W RELESS COMMUNI CATI ON PROTOCOL FOR LOW PONER RECEI VERS 5 BACKGROUND
OF THE INVENTION 1. Field of the Invention The present invention

rel ates to powered ophthalmc | enses, and nore 10particularly to

Wi rel ess communi cation protocols for use in conjunction with powered
opht hal m ¢ | enses_or_ ot her devi ces that are extrenellg/l_srrall and

energy |imted. VIRELESS SOMMUNICATIGN, PRQEO OW ROWER
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m croel ectronic devices for a variety of uses. Such uses may include
nonitoring aspects of body chem stry, adm nistering controlled
dosages of nedications or 20t herapeutic agents via various

mechani s§s, BACKGROUNRWPOTHE IBVMENTICNY response to measurenments, or
i n response to external control signals, and augnenting the
performance of organs or tissues. Exanples of such devices include

gl ucose i nfusi on{pyneR.of IRE RRKESS, defibrillators, ventricular
assi st devices and neurostinulators. A new, part|cularly useful field
of application is 25in ophthal m c wearable | enses and contact | enses.
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(tear) film eddrgyUsedf enbedded eI ectronics in a |lens

2. Discussion of the Related Art
15
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 controlled dosages of medications or
20  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
25 in ophthalmic wearable lenses and contact lenses. For example, a wearable
lens may incorporate a lens assembly having an electronically adjustable
focus to augment or enhance performance of the eye. In another example,
either with or without adjustable focus, a wearable contact lens may
incorporate electronic sensors to detect concentrations of particular chemicals
30 in the precorneal (tear) film. The use of embedded electronics in a lens
assembly introduces a potential requirement for communication with the
electronics, for a method of powering and/or re-energizing the electronics, for

interconnecting the electronics, for internal and external sensing and/or
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assenbly introduces a potential requirenment for comrunication with
the electronics, for a nmethod of powering and/or re-energizing the
el ectronics, for interconnecting the electronics, for internal and
external sensing and/or nonitoring, and for control of the
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easily to shiddis. ng Iight conditions, and transmt signals or

information to the brain at a rate exceeding that of a high speed
i nt ernet connection. Lenses, such as contact | enses and intraocul ar

| enses, currentl yrr%f@mwéﬁ b'g@ RYs iHR: SANK/96 Wik ﬂﬂli&?ﬁ{/&%@r&%ﬁ@ ity to
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achi eve enhanced functiopalit various circuits and .conponents have
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control ci rCbkdp"erly'ﬂe%fg‘?ﬂéﬂ@@r%’%%%&r?@%ﬁ?'&!dﬁ%%h_@lrbdﬂuﬁjﬁrfeﬁ% mi§\Mer utilized
suppl i es, sensors, actuators, light em tting di odes, and mniature
ant ennaslOmay thenhancegsior as wall@sdermosert visinsaiefeqis cust om bui | t

opt oel ectroni c conponents to not only correct vision, but to enhance
vision as well as provide additional functionality as is expl ai ned
20her ei n. El ect r dinnyventioliad coplavkleades aret paynelie ssecturesywiiespsfigned

to provide enhanced vision via zoomin ,and zoom out abilities or
oSt o pt y RBARES 10 st R S0 bl iR 5 RS Yy 57 2Bk 8

El ectroni c aadhieve pangnied fopsicrlit, easas dryitdandeshpoaenisthaehanee
color and resolution, to display textural information, to translate

speech ilft o HUpERERGININNEES POMASIC SIMICBIreSr FOEGIATRIP, QIEW! PYitsa
navi gation sygt@BlodeRsdsoddAfuhBESsn BEGEES Jdikrd0Pplies, 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
20 herein. Electronic and/or powered contract 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 franslate speech into captions in real time, to offer
25  visual cues from a navigation system, 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
30 and even provide wakeup alerts. Alternately, or in 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
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internet access. The |l 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 |lenses may allow for projecting an

i mge onto the retina, for exanple, wi thout a variable focus optic
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or for u$e i patteeher m ni ng blink 10patterns. The proper

conbi nati on of devices could yield potentially unlimted
functionality; however, there are a nunber of difficulties associated
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wearer with the added,thi ckness of .additi onal ,conponents,
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integrated onto just 1.5 square centimeters of a transparent polymer while
20 protecting the components from the liquid environment on the eye. itis also
difficult to make a contact lens comfortable and safe for the wearer with the

added thickness of additional components.

Communication with a powered ophthalmic device offers a number of
25 unique challenges. Wireless communication protocols provide a structure for
transmitting data or information in an organized way to facilitate efficient
operation of either or both the transmitter and receiver. Aspects of the data
transmission determined by the protocol comprise the method of transmission,
for example, modulating a carrier signal, the modulation format, the structure of
30 the data messages, and additional data sent to facilitate synchronization of the

receiver to the transmitter as well as error correction at the receiver.



25uni que chal | enges. Wrel ess conmuni cati on protocols provide a

structure for transmtting data or information in an organi zed way to
facilitate efficient operation of either or both the transmtter and
receiver. Aspects of the data transm ssion determ ned by the protocol

conprise the nmethod of transm _ssion,, for ex e, . nodu lng a
ot or st gnal - (R RURIPBEPBOT BRIy SRy et M8 st (b be- dat
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receivers. In particular, portable transmtters and receivers inpose
desi gn 10constraints on power consunption due to the limted capacity

of the batteries égphms&%ﬁ da&ta%@éﬂﬁénérﬁmewmmc%w@@inc iR

circuitry. In or to reduce power consunption, prior art Ipgrnot ocol s
al | ow f di0 i moastraintseon powammnsslmmlnnm@toémmmitedmcaga@wmm@bdmmes

fromthe tr ] er b ring th
cont | nuous. (AehieCke et e YRRGmRERATECEE} SRGyt MOt Bl o4 Bpkis?
conserve povmmsbmpﬂ@ﬁlmﬁbrealﬂratot:ulsmllogffcnlnﬁemaﬁﬂterg-tmsﬂfsﬁdrr@rbd ng) and
searching for a transmss rotocol s f into two

cat egori es; 'REPRIIAD, Va%%ﬂﬁ’&}%ﬁ%@&@”ém? %@Wﬁ?ﬂfﬁ'ﬁ ¥ WheR needs Pﬁ“%‘ﬁbﬁ?n
protocol s, tdiaeqariRh IR coaMuSIS Srah8hisdion of the carrier signal. The receiver

15 may conserve power by periodically turning on (waking-up or strobing) and

searching for a transmission.

Prior art protocols fall into two categories; namely, asynchronous and
synchronous. In asynchronous protocols, the receiver searches for a
20  transmission and then synchronizes to the transmitted data stream to decode
the transmitted message. In synchronous protocols, the receiver maintains a
time reference that is synchronized to the transmitter time reference, often after
a successful asynchronous reception. Accordingly, certain prior art protocols
provide for asynchronous operation initially followed by synchronous operation

25 forlater reception intervals.

In asynchronous operation, in order to properly receive the data, the
receiver must understand where the start of the data transmission begins. [n
prior art protocols, the transmitter first sends a long preamble usually
30 comprising a simple one and zero data pattern followed by a synchronization
word and then the data. The preamble is at least as long as the receiver wake-
up or strobe interval to ensure that the receiver will always see the preamble.
The Post Office Code Standardization Advisory Group (POCSAG) protocol is
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20 transm ssion and then synchronizes to the transmtted data stream
to decode the transmtted nessage. In synchronous protocols, the
receiver maintains a tine reference that is synchronized to the
transmitter tinme reference, often after a successful asynchronous
reception. Accordir] I .certain prior art protocols provide for,
asynchr onou P& R g@%’thf%mp%ﬂa?ymrmwrﬂp% nié K Wiiged tolsanwdpit on
25for | ater ikRERBLAPOr H4th e ¥ahSrs, | n asynchronous operation, in
order to properly receive the data, the receiver nust understand
where the start of the data transm ssion begins. In prior art

protocols, the trk 1.t Lk I
conprising a si mﬁ@?%ﬁ@%%g&%ﬁ%reggfgﬁ ﬁ%t o@?ﬁecﬁ)ﬁ%&é?e@?ﬁﬁle%oﬁ%r
synchr onisz atdoosumptich by thi¢ hethdchef idatrmittehh eapsraasioheandsreaépticastheae

| ong as the receiver wake- or. strobe interval tQ ensure that the
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St andar di zatvitheh iRdiipsatadit foF Batery B hiPhaadembte caHirddXanPLanf
this type of asynchronous protocol. It is utilized to transmt

i nf or mat i on VErelYpStSLNERY (halRSeerPri or art protocol s thereby reduce
both receiver and transmtter power 5consunption by this method of
intermttent transm ssion and reception. These protocols are
particullirly ef f éowever,iimtheechsei afgxireamebnsrhaleangonenergy tisitep trecrivers,

which is i rtan I er. red,.hand hel.d r te controls and
Sl 1 i ol 006 PE8! ark Pom R hleRlio BRUBESTS nARE S ittty f FBhheeRS  For
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S breanbl e ACHSReOVEEIRE HALAPL R RS DR ipogED CHORTRTage.
over hal f t%nbﬁﬂ@yﬁc%n?zﬁﬁo@%?d@h@d@fa.Slfdr‘?ﬁ’%f}y %Iasﬁérﬁé,'thé‘féd@% ?wfg%r

the transmt synchroni zation word and data. F y systens, t|

| engt h df t Kataikaparaissipa ey e signifigantibehosteg than bamstrobe énerabwhichan
the strobe i M L i ‘ phESE ,
significant nﬂ%/ai{s‘é@ég‘).’m ﬂlgﬁgﬁrr%ls{a&%ast éﬁﬁaggwégﬂgé?bhﬁ%\’/gh%{l Sﬁ‘“%%‘?su es
resi st ance, tenttot rayerrégle sengrs resistae, amy tHeereokiyhr euroardimdyobé hidhice a

significant voltage drop_at the battery, To, co sat addi ti gnal
decoupl i ng Sdauef EERALCRa HopRBnb Rk wre B BFERE, T Plbenial:
20t o r educe atibigionsl dergapkHgogapasithiiceamag delddded th hasleas & chirg@reservoir
i ncreased cost, . . .
20 1o reduce the voltage drop, with a resulting tradeoff of an increased cost,
increased complexity, and higher area and volume receiver. Finally, very low
power systems tend to implement very simple modulation methods such as
ASK or OOK to reduce the complexity and power consumption of the receiver.
These amplitude modulation detectors are likely to falsely detect a one-zero
25  preamble pattern from noise on the transmission channel, leading to longer

receiver “on” times when no transmission is actually occurring.

Synchronous protocols provide some advantages over asynchronous
protocols because the long preamble of an asynchronous protocol need not be
30 decoded by the receiver. Once synchronized, the receiver can turn on or
wakeup just prior to the transmit synchronization word thereby reducing the
receiver on time. However, in order to have long sleep or off periods, the

receiver and transmitter must retain accurate time bases with little or no drift



i ncreased conpl exity, and higher area and volume receiver. Finally,
very | ow power systens tend to inplenent very sinple nodul ation

nmet hods such as ASK or OOK to reduce the conplexity and power
consunption of the receiver. These anplitude nodul ati on detectors are
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no transm ssieglirésSthaaiseadtlay/carefiic Fdsdfator or quartByiyeiai-Basts ofdiRitecwhish
provi de some advant ages over asynchronous protocols because the | ong

preanbl e of BACASHHHIE TERDFOSHA suEEntropauRBtionef the reeivefed by the
receiver. Once synchroni zed, the receiver can turn on or wakeup just
prior to the transmt synchronization word thereby reducing the

recei ver Son ti nme.Addowkingly, there exigtera neediay e wishessstosap upicatdf protocol
periods, the,r yer.and transnit t I ' t ' S
Wtn e e pC Rl v e AR Son Wer el el dh el bl aP
envi r onnent adize onebltimeneceivdrishytrpiraialnigythe esyliregisretdieetisetiolesa

ceram c resonator or quartz crystal -based oscillator which increases
the size, cost and current consunption of the receiver. 5Accordingly,
t her e exi st ssgpvesRly ol TAEYWVENRBN ONMMUNi cati on protocol that

enabl es the Uuse of extrenely Tow power consunption and extrenely
smal | sitfe or volume receivers by nini m'ziéw t he required recgeiver

on-times. SUMMVAR eSS SRRNIHNERLI protocol Teiawgawar degeivers in

comuni cat i Of-BFdARE With tAE PréMR RWRNLI6E BB itRe ARRENSIRNESR MY t he
present invention overcones the limtations associated wth current
comuni cat i oMittpewrerd segnanieaticss prptagelsors yiaflysiasedbed sheveaccor dance
wi th one aspect, the present invention is directed to a nethod for

wi rel ess data comuni cati on. The nethod conprises the steps of
assenbl irig a nesdagecddanes witheneespadie tier pnesemtrioverdionds directed to a
synchroni zati o rd,. an address word and dat rd, repeated|

Y anem tt | ngneetouadass HaRe e ook Bt Efine R P Stept of
m ni mum t r anggEeRling adhésddgefrardé, the message frame including a synchronization

word, an address word and a data word, repeatedly transmitting the message

frame from a wireless transmitter for a minimum transmission duration, at a

20 receiver, periodically searching for a predetermined synchronization word in the
transmitted message frame, the duration of each synchronization search being
at least as long as the length of the message frame plus the length of cne
synchronization word minus one symbol, at the receiver, determining if a
transmitted message frame includes a synchronization word that corresponds

25 to the predetermined synchronization word, and at the receiver, decoding the
transmitted message frame only if the predetermined synchronization word is

found.

[n accordance with another aspect, the present invention is directed to a
30  method for wireless data communication. The method comprises the steps of
assembling a message frame, the message frame including a synchronization
word and a data word, repeatedly transmitting the message frame from a

wireless transmitter for a minimum transmission duration, at a receiver,



20r ecei ver, periodically searching for a predeterm ned

synchroni zation word in the transmtted nessage frame, the duration
of each synchroni zation search being at | east as long as the length
of the nmessage franme plus the | ength of one synchronization word

m nus one synbol, at the receiver, determn ni n% if atransmtted
message f r ameripgicpllyeaarshisg fena pie Eéﬁrmﬁm fanigation wasd Jol@s 25 to

the predete trangﬁmte%m%eg%y ﬁ%botiﬂe‘%][r Q sgynshr%ﬁ&ghe(ﬁgear@ﬁ%%mgng
the transmtte nessage rane only I e preaeterm
synchr oni zatét igashes tbrigsad herdength of ﬁta:measagfeframe imlenibehengthiopene, t he

present inv or .. W r l.ess. da t

Cormuni cat ouRatzRug S5 Gl S e e BB B s s age
frame, tbhe nesnsmifted mamgm@mdrum@ws@whm:zammmm condspoidd a
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n
transmtter 81 Hede "Wiﬂﬁdtsrygﬁérrﬁ”ézé’ g W AN, thafeceiyescdqapding the
peri odi cal | ¥rapemitedd mgséége fRarRb QARLIEHE meéet%mﬁaa%gha%h&anawwd 2
the transmtted nmessage franme, thé duration of each synchronization
search bei nde#id.| east as long as the length of the nessage frane plus
the I ength of one synchronization word m nus one synbol, at the
receiver, determning if a 5 transmtted nessage frane.includes a
synchr onDzat i on \woackardernceowithr gaestmmmertasped:tetrmrmdeerﬁnmmdn is directed
synchroni za rd and at the r %codr ng{!t he trans 'tted

nessage fra aé’ﬂ'l'eyeﬁ;s CqHaufFa eﬁ?ﬁé 1o P ZREPGH? WErE™

found. 10l nirhaingaassmitiet Birpetry an@bh@mdaﬁgbwrtry,tth@ eﬁb@dﬁﬁ@brrdnﬂt\r‘?ntl on
is directed to a WI rel ess conmuni cati on s%stem The system conpri ses

a transni t t 86iNg; GpEfigdieddo@saruhiad Beseage irpmeyaying ddeadiang
circuitry, &DecHOGMIIOWSI S48 4 'axtahﬁbragaﬁ@mé ﬂaﬁﬁﬁmbpbaga%ﬁrﬁa réd to,

nessage frane havrng at east a sync hroni zati on word a word
and t he 16r arenfatedy easmi thontesgegetiane foba epieimusal tpnsmiasion duratien, a

message fr ag%ngﬂfss%n%ﬂn%mafra %ﬂ‘%%réér‘ QLN @I‘éc%ﬂle %rr&ﬂrt%ag% @%é&ﬂng

channel , a recelver, 1NC récel ver <Ti rcur
circuitry, rtheuitigdbedidegoding circaitry bbmrgn:gmﬁgmrfedgurr mhdchxral!peeamﬂir@abra

searching faor r edet er m ned nchr in the trangmtted
roasage 1 r anted BT SresRr LRGP Oy it ATSRPE M eBsPR o P ot
| east as | oagradigntdieatieBgidhréhization search bemg at least as long as the length of

20 the message frame plus the length of the synchronization word minus one

symbol, wherein the period of searching for a predetermined synchronization
word in the transmitted message frame is less than the minimum transmission

duration.

25 In accordance with still another aspect, the present invention is directed
to a wireless transmitter. The wireless transmitter comprises encoding
circuitry, the encoding circuitry being configured to assemble a message frame
having at least a synchronization word and a data word, and transmitter
circuitry, the transmitter being configured to repeatedly transmit the message

30 frame for a minimum transmission duration over a transmission channel.

In accordance with still another aspect, the present invention is directed

to a wireless receiver. The wireless receiver comprises decoding circuitry, the
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20 the nessage frane plus the | ength of the synchronization word

m nus one synbol, wherein the period of searching for a predeterm ned
synchroni zation word in the transmtted nessage franme is |ess than
the m ninum transm ssion duration. 25l n accordance with still another
aspect, the reaent Jdnyention i ‘di%ﬁﬁoted -té’- a] W reless_transmtter.
The wi rel ess“&P H‘grﬁ“'tcf'érry '?ﬁbF‘?’if S GEASTIERINGIRAPYNI {H P encodi ng
circuitry beiBgetepfinedWyRbhiofizag6® WRtEinta frassABRd Theseadeamg thé

| east a synchronization word and a data word, and transmtter

circuitry, tdusationeieacnt sinchenivgtien seaghmeing at leapiaas leas psithalengfh of

t he nessage ' g}gﬁ? 1S54 - at

transm ssi ontﬁgrqg%]%gggfﬁ%h@m%% ac E@%ﬁgﬁg‘gﬁ?rﬁﬁn%ﬁﬁ wgﬁjo"?] rgfrs @sepect ,
t he present symimhtwhereinsthdipedod @f searchingifors psadaterteingd synchinenization

W reless receiver conprises decodin | reuitr t . in L

i rourtry. borord Bl TRLaRRe AFeaEeP danid S5t bap lf mFEfe smission
pr edet er m nedliraydi; Rharegsiting TiroGitrg forredeivingstmandmitte twssszage fioana,
the duration of each synchronization search being at |east as |ong as
the I ength JFeNSAESHRREBYSr ane plus the Iength of the

synchroni zati on word m nus one 5synbol, wherein the period of

searching for a predeterm ned synchroni zation word in the transmtted
message fr ane i s A digdalgpammunpieatiomsyatem coapsises g uinirIreitelementgmdich

recei ving ci ; recei vl ] S esfrom a
transm ssi on\'('@%a'h{r{}fe?$8étﬁﬂ’ ﬁﬁait%ggo@gmgfdgae %gf\!}@?étiﬁ% %é’lrir%ri ses a
nunber of elczmantusicatorcsysidramgeneydligmenipeides aaynfoekati@nsanye rastece of

forms. The digital conmunjcation system erally conprises ,an

|t or et | on LBAMER @ G0El SRR B N eI SRR S5l gi 1 al
modul at or,  ajephadiigtbr, cttingiel aécstribAd laaiddifce decdirnel decoder and a
source decoder. 15

The information source may comprise any device that generates
information and/or data that is required by another device or system. The
source may be analog or digital. If the source is analog, its output is converted

into a digital signal comprising a binary string. The source encoder implements

20  a process of efficiently converting the signal from the source into a sequence of
binary digits. The information from the source encoder is then passed into a
channel encoder where redundancy is introduced into the binary information
sequence. This redundancy may be utilized at the receiver to overcome the
effects of noise, interference and the like encountered on the channel. The

25 binary sequence is then passed to a digital modulator which in turn converts
the sequence into analog electrical signals for transmission over the channel.
Essentially, the digital modulator maps the binary sequences into signal
waveforms or symbols. Each symbol may represent the value of one or more
bits. The digital modulator may modulate a phase, frequency or amplitude of a

30 high frequency carrier signal appropriate for transmission over or through the
channel. The channel is the medium through which the waveforms fravel, and
the channel may introduce interference or other corruption of the waveforms.

In the case of the wireless communication system, the channel is the

8



The information source nmay conprise any device that generates
information and/or data that is required by another device or system
The source nay be analog or digital. If the source is analog, its
output is converted into a digital signal conprising a binary string.
The source encoder inmplenents 20 a process of efficiently converting

the signal faEesehresdiedivitadsmedederairesives ths shanpelisgiynied The

i nformation i [ed !

encoder wher o PE PLOGSEE A Ricssank SORRRFES Wil Rneo S AIPErs

sequence. THhat repasedb@synasdy alsgogsible, fedtransneitted datesyrebols.o Tbeer cone

the effects @f i j : ike.en on the
HonRRIAEoaL I ERhHRRE it bl o Ganah el A

channel . The inary sSequence 1S passe Hodul at or
whi ch i n 5t urkmoedetigerdfshé beds efijired by thathaate lengoddrearidrthe abdwidzina)
for transm ssion over, K the_channel . Essential]y, the digital nodul ator
maps. ¢ he. bl 1 {PrerOintas TR RO Ko IR IRt FSasAisI fom Each

synmbol may nepiRsRRLofiNEeNeddify Blgobthen, WhevBihah®obifput Hipeshigi tal
nodul at or may nodul ate a phase, frequency or anplitude of a 30 high

frequency cdagpiesentafiymal thepousgs infar@atier sianahsm ssi on over or through
t he channel. The channel is the nmedi umthrough which the waveforns
travel, and the channel may introduce interference or other
corruptilén of thd isawpdrtantdo nbte thaktheabevefdestribad ¢leinests may be

comruni cati Qn_syste he chanpel. is. .the t.ospheye. . The digital
demodul at or FRZERVELR A e Sefar I A e iR R ar e i e
reduces t he Imadetion nthe @ommetictivneczinnslmlg cemphisé ang Bypessbhanas,
nearly as posilhcgl e, .tHe tra,nﬁmtt d data Séﬂb0| s. The channel decoder
r econst r uct NYHENS MG RRM WiFR'StSmat Wielsedan cBamne ManbR Gpritsyeebiort he

code utili zeghiedtdicy RATNBINRNEBE SignaRdIdw Ped Rhe) LRREbdynk i€ signals,

recei ved data. The source decoder decodes the sequence from know edge
of the @dAcodisiye dgkfcignatsrangitdresed lighisignaput t hereof is
representative of the source information signal. 10It is inportant to
note that the above described el enents may be realized in hardware,
in software or i fhawmshdssmabioonl fof altanmarieatandsystent waaecordance with

addi tion, the communi cation channel. conprise.an e of chanpel,
el udi ng il are e diogonsy PR el e SRR B pet R S yah o e
configured fad dviegbiver evsiemy iyt eCéonamBaaiation chartihl The Wigldssequency
el ectromagneti c signal s, , . _ i )
20~ communication protocol provide for the reduction of receiver active or on time
which in turn lowers power consumption, reduces battery voltage drop and/or
reduces component size and cost. The wireless communication protocol also
enables the complexity and size of the receiver to be reduced. The
methodology employed in the protocol utilizes a unique message frame in

25  conjunction with repeated transmissions and periodic receiver searching.

BRIEF DESCRIPTION OF THE DRAWINGS

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

embodiments of the invention, as illustrated in the accompanying drawings.



15visible Iight signals and infrared |ight signals. The
W rel ess protocol for a conmunication systemin accordance with the
present invention may be utilized for conmunication between a
transmtter and a receiver over any type of comrunication channel.
The wirel ess 20c ni cati,o rotocol provide for the reduction. of
fecei ver active dHowR §HEEIRS BR SXRMPIATK TRBETLIGy R 2GENSHRRR MR he
reduces bat tge¥emahiaiondr op and/ or reduces conponent size and cost.
The wirel ess communi cation protocol also enables the conplexity and
size of the receiver to be reduced. The net hodol ogy enpl oyed in the
protocol utilizes; ' | | ti ] :
repeated transm ?s'?%llr%? ﬂﬁﬁré&g§;ﬁ%@i@géétgce @E?[ggﬁéﬁ@?]dﬁ %Eﬁ(‘(\‘géﬂce with
DESCRI PTI50ON dbFeXedap BRAMNNGSNEDT hethemreg@itigveatidnot her features and
advant ages of the invention will be apparent fromthe foll ow ng, nore
particul ar description of preferred enbodi nents of the invention, as
il lustrated in tFHg@eilpstes Mtehestogsampling, nomifdl garplidg rate and
illustrates an exenplarg frame structTre i ccordance with the .
present i nveRfiftgin accordance with apjexgmplary ienapdipahtedl (N REgREst Evention.
synbols for 0 and 1 in accordance with 5 an exenplary enbodi nent of
the present invention. Figure 3 illustrates Manchester )
sanpl i ngl0 nonmi nalFigurept ilngjratas Maastegier sarspiing wewsd cakmeents fona geceiver
exempl ary emafl MRk, Brdd i FaEe LHENERSRiI OF gure 4 11T ustrates
Flng rst case points for a

Manchest er sanp receiver

Figure 5 illustrates Manchester sampling worst case points for a receiver

that is fifteen percent slow relative to the transmitter.

15
Figure 6 is a block diagram representation of an exemplary
communication system in accordance with the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20

The present invention is directed to a wireless communication protocol
which requires less power to implement and thereby allows associated
receivers to have a reduced energy requirement or capacity and smaller area
and volume requirements compared to prior art systems. This communication

25 protocol is particularly advantageous for extremely small, portable devices such
as those that may be utilized in medical devices including powered ophthalmic
lenses. While the communication product described herein may be utilized
with any transmitter and receiving system, it may be particularly advantageous
to extremely small systems with limited power resources. Accordingly, the

30 description of the wireless communication protocol will be described, where
required, with respect to powered ophthaimic lenses which may as described

subsequently comprise a wireless communication system.
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that is fifteen percent fast relative to the transmtter.

Figure 5 illustrates Manchester sanpling worst case points for a
receiver that is fifteen percent slowrelative to the transmtter. 15
Figure 6 is a block diagramrepresentation of an exenplary

conmuni cation systemin accordance with the present invention. -
DETAI LED DESCRI PHoONeTHONAHECEHEH EIRISES ERMSODOMANTES structures wilte specific

present | W aREh8d hcstdR AR08l hiRbRST CATRIP B MHIPLBbOO! Tg

whi ch requires €SS power to |np enen OWS assocl ate
recei vers t achiave enhesdad ddnelitmatity, vedois eimeuits and camonemsalnﬂile to be

Toi's. communi RapigiS ZHED AR BN sl | 7 o Bt e TG e,

extrenel snﬁnbiopr@mstsatsl eofemirtestionuddvias, pbase stppliesByndies, Uécttbzhtb@
i n nedi cal 3ew ces .i ncj udi n power ed oght haI mc |lenses. Wile

communi cat i J8MHFEHIRe  BpB T RAGre, BRGNS AN PP J6EaralER iniayeontact

transmtter Iéﬁ%sr\%%u‘étdﬁg b%Mﬁbﬁt@bléc’EroH@YCobﬁ*p&%rnfté e hat bilyachrait IBREUS
to extrenely small systens wth |imted power resources. "Accordi ngl Y,

the 30 deschupte enrhaicet Helonjasavelsas @mﬁﬁﬁdpﬁﬁqr@hfWQmﬁ@y apiig exmned
\OA'ﬁSC” bed, Waehe | %&E.‘c?'n?cd%n%ig ec%%trEBt IBRYES ﬁ% Qﬁ%ﬂgdcto p‘?B
ich may as escri supsequ nnun|ca |on

nprise a WS
system 10 enhan&:chwelnhlwmadaomentaadtzobensmscwablhpeé 9n]eust singly modifyieg

wi th specifigc sh S to correct various Vi sio r.obl as briefl
oot ore Ll dorRGR el DS o BeyRHS: SGI NS BnGllY AleTed olac
and COWponemérﬁaeEaYSQYtb@ Besibmce es %’hﬁén(he*\b@lof AAE eBOLNOR foCdiShIaY QEMURS .
For exanple contro CerUItS nlcroprocessors comuni cat i on

devi ces, poWfPrERiMN. itedranslatr §P§eChatE'itQJ§?WS Inirgak trag for iRy \isusdeyes
and m ni at urﬁ%n@%t RAIGSioTBYyREm! S %ﬁ&@%éi@ f[ajr&c%%ﬁa LadPiftESeY laRcess.

custom bui It optoel eCtronic corrpo ent s to orrect vision,
but to dhharide lensgsomagdevdsiones iorallehdbeavkrirer tmn%&e mlJnmligbhadJmctltyom

|
ot sheq 1o bR EhGty GeiGIdE RetuBlft ShaRf AREAL. G SAGLaASACS, R
P ey a{'“r’wﬁ?i'“;”?? et o 333&1 B A o P et
o enhance’ YBlIEE LRALS GBF Bhs PSR n eV ok HreaiyF s Buf shovigs,

transl ate spefebpididres. canbrr@rtay,l & ineaddifid M ahP o@ftfﬁ@sre fiinStiéhs 6K SFnilar
froma naV| at|on S SteHi prOVIde |nage proceSS|n and |nternet

access. qﬂféona» tHﬁTS@égn@hwowrﬁﬂemwn% tar dive ngnigxasiye,
low i ght Cm.ﬂ'opﬁ@%f 18 SvedraPE HidmAIRe AR gih%%ﬁgt.ﬁmtﬁﬁs a“ﬁé%xamp[e

arrangenent of e tronics on |l enses may a or projecting
i mage ont o sheserebuitintd e lexsarpney aanmi:abezlwmtue@btcekeemmswblood

| ens, provi 0 I is al erts.
A tornat oy S efeloy ERE gD Sh R ST RP UBEC HA SRUE e Pkl R
functions, traving et Ireaseuaonman |appa:rn®|eteigt eomagme@eaéﬁssmfaqrmédrﬁorate
noni nvasive nonitaring of the arer's biomarkers and h

Gl Car 8P s SHOTOTS I ATOUEACHOEAIP] oS AHePPERSHE g saps dtfliaas
di abetic pabtrféﬂtbué@g&glemaw% qm.é)h@@aeéwwalmﬁr\é«rés% Pa aRsY it 9could
conponents of the tear | mw t hout the need for drawi ng blood. In

addi tion, afllewpa dmswm yo cleaMel glimest iremsdigts) dcaess goratratient's blood
chemistry without the need for the patient to waste time getting to a laboratory

and having blood drawn. In addition, sensors built into the lenses may be
30 utilized to detect light incident on the eye to compensate for ambient light
conditions or for use in determining blink patterns. Given the functionality
described herein, even the least complex powered lens or ophthalmic device

will have a need for and comprise a communication system. This
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25 sensors for nonitoring chol esterol, sodium and potassium | evels as
wel | as other biological markers. This coupled with a wireless data
transmtter could allow a physician to have al nost i medi ate access
to a patient's blood chem stry W|thout the need for the patient to
waste tine gettl bor.at or in | ood dra

hddi i on. - seBPLTisHe SYSIED s A veRbean AR a8 TURTA Fewero det ect
| i ght inci dent on the eye to conpensate for ambient |ight conditions
or for use in determning blink patterns. Gven the functionality
described her ei nAwpetinglitetheca@nmebingtien Retaceleal theneresenioientohmay
device w | ﬁ@ﬁﬁlz%dqﬁ%nf% t%ﬁ%‘ﬂ?%dn% ?%ﬁhﬁ AN i8% rﬁ&‘s &mas
communi cation systemis pre erabl smal utiTizes mninma

Accor di ndl y,wlitible acommamlacwearlabte fmccsoxpm Ehetdilectmneseyﬁtemnmeluﬂesmneagr

be utilized in c%g@ ntact |ens ng,a

el ectroni ¢ sY8i& e"vﬁﬁ 8%0318{ LPé%We% Sé’“v%er% &&Weerf“a%” 38?)‘?'1 'rC‘#Wé{ one or
el ectroni c syskesmdaes, Utléck géteeret‘om"@rrmbﬁ,t é@ﬁr@&lgwutmﬁmhdmwanry, lens
sources, power nmanag ement clrcul or nore sensors, c)] ock

gener ati on cﬁrw&u.qrﬁy'trvc%mﬁ PBP’%‘F'@%%IQ”%%"%&/ cﬂhﬁJF’PWUW"@ﬁ'é’”ar‘f'RPé'ftW

circuitry aqﬂa§0%Hfb'r|§§t 'c@ﬂ@t i r1’§|“' bbth thBe FAEMISNiGAL LARS r@bé;ﬁk‘)‘nt ré{f
may conprise clircuitr he transmi ssion and reception of

dat a/ i nflér neddteinfamaat rﬂféj heré:ertb@dleedrfoma wirelsise somenymnieat O@amr@tngol

pr ot ocol . A digital conmmuni cation system conprises a nunber of
basic el ements whi ch when physically inplemented may take on any
nunber of forns. Arbgitaht@nmanicatiors systesn o@y pdssrpa inseben pf desicadembats

generates infarmtion and/qr .15 dat hat eqU| re t her

Jov et or oW o Bl BTl By, e’ Gy Bty B TED ke
i s anal og, l|h1‘%rrﬂﬁi|@Ubour@e¢1%W@5rh§|dsé Qﬁ)@déwdé ﬂiét@enétﬂé@inf&ﬁ’fﬁ%h%ﬁ&i@ora
bi nary stri ;ga In any digital communication system it is desirable

to utililde 2t diptds ﬁ%ﬁwreal byl #rother ¢des Br avstemy ePiesitice Ry be i2galed
si gnal . Sourcfred@%()q{f e béun?e RE %ﬁ%@ o cﬁft;ﬁut%%hb&t&fﬂ%@ré H@Qaf B6nal

signal into a 20 sequence of binary~digits. Accordin urce
encoder is woMgrsig ablrpeyshsmm tlhiagyfdigitd pommunwtipnfsorsm,nblﬁ daspable

the source ‘%Q‘iﬁﬂ?& %i Sﬁ'ﬁgy Blofts S 3R08]e ?6‘98@%%&?(2%% ‘?1%1‘%

is introduce nar ormat’1on sequen unda
may be util |8c&nlcatertdmehrrgedmlamromessomérefﬁmnmh&:oaf/émugsth@f s@mlalsento a

|nterfer%nce and the él ke ter n t he channe a bi nzla_@(

sequencéVi s EANANGRASE 'Ha'fy F'E%f d & FBre fRP ri%uplme ! RS
t he sequencehjsnfupcBb®Ct The 4ﬁfo@ﬂﬁah§n fiedm t hansdires | sHtod¥Llis tﬁé@sé@aﬁfdﬁ'a-
In other words, the digital nodul ator maps the bi naré[esequences into

si gnal wavefdPheelognenenathere radindaneyds Inkgduces igtethe PiRany iferaation
one or nore sté'qhévcérha'h Hs'druﬂh ﬁ'ﬁﬁgig‘i‘rtlﬁ)é u d%'e%@el@epr@ﬁﬁercome the
Itude of a hig

frequency or anp frequency carrier si
appropri at e dffectst obnemesmft@’ferehmagd thhélkehmmehter%@ncmgnmanneh dhe

medi um tfar oygh wh or s trave d th

Mtroduds | ey aealehOE i BeRufRe Y B Dot RE GaBRRE At roryss
case of a wthelseaaersqesmwrelebfre: sigaaindbr irandrhiesiahrmgplites eharhedi dh todther
denodul at or rec I\éfﬁ Htlrf‘ie ;annel corr ted wavef orm, proc sses it
and reduces YHESWAG AU f%@é‘@ﬁ&fée aﬂﬁﬁ%@%“‘?ﬁéﬁto waypforms
nearly as pogsiviiRis.t Fach sgmpBl Fa§teffds@nt HEDQAIGe oft oRBasHRbrdlBRO e he
reconstructs the ori ql nal i nformation sequence formthe know edge of

the code utidigitebdneguiates remamndulBecnabase, feaueny peamiituseyof @ bigh
recel ve%da ?equen?}gHér?lgh%ﬁﬁv\ﬁ%pégﬁﬁzﬁ%qarfr ﬁsrﬁ%ﬁﬁﬁ@ﬁr‘% E‘?ﬁ% Bnkiia qelge

of the éncoding a e ou ereor
repr esent at ichenoél is laemsdnun‘ckhrcbug“rowhmhltkm meawgimarhs trlagehamdstrm‘ ctmmlei may

f 1 tl It [ t hat
Lbove dosar BRIt REHE ndnet et DatoT o i arstaSs ot O 2SS af 8

wireless system, the channel is the atmosphere. A digital demodulator
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10 hardware and software. In addition, the conmmunication channel may
conprise a high frequency el ectromagneti c propagation channel, a | ow
frequency el ectronmagnetic coupling, a visible light el ectromagnetic
propagati on channel and an infrared |ight electronagnetic propagation
channel . 15Frame synchroni zation is a process through which i ncom ng
frane al i gnrieegives ghal ehanngl cexaRisice wayelarma celiogessepnijorn@rreguces the

sequences, i jfi I Sl i t r :
pe(r:Im' tting ﬁagle(ﬁ%ﬁg{dvé tS E%@"%@Sﬁ@gﬁmﬁ%g t {tgﬂngfgsgg{ %@tlﬁeaglg%%ébtl%éhe
f or decodi ndgramsdhitted rdetta asywmiasi oA dReheel idegoder Fecpnstudts threraiginsl

illustrated.a frame structure i accordance . ,with 20 t.he esent

vent ! ons Yifiohh et Skt TP S BARMEREE udhe oof? il LRI T Ehanpel
tr anslm' t 5sy%bg@éﬁ aed ir@wﬁmg@btn@ynqrée aecskiveddedta. \mé@.arcé _raie&@@@gddecodesf
exenplary e odl nents, the a WOr nay conprise a evice a ress o
the i nt ended$ 88ay&nse fromdr knoyylgdee ebmsesnrosorigeiam, vdersin he euipyt

I nstructi on yRErebNiLrEReb&MatiRe bRGhE %%iré@ﬁnfoﬂnﬁ‘at&a%@itgﬁé@”@e%i}é of each
enbodi ments, the data word 25 mmy conprise a regisfer address of an

i nterested ifengtioneara givendistsaguenty r dcisi wapordaid t@ nete rteefi Hreeabgue a

val ue. Rat h%lreF&Jil?éb . I%ﬁ%&ag[@aﬁy’tﬂl ergéﬂzwginwhia?&v%ag né&?t\/\%‘#%%n%? Yoth

wait for the tTransm e sync, addr an s are sent
r epeat edby thardware sndl doffwasee In atditiomlthe Thmmedetioarchampelt hay compeise

for only the ti required to detect. the sync word and decode the
hddr a0 30 Snddlb HAAIANCS, Siear RS ise ProRpgRta e i ehof oo, Eeduency
typi cal |y megdetrdhtighefic ichaplidd)e viebid Vgt élbét%}ﬁa?rﬁ&t%r Mabagdtithr ShdrHee,
the receiver on time and average power are greatly reduced relative
to prior ar@ndapieliaisAdight elsrtempeRgtiorroragaioncdI2dnelas i | | ustrat ed,
the transmt tine Ttx is set to be greater than the receiver strobe

interval T, strobe. Because a receiver may begin decoding transmtted
dat a at lany gi vehrapeisunchionizadipncisr enprosesorihigogt, whighc incoming deame

uni quel y de Pr | i j r I | ock
Codes. 1. 0. GoiEne Sl Bl Foh ESURNS, REMHEREGIBET S B bkt S e
code words, idengfied adddomtbm@imdiﬁrohordawrth]qcar@gdperg?dingmﬂewatgt\{vm}iin a
nmessage data, that_are not unjque en shift and/or rotate eft or
ot The. sledr of frdeifiatclibe XS farsdeadit peglf seketraisrogor
the synchr opefartihg o \Wagite WhaRerielislifustbteh MntdsPuétlRe inf AfRrdance with N
accordance with an exenpl ary enbodi nent of the present invention, the

synchr oRP zatheoPragedsinyagtioe sdhecframe: stryetussh wPYiHBYORaMeEHRAS drame
oo, ech, SRS EBEnR o ERNEnEas, BN IR Wions
ot her Gol d esewpkeyembodinafts, the data word may comprise a device address of the
intended receiver, addr, and a command word, cmd, to provide an instruction

or information to the receiver. In some exemplary embodiments, the data word

25 may comprise a register address of an interested register to modify in the

receiver and a new register data value. Rather than a long preamble during

which the receiver must wait for the transmitted data, the sync, addr and cmd

words are sent repeatedly for the full frame interval. The receiver may then be

on for only the time required to detect the sync word and decode the address

30 and command. Since the sync, addr and cmd words are typically much shorter

than the receiver strobe interval, Ty.stone, the receiver on time and average

power are greatly reduced relative to prior art asynchronous communication
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the sane length. In this exenplary enbodi nent, the address and
command words are al so selected or limted such that the nessage
frame does not match the synchroni zation word at any shift. In an
al ternate exenplary enbodi nent, the allowable list or code book of
address and command words 20may, be sel ected to mnim

t he
corr el ati on RIPUOA €88 HelaeamiRarabTHs s (s SRR BRAPO IR0,
as may be c%gg&gﬁgtf&@n@tvéme gross-correlation or the Hamm ng

Di stance as is known in the rerevant art. In yet another alternate
exenpl ary enbodi nent, the address and conmmand word set may be

sel ected only fr g&%@act%uﬁg b rQI:? ﬁ&l rﬂaﬁgggﬁ ooé’co?fﬁgqra%%ﬂﬁ?&f Sﬁatﬁﬁﬁg@imnze

the 25cross-corr 'on to € SYhcChroni za n word
gener at i en ofpofay] e cgdewoviratimywert aync, snkﬂdwumquetlhdeteet@«d?ﬁoraart
CGol d codes or sequences ar

30gener at or s SREVT C%P@fpéf’iioggles?%{‘@ %[frkg ° s&g%ocﬁgq%gﬂom S %u§fage

those that | eadodd®da®ih BRIckk SR BodEAURT exy. (Mt@ﬂ@ﬁ% forsync addr
| engt h=2m 1), and that have cross correl ation val ues of

wher e t =2( m+BAZmd oipther messggerdata, that aeripotamiqussnhen sm%ea a@é@és are
avai | abl e Onlré’tﬁ{é?i ER 0k b, l'ﬁ{@ﬁs%?of iy ﬁge cS@iH Wcﬁﬂld“%aﬁh@‘félsé’ﬁ@tectlon

sonewhat for ort code~wor to note that while

CGol d codds nmy tHessyachiomizadion deemotlseiffaeiWMIprtm)&amees, ot her code
words nmay be utilized which have reasonably high distances to the

Gol d codes. Accordingly, in another exenplary enbodi nent, these other

code 5words w t h |g@eacortibowd with essexeaiplalyain kodirayt dfehelpirésienemvbnﬂon
devi ce addresses and conmands while the Gold odes FT{E g%é(ﬁéfdéﬂg

synchroni zat i %SW&”'@W”MM%H&W selpeled ﬁ%

the synchronisgah b8, Gold code or Gold code sequence, which is unique regardless of

15 the shift or starting point for decoding relative to other Gold code sequences of
the same length. In this exemplary embodiment, the address and command
words are also selected or limited such that the message frame does not
match the synchronization word at any shift. In an alternate exemplary
embodiment, the allowable list or code book of address and command words

20 may be selected to minimize the correlation of address and command words
to the synchronization word, as may be characterized by the cross-correlation
or the Hamming Distance as is known in the relevant art. In yet another
alternate exempiary embodiment, the address and command word set may be
selected only from a set of Gold codes or Gold sequences to minimize the

25 cross-correlation to the synchronization word.

The generation of Gold codes or sequences is known in the relevant art.
Gold codes or sequences are generated from two pseudo-random sequence
30 generators having preferred polynomials. Preferred polynomials are those
that lead to maximal length sequences (m-sequences, length=2"-1), and that
have cross correlation values of {1, t, -t}, where t=2"""2 41 or 20™*/2 41 for

odd or even m. Gold codes are available only in certain lengths, which
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10address and command words may be selected as set forth in the
process described below. In the first step of the exenplary process,
an address length, LA, is selected or chosen to provide nore than a
desired nunber of distinct addresses for a particul ar application.
For exanple, fifteen (15) mllion addresses may be desired for a
particul ar appsteains Bieir usecomevat jor shert gadetvedsds.1 B ig Byparant tepote

addresses, t %tmgi 4 8l 33 haG8 M dbbs &H?Sr-'él%'gélér#{nl é%ﬁéﬁi?‘%é Sther

because twenty- Its yle over sixteen (
addr esses (22dde-wbB{s/may beeitilizatiwbisk iaye réasonadR3)ighvdistangie ialtheo@bly

i ght 1] . ) . lnth d. st f t |
orocess o cotiim rERuBRY Breier ey G PRRIRREhrBse ke
desired sunbeordy with §gbod (lowr ovserdaelalOfr aiayeenilized f&ri dicd &dresses

commands may be desired faor th rticul ar appl.ication. Accordingly,
for eight (8PNESRMAIIGS wiHle t@%ﬁiﬂﬁ)f? ERURIMAYURE Lﬁ'@ﬁ%ﬁf #S PYGNRRRiEAtOD) Thit s
because thregghids yield eight (8) commuands (23 = 8). In the third
step of the exenplary process, the synchroni zation word is sel ected
froma set of Gold codes with a length close to that of the conbined

o om o3 “accor 1 Tyt iEREhd excitbiafy RLHARATE e Wndblieu T "
for m =18, taddmnessdnd enginreridswortdseray B¢ sblieted ds0set fiorth B, the peoscwssd
length is seven (7) . bits, for _m= 4, e word, length is fifteen (15)
b1 12 and t or dererbBd A i BE B iab ouE ARET I Acss. 2 redrEShe

| onger the siengti, QA &addieiledVdF ehodeheo lppaide Hitke M@ Heslfed Rémber of
synchroni zation + address + comrand conbi nations that will contain a

mat ch to t hed8YRARAGMEEE (&P Rwtieu/at arpfication.r Set examerler iiiasgl (o) alljon
address fr Onécgé}%sééssﬁ']agfoeﬁn‘elsﬁ‘t‘é‘@?ﬂrea a&ﬂ&géfsﬁplkaﬁ%n.' ﬁé&ﬁgggg{gﬁy%"ﬂ%én at

sone offsets Is renoved; however, this ectionis at

bet ween 16ver HI5) mitier agdraseeyytthe remdred asidresspengthrig twerdefaus(24)bits ne,
versus the t e LNl . this e 24
synchroni zat ?%‘ﬁal“\?g#”d@ﬁ‘&hf%hg'ﬁw ‘%Ilg% tIES ggﬁg%gﬁﬁ?ﬁt@”{&g Jq}’d)ci'be %‘?\dgg%%est(%
retain nost ofl6iA7@, i@ anbliwerigdhezs@8) bits yislde gplaoveeeight (8omiictet ai |
subsequently. ,Also far ,the synchronization rd, if one is utjlizjng
o non r et ut 304155 dn (RS aR Of BiAeeH e bogssseR aprynand lengih
advant ageous| ¢fistseRectatbérgdRs¥alte!Bravfdd & 8eSyetRlfbésofaisilct 8or@mands.
one-half. This can help wth determ ning where the threshold val ue

shoul d BB onFe Emieaight (Bhcemaagdamay be desired for the particular
application. Accordingly, for eight (8) commands, the required command

length is three (3) bits because three bits yield eight (8) commands (2° = 8).
In the third step of the exemplary process, the synchronization word is
selected from a set of Gold codes with a length close to that of the combined

25 address and command word length. For a Gold code, the word length is 2™ -
1; accordingly, for m = 1, the word length is one (1) bit, for m = 2, the word
length is three (3) bits, for m = 3, the word length is seven (7) bits, for m = 4,
the word length is fifteen (15) bits and for m = 5, the word length is thirty-one
(31) bits. The longer the synchronization word, the lower the number of

30 synchronization + address + command combinations that will contain a match
to the synchronization word at some offset. Accordingly, any address from the
list of allowable addresses that leads to matches at some offsets is removed:;

however, this selection is a tradeoff between overall message length, and
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processing portion of the receiver. In enbodinments utilizing
Manchest er codi ng, which provides an average value of 0.5 for each
synbol, this is less of 10a concern. Accordingly, in this exanple,
the fifteen (15) bit synchronization word is selected to be
100110010101101, which conpri ses, ei 's and seven s for an

aver age val u€OBPSRRISHAY rqoﬁ"’@ﬁ@“ft'&?r t%ﬁrséﬂﬁdh? fqial nup ey ngre‘ﬂ‘ﬁ@"&(errpl ary

process, a usggRlResein Bis (18 S& SyrhchréRL IR WEJ |ngtﬁcm$’ftééﬁt15)ga.tgll
possi bl e sequences of sync ron|zat|on word, address word and command

15wor d, det ensmmdwgnqug@ tpdg@lrbmstahﬁbﬁe)@é@lﬁe@%@sﬁﬁs aseifgRlar®sisr ned

by taki ng sullgrz g;LI §JB%e é)’ Oﬂ&&%rnﬁgfyncﬁwqgﬁ@é:‘t%n WERTFRE |§utllﬁlrég

synchroni zat uence rting at each possi
of fset, and rae’rmwetlgnttbasae QNB@smboltfbanathMsagmesialiwa@mﬂmg@luauﬁ tba,

Lor ol i Gt Ty B R v B BB bR

utilizes a't \&%{Erﬁnﬁlﬁglbvh(e?élﬂﬁehhﬁes%@ﬁf\%% EIeh0d be on 4 Bérﬂ@a(ﬁdr iRiat signal
command length , and a fifteen (15) bits Gold code

100110010 101poqcesrsws|péw@:m piijetraesiwarle ﬁnwpdﬁwﬁswh%mw%ﬂ%esfef
exenpl ary pr%ﬁ@ﬁ\ggwﬁﬁwﬁr@w 81 2032 gR4ARRSSPS RHesfth stﬁhﬂjolf‘{h%?g 124 & f

possi bl e address sequences whi ch match
synchr oniz at iacgoneerd hd;coa;tdmglyomftbet@(am'ﬁimsthe 6ftegn 87 hitedyachrosizatigmal |

subset of the SSi e e r t. of

possi bl e addly‘gp gésssel?eﬁeg% F’?ﬁﬁg??%1toiﬁ95’tw}éﬁg 8;'}0&5%& Eﬁggz%o d
ordi nary ski lskvémotifer aehesrane valie ofid.533. eloapaifaett ed fibdlestep of the
synchroni zation word may be cho n Or?ffﬁﬁlﬁie(:t ed.i a{r}%in&ﬁ sui tapl e.

manner, i ncl G¥Fmglany Pl'qc?ﬁﬁ’ga 4s¢ ?iéﬁ‘i é‘?ssﬁérﬁ% PYARISELEINg

comand wor d%ll%@éﬁl& ééﬁu@ﬁ@éQoﬁsﬁthﬂ&a@@ﬁ WRIrdtddRftesd Wotdad §@mmand
i nportant to note that the |length of the synchronl zation _word, the

addr ess Wor d wond, determiaingehe passiblersamnle ssauences &f ianattu -6 fomeedbikds
of a particul en@ﬁﬁ@f’%ﬂf éﬁ%mz%tml’(@r d?é&%ri c&‘ﬂ AP Gl hrSRYatlR

used in a sys qU|res a sna nunmber of recelvers to
mnimze receeqeenctermmusmneSsymanlstaytlngmltoeadhq:ngerbmgfﬁwr@mﬂ Pt 9 GG

address and gh] m‘ranéid({ aageﬁ/av%ea 8nsge(r:]ortr§ats ol RSY éxa?nﬂwcgg plal%(qef"ﬁatch

nunber of us
or small Hamming Distance, to the synchronization word at some offsets. In

20 this example which utilizes a twenty-four (24) bit address length, a three (3) bit
command length , and a fifteen (15) bits Gold code of 100110010101101,
implementing the search of step four of the exemplary process results in
69,632 addresses out of the 16,777,216 possible addresses that yield
sequences which match the synchronization word at some offsets. Thus, only

25  a relatively small subset of the possible addresses must be removed from the

set of possible addresses.

It is important to note that those of ordinary skill in the relevant art will
recognize that the synchronization word may be chosen or selected in any
30 suitable manner, including utilizing a random number generator and address
and command words chosen to avoid a strong correlation. [t is also important
to note that the length of the synchronization word, the address word and the

command word may be selected to suit the needs of a particular system. For
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5 Modul ation is the techni que of adding the nessage signal to
sonme formof carrier signal. In other words, nodul ation invol ves
varyi ng one or nore properties of a high frequency, periodic
waveform the carrier signal, with a nodul ating signal that conprises
the data or information to be transmtted. 10There are anal og ,
nodul ati on nEXHBE, V?’rﬂcﬂhﬁﬂi‘ﬂ“@'dé@ﬁﬂtﬁ‘% O QeoéRfddD ifotysten el eneyrequires

nodul ation a q,ﬁﬁ.lp T i I I

nmet hods, | nc?%ﬁlg ase- sﬁéél\%} é@ﬁﬁa ! r%&%@’ﬁégh ghﬁa SIE@%W%&&F
anpl i t ude- shlofngekewqmgoramiloqudir@iaﬁrw rampmlandd\e)rds)dwyatta grosendot he
present inve ) al nodul ation

t echni ques ath”ssD r}t%ﬁ}@q%ggéﬁhmﬁéigg%se%gtoﬁ%m%gg Some exenpl ary
enbodi mregts of the present |nvenjt| on may utilize on-off keying to
et oueme ki e Lo s o eSRhi Sl Pl
l'ight signal ofc%%ﬁ@rﬁ?nélh% ofHEr Wokdk, fnﬁcsanmdnnamlv@mé inp%r@&dﬁoreThe
nodul at ed si gnal ransm tted, detected and denodu at the

other end of PrapertEGasmhiah faavercye RarediF wavaiasmy the erstiercgignal ewith a

Essential ly, m%ﬂféltfﬁb sgf‘ur | ﬁﬁ%?@brﬂﬁﬁ%e%%{da%&hm?& eapﬁt&’ph%‘a‘?ﬁ's d.!s

i ncorporated onto a“c er si how the data
signal i18 cr?élaerecbrérammdgmodllaiammmethﬁdsr metudoy droplitadé reotsuitioned.

Codi ng i h d | is, .
conlstn ?ulctS eg {"gtglfﬁn"lt %‘%‘Fé\t?c’&ga'ﬁq l?:ﬁ' gﬁsf?{g@é‘%rztgg%ﬁﬁﬁt i rsd@%ﬁl&éd%@ﬁﬁpng
t echni ques i methude, NoKdaRfbMse-PiifPRasieg Testjued cRaHifNEYRIYS s rplitucieckhirg .

Codi ng nmay be considered an additional function of the digital

nodul at or. M@ AURGRIWE anplitidegradwation A8 dig ﬁ@%@hlﬁﬁ@ﬁw is a
Manchest er 3&%@3&\' L eR'sy feﬂ?%l@l&i nga@!qlaﬁaﬂtté@m@cg}e% ddek f@%ﬁﬁ&e;]rpmfak}%e

data or inforimtion to e utiTrzed on the recelving en
comuni dat i outilizhdnPeme dransplent embeditedinef the présenpiryestion olayaditizeg

R A R e e
channel . may be a radio frequency electromagnetic signal or a visible or infrared light
signal, such as that emitted from a light-emitting diode. The modulated signal
is transmitted, detected and demodulated at the other end of the
20 communication channel; namely, the receiver. Essentially, modulation
techniques deal with how the data signal is incorporated onto a carrier signal,
but do not deal with how the data signal is created from the data or
information to be transmitted. Coding is a technique through which a
message or data signal is constructed from the data or information to be
25  communicated. Coding techniques include NRZ coding, BiPhase coding and
Manchester coding. Coding may be considered an additional function of the

digital modulator.

Manchester coding is a common data coding technique. Manchester
30 coding provides for adding the data rate clock to the data or information to be
utilized on the receiving end of the communication channel. Manchester

encoding is the process of adding the correct transitions to the message
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For the follow ng discussion, a nunber of conventional definitions
are 5utilized. A "synbol" is one unit of information sent over a
communi cati on channel. The value of the synbol is determned, in the
current invention, by the voltages on the comuni cation channel at

O ey =™ b BT e S PR Yol REn b pld e

expressed i ncemmMicatioarcesggend. Each synbol may 10represent one bit
of the binary data streamor a multi-bit value. For Manchester
encoded synbol s, there are two possible voltage | evels, high or |ow,

and each synbol o di¥Qlds erfd® ohldéhtiohbBdeftidhs rethe
ﬁﬁl W({;qe Fﬁvel H ﬁ ? P

synbol tinme and the ot tage or the secon
synbol tiSve. uliliresc disjaned” isionk uritef nfegration sardovena con'trmmt@ﬂtmentuon

deti nes the SaRtRoitnERES A LRt ed. gt e oA
Is ]chbts ﬁg ug SH) g lihé\mwgestoerthd@bmmmmeatmnmnaemtﬁﬁegtrmmes afﬁsét‘ewﬂacﬂven

| { ant
changi ng. Int fat\%ttj ?e‘%tﬁ’?ygﬁ ngtr'ﬁa"ghft ﬁ@b’”l?@PtL?% ss,ymhp},gatpnistqhé r‘%‘i'@ﬁﬁ?'
level s from TohﬁteesEWnESHI tlﬁﬂse e%k!fé%@éd Inosslnlﬂﬁ)lg’ﬁ@' S&dond. Hadhmbdiayf or

exanple, a 200 to synmb have a high voltage | evel at the
end of tHe or%masettarte lutoftthe b1na§ydﬂtﬂ streg ot Adrdtibg valugayer a

m d- synbol tg H " e

from an instan { hbé@?ﬁgé%dr roml?%lts gﬁ%rl%l&éﬁhgg\%getﬁfe C)Eh%@[gl n é%%o‘#@%rnce
with the pr ek:emtandrawhteyn'lbolbbmprlmametgols@rleWelifer ’qherﬁrsidtaﬂfadfltlye

sanpled and fro he va each s I he val he_ 25c rrent
ayrbol i o decrphie 59 dRe Sinet SPadiFbe o bk aatPnd Pl o s
rate”. For Wﬂghﬁﬁa@:ﬁc&\emmeﬂmsbmwmeﬁtm@@ingeﬁtuon B1ili: uwmwteed "
meaning that a sanpling rate I S %reater than the synbol rate

at |eastlda fyeltage lsvelzst th%flta‘»thﬁlf §>é'Hb‘P' '%eefm%f@ﬁtvahﬁ/%fﬁh?émm gk i

over sanpl i ngid BALSR gd by
the vol tage I[ evemléllhéreltlj ?ﬁgetfaﬁsr%gt haebhgog%%gés%laanée@ dc[)\ﬁae%ﬁ%eds to

sanpl e i n t heymbekiransition evfentifithessyiwll valuge are constant for a long time or if
they are changing. In addition, there might not be transitions in the signal

levels from the end of one symbol to the beginning of the next, for example, a

20 0 to a 1 symbol will have a high voltage level at the end of the 0 and start of
the 1 symbol, but there is always a mid-symbol transition. A “sample’is a
captured or recorded value from an instant in time or from a small window in
time. In accordance with the present invention, the incoming signal is
periodically sampled and from the value of each sample, the value of the

25 current symbol is determined. The rate of periodic sampling is the “sampling
rate”. For Manchester decoding, the incoming signal is “oversampled,”
meaning that a sampling rate that is greater than the symbol rate by at least a
factor of 2x is utilized. In the present invention, 8x oversampling is utilized.
Because the symbol value is determined by the voltage level in the first half

30 symbol time, one only needs to sample in the first half of the symbol time.

Accordingly, sampling may be stopped and power saved for some finite time.
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Accordi ngly, sanpling may be stopped and power saved for sone finite
tinme. In accordance with an exenplary enbodi nent of the

i nvention, Manchester coding is utilized. In Manchester coding, the
transmt synbols are split into two parts, one having a 0 val ue and
the other having a 1 value. For exanple, if the first half of the
synbol is a 0 and BReordaRGsHWIth anexpapiary embraimentiof &y gveniiprsy nol |

whereas if t%nﬁhéﬁé%gﬁlﬁ%%futﬂlﬁéd SHRhchestér cﬁ)dﬂ‘[bdtﬁ ﬁaﬁ'ﬁﬁ?%ﬂngélgfaré’f

the synbol is a O Is1s a1l signal. us “each trans
symbol has asnlémtertwofpastyn@m ha\rlwguflvaﬂme and dugethgnbatihged value. For

transitions g?%mg%r ﬁ%eeﬁlls?ﬂ f es@%oﬂé@@'anﬁ%ﬁgég&ﬁﬁfhﬁf i then

sequence of s or's ransmtte
illustrates tHrmrsMaOehmbbEwP&yeﬂmf Eheffdret lblaafdhéd sgmbanoiutm anethe fecond

conj uncti on he present i npvent.i on is kno in the

ol bvant art helhOf T g OcBER kiR & sy hUSRPRCaamaLSymRs
by a factor pis Q'c@hier(&)symboﬁﬂréﬁﬁﬁjh dricgeadnd tﬂ@é@ﬁbnérh@r@ﬁﬁ%}/% of the
synbol transition. counting the nunber of sanple interva

15bet ween sué@f@§§id\)’é'¥'b?@\%b$3§“bq| fiegardiess péihenggaugare 8t datadils amsyebols
points to Syﬂﬁ/ﬁg%héﬁ.ﬁe% tﬁggurter?nﬁ étﬁgﬂw@ﬂ%ﬁcrﬁsﬁ%nm%d?%rand 1 as

advant age of chester co IS t at each s S an average
val ue ofl0oneufiizktl in ‘cdmuemonamﬂoﬂuerpgeamy tm:\@uiwhomord to be utilized
whi | e mai ntai ni ng an average val ue of one-half for the transmtted
data. This sinplifies the adjustnent or 20 tracking of a threshold

val ue for data daee@km@,m i the relewpat s, @ receiveh@aly @velsafiple enchest er
codi ng requires that at ea%thI f our sanp es synbol ilized

and the dat a'?apittegdata S 9% AR R ?'ghﬁé‘amréwq%(ﬂﬁm% drjept the

codi ng, whi C&M@Noﬂﬁe%yﬁmb%ﬁ@é(@"ﬁcﬁfg%y Mﬂ%hﬁéhﬁfnb@%ﬁs&ﬁﬁl@%t@ﬂxﬁy
be inplemented at the feceiver utilizin | owi ng process. Th

fol | owi A exlé@ﬁweﬁwum%é@ssmwl@w@emmm@mmt l@eﬁ@ﬂﬁ"hgotﬁ]iﬁﬁo
mai nt ai ni ng alpi=Tals £LAIR9 hesdt ols. In
t he exenpl ar H|531r;1ocesstov¥h rﬂrlagsi'?t]stgurr\e SHE{?'%t he I’IE%EI ver @t%yq}bzes 8x
over sanpl i ngMapchea&tel cogling ighbat{&chsymilobbapan asryrragelvadne dfoare-iat),
sanpl es per 30 hal n a first

o ebes, Pt hetnBfer o dBR codd ik ' bS8 whlle cfin Gl R e Yerape

f ound. In a @eﬂ@@aﬂo@é-aalfﬁir th@@raaxmirwdadata Pragessplifesdt ediuishagntast has
to be made as to whether the incaom ng{ y ?nal may be aligned with or
2 88

i n phas8dwi t FaGkg @ 2 ikesel VRN der 44t 814G60R 8t 8 CRIABTAtor in the receiver.

Manchester coding requires that at least four samples per symbol are utilized
and the data rate for a given bandwidth is half of that with NRZ coding, which

may be a disadvantage.

25 Manchester data decoding may be implemented at the receiver utilizing
the following process. The following exemplary process represents a method
of sampling and maintaining alignment with a stream of Manchester coded
symbols. In the exemplary process, it is assumed that the receiver utilizes 8x
oversampling, providing eight (8) samples per symbol or four (4) samples per

30 half symbol. In a first step of the exemplary process, the signal is sampled
until a data transition or edge is found. In a second step of the exemplary
process, a determination has to be made as to whether the incoming signal

may be aligned with or in phase with the clock that is utilized to determine
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when sanples are taken. At first, successive sanple values are
examned to find or ook for a transition froma 1to a 0 or froma O
toal If a transition is found, it is assuned that this may be a

m d- synbol transition. is in fact a md-synbol transition, then

It
no addi ti onal | es are Il e d for a specific 5 eriod.
Eosonti al 1y w@ﬁa%ﬁewﬁ Ghenar FomeLheSsaE e e liea e erafies the
sanpl e tine thdbr daRubHaBansifioh reniddbe @Brfrbﬁ\ NOAb a"Tf i Ilf &ttrémélt‘bn is
synbol tinme." This is a %of a synbol |ater, Si X mpl es_ | at er
at 8x over saffpindall.is paswnenihad thig gypydre @ méd'éymﬁl E@@S'W%ciégés infRet a
first two st
that the r ecaigsribol SRR, it h BB sohifed 8% GliBBeAT] 4 FEdHE ©
al | owed. 5At titiespermidntEssehtalyavae magmiq:p aoead fiom tgaamldfﬁyﬁml trangjtion

O e

transition edgrs; Thits akd-of a-symbol la&étesesuar(e mrﬂplsymwﬂatt&bansmlon
edges; and d. 11 ->. t hese are "

t
fourth step affertSﬁ@p@R@nﬁr arthyrdp%e&éiﬁe ?W@g@rﬁpg‘?%’e’ ?%{SH%EEVWPP? aée
data transiti a@éd ﬁﬁﬁleen'oﬁgﬁ %H%as' élaﬁsefd foldhstkehathd F&e%ﬁ@%a’ﬁﬂwe

process, the met hodol ogy "of the second step is repeated to once

agai n nelke almteet minreftdonaecsive d 'swllsvesk: Atibisinaieiniheraia faasitinas atse
aligned with is utilized to determ ne
when sanpl esgg%rean?e%%%e @%gwﬁhﬁgﬁ%@ﬁégg% step of the exenplary
process, the fourth and flfth steps are repeated until the desired

nunber of sanpl esahao% bee_n_ (E°| lﬁé:steeare ?a?se" edges between symbols;

b. 01-> -- ... these are mid-symbol transition edges;
15 c. 10->-_ - ... these are mid-symbol transition edges; and
d. 11->- - .. these are “false” edges between symbols.

In a fourth step of the exemplary process, the signal is sampled until a data
transition or edge is found. In a fifth step of the exemplary process, the

20 methodology of the second step is repeated to once again make a
determination as to whether the incoming signal may be aligned with or in
phase with the clock that is utilized to determine when samples are taken. In
a sixth and final step of the exemplary process, the fourth and fifth steps are
repeated until the desired number of samples has been collected.

25

The exemplary process set forth below represents a method of detecting

and decoding an entire message made up of many symbols strung together.
The Manchester symbol decoding of the exemplary process set forth above
takes place in each step of the exemplary process set forth below. The

30 exemplary process is implemented at the receiver. In a first step of the
exemplary process, the receiver starts in the IDLE state and waits until
enabled. When enabled, the receiver goes to the INITIAL state. In a second

step of the exemplary process, the receiver enters the INITIAL state. In the

20



The exenpl ary process set forth below represents a met hod of
detecting and decoding an entire nessage nmade up of many synbols
strung together. The Manchester synbol decodi ng of the exenplary
process set forth above takes place in each step of the exenplary
process set forth bel ow, The 30exenplary process is inplenmented at

t he recei ver INITiAly st he ﬁf@bvqsﬁalfwré:@@%%ﬁyﬁsqeab@%@pleﬁﬁ@eﬂéléréltb@tr

starts in th%ahgﬂﬁ]e lﬁﬁe&@ﬂth"i’ﬁé‘i\ﬁad&%’sﬂerﬁﬁ%@t ﬁﬁé‘ﬁﬁ%@é%@e

recei ver goes t | TTAL state. In a secon t he ex rrp ary
process, t hetheakdvectessribed gxemelary\prncaas)stTéusamaymecumee addifionahsettling

S e SRk SRRl SRR R SRR BE! TP BaEled B
three st egzl ?Teoﬂé)e s;ﬁeiie‘;/rﬁrﬁelycmﬁe@ﬂ\IGHWIZAYI@Nm@H sTdith ]mﬂl)esrz)enxt
hreshol ds. 4. Mevereuet orles BoehorERhi2atioN dakelhRer ' the
SYNCHRONI ZATE hesHERsHd S AbEfound e LBEXLASH 18D +11dymboRS ehetPthedBESUST
t he SYNCHRONI ZATI ON SEARCH state. |f synchronization is not found

after LS + LAXits odhe EN) giste-slf, however heynebiasization dsclougd thetrgeeiEnD

state. If, h to
he. ADDRESS SERHE InePAPORERS SEARER e, OHMbou bﬂ%téiéﬁh?é%%%
10proced¥, t hmcees,dheeecmur@nd;ershbe AIJDR% SEARGHstaee If 4 vala amzlrdes:b
address i s not und t hen the receiyv ex END st at e
ronever . o viind Tl s e BReG Sk Th vid END8ie, IF nohiget 3 g
COMVAND SEARg#teE8ifouhd, thehitihé Feceivep goks tdithee3OMMAND SEAREHISstatehen
recei ver enters the COWAND SEARCH state. If a valid command. is

found, a fl ad il iR Ofttbeaxsmp'%@f%ﬁeﬁhﬁﬁ@mvwr&@me@%&ﬂ%nd
and the recegraRIPERtS. Olftah%llﬁlﬂ@rrﬁﬁé‘ﬁ@rs fhiind R Kidat %’Qeﬁ'tﬁ@gﬁéﬁp

of the exenpl a% process, the recelver enters the END state
recei verl5i s #h tﬂoguﬂammwagtfqmd mmenr@cawertmeat@dbeﬁé\m etater ko thRe

Foure 3 111 SR aREnd offp SiinE BAGhBlardPlocsls, LRSIy S SRESERD
ri sing or m stasyfirale tB@eekmver is disabled, the state machine of the receiver enters
the IDLE state, waiting to be re-enabled and the process is repeated. Figure 3
illustrates the expected sample points for data and the rising or mid-symbol
20 edge.

With Manchester coding, because the receiver sample time reference is
effectively updated at each mid-symbol transition, it is also possible to
implement the receiver without frequency acquisition as long as the frequency

25  difference between the transmitter and the receiver is less than about +/-
fifteen (158) percent. This allows for simplified receiver time bases such as RC
oscillators, thereby providing for a much lower or decreased complexity,
volume and current drain than ceramic resonator or quartz crystal-based
oscillators. The resulting worst case sample points for these cases are

30 illustrated in Figures 4 and 5. In alternate exemplary embodiments of the
invention, the frequency of the receiver clock or time base may be adjusted to

align to the transmit symbol rate.
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Wth Manchester coding, because the receiver sanple tine reference is
effectively updated at each m d-synbol transition, it is also
possible to inplenent the receiver w thout frequency acquisition as

|l ong as the frequency 25di fference between the transmtter and the

receiver is less than aboyt +1- fifteen 5 ercent. Thi.s allo for
ol 111 ed"recer VaPatey Aaeasns ven Mesoreeb ebridiimey A gedyented
provi di ng f oitiRzing et foR¥RIng HxeHRIEr9 pFEsks60 NP bE¥stistep ¥Othegxediary
current drain than ceram c resonator or quartz crystal -based

osci | | at ors. PIofessed §iganphi§ spE1ded dnli & datadaasien of §dgeis foHBde It ases
are 30illustr L =aro)

enbodi nent s 5}? E@ﬂdeéﬂléﬁvdé% g%erﬁ?lﬁgﬂ?@ga%%%étgr?ﬂ? %ugorflécel v% M}?Idgc S tgr
ti me base nmawhetherdhe stoethingsighalgnay betaligned witb i in glyadeolvithr titeeclock
Frequency al i,gnnent,._a chester decodin be 1.l enent ed.

it ety endHRE it do MRS Ghed SERBI Atk AfTREC BF0iRS e,
exenpl ary pr eagmple valuss graexdnsinsarmting otloklforca trahsitidn frosi 4 i1 Ao add or
edge is found. In a second step, of. the exenpl %?(ﬁrocess, a

det er mi nat i off a8 g b nedtiqnys Syt idf HslHg mavpRP Ty
be aligned wst e tr?ﬁbiﬁ&?ﬁslﬁitﬁkwfaé%nﬁd-@&ﬂﬁbbh'?éns‘;itﬁ)n!ﬂiﬂéni ﬁ&Q(lthiﬁonal

determ ne when sanples are taken. At firSt, successive sanple val ues
are exanitned semplesareclledte forar spedificlinge tiegads pathar wotds. ane can skirom

0t 1. 1 it ' RN '
2 m d- symbol *eaRERRT B hreyibd FéfSohto i SRR Al ohdllS BT uRe
t hen no addi middialof 1i0s aexil“fist halé sgrabbldoted Thos isca ¥pafca $yrobalilater, or six

period. In other rds, o can skip.ahead fr th 1 d-s ol
P aneiiion ¢ eohsaaan pte F e B dirGui ' oo Aare e GHPEPRY ¢ ne
next "first heddessyiiedirstitviBiepsidveSepsatad Wviek ta ep¥iMeChal ditasymbolsSare
(6) sanmples later at 8x oversanpling. In a third step of the

s

exenpl arly pr 9edgsdetestads it & fouritp t§p%@%ﬁ@m@a%@r@a%w&swpm
that data symbglig, %ﬁo é@%rﬂﬁliﬁbﬁ%ﬁ?&%ﬁnea Wnfl 4 a¥&itansliRR ?ledglss

exenpl ary process, the sanple cou
found. If the sample count is lower than the target transition sample count,
p g

the receiver sample clock frequency is increased. If the sample count is
greater than the target transition sample count, the receiver sample clock

20  frequency is decreased. In a fifth step of the exemplary process, the
methodology of the second step is repeated. In a sixth step of the exemplary
process, the fourth and fifth steps are repeated until enough time has elapsed
to ensure that the receiver is past the longest run of consecutive 1's allowed.
In a seventh step of the exemplary process, the sample count is set to zero

25 and the signal is sampled until a data transition or edge is found. Optionally, if
the sample count is lower than the target transition sample count, the receiver
sample clock frequency may be increased, and if the sample count is greater
than the target transition sample count, the receiver sample clock frequency
may be decreased. In an eighth step of the exemplary process, the

30 methodology of the second step is repeated. In a ninth and final step of the
exemplary process, the seventh and eighth steps are repeated until the

desired number of samples have been collected.
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is set to zero and sanpling is performed until a data transition or

edge is found. If the sanple count is |ower than the target

transition sanple count, the receiver sanple clock frequency is

increased. If the sanple count is greater than the target transition

sanpl e count, the receiver sanE;e cl ock 20frequency is decreased. In
0

a fifth step of ddinReMPItde posrbatas withill rietorelacihedipestt langersecond
step Is repe?#r?ﬂwoﬁi?atﬁan%&‘ﬂd@ a?lﬁea%d?ésstIgﬁﬁgtﬁé%ﬁpfélﬁf%sﬁgﬁ’%giésl?élﬁﬁf

fourth and f steps are repeated untit enou el apsed to
ensure that sheceseltédetectiosapaiterelnedéorgestherfalsingfratmnsecutive |'s

allowed. In a seventh step of the exenplary process, the sanple count
is set to zero 25and the signal is sanpled until a data transition or

edge is fBound. Opisisgnédrtyabdvie, tHiecaramphzalon piotbol irod&iorddrade wikrethe
target transition sanple count, the receiver se?rrpl e cl.ock freguency
may be i ncr eREEENt IAMENYON PRK beMired Wit ARY PR CRMERURIRRHPN: Fustamyr Yl

transition SAMPb&iEQAHAY adidadenR Wiksre SRR 8ndlsBekark LEAHSAGY. THe be
decreased. In an eighth step of the exenplary process, the

30net hodol og§u@T systeim dea pawesepontactiepeinaéincludes @ earamunigation Bysiem.
step of the i .

- epeated unt PRI Hufte BRRES o RFe BGted o <RLARloDy RLEHTIEF Bgd an
It is iniporteaxmplanngtteat leat agsemblylcoaidrisprgod ceelver. Bbdlustrateal, tHeonger
synchroni zati on rds address lengths will i ease the. threshol d
of "Stcoaser ub aTel SLstPmr U o s Stk Fabimites 8P4 PER g oiicelTeEae
set forth abgymiipeosoTrEriofabl AhspiiRéos0d mia c@ﬁ@ﬁ&s@n%taﬁﬁdﬁsmm%\
present invention nay be utilized with any type of conmuni cation

system but {@ngaittaeirGuit 0% pypatiensfl hgedadisrhiterfase 2. ahe 4sefe are

of concern. ﬁlﬁfa’%‘é“d‘lﬁ%é#‘éﬁhbﬁsé‘aﬁ \éﬁﬁéﬂeﬁﬁéﬁa%%taricﬁiﬁ‘ﬁwatyr@éaril PEE&I%‘?S a

communi cation system Referring nowto Figure 6, ere’is | strated
an exenpbar ycampenaritiof gre sisteran Theardenpiaab§o mayiatsl cdrepriseaaryestilaple

Compr | seaa Ao ol ¢ pafEhnarpdislBbEont iRt Spo BERLER Mellsing o0

The control techag@abledsatanias mon-ceuhprdead|clnattaniee node 60Moreicapacitors

RS BTN [T AW R AT T A
an optional coupled to the transmitter circuit 608 and may provide buttons or similar
20 means for a user to control and/or observe the status of the transmitter circuit
608. In other words, the user interface 612 may comprise any suitable means
through which a user or operator may command and communicate with the
transmitter circuit 608 such as buttons, touch screen displays or any other
known means. The transmitter circuit 608 generates and provides an
25 electrical transmit signal to the antenna 606 in order to broadcast a transmit
electromagnetic signal 601. The transmit electromagnetic signal 601 may be
based on control information provided by the user/operator and/or may be
based on an internal state of the transmitter 602. The optical lens assembly
604 may also comprise an antenna 614, an electronic circuit 616, and a lens
30  structure 618 with which the antenna 614 and the electronic circuit 616 are
incorporated. Although not illustrated, both the transmitter and the receiver

comprise a suitable power source.
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15conponent of the system The antenna 606 may al so conprise any
sui tabl e device. The battery 610 may al so conpri se any suitable
devi ce, including rechargeable batteries, non-rechargeable batteries,
one or nore capacitors and a power supply that works with an AC
adapter. The user interface 612 is cougl ed to the transmtter circuit

608 and may provi A& EEEYHRVEEToR i iregt ‘i@?@é{‘f‘l’?ﬁ?s@rpr%toﬁ@ Prfo control
and/ or obser %Sninﬁlﬁléét%h‘é@sféfm tHae nﬁdﬁ‘émlltzbérfoﬁédrﬁr%bhlcﬁ% bétvedihher
words, the user interfacé 612 may conprise any suitable means through
whi ch a user tr@ﬂS@ﬁtﬂf@ﬂdra r@ﬁ?'V@brWP@ﬁ@!ndh%l reasineli i ibap@orated intaan
transmtter y
ot hor known SEATEMicIR, PHECuRBIeRL bkl Bol AL B uEREET O RRCR P R0
an 25el edtri tyle mfrmnumlcshcgneﬂamel Urhtéuding mbasé(ﬂﬁdlorﬁraqudacy and

br oadcast a trfans @ctr netl na(lj htlﬁ nsmt

el ect r omagnett Earg%@rm 5%98 ”?88 8?1 %%‘?ﬂdrscﬂ fif

provi ded by tcBmnisftdtiopehahaél s@réﬂt@d Ummab,aodomaqaomteamtbmﬁ@bpﬁtharmuc
state of the transmtter 602. The optl cal /1 ens assenbly 604 nay al so

conprise an MSdARAYSuAablgMannes 8sdhkeown %@Ptre'ﬂﬁnt%dﬂ&e et 30
structure 61gahkhioideiuddefadiehae ofudilichthafhaciicankg el roul t
616 are incorporated. ough not illustrated, both the transmtter
and t he erecennx@rpQrateplrmte:)@ra{ S;Uab@meenth asoahaedheld fob, a Fhart phesant
i nvention is _(q] t 0 | a

ystem that - RaveE i Brd bbb EaTaBHrEE M R B b e
and a recei végnsesherein the receiver is incorporated into an
ophthalmc lens. The wireless protocol may be utilized in conjunction
wi th any 5type of communication channel, including wireless radio
frequency and i nfAi@oagh 6RENAAhE Wescrithed %W%tﬁﬁbél%@éd‘(@be%@%ﬁ on
the particul ar conmuni cati on channel selected, but may be

i ncor porldt ed Prafitisakand wigfared emeodiarents. it ig apparient thet depaiiires free i s
known in the P@élﬁc\/aﬁ ﬁ§ nd E‘!%@h é&‘j’l b4 2R8 ThbiAw @E&%é%?m’éﬁ%el% to
t he conmuni cation ¢ I ncorporated 1mto any

sui tabl e devrtmseﬁkd!edars thae araaddemay lﬁ@b$etbwﬂhwttdepladnr@ fremiae spirit and

enges, Al cnoaone ehBRANEoRE The Pt Bkt IR aptliok To SR RARRLF
nost constructions described and illustrated, but should be constructed to cohere

20 with all modifications that may fall within the scope of the appended claims.
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15practical and preferred enbodi nents, it is apparent that departures
from specific designs and net hods descri bed and showmn wi Il suggest
thensel ves to those skilled in the art and may be used w t hout
departing fromthe spirit and scope of the invention. The present
invention is not restricted to the particular constructions descri bed
and illustrated, but should be constructed to cohere 20w th al

nodi fi cation t Y, ithin the scope of the appended cl ai ns.
VWHAT | S CLAI %ﬂ?ésr@';\lw'j |§I'M A method for wirel ess data

comuni cation, the nethod conprising the steps of: assenbl i ng
a nessage frane, ,th ssage frame jncluding.a.s hronj.zati on word,
an address word' dnd® TEDGG RIS date comilimicai he micthdd bRy e

message franke ttep@of: Wi rel ess transmtter for a mninmmtransm ssion
durati on; at a feceiver, pgri odically searching for a

predet er mi ned syREPFBRINGR MAFSARE Hame: femersagsiraneddingge frane,

the dur at oftyAbh/@AEBIGY WER] oAl ZRIHAIWSRAITI: el ol | east as | ong as
the length of the nmessage frame plus the | ength of one

synchroni zati on venrestedintransmisting thieghessage framefrorrha wirelssh Jiansmitter

det er m ni ng ¢} e ] f.rame includes a synchronization
word t hat cééi%g“ﬁ'@ﬁﬁ‘gﬁp%h%’ﬁgsﬁﬁm%g‘%% ned synchroni zati on word; and
at the receiver, atlececkivay, périndicaipsentchid fioe s grgdetbmained ephghroizativm
pr edet er m ned a nghr.oni za&ié)n wor d jﬁs foH%d 1. Th t hod for .
wireless dat¥ AR DESsrYR HEMeo 18 AiaiiaN © YachioRizatign of
assenbl i ng ecARPIRGEY b [REE: £0BRG LEeBe AR bNBe1AEH 2GS Mpidislusiheh i n
conbination with the synchraoni zati on word, the address word and the

data word hdengthokape gynshremization wergtminHs ©seHYEPShr oni zat i on wor d.

3. Th thod f j ] i i : i ,
e nethod fopy, err%haﬁgﬁ, ﬁaﬁe@mﬁﬁﬁ@wt nﬂﬂe@ﬁ%&%ﬁ%{ﬂa?‘n@ ikhiBd &R 2

wherein the step of asse ing a nessage frane conpri ses
gener ati ng tshechygnizatianvert thencawespoots te tegredet@ohihed syeclyeqizetice.
4. The met h%r ,Oéd dNI rel ess data conmmuni cation according to Caim 2,
wherei n the mes's rbe frame is encoded utilizing Manchester coding for
each bit in the aethzageeil¢raecoding the transmitted message frame only if the

predetermined synchronization word is found.

1. The method for wireless data communication according to Claim 1,
wherein the step of assembling a message frame comprises removing
address words which in combination with the synchronization word, the
address word and the data word have a set minimum correlation to a

synchronization word.

3. The method for wireless data communication according to Claim 2,
wherein the step of assembling a message frame further comprises generating

the synchronization word utilizing a Gold code sequence.
4. The method for wireless data communication according to Claim 2,

wherein the message frame is encoded utilizing Manchester coding for each bit

in the message frame.
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5. The method for wreless data conmuni cati on according to Caim 1,
wherein the step of periodically searching for a predeterm ned
synchroni zation word in the transmtted nessage franme has a period of
| ess than the m nimum transm ssion duration. 6. The nethod for

Wi rel ess data co ication according to Caim1l, wherein the address
wor d corresponds @oi i"ae B"@y?%%éw&ﬁ%§%ata commupicaiif ageerHKlg todrlaim 1,

wirel ess datgh&GRINTMBISEH bPbrRfeiclfisBarchMg@bah Prddetdfnfinsd @ﬁﬁ&k@orﬂgﬂf&ﬁs
word corresponds to a register address. 8. The nethod for

wi rel ess datworgldmtmirargmigiad aeespededigmenas aiperiad of l@sshlzan Benpinige
the step of j ; Lty bit at the end of a nmessage frane.

9. A nethod § or n\ﬂmgsr@rﬂ gggét'ééta communi cation, the method conprising
the steps of: assenbling a nessage franme, the nessage frane

i ncluding a synchyonizatipn rd _and data wor.d;,. .epeat.edl v,
{ranem { Ui ng-{ ho dred Bagee R IR Wirdlies Saip RomathstonancerdfE FOP R,

M ni mum t r anghéref A8 addreds vadrd corresporids @ 4 86Bte 8dldreger i odi cal Iy
searching for a predeterm ned synchronization word in the transmtted

nmessage frane, the duration of each synchronization search being at

least as long as 7t.hﬁr‘hle%‘&th%r\&ihﬁeé’%ﬁgﬁ:_ﬁn{nﬁﬂﬂ@atgn%cbﬂﬁné &N@ldin A,

one synchroni zation word m nus one S the recel ver,

det er mi ni ng wiieraint tharssidiessedordeosegpoidsirs fagidierdeddrassynchr oni zat i on
word that corresponds to the predeterm ned synchronization word; and
at the receiver, decoding the transmtted nessage frame only if the
predet erm ned syr& Tenma#iddoior wiretbsk slataegrtmunication at€ordivgvibrbies$,

comuni cati g stem conpri si ng: , a transmtter, includin
Cransm tter TMRELAATRISEHANG Al Aiding 2 BRTMPIT alHRe Rt Gl PHRSTPE SIS,
bei ng configured to assenbl e a nessage frane havi ng at | east a
synchroni zation word and a data word, and the transmtter being .
configured to repfeahamthod farvdialessidata persagucatioanterpethed monpising
transm ssi Onthg‘éfé?}sicﬂ!‘; a transm ssion channel; and
assembling a message frame, the message frame including a
synchronization word and a data word;
repeatedly transmitting the message frame from a wireless transmitter
for a minimum transmission duration;
at a receiver, periodically searching for a predetermined synchronization
word in the transmitted message frame, the duration of each synchronization
search being at least as long as the length of the message frame plus the
length of one synchronization word minus one symbol;
at the receiver, determining if a transmitted message frame includes a
synchronization word that corresponds to the predetermined synchronization
word; and
at the receiver, decoding the transmitted message frame only if the

predetermined synchronization word is found.

10. A wireless communication system comprising:
a transmitter, including transmitter circuitry and encoding circuitry, the

encoding circuitry being configured to assemble a message frame having at
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a receiver, including receiver circuitry and decoding circuitry, the
decoding circuitry being configured for periodically searching for a
predeterm ned synchroni zation word in the transmtted nessage frane,

the duration of each synchronization search being at |east as |ong as

the length qf the nessage franme pluys the length of the | _

synchr oni 2atiPi ARPENTATTHRLOB AT SRt g1 ot ey s i N Hsdeilter geing

sear ching f Qfonﬁgtﬁ}'éGCi@Tr@déEtékﬂg tral 86 198 he’ba g raRiedot A nlifighdnk ansm tted
nmessage frame is |l ess than the mninumtransm ssion duration.

11. The wi r dlesRlissipmtWiaiani on system according to Caim 10, wherein
the transmtter ¢iyalitod i sy i1 Qi ed to specifically transmt a
message over the transm ssion channel . 12. The wrel ess
conmmruni cat i on systrengizer oratliding tewelkeacineUitty amdh deeoding hiecuiteg dhe er

R

accordi ng t @rédeteimihed syheHrehiBafidrewbidansné trafsmiviRY riesdaaedrapes,ahed in
a hand hel d devij ce. 14. The wi rel ess communi cation system
accordi ng t SUEgtaNRf RRchMEsHPRIZENRN seareh beingratjeand apfeng poitigtleadtnipfa
hand hel d deyd Frﬁ-::ssa%e framelptus tHaAeMbth &I 95 sHRITBHEARN St THRLEBhe
according to Claim10, wherein the receiver may be incorporated in a
medi cal devisy@bol, whereintige patied of sesrehigg ferrmpredeteringredssysichranization
accor di ng t Quclh 3l Thd an R ReddiBe 54 9L MANRR. KNGAIARTANEH D"
i npl ant abl e ‘medi cal ~devi ce. .~ Thé"W rel ess conmuni cat 1/on
syst em accoddratipnt o Cl aim 10, wherein the receiver may be

i ncorporated in an ophthalmc |ens. 18. The wirel ess

comuni cati on system according to claim 10, wherein the transm ssion

channel conpri ses1aThiedfirdléRastpnarniehest syideRREbAIIRY ®PaE®h 1ONwherein
channel . 19. The w rel ess comruni cation system according to

cl ai m 10, wiis Eapsmier ercuisnisconfauredda seecifielytiansmita messageavRincy
el ect r omagnetd fa5HRLIbA%hannel. 20. The wirel ess comuni cation
system according to claim 1?), wherein the transm ssion channel
conprises a visible light electromagnetic propagati on channel.

21. The wireless g0 ni: i.0 em. ac i .cl ai [
the transm sst on'endinal emer Tt AV ERRAE SRS GReb BT B ot s BiRET
pr opagat i ontreheeeider circuitry is cnfiglied taispetifesyreosive beasssane et tha
accordi ng tg_ claim 10, WneLei n the transmtter is configured to

modul at e andFRIRSIAYCNANA8k ri er signal over the transm ssion channel .

23. The wirel ess comuni cati on system according to claim 22, wherein

the transmtter nodul ates at |east one of phase, frequency or
anpl i tude of thel3alhpeavirelgsgr@mmunication system according to Claim 10, wherein

the transmitter may be incorporated in a hand held device.

14. The wireless communication system according to Claim 10, wherein

the receiver may be incorporated in a hand held device.

15. The wireless communication system according to Claim 10, wherein

the receiver may be incorporated in a medical device.

16. The wireless communication system according to Claim 10, wherein

the receiver may be incorporated in an implantable medical device.
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24. A wireless transmtter conprising: encoding circuitry, the
encoding circuitry being configured to assenble a nessage frane
havi ng at | east a synchronization word and a data word; and
transmitter circuitry, the transmtter being configured to repeatedly

panem L the oS Seenld Bk ARSI TR A A G

decodi ng ci ribgiréceivertrhay de tradirpgratdria aintaphthis¢nigleasnf i gured for
periodically searching for a predeterm ned synchroni zation word in a
transmtted nessage frame, the duration of each synchronization

search being at |1@asthé®irbie88 caPniuntcdiBRIY Sl addtRdifg 36 3@ MO IReRIiMS
the Il ength of the synchroni zation word m hus one synbol, wherein the

period of sdhedmenagigsiam ehannelieeraprsascalhighritaniuenty sleciamagnetic n t he
transmtted Bé&é}%nfcfh%ﬁﬁef s less than the mnimum transm ssi on
duration; a recerving circuitry for receiving a transmtted
nmessage froma transm ssi on channel .

19. The wireless communication system according to claim 10, wherein

the transmission channel comprises a low frequency electromagnetic coupling.

20. The wireless communication system according to claim 10, wherein
the transmission channel comprises a visible light electromagnetic propagation

channel.

21. The wireless communication system according fo claim 10, wherein
the transmission channel comprises an infrared light electromagnetic

propagation channel.

22. The wireless communication system according to claim 10, wherein
the transmitter is configured to modulate and transmit a carrier signal over the

transmission channel.

23. The wireless communication system according to claim 22, wherein
the transmitter modulates at least one of phase, frequency or amplitude of the

carrier signal.

24. A wireless transmitter comprising:

encoding circuitry, the encoding circuitry being configured to assemble a
message frame having at least a synchronization word and a data word; and

transmitter circuitry, the transmitter being configured to repeatedly
transmit the message frame for a minimum transmission duration over a

transmission channel.
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25. A wireless receiver comprising:

decoding circuitry, the decoding circuitry being configured for
periodicaily searching for a predetermined synchronization word in a
transmitted message frame, the duration of each synchronization search being
at least as long as the length of the message frame plus the length of the
synchronization word minus one symbol, wherein the period of searching for a
predetermined synchronization word in the transmitted message frame is less
than the minimum transmission duration; and

receiving circuitry for receiving a transmitted message from a

transmission channel.

29



