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TO RELATED APPLI CATI ONS Thi s patent application clains
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filed April 3, 2012. BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 10 The present invention relates to a powered or electronic
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sensor and associ at ed hardware_and softmare for detecting blinks and
bl i nk pat t erBldNKaDETECTION SY STENMLFOF IRS THALMIGLENS| or
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BACKGROUND OF THE INVENTION

1. Field of the Invention
10
The present invention relates to a powered or electronic ophthalmic lens having
a sensor and associated hardware and software for detecting when an individual
blinks, and more particularly, to a sensor and associated hardware and software for
detecting blinks and blink patterns in an individual to activate and control a powered or

15 electronic ophthalmic lens.

2. Discussion of the Related Art

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

20  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

25 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
1



25such devices include glucose infusion punps, pacenakers,
defibrillators, ventricular assist devices and neurostinulators. A
new, particularly useful field of application is in ophthal mc

wear abl e | enses and contact |enses. For exanple, a wearable |ens may

i ncorporate a | ens assenbly having an el ectronically adjustable focus
to augnent or 1 enhance performance of the eye. In another exanple,
either wwth or without adjustable focus, a wearable contact |ens nmay

i ncorporate electronic sensors to detect concentrations of particular
cheni caghangetnpsfosmanes abte gueedn prpthenexamgle; siher wishipewitbaut adjustable
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currently are ized to correct vision defects s as
(nearsi ght edness), hyperopi a (farsightedness), presbyopia and

astigmatis wever roperly.designed | enses incorporating .
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sinply 20l enses placed on the” anterior surface of the eye. Cont
| enses (apersigitednissychyperopia (farsightedness), presbyopia and astigmatism. However,
properly designed lenses incorporating additional components may be utilized to

15 enhance vision as well as to correct vision defects.

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

20 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 [enses were made or fabricated from hard materials,
were relatively expensive and fragile. In addition, these early contact lenses were

25 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 fo their poor initial comfort. Later developments in the field
gave rise to soft contact lenses, based upon hydrogels, which are extremely popular

30 and widely utilized today. Specifically, silicone hydrogel contact lenses that are
2



medi cal devices and nay be worn to correct vision and/or for cosnetic
or other therapeutic reasons. Contact |enses have been utilized
comercially to inprove vision since the 1950s. Early contact |enses
were made or fabricated fromhard materials, were relatively
expensive and fragile. In addition, these early contact |enses were
25fabricated frommaterials that did not allow sufficient oxygen
transm ssion through the contact lens to the conjunctiva and cornea

whi ch potentially could cause a number of adverse clinical effects.
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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.
20 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 even provide wakeup alerts. Alternately, orin
addition to any of these functions or similar functions, the contact lenses may
25 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
without the need for drawing blood. In addition, an appropriately configured lens may
incorporate sensors for monitoring cholesterol, sodium, and potassium levels, as well

30 as other biological markers. This, coupled with a wireless data transmitter, could allow
3



20The | enses may be designed to allow the wearer to see in | owlight
conditions. The properly designed el ectronics and/or arrangenent of
el ectronics on lenses nmay allow for projecting an inmage onto the
retina, for exanple, w thout a variable-focus optic |ens, provide
novel ty i mage displays and even provide wakeup alerts. Alternately,
or in addition to any of these functions or simlar functions, the
contact | enses may 25incorporate conponents for the noninvasive

noni t ori ng of the wearer's biomarkers and health indicators.
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15t hi ckness of additional conponents. G ven the area and vol une
constraints of an ophthal m c device such as a contact |ens, and the
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20  anumber of electronic components on a non-planar surface, the bulk of which
comprises optic plastic. Accordingly, there exists a need for providing a mechanically

and electrically robust electronic contact lens.

As these are powered lenses, energy or more particularly current consumption,
25 torun the electronics is a concern given battery technology on the scale for an
ophthalmic lens. 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

30 on a single charge, after potentially remaining idle for years. Accordingly, there exists a
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conprises optic plastic. Accordingly, there exists a need for
providing a nechanically and electrically robust el ectronic contact
| ens. As these are powered | enses, energy or nore particularly
current consunption, 25 to run the electronics is a concern given
battery technol ogy on the scale for an ophthalmc lens. In addition
to normal current consunption, powered devices or systens of this
nature generally require standby current reserves, precise voltage

control and switching capahilities to ensure operation over a
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enough to detect light intensity changes that occur when a person blinks.

25 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.



products, for exanple, on televisions to adjust brightness according
to the roomlight, on lights to switch on at dusk, and on phones to
adj ust the screen brightness. However, these currently utilized
sensor systens are not small enough and/or do not have | ow enough
power consunption for incorporation into contact lenses. It is also
I nportant to note that different types of blink detectors may be
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20 SUMVARY OF THE I NVENTI ON

signal processing may be utilized to create smart systems.

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

20

SUMMARY OF THE INVENTION

The blink detection algorithm in accordance with the present invention
overcomes the limitations associated with the prior art as briefly described above. More
25  specifically, the blink detection algorithm of the present invention is able to distinguish
between normal blink patterns and unique purposeful blinking patterns in order to
control functionality in a powered ophthalmic lens. The blink detection algorithm of the

present invention is also able to be integrated into a contact lens.



The blink detection algorithmin accordance with the present

i nvention overcones the limtations associated with the prior art as
briefly described above. Mre 25specifically, the blink detection

al gorithm of the present invention is able to distinguish between
normal blink patterns and uni que purposeful blinking patterns in
order to control functionality in a powered ophthalmc |lens. The
blink detection algorithmof the present invention is also able to be
integrated into a contact |ens. I n accordance with one
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bl i nk seltpetstesmmples, determining when an eyelid is open or closed in order to divine the
number, time period and pulse width of the blinks from the collected samples,
calculating a number of blinks and the duration of the blinks in a given time period,
comparing the number of blinks, the durations of the blinks in the given time period,
and the time between blinks in the given time period 1o a stored set of samples to
determine patterns in blinking, and determining if the blinks correspond to one or more

intentional blink sequences.

The present invention relates to a powered contact lens comprising an electronic
15  system, which performs any number of functions, including actuating a variable-focus

optic if included. The electronic system includes one or more batteries or other power
7



The present invention relates to a powered contact |ens conprising an
el ectronic 15 system which perforns any nunber of functions,

i ncluding actuating a vari abl e-focus optic if included. The

el ectroni c systemincludes one or nore batteries or other power 7
sources, power managenent circuitry, one or nore sensors, clock
generation circuitry, control algorithnms and circuitry, and | ens
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trasni Ogel ;ﬁerroaqurhé estetnplary ialdorithrh i aotdrdande hith tihes ptegeatimvemioh @iidé on

25cont r ol power.ed ophthal mc |ens. The i nk detectian orithm
and as§%'E'PL\ %Elgr&"ﬂ‘?i ?fﬂtrcy' ﬁecyﬁ@tﬁr%‘sr@'ﬂ S@ME @F%WFETQ?WFBBEG%L%HT

| ow cosbite@8%rs 8ldrédaRd FBAPRréND ﬂﬁ%trE@QlthWéto%fQEélﬁé\ﬂ light %ﬁphé%avﬁwen

powered or electronic contact I ens, which also has a | ow rate of
power patienspoatoh, thadlink dgmnablabgorrmmﬁwp@cmnyon theygystam controller, for

opht hale%t%pfe?{bsactivate the lens driver to change the refractive power of the lens.

20
The blink detection algorithm and associated circuitry of the present invention

preferably operate over a reasonably wide range of lighting conditions and is preferably
able to distinguish an intentional blink sequence from involuntary blinks. It is also
preferred that minimal training is required to utilize intentional blinks to activate and/or

25  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
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.
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for at |east one of activating or controlling a powered or electronic
ophthalmc lens. 30 BRI EF DESCRI PTI ON OF THE DRAW NGS The
foregoing and other features and advantages of the invention wll be
apparent fromthe follow ng, nore particul ar description of preferred
enbodi nents of the 5invention, as illustrated in the acconpanyi ng

dr awi ngs. Figure 1 illustrates an exenplary contact |ens
conprising a blink detection systemin accordance with sone

enbodi nents of the _Eresent invention. 10Figure 2 illustrates a

gr aphi ERIEFHESSRHY BIOM QDFoTHELfpMWINGSIient on the surface of the eye
versus tinme, illustrating a possible involuntary blink pattern
recorded at various light intensity |levels versus tinme and a usabl e

t hreshol d | @helforlegsimd and ctbaefegatiras abdtadeentaghe ofrtha inventmdvithbel num

i ght intensi | evel s i.n accordance wi,th the present inventjon. 1

Fi ur o SBPRETLFOmBR P IRy Ra PR RRURGPY Horripl a8 PRTGFTad BTERRIments o the

det gct iRRnEYSIAMuKrA66 M Eﬂﬁé%‘éohﬁp@hyﬁw@?ﬁr% nt 1nvention.

Figure 4 is a diagrammatic representation of a photodetection path

utilized to 20 detect and sanple received light signals in accordance

with the pr f“@% 1'ifUERR LN exemplary EérQHEﬁeﬁ% hémﬁrighg%lf?\kw&{ﬁo f

digital conditroning I'ogic Irn atcardance w t he pFesent 1 nvention.
system in accordance with some embodiments of the present invention.

10 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
light intensity levels 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.

15

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

accordance with the present invention.

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

20 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.

25 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
invention.
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25Figure 6 is a block diagramof digital detection logic in
accordance with the present invention. Figure 7 is an
exenplary timng diagramin accordance with the present invention. 30
Figure 8 is a diagrammatic representation of a digital system

controller in accordance with the present invention. Fi gure
9 is an exenplary timng diagramfor automatic gain control in
accordance 5with the present invention. Figure 10 is a

di agrammatic representation of |ight-blocking and |i ght-passing

regi ons on &igussriplaliggraninegficrepiessntationtof ¢ dgital systenr demfcalemt h t he
present_ | ] Lgure. .S a diagranmatic representation of an
exenpl glpé&gj?ﬁé%%ﬁltﬁgﬁh%%rn?m%%ﬂg Nidi ng a blink detector, for a
powered contact |lens in accordance with the present invention.

DETAI LED DE?_CRI PgI_O\I OF g‘gfﬂ PREFERRED EI\/EODI I\/ENT? 15, .
Convent i onal %R P48 BN SXREWEANY B AAGEIM (o RyigRalF gaingariral pagaordance
shapes wi@ tRepF&sdnt Weh@bhs, Vi sion problenms as briefly set forth above.
To achi eve enhanced functionality, various circuits and conmponents
may be integrated into these polyneric

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.

10 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

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15
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,

20 power supplies, sensors, actuators, light-emitting diodes, and miniature antennas may
be integrated 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

25 the refractive capabilities of the [enses. Electronic and/or powered contact lenses may
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 be designed to allow
the wearer to see in low light conditions. The properly designed electronics and/or

30 arrangement of electronics on lenses may allow for projecting an image onto the retina,
10



structures. For exanple, control circuits, mcroprocessors,

communi cati on devi ces, 20power supplies, sensors, actuators,
light-emtting diodes, and mniature antennas may be integrated into
contact |lenses via custombuilt optoel ectronic conponents to not only
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 zoonmtin
and zoomout capabilities, or just sinply nodifying 25the refractive
capabi fonexasmpbe, wikhout engsiablediosus pplic @nan@rpytdemﬂédﬂ@%ﬂ@@{ays@mées

may be eQSRP {,v%k&%ﬁ{égﬁs e {ePhatB)dof BSRIdHdrB; arﬂ;%f‘i'hé% %cﬁcﬁ%&tw al

I nformatro ran ech rnto captions in’real of fer
vi sual sitnits fthmcﬂumna, ma\uogsetotdmse;smagnmcam@rate cpmpunéets foate prroceshieng

and i nternet, aCf ss. The Iense E g_fj gzgt IIowt e wearer
to see MIOHRI P %W@%rﬁaﬁtwcaﬁer eﬁ*hé"‘% ‘8% ‘Cé‘ Fgned eéﬂaamoﬁﬁnéefs
andsor pafk it tABISARRIMAEY afd @ GldigbetiSpARnt ANGRD BBY onl Biewd EQdar levels bY
projecting an inmage onto the retina, for exanple, w thout a varjable

focus épelyginpeesIpgnesis efthadean il withoyt the Reedips dsaming\Riepdsr vadgition,
k

or s neftPPldprisfi ORRY LY tof ma iRERbdraRedRoANor MorleFRG chUREIar L

f or t heodiam, ramdsp'oirmsimnilems,mg vodl| aﬁethmehrodnglltumarkarskefms aoublbéauithm

indicators. Fpr exanple, sensqrs 5Sbhuil.t. into the

i abet ieas i FaaoRLEs SRS SPhkitiandh Pa e o St ip ekts Bendrt 6 o
copoNeAtisntdf bIb&® ch&Rlstlyl witAol tHowded fmetﬁbep@hdr@ to diaewd filfle RleaP@. tolan
addition, an appropriately conflﬂured | ens may i ncor porate sensors

for mofabosatoRkahBAViaY @#Qﬂd draya madawenp%ﬁrﬁgés bitiRlpdhg lenges \ieay bes
other [ ﬁﬁeﬁgcb@tﬂp‘ﬂg Eﬁtdeﬁﬂbﬁﬂfeoé% EJdCCWI[Sé}\S% é"’forr%hﬁéntﬂ@hf"condltlons or

transmtter physician to have a I"at e acces
t o a péiriusetih sletdrodting bénk pattstnai t hout t he need for the patient to
waste tinme getting to a | aboratory and having bl ood drawn. In
addition, sensors built into the lenses may be utilized to detect

l'i ght i nci dgRé peretdtboeylectronic eoneiRERNe of tie preEBeelihventiit canamilidsithes
or for use in determning blink patterns,
necessary elements to correct and/or enhance the vision of patients with one or more of
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
20 lens may comprise a variable focus optic iens, an assembled front optic embedded into
a contact lens or just simply embedding electronics without a lens for any suitable
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
25 ease of explanation, the disclosure will focus on an electronic contact lens to correct

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

30  optic or any other device or devices configured to implement any number of numerous
11



15The powered or electronic contact |ens of the present invention
conprises the necessary elenents to correct and/or enhance the vision
of patients with one or nore of the above described vision defects or
ot herwi se performa useful ophthalmc function. In addition, the

el ectronic contact lens may be utilized sinply to enhance nornma
vision or provide a wde variety of functionality as described above.
The el ectronic contact 20 | ens may conprise a variable focus optic

| ens, an assenbled front optic enbedded into a contact |ens or just
Si rrpl y fnatieaditra) reaielbe peripaedi heotlectzonie aystearinelides ane abmore batteries
functi t e e
 ncor par st Pouss SafileBs: Pl mpfaerint RRAE BAGLr RFE bR BEAL" |
addi ti genenaubnzwcuutrar corerod eljonithmsabad cnromwpmcaleﬁstdheewaraLmtqs The

conponent s, and functionality described herein. However, ,for, 25ease of
exp! anGPIBIEXtY ok Tikee GOsRRAneTis MRy VaBLLeRRIdRg & (& TeshIred CBHERER | ans
to §or|fmloﬁb|ﬁygm|—f§e|gﬁ§ts i ntended for single-use daily

di sposability. The present invention may be enployed in a

power ed ophthalmc Iens or powered contact |ens conprising an

el ectront o SXAl Gl MUEB AL BALGRR AR Db AN IGHE ) LAnLdcs iRl

ot her device or devices con to | unber
numer otlwouflu achamralytdpetated exteensaetdviventadt carhmuealcatds with theclyéas,esnch as

i ncl ude nor e i es or other sqQur ces ower |
mnage ARTSGILBPY TohE ob PRABE: dHS 1 WEFBERY Gemaiulicais with the

Ci igUi hbbWereePiehs Bhséd 996:'1 HRapPuEfroMthe Méarémqﬂxlleﬁﬁéteﬁ" c¥ftrol of the
circuitry. The conplexity of these conponents may vary dependi ng on

t he r egoveed ephtaalgie &ﬂlssn@hbma@ﬁ@npwe@rvm F@edb@ﬁ% or control signats gisectiyf
an el eﬁBFerbQNé%{rFF‘ P&’@(ﬁ%@%d&%n@}& it 1tiRB%h st}ﬁaﬁﬁéfégpbﬁrf&%d@r blink

t hrough a nmanual 'y operat ext er evi ce comuni ca

the | epattemaclBaasdaprarihle helternrarssgecnce of bll?rks thezpgwered aphthialmizylens
W rel essl comun c e wth the red | ens based upon nmanual

I om ¢ MEYRUZREP SUatPr oF RAEBPIF: 18 ST HPYER D B i e HRGRIORA o7 & FBhs
mays beoBeepsd Hshad obje@tfeedback or control signals directly fromthe
wearer. For exanple, sensors built into the | ens may detect blinks
and/or blink patterns. Based upon the pattern or sequence of blinks,

the power edAﬁ&JﬁEf&\L 'Bhﬁ BRBRYY ﬁ@%%?e&%ﬁél%ctr&% ?ﬁ?@ﬂtﬁ’: lehd ﬁ1ay be

refractive power er to eit focus on a nea
di st anusexbfazother vanous uses where there is interaction between the user and the

electronic contact lens, such as activating another electronic device, or sending a

20 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
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

25 item.

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

30 accordance with the present invention relies on sampling light incident on the eye at a
12



Alternately, blink detection in a powered or electronic ophthalmc

| 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 zo conmand to anot her

el ectroni c device. For exanple, blink detection in an ophthalmc |ens
may be used in conjunction with a canmera on a conputer wherein the
canera 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 ceffainraample paten Peg-deterpinetdink Patiemtaare, staigdrangscompared to the
doubl e- ¢l i ki A0 ' ' [ ' 0 Qg: @& menu
251 1 exnrocert st Y rters e Surdtes e eBrrs otent o3k oSt

syst ematgunithiralnhay trighiec betildty de the systaracioatroldn s exbmiple, tksctivate the lens

le, is the |i | osed,  the duration of the blink, th
it or - VRO PEP oS PRIV R GOMREBLICgF I | ks in a given time

perkod. The algorithmin 30accordance with the present invention
relies on sanpling light incident on the eye at a certain sar‘rPI e
rate. Pre- dBligkirg tethepipisiclpsing and opgpiwgafdhe ayeliss anship anessestigihe

recent ¢hi st.0r I, NC ] i I t he
bi 1k JEHCEEfof 4 ey P fiihg bidWtts BRI from BffloR BbisEls T BRffbte

cont r olifdéridudls bliek atieh ebjdabs andxpeateazlly hppdaris paniimity td thecdyan galirtkire
refractive power. of the lens. 5 Blipking,is the.rapid c i.n
Lnd’ operrSHBirsiosafer 4E Sanpesuipescetdfi eiF by nteacis e ey s
Bl haki Bgopdept@rfosrehitvetdtdtdrhiPBhisQd R/ irftBhie T tHeeyL XRBBhAly, blinking is
i ndi vi dual s blink when objects unexpect edl éuappear In proximty to

t he eyéongauigmatisafly.dutexiernalstingdinay centebutenas iarthe case withrifrdiarts of
the e f A . [kl re\ e

cont e SRR EAREE 2 P BES b Bl KA g N PARIRITNG are Lnable
done atd comtmunaats vetbatly ex véh gektuses cann blimagnaoior yeband taceifar hde The

case W Lrritants. .However, Dblinking may also,.be r eful , for
exanp! Bk SR GoaiRL B svaibe ShbBReeTa Bl LR itein ims
W 46 gesdt eaRsotdRNcANfusEd @ik @ofrAal Hrkingespamee ThethéoworbBeif blimkiKg is to
detection algorithm and system of the present invention utilizes

bl i nki R Yilizackana meansHar centitiing pa agten. dherytha Rarlindaneatianisslackey for a
fespon Rxenl'#ti(?ﬁ @sﬁnm{&ar at Bbh@EtH&wls%.ihﬁ?\}%ﬁteWi h!:ﬁc?r%%é? g@cWﬂL}%traling

for coftrolling an action, then the particular pattern sefected
gi ven ap¢édmaydenaffeatert by aatunbzardd fiactotsh olidineg fatigde.esyecinjurpohéedination

may occur... li,nk.spe ffe b nunber of, factors

et S Tk e e e L e T

pabt er Bthek Qarigislas tdt affetpis Fkihgd M Fieaadrhye fshe bf inkoluntdig dinianid ia e
range of about one hundred (100) to four hundred (400) milliseconds. Average adult
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.

25 An exemplary embodiment of the blink detection algorithm may be summarized
in the following steps.
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

30 sequence and rejecting involuntary blinks.
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200t her variables that affect blinking. The average | ength of
involuntary blinks is in the range of about one hundred (100) to four
hundred (400) mlliseconds. Average adult nen and wonen blink at a
rate of ten (10) involuntary blinks per mnute, and the average tine
bet ween involuntary blinks is about 0.3 to seventy (70) seconds. 25An
exenpl ary enbodi mrent of the blink detection algorithmmmy be
summari zed in the follow ng steps. 1. Define an intentiona
"bli nk sequence"” that a user will execute for P05|t|ve bl i nk

S

det ect | on 3. Compasa ths bistoneof sripaieddiont gnels tejlg expedcied diliak

consi s i I i i 3 nce and rejectin

i nvo: utr? ?/ ﬁt’r%ggéﬁie? Watbhﬁ( @i[i]l‘aé? c9z?r:ég}ét%he hi st oryJ of Isa?rpl ed

light leveld.to proaaltyentpda&)‘nérhﬂé blhls“empmd‘nseqUerm tdefdioate riwtlcmsbrbf ithé&

tenpl ate of . v

sequendamBEs Fufit Enerast urh e B o e, S MR E R s HBaY Al fey 2

conpar iysent didle fRARR de%ﬁtééfﬁllnﬂ%quérﬁté“ BGoh 8 bcp\ms‘ & mahusoreS@y efrer

devi at e from a desired "blink sequence,” such a pl us or m nus one

(1) er Wndaw.vdwieingne i moenef leps astivatign, wﬁ@l-a%rtd fpsus shangeean epcur.
df I

sgr : agg\gﬁltﬁ)ﬁg[ﬁghlﬁgg?fgw mrﬁgﬂbﬁéfﬁﬁhghset@tlﬁm %1:: @'e Bk s@&uence An

exenpl ary blink sequence nay be defined as folloms 101. bli nk

(closed) f O;\nOeXSemplary blink sequence may be defined as follows:

10 1. blink (closed) for 0.5 s
2. openfor0.5s
3 blink (closed) for 0.5 s

At a one hundred (100) ms sample rate, a twenty (20) sample blink template is
15  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
20 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].
25
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].

14



2. open for 0.5 s 3. blink (closed) for 0.5 s At a one
hundred (100) ns sanple rate, a twenty (20) sanple blink tenplate is
15 given by blink tenmplate =[21,1,1, 0,0,0,0,0, 21,1,1,1,1, 0,0,0,0,0,
1,1]. The blink nmask is defined to mask out the sanples just
after a transition (0 to mask out or ignore sanples), and is given by
20blink_mask=[1,1,1, O0,1,1,1,1, O,1,1,1,1, 0,1,1,1,1, O,1].
Optionally, a wider transition region my be masked out to allow for
more timng uncertainty, and is given by blink mask= [1,1,0,
0,1,1,1,0, & igimpartant tonaeterthat the ajqcry]e,exgmple is for illustrativespurpeses and does

patter i g. single long blink, in this case a
1.5s bIIP'?F] ﬁ%%tg@f?@%?gfg%ﬁbl ate, given by blink tenplate =

[1,1,1,1,0,0, O,0,0,0,0,0, 0,0,0,0,0,0, 0,1,1,1,1,1]. _ It is

R R e T AWM O

| npk engghRdt e tbRRitalahd reasRarndBgldatoperation ¥s RfexeABRILOR (XOR) the
template and the sample history sequence, on a bitwise basis, and then verify that all
unmasked history bits match the template. For example, as illustrated in the blink mask
samples 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 template in that place of the sequence. However, in

10  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

utilized.
15 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
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
20 (blink_template, test sample)) gives a logic 0 for each mismatch and a logic 1 for each
match. Laogic 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
25 implementation for numerical computation, visualization and programming and is a
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

30  with one or more active at a time. More specifically, multiple expected or intended blink
15



5 against the tenplate and nask. The | ogical operation is to
exclusive-OR (XOR) the tenplate and the sanple history sequence, on a
bitw se basis, and then verify that all unmasked history bits match
the tenplate. For exanple, as illustrated in the blink mask sanples
above, in each place of the sequence of a blink mask that the val ue
is logic 1, a blink has to match the blink nmask tenplate in that

pl ace of the sequence. However, in 10 each place of the sequence of a
blink mask that the value is logic O, it is not necessary that a

bl i nk iwattemssnanbepiilized fandhe sampiparroserortfuagtionaliveooto iripdernenfudifierent

For ex f W, N I t ' : '

v asgl Jels ficfiondtll oo SRiRg Bl PR Rl REuuRRnRRtos e
(bl'i nk ldrenpl aben int@dut anp ialendediodiest while shothmbliek pattédensabplutilized
hi story. The nmatched val ge is a sequence with the sape length as the
bl i nk i{%ﬁ%lr'sﬁ %’?Otﬁ%%?"éc%i Qt SRAMRIRR BUMRK Ofhtlak enp o driverd ¢ fa
seqyengfsrhfe@ld ade?gi ¢ 1's, then a good match has occurred. Breaking
it down, not (xor 20 (blink tenplate, test _sanple)) gives a logic O
for each msmatch and a logic 1 for each match. Logic oring with the

e -t har iR 1 ERERE i Bk o A, A REEeRE TP b i RO ©
bli nk eRgkoheriinkidetedter systdm, inalceerdance peibi 4 exbraglahoginbodimentef the

greater the pargin of error in relatign to a rson' s blinks. is

al | omareﬁwrmegi@?-a'wﬁ@ﬁwmﬂ?w% b e §§C%P@ﬁ%'ﬁkalﬁecﬁﬁorf%ﬁtem
NURRT | Gy CRRBRECAE bRGtos¥hsdtal0o? ah iapibliRBd1 64, Q8Y ATEIbGLtb-aRftal SorfveREPEMCL
of Mat hWorks,  Natick, Massachusetts.” It is also inportant to note

t hat t A@Gi eatadigithlsignatpspcastor H98.c mwei spuree 1H0 arkaetuslortidgpend a,

the gr ial for false positive matched to expected or
intendggétghé]%?rggfg{ﬁﬁis. It should be appreciated that a variety of

expected or intended blink patterns nay be progranmed into a device
30w th one nore acti at time. Mre specifically, nmultiple
expect ed or NrahaGantcY e e PLaded GRS et sur 268 OF Boehs Buaihe
PUKHOS B|eRfrohigtircLibiyalfithe blitk déteciofBYStERthafibbiLRiligsd tPimmémBRMREDlink
functionality. For exanple, one blink pattern may be utilized to

cause faiectiensglgosthinefithenpresentinvertioan Tihetrhrdesensey 402, ahek aa fir alber

bl i nk . i L - i f ,

purp: SRR s EBiifedto LbREidsThitiyr 2RBLIBInE Bk o8, cEBNE:
user's eye.

20 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
amplifier 104. The photosensor or photodetector 102 may comprise any suitable
device. In one exemplary embodiment, the photosensor 102 comprises a photodiode.

25 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
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

30 creates an output proportional to the input, with gain, and may function as a
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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
ADC 106, a digital signal processor 108, a power source 110, an
actuator 112, and a systemcontroller 114. Wen the contact | ens 100
is placed onto the front surface of a user's eye the 15el ectronic
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signal output by the photosensor 102. For exanple, the anplifier 104
may si M®NP¥onprise a single operational anplifier or a nore
conplicated circuit conprising one or nore operational anplifiers. As
set forth above, the photosensor 102 and the anplifier 104 are
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copd r ohpproplidte fol iethey sigpal gieekssihg e Foil édarhplepttef RDE06 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
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,

30 processing, detecting, and otherwise manipulating/processing sampled data to permit
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preprogranmed or preconfigured to recogni ze various blink sequences
and/or blink patterns in various light intensity |evel conditions and
provi de an appropriate output 20 signal to the actuator 112. The
systemcontrol ler 114 al so conprises associated nenory. In this
exenpl ary enbodi ment, the ADC 106 nay be used to convert a
conti nuous, analog signal output fromthe anplifier 104 into a
sanpled, digital signal 25 appropriate for further signal processing.
For exanple, the ADC 106 may convert an anal og signal output fromthe
anpl i f ingiderd ightrdeseetian fgr dawnsiregmlusehdiherdigita signabpisicessyr Klhvaybent
or do r
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i mpl e | Zi'ng analog circul Cl rcui :
50r a pmvivushy destribkd) fooexampiehevery lonsthuatieede@é6phsr y enbodi ment, it
is inplemented in digital circuitry. The ADC 106 along with the
associated anplifier 104 and digital signal processor 108 are

actpvated ap ppwetisbaRle! 1REEppIiRs FDNRE R Hunvérblls EHMpdaERIs dbenpritirg the
previously described, for exanple every one hundred (100) mns, A
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t hes sy ah@my the system controller. Furthermore, the system controller 114 may control other
aspects of a powered contact lens depending on input from the digital signal processor
108, for example, changing the focus or refractive power of an electronically controlled

lens through the actuator 112.

20 The system controller 114 uses the signal from the photosensor chain; namely,
the photosensor 102, the amplifier 104, the ADC 106 and the digital signal processing
system 108, to compare sampled light levels to blink activation patterns. Referring to
Figure 2, a graphical representation of blink pattern samples recorded at various light
intensity levels versus time and a usable threshold level is illustrated. Accordingly,

25  accounting for various factors 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.
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

30 and/or prevent error in detecting blinks, such as how much visible light an eyelid blocks
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15 and/or the systemcontroller. Furthernore, the systemcontroller
114 may control other aspects of a powered contact |ens dependi ng on
I nput fromthe digital signal processor 108, for exanple, changing
the focus or refractive power of an electronically controlled |ens

t hrough the actuator 112. 20The system controller 114 uses the signal
fromthe photosensor chain; nanely, the photosensor 102, the
anplifier 104, the ADC 106 and the digital signal processing system
108, to conpare sanpled light |levels to blink activation patterns.
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20 course of the simulation at varying light intensity levels. Having the ability fo
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.
25
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

30 system controller 114 may require the use of one or more activation methods. For
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a seventy (70) second tine interval wherein the visible |ight
intensity levels transmtted through the eye are recorded during the
course of the sinulation, and a usable threshold value is
illustrated. The threshold is set at a value in between the

peak-t opeak value of the visible light intensity recorded for the
sanpl e blink patterns over the 20course of the sinulation at varying
light intensity levels. Having the ability to preprogram blink
patterns while tracking an average light |evel over tine and
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a blink activation
device, a magnetic device, or any combination thereof. The actuator 112 receives a

signal from the system controlier 114 in addition to power from the power source 110

20 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
electronic ophthalmic lens, for example, via a dynamic multi-liguid optic zone. 1In an
alternate exemplary embodiment, the system controller 114 may output a signal

25 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
the present invention may provide various functionality; accordingly, one or more
actuators may be variously configured to implement the functionality.

30
20



15 pattern is matched conpared to a sanpled |ight |evel as described
above, the systemcontroller 114 may enable the actuator 112, such as
a variable-optic electronic or powered |l ens. The actuator 112 may
conprise an electrical device, a mechanical device, a magnetic
device, or any conbination thereof The actuator 112 receives a signal
fromthe systemcontroller 114 in addition to power fromthe power
source 110 20 and produces sone action based on the signal fromthe
systemcontroller 114. For exanple if the systemcontroller 114
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| f 200 matecdorhsletéet ect ed, one or nore output signals may be asserted,
such as one to toggle the state of the |ens driver, bl _cp_toggle, or
any other functionality to be perforned by the powered ophthal mc
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a phot adgboadtic4Rith aad lovapsssfileaimgestagapd s (AGC/14E), anth 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
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

30 illustrated in Figure 1 as individual blocks 108 and 114, for ease of explanation, the
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25 automatic gain and | ow pass filtering stage 406 (AGC/ LPF), and an
ADC 408. The adc_vref signal is input to the ADC 408 fromthe power
source 110 (see Figure 1) or alternately it may be provided froma
dedicated circuit inside the anal og-to-digital converter 408. The
output fromthe ADC 408, adc_data, is transmtted to the digital
signal processing and systemcontroller block 108/ 114 (see Figure 1).
Al t hough 30illustrated in Figure 1 as individual blocks 108 and 114,
for ease of explanation, the digital signal ocessi ng and system
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processi ng and systemcontrol |l er 410. 15Figure 5 | ustrates a
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b dat 2 4o prpttle i, rC6aHRAR ehfvadTRI dbal il

regi steronﬁ@?jng(andeayetenecbmmollmmao adc_data, fromthe photodetection
signal path pd_rx top to provide a held value on the signal
adc_data_held. The digital register 502 is configured to accept a new
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aver agéata, fide_datafpire thdphalodetectgn aigeabpathdunpx dop tagevale ahbldrvalue
aver ag oh the & S|gnaldadc data_held. The digital register 502 is configured to accept a new
20 value on the adc_data signal when the adc_complete signal is asserted and to
otherwise hold the last accepted value when the adc_complete signal is received. In
this manner the system may disable the photodetection signal path once the data is
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
25  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-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

30 signal pd_data. The digital conditioning logic may further comprise a gain adjustment
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25i mpl emented in digital logic, in the threshold generation circuit
504 to produce one or nore thresholds on the signal pd_th. The held
data value may then be conpared, via conparator 506, to the one or
nore thresholds to produce a one-bit data val ue on the signal

pd data. It will be appreciated that the conpari son operation nmay
enpl oy hysteresis or conparison to one or nore thresholds to mnimze
noi se on the output 30signal pd_data. The digital conditioning |ogic
may further conprise a ?al n adjustnment bl ock pd_gain_adj 508 to set
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20 further configured to calculate a mid-point threshold value pd_th_mid based on an
average of the pd_pk and pd_vl values. The threshold generation circuit 504 provides

the threshold value pd_th based on the mid-point threshold value pd_th_mid.

The threshold generation circuit 504 may be further adapted to update the values
25  of the pd_pk and pd_vl levels in response to changes in the pd_gain value. If the
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
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

30 this manner the states of the peak detector and valley detectors, as held in the pd_pk
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25 of the pd_pk and pd_vl levels in response to changes in the
pd_gain value. If the pd_gain value increases by one step, then the
pd pk and pd_v1l values are increased by a factor equal to the
expected gain increase in the photodetection signal path. If the
pd_gai n val ue decreases by one step, then the pd _pk and pd_val val ues
are decreased by a factor equal to the expected gain decrease in the
phot odet ection signal path. In 30 this manner the states of the peak
detector and valley detectors, as held in the pd Fk and pd_vlval ues,
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The shift register 602 holds a history of 25the received sanple

val ues, herg in a.R4:hit reagister. Th i.gi t.al cti Qgi c 600
further conbeb8 ESTRIds 4 PSR biure B il ilselifh 14 B IGR iyl
sappl eudddtodimpl@ndniodreesmpnedigithrilink el dion lddrithl in 28k ok with s
bl _mask, agﬂ is configured to [ndicate a match to the gne or nore
t enpl afEEOLINEL ke BesenRtnyentiasy eTQﬁx‘t'“B_G%" dgt &”éoﬁ'ﬁé’"{o_orfﬁw ERMREFY 3
for |aken ré@@ter-ébﬁ a‘?i‘é%ﬁé&to?fecéib@tt‘fé’HE@rﬂc?rH’ﬂ"lé’blﬁ’&thé%tibﬁ sftgﬁﬁpﬁﬁﬁ via
a 30D fli1p-Tlop 606. The digital detection logic 600 may further
conpri p@_rx_topuhigtwe 408r sem 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
25 the received sample values, here in a 24-bit register. The digital detection logic 600
further comprises a comparison block 604, adapted to receive the sample history and
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

30 Dflip-flop 606. The digital detection logic 600 may further comprise a counter 608 or
24



other logic to suppress successive conparisons that nmay be on the
sane sanple history set at small shifts due to the masking
operations. In a preferred exenplary enbodi nent the sanple history is
cleared or reset after a positive match is found, thus requiring a

full, new matching blink sequence to be sanpled before being able to
S5identify a subsequent match. The digital detection |ogic 600 may
still further conprise a state machine or simlar control circuitry

to provide the control signals to the photodetection signal path and
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20%0 gnprocslsing dang gystdnh zeptréliers@d. t he gain of the anplifiers before

the ADC. This signal is shown as being set before the warmup tinme to
allow the analog circuit bias and signal levels to stabilize prior to

conver si on. pki ] : : el ;
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a pulse is provided on the adc_start signal. The ADC output value is held in an
adc_data signal and completion of the process is indicated by the analog-to-digitai
converter logic on an adc_complete signal. Also illustrated in Figure 7 is the pd_gain

20  signal which is utilized to set the gain of the amplifiers before the ADC. This signal is

shown as being set before the warm-up time to allow the analog circuit bias and signal
levels to stabilize prior to conversion.

Figure 8 illustrates a digital system controller 800 comprising a digital blink
25  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 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

30 described above. The digital blink detection subsystem dig_blink 802 may comprise
25



30 descri bed above. The digital blink detection subsystem dig_blink
802 may conprise digital conditioning logic and digital detection

| ogi ¢ as descri bed above, in addition to a state machine to control

t he sequence of operations in a blink detection algorithm The
digital blink detection subsystemdig blink 802 may be adapted to
receive an enable signal fromthe nmaster state machine 804 and to
provi de a conpl etion or done 5indication and a blink detection

i ndi catjon back to tg rg&gr st te machi ne 804.
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20  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.
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
25  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 calculated in
response to the adc_data_held value in some exemplary embodiments of the threshold

30 generation circuit. Note that the pd_th_pk value is always some proportion of the pd_pk
26



30 generation circuit. Note that the pd_th_pk value is always sone
proportion of the pd_pk value. Figure 9E illustrates the

adc_data _held value with the pd_ th_md and pd_th_pk val ues. Note that
during long periods of tine where the adc_data held value is
relatively constant the pd_th_md val ue beconmes equal to the
adc_data_held value as the pd_v1l value decays to the sane | evel. The
pd_th _pk val ue al ways remains some 5 ampunt bel ow t he adc_data_hel d
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Figure 10 illustrates exemplary light-blocking and light-passing features on an
integrated circuit die 1000. The integrated circuit die 1000 comprises a light passing
25  region 1002, a light blocking region 1004, bond pads 1006, passivation openings 1008,
and light blocking layer openings 1010. The light-passing region 1002 is located above
the 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

30 maximizing sensitivity. This may be done through removing polysilicon, metal, oxide,
27



area 1002 may al so receive other special processing to optimze |ight
detection, for exanple an anti-reflective coating, filter, and/or

di ffuser. The |ight-blocking region 1004 5may cover other circuitry
on the die which does not require |ight exposure. The performance of
the other circuitry may be degraded by photocurrents, for exanple
shifting bias voltages and oscillator frequencies in the ultra-I|ow
current circuits required for incorporation into contact |enses, as
mentioned previously. The |ight-blocking region 1004 is
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The photosensor 1112 may | npl enént’ed on
or passivation to protect the dle and avoid short-mrcu:ts during die attachment. This final
passivation has passivation openings 1008 to permit connection to the bond pads 1006.

20
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
25 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

30 thus able to receive ambient light. The photosensor 1112 may be implemented on the
28



integrated circuit 1108 (as shown) for exanple as a single photodi ode
or array of photodi odes. The photosensor 1112 may al so be i npl enent ed
as a separate device nounted on the insert 1104 and connected with
wiring traces 1114. \Wen the eyelid closes, the lens insert 1104

i ncl udi ng phot odetector 1112 is covered, thereby reducing the |ight

| evel incident on the photodetector 1112. The photodetector 1112 is
able to neasure the anbient light to determne if the user is

bl'i nking or not. Addi ti onal enbodi nents of the blink detection
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ASIC, with photodetection signal path circuitry and a system controller, or it may be

partitioned across more than one integrated circuit.

It is important to note that the blink detection system of the present invention has
20 broader uses than for vision diagnostics, vision correction and vision enhancement.
These broader uses include utilizing blink detection to control a wide variety of
functionality for individuals with physical disabilities. The blink detection may be set up

on-eye or off-eye.

25 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
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WHAT IS CLAI MED | S: 1. A nethod for detecting blinks and blink
patterns, the nethod conprising: sanpling, at a predeterm ned rate,

| i ght incident on an eye of an individual and at |east tenporarily
savi ng col | ected sanpl es; determ ni ng when an eyelid is open or
closed in order to divine the nunber, tinme period and pul se width of
the blinks fromthe collected sanples; cal culating a nunber of blinks
and the duration of the blinks in a given tine period;

conpariﬂg t he nunber of blinks, the durations of the blinks in the

gi ven €hawdhesansirugied togeherewithafl madifiqationk at mayHall grithimths; seepe of
peri odhog Edait of sanples representative of one or nore
predetermned 1 ntentional blink sequences to determ ne patterns in

bl i nki ng; and determining if the blinks correspond to one or
nore of the predeterm ned intentional blink sequences. 2. The
met hod for detecting blinks and blink patterns according to daiml,
further conprising the step of controlling a device based upon the
one or nore intentional blink sequences. 3. The method for
detecting blinks and blink patterns according to Claim2, wherein the
step of controlling a device conprises activating and controlling an
el ectronic ophthalmc | ens. 4. A system for detecting blinks and
blink patterns, the systemconprising: a |light detector configured to
out put a signal corresponding to the intensity of |ight incident upon
an eye,; an anplifier configured to receive the signal from
the light detector and to boost the power |evel thereof for further
processing to generate an anplified signal corresponding to the |ight
i ncident on the eye; and a processor configured to receive the
anplified signal, the processor sanpling at a predetermined rate, and
at least tenporarily saving collected sanples, determ ning when an
eyelid is open or closed in order to divine the nunber, tine period
and pul se width of the blinks fromthe collected sanples, calculating
a nunber of blinks and the duration of the blinks in a given tine
period, conparing the nunber of blinks, the durations of the blinks
in the given tinme period, and the tine between blinks in the given
time period to a stored set of sanples to determ ne patterns in

bl i nking, and determning if the blinks correspond to one or nore

i ntentional blink sequences.
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5. The system for detecting blinks and blink patterns according to
Claim4, further conprising a controller and actuator, the controller
and actuator being configured to receive the one or nore intentional
bl i nk sequences and generate a correspondi ng out put. 6. The
system for detecting blinks and blink patterns according to Claimb5,
wherein the conponents of the systemare configured for

I npl ementation in an el ectronic ophthal mc |ens.

WHAT IS CLAIMED 1S:

1. A method for detecting blinks and blink patterns, the method comprising:

sampling, at a predetermined rate, light incident on an eye of an individual and at
least temporarily saving collected samples;

determining when an eyelid is open or closed in order to divine the number, time
period and pulse width of the blinks from the collected samples;

calculating a number of blinks and the duration of the blinks in a given time
period;

comparing the number of blinks, the durations of the blinks in the given time
period, and the time between blinks in the given time period to a stored set of samples
representative of one or more predetermined intentional blink sequences o determine
patterns in blinking; and

determining if the blinks correspond to one or more of the predetermined

intentional blink sequences.

2. The method for detecting blinks and blink patterns according to Claim 1,
further comprising the step of controlling a device based upon the one or more

intentional blink sequences.

3. The method for detecting blinks and blink patterns according to Claim 2,
wherein the step of controlling a device comprises activating and controlling an

electronic ophthalmic lens.
4. A system for detecting blinks and blink patterns, the system comprising:

a light detector configured to output a signal corresponding to the intensity of light

incident upon an eye;
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an amplifier configured to receive the signal from the light detector and to boost
the power level thereof for further processing to generate an amplified signal
corresponding to the light incident on the eye; and

a processor configured to receive the amplified signal, the processor sampling at
a predetermined rate, and at least temporarily saving collected samples, determining when
an eyelid is open or closed in order to divine the number, time period and pulse width of
the blinks from the collected samples, calculating a number of blinks and the duration of
the blinks in a given time period, comparing the number of blinks, the durations of the
blinks in the given time period, and the time between blinks in the given time period to a
stored set of samples to determine patterns in blinking, and determining if the blinks

correspond to one or more intentional blink sequences.

5. The system for detecting blinks and blink patterns according to Claim 4,
further comprising a controller and actuator, the controller and actuator being configured
to receive the one or more intentional blink sequences and generate a corresponding

output.

6. The system for detecting blinks and blink patterns according to Claim 5,
wherein the components of the system are configured for implementation in an

electronic ophthalmic lens.
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