ELECTRONI C OPHTHALM C LENS W TH EM TTER- DETECTOR PAI R SENSOR
BACKGROUND OF THE INVENTION 5 1. Field of the Invention The present

I nvention relates to a powered or electronic ophthalmc I ens having a
sensor and associ ated hardware and software for detecting or

determ ning the distance to nearby objects, and nore particularly, to
a powered or electronic ophthalmc |Iens having a sensor and

associ at ed hardmare and software for detecting or determning the

di st ance S to chanoe the focal lengths of a variable
power op LEHALMIG T EMITIER-DETEGEOR RAIR SENSOR
devi ces contlnue to be n1n|atur|zed it is becom ng increasingly nore
likely to create wearable or enbeddable m croel ectronic devices for a
vari ety of uses. Such uses may include nonitoring aspects of body
chem stry, adm nistering 20control | ed dosages of nedi cations or

t her ap@ACKGRORING OF FHEANVENTIOR¢hani sns, i ncludi ng automatically,
in response to nmeasurements, or in response to external control
sigpals, and augnenting the perfornmance of organs or tissues.
Exanpl es of such devices include glucose infusion punps, pacenekers,
defibrill at gr FieMeTthe fivkatiomssi st devi ces and neurostinulators. A
new, particularly useful field of application is in 25ophthal mc

wear abl e | enses and contact | enses. For exanple, a wearable |ens may
I ncor por ate .
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ophthalmic lens having a sensor and associated hardware and software for detecting

or determining the distance to nearby objects to change the focal lengths of a variable

power optic.

15 2. Discussion of the Related Art

As electronic devices continue to be miniaturized, it is becoming increasingly
more likely to create wearable or embeddable microelectronic devices for a variety of
uses. Such uses may include monitoring aspects of body chemistry, administering

20  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
such devices include glucose infusion pumps, pacemakers, defibrillators, ventricular
assist devices and neurostimulators. A new, particularly useful field of application is in

25 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
focus, a wearable contact lens may incorporate electronic sensors to detect

concentrations of particular chemicals in the precorneal (tear) film. The use of
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enbedded el ectronics in a lens assenbly introduces a potenti al
requirenent for communication with the electronics, for a nethod of
powering and/ or re-energizing the electronics, for interconnecting
the electronics, for internal and external sensing and/or nonitoring,
and for control of the electronics and the overall function of the

| ens. 5 The human eye has the ability to discern mllions of colors,
adj ust easily to shifting light conditions, and transmt signals or
information to the brain at a rate exceedlng t hat of a high-speed
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nmyopi a, hyperopia, astigmatismas well 15as other visual acuity
defects. Contact |enses may al so be utilized to enhance the natural
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early conta | enses were fabricated fromnmaterials that did not

al | ow srerPPPrﬁy dReigRsy ipases ingesrrraing addifiprsl gemnreneptnmay e wiized 19 t he
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adverse clinical effects ese contact lenses are still
utilized, they are not 255wtab|e for all patients due to their poor
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w del y af othier eidusicataity d8feuts.f Coalacylenses megnesdipdiLtiadd ©asihaate tignses
that arnealtural appearance of the wearer’s eyes. Contact lenses or “contacts” are simply
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
20 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
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
25 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
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.

30 Essentially, these silicone hydrogel based contact lenses have higher oxygen
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avai | abl e today conbine the benefit of silicone, which has extrenely
hi gh oxygen perneability, with the proven confort and clinical
performance of hydrogels. 30Essentially, these silicone hydrogel
based contact | enses have hi gher oxygen perneability and are
generally nore confortable to wear than the contact |enses nmade of
the earlier hard materials. Conventional contact |enses are polyneric
structures with specific shapes to 5correct various vision problens

as briefly set forth above. To achi eve enhanced functionali tK‘:§I§
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light-emtting diodes, and m niature antennas nay be integrated into

S 0 S T e

funeti og@rredt yafAsus Sisxnirabret AShRéMYy st BBV PO AChieve enRaRskd
contract | enses may be designed to provide enhanced vision via

zoom i nfUBRECNANIBMVETIeUT SiveHits andg @ﬂpmeqt%@V% fonkg ntegrated infythere
refract S € t

cont act " EREAESRULAILE T oy SRR o, OB Bcadt Sfifitaton
15di spl d@vm@(powar sumltﬁsnaemms, aauatoem dpbitenitirepdibdestandcaptiatores i n
real r cues froma navigation s and to

br ovi deatraes Biey e bl Rlen e ool Al st YiBleiRR b Beyiopls

desd gnecbriporrdritovs hbteonp aseectivisis® bt o bﬁMérhde\héloﬁ%dNéll 88 providee
proper | gﬁgemaﬁned el ectroni cs and/ or arrangenent of electronics on

| enses RGN Sypctignaliy gsde explgingd hergipe Fé@ﬁtm%nqﬂef Pewergdgontract
exanpl eenybd H%‘ﬂtbeadéé?r\i/ﬁéllﬂo\e/‘% HB%n‘H@Ebéd l,g[aﬁw;% Vih HadR6RI- ggt | mge
ke y, ofr

di spl ays and even pro up alert ternate I’ n addi tion
to any edpabiidiee, drjustsioply modifying the relfrlaantzve capsbilities of dime leoses$.e htsstronic

TR LGS e BRTRERERI B i e DUPLATLI R P 99, b8
i nte t hdisplapsesurahinfanaionatairatstdiecspeath éd chptidesip réélh&n@rl'obiﬂe@dlsual
sugar It:.el.tvees‘.I f?on? a r?ar:f%gfti%nlnns Sg:e%npé)nraetrét pSrO\(/)!Betlrnggé %?cgcgslslng] and internet access.
The lenses may be designed to allow the wearer to see in low-light conditions. The
properly designed electronics and/or arrangement of electronics on [enses may allow
for projecting an image onto the retina, for example, without a variable-focus optic lens,
20 provide novelty image displays and even provide wakeup alerts. Alternately, orin
addition to any of these functions or similar 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 analyzing components of the tear film
25 without the need for drawing blood. In addition, an appropriately configured lens may
incorporate sensors for menitoring cholesterol, sodium, and potassium levels, as well
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



25w t hout the need for drawi ng blood. In addition, an appropriately
configured |l ens may incorporate sensors for nonitoring chol esterol,
sodium and potassiumlevels, as well as other biological markers.
This, coupled with a wireless data transmtter, could allow a

physi cian to have al nost immedi ate access to a patient's bl ood

chem stry without the need for the patient to waste tine getting to a
| aboratory and havi ng bl ood drawn. In addition, sensors built into

the I enses may be utilijzed to detect light incident on the eye to
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As these are powered lenses, energy or more particularly current consumption,
to run the electronics is a concern given battery technology on the scale for an
ophthalmic lens. In addition to normal current consumption, powered devices or

25 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
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

30 size while providing the required power.



30si ze while providing the required power. I n addition,
because of the conplexity of the functionality associated with a
powered | ens and the high level of interaction between all of the
conponents conprising a powered |lens, there is a need to coordinate
and control the overall operation of the electronics and optics
conprising a powered ophthalmc |lens. Accordingly, there is a need
for a systemto control the operation of all of the other conponents
that is safe, lowcost, and reliable, has a |ow rate of power
consunption and is scal able for incorporation into an ophthal mc
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light that a person's eyelid bl ocks out, have to be accounted for
when determ ning blinks. For exanple, if a roomhas an illum nation
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blinking may e utilized as a means to control one or more aspects of a powered

ophthalmic lens. Additionally, external factors, such as changes in light intensity levels,

and the amount of visible light that a person’s eyelid blocks out, have to be accounted

for when determining blinks. For example, if a room has an illumination level between

20  fifty-four (54) and one hundred sixty-one (161) lux, a photosensor should be sensitive

enough to detect light intensity changes that occur when a person blinks.

Ambient light sensors or photosensors are utilized in many systems and
products, for example, on televisions to adjust brightness according to the room light,

25 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.

It is also important to note that different types of blink detectors may be

30 implemented with computer vision systems directed at one's eye(s), for example, a
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30i npl emented 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 ophthalmc 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 5l ook at rather than | ook away fromthe eye. Al though these

systens are not small enough to be incorporated into contact |enses,
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Emtter-detector pairs are also common in presence sensing for room
i1lumnation and al arm systens, for exanple,

Accordingly, there exists a need for a means and method for detecting certain

physiological functions, such as a blink, and utilizing them to activate and/or control an

15 electronic or powered ophthalmic lens according to the type of blink sequence detected
by a sensor. The sensor being utilized having to be sized and configured for use in a
contact lens.

Emitter-detector pairs are common in various fields/technologies and are utilized

20  for detecting the presence and location of objects. For example, infrared (IR) light-
emitting diode (LED) emitters are coupled with semiconductor detectors to determine
proximity of a hand to a paper towel or soap dispenser. Emitter-detector pairs are also
common in presence sensing for room illumination and alarm systems, for example,
triggering lights to be on when a user enters a room or an alarm when an intruder

25 enters. Such systems may comprise global IR illumination and an IR camera, whereas
other systems may comprise tighter coupling between the emitter and detector, for
example, a narrow-field IR emitter which only couples to a sensor within a few inches
and is time-synchronized with the detector.



triggering lights to be on when a user enters a roomor an al arm when
an intruder 25enters. Such systens may conprise global IR
illumnation and an IR canera, whereas other systens may conprise
tighter coupling between the enmtter and detector, for exanple, a
narrow-field IR emtter which only couples to a sensor within a few
inches and is tine-synchronized with the detector. Emtter-detector
pairs are al so common in photography and vi deography. U trasonic
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20 SUMMARY OF THE INVENTION

The electronic ophthalmic lens with emitter-detector pair sensor in accordance
with the present invention overcomes the limitations associated with the prior art as
briefly described above.

25

[n accordance with one aspect, the present invention is directed to a powered
ophthalmic lens. The powered ophthalmic lens comprises a contact lens including an
optic zone and a peripheral zone, and an emitter-detector pair sensor system
incorporated into the peripheral zone of the contact lens, the emitter-detector pair

30  sensor system comprising an emitter for sending out a signal, a detector for capturing a
7



incorporated into the peripheral zone of the contact |ens, the
emtter-detector pair 30 sensor systemconprising an emtter for
sending out a signal, a detector for capturing a reflection of the
signal, a controller operatively associated with the emtter and
detector configured to determ ne the distance between the contact

| ens and an object and output a control signal based on the

determ ned di stance, and at | east one actuator configured to receive
the control signal and inplenent a predetermned function.
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presen O8ntion relates nore generally to a powered contact |ens
conprising an electronic system which perforns any nunber of

functions, including 10actuating a variable-focus optic if included.
The el ect r olfi ECOYEAER Witit Vel livaeaspechifiepisaeninyertiay is slinestedgeer

SOUT Ce30 BRWESpHIBARAE B! THe! 5641/&@11 Pﬁﬂ%lrﬂfc (JHRé @orﬁﬁ[@é’g an lrg}a]%%h!ar lens,

generation C|rCU|try control algorithnms and circu
dr i ver andl powinittgr-detector pair sensor system incorporated into the mtraocular lens, the

emitter-detector pair sensor system comprising an emitter for sending out a signal, a
detector for capturing a reflection of the signal, a controller operatively associated with
the emitter and detector configured to determine the distance between the contact lens
and an object and output a control signal based on the determined distance, and at
least one actuator configured to receive the control signal and implement a

predetermined function.

The present invention relates more generally to a powered contact lens
comprising an electronic system, which performs any number of functions, including
10  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.
8



In a newborn, the crystalline lens of the eye is somewhat soft and
pliant making it extrenely flexible and capable of a |arge degree of
accommodation or focusing. As a person ages, the crystalline |ens
gradual |y becones nore rigid, and thus, their eyes are 5 less able to
accomodat e, or bend the natural lens, to focus on objects that are
relatively near to the observer. This condition is known as
presbyopia. A plus power |lens may be utilized to restore the focusing
power |ost by the crystalline lens. The plus power |ens may take the
form of reading gl asses, bifocal toglasses or trifocal glasses.

et racti ve. LbRnellbBgh e otatdiad BB of BiRe RS Sractufi 2o R mekED i
blurry ew/fremelyom«tm dnlrozpgbler sfadiarge @é@'ééeﬁ actémaiddafich v fbsakings As a

al ready wearin asses for | peropi a and/ or astigmatism
t hen ttl?ér%ﬂ”lﬁﬂ‘%@ cryalplling 'aﬁ%ggﬂdua"x ﬁ@cwegmomg ng!%@@@éh% theiecyes #he

of a bifQcalle & atddrhpeahte 8rlsenm Resthirdl RS f&gs ahs® tBrd 0 15

address presbyopia. In oné type of such |enses |stan near

vi si on reletivalysear o thembeamver.c hi%poaldrt@ngeanawwﬁdareMngorret ric
center of the lens. Light passing though the optical zone of the |lens
I's concentrated and focused at nore than one point in the eye. These
| enses are geasias pbivgr lesgtnaynbe uthidddatogesidre i) f@luﬂﬁglpowbﬁlost by the

si mul t ane SI 0 portions of the nsotlc ne focused for
di st an&@’%@“%@&? 3?‘& PPy | 8”%(“%3{%%“% rﬁﬁgmg@&ﬁsﬁﬁg bifqcght
from b@lé%s@?b?ﬁ?fo@l?jlé’é&@gs @a&ﬂd@ﬁ%&%rﬁ eaEm ﬁhliz%d%ﬁél‘ﬂé(ﬁm(:% %@%

i mage quality and i1 mage contrast hay be degrade anot
type ohotoegatafracive comaetisinfor dlsﬁ@@edﬂ@mveén@stanéabjeammu|b§tl:a\mrcxewhen

si on e C tr h f
! ont O EEHDRO B Inor GACER Tt & oMl 0€ RERIPLELFnd GRS R iy
nleiar vhypmﬂaeajldﬂlar adtigntatishe nhem&(sapleelpFWer hfaysbe sddmhts»tthetektsﬁpg of
a ow | totr at e nove rtjca r Ive to the upl (0]
Lhe. wedlAsEoS L8 oy oL 2 TgRe) aiiiogal ERe: WvIRet [Res a1 JSaBENaEs
PEREON gHBRYsk 'ﬂﬁeéﬂ(}@dae g ot thE of BEH 18888 FKURVEEAY Yieaf ﬂélOﬁX‘éﬁ‘BhS ard O
read. This upvvar |y positions the near vision portion in the Center

of t hecareandiically paangedasaunththegaometric conter pbthei Igns. bight pagsingthough

LhOUthﬁeh 21 L6 of PRGBS R cEAFMRE GrdtfoBusid @ fiokdhah oh8 Jdif it ¥k
ased on gaze.

eye. These lenses are generally used in simultaneous vision mode. In simultaneous
vision, portions of the lens optical zone focused for distance and near are available at
20 the same time, focusing light from both object distances simultaneously. This is

disadvantageous as image quality and image contrast may be degraded.

In another type of contact lens; namely, a segmented lens, near and distance
vision regions are not concentric about the geometric center of the lens. The wearer of
25 the segmented lenses is able to access the near vision region of the lens because the
lens is constructed to allow it to translate, or move vertically relative to the pupil of the
wearer's eye. This translating lens moves vertically when the person wearing the lens
shifts their gaze downwardly, for example, to read. This upwardly positions the near
vision portion in the center of the wearer's gaze. Substantiaily all of the light passing

30 though the optical zone may be focused at a single point in the eye based on gaze.
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An el ectronic or powered ophthalmc lens or nore particularly, an

el ectronic or powered contact |ens may, as stated above, perform any
nunber of functions, including actuating a variable power optic.
Accordingly, if a powered ophthalmc | ens conprises a vari abl e power
optic, the individual wearing the |ens would be able to increase his
or her 5 add power for view ng near distance objects or alternatively
to decrease his or her add power for view ng far distance objects. In

ot her words, a powered contact | ens woul d provide an extraordi nary
benefit to AR ¢REUIGREPOVPSY QRidaaiTmieas ormrepartisuary: AB elagtiolst er

power gBWe‘FedrEdntQ@t I@ﬁ@hﬁ/ﬁgs'sfht@d BHaRer, e‘?lforrgzcvl)@ ndnﬁbé’l’%‘?ur%%@@ WeiuBing

the present invention, emtter-detéector sensor
i ncor péchadingiantayiableepewern erdic. Xicerdingly, laatp@nmred:apmtylah:mnﬁens carhprises a

o ol y ‘AR ERoyRR outie, BRMEHAT G Bl FRIRUSeRE b BRIe4R b ceber
i N the agdgoales fpatibyingtheak distamiclstgectdor altdeiatiotipho deseubé husﬁmmr@dd
know edge of t he engﬂg&gtransgtted and the tine el apsed from

eni ssi GRWED IJaiaupg fRracqPaleskt niqtioen WW@Se?rPPiNéFQQj‘éQ@@@fd?n%WH'd
Sensor pk&idd18n %Rtrﬁ&ﬂd.r%y bQﬁeﬂEEB%rn%&Qﬁual iéﬁ 80n bgfngﬁt 'C%htr‘@%v%e[hé5

I nput to a systemcontroller of the powere [ ens whic
commanysrialple powgsoptic maydeg a@ue\tetbm\mnmmbeeomm loacordance vditmthkey .

2avant B ARG AC HiEisBtcr B SeeoP Revdfs REboafdlodins thg contact

i b embnds. to'ﬁuﬁomat&%pmonmm&héIvariablelmﬁvdrhjpacb&wttelcdd&t@utbt' pam@ensors are
i npl ement s |%ij;‘ |ncor oratl?n into g contact |ens. 20 BRI
DESCRI BfYiERp rom an eni{er giegult dbatrhounsg Ogt%ﬁ’bl%tdﬂﬁlﬂ%s

and adygpbRgeh %dtd?@ cb?ﬁltgéhﬁ bga d@té&topar&mpafrsma RﬁcSWbHB@ o? Hd Sérgg:

more particular descri preferred enbodi nents of
25i nvetrengmitteglsand ﬂh§§m%§|@939¢lfmﬁ‘eef@tﬁ§mr@ﬁt$@tloﬂr e chgt@nce from the

et oot PO ATEEE! B kTG E o ol AT ThBHMBrBafond By oo
I nzent input to a system controller of the powered contact lens which commands an actuator to

adjust the variable power optic accordingly.

An infrared emitter-detector pair sensor may be particularly advantageous for
basic object or obstacle detection and easy to implement. The present invention takes

this basic circuit and implements it for incorporation into a contact lens.

20
BRIEF DESCRIPTION OF THE DPRAWINGS

The foregoing and other features and advantages of the invention wilt be
apparent from the following, more particular description of preferred embodiments of the

25 invention, as illustrated in the accompanying drawings.

Figure 1 illustrates an exemplary contact lens comprising a blink detection
system in accordance with some embodiments of the present invention.

10



Figure 2 illustrates a graphical representation of |ight incident on
the surface of the eye versus tinme, illustrating a possible
involuntary blink pattern recorded at various |light intensity |levels
versus time and a usable threshold | evel based on sone point between
the maxi mum and mninmum|light intensity levels in accordance with the
S5present invention. Figure 3 is an exenplary state transition
di agram of a blink detection systemin accordance with the present
invention. 10Figure 4 is a diagrammtic representation of a

phot odet ect Figurg Ztitiusivates a geaphical sepresentations afighd incidaritwadheisyHace of

si gnal g, | nee . i I igure.5 s a

Bl ook GregyaReBhERRE ilslduhcid AREEBRTHAGIER kil pasremretordbd B varishs

gr esen!ﬁghtririmmfsltp _tevelb'.:uers%s timeRinglu &seﬁ)lé shrasiidla ¢dvellbagsdion ebmdi il
etectiop logic in . accordance with the present invention.

i gur e DOYRSTECARBHRILE 919 FRHEr A SRy Vet O ameedanen wilhdhe

pr egenbrZinf RBhiiGR - Figure 8 is a diagrammtic representation

of a digital systemcontroller in accordance with the present

invention. 25Figure 9 is an exenplary timng diagramfor automatic

gai n contr ok, ' . L avent don. . FiLaut e
08 oL bk 39 B SARFEH l nBB ey B3 bR agpon s BT
| i ght - passtiagee eith dns preseatinesetigr.ary integrated circuit die in
accordance with the present invention.

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

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

Figure 5 is a block diagram of digital conditioning logic in accordance with the
present invention.
15
Figure 6 is a block diagram of digital detection logic in accordance with the
present invention.

Figure 7 is an exemplary timing diagram in accordance with the present
20 invention.

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

accordance with the present invention.

25 Figure 9 is an exemplary timing diagram for automatic gain control in accordance

with the present invention.

Figure 10 is a diagrammatic representation of light-blocking and light-passing
regions on an exemplary integrated circuit die in accordance with the present invention.

30
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30 Figure 11 is a diagrammatic representation of an exenpl ary
el ectronic insert, including a blink detector, for a powered contact

| ens in accordance with the present invention. 5Figure 12 is a

di agrammatic representation of a directional emtter-detector pair

i ncorporated into a powered ophthalmc I ens in accordance with the
present invention. Figure 13 is a graphical representation of
the correl ation between desired focal |length and a signal received by
a distance detecting emtter-detector pair in accordance with the
present i nvéigurenil iDETMIBEDNGHRECRPREBEQIOR of A cRRRFERREREMBRDNMEITS

Conventj on | ¢, structur s W §

shapes 1 Miae SHMbRAwETS 1R H Gy bPBReE IR lY S orERng bl B Piaret
above. inhendéiehi eve enhanced functionality, various circuits and
conponents may be integrated into these polyneric structures. For
exanpl e, control circuits, m croprocessors, conmunication devices,
pover suppl FRgie §916 8 dag rﬁﬁﬁﬁ‘ﬁfe%?re&leh@%n%télﬂ&g?ﬁél%ﬁﬁer-&é}gctor pair
m niature antennas nay be integrated 1nto contact [enses via

cust omirnmerparaisgetiotsl @ powerddcogvhalone lens in acoardanes withdios present niventior.
but to enhance vision as well as provide additional functionality as
I s explained herein. Electronic and/or powered contact |enses may be
desi gned t oFfguey il @és aryﬂaﬂﬂwl rgpresontation of teedrrelativh Bstaeea desired focal

capabilities, t si nodi f the refractjve capabjilities of
Che | elRISYT St BUTER ROVl B & Qe CaOB i e G el AN RSP R

t 01@NhMRahE BlHendMenfig®! Uution, to display textural information, to
transl ate 25speech into captions in real tine, to offer visual cues

froma navigation system and to
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Conventional contact lenses are polymeric structures with specific shapes to

15  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
be integrated into contact lenses via custom-built optoelectronic components to not only

20  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
be designed to enhance color and resolution, to display textural information, to translate

25  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 be 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,
for example, without a variable focus optic lens, provide novelty image displays and

30 even provide wakeup alerts. Alternately, or in addition to any of these functions or
12



provi de i mage processing and internet access. The | enses may be
designed to allow the wearer to see in low |light conditions. The
properly designed el ectronics and/ or arrangenent of electronics on

| enses may allow for projecting an image onto the retina, for
exanple, without a variable focus optic |ens, provide novelty inmge
di spl ays and 30even provi de wakeup alerts. Alternately, or in
addition to any of these functions or 12 simlar functions, the
contact .|l enses ymy | ncorporate conponents for the noni nhvasive . _
moni t orSiMAEEdENGIRESWEEGMact ifnsesiey DIcarRerateaoPanealier isnonigyasive
exanpl g, I | Aty ; a gl | '
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cou al | Ow a SI Cl.an (6] ave nos I Medl.ate access 10 a ]
pat i emsogl_um,@@ﬁ %’ﬁ%ﬁﬁ"é‘f‘ﬂ?"@ﬁ“t%&l ghethee iplegical mparkpes: | BHE cPepigdydtb a
time ggfitddig defa ﬁfahtéiﬁlgfeﬁf‘tcgﬁw a?ure;gb QEH&Q&aH!t?"HQv@' BBkt ih%et%@eﬁ%e fgﬁteé‘ss to a

sensors built 1nto enses y be 10utilized to detec

i nci depatient's bleod ghemistryoripions theenéeg foa e patiertt tgvasteolinde gietiimg tora f or

use in ] A ' n - T r. . electronic
cont aclAPLRER, ] Hanbh BEREE0TTp cgdion o FELBIR IR R LEisBS e/ be
el eoenutlized toatetext lighhiatioentom drceyd toecom sdraatefor patbienttighnediditse e
nore of 15 the above d fcri b?d vi sion defects or otherw se performa
usef ul '¥gHeHad ed'ml"ﬂﬂ%f’”&'ﬁpaﬁ ¥M&ddi ti on, the electronic contact |ens

may be utilized sinply to enhance normal vision or provide a w de
variety of functionality as described above. The el ectronic contact
| ens may conpeipewered ar ¢lgpirenic sentacblent of thengresant inverdian eamprissstthe

optic ﬁgggsqs%ﬁgelieme%ts to correct and/or enhance the vision of patients with one or more of

15 the above described vision defects or otherwise perform a useful ophthalmic function.
In addition, the electronic contact lens may be utilized simply to enhance normal vision
or provide a wide variety of functionality as described above. The electronic contact
lens may comprise a variable focus optic lens, an assembled front optic embedded into
a contact lens or just simply embedding electronics without a lens for any suitable

20 functionality. The electronic lens of the present invention may be incorporated into any
number of contact lenses as described above. In addition, intraocular lenses may also
incorporate the various components and functionality described herein. However, for
ease of explanation, the disclosure will focus on an electronic contact lens to correct
vision defects intended for single-use daily disposability.

25

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
functions that may be performed. The electronic system includes one or more batteries

30 or other power sources, power management circuitry, one or more sensors, clock
13



a contact lens or just sinply enbedding electronics without a | ens
for any suitable 20 functionality. The electronic | ens of the present
I nvention may 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 vision defects intended for single-use daily
di sposability. 25 The present invention nmay be enployed in a powered
opht halgenerdtienssirouitypoentenl atgonitizras anemircgittypand lemg daiveetieatrpnT e
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batteries 30 or other power sources, power managenent circuitry, one

or nore sensors, clock generation circuitry, control algorithnms and

t I | ;
cirguitry, @&ﬂtrb%\sarpéne&ﬁ%?.ggn%gﬂd%éefeg §gﬁtlh<réggia 1 iy Yo ABRlished

conponents may vary depen desire
functi thraligh p roénudily dp@lmedmnalodevﬁfe that edrecwunmaites with thepleney wabh as

oxt er né Mg A e Suf e PR bR e SRR S B e R e «
r endt e poisted Ak baxednpon nearfualnlrrmWfrmTrmlee@@dryr cmllfémateqatcenwtéf th@e
powered | ens based ug n manu ut fromthe wearer. Altern

cont r oPOWErethePhiBakey r@ﬂﬁ@ﬁgﬁrﬁce mglighegayia WWB%PP@:“@CF'Q‘?%S dlrectly
fe@ﬁlba%gpfhleWé'ﬁer' F &Eh?‘hﬁedééﬁﬁ'é Muﬁt(?ntf)rtﬁ ﬁg%gr@é ct bfiifs SEHSHIRK

sensors |ntot [ ens my tect bInS a [ n atterns
Based aptemshdgsetitupon the paligneercsequende phklinkst e meé@mmmw leng

ef T hor TG e gR S ey <tfpf TEPefoaebah{Er Pl To BRRE Toblkh 8 Sfeal

object or a distant object.

15 Alternately, blink detection in a powered or electronic ophthalmic lens may be
used for other various uses where there is interaction between the user and the
electronic contact lens, such as activating another electronic device, or sending a
command to another electronic device. For example, blink detection in an ophthalmic
lens may be used in conjunction with a camera on a computer wherein the camera

20 keeps track of where the eye(s) moves on the computer screen, and when the user
executes a blink sequence that it detected, it causes the mouse pointer to perform a
command, such as double-clicking on an item, highlighting an item, or selecting a menu

item.

25 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
certain sample rate. Pre-determined blink patterns are stored and compared to the

30  recent history of incident light samples. When patterns match, the blink detection
14



15Al ternately, blink detection in a powered or electronic ophthal mc
| ens may be used for other various uses where there is interaction
bet ween the user and the electronic contact |ens, such as activating
anot her el ectronic device, or sending a conmand to another el ectronic
devi ce. For exanple, blink detection in an ophthalmc |ens may be
used in conjunction with a canera on a conputer wherein the canera 20
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 nmoagertonmbay triggepactivitynim thesyatemdionsolidr, g edanipl & -to lactikita ghelenan

item hi.ghljghtin nite or_selecting a nmenu item 25A blink
det ect i eratp%yaing%ﬁg EEf?C%ﬁQBWgﬁP?ﬁP I[eﬁ% system control | er which
detects characteristics of blinks, for exanple, is the |lid open or

cl osed, the duration of the blink, the inter-blink duration, and the
nunber of bPiIAKBginthe rgpideosingang apeptng ofiee aygisisianshisian ersedtidlance
th ot ; 4 ) it A ‘h
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st or ediraliddgalspliniedheon abfest80nexqeEttedly appear inproxiitd énthd eyghtBlinking
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tr 1 boeprodisBia et B PaterBE setrath of 1o B3 ol baredti lesrac Bliiee
the | eaksoldrvéyd tolrenfvangdtdrhidantf Amiéi inftaf@RIm ﬂ'fe%)hﬁ NeRaallyBblifkihg &
is the rapid closing and opening of the eyelids and is an essentia

5f unct ABRS ghtanpticalls bubiexiginalptini aay sonlibuteas indbecase aithrinbaptect s,

fop,ex PErTe (VAT I | '
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case WHdt chhfoteésnfused with normal blinking response. In other words, if blinking is to
be utilized as a means for controlling an action, then the particular pattern selected for a
15  given action cannot occur at random; otherwise inadvertent actions may occur. As blink
speed may be affected by a number of factors, including fatigue, eye injury, medication
and disease, blinking patterns for control purposes preferably account for these and any
other variables that affect blinking. The average length of involuntary blinks is in the
range of about one hundred (100) to four hundred (400) milliseconds. Average aduilt
20  men and women blink at a rate of ten (10) involuntary blinks per minute, and the

average time between involuntary blinks is about 0.3 to seventy (70) seconds.

An exemplary embodiment of the blink detection algorithm may be summarized
in the following steps.
25 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
sequence and rejecting involuntary blinks.
3. Compare the history of sampled light levels to the expected “blink

30 sequence,” as defined by a blink template of values.
15



10 However, blinking may al so be purposeful, for exanple, for

i ndi vi dual s who are unable to communicate verbally or with gestures
can blink once for yes and twice for no. The blink detection

al gorithm and system of the present invention utilizes blinking
patterns that cannot be confused with normal blinking response. In
other words, if blinking is to be utilized as a neans for controlling
an action, then the particular pattern selected for a 15given action

cannot occur, at ndom .otherw se, j.nadvertent actions, occur.

b1 10k speed fmay GRUGRRLCTRFBINCE RlTfodrasly SPaudaieuS R ER b srpns of the
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(10} i vhdditionaby,\thislmank sllgyeforvianatie irefhe uskes diminggethei biiak setuesre.
involuntary blinks is about 0.3 to seventy (70) seconds. An
exenpl ary enbodi nrent of the blink detection algorithmmy be

sumari zed AR dx@tmplarylthink ReqeérRsmay b defihed@sdblidwi:ent i onal " bl i nk
sequence" that a user wil| execute tor positive blink detection.

2. Sanpl e the i nedk (glpsepifor O42el at a rate consistent with

detecting the bl f@uence and rejecting involuntary blinks.
3. Conpare the h?@%&ry%gf sanpled light levels to the expected "blink

3018equence’ asblinf (closedpfpr®.9bi nk tenpl ate of values. 4. Optionally
i npl enent a blink "mask" sequence to indicate portions of the

At a one hundred (100) ms sample rate, a twenty (20) sample blink template is

given by
blink_template =[1,1,1, 0,0,0,0,0, 1,1,1,1,1, 0,0,0,0,0, 1,1].
15
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
blink_mask =1[1,1,1,0,1,1,1,1,0,1,1,1,1, 0,1,1,1,1, 0,1].
20 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].

Alternate patterns may be implemented, e.g. single long blink, in this case
25 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].

It is important to note that the above example is for illustrative purposes and does
not represent a specific set of data.

30
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tenplate to be ignored during conparisons, e.g. near transitions.
This may allow for a user to deviate froma desired "blink sequence,”
such as a plus or mnus one (1) error w ndow, wherein one or nore of

| ens activation, control, and focus change can occur. 5Additionally,
this may allow for variation in the user's timng of the blink
sequence. An exenplary blink sequence may be defined as follows: 1.
blink (closed) for 0.5 s 2. open for 0.5 s 103.blink (closed) for 0.5
S At a one hundred (100) ns sanple rate, a twenty (20) sanple
bl i nk t enpl &etedtiongnaebe bypleMmanked byrfsigicadly cofribating th@ hBi@y ©f 6amples

sk oabRrRR B BnPide shuithask oThe jopieal BFe A B OR O8Ik Beor

sanpl esgmp I@ﬂﬁamd;tmal snpleyhistbhydeqienke, drila b;t\lllseQ)eiblsl ahdlherﬁ)vén%,tﬁaﬂall
01111 tionally, a wider_transition region

masked Ubiasked Bk ke matgh ARl e XM 2 eptialedsin g Bigk mask
bl'i ak_gBfipfed doovelin fach plade 8f the sbalieded of & blink mbsk thdb thé value is logic 1,

a blink has to match the blink mask template in that place of the sequence. However, in
each place of the sequence of a blink mask that the value is logic 0, it is not necessary
that a blink matches the blink mask template in that place of the sequence. For
example, the following Boolean algorithm equation, as coded in MATLAB®, may be

10  utilized.
matched = not (blink_mask) | not (xor (blink_template, test_sample)),

wherein test_sample is the sample history. The matched value is a sequence with the
15 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 0 for each mismatch and a logic 1 for each
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
20  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
product of MathWorks, Natick, Massachusetts. Itis also important to note that the
greater the number of logic 0's in the blink mask template, the greater the potential for
25 false positive matched to expected or intended blink patterns. It should be appreciated
that a variety of expected or intended blink patterns may be pregrammed into a device
with one or more active at a time. More specifically, multiple expected or intended blink
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

30 lens to zoom in or out on an intended object while another blink pattern may be utilized
17



Alternate patterns may be inplenented, e.g. single long blink, in
this case 25a 1.5s blink with a 24-sanple tenplate, given by
blink_tenmplate =[21,1,1,1,0,0, 0,0,0,0,0,0, 0,0,0,0,0,0,

0,1,1,1,1,1]. It is inportant to note that the above exanple is
for illustrative purposes and does not represent a specific set of
data. 30 Det ection may be inplenented by |ogically conparing

the history of sanples against the tenplate and mask. The | ogical
operation is to exclusive-OR (XOR) the tenplate and the sanple

hi st or {© §@'éﬁfém<§ CFEUCHiPMPANMas? BUMEn AN tieIensde delvariaugosa of a
unmask R%ﬁt jfts match the tenplate. For exanple, as illustrated
inthe b sanpl es above, in each place of the sequence of a
blink mask that the value is Iogic 1, a blink has to match the innk
mask tenpl ate | t.he seguence n_each

0F 1 he- soqub IS 3 taResn i hREk SRR IRE WA oRter G e 3PR ko S o
neCESS@reCtrbhié:tblmkkdetéli{orr%t?é’rﬁslntd&@or@ahﬂé withsdh é)étﬂﬁd)léhﬁemﬂoaahiﬁnt Bf fee

of the sequence. For exanple, the follow ng Bool ean, al gorithm
equat i BFESeASIrvsateN.i iy tisTeEmRIary srahodigment dhe plezztranwr{%mls Kletpcionfystem

(bl'ink | rgﬂ&@ sin 51?2”%- i gp%

t est sa%l e |ﬁrl%ﬁéepégﬁg?ﬁ% 1@2 Eﬁ tf'QMélﬁhe va a séﬁhgﬁ{:g
with t H@Q&@@,rmdbﬁalgﬂ:gnas)mm%r ﬂ@& a ]emmerasml,rcsaﬂrﬂl Em aa;tslaerﬁnmd a
blink_nma % ﬂ ched sequence is all logic I's, then a good
mat ch ﬁ%%e@c%"dWP o ‘'eaking it down, not (xor (blink_tenplate,
tesp _sanple)) gives alogic O for each msmatch and a logic 1 for
each match. lLogic oring wth the inverted mask forces each |ocation

in the mat cHheNstBgGantEst lensyl A0dgtaced gige the Fentiusiece of 4 usegs eve the
Accor dbpgtrnictdieufif R tie BRASI&BeBr system may be utilized to implement the blink

detection algorithm of the present invention. The photosensor 102, as well as the other
circuitry, is configured to detect blinks and/or various blink patterns produced by the

15  user's eye.

In this exemplary embodiment, the photosensor 102 may be embedded into the
contact lens 100 and receives ambient light 101, converting incident photons into
electrons and thereby causing a current, indicated by arrow 103, to flow into the

20 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
complimentary metal-oxide semiconductor (CMOS process technology) to increase
integration ability and reduce the overall size of the photosensor 102 and the other

25  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
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

30 giving the signal enough voltage and power to be acquired by the ADC 106. For
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20bl i nk mask tenplate where the value is specified as logic 0, the
greater the margin of error in relation to a person's blinks is

al l oned. MATLAB(r) is a high |level |anguage and inplenentation for
nunerical conputation, visualization and programrng and is a product
of Mat hWor ks, Natick, Massachusetts. It is also inportant to note
that the greater the nunber of logic Os in the blink mask tenpl ate,
the greater the potential for 25 false positive matched to expected
or intended blink patterns. It should be appreciated that a variety
of expextrplaithe amplifiednby belnesastay msdr'rwsmmqmuegt Ialnnmismue thesoutput of
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functionality. For exanp one blink pattern may be utilized to
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conprise a photosensor 102, an a ier 104, an analog-to i tal
conver PBPtogensgsd 02 & or£x@nle, athe@ fier NoBYSHINPYERMRIsSERISour ce

116y aBBkAL IR RA TS mlfc%it'c%p}&%ﬁg%%or more Y8b0T

cont act ens 10 l'ac onto t front surface™f a user's ey e
el ect r emiptifietisr A# $¢t)f0ltb|f1 abbres, ihé photveersarci02syrt e araylifice 104 iake zed to

I npl e h c resent |

oot oo ERa e B EECHENF Rl RBVESEAIE RS baboF yBbF TRChaiddy i Hlgnd b

det ect rdddividsthemdihcthe\eyeiapdscdpiven khe Ripue ctvgemtrinuL gidithlysime ukabiger ' s

eye. . In this exenpl ary enbodi pent, the photosensor 102 nmay be

enbedalimately tyibe sysieabeontialer 166 ARa SYsier seRrolRn] 4Afs mre&ﬂ@blym

conyer

oY anpeMogiaiHiEdby BREDAGUERLE i RflachAiioRD Db SERCER Sl thnk
patterns in various light intensity level conditions and provide an appropriate output
signal to the actuator 112. The system controller 114 also comprises associated

memory.

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

25 microprocessor 108. A digital signal processing system or digital signal processor 108
may be utilized for digital signal processing, including one ¢r more of filtering,
processing, detecting, and otherwise manipulating/processing sampled data to permit
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

30 digital signal processor 108 also comprises associated memory. The digital signal
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20 anplifier 104. The photosensor or photodetector 102 nay conprise
any suitable device. In one exenplary enbodi nent, the photosensor 102
conpri ses a photodiode. In a preferred exenplary enbodi nent, the

phot odi ode is inplenmented in a conplinmentary netal -oxide

sem conductor (CMOS process technology) to increase integration
ability and reduce the overall size of the photosensor 102 and the
other 25circuitry. The current 103 is proportional to the incident

i ght |evel and decreases substantially when the photodetector 102 is
cover e®rORESEAr &9&Mmay. berimplempnied; wilizing analasagitcsitan digifapeifcuitry, software,
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transinpe ance anp | er converts np t current 1nto ou
vol t ageligitheirauitpy.i The ADKD408ajorgnpiti the assecigtad ampliferuddainicdibitaleignal

for the remain of the system. such.as 30 giving. signal enough
Vol t noBrdcErohDiH Rl adlEl S SheablE P TodgreBtnent fih Wi 3affiho TR
ampki f ippviemly E@sdi%ﬁ,sﬁﬁre)(aﬁrgléjé\ir oﬁébﬁﬂﬂk@ﬁﬁ%bﬂ@ﬁs since the .
out put of the photosensor 102 may be quite small and may be used in

| ow-1ight environments. The anplifier 104 may be inplenented as a

vari abl e- gai | Jf i i i .
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circuit conpri st ng one or nore operational a iers. As ort
above, aspectphbapomesed cagiacidads thpendipg ohiirput i Hhreedigivalfsignal etoaessor

it ensi105 TPLESp b Pholnd 1 BRE5 r ARRGHBERe! BFeh BRiliBRcaly Bltvatie,

a as gi tems thicuighlthe sellatorul 2. mat el y by the system controller 114. The
systemcontroller 114 is preferably 15 preprogramred or preconfigured
to recogni ze various blink sequences and/or blink patterns in various

| irght i nt enght ¥ydigkféorftfNet 11P0SesHHE RGP b fe SHRRESRR LRaiPUhBNHELY,
signal to the aCtuator 112. The systemcontroller 114 also conprises
associ Htecehatesanspr 108] thetamplifiex 404 the\ARG1I68iamdrihe digital sipaahwecesginde
used t V. ' : [ fr h | fier
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si gnal aRERFBRS FEOvarbBE §t8Fs may mitigate and/or prevent error in detecting blinks
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.

25  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
when it is closed in low-intensity light levels and in high-intensity light levels. In other
words, in order to prevent erroneous blinking patterns from being utilized to control, the

30 level of ambient light is preferably accounted for as is explained in greater detail below.
20



25m croprocessor 108. A digital signal processing systemor digital
signal processor 108 may be utilized for digital signal processing,
i ncluding one or nore of filtering, processing, detecting, and

ot herwi se nmani pul ati ng/ processing sanpled data to permt incident

| i ght detection for downstream use. The digital signal processor 108
may be preprogramred wth the blink sequences and/or blink patterns
descri bed above. The 30digital signal processor 108 al so conpri ses
associ ated nmenory. The digital signal processor 108 may be

i npl enented utilizing analog circuitry, digital circuitry, software,
or a combi n&of eRapRY, 8P4 study, ftM@sibebHFblIRT thab RNt oresRedheBicks | t
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Ilght in order to prevent erroneous blinking
patterns frombeing utilized to control, the

Referring now again fo Figure 1, in further alternate exemplary embodiments, the
system controller 114 may receive input from sources including one or more of a blink
25 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
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

30 patterns and an individual’s ciliary muscle signals when performing various actions, for
21



30l evel of anbient light is preferably accounted for as is expl ai ned
In greater detail bel ow For exanple, in a study, it has been
found that the eyelid on average bl ocks approxi nmately ninety-nine
(99) percent of visible Iight, but at | ower wavel engths | ess |ight
tends to be transmitted through the eyelid, blocking out
approximately 99.6 percent 5of visible light. At |onger wavel engths,
toward the infrared portion of the spectrum the eyelid may bl ock
only thirty (30) percent of the incident light. What is inportant to
not e; lexampls, fodusirtghar ah iohfect fr aldyf er facusingenuanabjest thabisaleangimsome
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visible light intensity recorded for the sanple blink patterns over

the course of the sinmulation at varying light intensity |evels.
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now agabmtrélier K guigy dnable tHeiadthator 3h R esut & &xvenablasaptie BiationRydrs,
the systemcontroller 114 may receive jnput from sources including

one or PAWEEEDENS: Bhe @etuateretecingy compasmadglectdeq| device. amedanis!
CoR I OeyiBY, ARagRELOBBRER! drzily PmbihAtidRheRRS. The actuator 112 receives a

signal from the system controller 114 in addition to power from the power source 110
and produces some action based on the signal from the system controller 114. For
example, if the system controller 114 signal is indicative of the wearer trying to focus on
a near object, the actuator 112 may be utilized to change the refractive power of the

20 electronic ophthalmic lens, for example, via a dynamic multi-liquid optic zone. In an
alternate exemplary embodiment, the system controller 114 may output a signal
indicating that a therapeutic agent should be delivered to the eye(s). In this exemplary
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

25 the present invention may provide various functionality; accordingly, one or more

actuators may be variously configured to implement the functionality.

Figure 3 illustrates a state transition diagram 300 for an exemplary blink
detection system in accordance with the blink detection algorithm of the present

30 invention. The system starts in an IDLE state 302 waiting for an enable signal bl_go to
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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 exanple, an electronic or powered
contact |ens may be programrabl e specific to an individual user, such
as programmng a lens to recognize both of an individual's blink
30patterns and an individual's ciliary nuscle signals when perform ng
various actions, for exanple, focusing on an object far away, or
focusing on an object that is near. In sone exenplary enbodi nents,
usi ng berasseHeadh mmmnmmbhmakaUagmBuﬁﬁbmamseﬂanHooekmnpmnbﬁahdsemamw
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Figure 4 illustrates an exemplary photosensor or photodetector signal path

20 pd_rx_top that may be used to detect and sample received light levels. The signal path
pd_rx_top may comprise a photodiode 402, a transimpedance amplifier 404, an
automatic gain and low pass filtering stage 406 (AGC/LPF), and an ADC 408. The
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

25 converter 408. The output from the ADC 408, adc_data, is transmitted to the digital
signal processing and system controller block 108/114 (see Figure 1). Although
illustrated in Figure 1 as individual blocks 108 and 114, for ease of explanation, the
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,

30 adc_rst_n are received from the digital signal processing and system controller 410
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25t he present invention may provide various functionality;
accordingly, one or nore actuators may be variously configured to

I npl ement the functionality. Figure 3 illustrates a state
transition diagram 300 for an exenplary blink detection systemin
accordance with the blink detection algorithmof the present 30

I nvention. The systemstarts in an IDLE state 302 waiting for an
enabl e signal bl _go to be asserted When the enable bl _go signal is
asserte for exa n osci|l ato and. control circujt whic
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20 latched to reduce system current consumption. The held data value may then be
averaged, 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
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-bif data value on the

25 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
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,

30  according to the calculated threshold values and/or according to the held data value. It
24



illustrated in Figure 1 as individual blocks 108 and 114, for ease of
expl anation, the digital 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, 30
adc_rst_n are received fromthe digital signal processing and system
controller 410 while the conplete signal, adc_conplete, is
transmtted thereto. The clock signal, adc_clk, may be received from
a clock source external to the signal path, pd rx_top, or fromthe
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pd_gain value increases by one step, then the pd_pk and pd_vl values are increased by
a factor equal to the expected gain increase in the photodetection signal path. If the

25 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
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

25



is inportant to note that in this exenplary enbodi nent six bit words
provi de sufficient resolution over the dynamc range for blink
detection while mnimzing conplexity. In one exenplary enbodi nent,
the threshold generation circuit 504 conprises a 5peak detector, a
val l ey detector and a threshold calculation circuit. In this

exenpl ary enbodi nrent, the threshold and gain control values may be
generated as follows. The peak detector and the valley detector are
configured to recejve, theé@ﬁ#d val ue_on signal adc data held. The
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used to implement an exemplary digital blink detection algorithm in accordance with an
embodiment of the present invention. The digital detection logic 600 may comprise a

20  shift register 602 adapted to receive the data from the photodetection signal path
pd_rx_top, Figure 4, or from the digital conditioning logic, Figure 5, as illustrated here on
the signal pd_data, which has a one bit value. The shift register 602 holds a history of
the received sample values, here in a 24-bit register. The digital defection logic 600
further comprises a comparison block 604, adapted to receive the sample history and

25 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
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

30 history set at small shifts due to the masking operations. In a preferred exemplary
26



avoi ding discontinuities or other changes in state or value resulting
only fromthe intentional change in the photodetection signal path
gain. In a further exenplary enbodi nent of the threshold generation
circuit 504, the 5threshold calculation circuit rmay 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 advantageously configured to be seven
ei ghths of the pd_pk value, a calculation which may be inplenented
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to provide the control signals to the
Figure 8 illustrates a digital system controller 800 comprising a digital blink

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
25 receive clock signals from a clock generator clkgen 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
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

30 state machine to control the sequence of operations in a blink detection algorithm. The
27



5 phot odet ection signal path and the ADC. In sone exenpl ary

enbodi ments the control signals nmay be generated by a control state
machine that is separate fromthe digital detection logic 600. This
control state nmachine may be part of the digital signal processing
and systemcontroller 410. 10Figure 7 illustrates a timng diagram of
the control signals provided froma blink detection subsystemto an
ADC 408 (Figure 4) used in a photodetection signal path. The enable
and clock signals adc_en, adc_rst n and adc_clk are activated at the
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"ndi casiopal 1BitSK (hen arserianer Siscitegitaheamples giavill be appreciated that the
digital sample values will correspond to the level illustrated in Figure 9B at the

corresponding sample times. The dashed lines at the top and bottom of the plot
indicate the maximum and minimum values of the adc_data and adc_data_held signals.

20 The range of values between the minimum and maximum is also known as the dynamic
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
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

25 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 calculated in
response to the adc_data_held value in some exemplary embodiments of the threshold
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

30 values. Note that during long periods of time where the adc_data_held value is
28



5Figure 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 tinme as m ght be provided by a photodi ode in response 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. 10ln both the first and second

portions of the plot a double blink is seen to reduce the |ight and
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whed t i photosensors (not illustrated), for example an array of photodiodes implemented in
the semiconductor process. In a preferred exemplary embodiment, the light-passing
region 1002 permits as much light as possible to reach the photosensors thereby
maximizing sensitivity. This may be done through removing polysilicon, metal, oxide,
nitride, polyimide, and other layers above the photoreceptors, as permitted in the

30 semiconductor process utilized for fabrication or in post processing. The light-passing
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pd th starts to exceed a high threshold shown as agc_pk th in Figure
O9E. It will be appreciated that simlar behavior occurs for raising
tia _gain when pd th starts to fall 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 gainis clear. In particular note that the 15
adc_data_held value is nmaintained near the m ddle of the dynamc
range of the adc_data and adc_data held signals. Further, it is

i mportant to note that the pd _pk and pd_v1l values are updated in
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igure 11 filu

strates an exemplary contact lens with an elec?ro%[c insert

20 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
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

25 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
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

30 photodiodes. The photosensor 1112 may also be implemented as a separate device
30



short-circuit conditions. Such insulation may be provided by the
passivation already present on the die as part of normal wafer
passivation, e.g. oxide, nitride, and/or polyimde, or with other

di el ectric added during post-processing. Masking permts |ight

bl ocki ng | ayer openings 1010 so that conductive |ight-blocking netal
does not overlap 15 bond pads on the die. The |ight-blocking region
1004 is covered with additional dielectric or passivation to protect
the die and avoid short-circuits during die attachnent. This final
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broader uses than for vision diagnostics, vision correction and vision enhancement.

These broader uses include utilizing blink detection to control a wide variety of
20  functionality for individuals with physical disabilities. The blink detection may be set up

on-eye or off-eye.

In a newborn, the crystalline lens of the eye is somewhat soft and pliant making it
extremely flexible and capable of a large degree of accommodation or focusing. As a
25 person ages, the crystalline lens gradually becomes more rigid, and thus, their eyes are
less able to accommodate, or bend the natural lens, to focus on objects that are

relatively near to the observer., This condition is known as presbyopia.

A plus power lens may be utilized to restore the focusing power lost by the

30 crystalline lens. The plus power lens may take the form of reading glasses, bifocal
31



It will be appreciated that the blink detection algorithmmy be

i mpl enented in digital logic or in software running on a

m crocontroller. The algorithmlogic or mcrocontroller may be

i npl emented in a single application-specific integrated circuit,

ASIC, with photodetection signal path circuitry and a system

controller, or it may be 15partitioned across nore than one

integrated circuit. It is inportant to note that the blink detection
|
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to address presbyopia. In one type of such | enses, distance and near
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i mage Wearersyey@nd higtigasiating leastmess writisrlyrvalarsuthe person wearing the lens
shifts their gaze downwardly, for example, to read. This upwardly positions the near
20 vision portion in the center of the wearer's gaze. Substantially all of the light passing

though the optical zone may be focused at a single point in the eye based on gaze.

An electronic or powered ophthalmic lens, or more particularly, an electronic or
powered contact lens may, as stated above, perform any number of functions, including
25 actuating a variable power optic. Accordingly, if a powered ophthalmic lens comprises a
variable power optic, the individual wearing the lens would be able to increase his or her
add power for viewing near distance objects or alternatively to decrease his or her add
power for viewing far distance objects. In other words, a powered contact lens would

provide an extraordinary benefit to an individual with presbyopia. Control over the
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I n another type of contact |ens; nanely, a segnented |ens, near and
di stance 15 vision regions are not concentric about the geonetric
center of the lens. The wearer of the segnented lenses is able to
access the near vision region of the |lens because the lens is
constructed to allow it to translate, or nove vertically relative to
the pupil of the wearer's eye. This translating | ens noves vertically
when the person wearing the lens shifts their gaze dowwardly, for
exanple, to read. This upwardly positions the near 20vi sion portion
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mtter-detector palr sensors are devices tha I gnal’'s
from anceordigbt. circuit in a particular direction that 5bounce off an
object in the signals path and are captured by a detector circuit.
Qoviously, if there is no object in the signals path, there wll be
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he powered contact conmands an actuator to adjust
var i abwéth poather epemplaiy eortiditgemt, the powered ophthalmic lens set forth herein may

comprise an emitter-detector pair sensor to control a variable power optic. It is also
important to note that the sensed data, in addition to or in alternate use may simply be
utilized as part of a collection process rather than as a triggering event. For example,
20 the sensed data may be collected, logged and utilized in treating medical conditions. In
other words, it should also be appreciated that a device utilizing such a sensor may not
change state in a manner visible to the user; rather the device may simply log data. For
example, such a sensor could be used to determine if a user has the proper iris
response throughout a day or if a problematic medical condition exists.
25
Referring now to Figure 12, there is illustrated an exemplary electronic or
powered contact lens 1200 positioned on an eye 1201. The exemplary electronic
contact lens 1200 comprises a controller or control system 1202, an emitter 1204, and a
detector 1206. The controller 1202 activates the emitter 1204 to send out a pulse, for

30 example, ultrasonic or infrared radiation. The pulse may reflect off a nearby object,
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An infrared emtter-detector pair sensor may be particularly

advant ageous for basic object or obstacle detection and easy to

I npl ement. The present invention takes 15this basic circuit and

i npl ements it for incorporation into a contact lens. In accordance
wi th anot her exenpl ary enbodi ment, the powered ophthalmc |ens set
forth herein may conprise an enmtter-detector pair sensor to contro
a vari able power optic. It is also inportant to note that the sensed
data, in addition to or in alternate use may sinply be utilized as
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for distance vision. The reflection is detected by the detector 1206

and pr @@@I§§@dfwtlpnefoc example, ectiviting a variableefasais @r sariable poswsioptic lens
e Rl ST ol 30 SRIBHAR ot e
pulse may comprise any suitable signal and may be specially designed to be detectable
above ambient illumination, thereby increasing the sensitivity of the emitter-detector
15 system. In addition, any suitable device may be utilized as the control system 1202.
For example, the control system 1202 may comprise a microcontroller and associated
memory. The control system 1202 may be implemented in hardware, software or a

combination thereof.

20 The size and power consumption of the emitter 1204 detector 1206 pair is of
critical importance for use in an ophthalmic device such as a contact or intraocular lens.
As is illustrated in Figure 12, (not to scale) the total area available for electronics on a
contact lens may be only a few square millimeters, with a device thickness on the order
of tens or hundreds of microns. Current capacity of onboard batteries or harvested

25  energy may be limited to nanoamps or microamps. The emitter 1204 is thus chosen to
be of an appropriate size, for example LED chips that are diced to a size of 150 x 150
microns or less. Dicing may require precision blade, laser, water-jet, or
photolithographic etching to achieve the required small die size. The emitter die may be
die bonded directly to the substrate through techniques common in the industry for LED

30 attachment and/or die stacking. Current consumption of the emitter 1204 may be
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5 the presence of a reflection may indicate a nearby object, simlar
to proximty sensors used in towel and hand sanitizer dispensers, or
triangul ation nay be used to determ ne distance. A low intensity of
detected reflection, a long tine to receive the reflection, and/or
the lack of a reflection above anbient conditions may indicate a

di stant object, or nore generally, the lack of a close or near

obj ect. Depending on the conputed distance 10 fromthe eye 1201 to

t he obj ect under observation, the controller 1202 perforns a
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anplit cue%?ttéara’l tOS, cpeteé%or 1206 pair and the focal length of the variable power optic. In a far

20 focus state 1300 the object is distant from the eye. In the case of an infrared emitter, the
amplitude of reflection 1302 for a signal emitted from the eye and detected by the eye
may be low, non-existent, or comprised entirely of background noise if a nearby object
is not present. In the case of an ultrasonic emission, the signal detected by the eye may
be of a very low amplitude or delayed significantly from the emitted signal. Conversely,

25 when near focus 1304 is desired on a nearby object, the amplitude of reflection may be
high 1306 and/or the reflected signal may show little delay relative to the emitted signal.
Thus, a sensor system relying on an emitter-detector pair may be used to determine the

distance to an object of interest and hence the desired focal length.
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5maxi m ze detection sensitivity while | owering current or power
consunption. The size and current consunption of the detector 1206 is
also critical. Simlar techniques to those used for the emtter 1204
may be used. The detector 1206 nay be realized as a sem conductor
phot odi ode or phototransistor, either as a standal one die or
integrated with other circuits. Anti-reflective coatings, mlti-layer
detectors, and other techniques 10 may be enployed to increase the
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exanp! e et 850 o PR Rnal 45, BB e p{BIVERR8 oPRt R e ani 1 i

t heo enperrfﬁnwmtaa:ftthda ensttdrdEtestor egstaint Aok dammpde spediftc o@pet pulse patterns
|nformat| &)L&zltlo obt ai.ned fr.om ot her mrcw%(g/lnth
cont ac@ pr??@ﬁsqﬁ’g?/ S RELECIPL I MAiEiZg %%?’é?u%‘?eof@“ﬂ?é he system
emtter-detector pair or as an input to received signal conditioning.
For exanple, information on@g.aze could be used to activate _
emtter-det @cﬁ&ﬁewplgm embediment, the eigatienissamdegleelroniy indgrconnections
emtte , r 0

cel ect nege iEheifierd zong 2 Bk R AR R LGSRk iy
det®ct acordancestitiubd aﬁjemt@exempmrfe e‘mttouat]emth& igliet pertamit ts hotel thattee
mat ched t.o the tter, for e with a filter tqo match that of
The enpetiinnas oE e d/Ef ot ncah Bt i UBitedio ing Resiigral 2N o8 i contey

avoi d rRd! IAMUST tied BiccRBARHoM poticd iRl Sschib8hkRdif 1 £F bé thbichizddfiisml itein-
of the desired reflection.

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

30 compatible with the optics.
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It should al so be apparent that digital signal processing systens, as
is common in the art for non-ophthal mc applications, may be enpl oyed
to optimze the 20 performance of the emtter-detector system For
exanpl e, specific output pulse patterns nay be processed by the
detector to nmaxim ze the signal-to-noise ratio of the system

I n one exenplary enbodi nent, the electronics and el ectronic

i nterconnections are made in the peripheral zone of a contact |ens
rather than in the optic zone. In 25 accordance with an alternate
exenpl ary eAbdairaemdar lens pslQlnisor teastthatds iroplantddain théeyp apdireplaces)thef

cont acE A RrRGdihe Bfigey ot R el sk BatBAGE Br sBR F ke Vaipus
be f a_brefﬁatttaed etdrd.i AhNOLttixicallyf cdrmpriseshnemaly plaatidins witkapptc ide struts
mat er i aI | f thesg\oiﬁ@er}ol ogies . are utiljzed, the el ec%r oni c

corrponéﬁ ed faptiasdo st wilhia the eapsular bad indhg eye- Amegf tee
30C9W%Fécabﬁlc§‘atn|ﬂ/6r%nﬂﬁdeﬁ§s described hefeih 'Pr‘iéyaiS’&}HCBF dr&fd i Ibgs hs a
|l ens that is i anted 1n the eye and repl aces the crysta i ne |lens.
It may M@aner sini nE?e(ﬂO theit of pontacleases.wi t h cataracts or sinply to treat
various refractive errors. An ICL typically conprises a small plastic
lens with plastic side struts called haptics to hold the lens in

posi tion w Alhoughshaapand aestrétged in Wit ispelievédto bk thEendst prauticaloand s
onents described herein

and/ or c be i nc or at ed to 10Ls in a
manner P& gﬁ’?‘érenlb&dirﬂﬁ‘ﬂtso I 2pRaseht ¢ hgwg%gartur ROR‘A&RGW l9d$? d;n
desgr i hRahdds ydtibkE alﬁaléh%mm%ug@esthﬁemeéwe@ i@ﬁ{ose%km@a% MeCheahgd

enbodlnents it Is apparent epartures from specif desi gns and
.o menyde deestwithew departigdwmaihe Bpsluggégcome]@h@@umtlpa tihegaesent

ski I ChyeRoM e BRGAK € USRI Pich ANl AEL LS SOk BRar38! i
and scope i Avent1 on e presen |nven 'on’1's no r|cte
tot hespanlti ibeudomstrachedtto nohentms:tldalsk evodifaditians tHat st fall wdithin thetscepewlf d
be congtructed to cohere with all nodifications that may fall within
t he scglf"e endgd caitended claims. WHAT |'S CLAI MED | S: 1. A
power ed ophthalmc |ens, the powered ophthal mc | ens conprising:
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a contact lens including an optic zone and a peripheral zone; and
an emtter-detector pair sensor systemincorporated into the

peri pheral zone of the contact lens, the emtter-detector pair sensor
system conprising an emtter for sending out a signal, a detector for
capturing a reflection of the signal, a controller operatively
associated wwth the emtter and detector configured to determ ne the
di stance between the contact |ens and an object and output a control
signal based on the deternm ned di stance, and at |east one actuator
configured to receive the control signal and inplenent a

redetermn n&td 2. The powered ophthalmc | ens
gccording tgﬂéégﬂﬁkggﬂVH%%g%n t he enit?er conpr?ses circuitry to
out put an ultrasonic signal. 3. The powered ophthalmc |ens

according to Claim1l, wherein the emtter conprises circuitry to
out put an iﬂfraré@oﬂ%ﬁﬁpphtha'm'c lens, “‘I%QOWS %tht%m'%@”ﬁic@m@ﬁ@g

according to d aé%ﬂtacmﬂg%@u&iﬁg aH PR Gonb S8 £PRIHeF 8- che; an

vari abl e- power optic incorporated into the optic zone. % The
power ed opht hal nar ehifter-detectodpaig sensdl systend incatpmratied infoctheeedaheral

configures t e vari qil e- power .opt | ftor either near or for .distanc
CPul on2pfe ol iAo, B Eufdeleft nft beFor S8 EorhBreiR B3R Her
opht hakgr sentdrigso g ecagniing detecidrdbntdptuiiie heefledtiba of @ sighalek controller
conprises a microcontrol ] er and _associ at ed

menory. 7. The
power e@PeiValy asseciptasovith ther emitier epd deigator qqnfigﬁweﬁﬁerdeé%rﬁﬁﬁ? fitg a
Pover gi4pdhck between the c&tagﬂgnQ?H@%g%b?%tahald@t tlaChtE S 6‘&&%&1

Claim?7, erein the power supply c es a battery. 9. A powere
opht hath# deteeminedtdisiapesanddat dgrst loak ractudtemsondigntad teirageiva thw certral

| ens; an . n iti.er-det or pair sensor system

i ncor pglrgg?le%nq Wt"%!e?"ﬁat%%ﬁ‘?ie??}"}"ﬁ‘ﬁ%?&r{“ﬁg‘em tter-detector pair sensor
system conprising an emtter for sending out a signal, a detector for
capturing a_reflection of the sirrgnal, a controller operatiyve

[
associ ated %ith fRhePeypiederhiRaimieienstascoring ioybiadm 1t,avf@é%iaﬂh¥ﬁ@itf%

d! stanggmgﬁgg@gpm}itp@td:&ﬂbgpén h@@%oﬁigqi%mbj ect and output a control
signal based on the determ ned di stance, and at |east one actuator

configured to receive the control signal and inplenment a

Becording 18 o oY 88gyestophihaile kR EBATATH, CRIN el 8 priter

out put camptibés eisauntinctesd@pal an infrared sighal. The powered ophthal mc | ens
according to Claim9, wherein the emtter conprises circuitry to

out put an infrared signal.
4, The powered ophthalmic lens according to Claim 1, wherein the contact

lens comprises a variable-power optic incorporated into the optic zone.

5. The powered ophthalmic lens according to Claim 4, wherein the actuator
configures the variable-power optic for either near or for distance vision in response to

the determined distance.

6. The powered ophthalmic lens according to Claim 1, wherein the controller

comprises a microcontroller and associated memory.

7. The powered ophthalmic lens according to Claim 1, further comprising a

power supply.
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12. The powered ophthalmc |lens according to Caim9, wherein the
contact |ens conprises a variabl e-power optic incorporated into the
optic zone. 13. The powered ophthalmc | ens according to Claim
12, wherein the actuator configures the variabl e-power optic for

ei ther near or for distance vision in response to the determ ned

di st ance. 14. The powered ophthal mc |lens according to Caim
9, wherein the controller conprises a mcrocontroller and associ at ed
menory. 15. The powered ophthal mic |lens according to Caim
9, further conprising a power supply. 16. The powered

ophthal mi c Bens ReE@odierst dshthhidiolcks actdRdigd fo ChEmPRYRTerSiHARS ¥>ower
conprises a battery. 17. A powered ophthalmc |ens, t he power ed

opht haﬁHPE'VIC@ﬁ?r@Qﬁﬁrhaéﬁeﬁg an intraocul ar |ens: and an
emtter-detector pair sensor systemincorporat ed into the intraocul ar

For - sendi ngdout & RAER SPaTAITISaEeh the POBSRAMTIGAIY S GRrT s

the signal, a coatchatdcelengpai@ti vely associated with the enmtter and
det ect or conflgur ed to determ ne the di stance between the contact
| ens and an obj edf eENdEHRtpEtEr aaleéﬁfflfrqslSy§teghmcome@ddﬂt0tthe contact lens,

?ﬁteezzon Qm fe?tg%frhlfd?arﬂélps&fsol'g rPe e@% Hg?taﬂr gﬂﬂ%ncgé%né Buf §GRIE a

detector for capturing a reflection of the signal, a controller operatively associated with
the emitter and detector configured to determine the distance between the contact lens
and an object and output a control signal based on the determined distance, and at
least one actuator configured to receive the control signal and implement a

predetermined function.

10.  The powered ophthalmic lens according to Claim 9, wherein the emitter

comprises circuitry to output an ultrasonic signal.

11.  The powered ophthalmic lens according to Claim 9, wherein the emitter

comprises circuitry to output an infrared signal.

12.  The powered ophthalmic lens according to Claim 9, wherein the contact

lens comprises a variable-power optic incorporated into the optic zone.

13.  The powered ophthalmic lens according to Claim 12, wherein the actuator
configures the variable-power optic for either near or for distance vision in response to

the determined distance.

14.  The powered ophthalmic lens according to Claim 9, wherein the controller

comprises a microcontroller and associated memory.
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15.  The powered ophthalmic lens according to Claim 9, further comprising a

power supply.

16.  The powered ophthalmic lens according to Claim 15, wherein the power

supply comprises a battery.

17. A powered ophthalmic [ens, the powered ophthalmic lens comprising:

an intraocular lens; and

an emitter-detector pair sensor system incorporated into the intraocular
lens, the emitter-detector pair sensor system comprising an emitter for sending out a
signal, a detector for capturing a reflection of the signal, a controller operatively
associated with the emitter and detector configured to determine the distance between
the contact lens and an object and output a control signal based on the determined
distance, and at least one actuator configured to receive the control signal and

implement a predetermined function.
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