinkevask tensplatedh thiaitpaceDef thetseqnenas; Hewever, in

i mpl e by l.0gl cal | 0 (ing the, history of s S
wgai ne EARRIRE AR Seulan AR Bk dnod At ol dls BRI, g not necessary
exch usithet aGfinkXRRches the3Pirkahel &ndpldteiRehsigadeohthelsehes@uence, on
a bitw se basis, a‘nd,then verify that all ] ®

example, the following Boolean algorithm equation, as coded in MATLAB™, may be

utilized.

matched = not (blink_mask) | not (xor (blink_template, test_sample)),

10
wherein test_sample is the sample history. The matched value is a sequence with the
same length as the blink template, sample history and blink_mask. If the matched
sequence is all logic 1’s, then a good match has occurred. Breaking it down, not (xor
(blink_template, test_sample)) gives a logic O for each mismatch and a logic 1 for each

15  match. Logic oring with the inverted mask forces each location in the matched
sequence to a logic 1 where the mask is a logic 0. Accordingly, the more places in a
blink mask template where the value is specified as logic 0, the greater the margin of
error in relation to a person’s blinks is allowed. MATLAB®is a high level language and
implementation for numerical computation, visualization and programming and is a

20 product of MathWorks, Natick, Massachusetts. It is also important to note that the
greater the number of logic 0’s in the blink mask template, the greater the potential for
false positive matched to expected or intended blink patterns. It should be appreciated
that a variety of expected or intended blink patterns may be programmed into a device
with one or more active at a time. More specifically, multiple expected or intended blink

25  patterns may be utilized for the same purpose or functionality, or to implement different
or alternate functionality. For example, one blink pattern may be utilized to cause the
lens to zoom in or out on an intended object while another blink pattern may be utilized
to cause another device, for example, a pump, on the lens to deliver a dose of a
therapeutic agent.

30
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unmasked history bits match the tenplate. For exanple, as illustrated
in the blink mask sanpl es above, in each place of the sequence of a
blink mask that the value is logic 1, a blink has to match the blink
mask tenplate in that place of the sequence. However, in each place
of the sequence of a blink mask that the value is logic O, it is not
necessary 5 that a blink matches the blink nmask tenplate in that

pl ace of the sequence. For exanple, the follow ng Bool ean al gorithm
equation, as,.coded in MATLAB(r), . .may be utilized, matched = naqt

(bl i nk_mask ) 19uradtillysiates, i E&%@Eﬂéﬁﬁﬁ?@t@fmt%§PT§8W6P§)1?9: QMRS AR
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L e LV gy b P OE el 8ot L AR e ELIROAI e
ZO®kn | ngnﬁacblansdﬁOamdi recnelaadn*d»igr&dighmte:oamtihgﬁncﬁxﬂém lphpadrisénie may
D U blePat Bp MR AR A oG TS 1Bl o Bl bl ! o1
amplifier 104. The photosensor or photodetector 102 may comprise any suitable
device. In one exemplary embodiment, the photosensor 102 comprises a photodiode.
In a preferred exemplary embodiment, the photodiode is implemented in a
20 complimentary metal-oxide semiconductor (CMOS process technology) to increase
integration ability and reduce the overall size of the photosensor 102 and the other
circuitry. The current 103 is proportional to the incident light level and decreases
substantially when the photodetector 102 is covered by an eyelid. The amplifier 104
creates an output proportional to the input, with gain, and may function as a
25  transimpedance amplifier which converts input current into output voltage. The amplifier
104 may amplify a signal to a useable level for the remainder of the system, such as
giving the signal enough voltage and power to be acquired by the ADC 106. For
example, the amplifier may be necessary to drive subsequent blocks since the output of
the photosensor 102 may be quite small and may be used in low-light environments.

30  The amplifier 104 may be implemented as a variable-gain amplifier, the gain of which
18



Figure 1 illustrates, in block diagramform a contact |ens 100,
conprising an electronic blink detector system in accordance with an
exenpl ary enbodi nent of the present invention. In this exenplary
enbodi ment, the electronic blink detector system nmay conprise a

phot osensor 102, an anplifier 104, an anal og-to-digital converter or
5 ADC 106, a digital signal processor 108, a power source 110, an
actuator 112, and a systemcontroller 114. When t he cont act
lens 100 i s placed onto the front surface of a user's eye the

el ect r SPAXDE Aigad BY Bre sygterpopRkolirstlddt ibra tapdbark Aepngemant k9 painige
| Pl eié diidinielianbe SPHARLRE O B4GEGH BRI duﬁgalw fiiCAthp ﬁfgalv Bl

The phot osensor as well as t other circ IS con
det ect nmlmcmethananalpg\mgn%goncﬂjtlomhg p&cwl&quhramﬁummlgmndmmwmuitw

[ ' t.he .pho en o 2 may,.be
embedadiliiTst b Enge) TR bon s Rer LOEFURE . D ARbITG o4 rmey
conger tcongrise@ingenitapleaievive fbﬂémpﬁiymgtdimﬂﬁor&ﬁﬁbrhﬁ@f@s& G&lRiti\d by the
current ndi cated by arrow 103, to flow. into the anpl |f|er 104. The

phot os @hSIASeBFoL A dovt eaeniethe amp)ifienhPd may simplysearipnte? goglece. | n
one eX%B*e}earoxaﬁsmeméwﬂta mb@cd?ﬁﬁic%?&ﬁﬁﬂfwt%@%rfgi bRES w@%&%aﬁ&
phot odi ode

In a preferred exenplary enbodi nent ed In
a 20 cemnlifiersntAg setiferthliaboxé.dbe pbatasenserctas amd:iv@&rpphﬂmswfl are

s+ se or bl 1o BEERERSa IRIRERAN Rodiices besPRTPPIHE fckdef Foififtebaiy
| s 1pr opexdivezhikough mbeeyiermictk&:flivehitb@indlﬁ\ten‘reﬁﬂ’idtcﬁ@drgﬂasﬁgnal usable

bst al | n t he photo et tor, 102 is covered by an eljd. The
Zlépf.? 4 ﬂm%& h@ﬂgst%te CRRIFPler f& Esﬁﬁs@'ﬁgr C?ratrq'i%“ﬂ@mef%ﬁapw gain,

and rra%brépiagrtahﬂﬂeaar 6re%'_bhﬁ§ur\%tlrf9‘? @&H}Idu&ltﬁﬁhk%ﬁ@@né‘é&w&minnput

current into output voltage. The anplifier 104 may anplify a signal
to a uPeHens in ¥ygepusg hﬂhttlmi@nsntahlﬁvﬁmndttlpns mdwgvlémanmommtg ouipug
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bl agks nemany. t he out put of the photosensor 102 may be quite snmall and

may be used in lowlight environnments. 30 The anplifier 104 may be
i mpl enented as a variable-gain anplifier, the gain of which

In this exemplary embodiment, the ADC 106 may be used to convert a
continuous, analog signal output from the amplifier 104 info a sampled, digital signal
appropriate for further signal processing. For example, the ADC 106 may convert an

20 analog signal output from the amplifier 104 into a digital signal that may be useable by
subsequent or downstream circuits, such as a digital signal processing system or
microprocessor 108. A digital signal processing system or digital signal processor 108
may be utilized for digital signal processing, including one or more of filtering,
processing, detecting, and otherwise manipulating/processing sampled data to permit

25 incident light detection for downstream use. The digital signal processor 108 may be
preprogrammed with the blink sequences and/or blink patterns described above. The
digital signal processor 108 also comprises associated memory. The digital signal
processor 108 may be implemented utilizing analog circuitry, digital circuitry, software,
or a combination thereof. In the illustrate exemplary embodiment, it is implemented in

30 digital circuitry. The ADC 106 along with the associated amplifier 104 and digital signal
19



may be adjusted by the systemcontroller 114, in a feedback
arrangenment, to maxi m ze the dynam c range of the system In addition
to providing gain, the anplifier 104 may i nclude ot her anal og signal
conditioning circuitry, such as filtering and other circuitry
appropriate to the photosensor 102 and anplifier 104 outputs. The
anplifier 104 may 5conprise any suitable device for anplifying and
condi tioning the signal output by the photosensor 102. For exanpl e,

the amplifier nma |sea5|nleoer_t'ona lifier
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104 are configured to detect and iSolate blink séequences based upon
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si gnal |disaRRpPIthd @Btuzkdr P utilized for digital signal processing,
including one or more of filtering, processing, detecting, and

ot herwi se mani pul ati ng/ processi ng sarrpl ed data to permt 25i ncident
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or a cereatl heragHied eepresBniakien of blirs patieen ¥R AfatoRIEH0SH viRBLS liht
s nplm?gr?srll’}yeigvélg versus time and a usable threshold level is illustrated. Accordingly,
accounting for various factors may mitigate and/or prevent error in detecting blinks
20 when sampling light incident on the eye, such as accounting for changes in light
intensity levels in different places and/or while performing various activities.
Additionally, when sampling light incident on the eye, accounting for the effects that
changes in ambient light intensity may have on the eye and eyelid may also mitigate
and/or prevent error in detecting blinks, such as how much visible light an eyelid blocks
25 whenitis closed in low-intensity light [evels and in high-intensity light levels. In other
words, in order to prevent erroneous blinking patterns from being utilized to control, the

level of ambient light is preferably accounted for as is explained in greater detail below.

For example, in a study, it has been found that the eyelid on average blocks

30 approximately ninety-nine (99) percent of visible light, but at lower wavelengths less
20



30digital circuitry. The ADC 106 along with the associated anplifier
104 and digital signal processor 108 are activated at a suitable
rate in agreenment with the sanpling rate previously described, for
exanpl e every one hundred (100) ns. A power source 110 supplies power
for nunerous conponents conprising the 5blink detection system The
power may be supplied froma battery, energy harvester, or other
suitable neans as is known to one of ordinary skill in the art.
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threshold value is illustrated. The threshold is set at a value in between the peak-to-
peak value of the visible light intensity recorded for the sample blink patterns over the
course of the simulation at varying light intensity levels. Having the ability to

15 preprogram blink patterns while tracking an average light level over time and adjusting a

threshold may be critical to being able to detect when an individual is blinking, as
opposed to when an individual is not blinking and/or there is just a change in light

intensity level in a certain area.

20 Referring now again to Figure 1, in further alternate exemplary embodiments, the
system controller 114 may receive input from sources including one or more of a blink
detector, eye muscle sensors, and a fob control. By way of generalization, it may be
obvious to one skilled in the art that the method of activating and/or controlling the
system controller 114 may require the use of one or more activation methods. For

25  example, an electronic or powered contact lens may be programmable specific to an
individual user, such as programming a lens to recognize both of an individual’s blink
patterns and an individual's ciliary muscle signals when performing various actions, for
example, focusing on an object far away, or focusing on an object that is near. In some
exemplary embodiments, using more than one method to activate an electronic contact

30 lens, such as blink detection and ciliary muscle signal detection, may give the ability for
21



Additionally, when sanpling light incident on the eye, accounting for
the effects that changes in anbient |ight intensity may have on the
eye and eyelid may al so mtigate and/or prevent error in detecting

bl i nks, such as how nuch visible Iight an eyelid bl ocks 25when it is
closed in lowintensity light Ievels and in high-intensity |ight

| evels. In other words, in order to prevent erroneous blinking
patterns frombeing utilized to control, the |evel of anbient |ight
is preferably accounted for as is explaiped in greater detail bel ow
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exenpl ary enbodi ments, the systemcontroller 114 may receive input
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SeNSor fidicfifg hdtAPtheiBeLRk agBtt YRYUIQbe HRNGERL S id 8fb(s). L InTRY S&mplary
20 embodiment, the actuator 112 may comprise a pump and reservoir, for example, a
microelectromechanical system (MEMS) pump. As set forth above, the powered lens of
the present invention may provide various functionality; accordingly, one or more
actuators may be variously configured to implement the functionality.

25 Figure 3 illustrates a state transition diagram 300 for an exemplary blink
detection system in accordance with the blink detection algorithm of the present
invention. The system starts in an IDLE state 302 waiting for an enable signal bl_go to
be asserted. When the enable bl_go signal is asserted, for example, by an oscillator
and control circuit which pulses bl_go at a one hundred (100) ms rate commensurate

30  with the blink sampling rate, the state machine then transitions to a WAIT_ADC state
22



obvious to one skilled in the art that the nethod of activating

and/ or controlling the systemcontroller 114 may require the use of
one or nore activation nethods. For 25 exanple, an electronic or
powered contact | ens may be programrabl e specific to an individual
user, such as progranmmng a lens to recognize both of an individual's
blink patterns and an individual's ciliary nuscle signals when
perforning various actions, for exanple, focusing on an object far
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be variously configured't the ‘functi ona

20 adc_vref signal is input to the ADC 408 from the power source 110 (see Figure 1) or
alternately it may be provided from a dedicated circuit inside the analog-to-digital
converter 408. The output from the ADC 408, adc_data, is transmitted to the digital
signal processing and system confroller block 108/114 (see Figure 1). Although
illustrated in Figure 1 as individual blocks 108 and 114, for ease of explanation, the

25  digital signal processing and system controller are preferably implemented on a single
block 410. The enable signal, adc_en, the start signal, adc_start, and the reset signal,
adc_rst_n are received from the digital signal processing and system controller 410
while the complete signal, adc_complete, is transmitted thereto. The clock signal,
adc_clk, may be received from a clock source external to the signal path, pd_rx_top, or

30 from the digital signal processing and system controller 410. It is important to note that
23



25Figure 3 illustrates a state transition diagram 300 for an
exenplary blink detection systemin accordance with the blink
detection algorithmof the present invention. The systemstarts in an
| DLE state 302 waiting for an enable signal bl _go to be asserted.

Wien the enable bl _go signal is asserted, for exanple, by an
oscillator and control circuit which pulses bl _go at a one hundred
(100) nms rate commensurate 30 with the blink sanpling rate, the state
machi ne_then transitio to T, ADC state. 304 in which an ADC is
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At houg\r}eraged, for example, by an integrate-and-dump average or other averaging methods
implemented in digital logic, in the threshold generation circuit 504 to produce one or
20  more thresholds on the signal pd_th. The held data value may then be compared, via
comparator 506, to the one or more thresholds to produce a one-bit data value on the
signal pd_data. It will be appreciated that the comparison operation may employ
hysteresis or comparison to one or more thresholds to minimize noise on the output
signal pd_data. The digital conditioning logic may further comprise a gain adjustment
25  block pd_gain_adj 508 to set the gain of the automatic gain and low-pass filtering stage
406 in the photodetection signal path via the signal pd_gain, illustrated in Figure 4,
according to the calculated threshold values and/or according to the held data value. It
is important to note that in this exemplary embodiment six bit words provide sufficient
resolution over the dynamic range for blink detection while minimizing complexity.
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illustrated in Figure 1 as individual blocks 108 and 114, for ease of
expl anation, the 25digital signal processing and systemcontroller
are preferably inplenented on a single block 410. The enabl e signal,
adc_en, the start signal, adc_start, and the reset signal, adc_rst _n
are received fromthe digital signal processing and systemcontroller
410 while the conplete signal, adc_conplete, is transmtted thereto.
The cl ock signal, adc_clk, nay be received froma cl ock source
external to the si t op, Of rom t he di na
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20  pd_gain value increases by one step, then the pd_pk and pd_ vI va]ues are increased by
a factor equal to the expected gain increase in the photodetection signal path. If the
pd_gain value decreases by one step, then the pd_pk and pd_val values are decreased
by a factor equal to the expected gain decrease in the photodetection signal path. In
this manner the states of the peak detector and valley detectors, as held in the pd_pk
25 and pd_vl values, respectively, and the threshold value pd_th as calculated from the
pd_pk and pd_vl values are updated to match the changes in signal path gain, thereby
avoiding discontinuities or other changes in state or value resulting only from the

intentional change in the photodetection signal path gain.
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25bl ock pd_gain_adj 508 to set the gain of the automatic gain and

| ow-pass filtering stage 406 in the photodetection signal path via
the signal pd_gain, illustrated in Figure 4, according to the
cal cul ated threshol d val ues and/ or according to the held data val ue.
It is inportant to note that in this exenplary enbodi ment six bit
words provide sufficient resolution over the dynam c range for blink
detection while mnimzing conplexity. 30 In one exenpl ary
enbodi nment , t hreshol d generation circuit 504 conprises a peak
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one or more blink templates bl_tpl and blink masks bl_mask, and is configured to
indicate a match to the one or more templates and masks on one or more output signals
that may be held for later use. The output of the comparison block 604 is latched via a

25 D flip-flop 606. The digital detection logic 600 may further comprise a counter 608 or
other logic to suppress successive comparisons that may be on the same sample
history set at small shifts due to the masking operations. In a preferred exemplary
embodiment the sample history is cleared or reset after a positive match is found, thus
requiring a full, new matching blink sequence to be sampled before being able to

30 identify a subsequent match. The digital detection logic 600 may still further comprise a
26



In a further exenplary enbodi nent of the threshold generation circuit
504, the threshold calculation circuit may be further configured to
calculate a threshold value pd th _pk based on a proportion or
percentage of the pd _pk value. In a preferred exenplary enbodi nent
the pd_th_pk may be advant ageously configured to be seven 5 eighths
of the pd_pk value, a calculation which may be inplenented with a
sinple right shift by three bits and a subtraction as is well-known
in the | evant art. The t shol al cul on c ult sel ect the
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20 detection subsystem dig_blink 802. The digital blink detection subsystem dig_blink 802
may be controlled by a master state machine dig_master 804 and may be adapted to
receive clock signals from a clock generator ctkgen 806 external to the digital system
controller 800. The digital blink detection subsystem dig_blink 802 may be adapted to
provide control signals to and receive signals from a photodetection subsystem as

25 described above. The digital blink detection subsystem dig_blink 802 may comprise
digital conditioning logic and digital detection logic as described above, in addition to a
state machine to control the sequence of operations in a blink detection algorithm. The
digital blink detection subsystem dig_blink 802 may be adapted to receive an enable
signal from the master state machine 804 and to provide a completion or done

30 indication and a blink detection indication back to the master state machine 804.
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state machine or simlar control circuitry to provide the contro
signals to the photodetection signal path and the ADC. In sone
exenpl ary enbodi nents the control signals may be generated by a
control state nmachine that is separate fromthe digital detection

| ogic 600. This control state machine may be part of the digital

si gnal 5processing and systemcontroller 410. Figure 7
illustrates a timng diagramof the control signals provided froma
bl i nk detection subsystemto an ADC 408 (Figure 4) used in a
phot odet ecti on signal path. The enabl e and cl ock signals adc_en,
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range of the adc_data signal. As discussed below, the photodection signal path gain is
different (lower) in the second portion of the plot. In general the adc_data_held value is
20 directly proportional to the photocurrent, and the gain changes only affect the ration or
the constant of proportionality. Figure 9C illustrates the pd_pk, pd_vl and pd_th_mid
values calculated in response to the adc_data_held value by the threshold generation
circuit. Figure 9D illustrates the pd_pk, pd_vl and pd_th_pk values calcuiated in
response to the adc_data_held value in some exemplary embodiments of the threshold
25  generation circuit. Note that the pd_th_pk value is always some proportion of the pd_pk
value. Figure 9E illustrates the adc_data_held value with the pd_th_mid and pd_th_pk
values. Note that during long periods of time where the adc_data_held value is
relatively constant the pd_th_mid value becomes equal to the adc_data_held value as
the pd_vl value decays to the same level. The pd_th_pk value always remains some

30 amount below the adc_data_held value. Also illustrated in Figure 9E is the selection of
28



Figure 9 provides wavefornms, Figures 9A - 9G to illustrate the
operation of the threshold generation circuit and automatic gain
control (Figure 5). Figure 9A illustrates an exanple of photocurrent
versus time as m ght be provided by a photodi ode in 5response to
varying light levels. In the first portion of the plot, the |ight

| evel and resulting photocurrent are relatively | ow conpared to in
the second portion of the plot. In both the first and second portions
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where the adc_data _held value is relatively constant the pd_th_md

val ue becones equal to the adc_data_ hel d value as the pd_v1l val ue
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the pdtgsemisppgugton Rrogessydl adiralegred exemplary embadiment, the light-passing
region 1002 permits as much light as possible to reach the photosensors thereby
25  maximizing sensitivity. This may be done through removing polysilicon, metal, oxide,
nitride, polyimide, and other layers above the photoreceptors, as permitted in the
semiconductor process utilized for fabrication or in post processing. The light-passing
area 1002 may also receive other special processing to optimize light detection, for
example an anti-reflective coating, filter, and/or diffuser. The light-blocking region 1004

30  may cover other circuitry on the die which does not require light exposure. The
29



signal which is ow when a blink is occurring. Figure 9Gillustrates
a value of tia_gain versus tine for these exanple waveforns. The
value of tia gain is set lower when the pd th starts to exceed a high
t hreshol d shown as agc_pk th in Figure 9E. It will be appreciated
that simlar behavior occurs for raising tia gain when pd_th starts
to fall 10 below a | ow threshol d. Looking again at the second portion
of each of the Figures 9A through 9E the effect of the lower tia gain
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Figure 11 illustrates an exemplary contact lens with an electronic insert

comprising a blink detection system in accordance with the present embodiments
(invention). The contact lens 1100 comprises a soft plastic portion 1102 which
comprises an electronic insert 1104. This insert 1104 includes a lens 1106 which is

20  activated by the electronics, for example focusing near or far depending on activation.
Integrated circuit 1108 mounts onto the insert 1104 and connects to batteries 1110, lens
1106, and other components as necessary for the system. The integrated circuit 1108
includes a photosensor 1112 and associated photodetector signal path circuits. The
photosensor 1112 faces outward through the lens insert and away from the eye, and is

25  thus able to receive ambient light. The photosensor 1112 may be implemented on the
integrated circuit 1108 (as shown) for example as a single photodiode or array of
photodiodes. The photosensor 1112 may also be implemented as a separate device
mounted on the insert 1104 and connected with wiring traces 1114. When the eyelid

closes, the lens insert 1104 including photodetector 1112 is covered, thereby reducing
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performance of the other circuitry may be degraded by photocurrents,
for exanple shifting bias voltages and oscillator frequencies in the
ultra-low current circuits required for incorporation into contact

| enses, as nentioned previously. The |ight-blocking region 1004 is
preferentially fornmed with a thin, opaque, reflective material, for
exanpl e 5 al um num or copper already use in sem conductor wafer
processi ng and post- processing. If inplemented with netal, the

materi gl formng.the li - bl ockj r egj 00 e | | at ed
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passi vation al ready present on the die as part of normal wafer
passivation, e.g. oxide, nitride, and/or polyimde, or with other
dielectric ' ; < Si h Nganer ol j, gt
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bond pads 1006. 15 ure 11 illustrates an exenplary contact
|l ens with an electronic insert conprising a blink detection systemin

accordance yt; I - i The: £ns
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conponents. as necessary for the system_ The integrated circuit 1108

i ncl ude3rtiiopad asLIsTIperetnan opa dntagiated sir@dt phot odet ect or si gnal path
circuits. The photosensor 1112 faces outward through the |lens insert
and away fromthe eye, and is 25 thus able to receive anbient |ight.
Thas phot oseHlddimpartant tmpoleghahthpediivk detectinn tshetemmotihe gpiresent imaention has

1108 ( nl e, S . h di ode or. arr of

oot odP iRl Sk igBr 2SR EaPhEN e RiiPedbsBgment.
separ aTheskebrazrlemuses pdiude dtiigingnsiak defeblidn am dostesiegided atiebofv i ng
traces_1114. V\hgn .the eyel i_&ucl ?ﬁ’ the lens insert 1104 including
phot od84MElPRRIity orIndikidpglseyiuphysical dispbiliigs:cil ig Plibkdeteckpn maykg setup
i nci degh-ey8 drir-@pot odetector 1112. The photodetector 1112 is able to
measure the anbient light to determne if the user is blinking or
nok® Additional enbodi nents of the blink detection al gorithm may

al I ow for " &cordance with another exemplary embodiment, a powered or electronic

ophthalmic lens may incorporate an eyelid or lid position sensor. It is known that the
eyelids protect the globe in 2 number of ways, including the blink reflex and the tear
spreading action. The blink reflex of the eyelids prevents trauma to the globe by rapidly
25 closing upon a perceived threat to the eye. Blinking also spreads tears over the globe’s
surface to keep it moist and rinse away bacteria and other foreign matter. But the
movement of the eyelids may also indicate other actions or functions at play. For
example, when an individual focuses on a near object, the top eyelid drops.
Accordingly detection of this movement may be utilized as an input into an electronic

30  ophthalmic lens with a variable focus optic to correct for a loss in accommodation
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Svariation in the duration and spacing of the blink sequence, for
exanple by timng the start of a second blink based on the neasured
ending tine of a first blink rather than by using a fixed tenplate or
by wi dening the nask "don't care" intervals (0 val ues). I t

wi ||l be appreciated that the blink detection algorithmmy be
inplemented in digital logic or in software running on a

m crocontroller. The algorithmlogic or mcrocontroller may be

i npl enented in a,sing|le application-specific,_ integrated circuit,
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This sensor array 1204 includes one or more photosensors. In this exemplary
embodiment, the sensor array 1204 comprises twelve (12) photosensors 1206a - 1206l.
With the top lid at position 1201 and the bottom lid at position 1207, all photosensors

25 1206a - 1206l are exposed and receive ambient light, thereby creating a photocurrent

which may be detected by an electronic circuit described herein. With the lids partially
closed at positions 1203 and 1209, the top and bottom photosensors 1206a and 1206b
are covered, receive less light than the other photosensors 1206¢ — 12061, and output a
correspondingly lower current which may be detected by the electronic circuit. With the

30 lids totally closed in position 1205, all sensors 1206a — 1206| are covered with a
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10 utilizing such a sensor may not change state in a nmanner visible
to the user; rather the device may sinply |og data. For exanple, such
a sensor could be used to determne if a user has the proper iris
response throughout a day or if a problematic nedical condition

exi sts. 15Referring now to Figure 12, there is illustrated an
exenplary lid position sensor systemon an eye 1200. The systemis
incorporated into a contact |ens 1202. The top and bottom eyelids are

shown, with the top lid having possible |ocations 1201, 1203, K and .
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25 |l enses 1302. Transmi ssion of data between the two contact |enses
1302 may, for exanple, verify that both |ids have closed in order to
detect a true, purposeful blink rather than a wink or involuntary
blink. The transm ssion nmay also allow a systemto determne if both
eyel ids have closed by a simlar anount, for exanple, that which is
associated wth a user reading up-close. Data transm ssion may also
take place to an external device, for exanple, spectacle glasses

patch worn on the user r a snart res 14 14B
PPl ot EXengl e I el S ectacts aBsSemersrlel FiaraAl LhE Foct SisBue e
phot oseRsfphonas set forth above, are used to trigger activity in a
contact |ens 1402 or nore specifically, a powered or electronic
ophthalmc lens. Figure 14A shows the exenplary el ectronic system
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various positions on the eye to detect lid position, sharin
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si gni ficant ce the si
15 multiple photosensors 1404, The multiplexer 1408 may be placed immediately after the

photosensors 1404, before the amplifiers 1406, or may not be used depending on
considerations for current consumption, die size, and design complexity. Since multipie
photosensors 1404 are needed at various positions on the eye to detect lid position,
sharing downstream processing components (for example amplifiers, an analog-to-

20 digital converter, and digital signed processors) may significantly reduce the size
needed for the electronic circuitry. The amplifiers 1406 create an output proportional to
the input, with gain, and may function as transimpedance amplifiers which convert input
current into output voltage. The amplifiers 1406 may amplify a signal to a useable level
for the remainder of the system, such as giving the signal enough voltage and power to

25  be acquired by the ADC 1410. For example, the amplifiers 1406 may be necessary to
drive subsequent blocks since the output of the photosensors 1404 may be quite small
and may be used in low-light environments. Amplifiers 1406 may also be implemented
as variable-gain amplifiers, the gain of which may be adjusted by a system controller
1412 to maximize the dynamic range of the system 1400. In addition to providing gain,

30 the amplifiers 1406 may include other analog signal conditioning circuitry, such as
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needed for the electronic circuitry. The anplifiers 1406 create an
out put proportional to the input, with gain, and nmay function as

t ransi npedance anplifiers which convert input current into output
voltage. The anplifiers 1406 may anplify a signal to a useable |eve
for the remai nder of the system such as giving the signal enough

vol tage and power to 25 be acquired by the ADC 1410. For exanple, the
anplifiers 1406 nay be necessary to drive subsequent bl ocks since the
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other system parameters, optimization of sensors placement in the contact lens,
determination of lid position patterns, recording ambient light, comparing each
25  photosensor to adjacent and all photosensors, and other techniques to discern lid

position uniquely.

[n this exemplary embodiment, the ADC 1410 may be used to convert a
continuous, analog signal output from the amplifiers 1406 through the multiplexer into a

30 sampled, digital signal appropriate for further signal processing. For example, the ADC
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In this exenplary enbodi nent, the ADC 1410 may be used to convert a
continuous, analog signal output fromthe anplifiers 1406 through the
mul tiplexer into a 30sanpled, digital signal appropriate for further
si gnal processing. For exanple, the ADC 1410 may convert an anal og
signal output fromthe anplifiers 1406 into a digital signal that may
be useabl e by subsequent or downstreamcircuits, such as a digital
signal processing systemor mcroprocessor 1416. A digital signal
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sensor array pattern, processed from 20analog to digital, nay enable

activation of the systemcontroller 1412 or a portion of the system
e *hu o ARSI INS Skl oyl S AROL LSrpbfd oA o
di @5t alid pogitiah spnearesystam 1408, Themowensplese tH&yanglsohze Giiized tosupply
refr achl¥ gy RoYRer 8Evigls 8h 8% LQNbEALhY. HRB0& By bEWphIPHIM & Bttery,
energy harvester, or other suitable means as is known to one of ordinary skill in the art.
Essentially, any type of power source 1418 may be utilized to provide reliable power for
all other components of the system. A lid position sensor array pattern, processed from
20 analog to digital, may enable activation of the system controller 1412 or a portion of the
system controller 1412. Furthermore, the system controller 1412 may control other
aspects of a powered contact lens depending on input from the digital signal processor
1408, for example, changing the focus or refractive power of an electronically controlled
lens through the actuator 1414.
25
Referring now to Figure 15 there is illustrated an exemplary output characteristic
for three photosensors positioned at three different vertical positions on the contact
lens. The output characteristics may represent the current proportional to incident light
on each photosensor or may represent a downstream signal, for example digital

30 sampled data values versus time at the output of the ADC (element 1410 in Figure 14).
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25 Referring nowto Figure 15 there is illustrated an exenplary

out put characteristic for three photosensors positioned at three
different vertical positions on the contact |ens. The out put
characteristics nay represent the current proportional to incident
| i ght on each photosensor or may represent a downstream signal, for
exanple digital 30 sanpled data val ues versus tinme at the output of
the ADC (el enment 1410 in Figure 14). Total incident |ight 1502
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illustrate an alternate exenplary detection system 1600 incorporated
i nto acertfitugstiolseadha Baht lexal incgase vithga perragmnsingniscraase 4y stdmt teebd
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comon in the electronics industry, for exanple in touch-screen
di spl ays. The basic principle is that a variable capacitor 1604 is

i mpl enent edFigirés PYY ahea AGBTRMIRe 8HGlitefritAé ek pRaP A6idcBOe Sysaf 500
W th proximt for exanple, by inplenmenting a grid covered

by a dlr@pmqraéé%tste%%?té@tdﬁm 16@h Preeaadndigiredeé dipvwsithgaystengAGP0
Pr opor b @lent A 602 &rARGGe 8IS Snovs Oh SR el Yor PSS9 600. In this
20 exemplary embodiment, capacitive touch sensors 1604 are utilized instead of
photosensors. Capacitive touch sensors are common in the electronics industry, for
example in touch-screen displays. The basic principle is that a variable capacitor 1604
is implemented in a physical manner such that the capacitance varies with proximity or
touch, for example, by implementing a grid covered by a dielectric. Sensor conditioners
25 1604 create an output signal proportional to the capacitance, for example, by measuring
the change in an oscillator comprising the variable capacitor or by sensing the ratio of
the variable capacitor to a fixed capacitor with a fixed-frequency AC signal. The output
of the sensor conditioners 1606 may be combined with a multiplexer 1608 to reduce
downstream circuitry. In this exemplary embodiment, the necessary signal conditioning

30 circuitry as described above with respect to Figure 14 is omitted for simplicity. A system
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the change in an oscillator conprising the variable capacitor or by
sensing the ratio of the variable capacitor to a fixed capacitor with
a fixed-frequency AC signal. The output of the sensor conditioners
1606 may be conmbined with a multiplexer 1608 to reduce downstream
circuitry. In this exenplary enbodi nent, the necessary signa
conditioning 30circuitry as described above with respect to Figure 14
is omtted for sinplicity. A system controller 1610 receives inputs

fromthe nce .sensor nd| i oner 1606 via the It|

1605, ropaate i S VER s oty the SRR sehdor damar 160 Via e
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|l ens 10 environnent. As the eyelid covers a sensor 1604, the change
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el S anE” B arkEah arm e iRl P ieserbAter connect i ons

are made in the peri pheral zone of a contact lens rather than in the
optic zone. In accordance with an alternate exenplary enbodiment, it
is i rrportan{t is pnprytant te,peterthat ADC’s and digital signal processing circuitry may be

utilized in accordance with the capacitive touch sensors if needed as illustrated with

15  respect to the photosensors of Figure 14B.

In one exemplary embodiment, the electronics and electronic interconnections
are made in the peripheral zone of a contact lens rather than in the optic zone. In
accordance with an alternate exemplary embodiment, it is important to note that the

20  positioning of the electronics need not be limited to the peripheral zone of the contact
lens. All of the electronic components described herein may be fabricated utilizing thin-
film technology and/or transparent materials. If these technologies are utilized, the
electronic components may be placed in any suitable location as long as they are
compatible with the optics.

25

The activities of the digital signal processing block and system controller (1416
and 1412 in Figure 14B, respectively and system controller 1610 in Figure 16B) depend
on the available sensor inputs, the environment, and user reactions. The inputs,
reactions, and decision thresholds may be determined from one or more of ophthalmic

30 research, pre-programming, training, and adaptive/learning algorithms. For example,
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20positioning of the electronics need not be limted to the

peri pheral zone of the contact lens. Al of the electronic conponents
descri bed herein may be fabricated utilizing thin- filmtechnol ogy
and/or transparent materials. |If these technologies are utilized, the
el ectroni c conponents may be placed in any suitable |ocation as |ong
as they are conpatible with the optics. 25 The activities of
the digital signal processing bl ock and systemcontroller (1416 and
1412 i ect and system contro r in F ure
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wel | -docunented in erature, apprca to a Ion o
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i ndi vi dual ' s devi,ations, fromt he ner ted re onse
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al gori mmn/\bmmmmwmwnﬁ ted Qevied,iviteert he Uses Hesises hdardBelisiiA IRarhg t he
el ectroni c_ ophthal m ¢ device. In one exenplary enbodi nent, the user

may tr ei@r?rrﬂrm inyhg devieg n"@dtth@raf@fﬁgﬁr@eﬁ&ﬁawenauir%a meiRPRHefeienans @figres
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al gorrthmr he device ma rence sensor uts in nmenory
befldr e onadiayf after wihieh ﬂhﬂ)dswg@adoutd)operatermtommondy vdtihodrdy eensor inputs

al gorlélngz) &E%L@fetf;%.f |ng period could | ast for one day, after which

t he de ‘e autononously with only sensor inputs and not
require the fob. An intraocular lens or 1OL is a Iens that IS

i npl ant ed |2\the ey nd reﬁ‘races the crystalline | ens.
utilized fofN 'ﬂfafr'% ?%Sar A enadhal i$ imrlapisdyinitie ﬁveaﬂd\rem%%ﬁsthe

m ﬁf L?Qfﬁ?‘@‘f‘?ﬁgr ® n}al?‘”bé iz RO CRbMEUER Wit ESGirdcts BREIMIN &5Hrb&t JafidBs
15  refractive errors. An IOL typically comprises a small plastic [ens with plastic side struts
called haptics to hold the lens in position within the capsular bag in the eye. Any of the
electronics and/or components described herein may be incorporated into [OLs in a

manner similar to that of contact lenses.

20 Although shown and described in what is believed to be the most practical and
preferred embodiments, it is apparent that departures from specific designs and
methods described and shown will suggest themselves to those skilled in the art and
may be used without departing from the spirit and scope of the invention. The present
invention is not restricted to the particular constructions described and illustrated, but

25  should be constructed to cohere with all medifications that may falt within the scope of

the appended claims.
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called haptics to hold the lens in position within the capsul ar bag
in the eye. Any of the el ectronics and/or conponents described herein
may be incorporated into 10Ls in a manner simlar to that of contact

| enses. 20Al t hough shown and described in what is believed to be the
nost practical and preferred enbodi nents, it is apparent that
departures from specific designs and nethods descri bed and shown w ||
suggest thenselves to those skilled in the art and may be used

wi t hout departing fromthe spirit and scope of the invention. The
present invention is not restricted to the particular constructions
descri bed angHalrigstrraheh 1ut 25shoul d be constructed to cohere with
all nodifications that may fall within the scope of the appended
claims. WHAT IS CLAIMED I S: 1. A powered ophthalmc |ens, the

pover ggdoghggfl T hpo g SRBIcl Al 18hs, nE BBRRRE éﬁrﬂﬁgwgﬁ%ﬁ%'s%%w?&“ ©
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syst emiigopéritatt 1ehs,ap8yerd ﬁgs.mq §éﬁ@ﬂr%y§@ﬁhmbm@m§ sdahssreief ndvihg he
sensor array to det ect eye osition and rovi an out t contr ol

si gnal Plualiy f indbddyal @ﬁ@sqéttgaletﬁct eyeld @wtgm @osystaraicpatreller configured to
t
ower o BarPEidIRl S8 i 1kl SRGFRA0T dCRRELYAR posiion apdprallf

of i ndieniclfalt coatrsbsignalpamad iaSIeaplmﬂe)aauatmr sohfigurde te@ cddeng: ﬂheg:hutput
i nci dent on thal mc | ens according

h h
to d af ﬂﬂ“é ey @F‘ﬁ ‘TR@"&%I@%’eB‘B@T%Fﬁr QBﬁtE:ﬁ‘r system furt her

conprises an anplifier connected to the photosensors, the anplifier

bei ng configured_to condition signals output fromthe phot osensors
for downst r éam uske powered ophthalmic lens according to Claim 1, wherein the plurality

of individual sensors comprise photosensors for detecting light incident on the eye.

3. The powered ophthalmic lens according to Claim 2, wherein the eyelid
position sensor system further comprises an amplifier connected to the photosensors,
the amplifier being configured to condition signals output from the photosensors for

downstream use.

4, The powered ophthalmic lens according to Claim 3, wherein the eyelid
position sensor system further comprises a multiplexer configured to receive multiple

inputs from the amplifier and output a single signal.

5. The powered ophthalmic lens according to Claim 4, wherein the eyelid
position sensor system further comprises an analog-to-digital converter configured to
convert the analog signal from the amplifier to a sampled, digital signal for further signal

processing.
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4. The powered ophthalmc | ens according to Caim3, wherein the
eyelid position sensor systemfurther conprises a nultiplexer
configured to receive multiple inputs fromthe anplifier and output a
si ngl e signal. 5. The powered ophthal mic |ens according to
Claim4, wherein the eyelid position sensor systemfurther conprises
an anal og-to-digital converter configured to convert the anal og
signal fromthe anplifier to a sanpled, digital signal for further

si gnal processin . _The powered ophthal.mc |ens. according
Lo Crai n 5. Goper dne roereg epRmaBEIBRACSEABE S ST, witeehe yehd
conpr i gRsitienEHedbbodystére Talthdl PSS HRE ep@ngtamgrml pkdtek 86t oHfigafedPidt put
fromthe anal og-to-digital converter and performdigital signal

pr ocesdeéRive pROUERHE g e el egriedigital sanvertenand pedess digigl sigaal

ownst PR aTB. TS obe oGP of IRGHE BlaqesPib ML LR o dhplsd dgta o

d ai m permténcidentiligbt détgttia fosidgwaktrpamaesssor conpri ses associ at ed

menory. 8. The powered ophthal mc |lens according to Caim1l,
further conprisi n% a power mpl y. 9. The powered opht hal m c
| ens accordi’ng t dheEIPgIerad opptbpkhis lenfeagnonding te (laim 6.viisreauap digital

sensor g; gﬁ@cgg?&%%ge\éea*g&%%frﬂgmr for detecting contact or

proxi mt putti’ng a signa ndi cat’i ve thereof. 10. The
power ed ophthalmc lens according to Caim9, wherein the sensor
8. The powered ophthalmic lens according to Claim 1, further comprising a

power supply.

9. The powered ophthalmic lens according to Claim 1, wherein the plurality
of individual sensors comprise capacative touch sensors for detecting contact or

proximity and outputting a signal indicative thereof.

10.  The powered ophthalmic lens according to Claim 9, wherein the sensor
system further comprises sensor conditioners that output a signal proportional to

capacitance for downstream use.

11.  The powered ophthalmic lens according to Claim 10, wherein the eyelid
position sensor system further comprise a multiplexer configured to receive multiple

inputs from the sensor conductors and output a single signal to the system controlier.

12.  The powered ophthalmic lens according to Claim 1, wherein the eyelid
position sensor system further comprises a communication channel for coordinating

action between pairs of powered contact lenses.

13. A powered ophthalmic lens, the powered ophthalmic lens comprising:

a contact lens; and
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system further conprises sensor conditioners that output a signal
proportional to capacitance for downstream use. 11. The
power ed ophthalmc | ens according to Claim 10, wherein the eyelid
position sensor systemfurther conprise a nultiplexer configured to
receive multiple inputs fromthe sensor conductors and output a
single signal to the systemcontroller. 12. The powered
ophthal mc |l ens according to Claim1l, wherein the eyelid position
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predet erm ned functi on. 14. The powered ophthalmc |ens
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eyelid position sensor systemfurther conprises an anplifier
connected to the photosensors, the anplifier being configured to

condi tion signal :fh%k{h%ffﬁ%g%gmﬂc Pg}.%oé) [Itﬁ,% ?9 f;lf}f,ml te;&ﬁ%élgﬁ%id
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Claim a@wng\{ﬁ@érﬁluget he eyelid position sensor systemfurther conprises
an anal og-to-digital converter configured to convert the anal og
signal fromthe anplifier to a sanpled, digital signal for further

si gnal procé8si nghe powered dghthdlhdc mmercxedrdhp)dptd”lalairhdﬂ mr@mtm dyeigl

to Caim.17, wherein th elid position, sensor further
compr | BEYIGH sFgsdraoiany fules orelSss acPErae T L B pechis e
fromt h@u@d’*ﬁbrﬂ&hé@ﬁbhﬂéﬁ ahd éeﬂib\a?étsﬂfglélﬁ@nﬁprfor m digital signal
processing, including one or nore of filtering, processing and

detecting sanpled data to permt incident |ight detection for
downstream @Be. The powered ophthalmic lens according to Claim 16, wherein the eyelid

position sensor system further comprises an analog-to-digital converter configured to
convert the analog signal from the amplifier to a sampled, digital signal for further signai

processing.

18.  The powered ophthalmic lens according to Claim 17, wherein the eyelid
position sensor system further comprises a digital signal processor configured to
receive an output from the analog-to-digital converter and perform digital signal
processing, including one or more of filtering, processing and detecting sampled data to

permit incident light detection for downstream use.
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19. The powered ophthal mc |ens according to Claim 18, wherein the

digital signal processor conprises associated nenory. 20. The
power ed ophthalmc | ens according to Claim13, further conprising a
power supply. 21. The powered ophthalmc | ens according to

Claim 13, wherein the plurality of individual sensors conprise
capacitive touch sensors for detecting contact or proximty and
outputting a signal indicative thereof. 22. The powered

ophthal mic | ens ﬁcordi ng.to Claim?21l, wherein the sensor system
further congft sed hgdowsred spbthalrgigdens agrardipadp (laim 13, grhgrein the digital

pr Oportsig?fé@k)réc%s%m%ﬁﬁﬁrﬁé%eas%SEiaM%g A m use. 23. The

power ed ophthalmc |l ens according to m 22, wherein the eyelid
position sensor systemfurther conprise a nultiplexer configured to
receive multiple inputs fromthe sensor conductors and output a

si ngl e si gna0. t o Thagowpesedaphtbainmiollérsr according to SlaimTiEs furtivasrrcadiprising a
opht hal g\:v% I ﬁﬁgﬁ according to Claim 13, wherein the eyelid position
sensor P ys{S dr t her conpri ses a conmuni cati on channel for

coordi nating action between pairs of powered contact |enses. 25. A

d ophbhal mrgg! i LSRG o1 A
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intraocu!af_lens; a sit1on sensor
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sensopy%'lngﬁf"ggt&@ﬁﬂ?sﬁaSM%&%&\{'&G g”yeg?&m controller configured to
sanpl e each individual sensor in the sensor array to detect eyelid

posi tion andspr ovhedeqaBr&Hbhal | Si .
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i npl ensystenn fortbdecampiisasdsdnsac comditioners that output a signal proportional to

capacitance for downstream use.

23. The powered ophthalmic lens according to Claim 22, wherein the eyelid
position sensor system further comprise a multiplexer configured to receive multiple

inputs from the sensor conductors and output a single signal to the system controller.

24.  The powered ophthalmic lens according to Claim 13, wherein the eyelid
position sensor system further comprises a communication channel for coordinating

action between pairs of powered contact lenses.

25. A powered ophthalmic lens, the powered ophthalmic lens comprising:

an intraocular lens; and

an eyelid position sensor system incorporated into the intraocular lens, the
eyelid position sensor system including a sensor array having a plurality of individual
sensors to detect eyelid position, a system controller configured to sample each
individual sensor in the sensor array to detect eyelid position and provide an output
control signal, and at least one actuator configured to receive the output control signal
and implement a predetermined function.
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