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SYSTEMS AND BIOMEDICAL DEVICES FOR SENSING AND FORIOMETRIC BASED
INFORMATION COMMUNICATION

CROSSREFERENCE TO RELATED APPLICATIONS

This application is a continuation in part of UR&tent Application 15/006,370 filed on
Jan. 26, 2016, which claims the benefit of Unitéat&s Provisional Application No. 62/196,513
filed July 24, 2015.

BACKGROUND OF THE INVENTION
1. Field of the Invention

Biomedical devices for information communicatiordd@PS based information display
are described. In some exemplary embodiments,dhieas’ functionality involves collecting
biometric information along with GPS informationgerform personalized information
communication for the user of the device. In somen®les, the personalized information may
include advertising or marketing information.

2. Discussion of the Related Art

Recently, the number of medical devices and theictionality has begun to rapidly
develop. These medical devices may include, fomg@, implantable pacemakers, electronic
pills for monitoring and/or testing a biologicahittion, surgical devices with active components,
contact lenses, infusion pumps, and neurostimwaidrese devices are often exposed to and
interact with biological and chemical systems mgkime devices optimal tools for collecting,
storing, and distributing biometric data.

Some medical devices may include components susragkonductor devices that
perform a variety of functions including GPS pasithg and biometrics collection, and may be
incorporated into many biocompatible and/or impddte devices. However, such semiconductor
components require energy and, thus, energizalemnests must also be included in such
biocompatible devices. The addition of self-contgienergy in a biomedical device capable of
collecting biometrics and GPS positioning wouldtdadhe device to perform personalized
information communication for the user of the devi€here may also be systems of smart

devices that may include communication, sensingcamtrol functions for their environment, it
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would be desirable to tie information systems tersi$or personalized information

communication.

SUMMARY OF THE INVENTION
Accordingly, apparatus and methods for biometrgeldainformation display are

discussed herein. The ability to measure biomeaia and communicate the results in real time
with sophisticated communication systems opensewpembodiments for the use of the
biometric data. The biometric results may drive ommication relating to services available,

and coordinate with data bases relating to preter@rformation of the user. The

communication protocols may enhance responsesfetys health, logistics and economic
decisions of various kinds. The communication ragses may include advertising content in
some examples. A biometric measurement and tlzerdatilt may directly or indirectly

influence content of advertising. In direct meamdata value may be something that is directly
communicated to the user, or it may directly infloe the nature of the advertising content based
on its value. In other indirect examples, the @tnic measurement may indirectly indicate a
state of a user, such as in non-limiting examgégyue, interest, alertness, and other such states
of the user.

In a non-limiting example, the present inventiotizgs biometric data gathered by any
number of devices in conjunction with secondary tantdary devices, including communication
networks, to provide a user with a comprehensivama®f receiving personalized and targeted
messages when authorized and desired. In additierpresent invention may describe retrieving
targeted and individualized content based upomitmetric data, environmental data, location
data and a personalized preference determinationlated via predictive analytics to generate
the targeted and individualized content.

In some examples, a biometric based informationnsomcation system comprises a
biomedical device which itself comprises a sensm@gns. The sensing means may measure a
biometric of the user. The biomedical device miap aomprise an energization device and a
communication means. The biometric based infomnatommunication system may comprise a
a user electronic device wherein the user eleatrdevice is paired in communication with the
biomedical device. The system may also comprsenamunication hub, where the hub receives

communication containing at least a data valuemaighg from the biomedical device. The hub
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also transmits the communication to a content serilesome examples, the content server may
process the communication containing at least #te dalue from the biomedical device and
determines a message to communicate to the userméssage comprises an advertisement. In
some examples, the data value that is communicttelde content server contains at least the
biometric value. The content server may accessopalized data about the user and this
personalized data may influence the content oathertisement. In some examples, the
biometric based information communication systeny foather comprise a gps or location
determining device where the device determinesatilon of the system. In some examples, the
system may comprise a smart device in additiom substitution of the user device. In some
examples, there may be other smart devices thatirttwith the environment surrounding the
user.

In some examples, a biometric based informationnsonication system comprises a
sensor capable of measuring one or more of a tetyerof the user, a size of a user’s pupil, a
user’s pulse, a user’s blood pressure, a concentrat a bioavailable chemical, and/or an
oxygen concentration in the user’s blood. In sex@&mple, the sensing means may comprise
one or more of an accelerometer, a thermometeys agvice, a magnetic field sensor, a light
sensor, and other such sensors. In some exartipesystem may comprise a feedback element
comprising one or more of an optical display, abtransducer with amplifier, and/or a
vibrational transducer.

In some examples, a biometric based informationnsomcation system comprises a
wearable device that has the ability to detectea'sidocation, biometrics, and environment to
provide targeted information communication.

In some examples, a biometric based informationnsomcation system comprises a
wearable device that has the ability to detectea'si$ocation, biometrics, environment, and
weather to provide targeted information communarati

One general aspect includes a system for biomedised information communication
including a biomedical device. The system alsoudetk a sensing means. The system also
includes an energization device. The system aldades a communication means; a
communication hub, where the hub receives commtiaicaontaining at least a data value from

the biomedical device and transmits the commurunat a content server; and a display, where
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the communication contains one or more of advedisontent, marketing content,
informational content, and/or security related eoit

Implementations may include one or more of theofeihg additional features. The
above mentioned systems may additionally includeex electronic device, where the user
electronic device is paired in a communication @cot with the biomedical device. The system
may include examples where the display is locatethe user electronic device. The system
may include examples where the display is locatetie biomedical device. The system may
include examples where the content server transariasgeted message through a biometric
information communication system to the display.

The system may include examples where the senstiag$nncludes an element to
monitor a user’s temperature, and/or an elememtcoitor a user’s pupil size, and/or an element
to monitor a user’s intraocular pressure, and/celament to monitor a user’s eye motion, and/or
an element to monitor a user’s blink rate, andfoel@ment to monitor a user’s pulse, and/or an
element to monitor a user’s blood pressure. Theesysnay include examples where the sensing
means includes an element to monitor a user’s ba@detry level. The system may include
examples where the sensing means includes an di¢onmonitor a user’s blood glucose level.

There may be methods where the system receiveadeortion of the communication
from the biometric measurement system communicaystem, where the second portion of the
communication includes at least a data value cpomding to a user location.

Methods may additionally include tailoring the nmeegs data stream based at least in part
upon the data value corresponding to the useritotdh some methods, the first device
includes a worn device. In some of these methoeléitst device includes a smart watch. There
may be examples where the first device includeswiomedical device, and in some cases
this worn biomedical device is a contact lens. il&ively, the worn biomedical device may be
a smart ring. The method may include examples witergecond device includes a smart
phone. Alternatively, the second device includesart watch. In further examples, the first
device may include a sub-cutaneous biomedical devic

One general aspect includes a method to commuracakessage, the method including:
obtaining a biomedical device capable of performarigometric measurement; utilizing the
biomedical device to perform the biometric meas@einand receiving a message based upon a

communication of a biometric data result obtaingdhe biometric measurement wherein the
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message containes one or more of advertising cpmiamketing content, informational content
and/or security content amongst other types ofiplessontent.

One general aspect includes a method to commuracakessage, the method including:
providing a biomedical device capable of performangjometric measurement, receiving a
communication from a biometric measurement syst@mnsunication system, where the
communication includes at least a data value cpomding to a biometric result obtained with
the biomedical device, and processing the biometgalt with a processor, where the
processing generates a message data stream. Ttedmedy also include transmitting the
message data stream to the biometric measuremsgatsgommunication system.

Implementations may include one or more of thiowaing features. The method may
additionally include receiving a second portiortled communication from the biometric
measurement system communication system, whewettuand portion of the communication
includes at least a data value corresponding gealacation. The method additionally includes
tailoring the message data stream based upon tAealae corresponding to the user location
where the at least a portion of the resulting ngsskata stream includes advertising content.
The method may include examples where the firsicéencludes a worn device. The method
may include examples where the first device incuglsmart watch. An example may be where
the method where the first device includes a woaomiedical device. The method may include
an example where the worn biomedical device isrdaa lens. The method may additionally
include examples where the worn biomedical desa@smart ring. The method includes
examples where the worn biomedical device is attreleic bandage. The method includes
examples where the first device comprises a muaidift microbe sensor. The method includes
examples where the first device comprises a quadtirsensor and/or a colorimetric microbe
sensor.

The method may include examples where the secorndad@cludes a smart phone. The
method may include examples where the second dengkedes a smart watch. The method may
include examples where the first device includssalacutaneous biomedical device.

One general aspect related to methods includeainifg a first device, where the first
device is capable to measure at least a first Hioon® a user; measuring the first biometric with
the first device to obtain biometric data; deterimgna location of the first device with the first

device to obtain location data; communicating tlwerietric data and the location data to a
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computing device connected to a network, authagidie computing device, via a signal from
the first device, to obtain environmental datateslgo the location data; authorizing the
computing device to initiate an algorithm to be@xed to retrieve a targeted and individualized
content based on the biometric data, the envirotahdata, the location data and a personalized
preference determination calculated via predictinalysis to generate the targeted and
individualized content; receiving a message inelgdhe targeted and individualized content to
the first device where at least a portion of trividualized content includes advertising content;
and displaying the message to the user.

Implementations may include one or more of thataml following features. The
method where the first device includes a worn devithie method may include examples where
the first device includes a smart watch. The methag include examples where the first device
includes a worn biomedical device. The method majude examples where the worn
biomedical device is a contact lens. The method imelyde examples where the worn
biomedical device is a smart ring. The method majude examples where the second device
includes a smart phone. The method may include pbemvhere the second device includes a
smart watch. The method may include examples wiherérst device includes a sub-cutaneous
biomedical device.

One general aspect related to methods includeainihg a first device, where the first
device is capable to measure at least a first Higoredf a user; measuring the first biometric with
the first device to obtain biometric data; obtaghansecond device, where the second device
includes a display and a network communication @g\authorizing a paired communication
between the first device and the second devicepuamcating the biometric data from the first
device to the second device, determining a locaifdhe first device with the second device to
obtain location data; communicating the biometatadand the location data to a computing
device connected to a network, authorizing the adimpg device, via a signal from the first
device, to obtain environmental data related tddhation data; authorizing the computing
device to initiate an algorithm to be executedetnieve a targeted and individualized content
based on the biometric data, the environmental tla¢docation data and a personalized
preference determination calculated via predictinelysis to generate the targeted and

individualized content; receiving a message inclgahe targeted and individualized content to
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the second device wherein at least a portion ofargeted and individualized content includes

advertising content, and displaying the messaglectaiser.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantagt®ohvention will be apparent from

the following, more particular description of pretsed embodiments of the invention, as
illustrated in the accompanying drawings.

Figs. 1A and 1B illustrate an exemplary biomedamlice for exemplary description of
the concepts of biometric based information comcaton.

Fig. 2 illustrates an exemplary network of biometlicser and data processing devices
consistent with the concepts of biometric basedrmftion communication.

Fig. 3 illustrates a processor that may be uséaplement some embodiments of the
present invention.

Fig. 4 illustrates an exemplary functional struetarodel for a biomedical device for a
biometric based monitoring.

Fig. 5 illustrates an exemplary fluorescence bdseahetric monitoring device.

Figs. 6A—6B illustrate an exemplary colorimetricsed biometric monitoring device.

Figs. 7A-7B illustrate an alternative biometric rtoring device.

Fig. 7C illustrates how a spectral band may beyaeal with quantum-dot based filters.

Figs. 8A-8C illustrate an exemplary Quantum-DotcBeneter in a biomedical device.

Fig. 9A illustrates an exemplary microfluidic badg@dmetric monitoring device.

Fig. 9B illustrates an exemplary retinal vasculatian based biometric monitoring
device.

Fig. 10 illustrates an exemplary display systenhinia biomedical device.

Fig. 11 illustrates an exemplary network of biontadliuser and data processing devices
consistent with the concepts of biometric basedrmation communication focused on some
exemplary functionality of the biomedical device.

Fig. 12 illustrates exemplary sensing mechanisrmasrttay be performed by an

ophthalmic based biometric monitoring device.
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Fig. 13 illustrates an exemplary process flow daagfor biometric based information
communication.

Fig. 14 illustrates an additional exemplary prodéss diagram for biometric based
information communication.

Fig. 15 illustrates an exemplary process flow daagfor biometric based information
communication including a smart device in a genenzironment.

Fig. 16 illustrates examples of devices and teaesghat may be used for biometric
based information communication.

Fig. 17 illustrates an exemplary process flow daagfor biometric sensing based
information communication.

Fig. 18 illustrates an exemplary diagram for biamedtased information communication
including an retail/mall smart device in a retaddirenvironment.

Fig. 19 illustrates an exemplary diagram for biamsdtased information communication
including a transportation smart device in a trangtion environment.

Fig. 20 illustrates an exemplary diagram for biamsdtased information communication
including a bed smart device in a bedroom envirartme

Fig. 21 illustrates an exemplary diagram for biamsdtased information communication
in a street or city environment.

Fig. 22 illustrates an exemplary diagram for biamsdtased information communication
including an office smart device in a office envingent.

Fig. 23 illustrates an exemplary diagram for biamsdtased information communication
including a browser equipped device in a web shapphnvironment.

Fig. 24 illustrates an exemplary communicationrodvertising message based in part

on a biometric data collected by a biomedical devic

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Glossary
Biometric or biometrics as used herein referhtodata and the collection of data from

measurements performed upon biological entitiepiCBjly, the collection of data may refer to
human data relating to sizing, medical status, ¢ba&mand biochemical status and the like. In

some examples, biometric data may derive from nreagents performed by biosensors. In
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other examples, the measureable biological compargrarameter may refer to a physiological
characteristic such as temperature, blood presswutehe like.

Biosensor or biological sensor as used here ré&deasystem including a biological
component or bioelement such as an enzyme, antilpodiein, or nucleic acid. The bioelement
interacts with the analyte and the response isggs®El by an electronic component that
measures or detects the measureable biologicalmesm@and transmits the obtained result. When
the bioelement binds to the analyte, the sensorbaasalled an affinity sensor. When the analyte
is chemically transformed by the bioelement thessemay be called a metabolic sensor.
Catalytic biosensors may refer to a biosensor sysi@sed on the recognition of a molecular
analyte by the bioelement which leads to conversiam auxiliary substrate into something that
may be detected.

Exposure as used herein refers to the conditidoeinfy exposed to potential danger,
health impact or harm. “An Exposure” as used hergfiers to a measureable quantity relating to
the condition of being exposed to potential danigealth impact or harm.

Haptic, haptic feedback or haptic device as useeimeefers to a capability, a method or
a device that communicates through a user’s sdrteeiah, in particular relating to the
perception of objects using the senses of touchpamytrioception.

Proprioception as used herein refers to the sdrnbe oelative position of neighboring
parts of the body and strength of effort being eyl in movement.

Biometric Based Information Communication

Biomedical devices for biometric based informati@mmunication are disclosed in this
application. In the following sections, detailedsdeptions of various embodiments are
described. The description of both preferred atet@dtive embodiments are exemplary
embodiments only, and various modifications anérattons may be apparent to those skilled in
the art. Therefore, the exemplary embodiments ddimd the scope of this application. The
biomedical devices for biometric based informattommunication are designed for use in, on,
or proximate to the body of a living organism. Qmxxample of such a biomedical device is an
ophthalmic device such as a contact lens. Furthalolement for biometric based information
communication may be found as set forth in Uniteates Patent Application 15/006,370 filed
January 26, 2016, which is incorporated hereinefgrence.
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Recent developments in biomedical devices, inclyifion example, ophthalmic devices,
have occurred enabling functionalized biomedicaicks that may be energized. These
energized biomedical devices have the ability toe@ce a user’s health by providing up-to-date
feedback on the homeostatic patterns of the bodyeahancing a user’s experience in
interacting with the outside world and the interfildtese enhancements may be possible through
the use of biomedical devices for biometrics basrmation communication.

Biomedical devices for biometrics based informattommunication may be useful for
projecting personalized content to a user devisedan a collection of data from that user
including information such as online surfing andghing tendencies, in-person shopping and
browsing tendencies, dietary habits, biomarkers siscmetabolites, electrolytes, and pathogens,
and biometrics information such as heart rate, dlo@ssure, sleep cycles, and blood-sugar as
non-limiting examples. The data collected may bay@ed and used by the user, or third-parties
such as medical care personnel, in order to prégigte behavior, suggest changes to current

habits, and propose new items or habits for the use

Biomedical Devices to Collect Biometric Data

There may be numerous types of biomedical devlwgsmay collect diverse types of
biometric data. Some devices may correspond to teesensors that measure and observe a
human subject from afar, such as cameras, electioetia spectral sensors, scales and
microphones as non-limiting examples. Other dewag be worn by a user in various manners.
In some examples, smart devices may be worn anel difalrty to collect biometric data such as
bands on wrists, arms and legs; rings on fingees &nd ears; contact lenses on eyes; hearing
aids in ear canals; and clothing on various pdrteebody. Other examples may include
implanted biomedical devices of various types sagpacemakers, stents, ocular implants, aural

implants, and generalized subcutaneous implants.

Energized Ophthalmi®evice

Referring to Fig. 1A, an exemplary embodiment of a meédsert 100 for an energized
ophthalmic device and a corresponding energized aphit device 150 (Fig. 1B) are
illustrated. The media insert 100 may comprise an dptmae 120 that may or may not be

functional to provide vision correction. Where the ermsrd function of the ophthalmic device

10
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is unrelated to vision, the optical zone 120 of the madiart may be void of material. In some
exemplary embodiments, the media insert may includertéop not in the optical zone 120
comprising a substrate 115 incorporated with energizaiements 110 (power source) and
electronic components 105 (load).

In some exemplary embodiments, a power source xEmnple, a battery, and a load, for
example, a semiconductor die, may be attached to tietrate 115. Conductive traces 125 and
130 may electrically interconnect the electronic comptm&a5 and the energization elements
110, and energization elements 110 may be electricaéiyconnected such as by conductive
traces 114. The media insert 100 may be fully endafedd to protect and contain the
energization elements 110, traces 125, and electrompaents 105. In some exemplary
embodiments, the encapsulating material may be sermgable, for example, to prevent
specific substances, such as water, from enteringhtftia insert and to allow specific
substances, such as ambient gasses or the bymarfuetactions within energization elements,
to penetrate or escape from the media insert.

In some exemplary embodiments, as depicted in FigtHBmedia insert 100
may be included in an ophthalmic device 150, whicly s@mprise a polymeric
biocompatible material. The ophthalmic device 150 may includgid center, soft
skirt design wherein the central rigid optical elemamnprises the media insert 100.
In some specific embodiments, the media insert 100beap direct contact with the
atmosphere and the corneal surface on respectiveaaurdad posterior surfaces, or
alternatively, the media insert 100 may be encapsulatéteinphthalmic device 150.
The periphery 155 of the ophthalmic device 150 or laag be a soft skirt material,
including, for example, a hydrogel material. The ininasture of the media insert 100
and the ophthalmic device 150 may provide an envissrinfor numerous
embodiments involving fluid sample processing by numeranalytical
techniques such as with fluorescence based analgsnreets in a non-limiting

example.

Personalized Information Communication

Various aspects of the technology described herein aeraéy directed to systems,

methods, and computer-readable storage media fordimmgvpersonalized content. Personalized
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content, as used herein, may refer to advertisemegemicrinformation, promotional content,
or any other type of information that is desired to lvidually directed to a user. The
personalized content may be provided by, for examphlrget content provider, such as an
advertising provider, an informational provider, and the lik#izing embodiments of the
present invention, the user or a content provider mlagtsgpecific content that it would like to
target. The relevant information may be detected by thieeleand because of the self-contained
power of the device, computed or analyzed to prodelexant personal information. Once
analyzed, the personalized content may then be pgessenthe user by the device.

Predictive Analytics

Computing systems may be configured to track the belsgfan individual. The
computing system may then compile one or more useifgpeports based on the information
collected. These reports may then be sent to the ussnbto another device to use the
gathered information in conjunction with other behavior baspdrts to compile new, more in
depth behavioral based reports. These in-depth behased lbeports may capture certain
preferred behaviors, trends, habits, and the like ®irttividual which may be used to infer
future preferred behaviors or tendencies. This praotag be referred to as predictive analytics.

Predictive analytics encompasses a variety of statistidahitpoes
from modeling, machine learning, and data mining thalyaeaurrent and historical facts to
make predictions about future, or otherwise unknown,tev€éme example of predictive
analytics may be that an individual has recently sedrttieinternet for popular Caribbean
destinations. The individual has also searched the inteEnneheap airfare. This information
may be compiled and used to find the cheapest all-inclpsigkages to Caribbean destinations
purchased by all internet users within the last month.

Storage of Behavioral Information

There may be a need to store behavioral informatiofutare use. The information may
be stored locally, on the device collecting the informatiomeprotely stored as computer
readable media. Such computer readable media mapbeasd with user profile information
so that the user may access and/or utilize the behain@ahation on other computing devices.

12
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In some instances, the devices and the storage mediagdyacommunicate with one or more
other devices or storage media.

A communication network may allow tasks to be perfornegdately. In a distributed
computing environment, program modules may be locatedtimlocal and remote computer
storage media including memory storage devices. The wi@mpsable instructions form an
interface to allow a computer to react according to acgooir input. The instructions operate
with other code segments to initiate a variety of taskespanse to data received in conjunction
with the source of the received data. Fig. 2 illustratesxample of a communication network
between devices and storage elements. A biomedicaled20ic such as a contact lens may
provide biometric and other type of data to the comnatiun network. In some examples, a
first user device 202, such as a smart phone, magdzkta gather user information such as
favorite websites and shopping tendencies. The firstdesece 202 may also receive data from
the biomedical device 201 and this data may be correlatbdther user information. The same
may be accomplished by a secondary user device @04 as a personal computer, or a tertiary
device 206, such as a tablet. Once this informationllisated, it may either be stored in the
device itself, or transferred out to an external proce&Bor The external processor 210 may be,
for example, a cloud based information storage systémsiored information may then be sent
to and processed by a predictive analysis module 22infdysis on how past user tendencies
and events may predict future user tendencies and e®eris a module 220 may be provided
by, for example, an existing third-party specializing iadictive analytics. The processed
information may then be sent back to the external proc24€oas readily available predictor
information for a user device. Alternatively, the processmtrmation may be received by one
or several third-party content providers 232, 234, Z3tce received by a third-party content
provider, the third party may tailor their advertising to pleesonality of the user. For example, a
car dealership selling several different types of vehitlag advertise only their selection of
sports cars to a user that has recently been suhfengpternet for sports cars. This personalized
content may then be sent directly to the user, or maydsed in an external processor 210 for
later retrieval by the user.

Storage-media-to-device communication may be accomplishembmnputer readable
media. Computer readable media may be any availadiganthat may be assessed by a

computing device and may include both volatile and nonvelatédia, removable and non-
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removable media. Computer readable media may compnisputer storage media and
communication media. Computer storage media may include R/, EEPROM, flash
memory or other memory technology, CD-ROM, digital aéite disks (DVD) or other optical
disk storage, magnetic cassettes, magnetic tape, magnktstatesge or other magnetic storage
devices, or any other medium which may be used to ster@ethired information and which may
be accessed by a computing device.

Communication media may include computer-readable inging;tdata structures,
program modules or other or other data in a moduldagal signal such as a carrier wave or other
transport mechanism and may include any information dglivedia. A modulated data signal
may include a signal that has one or more of its cheniatics set or changed in such a manner
as to encode information in the signal. For example, camvation media may include wired
media such as wired network or direct-wired connectm wireless media such as acoustic,
RF, infrared, and other wireless media. Combinatioragfof the above should also be

included within the scope of computer-readable media.

Third Party Use of Behavioral Information

One advantage of compiling and storing behavioral infoonatiay be its use by third
parties for individualized content. Third parties may gainsent to access to the stored
behavioral information for use in a variety of ways inahgdiemergency medical response,
personalized medicine, information communication, agtivacking, navigation, and the like.
One or more third parties may register with the device onéiwork of devices via a user
interface. Once registered, the third parties may comratmgith the user via the network and
may gain access to all or some, in the user’s discragidhe behavioral data stored in the
behavioral information storage system.

One exemplary embodiment of the disclosed personalizagmodisplay system may
enable a device to track a user’s preferred websiteadsm habits, daily agenda, personal
goals, and the like and store this information in a cloud.cltved may be accessible by third
party advertisers, and may be used by such third pé&tigsedictive analysis. The third parties
may predict future interesting websites, habits, proposeddas, personal goals, and the like

and send these proposals to the device to be viewtteser.
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More than one personalized content provider may targesaime user. In one example,
the user may have preferential settings that allow omtgicetypes of content, thereby yielding
an optimized user experience. The personalized com@ybe delivered to the user in several
ways, utilizing one or more senses including sight, sptmath, taste, and smell. Further, the
personalized content may be delivered to an array ofekeconfigured for use by the user

including biomedical devices, cell-phones, computers, tgbhearable technology, and the like.

Environmental Data Sources

Environmental data organized by geographic regionsealy available in network
access manners. Weather systems organized by varouders of such data may link various
environmental data such as temperature, humidity, ymessrecipitation, solar incidence, and
other such data. Networked weather stations of indivicaralscompanies provide refined
geographic data on a local basis. And, advanced satg8ienss provide environmental data
from global scale to regional scales. Finally, sophigtitanodelling systems use the regionally
recorded data and project environmental data into the flEnkeronmental data may in some

examples be tied to the other types of data herein tblissta targeted communication.

Diagrams for Electrical and Computing System

Referring now to Fig. 3, a schematic diagram of a msmethat may be used to
implement some aspects of the present disclosure is illustratontroller 300 may include one
or more processors 310, which may include one oemuorcessor components coupled to a
communication device 320. In some embodiments, the cat®00 may be used to transmit
energy to the energy source placed in the device.

The processors 310 may be coupled to a communicatnined320 configured to
communicate energy via a communication channel. The coneation device 320 may be used
to electronically communicate with components within the mediert, for example. The
communication device 320 may also be used to communfoatexample, with one or more
controller apparatus or programming/interface device coemsn

The processor 310 is also in communication with a statagee 330. The storage

device 330 may comprise any appropriate informatiorageodevice, including combinations of
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magnetic storage devices, optical storage devices,rasgifaconductor memory devices such as
Random Access Memory (RAM) devices and Read Only digrtROM) devices.

The storage device 330 may store a program or pragddid for controlling the
processor 310. The processor 310 performs instruabibasoftware program 340, and thereby
operates in accordance with the present invention. Fonpbe, the processor 310 may receive
information descriptive of media insert placement, and at¢#ixget zones of the device. The
storage device 330 may also store other pre-determinatkebio related data in one or more
databases 350 and 360. The biometric data may indludexample, predetermined retinal
zones exhibiting changes according to cardiac rhytham@bnormal condition correlated with
the retinal vascularization, measurement thresholds, meyrdktg, and specific control
sequences for the system, flow of energy to and fromedia insert, communication protocols,
and the like. The database may also include parametiatrolling algorithms for the control
of the biometric based monitoring system that may residesidekiice as well as data and/or
feedback that may result from their action. In some efimbents, that data may be ultimately

communicated to/from an external reception wireless device.

Systems and Device Structure for Biometric Sensors anth@inications

Exemplary devices to perform the present invention mag bgnificant complexity. In
some embodiments, solutions to carry out the various furscticay be implemented in small
biomedical device form factors through the co-integratiote®ices into components and
through the stacking of the various components.

In some embodiments according to aspects of the pres@amition, a single and/or
multiple discrete electronic devices may be included asadeschips. In other embodiments,
energized electronic elements may be included in a meské# ifsee Figs. 1A and 1B) in the
form of stacked integrated components. Accordingly, rferring now to Fig. 4, a schematic
diagram of an exemplary cross section of stackethtigrated components implementing a
biometric based monitoring system 410 with a biometric sgriaiyer 411 is depicted. The
biometric based tracking system may be, for examplkicge monitor, a retinal
vascularization monitor, a visual scanning monitor, a GR&cation based tracking monitor, or
any other type of system useful for providing informatidbout the user. In particular, a media

insert may include numerous layers of different types whre encapsulated into contours
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consistent with the environment that they will occupy. Ins@mbodiments, these media inserts
with stacked integrated component layers may assumatine €hape of the media insert.
Alternatively in some cases, the media insert may ocjugiya portion of the volume within the
entire shape.

As shown in Fig. 4, there may be thin film batteries 48€d to provide energization. In
some embodiments, these thin film batteries 430 may coenpnis or more of the layers that
may be stacked upon each other with multiple componeth® ilayers and interconnections
there between. The batteries are depicted as thin filmieat&30 for exemplary purposes, there
may be numerous other energization elements consigitbnthe embodiments herein including
operation in both stacked and non-stacked embodimests.ndn-limiting alternative example,
cavity based laminate form batteries with multiple cavitieg pgaform equivalently or similarly
to the depicted thin film batteries 430.

In some embodiments, there may be additional interctionsdetween two layers that
are stacked upon each other. In the state of theeaet thay be numerous manners to make these
interconnections; however, as demonstrated the intercbonenay be made through solder ball
interconnections between the layers. In some embodimelytsh@se connections may be
required; however, in other cases the solder balls 481cmntact other interconnection
elements, as for example, with a component having thrtaygr vias.

In other layers of the stacked integrated component meskatj a layer 425 may be
dedicated for the interconnections of two or more efirious components in the interconnect
layers. The interconnect layer 425 may contain, viag@utihg lines that may pass signals from
various components to others. For example, interconnemt4@&p may provide the various
battery elements connections to a power managementaihihdt may be present in a
technology layer 415. The power management unit 430incdude circuitry to receive raw
battery supply conditions and output to the rest of thecdestandard power supply conditions
from the output of supply 440. Other components in then@ogy layer 415 may include, for
example, a transceiver 445, control components 45@aniike. In addition, the interconnect
layer 425 may function to make connections between coemis in the technology layer 415 as
well as components outside the technology layer 415; as xigtyf@ example, in the integrated
passive device 455. There may be numerous marnorersuting of electrical signals that may be

supported by the presence of dedicated interconnect lsiyeinsas interconnect layer 425.
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In some embodiments, the technology layer 415, like délyer components, may be
included as multiple layers as these features represiveraity of technology options that may
be included in media inserts. In some embodiments, otie ddyers may include CMOS,
BiCMOS, Bipolar, or memory based technologies whereasttiex layer may include a
different technology. Alternatively, the two layers may esent different technology families
within a same overall family, as for example, one lagay include electronic elements
produced using a 0.5 micron CMOS technology and antatiier may include elements
produced using a 20 nanometer CMOS technology. It reapbarent that many other
combinations of various electronic technology types wbel@onsistent within the art described
herein.

In some embodiments, the media insert may include locaborsectrical
interconnections to components outside the insert. In otherpges; however, the media insert
may also include an interconnection to external componeitsvireless manner. In such cases,
the use of antennas in an antenna layer 435 may prex@eplary manners of wireless
communication. In many cases, such an antenna layendg®be located, for example, on the
top or bottom of the stacked integrated component devtbéwhe media insert.

In some of the embodiments discussed herein, the eagogi elements which have
heretofore been called thin film batteries 430 may be decdlias elements in at least one of the
stacked layers themselves. It may be noted as well it enbodiments may be possible
where the battery elements are located externally tddbkes] integrated component layers.
Still further diversity in embodiments may derive from the fhat a separate battery or other
energization component may also exist within the media ingattesnatively these separate
energization components may also be located externallg tmédia insert. In these examples,
the functionality may be depicted for inclusion of stackéegrated components, it may be clear
that the functional elements may also be incorporatedintaedical devices in such a manner
that does not involve stacked components and still be apkerform functions related to the
embodiments herein. In alternative embodiments, no batteagde required in that energy
may be transferred wirelessly through an antennatsteuior similar energy harvesting structure.

Components of the biometric based monitoring system 4y0aiso be included in a
stacked integrated component architecture. In some emébéntifrthe biometric based

monitoring system 410 components may be attached asi@poira layer. In other
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embodiments, the entire biometric based monitoring sydtedirmay also comprise a similarly
shaped component as the other stacked integrated centpom some alternative examples, the
components may not be stacked but layed out in the peripagians of the ophthalmic device
or other biomedical device, where the general functional ilateigf the components may
function equivalently however the routing of signals padier through the entire circuit may
differ.

Biomarkers/Analytical Chemistry

A biomarker, or biological marker, generally refers toeasurable indicator of some
biological state or condition. The term is also occasionallg tseefer to a substance the
presence of which indicates the existence of a living asgarfurther, life forms are known to
shed unique chemicals, including DNA, into the environmemédence of their presence in a
particular location. Biomarkers are often measured andatea to examine normal biological
processes, pathogenic processes, or pharmacologmseespto a therapeutic intervention. In
their totality, these biomarkers may reveal vast amouritd@imation important to the
prevention and treatment of disease and the mainteofhealth and wellness.

Biomedical devices configured to analyze biomarkers beaytilized to quickly and
accurately reveal one’s normal body functioning and asshsther that person is maintaining a
healthy lifestyle or whether a change may be requiredaoad illness or disease. Biomedical
devices may be configured to read and analyze proteacsgria, viruses, changes in
temperature, changes in pH, metabolites, electrolytéspinier such analytes used in diagnostic

medicine and analytical chemistry.

Fluorescence Based Probe Elements for Analyte Arglysi

Various types of analytes may be detected and arhlyzieg fluorescence based
analysis techniques. A subset of these techniques malyénthe direct fluorescence
emission from the analyte itself. A more generic setdingues relate to fluorescence
probes that have constituents that bind to analyte moleantéén so alter a fluorescence
signature. For example, in Forster Resonance Enewgysier (FRET), probes are

configured with a combination of two fluorophores thety be chemically attached to
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interacting proteins. The distance of the fluorophoresifeach other may affect the
efficiency of a fluorescence signal emanating threraf

One of the fluorophores may absorb an excitation irradiagignal and may
resonantly transfer the excitation to electronic states iotther fluorophore. The binding of
analytes to the attached interacting proteins may disterggbmetry and cause a change in
the fluorescent emission from the pair of fluoroplsoiginding sites may be genetically
programmed into the interacting proteins, and for exanghending site, which is sensitive
to glucose, may be programmed. In some cases, thiéimgssite may be less sensitive or
non-sensitive to other constituents in interstitial fluifis. desired sample.

The binding of an analyte to the FRET probes may yid¢ldaaescence signal that is
sensitive to glucose concentrations. In some exemplarp@&imbents, the FRET based
probes may be sensitive to as little as a 10 uM coratentrof glucose and may be sensitive
to up to hundreds of micromolar concentrations. VarleR&T probes may be genetically
designed and formed. The resulting probes may begeoafl into structures that may assist
analysis of interstitial fluids of a subject. In some exiampembodiments, the probes may
be placed within a matrix of material that is permeabléhe interstitial fluids and their
components, for example, the FRET probes may berddsd into hydrogel structures. In
some exemplary embodiments, these hydrogel probedenacluded into the hydrogel
based processing of ophthalmic contact lenses in so@maer that they may reside in a
hydrogel encapsulation that is immersed in tear fluidnawern upon the eye. In other
exemplary embodiments, the probe may be inserteceinchlar tissues just above the sclera.
A hydrogel matrix comprising fluorescence emitting ateasensitive probes may be placed
in various locations that are in contact with bodily fluidstaining an analyte.

In the examples provided, the fluorescence probes may tontact with interstitial
fluid of the ocular region near the sclera. In themses, where the probes are invasively
embedded, a sensing device may provide a radiationl srgndent upon the fluorescence
probe from a location external to the eye such as fanraphthalmic lens or a hand held
device held in proximity to the eye.

In other exemplary embodiments, the probe may be édaokwithin an ophthalmic
lens in proximity to a fluorescence-sensing device thalsis embedded within the
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ophthalmic lens. In some exemplary embodiments, a lggtliskirt may encapsulate both an

ophthalmic insert with a fluorescence detector as wedl BRET based analyte probe.

Ophthalmic Insert Devices and Ophthalmic Devices witlofescence Detectors

Referring to Fig. 5, an ophthalmic insert 500 is demated including components
that may form an exemplary fluorescence based analyyist#¢ra. The demonstrated
ophthalmic insert 500 is shown in an exemplary anrfolan having an internal border of
535 and an external border of 520. In addition to gimation elements 530, powered
electronic components 510, and interconnect featuresh®88 may be a fluorescence
analytical system 550, which in certain exemplary emibedis may be positioned on a
flap 540. The flap 540 may be connected to the in€¥¥tds be an integral, monolithic
extension thereof. The flap 540 may properly positianflilorescence analytical system
550 when an ophthalmic device comprising a fluoreseatetector is worn. The flap 540
may allow the analytical system 550 to overlap withtipos of the user’s eye away from
the optic zone. The fluorescence based analyticaésyS60 may be capable of
determining an analyte, in terms of its presence or itsaration, in a fluid sample. As a
non-limiting example, the fluorophores may include Flucees Tetramethylrhodamine, or
other derivatives of Rhodamine and Fluorescein. It bepbvious to those skilled in the
art that any fluorescence emitting analyte probe, whialy include fluorophore
combinations for FRET or other fluorescence-basedysisamay be consistent with the art
herein.

For a fluorescence analysis, a probe may be irratliath an excitation light source.
This light source may be located within the body of thalyical system 550. In some
exemplary embodiments, the light source may comprisaid-state device or devices such
as a light emitting diode. In an alternative exemplarp@iiment, an InGaN based blue laser
diode may irradiate at a frequency correspondingwagelength of 442 nm for example.
Nanoscopic light sources as individual or array sountag be formed from metallic cavities
with shaped emission features such as bowties or stdssether exemplary embodiments,
light emitting diodes may emit a range of frequenciesoaiesponding wavelengths that
approximate 440 nm, for example. As well, the emissimurces may be supplemented with a

band pass filtering device in some embodiments.
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Other optical elements may be used to diffuse the lighteduom the solid- state
device as it leaves the insert device. These elementdenaplded into the ophthalmic insert
body itself. In other exemplary embodiments, elementh asdiber optic flaments may be
attached to the insert device to function as a diffunsitter.

There may be numerous means to provide irradiatiorfltmeescence probe from an
ophthalmic insert device 500 of the type demonstratdelgn5.

A fluorescence signal may also be detected within thedkeence based
analytical system 550. A solid-state detector elemeayt b@ configured to detect light in
a band around 525 nm as an example. The solid-d&ateeiet may be coated in such a
manner to pass only a band of frequencies that ipnesent in the light sources that have
been described. In other exemplary embodiments, thedahtes may have a duty cycle
and a detector element’s signal may only be recoddeihg periods when the light
source is in an off state. When the duty cycle is udetectors with wide band detection
ability may be advantageous.

An electronic control bus of interconnects 560 shoehematically may provide the
signals to the light source or sources and return sgnain the detectors. The powered
electronic component 510 may provide the signals and paspects. The exemplary
embodiment of Fig. 5, illustrates a battery power sefwc energization elements 530 to the
electronic circuitry which may also be called control cirguitn other exemplary
embodiments, energization may also be provided teldetronic circuitry by the coupling
of energy through wireless manners such as radicfreyutransfer or photoelectric
transfer.

Further enablement for the use of fluorescencectiwt®in biomedical devices may
be found as set forth in United States Patent Apptinat4/011,902 filed August 28, 2013,
which is incorporated herein by reference.

Ophthalmic Lens with Event Coloration Mechanism

Another method of detecting analytes may be a passiloration scheme wherein
analytes may strictly bind to a reactive compoursliiteng in a color change which may
indicate the presence of a specific analyte.
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In some embodiments, an event coloration mechanismcoraprise a reactive
mixture, which, for example, may be added to, prirdador embedded in a rigid insert of
an ophthalmic device, such as through thermoformingnigoes. Alternatively, the event
coloration mechanism may not require a rigid insertitstead may be located on or within
a hydrogel portion, for example, through use of pmmtor injection techniques.

The event coloration mechanism may comprise a portienrafid insert that is
reactive to some component of the transient tear fluidmescomponent within an
ophthalmic lens. For example, the event may be a specfumulation of some precipitant,
such as, lipids or proteins, on either or both the wgidthalmic insert and a hydrogel
portion, depending on the composition of the ophthalmits. The accumulation level may
“activate” the event coloration mechanism without reggira power source. The activation
may be gradual wherein the color becomes more visibliae accumulation level increases,
which may indicate when the ophthalmic lens need®tdéaned or replaced.

Alternatively, the color may only be apparent at a spetgfiel. In some embodiments,
the activation may be reversible, for example, where tharer effectively removes the
precipitant from the hydrogel portion or the rigid ins@tte event coloration mechanism may
be located outside the optic zone, which may allow faararular embodiment of the rigid
insert. In other embodiments, particularly wheredhent may prompt a wearer to take
immediate action, the event coloration mechanism mdgdated within the optic zone,
allowing the wearer to see the activation of the event dadoranechanism.

In some other embodiments, the event coloration meahammy comprise a reservoir
containing a colored substance, for example, a dyer. @rthe occurrence of the event, the
reservoir may not be visible. The reservoir may be gsidated with a degradable material,
which may be irreversibly degraded by some constitoétite tear fluid, including, for
example, proteins or lipids. Once degraded, the colarbgtance may be released into the
ophthalmic lens or into a second reservoir. Such an émemt may indicate when a
disposable ophthalmic lens should be disposed ogxXample, based on a manufacturer’s
recommended parameters.

Proceeding to Figs. 6A and 6B, an exemplary embodimean ophthalmic lens 600
with multiple event coloration mechanisms 601-608 is illustkdte some embodiments, the
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event coloration mechanisms 601-608 may be located wilikisoft, hydrogel portion 610
of the ophthalmic lens 600 and outside the optic zone 609.

Such embodiments may not require a rigid insert atianmsert for functioning of the
event coloration mechanisms 601-608, though insertsstilaipe incorporated in the
ophthalmic lens 600 allowing for additional function&#i In some embodiments, each
event coloration mechanism 601-608 may be separatepsulated within the soft,
hydrogel portion 610 of the ophthalmic lens 600e Tontents of the event coloration
mechanisms 601-608 may include a compound reactive te sondition, such as
temperature, or component of tear fluid, such aomarker.

In some embodiments, each event coloration mecha®@®608 may “activate” based
on different events. For example, one event coloration amsm 608 may comprise liquid
crystal that may react to changes in temperatureseai¢hlar environment, wherein the
event is a fever. Other event coloration mechan&®2s606 within the same ophthalmic lens
600 may react to specific pathogens, for example, thaeserthy cause ocular infections or
may be indicative of non-ocular infections or diseasesh as keratitis, conjunctivitis,
corneal ulcers, and cellulitis. Such pathogens may inclodexample Acanthamoeba
keratitis, Pseudomona aeruginosa, Neisseria gonorrhoeae, andStaphylococcus and
Streptococcus strains, such aS aureus. The event coloration mechanisms 601-607 may be
encapsulated with a compound that may be selectiveimgable to a component of tear
fluid. In some embodiments, the event coloration mechan802-606 may function by
agglutination, such as through a coagulase test, whareigher concentration of the
pathogen may adhere to a compound within the event tolenmechanisms 602-606 and
may cause clumping or the formation of precipitate. pieeipitate may provide coloration
or may react with another compound in the event cotwranechanisms 602-606 through a
separate reaction. Alternatively, the event coloration neshs 602-606 may comprise a
reagent that colors upon reaction, such as with someasitests.

In still other embodiments, an event coloration mecha®#606 may function
similarly to a litmus test, wherein the event coloration ma@tsm activates based on the pH
or pOH within the ocular environment. For example, toitas the concentration of
valproic acid, the event coloration mechanism mayasorspecific proteins that would be

able to bind to the valproic acid up to a specific conceantralhe non-binding valproic
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acid may be indicative of the effective quantities withinteee fluid. The pH or pOH within
the event coloration mechanism may increase with the increaseentration of the acid.

Other exemplary coloration mechanisms 601 may be reatdiultraviolet rays,
wherein the event may be overexposure of the eye ttidhy/ as with snow blindness.
Another coloration mechanism 607 may react to protecumaulation, such as described
with Fig. 6A. Some event coloration mechanisms 608 magwersible, such as when the
wearer has effectively responded to the event. Fanpbe after a wearer has rinsed the
ophthalmic lens 600, the level of pathogens or protein Imeasufficiently reduced to allow
for safe use of the ophthalmic lens 600. Alternatively,ctileration may be reversible on
the eye, such as where the event is a fever and thergetemperature has been effectively
lowered.

As shown in cross section in Fig. 6B, the eventration mechanisms 622, 626 may
be located in the periphery of the ophthalmic len@ whout altering the optical surface of
the hydrogel portion 630. In some embodiments, notvsh the event coloration
mechanisms may be at least partially within the optic z@% &lerting the wearer of the
event. The locations of the event coloration mechanisms62&may be varied within a
single ophthalmic lens 600, with some in the peripherysamde within the optic zone 629.

Referring again to Fig. 6A, the event coloration naetéms 601-608 may be
independently activated. For example, the wearer mag adever, triggering a change in
coloration in liquid crystal contained in an event catmmn mechanism 608. Two other event
coloration mechanisms 605, 606 may indicate high lese® aureus andA. keratitis,
which may provide guidance on what is causing therfeaaticularly where other
symptoms corroborate the diagnosis. Where the eveotatimn mechanisms 601-608 serve
as diagnostic tools, the coloration may not be reversitiaying the wearer to remove the
ophthalmic lens 600 without losing the event indication

In some embodiments, the event coloration mecha6@8nmay be coated in a
substance with low permeability, for example, paryl@eés embodiment may be
particularly significant where the event coloration magbm 608 contains compounds that
may be potentially dangerous if in contact with tlie er where the event does not require
interaction with the tear fluid. For example, where the eigattemperature change, a

liquid crystal droplet may be parylene coated, whicly tma further strengthened into a
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hermetic seal by alternating the parylene with affortg compound, such as, silicon
dioxide, gold, or aluminum.

For exemplary purposes, the ophthalmic lens 600 is showrtlude eight event
coloration mechanisms. However, it may be obvious to tekiled in the art that other
guantities of event coloration mechanisms may be padctitsome examples, a
photoactive detector may be located inside the region aviiet coloration mechanism
within the ophthalmic lens insert device. The photoactivectlmtenay be formed to be
sensitive to the presence of light in the spectrum ofdh@ration mechanism. The
photoactive detector may monitor the ambient light of a aisdrdetermine a baseline level
of light under operation. For example, since the ambiehnt Vigll vary when a user’s eyelid
blinks, the photoactive detector may record the respongggdunumber, for example, ten
signal periods between blink events. When the coloratechamism changes the color, the
average signal at the photoactive detector will concomytahthtnge and a signal may be sent
to a controller within the biomedical device. In some exampléght source may be
included into the photodetector so that a calibrated lighbs may pass through the
coloration device and sense a change in absorbanceappampriate spectral region. In some
examples a quantitative or semi-quantitative detection resyltresult from irradiating the
coloration device and measuring a photo-detection levbegbhotoactive detector and
correlating that level to a concentration of the active cohtmraomponents.

Proceeding to Figs. 7A and 7B, an alternative embodimian ophthalmic lens
700 with event coloration mechanisms 711-714, 721-32d,731-734 is illustrated. In
some such embodiments, the event mechanisms 711#Z14;,24,and 731-734 may include
a reactive molecule 712-714, 722-724, and 732-73%eotwely, anchored within the
ophthalmic lens 700. The reactive molecule 712-7B2-734 may comprise a central
binding portion 713, 733 flanked by a quencher 7B2, @nd a coloration portion 714, 734,
for example, a chromophore or fluorophore. Dependimghe molecular structure, when a
specified compound binds to the binding portion 713, #83coloration portion 714, 734
may shift closer to the quencher 712, reducing colamatr may shift away from the
guencher 732, which would increase coloration. In o¢éinébodiments, the reactive
molecule 722-724 may comprise a binding portion 72%#drby Forster resonance energy
transfer (FRET) pairs 722, 724. FRET pairs 722, 24 function similarly to a quencher
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712, 732 and chromophore (the coloration portion) 784, though FRET pairs 722, 724
may both exhibit coloration and, when in close pratrnto each other, their spectral
overlap may cause a change in coloration.

The reactive molecule 712-714, 722-724, and 732-784 Ime selected to target
specific compounds within the tear fluid. In some embedits, the specific compound
may directly indicate the event. For example, wheleval of glucose in the tear fluid is the
event, the reactive molecule 712-714, 722-724, and73832may directly bind with the
glucose. Where the event is the presence or contienta a pathogen, for example, a
particular aspect of that pathogen may bind with thetheamolecule 712-714, 722-724,
and 732-734. This may include a unique lipid or proteimponent of that pathogen.
Alternatively, the specific compound may be an indiredicator of the event. The specific
compound may be a byproduct of the pathogen, suahpasticular antibody that responds
to that pathogen.

Some exemplary target compounds may include: Herbagldroponi for the
detection of myocardial events; Amylase for the diébd@ of acute pancreatitis; creatinine
for the detection of renal failure; gamma-glutarfoylthe detection of biliary obstruction or
cholestasis; pepsinogen for the detection of gastdéincer antigens for the detection of
cancers; and other analytes known in the art tactleieease, injury, and the like.

In some embodiments, the reactive molecule 712-714hmanchored within the
ophthalmic lens 700 by a secondary compound 71kXample, a protein, peptide, or
aptamer. Alternatively, the hydrogel 702 may provedsufficient anchor to secure the
reactive molecule 722-724 within the ophthalmic lens T0@. reactive molecule 722-724
may be in contact with the reactive monomer mix prigodtymerization, which may allow
the reactive molecule 722-724 to chemically bind with lilgdrogel 702. The reactive
molecule may be injected into the hydrogel after polynation but before hydration,
which may allow precise placement of the reactive mo&cul

In some embodiments, tinting the anchoring mechanism nwawder broader
cosmetic choices. The ophthalmic lens 700 may furtbempcise a limbic ring or an iris
pattern, which may provide a static and natural backgroutfidre@ground to the event
coloration mechanisms. The design pattern may be inclodext within the hydrogel or may

be included in a rigid insert through a variety of preessfor example, printing on a surface
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of the rigid insert. In some such embodiments, the peripevent coloration mechanisms
may be arranged to appear less artificial, for exantpteugh a sunburst pattern that may
more naturally integrate into the wearer’s iris pattararoiris pattern included in the
ophthalmic lens 700 than random dotting throughout théhajprhic lens 700.

In other embodiments, the reactive molecule 732-734 bmeagnchored to a rigid insert.
The rigid insert, not shown, may be annular and nmhar multiple reactive molecules
outside of the optic zone 701. Alternatively, the rigisert may be a small periphery insert,
which may anchor a single reactive molecule 732-73#hamy of the same reactive
molecules, which may allow for a more vibrant colarati

As illustrated in cross section in Fig. 7B, the placeménhe reactive molecules 760,
780 within the ophthalmic lens 750 may be varied within §ardgel 752. For example,
some reactive molecules 780 may be entirely in the penyplvith no overlap with the optic
zone 751. Other reactive molecules 760 may at leasalpadxtend into the optic zone 751.
In some such embodiments, the reactive moleculesmégOextend into the optic zone 751 in
some configurations of that reactive molecule 760h asecwhen the event has occurred,
which may alert the wearer of the event.

Further enablement for the use of fluorescence tteem biomedical devices may be
found as set forth in United States Patent Applicatidf899,528 filed May 21, 2013, which

is incorporated herein by reference.

Quantum-Dot Spectroscopy

Small spectroscopy devices may be of significant aidaatmg biomedical devices with
the capability of measuring and controlling concentratadngarious analytes for a user. For
example, the metrology of glucose may be used to cordr@tions of the material in patients
and after treatments with medicines of various kindsrébtimicro-spectrometer designs mostly
use interference filters and interferometric optics to measpectral responses of mixtures that
contain materials that absorb light. In some examples@rspneter may be formed by creating
an array composed of quantum-dots. A spectrometedlmasgquantum-dot arrays may measure
a light spectrum based on the wavelength multiplexing gliecil he wavelength multiplexing
principle may be accomplished when multiple spectral barelencoded and detected

simultaneously with one filter element and one detectoresémespectively. The array format
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may allow the process to be efficiently repeated manystuseng different filters with different
encoding so that sufficient information is obtained to enabigpatational reconstruction of the
target spectrum. An example may be illustrated by consglenrarray of light detectors such as
that found in a CCD camera. The array of light sensitexecds may be useful to quantify the
amount of light reaching each particular detector elemethieil€CD array. In a broadband
spectrometer, a plurality, sometimes hundreds, of quadtt based filter elements are
deployed such that each filter allows light to pass frortacespectral regions to one or a few
CCD elements. An array of hundreds of such filters daiisuch that an illumination light
passed through a sample may proceed through thear@yantum Dot (referred to as QD)
Filters and on to a respective set of CCD elements fa@élters. The simultaneous
collection of spectrally encoded data may allow for ad-apialysis of a sample.

Narrow band spectral analysis examples may be fobyeing a smaller number of
QD filters surrounding a narrow band. In Fig. 7C an itlatson of how a spectral band may be
observed by a combination of two filters is illustrated. It rabsp be clear that the array of
hundreds of filters may be envisioned as a similar cdriogpat in Fig. 7C repeated may times.

In Fig. 7C, a first QD filter 770 may have an associapttral absorption response as
illustrated and indicated as ABS on the y-axis. A secondilf@d 771 may have a shifted
associated spectral absorption associated with a diffieatunte of the quantum-dots included in
the filter, for example, the QDs may have a larger diamatthe QD filter 771. The difference
curve of a flat irradiance of light of all wavelengths {teHight) may result from the difference
of the absorption result from light that traverses filter @id that traverses filter 770. Thus, the
effect of irradiating through these two filters is thatdifeerence curve would indicate spectral
response in the depicted transmission band 772, whesedkis is labelled Trans to indicate the
response curve relates to transmission characteristlosn \ah analyte is introduced into the
light path of the spectrometer, where the analyte habsorption band in the UV/Visible
spectrum, and possibly in the infrared, the result wbeltb modify the transmission of light in
that spectral band as shown by spectrum 773. The diffefeom 772 to 773 results in an
absorption spectrum 774 for the analyte in the regidfinetk by the two quantum-dot filters.
Therefore, a narrow spectral response may be obthinadmall number of filters. In some
examples, redundant coverage by different filter typeseosame spectral region may be

employed to improve the signal to noise characteristitiseo$pectral result.
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The absorption filters based on QDs may include QBishthve quenching molecules on
their surfaces. These molecules may stop the QD fromiegniight after it absorbs energy in
appropriate frequency ranges. More generally, the QDditteay be formed from nanocrystals
with radii smaller than the bulk exciton Bohr radius, wHesdwds to quantum confinement of
electronic charges. The size of the crystal is relatecetodhstrained energy states of the
nanocrystal and generally decreasing the crystal sizthbasfect of a stronger confinement.
This stronger confinement affects the electronic statdse quantum-dot and results in an
increased the effective bandgap, which results in shiftirige blue wavelengths both of both
optical absorption and fluorescent emission. There haga many spectral limited sources
defined for a wide array of quantum-dots that may bdadblta for purchase or fabrication and
may be incorporated into biomedical devices to aéttass. By deploying slightly modified
QDs such as by changing the QD’s size, shape andasitigm it may be possible to tune
absorption spectra continuously and finely over wavéhlenganging from deep ultraviolet to

mid-infrared. QDs may also be printed into very fine pater

Biomedical Devices with Quantum-Dot Spectrometers

Fig. 8A illustrates an exemplary QD spectrometer systesrbiomedical device 800.
The illustration in Fig. 8A may utilize a passive approactoitecting samples wherein a sample
fluid passively enters a channel 802. The channel &2l internal to the biomedical device
800 in some examples and in other examples, as illedirdne biomedical device 800 may
surround an external region with a reentrant cavityomesexamples where the biomedical
device 800 creates a channel of fluid external to itdefdevice 800 may also contain a pore
860 to emit reagents or dyes to interact with the exténd in the channel region. In a non-
limiting sense, the passive sampling may be understotdrgfgrence to an example where the
biomedical device 800 may be a swallowable pill. The pill nmyarise regions that emit
medicament 850 as well as regions that analyze surrayfidid such as gastric fluid for the
presence of an analyte, where the analyte may be tiieangent for example. The pill may
contain controller 870 regions proximate to the medicamvéste control of the release of the
medicament may be made by portions of the biomedical pilteeAn analysis region 803 may
comprise a reentrant channel within the biomedical pill dehiaeallows external fluid to

passively flow in and out of the channel. When an deafgr example, in gastric fluid, diffuses
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or flows into the channel 802 it becomes located withiratiedysis region 803 as depicted in
Fig. 8A.

Referring now to Fig. 8B, once an analyte diffusestberwise enters the quantum-dot
spectrometer channel which shall be referred to ashérenel 802, a sample 830 may pass in the
emission portion of a quantum-dot (QD) emitter 810. Thee@fiiters 810 may receive
information from a QD emitter controller 812 instructing the Ditters 810 to emit an output
spectrum of light across the channel 802.

In some examples, the QD emitter 810 may act baseth@sien properties of the
guantum-dots. In other examples, the QD emitter 810 nmayaged on the absorption properties
of the quantum-dots. In the examples utilizing the emigsioperties of the quantum-dots, these
emissions may be photostimulated or electrically stimdldtesome examples of
photostimulation, energetic light in the violet to ultraviolet rbayemitted by a light source and
absorbed in the quantum-dots. The excitation in the QD elay by emitting photons of
characteristic energies in a narrow band. As mentioradqusly, the QDs may be engineered
for the emission to occur at selected frequencies of Bitere

In a similar set of examples, QDs may be formed irdetaf layers. The layers may
place the QDs between electrically active layers that magtdatectrons and holes into the
QDs. These excitations, due to the donations of electnotidroles may similarly stimulate the
QDs to emit characteristic photons of selected frequeroy QD emitter 810 may be formed by
inclusion of nanoscopic crystals, that function as the tguawlots, where the crystals may be
controlled in their growth and material that are used tm filem before they are included upon
the emitter element.

In an alternative set of examples, where the QDs actabsorption mode a combination
of a set of filters may be used to determine a speespbnse in a region. This mechanism is
described in a prior section in reference to Fig. C&mbinations of QD absorption elements
may be used in analysis to select regions of the spe&bruamalysis.

In either of these types of emission examples, a speadflight frequencies may be
emitted by QD emitter 810 and may pass thru the sampleT8@0sample 830 may absorb light
from some of the emitted frequencies if a chemical cluestt within the sample is capable of
absorbing these frequencies. The remaining frequeti@eare not absorbed may continue on to

the detector element, where QD receivers 820 may alisegihbtons and convert them to
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electrical signals. These electrical signals may be conviertgidital information by a QD
detector sensor 822. In some examples the sensor®&2Barconnected to each of the QD
receivers 820, or in other examples the electrical signajsha routed to centralized electrical
circuits for the sensing. The digital data may be usedafyaing the sample 830 based on pre-
determined values for QD wavelength absorbance values.

In Fig. 8C, the QD system is depicted in a manner wihergaample is passed in front of
spectral analysis elements that are spatially located.nf&y be accomplished, for example, in
the manners described for the microfluidic progressiontier examples, the sample 830 may
contain analytes that diffuse inside an region of a biaraédevice that encloses external fluid
with material of the biomedical device to form a poreavity into which the sample may
passively flow or diffuse to an analytical region thatsgadight from emitters within the
biomedical device, outside the biomedical device, and agaietéztors within the biomedical
device. Figs. 8B and 8C depict such movement as theatfiffe between the locations of the
sample 830 which has moved from a first location 831gatba analysis region to the new
location 832. In other examples the QDs may be consdlidatact in a single multidot location
where the excitation means and the sensing means a@idated into single elements for each
function. Some biomedical devices such as ophthalmic eéeviay have space limitations for a
spectrometer comprising more than a hundred quantumesiates, but other biomedical
devices may have hundreds of quantum-dot devices whash far a full spectrographic
characterization of analyte containing mixtures.

The QD analytical system may also function with microflukwices to react samples
containing analytes with reagents containing dyes. Therecules may react with specific
analytes. As mentioned previously, an example of suithding may be the FRET indicators.
The dye molecules may have absorption bands in trevidtet and visible spectrum that are
significantly strong, which may also be referred toadrg high extinction coefficients.
Therefore, small amounts of a particular analyte masebectively bound to molecules that
absorb significantly at a spectral frequency, which b&jocused on by the QD analytical
system. The enhanced signal of the dye complex may &lomore precise quantification of
analyte concentration.

In some examples, a microfluidic processing systemmi&yan analyte sample with a

reagent comprising a dye that will bind to a target analyte.microfluidic processing system
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may mix the two samples together for a period that wowdrensufficient complexing between
the dye and the analyte. Thereafter, in some exampé&gjitofluidic processing system may
move the mixed liquid sample to a location containingréase that may bind to any
uncomplexed dye molecules. When the microfluidic system further moves the sample
mixture into an analysis region, the remaining dye méscwill be correlatable to the
concentration of the analyte in the sample. The mixturgbeamoved in front of either
guantum-dot emission light sources or quantum-dot abearpliers in the manners described.
A type of fluorescent dye may be formed by complexjngntum-dots with quenching
molecules. A reagent mixture of quantum-dots with congadexuenching molecules may be
introduced into a sample containing analytes, for exarmpiemicrofluidic cell, within a
biomedical device. The quenching molecules may containrrediat may bind to analytes
selectively and in so doing may separate the quenchitecaoie from the quantum-dot. The
uncomplexed quantum-dot may now fluoresce in the poesehexcitation radiation. In some
examples, combinations of quantum-dot filters may be teserkate the ability to detect the
presence of enhanced emission at wavelengths charéctefrithe uncomplexed quantum-dot.
In other examples, other manners of detecting tharesg@d emission of the uncomplexed
guantum-dots may be utilized. A solution of complexed tprardots may be stored within a
microfluidic processing cell of a biomedical device and nmayded to detect the presence of

analytes from a user in samples that are introducedhatbiomedical device.

Ophthalmic Insert Devices and Ophthalmic Devices withrtMluidic Detectors

Referring now to FIG. 9A, a top view of an exemplarigrofluidic analytical system
950 of an ophthalmic device is depicted upon arttigdmic media insert. In addition to
energization elements 951, control circuitry 952, smerconnect features 953, in some
embodiments, the media insert may include micrdftuanalytical components 954 including
a waste fluid retention component 955. The micrdiluanalytical system 950 may be capable
of determining an analyte/biomarker, in terms opitssence or its concentration, in a fluid
sample. A microfluidic analytical system may cheafli detect numerous analytes that may
be found in a user’s tear fluid. A non-limiting exammay include detection of an amount of

glucose present in a sample of tear fluid.
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Further enablement for the use of fluorescence tteem biomedical devices may be
found as set forth in United States Patent Applicatid/896,708 filed May 17, 2013, which
is incorporated herein by reference.

Ophthalmic Insert Devices and Ophthalmic Devices wihirkal Vascularization Detectors

Referring now to FIG. 9B, a side cross section regméation of a patient's eye with an
exemplary energized ophthalmic device is illustrategarticular, an ophthalmic device 900
taking the form of an energized contact lens istithted resting on the cornea 906 with
ocular fluid in at least some portions between thetlogimic device 900 and the cornea 906.
In some embodiments, the concave contour of théharhic device 900 may be designed so
that one or more piezoelectric transducers may resttty on the cornea 906. Having the
piezoelectric transducers resting directly on thenear906 may allow greater imaging detail
as ultrasonic pulses may travel directly towards tiraea 906 from focal points 902, 910.
As depicted in the present exemplary embodimeptptazoelectric transducer(s) are located
on the peripheral area of the energized contactdadsoutside of the line of sight to prevent
interference with vision. However, in alternative egized contact lens devices the
piezoelectric transducer may be located in theeraeigion located in front of the pupil 904
also without significantly interfering with the visiat a user.

Accordingly, depending on the design of the ophthaldevice 900 the ultrasonic
pulses may pass through the eye's crystallined6B8sefore passing through the vitreous
humour 920 and reaching one or more retinal aregdimg pulsating vessels, e.g. 912 and
916. In some embodiments, the retinal areas maydsdgtermined areas near or that include
ocular parts serving a specific function or that rhayused as a predictor of a particular
condition including, for example, the macula 914 vahncay be screened for the early
detection of peripheral vision loss, for examples aglated macular degeneration. The
detected electrical signal may also provide a daéms) related to the users pulse and blood
pressure as non-limiting examples.

Further enablement for the use of ultrasonic pulsedaetectors in biomedical
devices may be found as set forth in United StatésnPApplication 14/087,315 filed Nov.
22, 2013, which is incorporated herein by reference
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Location Awareness

Location awareness may be very important for biombaged information
communication embodiments. There may be numerous nsmtmestablish location
awareness. In some examples a biomedical device mafda in cooperation with another
device such as a smart phone. There may be a comrmaomniltak established between the
biomedical device and the other device. In such embadsnthe device such as the smart
phone may perform the function of determining the locatibthe user. In other examples, the
biomedical device may be used in a standalone mannenaythave the ability to determine
location. In a standalone manner, the biomedical devicehanag/a communication means to
interact with a computer network. There may be many wagsnnect to networks and other
network accessible devices including in a non-limiting s&\iséi communication, cellular
communication, Bluetooth communication, ZigBee communinaiad the like. Connections
to networks may be used to determine location. Locationbeastimated based on the known
location of a network access device which may be aeddssthe biomedical device or its
associated device such as a smartphone. Combinafiaesamrk access devices or cellular
access devices may allow for triangulation and improveation determination.

In other examples, the biomedical device or its associteide may directly determine
its own location. These devices may have radio systeshsriy interact with the global
positioning system network (GPS). The receipt of a nurabsignals from satellites may be
processed and algorithms used in standardized manraggtetmine a location of the GPS
radio with a close accuracy.

By determining a location for the user to a certainree@f geographic accuracy various

location based information communication embodiments manhbled.

Biometrics

Biometrics specifically means the measurement of biologicalgvant aspects. In
common usage the term has come to mean the measti@rberiogical aspects of an
individual that may be utilized for identification or securigpacts such as finger prints, facial
characteristics, body type and gait as examples. Asheseth, biometrics refers more generally
to biological characteristics that may be measured or zedhyith a biomedical device. In later

sections of this description, numerous examples of usefuldiiac data for the purpose of
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biometric based information communication are disclosed bidraetric parameter of
temperature may be a non-limiting example. There mayb#&erous means to measure
temperature on the surface of a user and in the ¢@eser. The measurement of temperature
may show a deviation from normal. The measurement reapbpled with other information
about the location of the user and the current ambieesture may be obtained. If the
biometric core temperature is low and the ambient tempere@also low, the user may be
directed to options for preferred warm beverages oriclgti©n the other hand, high
temperatures may direct towards preferred cold beveggaiers or clothing. A generalized
trend towards a higher temperature unrelated to ameatrtemperature rise may cause the
biometric based information communication system to enquietiver a local doctor or
pharmacy may be desired by a user. There may beroummformation communication uses
for measurements of such biometric data.

Referring to Fig. 10 examples of some biometric datarttzey be obtained through an
exemplary ophthalmic biomedical device type 1005, fangple, an electronic ophthalmic lens
is found. In some examples an ophthalmic device mabhketo measure and/or analyze one or
more of the following types of biometric data. In somenegles, an ophthalmic device may be
able to detect and measure characteristics of a pupihcedowith an ambient light level 1010.
Further enablement for measuring pupil characteristicsbadgund in United States Patent
Application No. 13/780,135 filed February 28, 2013, whechncorporated by reference herein.

In another example an ophthalmic device may be abletsure or estimate an
intraocular pressure 1015. Further enablement fomts@surement of intraocular pressure in
biomedical devices may be found as set forth in UrBtedes Patent Application 14/087,217
filed Nov. 22, 2013, which is incorporated hereynrbference.

In another example an ophthalmic device may be t@bheeasure or estimate
movement of a user’s eye 1020 by, for example, meased accelerometers incorporated into
an ophthalmic lens. There may be numerous purdoseseasuring eye movement such as the
estimation of the sleep status of the user. In sexaenples, it may be unsafe for a user to be
sleeping and applications may take action on suckasorement and determination. In other
examples, a sleep status of the user may be adstssieg rapid eye movement (REM) sleep
states. The time and duration of rem sleep of amsgrallow an information communication

system to suggest doctors, sleep aids, nutritiomalstze like. Further enablement for
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measuring rem sleep may be found in United States PapgtitAtion Nos. 13/780,074 and
13/780,479 both filed February 28, 2013, which arerpmated by reference herein.

In another example, an ophthalmic device may be abtestsure or estimate
characteristics of a user’s blink function 1025. Theay ime numerous environmental or health
conditions which may be correlated to the blink functiot afiometric based information
communication system may suggest products or servilzgedeo the condition. In a simplified
example a combination of users blink function 1025 aradatheristics of a pupil in concert with
an ambient light level may evoke information communicatiptions for various types of sun
glasses. Further enablement for measuring blinking mégumel in United States Patent
Application Nos. 13/780,607 and 13/780,014 both filedr&raty 28, 2013, which are
incorporated by reference herein.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of the bioelectric signals and muscle/nggunalsng 1030. In some examples, the
ophthalmic device may include antennas or other wireless\ato sense electrical signals in the
environment of the ophthalmic device. In other exampletodically consistent materials may
protrude from the ophthalmic device where the materialsbeaelectrically conductive. The
protrusions may be capable of measuring electric Sghedctly. The sensed electrical signals
may be amplified and conferred to the processing elenaéthe ophthalmic device to associate
functional meaning to the signals.

In another example, an ophthalmic device may be abtestsure or estimate
characteristics of the user’s pulse 1035. In some ebesmpressure sensitive elements may
register a pressure wave as an electrical signal. Peezoeland electroactive polymer sensors
may provide a non-limiting example of sensing which mayster pressure waves as electrical
signals that may be processed with processing elemetis Wit device. In other examples,
light signals may be focused upon regions of the ophtbanvironment which include blood
vessels upon a surface region. In some examplesgesam scattering characteristics of the light
upon reflection provide the necessary means to exttaobd pulse signal.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of a user’s blood pressure 1040 orvelbtood pressure. In some examples, the
sensing capabilities that measure blood pressure maatibeated to determinations of the

relative pressure that is occurring within the vessels oophéhalmic environment itself. In
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other examples, imaging elements may be able to imageleeo determine the relative change
in shape and size during heart beats which may be deddtarelative pressure changes in the
user.

In another example, an ophthalmic device may be abtestsure or estimate
characteristics of a user’s temperature 1045. In sowa@@@es, infrared detectors may sense
levels of infrared light within a user’s eyeball by focusini the environment. A blink detector
may be used to sense the time period during which a wsesfisl may be closed where levels of
infrared light may be more limited to sources internal tcefreeenvironment and therefore more
closely correlated to the body temperature. In othemeles, direct probes within the
ophthalmic device may sense temperatures of the eyegifisat it contacts directly. In some
examples, the contact measurement may correlate a resist@ne or a thermocouple voltage
value to a sensed temperature.

In another example, an ophthalmic device may be abtestsure or estimate chemical
characteristics of a user’s eye 1050. The chemical ciegistics may relate to levels of ¢
the users blood or tissues, pH of tear fluid and the Ikkeome examples, a pH level may be
estimated based on sampling fluids in the environment affgththalmic device into the device
and measuring the pH via colorimetric techniques of itdisaor by electrical measurements of
microsized electrode pairs which may be correlated tonpsurements. Other chemical
characteristics may be determined by introducing samgdiegincessing regions of the
ophthalmic device for colorimetric, spectroscopy or eleaticharacterization in manners such
as have been previously described herein. In simiéamrs for another example, an ophthalmic
device may be able to measure or estimate ocularatbastics and biomarkers for the presence
of an infection 1055.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of a user’'s hemoglobin and levels of axynoé the user’s blood 1060. In some
examples, a combination of wavelengths of light may Heatefd from internal surfaces of a
user’s eye when looking inward or to reflection from ¢lyelid when looking outwards. The
relative absorption characteristics at these wavelengthdeagrrelated to oximetry levels in
the blood streams probed by the light. In some examghlesietected signals may be correlated
to pulsation for improved detection.

38



10

15

20

25

30

In still another example, an ophthalmic device may be abteciasure or estimate the
presence and concentration of bioavailable chemicalprateins 1070. As a non-limiting
example, the level of glucose in tear fluid may be assess a level of glucose in intercellular
regions such as in the sclera may be assessed. mes@mples, estimates of significant
divergence may cause a biometric system to suggest aahedatment option; whereas, for
smaller divergence from normal readings a user may dpgested a food product or service in
the vicinity of the user.

There may be numerous other examples of biometadimgs that may be obtained and
used in a biometric information communication system. Besgs from an information
communication and health perspective may be expected lieeasad become more numerous
and sophisticated with time and experience; however, theodgetnd devices discussed herein
provide the backbone and basic solutions for obtainingéinc data and communication and
processing such data to enable the using of such dateimiormation communication

perspective.

Functional and Operational Schema for Biomedical Devices im&tidc based Information

Communication

Referring now to Fig. 11, an exemplary operationaés@nfor a biometric based
biomedical device in a biometric based information commumicaystem is illustrated. In the
illustrated example, a user has in his or her possesgiowered biomedical device 1110 and a
related smart device 1100. These two devices may excld@og®aation and data and otherwise
communicates with each other. In these examples, theredwemedical device 1110 may
have one or more biometric devices and sensors dddiational. In some examples, the
biomedical device 1110 may also have (depicted as dotedin the illustration to convey that
some examples may not have the function) a display/éséddlement 1112 which may include
audio, vibrational and other means of feedback. Tomédical device 1110 may also have a
GPS or location capability 1111 and a Wi-Fi or cellular camization capability 1114. In some
cases, the communication capability may be based on astdéinelard such as Bluetooth or
ZigBee or may operate on a customized communicatioto@ol and system. In cases where a
powered biomedical device 1110 pairs with another smaitelé& may be practical for the
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powered biomedical device 1110 to provide functionalityofasic communication with the
smart device as well as to function for acquisition of @nmore types of biometric data.

The paired device to the biomedical device 1110, thaeisrtrart device 1100, may
therefore have a complement of functions. In reality,sfmart device 1100 may have enhanced
power storage capabilities to a biomedical device 1110 amdftre this may improve the
device’s capability for computation, communication, digpnd other functions. The smart
device may have a Wi-Fi/cellular communication capabilitp4, a GPS or location sensitivity
capability 1101, and a display/feedback capability MBh may include audio, vibrational
and other means of feedback. Even though the biomediealed1110 may have a significant
function for the acquisition of biometric data, the smarice¥100 may nonetheless have
functional sensors 1103 of various kinds which mayddoemdant to those in the biomedical
device, may be complementary to those in the biomedaatel 1110 or may relate to sensing
that is not of a biometric data perspective.

The combination of the powered biomedical devicedldrid smart device 1100 each
connected to a user may operate as a system and neg baified communication protocol for
system communication 1130. In many examples, the sraaited1100may provide the major
functionality for the system communication 1130, and mayatp wireless communication
capability 1140 to a network access device 1150. Theonkt@ccess device 1150 may be a
device such as a Wi-Fi network hub or a cellular comnatizios hub. In either event the
network access device 1150 may provide the commuarcpathway to route data from the
biometric information communication system to various exteaystems such as, in non-
limiting examples, content servers, storage and procesggtgms 1160 that may mediate and
operate connection to various information. In addition #tevark access device may provide
the communication pathway to external systems for emergerthealthcare related systems

1170 for information communication or emergency relatgigy.

Biomedical Device Display

In some examples the biomedical device may have a digpiaegfon. In some examples,
a display function within an ophthalmic device may be limttedn LED or a small number of
LEDs of different color that may provide a display ftioe to alert a user to look at another

paired device for a purpose. The purpose may have socoding based on the color of the
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LED that is activated. In more sophisticated examples,ifigagy may be able to project images
upon a user’s retina. In a biometric based informat@nraunication system, the display of
imagery may have obvious utility based upon standardnrdbon communication approaches
based on imagery. In the examples as have been proaideeasurement of a biometric data set
may therefore; trigger an exchange of data via the v@gommunications means and a targeted
visual communication may be communicated to the biomedeasatel and then displayed via a
biomedical device display.

Now referring to Fig. 12, a display 1200 within areewplary biomedical device is
illustrated. Item 1210 may be an ophthalmic device dapaftibeing worn on a user's eye
surface. It may be formed of a hydrogel-based sRittllthat completely surrounds in some
embodiments, or partially surrounds or supports antidesice in other embodiments. In the
depiction, the skirt 1211 surrounds a fundamentally animsart device 1236. Sealed within the
insert device 1236 may be energization elements, elécitwouitry for control, activation,
communication, processing and the like. The energizatemesits may be single use battery
elements or rechargeable elements along with powerat@ystems, which enable the
recharging of the device. The components may be loaatbe insert device as discrete
components or as stacked integrated devices with multipleedatiers as described above.
These components are discussed in detail above.

The ophthalmic device may have structural and cosmetictadpeatincluding,
stabilization elements 1260 and 1261 which may be usafdefining orientation of the device
upon the user's eye and for centering the deviceoppptely. The fundamentally annular device
may have patterns printed upon one or more of its sgfdepicted as an iris pattern item 1221
and in the cross section 1230, along the line 1215¢msil231.

The insert device 1236 may have a photonic-based imagsgtgm in a small region of
the optical zone as shown as item 1240. In some examplés64 pixel imaging system may be
formed with a size roughly of 0.5 mm x 0.5 mm. Insygection, it may be observed that item
1240 may be a photonic projection component that mayasenphotonic emitter elements, an
EWOD based pixel transmittance control device, a light goorenultiple light sources and
electronics to control these components. The photorseebamaging system may be attached to
a lens system 1250 and be connected to the annulardosgobnent by a data and power

interconnection bus 1241.
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In some embodiments, the lens system may be formstdti lens components that
focus the near field image of the imaging system to alfigeation in space related to the body
of the ophthalmic device. In other embodiments, the lertermysay also include active
components. For example, a meniscus based lens daticeultiple electrode regions may be
used to both translate the center of the projected imabadjust the focal power of the device
to adjust the focus and effectively the size of the inpaggected. The lens device may have its
own control electronics or alternatively it may be congland powered by either the photonic-
based imaging component or the annular insert devibetbr

In some embodiments, the display may be a 64x64 piseldojarojection system, but
more or less pixels are easily within the scope of the tiwesart, which may be limited by the
size of the pixel elements and the ophthalmic device itsedf.display may be useful for
displaying dot matrix textual data, image data or video dédta.lens system may be used to
expand the effective pixel size of the display in some elnfients by rastering the projection
system across the user's eye while displaying data. i$pkagl may be monochromatic in nature
or alternatively have a color range based on multiple ligintces. Data to be displayed may be
communicated to the ophthalmic lens from an outside soorcata may originate from the
ophthalmic device itself from sensors, or memory compisfen example. In some cases data
may originate both from external sources with communicatr@hfrom within the ophthalmic

device itself.

Biometric Based Personalized Information Communication

Various aspects of the technology described herein aergéy directed to systems,
methods, and computer-readable storage media fordimmgvpersonalized content. Personalized
content, as used herein, may refer to advertisemegemicrinformation, promotional content,
or any other type of information that is desired to ipectied to a user. The personalized content
may be provided by, for example, a target content gesysuch as an advertising provider, an
informational provider, etc. Utilizing embodiments of theserg invention, the user or a content
provider may select specific content that it would like tgearThe relevant information may be
detected by the device, and communicated through vas@mumunication systems to a system
that may analyze the status and provide appropriaterdo@iece analyzed, the personalized

content may then be presented to the user by the systsome examples, the biomedical
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device may present the content to the user or in otherptesna paired device may present the
content.

In an example, personalized content may be presdntegixample, as real time visual
content on an ophthalmic lens, audio content transmittect toser through a biomedical device,
or a target content may be an experience on a segocmapanion device such as a cell-phone,
tablet, or computer.

Calls for Medical Attention

In the general operation of a biometric based informatonngunication system,
information may be presented to a user based on tagdaduced by the biometric information
communication system. The biometric data may be supplethbytdata related to the location
and/or environment of the user. However, in some exarriplee may be a set of biometric data
conditions where the logical analysis of the data maydsvare health condition. Under such
circumstances, the biometric based information communitatistem may call out to
emergency services or other medical attention to dbsistser. As the system has control of the
biometric data and may have data relating to location. imfasmation may also be forwarded

with the communication to emergency services or otheligakattention.

Security and Data Integrity Measures

Biometric data may support the various functions of a btaminformation
communication system as have been described. Howeéoeretric data may have confidential
and legal significance. Therefore, the biomedical deamzkother devices along the
communication sequence may encrypt the biometric datagbeforsmission so that any
interception by a third party may not result in a meanihgfsult. There may be numerous
means to ensure the security of biometric data consistdnthe apparatus and methods of
biometric based information communication systems as gezbberein. Encryption methods
for data are well known in the relevant art. As well, tnbethe data streams are encrypted or
not, the integrity of communications may be importahis may refer to physical integrity,
where such things as the correct communication devicesates are involved and correctly
identified to end-to-end integrity to insure that the datacsand data value have integrity.

Means such as check sum, error correcting codegjatatlase and file related measures such as
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internal data and metadata check summing may be usegknéral, the various types of
schemes for source verification, security and end dodaa integrity may be consistent with the

present invention.

Methods

Referring to Fig. 13 a flow chart of an exemplary moetfor a biometric based
information communication process is displayed. At 1310rtbthod may start by obtaining a
first device, wherein the device measures at least a iimstdbric of a user. Next at 1320, the
method continues by measuring the first biometric with tts¢ dievice. Next at 1330, the
method continues by determining the user’s geographic loc&text at 1340, the method
continues by communicating the biometric data and theitot data to a computing device
connected to a network. Next at 1350, the method comtiny@uthorizing the computing
device, via a signal from the first device, to obtainiemmental data related to the location
data. Next at 1360, the method continues by authorizing theuting device to initiate an
algorithm to be executed to retrieve targeted and individuatiaetént based on the biometric
data, the environmental data, the location data and anadised preference determination
calculated via predictive analysis to generate the tat@etd individualized content. Next at
1370, the method continues by receiving a message camgpthe targeted and individualized
content to the first device. And, at 1380 the method contibyelsplaying the message to the
user.There may be many such methods where additional stepegormed and where the
order of specific steps may be altered.

Referring to Fig. 14 a flow chart of an exemplary moetfor a biometric based
information communication process is displayed. At 1410ntethod may start by obtaining a
first device, wherein the device measures at least a instdbric of a user. Next, at 1420 the
method continues, and the first device is used to measuprdliously mentioned first
biometric. At 1425, the method proceeds by obtainingargkdevice, wherein the second
device includes a display and a network communicatiommedext at 1430 the method
continues by authorizing a paired communication betweefiri@levice and the second device.
At 1440, a method step of communicating the biometric fdata the first device to the second
device may occur. Next at 1460, the method proceedstynunicating the biometric data to a

computing device connected to a network. At 1470, the rdetbotinues by authorizing the
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computing device to initiate an algorithm to be executedtteve targeted and individualized
content based on the biometric data and a personalizedgiree determination calculated via
predictive analysis to generate the targeted and indilrmhd content. Continuing at 1480 the
method may include receiving a message comprising theedrgad individualized content to
the second device, and at 1490 displaying the messd#gye tigser. There may be many such
methods where additional steps are performed and wine@der of specific steps may be
altered. In some examples, the messaged that is disptagleel user may contain advertising
and/or marketing information that is personalized based oméasured biometric data.

Referring now to Fig. 15, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem is illustrated. In the
illustrated example, a user 1590 has in his or her psisses powered biomedical device 1510
and a related smart device 1500. The example is mdvalillustrate the types of examples of
biometric based information communication systems wherdpteuimart devices are employed
to perform functions of the system. In some of thesengles, a generic smart device such as
smart device 1500 may be associated with the poweredeHioal device 1510 in a relatively
permanent connection. Alternatively, in these examplesjgbemay have a personal device
1580 that accesses data from a personal account séBeer The personal device 1580 may
enter into communication with the biometric based informatmmmunication system to
provide a means for the system to provide communicatiothegized from the biometric
analysis by processors of various types to the useray be clear, that similar examples exist
where a single smart device may provide the functighefllustrated smart device 1500 and the
personal device 1580. In general, there may be examiere a number of different devices or
just one provide communication and processing pathwaysdoretric data and information
related to synthesizing the biometric data.

In the illustrated example, these two devices 1510 and d&y exchange information
and data and otherwise communicate with each other mancmication links to content and
storage and processing providers 1560. In these exartipdgsowered biomedical device 1510
may have one or more biometric devices and sensa@fsdgerational, or the personal device
1580 may have one or more biometric devices and seth5@4 operational. In some cases, the
communication capability may be based on another stasdathdas Bluetooth or ZigBee or may

operate on a customized communication protocol and sybierases where a powered
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biomedical device 1510 pairs with a personal device 158@y be practical for the powered
biomedical device 1510 to provide functionality for basimmunication with the personal
device as well as to function for acquisition of one orertypes of biometric data.

Similarly, the smart device 1500 may be paired to the liaakdevice 1510 where it
may too offer a complement of functions. In reality, thexdrdevice 1500 may have enhanced
power storage capabilities to a biomedical device 1510 amdftre this may improve the
device’s capability for computation, communication, dignd other functions. The smart
device 1500 may have a Wi-Fi/cellular communicatiorabéjty 1504, a GPS or location
sensitivity capability 1501, and a display capability 150% el as other function. In some
examples, the personal device 1580 may have enhanesst ptorage capabilities to a
biomedical device 1510 and, therefore, its use may impt®/device’s capability for
computation, communication, display and other functions.pEngonal device 1580 may have a
display capability 1582, an audio feedback device 1583aribration or haptic feedback device
1584.

Even though the biomedical device 1510 may have a gigniffunction for the
acquisition of biometric data, the smart device 1500 naanetheless have functional sensors of
various kinds which may be redundant to those in the dulical device, may be complementary
to those in the biomedical device 1510 or may relate tsirsgithat is not of a biometric data
perspective

The combination of the powered biomedical device l&idsmart device 1500
connected to a user 1590 may operate as a system grithaeaa unified communication
protocol for system communication 1540. In this exantpke smart device 1500 may provide
the major functionality for the system communication 1540, may operate wireless
communication capability 1540 to a network access devig8.He network access device
1550 may be a device such as a Wi-Fi network hubaallular communications hub. In either
event the network access device 1550 may provide the aoroation pathway to route data
from the biometric information communication system 1565attous external systems such as,
in non-limiting examples, personal account servers 1885 antent, storage and processing
systems 1560 that may mediate and operate connectiofotmation communication
information.

Sensing Examples
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There may be numerous types of biomedical relatedrsetechniques that may be used
individually or in combinations to perform sensing consistath the present invention.
Referring to Figure 16, a summary of numerous exempy@es of biomedical devices may be
found. The various ophthalmic devices 1600, such ascblenses, intraocular devices, punctal
plugs and the like, some of which have been descnbddtail herein may perform various
sensing functions including analyzing analytes in the bidlindhe ocular environment.

Contact lenses, 1610 may also be used to read amdifguesults from sensing devices
that may be implanted into ocular tissue as has been psévimentioned herein.

Implants into organs 1605, may include brain implantartheplants, pacemakers, and
other implants that are implanted into organs of the useséltmplants may be able to directly
sense or indirectly sense a user’s cellular tissue @yaifluid contacting a user’s cellular tissue
layer.

In other examples, a biomedical sensing device may berahsensor 1620. The aural
sensor may indirectly sense a biometric such as tempeiewan infrared signal for example.
The aural sensor may also be able to quantify othemnddiacs such as blood oxygenation,
analyte and bio-organism sensing and other such sensing.

A dental sensor 1630 may be used to sense a varidtfferent types of biometric data.
The sensor may probe the fluids in the oral cavity fomalecules and chemical species from
food, and the biological fluids in the environment. Thesse may also probe for indirect
measurements of various types including in a non-limitinggeetive pressures, temperatures,
flows and sounds in the environment that may be directilydirectly related to biometrics such
as body temperatures, breathing rates, durationagstiseand the like.

Vascular port sensors 1640 may be used to senseisa@spects within a blood stream.
Some examples may include glucose monitoring, oxygemtoring or other chemical
monitoring. Other biometrics may be monitor at a vasquisair such as blood pressure or pulse
as non-limiting examples.

Some biometric sensors may be wearable sensors 165@arable sensor 1650 may
indirectly measure a variety of biometrics. In somawplas, the sensing element may be
independent of any body tissue or body fluid of a USech a sensing element may monitor
biometrics related to the user’'s body as a whole, sutiresmmount of motion the user. Other

wearable sensors may directly or indirectly senseayeoa user’s cellular tissue layer which
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may allow measurements of temperature, oxygenationgtamical analysis of perspiration as
non-limiting examples. The wearable sensors 1650 maytheakierm of or be incorporated into
clothing or jewelry in some examples. In other examplesvéarable sensors 1650 may attach
to clothing or jewelry.

Various examples of biometric sensors may be incorpbrate sub-cutaneous sensors
1660 where a surgical procedure may place a biomeatks@de with sensors beneath a skin
layer of a user. The sub-cutaneous sensor 1660 msgniséive with direct contact to tissue
layers or to interstitial fluids. The sub-cutaneous seh866 may be able to analyze for various
analytes, for example, with techniques described pusiyderein. Physical parameters may
also be measured such as temperature, pressure andumthghysically relevant biometric
parameters.

Sensors may be incorporated into blood vessel orgyatgstinal stents of various kinds
forming stent sensor 1670. The stent sensors 1670 majatebe able to perform sensing of
various chemical species. Stent sensors 1670 incorpavated blood vessels may be able to
also characterize and measure physical parametessiotis types. For example, a blood vessel
form of stent sensor 1670 may be able to measureupesswithin the vessel during heart
pumping cycles for a physiologically relevant determinatibhlood vessel pressure. There may
be numerous manners that such a pressure sensofuoctidn with small piezoelectric sensors,
elastomeric sensors and other such sensors. Thereenmayrterous physical parameters in
addition to pressure that may be monitored directly withenbllood stream.

A pill form biometric sensor, such as a swallowable pill 168/ be used to provide
biometric feedback. In some examples, the swallowablengijl incorporate pharmaceutical
components. In other examples, the swallowable pill 1680 simply contain biometric sensors
of various kinds. The swallowable pill 1690 may perf@mnalyte measurements of the
gastrointestinal fluids that it incorporates. Furthermore pitis may provide central core
temperature measurements as a non-limiting example ofcghyseasurements that may be
performed. The rate of movement of the pill throughuser’s digestive track may also provide
additional information of biometric relevance. In some gias) analyte sensors may be able to
provide measurements related to dietary consumptiomaindional aspects.

A bandage form biometric sensor 1680 may be usedrforp biometric sensing. In

some examples, the bandage form biometric sensorrmé&8®e similar to a wearable sensor
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1650 and perform measurements upon chemicals in ihneskironment including aspects of
perspiration. The bandage form biometric sensor hé&p also perform physical measurements.
In some special examples, the bandage may be in thieniypof a wound of various kinds of
the user, and the chemical and physical measurementsrggiba may have a specialized
purpose relating to healing. In other examples, the barsamg®r may be a useful form factor or
environmentally controlled region for the inclusion ofianbetric sensor.

A biometric sensor may be incorporated within a neural intd&95. A neural implant
1695 may be implanted into the brain of a user in sexaenples where it may have an active or
passive role. Biometric sensors incorporated with theahémplant may allow for chemical and
physical monitoring in addition to electrical and electrochemiqaé tneasurements that may be
unique to neural related implants. A neural implant 169% im&act be placed in numerous
locations within a user’s body in conjunction with nerveays and the biometric sensing role
may enhance capabilities. In some examples, a neural @6 may be used to sense an
electrical impulse at a nerve and in so doing provide mausentrol aspect for aspects of the
biometric information communication systems described helresm alternative sense, neural
related implants may also provide additional means fooméiric information communication
system to provide information to the user as a feedélackent.

The biometric sensor types depicted in Fig. 16 may septeesxemplary types of sensors
that may be consistent with the present invention. Howévsrimportant to note that there may
be numerous other types of sensors that may be caonsiste the present invention.
Furthermore, there may be examples of sensors thdtisersome or all the functional aspects
discussed in relation to Fig. 16 which may be relevEm. present invention is not meant to be
limited to those examples provided in Fig. 16. In additiba,location of the sensors are not
limited to their relative positions illustrated in Figure 16. Example, a wearable sensor 1650
may be worn on any suitable location.

Referring to Fig. 17, a flow chart of a method for coumicating information based on
the obtaining of a biometric analysis result may be obthiAt 1710 the method may start by
obtaining a first device, wherein the device measurkeast a first biometric of a user. Next at
1720, the method continues by obtaining a second devieFein the second device includes a
feedback device such as a display and a network comatiom means. Next at 1725 the

method may continue by measuring a biometric with thedesice. Next at 1730, the method
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continues by authorizing a paired communication betweefiri@levice and the second device.
Next at 1740, the method may continue by communicatingitimeetric analysis data to the
second device. Next at 1750, the method may continuetieyrdining a location of the first
device with the second device. Next at 1760 the method ardinae by communicating the
biometric analysis data and the location data to a congpdevice connected to a network. Next
at 1770, the method continues by authorizing the compdgrige to initiate an algorithm to be
executed to retrieve targeted and individualized informatas®th on the biometric data, the
environmental data, the location data and a persongiadéerence determination calculated via
predictive analysis to generate targeted and individuairdedmation. Next at 1780, the method
continues by receiving a message comprising the targetkthdividualized information to the
second device. Next at 1790 the message may be commeahicdahe user. In some examples,
the communication to the user may be made through dewieesser device. In an example, the
display screen of the user device may visually displagssage. The visual display may include
text, images, and combinations of text and imagery. iffoernation displayed may be
incorporated into a graphic display such as a map whHeaton related to a text or an image
may be displayed. In some examples, the messagelstalyeaconverted into an audio message
in the form of verbal communication or as sounds. Ineseramples, the message may engage a
vibration creating device or a haptic device that may batéal in the user device. There may be
numerous means that a message may be conveyeddn &nusome examples, the second
device may be used to convey a message related tothetlic data result. In still further
examples, the first device used to measure a biometri@maall include means to convey a
message and it may be used to convey the message @@aihination of some or all of these
communication means may be employed in some examplege fitay be many such methods
where additional steps are performed and where the ofdpecific steps may be altered.

This method for communicating information based on the dbtawof a biometric
analysis result may be utilized, as a non-limiting exampin a biomedical device used to
measure a biometric of the user. In some examplesa#ida of the user may be communicated.
In doing so, using location based tracking systemsjsbe may be recommended a consumer
product which may be available in their geographic areaoine examples, the biometric data
value may be used to initiate communication to the cordtargge and processing systems and

the information that may be conveyed to the user may beddiltased on algorithmic analysis
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of the user’s preferences. In some examples, spcbfarence may be based on previous
experience the user may have had in some options ieginr In still further examples, the
content system may correlate various aspects of the ndéha biometric data and offer
information to the user that may relate to aspects of the hiertigat has been measured and
efficacy or satisfaction of previous personalized corgaggestions historically correlated with
the biometric result..

In some examples, the user may also be recommendeacilibes such as medical
facilities in their area, that may specialize in the natutbebiometric result that the user has
encountered. In some examples, the biomedical devite arser device may access the user’'s
contact list, and may send alerts to certain recipientsagde possible for the user to
determine, to warn the user’s contact list that the usertisuble, and may need help. In these
cases, specific information, such as the user’s locatiag,also be sent to the user’s contact list,
among other possible pieces of information.

Referring now to Fig. 18, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized in a retail or
mall environment. The retail environment may refer to aestdrip mall, mall, shopping center
or outlet mall in some examples. In the illustrated exangpleser has in his or her possession at
least a first powered biomedical device 1810 and in maagpbes a plurality of powered
biomedical devices, a related smart device 1800, ardsampal device 1880, where the user and
the devices are proximate to a retail location 1890 thatrels smart device capabilities called
retail location smart devices 1870. The example is pravidélustrate the types of examples of
biometric based information communication systems wherdptautimart devices are employed
to perform functions of the system. In some of thesengles, a generic smart device such as
smart device 1800 may be associated with the powerecetioat device 1810 in a relatively
permanent connection. Alternatively, in these examplesjgeemay have a personal device
1880 that enters into communication with the biometric bagednation communication
system to provide a means for the system to providemzontation synthesized from the
biometric analysis by processors of various typesdaifer. It may be clear, that similar
examples exist where a single smart device may provedgittction of the illustrated smart

device 1800 and the personal device 1880. In geneeag thay be examples where a number of
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different devices or just one provide communication aodgssing pathways for biometric data
and information related to synthesizing the biometric data.

In the illustrated example, these two devices 1800 and &8d.@he retail location smart
device 1870 may exchange information and data andvageecommunicate with each other via
communication links to content and storage and processmvglprs 1860 and personal account
servers 1885. In these examples, the powered biomeidicige 1810 may have one or more
biometric devices and sensors 1813 operational. In sases, the communication capability
may be based on another standard such as BluetoothBeeZor may operate on a customized
communication protocol and system. In cases where arpdvwsgomedical device 1810 pairs
with another smart device 1800, and/or personal de@86 it may be practical for the powered
biomedical device 1810 to provide functionality for basimmunication with the smart device
as well as to function for acquisition of one or more $ypebiometric data.

The paired smart device 1800 to the biomedical device dtOtherefore have a
complement of functions. In some examples, the smaitel@800 may have enhanced power
storage capabilities to a biomedical device 1810 and thieréfis may improve the device’s
capability for computation, communication, display and oftwections. In some other examples,
the retail location smart device 1870 may perform thesaifumrs. The smart device 1800 may
have a Wi-Fi/cellular communication capability 1804, a GP®Baation sensitivity capability
1801, and a display capability 1802. Even though the dilbral device 1810 may have a
significant function for the acquisition of biometric datee smart device 1800 may nonetheless
have functional sensors of various kinds which may teréant to those in the biomedical
device, may be complementary to those in the biomedeaate 1810 or may relate to sensing
that is not of a biometric data perspective.

Similarly, the personal device 1880 may be redundantlegaa the biomedical device
1810 where it may too offer a complement of functidnsome examples, the personal device
1880 may have enhanced power storage capabilitiesitcoreedical device 1810 and, therefore,
this may improve the device’s capability for computatimmmunication, display and other
functions. The personal device 1880 may have a gis@lpability 1882, sensors 1814, an audio
feedback device 1883 and a vibration or haptic feedtacice 1884.

Even though the biomedical device 1810 may have a gigniffunction for the

acquisition of biometric data, the retail location smart deti®€70 may nonetheless have
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functional sensors 1873 of various kinds which maygdemdant to those in the biomedical
device, may be complementary to those in the biomedeaate 1810 or may relate to sensing
that is not of a biometric data perspective. The retail locamart device may have a known
location 1871 which it may communicate to users in the emwiemt. There may be a display
device 1872 which may also be a system tied to one a display devices in the retail
location. The retail location smart device 1870 may havedvaravireless communications
means 1874 which may communicate 1875 with a netwar&ss device and/or wired/wireless
interface 1850.

The combination of the powered biomedical device 181@ytsdevice 1800, and retail
location smart device 1870 each in a retail location 1890@ected to a user may operate as a
system and may have a unified communication protocoly&iesr communication. In this
example, the smart device 1800 may provide the majatibnality for the system
communication 1840, and may operate wireless communiczjoability 1840 to a network
access device or wired/wireless interface 1850. The nk@eamess device or wired/wireless
interface 1850 may be a device such as a Wi-Fi nettuadokor a cellular communications hub.
In either event the network access device or wired/wiréhtésgace 1850 may provide the
communication pathway to route data from the biometric m&ion communication system
1865 to various external systems such as, in non-limitiagiples, personal content servers
1885, and content, storage and processing systemdH&aay mediate and operate
connection to information communication information.

In some examples including the various embodiments fardift environments
following, the various feedback means of the system eoaymunicate information of an
advertising and marketing perspective. The advertisidgh@arketing content may be related to
results from one or more of the biometric sensors. Timengbe numerous forms of biometric
information and even more numerous types of produatréiding and market that could be
generated by analysis of the biometric sensor reduitsse biometric results may include results
related to the physical status or characteristics of the asemical or biological status of the
user, or electrical status or characteristics of the user.

Referring now to Fig. 19, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized in a

transportation environment. The transportation environmeytrefer to a car, truck, train, plane

53



10

15

20

25

30

or other environment used to convey a user. In the ditestrexample, a user has in his or her
possession at least a first powered biomedical device d®d i many examples a plurality of
powered biomedical devices, a related smart device B@Da personal device 1980, where the
user and the devices are proximate to a transportagnined1990 that also has smart device
capabilities called transportation smart devices 1970. Tamebe is provided to illustrate the
types of examples of biometric based information commtinitaystems where multiple smart
devices are employed to perform functions of the systesome of these examples, a generic
smart device such as smart device 1900 may be assowittietie powered biomedical device
1910 in a relatively permanent connection. Alternativelthese examples, the user may have a
personal device 1980 that enters into communication withitimeetric based information
communication system to provide a means for the syst@motde communication synthesized
from the biometric analysis by processors of varioussypéehe user. It may be clear, that
similar examples exist where a single smart device nayige the function of the illustrated
smart device 1900 and the personal device 1980. Irrgetteere may be examples where a
number of different devices or just one provide commuiaigand processing pathways for
biometric data and information related to synthesizing tbm&tric data.

In the illustrated example, these two devices 1900 and 48d @he transportation smart
device 1970 may exchange information and data andvageecommunicate with each other via
communication links to content and storage and processivglprs 1960 and personal account
servers 1960. In these examples, the powered biomeidicige 1910 may have one or more
biometric devices and sensors 1913 operational. In sases, the communication capability
may be based on another standard such as BluetoothBeeZor may operate on a customized
communication protocol and system. In cases where arpdvwagomedical device 1910 pairs
with another smart device 1900, or personal device 1988yitbe practical for the powered
biomedical device 1910 to provide functionality for basimmunication with the smart device
as well as to function for acquisition of one or more $ypkebiometric data.

The paired smart device 1900 to the biomedical device d®iOtherefore have a
complement of functions. In some examples, the smaite€@®00 may have enhanced power
storage capabilities to a biomedical device 1910 and threr&fs may improve the device’'s
capability for computation, communication, display and oftmections. In some other examples,

the transportation smart device 1970 may perform thesgibns. The smart device 1900 may
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have a Wi-Fi/cellular communication capability 1904, a GPBaation sensitivity capability
1901, and a display capability 1902. Even though the dxdoral device 1910 may have a
significant function for the acquisition of biometric datee smart device 1900 may nonetheless
have functional sensors of various kinds which may terréant to those in the biomedical
device, may be complementary to those in the biomedaate 1910 or may relate to sensing
that is not of a biometric data perspective.

Similarly, the personal device 1980 may be redundantlegaa the biomedical device
1910 where it may too offer a complement of functidnsome examples, the personal device
1980 may have enhanced power storage capabilitiesitcoreedical device 1910 and, therefore,
this may improve the device’s capability for computatimmmunication, display and other
functions. The personal device 1980 may have a dig@alpability 1982, sensors 1914, an audio
feedback device 1983 and a vibration or haptic feedtacice 1984.

Even though the biomedical device 1910 may have a gigniffunction for the
acquisition of biometric data, the transportation smart @870 may nonetheless have
functional sensors 1973 of various kinds which mayddemdant to those in the biomedical
device, may be complementary to those in the biomedaatel 1910 or may relate to sensing
that is not of a biometric data perspective. The trandpmrtamart device may have a known
location 1971 which it may communicate to users in the emwiemt. There may be a display
device 1972 which may also be a system tied to one o display devices in the transportation
device. The transportation smart device 1970 may haeelwr wireless communications means
1974 which may communicate 1975 with a network accedselev wired/wireless interface
1950.

The combination of the powered biomedical device 191@yisdevice 1900, and
transportation smart device 1970 each in a transportdéivice 1990 connected to a user may
operate as a system and may have a unified communigattocol for system communication.
In this example, the smart device 1900 may provide therrhnctionality for the system
communication 1940, and may operate wireless communiczdieebility 1940 to a network
access device or wired/wireless interface 1950. The nk@amess device or wired/wireless
interface 1950 may be a device such as a Wi-Fi nettuadokor a cellular communications hub.
In either event the network access device or wired/wiréhtésgace 1950 may provide the

communication pathway to route data from the biometric m&tion communication system
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1965 to various external systems such as, in non-limitiageles, personal content servers
1985, and content, storage and processing systemgt#tGfiay mediate and operate
connection to information communication information.

Referring now to Fig. 20, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized in a bedroom
environment. The bedroom environment may refer todadeen in a home, a bedroom in a
hospital, a bedroom in a hotel, or other environment waerger may sleep or recline. In the
illustrated example, a user has in his or her possessieasa a first powered biomedical device
2010 and in many examples a plurality of powered biocaédevices, a related smart device
2000, and a personal device 2080, where the usdahardvices are proximate to a bed device
2090 that also has smart device capabilities called bed deaces 2070. The example is
provided to illustrate the types of examples of biometricdagermation communication
systems where multiple smart devices are employed torpeftmctions of the system. In some
of these examples, a generic smart device such as dgevize 2000 may be associated with the
powered biomedical device 2010 in a relatively permaoc@mhection. Alternatively, in these
examples, the user may have a personal device 208éntleas into communication with the
biometric based information communication system to provigkeans for the system to provide
communication synthesized from the biometric analysis bygssors of various types to the
user. It may be clear, that similar examples exist &/haesingle smart device may provide the
function of the illustrated smart device 2000 and the peaistevice 2080. In general, there may
be examples where a number of different devices oojsiprovide communication and
processing pathways for biometric data and informationeli® synthesizing the biometric
data.

In the illustrated example, these two devices 2000 and 20d @he bed smart device
2070 may exchange information and data and otherwisencmicate with each other via
communication links to content and storage and processmglprs 2060 and personal account
servers 2085. In these examples, the powered biomeidicige 2010 may have one or more
biometric devices and sensors 2013 operational. In sases, the communication capability
may be based on another standard such as BluetooigBeeZor may operate on a customized
communication protocol and system. In cases where angovbiomedical device 2010 pairs

with another smart device 2000, or personal device 2G88yitbe practical for the powered
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biomedical device 2010 to provide functionality for basimeunication with the smart device
as well as to function for acquisition of one or more $ypkebiometric data.

The paired smart device 2000 to the biomedical device @@d0therefore have a
complement of functions. In some examples, the smarte@000 may have enhanced power
storage capabilities to a biomedical device 2010 and threr&fs may improve the device’s
capability for computation, communication, display and othections. In some other examples,
the bed smart device 2070 may perform these functidressiinart device 2000 may have a Wi-
Fi/cellular communication capability 2004, a GPS or locatiosiseity capability 2001, and a
display capability 2002. Even though the biomedical deXiXH) may have a significant
function for the acquisition of biometric data, the smaviake2000 may nonetheless have
functional sensors of various kinds which may be rddanto those in the biomedical device,
may be complementary to those in the biomedical devit® 80 may relate to sensing that is
not of a biometric data perspective.

Similarly, the personal device 2080 may be redundantlegg@ao the biomedical device
2010 where it too may offer a complement of functionsdme examples, the personal device
2080 may have enhanced power storage capabilitiesitorethcal device 2010 and, therefore,
this may improve the device’s capability for computatimmmunication, display and other
functions. The personal device 2080 may have a dig@alpability 2082, sensors 2014, an audio
feedback device 2083 and a vibration or haptic feedtacice 2084.

Even though the biomedical device 2010 may have a ggniffunction for the
acquisition of biometric data, the bed smart device 20589 monetheless have functional sensors
2073 of various kinds which may be redundant to thosiedrbiomedical device, may be
complementary to those in the biomedical device 2010 orrelate to sensing that is not of a
biometric data perspective. The bed smart device mayahkmewn location 2071 which it may
communicate to users in the environment. There may Epkagdevice 2072 which may also
be a system tied to one or more display devices in thedade. The bed smart device 2070
may have wired or wireless communications means 2074 wiaghcommunicate 2075 with a
network access device or wired/wireless interface 2050.

The combination of the powered biomedical device 20h@ytsdevice 2000, and bed
smart device 2070 each in a bed device 2090 conntctedser may operate as a system and

may have a unified communication protocol for system comation. In this example, the
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smart device 2000 may provide the major functionality ferdfistem communication 2040, and
may operate wireless communication capability 2040 tetwark access device or
wired/wireless interface 2050. The network access deviagred/wireless interface 2050 may
be a device such as a Wi-Fi network hub or a cellulamwanications hub. In either event the
network access device or wired/wireless interface 20&9 pnovide the communication pathway
to route data from the biometric information communicationesys2065 to various external
systems such as, in non-limiting examples, personal dosgevers 2085, and content, storage
and processing systems 2060 that may mediate and operatection to information
communication information.

Referring now to Fig. 21, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commuicaystem utilized in a street
environment. The street environment may refer to &tsimea city, in a village, in a housing
development, public access way or other environment whaser may walk. In the illustrated
example, a user has in his or her possession at |éestt@owered biomedical device 2110 and
in many examples a plurality of powered biomedical deviagelated smart device 2100, and a
personal device 2180, where the user and the deviegs@timate to a street 2190 that also has
smart device capabilities called street area smart devices 217%. The example is provided to
illustrate the types of examples of biometric based infaomatommunication systems where
multiple smart devices are employed to perform functiorte@bystem. In some of these
examples, a generic smart device such as smart devd@enzdy be associated with the powered
biomedical device 2110 in a relatively permanent connecAtiernatively, in these examples,
the user may have a personal device 2180 that entersomtounication with the biometric
based information communication system to provide a mieautise system to provide
communication synthesized from the biometric analysis bygssors of various types to the
user. It may be clear, that similar examples exist e/aesingle smart device may provide the
function of the illustrated smart device 2100 and the peltsiavice 2180. In general, there may
be examples where a number of different devices opopsiprovide communication and
processing pathways for biometric data and informationeel@ synthesizing the biometric
data.

In the illustrated example, these two devices 2100 and &id @he street smart devices

2170 and 2175 may exchange information and data thietvase communicate with each other
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via communication links to content and storage and proaepsaviders 2160 and personal
account servers 2185. In these examples, the poweneddical device 2110 may have one or
more biometric devices and sensors 2113 operationsnhe cases, the communication
capability may be based on another standard such atoBth or ZigBee or may operate on a
customized communication protocol and system. Inccagere a powered biomedical device
2110 pairs with another smart device 2100, and/or patstevice 2180 it may be practical for
the powered biomedical device 2110 to provide functionfditypasic communication with the
smart device as well as to function for acquisition of @neore types of biometric data.

The paired smart device 2100 to the biomedical device @HOtherefore have a
complement of functions. In some examples, the smaite@@100 may have enhanced power
storage capabilities to a biomedical device 2110 and threr&fs may improve the device’s
capability for computation, communication, display and oftmections. In some other examples,
the street smart devices 2170 and 2175 may perforse faactions. The street smart devices
2170 and 2175 may also have the capability to broaddasination or advertisements about
commercial locations, stores, and other points of int@raébe vicinity to a regionally located
user. The smart device 2100 may have a Wi-Fi/cellulammonication capability 2104, a GPS
or location sensitivity capability 2101, and a display cédpal2102. Even though the
biomedical device 2110 may have a significant functioriferacquisition of biometric data, the
smart device 2100 may nonetheless have functional seokwarious kinds which may be
redundant to those in the biomedical device, may be comptargea those in the biomedical
device 2110 or may relate to sensing that is not of adtricrdata perspective.

Similarly, the personal device 2180 may be redundantlegao the biomedical device
2110 where it too may offer a complement of functionsdme examples, the personal device
2180 may have enhanced power storage capabilitiesitorethical device 2110 and, therefore,
this may improve the device’s capability for computatimmmunication, display and other
functions. The personal device 2180 may have a dig@alpability 2182, sensors 2114, an audio
feedback device 2183 and a vibration or haptic feedtacice 2184.

Even though the biomedical device 2110 may have a gigniffunction for the
acquisition of biometric data, the street smart devices 2ahd®175 may nonetheless have
functional sensors 2173 of various kinds which mayddemdant to those in the biomedical

device, may be complementary to those in the biomedeate 2110 or may relate to sensing
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that is not of a biometric data perspective. The streettstegices 2170 and 2175 may have a
known location 2171 which it may communicate to users iretivronment. There may be a
display device 2172 which may also be a system tied toom®re display devices in the street
smart device. The street smart devices 2170 and @ayShave wired or wireless
communications means 2174 which may communicate 2175w#twork access device or
wired/wireless interface 2150.

The combination of the powered biomedical device 21h@yisdevice 2100, and street
smart device 2170 each proximate to a street 2190amtkcted to a user may operate as a
system and may have a unified communication protocol&iesr communication. In this
example, the smart device 2100 may provide the majatibnality for the system
communication 2140, and may operate wireless communiczdieebility 2140 to a network
access device or wired/wireless interface 2150. The nk@eamess device or wired/wireless
interface 2150 may be a device such as a Wi-Fi nettuadokor a cellular communications hub.
In either event the network access device or wired/wiréhtésgace 2150 may provide the
communication pathway to route data from the biometric m&ion communication system
2165 to various external systems such as, in non-limitageles, personal content servers
2185, and content, storage and processing systemgt2dtGfay mediate and operate
connection to information communication information.

Referring now to Fig. 22, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized in a office
environment. The office environment may refer to &effn a home, a office in a business, a
office in a hotel, or other environment where a user wak. In the illustrated example, a user
has in his or her possession at least a first powereceblical device 2210 and in many
examples a plurality of powered biomedical devices, aaeélstnart device 2200, and a personal
device 2280, where the user and the devices are priextman office 2290 that also has smart
device capabilities called office smart devices 2270. Kaenele is provided to illustrate the
types of examples of biometric based information commtinitaystems where multiple smart
devices are employed to perform functions of the systiesome of these examples, a generic
smart device such as smart device 2200 may be assowititatie powered biomedical device
2210 in a relatively permanent connection. Alternativelythese examples, the user may have a

personal device 2280 that enters into communication withitimedbric based information
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communication system to provide a means for the syst@motde communication synthesized
from the biometric analysis by processors of variousstypehe user. It may be clear, that
similar examples exist where a single smart device mayge the function of the illustrated
smart device 2200 and the personal device 2280. In@etieere may be examples where a
number of different devices or just one provide commuimeand processing pathways for
biometric data and information related to synthesizing tb&tric data.

In the illustrated example, these two devices 2200 and &2d @he office smart device
2270 may exchange information and data and otherwrsencmicate with each other via
communication links to content and storage and processmvglprs 2260 and personal account
servers 2285. In these examples, the powered biomeldicigle 2210 may have one or more
biometric devices and sensors 2213 operational. In sases, the communication capability
may be based on another standard such as BluetoothBeeZor may operate on a customized
communication protocol and system. In cases where arpdvwagomedical device 2210 pairs
with another smart device 2200, and/or personal deA86 & may be practical for the powered
biomedical device 2210 to provide functionality for basimmunication with the smart device
as well as to function for acquisition of one or more $ypebiometric data.

The paired smart device 2200 to the biomedical device g0therefore have a
complement of functions. In some examples, the smarte@200 may have enhanced power
storage capabilities to a biomedical device 2210 and theréfis may improve the device’s
capability for computation, communication, display and othwections. In some other examples,
the office smart device 2270 may perform these functibms.smart device 2200 may have a
Wi-Fi/cellular communication capability 2204, a GPS or locasensitivity capability 2201, and
a display capability 2202. Even though the biomedical de22d® may have a significant
function for the acquisition of biometric data, the smarice2200 may nonetheless have
functional sensors of various kinds which may be rddanto those in the biomedical device,
may be complementary to those in the biomedical devit® 82 may relate to sensing that is
not of a biometric data perspective.

Similarly, the personal device 2280 may be redundantlegg@ao the biomedical device
2210 where it too may offer a complement of functionsdme examples, the personal device
2280 may have enhanced power storage capabilitiesitorethcal device 2210 and, therefore,

this may improve the device’s capability for computatimmmunication, display and other
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functions. The personal device 2280 may have a gisglpability 2282, sensors 2214, an audio
feedback device 2283 and a vibration or haptic feddtatcice 2284.

Even though the biomedical device 2210 may have a ggniffunction for the
acquisition of biometric data, the office smart device 22ay nonetheless have functional
sensors 2273 of various kinds which may be redundahbse in the biomedical device, may be
complementary to those in the biomedical device 2210 orrelate to sensing that is not of a
biometric data perspective. The office smart device 28a9 have a known location 2271 which
it may communicate to users in the environment. Therebaaydisplay device 2272 which may
also be a system tied to one or more display devices woffibe smart device 2270. The office
smart device 2270 may have wired or wireless commuaiameans 2274 which may
communicate 2275 with a network access device or wiisglasgs interface 2250.

The combination of the powered biomedical device 221@ytsdevice 2200, and office
smart device 2270 each in an office 2290 connectadus®er may operate as a system and may
have a unified communication protocol for system comgation. In this example, the smart
device 2200 may provide the major functionality for slggtem communication 2240, and may
operate wireless communication capability 2240 to a netwandéss device or wired/wireless
interface 2250. The network access device or wired/wsehtsrface 2250 may be a device such
as a Wi-Fi network hub or a cellular communications.hao either event the network access
device or wired/wireless interface 2250 may provigedbmmunication pathway to route data
from the biometric information communication system 2265ataowus external systems such as,
in non-limiting examples, personal content servers 2288 content, storage and processing
systems 2260 that may mediate and operate connectiofotmation communication
information.

Referring now to Fig. 23, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized in an online
shopping environment 2390. The online shopping enmist 2390 may refer to online
shopping environment in a home, online shopping envirohimea place of work, online
shopping environment in a restaurant or hotel, or othar@ment where a user may access the
internet. In the illustrated example, a user has in hippossession at least a first powered
biomedical device 2310 and in many examples a pluralipoefered biomedical devices, a

related smart device 2300, and a personal device 23&bewhe user and the devices are
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accessing an online shopping environment 2390 withcaass device 2370 with browser or 1/10
session capability. The example is provided to illustrateyjes of examples of biometric based
information communication systems where multiple smartagsvare employed to perform
functions of the system. In some of these examplesnarig smart device such as smart device
2300 may be associated with the powered biomedical @@&t0 in a relatively permanent
connection. Alternatively, in these examples, the userlmag a personal device 2380 that
enters into communication with the biometric based informatmnmunication system to
provide a means for the system to provide communicatiothegized from the biometric
analysis by processors of various types to the itsmay be clear, that similar examples exist
where a single smart device may provide the functighefllustrated smart device 2300 and the
personal device 2380. In general, there may be examwplere a number of different devices or
just one provide communication and processing pathwaysdoretric data and information
related to synthesizing the biometric data.

In the illustrated example, these two devices 2300 and 28tlthe access device 2370
with browser or I/O session capability may exchange médion and data and otherwise
communicate with each other via communication links to comtethistorage and processing
providers 2360 and personal account servers 238bese examples, the powered biomedical
device 2310 may have one or more biometric devicesansbrs 2313 operational. In some
cases, the communication capability may be based on astdéinelard such as Bluetooth or
ZigBee or may operate on a customized communicatioto@ol and system. In cases where a
powered biomedical device 2310 pairs with another smaite&l@300 or a personal device 2380
it may be practical for the powered biomedical device 23X0dwide functionality for basic
communication with the smart device as well as to funcoomcquisition of one or more types
of biometric data.

The paired smart device 2300 to the biomedical device g&0Otherefore have a
complement of functions. In some examples, the smart&@800 may have enhanced power
storage capabilities to a biomedical device 2310 and threr&fs may improve the device’s
capability for computation, communication, display and oftsections. In some other examples,
the access device 2370 with browser or I/O session itigpatay perform these functions. The
smart device 2300 may have a Wi-Fi/cellular communicatipalaitity 2304, a GPS or location

sensitivity capability 2301, and a display capability 2302 rEthough the biomedical device
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2310 may have a significant function for the acquisitiohiometric data, the smart device 2300
may nonetheless have functional sensors of various kihith may be redundant to those in the
biomedical device, may be complementary to those in the bicalalevice 2310 or may relate
to sensing that is not of a biometric data perspective.

Similarly, the personal device 2380 may be redundantlegaa the biomedical device
2310 where it too may offer a complement of functionsdme examples, the personal device
2380 may have enhanced power storage capabilitiesitorethical device 2310 and, therefore,
this may improve the device’s capability for computatimmmunication, display and other
functions. The personal device 2380 may have a dig@alpability 2382, sensors 2314, an audio
feedback device 2383 and a vibration or haptic feedtatice 2384.

The combination of the powered biomedical device 23fart device 2300, and access
device 2370 with browser or I/O session capability condecte@ user may operate as a system
and may have a unified communication protocol for systemmunication. In this example, the
smart device 2300 may provide the major functionality ferdfistem communication 2340, and
may operate wireless communication capability 2340 tetwark access device or
wired/wireless interface 2350. The network access deviagred/wireless interface 2350 may
be a device such as a Wi-Fi network hub or a cellulamwanications hub. In either event the
network access device or wired/wireless interface 2359 pnovide the communication pathway
to route data from the biometric information communicationesg2365 to various external
systems such as, in non-limiting examples, personal dosgevers 2385, and content, storage
and processing systems 2360 that may mediate and operatection to information
communication information.

It may be clear that the access device 2370 with broovd#D session capability may in
some examples be the smart device 2300 or the persone¢ @380. In other examples it may
be a stand alone interface device which like the sneartd 2300 or the personal device 2380
may have its own wired or wireless communication capglhich may link to the network
device 2350 or link through other network or wirelessicminication paths. The stand alone
interface device may also include a display capability aed sensors. In some examples,
sensors on the access device 2370 may also medsioraeiric.

Referring to Fig. 24, an example of a delivery of dnestising message with a biometric

based information communication system including biomedmasors is illustrated. The
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example is one of but a myriad of examples that assiple using the systems and the methods
discussed herein. A user 2490 may be walking dovireatsn an exemplary city. The user
2490 may be wearing a powered biomedical device whithis case may be a powered contact
lens 2410. The contact lens may come with a standand devace 2400 which in this case may
be a wrist watch that connects in a proprietary encryptegless protocol 2405, with the contact
lens 2410. The contact lens may have functions, amihregsopotentially, to sense blinking with
a blink sensor 2411, to sense pupil size with a pupilssrsor 2412, and to sense the user’s
pulse with a pulse sensor 2413. The powered contend@y communicate in a stream of data
the measured biometrics of blink state, of pupil sizeainlilse peaks versus time. The smart
device 2400 may in turn establish a communication link ei¥ireless interface 2450 which
connects to a content server with storage and proge3460. The smart device 2400 may also
have a GPS/Location capability 2401 which may also compiiselerometers which together
show the user’s location, and his path and his beaithg. content server with storage and
processing 2460 may process the stream of data anthdetehat the combination of biometric
data, such as a statistically valid increase in blink ratefiatstally valid increase in pupil size,
and/or a statistically valid increase in pulse rate may itelitet the user has an interest in
something that he has seen. The processing capabditype used to infer that the user was
looking at a certain direction from his current location mtiee peak of interest occurred. The
processing capability may then determine that the most litatyin the field of view of the user
is a restaurant. The processing capability may thessashat based on the current local time
that a user might be most ready for dinner. The proagsapability may then initiate
communication through the internet to a server relatecetoeftaurant that the processing
capability inferred the user was looking at when he becateeested. The server related to the
restaurant may authorize the processing capability to ingpenenu items on the current menu.
The processing capability may compare these items agattegabase associated with the user to
determine that there are at least three items that arey ldgbired or ordered by the user. It may
then ask if the restaurant would like to proffer an atis@ment with a special offer to at least the
three items that the user likes. In an example, tiversassociated with the restaurant may
algorithmically determine that in fact it wishes to offer ther astilored special for the three
items along with its standard nightly specials in an athieg communication. The content

server with storage and processing 2460 may then fatena communication with the
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advertising content and uniquely communicate the meseagpersonal device 2480 of the
user, which in this case may be the user’s cellular teleph The personal device 2480 may
have both a haptic device 2484 and a speaker 2485 waleittthe user to an incoming
communication from the content server with storage ancepsitg 2460. The personal device
2480 may also have a display screen 2482 which may giapfeessage inquiring whether the
user wishes to review an advertisement from the restauféi® user may agree and receive the
personalized message with advertising content to the siedde and have it displayed on the
screen. In an alternative example, after signaliagptiesence of a message to the user with the
haptic device 2484 and the speaker 2485 the persoriabd=80 may pass the messaging
content in a communication 2491 to the smart device 246@.rdceived messaging content at
the smart device 2400 may initiate a display 2414 in theepsavcontact lens 2410 to display a
small circle onto the user’s retina to indicate the preseihaeote. There may be a protocol
such as a double blink by the user to signal a yelserithe user initiates a double blink it may
be detected by the blink sensor 2411 and this may lbegsed by the smart device to indicate it
should pass the messaging content onto the display 24thd pbwered contact lens. There may
be numerous manners that the messaging process ratigieel and there may be numerous
other biometric measurements that may enter into examiplles dype as have been described
herein. The example is not meant to limit the scope aféiseribe invention in any way, but
rather to provide illustration of how the described contemy be used in a message
communication process that uses biometric information difreen biomedical sensing

devices.

Advertising, e-purchasing and e-procurement

The various examples and methods discussed maytoedanessage comprising
advertising or advertising content. In many examplessréiding and marketing content may
have similar or synonymous meanings and either maybalsm example of types of information
content. In some examples, at least a portion of teesage or communication may be used to
promote or sell something which may be products or ssvidn some example, at least a
portion of the message or communication may be formadissire to increase a level of
purchase or procurement of products and/or servickssome examples, at least a portion of

the message or communication may be designed to guppt@blish or enhance a particular
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product or service option within a category or a bradd.least a portion of the message or
communication may be designed to enhance or promoteranere of : awareness, knowledge,
liking, preferring, having conviction for and/or purchmagsof a product, service or cause. There
may be numerous means of enabling purchase in a geesseh as links to communications
related data including telephone numbers, physical aslkeslectronic addresses and the like.
In some examples, there may be inclusions of purcledsted incentive such as coupons, deals,
offered benefits such as in non-limiting examples incergt/ghipping. In some examples, a
message may include links to electronic commerce mearsonie examples, a link to a user’s
online commerce sites may be included to a tailored ptadgervice. In other examples, the
communication may link to or enact an “app” to enable, fasteomplete a purchase
transaction. In some examples, users may provideigelated feedback such as passwords
during a biometric based communications purchasingaeion. In other examples, the nature
of certain biometric information may provide a secuniiated feedback, such as for example an
image capture of a portion of a user’s retina by a biboae device. The biometric based
information that is communicated may include aspects suiticasation about a product,
information about pricing related to a product, information rajgtiina “place” of a product
which may be a physical place or a virtual place suchvasbsite, email address, or link into an
e-commerce or e-procurement system. The biometric bafecthation may also include
aspects relating to promotion of a product or servicentagtinclude tailored or customized
promotional deals on price, quantity enhancement, ditgoa service level enhancements as
non-limiting examples. The biometric based informationmomication system may include
aspects of communication as well as aspects of purchasthgrocurement which may include
e-invoicing and e-payment aspects.

Although shown and described is what is believed to &enibst practical and preferred
embodiments, it is apparent that departures from spetgfiigns and methods described and
shown will suggest themselves to those skilled in the artraay be used without departing from
the spirit and scope of the invention. The present invergiant restricted to the particular
constructions described and illustrated, but should be catetito cohere with all

modifications that may fall within the scope of the appendizds.
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WHAT IS CLAIMED IS:

1. A system for biometric based information communicatiomggsing:

a biomedical device including:

a sensing means, wherein the sensing means measinesetric of a
user,;

an energization device; and

a communication means;

a user electronic device, wherein the user electroniceewvipaired in a

communication protocol with the biomedical device;

a communication hub, wherein the hub receives cornuation containing at
least a data value originating from the biomedical deviceramdmits the
communication to a content server;

the content server, wherein the content server prog#sse&ommunication
containing at least the data value from the biomedicatdeand determines a message
to communicate to the user, and wherein the messageaisempn advertisement;

and

a feedback element.

2. The system of Claim 1, wherein the data value from the duilizal device comprises a

biometric.

3. The system of Claim 2, wherein the content server agsgrssonalized data about the

user.

4. The system of Claim 3, wherein the content server psesabe personalized data, and

wherein the processing of the personalized data influexaocgsnt of the advertisement.

5. The system of Claim 2 further comprising a gps dewviteerein the gps device

determines a location of the system.
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6. The system of Claim 5, wherein the content server agsgrgsonalized data about the

user.

7. The system of Claim 6, wherein the content server psesa$ie personalized data and
the location of the system, and wherein the processing gfdtsonalized data and the

location influences content of the advertisement.

8. A system for biometric based information communicatiom@asing:

a biomedical device including:

a sensing means, wherein the sensing means measinesetric of a
user,;

an energization device; and

a communication means;

a smart device, wherein the smart device is paired in a coroation protocol

with the biomedical device;

a communication hub, wherein the hub receives coration containing at
least a data value originating from the biomedical deviceramndmits the
communication to a content server;

the content server, wherein the content server prog#iss&€ommunication
containing at least the data value from the biomedicatdeand determines a message
to communicate to the user, and wherein the messageaisempn advertisement;

and

a feedback element.

9. The system of Claim 8, wherein the user electronic desipaired in a communication

protocol with the communication hub.

10.The system of Claim 8, wherein the content server agsggssonalized data about the

user.
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11.The system of Claim 10, wherein the content server psesdbte personalized data, and

wherein the processing of the personalized data influexaocgsnt of the advertisement.

12.The system of Claim 8 further comprising a gps dewidesrein the gps device

determines a location of the system.

13.The system of Claim 12, wherein the content server aes@ggsonalized data about the

user.

14.The system of Claim 13, wherein the content server psesdbe personalized data and
the location of the system, and wherein the processing gfdtsonalized data and the

location influences content of the advertisement.

15.The system of Claim 8, wherein the sensing means maastieenperature of the user.

16. The system of Claim 8 wherein the sensing means me&assige of a user’s pupil.

17.The system of Claim 8 wherein the sensing means measw®er’'s pulse.

18. The system of Claim 8 wherein the sensing means measw®er’'s blood pressure.

19.The system of Claim 8 wherein the sensing means m&aswencentration of a

bioavailable chemical.
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20.The system of Claim 8 wherein the sensing means meagur@xygen concentration in

the blood of the user.

21.The system of Claim 8 wherein the sensing means cors@rsaccelerometer.

22.The system of Claim 8, wherein the feedback elementdesla display.

23.The system of Claim 8, wherein the feedback elementéatdd in the biomedical device.

24.The system of Claim 8, wherein the feedback elementdesla vibrational transducer.

25.A method to communicate a message, the method comprising:

obtaining a biomedical device capable of performingpabtric measurement,
utilizing the biomedical device to perform the biometric measent;
communicating a biometric data result of the user obtaigedebbiometric
measurement;

receiving the biometric data result at a content server;

forming a message based upon the communication ohaeliic data result
obtained by the biometric measurement, wherein the messanprises an
advertisement; and

communicating the message to the user with a feedbaatedev

26.A method to communicate a message, the method comprising:

providing a biomedical device capable of performing a btamsmeasurement;

receiving a communication at a content server from a bdrammaeasurement
system communication system, wherein the communicatiopises at least a
data value corresponding to a biometric result obtained hatbiomedical

device;
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processing the biometric result with a processor, whereiprbcessing generates

a message data stream; and

transmitting the message data stream to the biometric neeasoir system

communication system, wherein the message includes antisdment.

27.The method of Claim 26, further comprising receivingeosid communication from the
biometric measurement system communication system, wheeegetiond

communication comprises at least a data value correspondngster location.

28. The method of Claim 27, further comprising tailoring thessage data stream based

upon the data value corresponding to the user location.

29. A method comprising:
obtaining a first device, wherein the first device isatdp to measure at least a

first biometric of a user;
measuring the first biometric with the first device to obtaometric data;

determining a location of the first device with the first devacebtain location

data;

communicating the biometric data and the location data ¢onguting device

connected to a network,

authorizing the computing device, via a signal fromfits¢ device, to obtain

environmental data related to the location data;

authorizing the computing device to initiate an algorithrhbd@xecuted to
retrieve a targeted and individualized advertisement, whre content of the
advertisement is based on the biometric data, the envenotahdata, the location
data and a personalized preference determination caltwiatpredictive analysis to

generate the targeted and individualized content;

receiving a message comprising the advertisement tarshedvice; and
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displaying the message to the user.

30. The method of Claim 29, wherein the first device comprise®rn device.

31.The method of Claim 30, wherein the first device comprseslectronic bandage.

32.The method of Claim 31, wherein the electronic bandage iisaspa battery.

33.The method of Claim 30, wherein the first device comprsssart watch.

34.A method comprising:

obtaining a first device, wherein the first device isatd@ to measure at least a
first biometric of a user;

measuring the first biometric with the first device to obtaometric data;

obtaining a second device, wherein the second devitelgxa display and a
network communication device;

authorizing a paired communication between the first deaickethe second
device;

communicating the biometric data from the first device to ¢dversd device;

communicating the biometric data to a computing device @ted¢o a network,

authorizing the computing device to initiate an algorithrbd@xecuted to
retrieve an advertisement, wherein the content ofderdisement is based on the
biometric data and a personalized preference determinzloulated via predictive
analysis to generate the advertisement content;

receiving a message comprising the advertisement witbettend device; and

displaying the message to the user.

35.The method of Claim 34, wherein the first device comprise®rn biomedical device.

36. The method of Claim 35, wherein the worn biomedical deviea islectronic bandage.
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37.The method of Claim 34, wherein the second device coagpasmart phone.

38.The method of Claim 34, wherein the second device coagpasmart watch.

39. The method of Claim 34, wherein the first device compréseascrofluidic microbe

Sensor.

40. The method of Claim 34, wherein the first device comprsggantum dot sensor and a

colorimetric microbe sensor.
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