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BIOMEDICAL DEVICESFOR BIOMETRIC BASED INFORMATION
COMMUNICATION AND SLEEP MONITORING

CROSSREFERENCE TO RELATED APPLICATIONS
This application is a continuation in part of Ugatent application 15/006,370 filed on

January 26, 2016, which claims the benefit of UhB¢ates Provisional Application No.
62/196513 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.

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 devic
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SUMMARY OF THE INVENTION
Sleep monitoring utilizing a biomedical device stardance with the present invention

may provide a wealth of useful information to tisewof the device, to medical personnel
associated with the user of the device as weltlasrandividuals having some relationship to the
user. Sleep is critical to one’s overall healtd arlack of sufficient sleep has been lined to
numerous disease as well as chronic and acutetmoredi A biomedical device, for example, an
electronic ophthalmic device, may be utilized tdexti or sense various data points or
information (biometric data) related to sleep. Example, the biomedical device may be
utilized to sense blood oxygen levels, rapid eygentent, respiration rate, body and/or muscle
movement and EEG activity. In addition to just giynsensing this information, the biomedical
device may be configured to interact with otherides to implement various functionality in
response to the sensed information. For exampkedupon the readings gathered, actions such
as adjusting bed position, increasing the flowxyfgen and/or changing the respiratory rate of a
CPAP device is being utilized by the individual A&rdsimply waking the individual. In

addition, this information may be provided to altteaare professional to assess the individual's
medical condition. For example, they might haweeplapnea.

A biometric based information communication systeay be employed in numerous
manners to acquire a biometric result utilizingrbemlical devices of various kinds and then
providing a communication based on the acquirethbtac result. In some examples, the
resulting communication may identify and quanthg tore biometric result acquired. In some
alternatives, the acquired result or results maydsa as inputs for a system to determine an
information stream to provide in a communicatidrne information stream may be formed
based on analysis of biometric information alonthwdiata or characteristics relating to the user
of the biomedical device. In some examples, timh®sis of these biometric information with
user related data may provide information stredrasrhay relate to purchasing decisions of a
user or an individual who acts with or for a uskr.other examples, the resulting information
streams may be utilized by individuals who speoifyproscribe medical treatments, services or
products of various types.

Accordingly, apparatus and methods for biometrgeldainformation display are

discussed herein. In some examples, a biometsedmformation communication system
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comprises a wearable device that has the abilitdetect a user’s location, biometrics, and
environment to provide targeted information commation.

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. The system
also includes a bed smart device, wherein the bedtglevice is paired in a communication
protocol with the biomedical device. The systesoahcludes a communication hub, where the
hub receives communication containing at leastta d@ue from the biomedical device and
transmits the communication to a content servet;aafeedback element.

Implementations may include one or more of theofeihg features. The system may
additionally include a user electronic device, vehitre user electronic device is paired in a
communication protocol with the biomedical devitee system may include examples where
the feedback element is located on the user eldctdevice. The system may include examples
where the feedback element is located in the bedtsevice. The system may include
examples where the feedback element includes atidbal transducer or a haptic feedback
element. The system may include examples whereahient server transmits a targeted
message through a biometric information commurocasiystem to the feedback element.

The system may include examples where the senstagsnncludes an element to
monitor a user’s breathing rate, and/or an elerteentonitor a user’s pulse, and/or an element to
monitor a user’s intraocular pressure, and/or ameht to monitor a user’s eye motion, and/or
an element to monitor the sound of a user’s srasré@/or an element to monitor a user’s blood
glucose level, and/or an element to monitor a sd@ood pressure. The system may include
examples where the sensing means includes an dléon@onitor a user’s blood oximetry level.
The system may include examples wherein the bed si@gice controls an elevation of the
head of the bed.

There may be methods for communication from theneitnic measurement system
communication system, where a biomedical devicalolgpof performing a biometric
measurement is obtained. The biomedical devicebmdgcated within a user’'s bedroom. The
biomedical device may be paired using a wirelessroanication protocol to a bed smart device.
The biomedical device may be used to perform a areasent of the desired biometric. The

method may include communicating a biometric dasalt obtained by the biometric
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measurement. The communicated message contalr@rigdmetric data result may be received
at a content server. The method may include reuga message based upon the
communication of the message containing the biamdata result. The method may also
include communicating the message based upon thenaaication to a user with a feedback
device.

In some examples, the communicated message corgdire biometric data result may
also include at least a data value correspondiaguser location.

In some methods the message based upon the conatiomicontaining the biometric
data result will be a communication stream whicly i@ generated by processing the biometric
result with a process, wherein the processing geeeat least a portion of the message stream.

Methods may additionally include tailoring the meegs data stream based upon the data
value corresponding to the user location.

In some methods, the first device includes a waviag. In some of these methods the
first device includes a smart watch. There mayxasrples where the first device includes a
worn biomedical device, and in some cases this Wwamedical device is a contact lens.
Alternatively, the worn biomedical device may bgnaart ring. The method may include
examples where the second device includes a simamnep Alternatively, the second device
includes a smart watch. In further examples, tret élevice may include a sub-cutaneous
biomedical device.

One general aspect includes a method to commuragakessage, the method including:
obtaining a biomedical device capable of perfornarigometric measurement; utilizing the
biomedical device to perform the biometric measwetinand receiving a message based upon a
communication of a biometric data result obtaingdhe biometric measurement.

One general aspect includes a method to commuragakessage, the method including:
providing a biomedical device capable of performangiometric measurement, receiving a
communication from a biometric measurement syst@mneunication system, where the
communication includes at least a data value cpomding to a biometric result obtained with
the biomedical device, and processing the biometsalt with a processor, where the
processing generates a message data stream. Tin@dmedy also include transmitting the

message data stream to the biometric measurenmsatrsgommunication system.
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Implementations may include one or more of thiowaihg features. The method
additionally including receiving a second portidrttee communication from the biometric
measurement system communication system, whewettaand portion of the communication
includes at least a data value corresponding sealocation. The method additionally including
tailoring the message data stream based upon thevalae corresponding to the user location.

One general aspect related to methods includeainhg 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, whertsi@ measurement occurs when the user is
sleeping; obtaining a second device, where thergkedevice includes a display and a network
communication device; authorizing a paired commation between the first device and the
second device; communicating the biometric datanftloe first device to the second device. In
some cases the method may include determiningaéidocof the first device with the second
device to obtain location data. In some examplesmethod includes communicating the
biometric data to a computing device connectedreteiork; authorizing the computing device,
via a signal from the first device, to obtain stafiata related to the status of a bed from a bed
smart device; authorizing the computing devicentbate an algorithm to be executed to retrieve
a targeted and individualized content based omithetric data, the bed status data and a
personalized preference determination calculatagbredictive analysis to generate the targeted
and individualized content; receiving a messagkitinog the targeted and individualized
content to the second device; and displaying thesamge to the user. In some cases the message
is delivered to the user by haptic means, by aadit#ans or by other non-visual means.

The method may include examples where the firstceexomprises a worn biomedical device.
The worn biomedical device may be a contact lersspart ring, a smart watch. The method
may include examples where the second devicensaat phone or includes a smart phone. The
method may include examples where the second dsvacemart watch. The first device may

be a biomedical device included into a bed sleblanket or a pillow which contacts the user.

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.
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Figs. 1A and 1B illustrates an exemplary biomedisalice for exemplary description of
the concepts of biometric based information commcaton.

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

Fig. 3 illustrates a processor that may be usathptement 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.

Fig. 6A — 6B illustrates an exemplary colorimetr&sed biometric monitoring device.

Figs. 7A-7B illustrates an alternative biometricnitoring device.

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

Figs. 8A-8C illustrate an exemplary Quantum-Dot@meneter in a biomedical device.

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

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

Fig. 10 illustrates an exemplary display systenhiniaa 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.

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 bed with a bedroom basedrt device.

Fig. 16 illustrates examples of devices for slegmioring related sensing that may be
used for biometric based information communication.
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Fig. 17 illustrates an exemplary process flow caagfor sleep related sensing for
biometric based information communication includangmart bed device.

Fig. 18 illustrates an exemplary process flow caagifor generalized sleep related
sensing for biometric based information communazati

Fig. 19 illustrates examples of devices and teaesghat may be used for biometric

based information communication.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Glossary

Biometric or biometrics as used herein referh®data and the collection of data from
measurements performed upon biological entitiegichlly, 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 nmreasents performed by biosensors. In
other examples, the measureable biological compargrarameter may refer to a physiological
characteristic such as temperature, blood presswutehe like.

Biosensor or biological sensor as used hereingéfea system including a biological
component or bioelement such as an enzyme, antilpodiein, or nucleic acid. The bioelement
interacts with the analyte and the response isggs®l by an electronic component that
measures or detects the measureable biologicalmsg@nd transmits the obtained result. When
the bioelement binds to the analyte, the sensorbaasalled an affinity sensor. When the
analyte is chemically transformed by the bioelentlea sensor may be called a metabolic
sensor. Catalytic biosensors may refer to a besxsesystem based on the recognition of a
molecular analyte by the bioelement which leadsotoversion of an auxiliary substrate into
something that may be detected.

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

Proprioception as used herein refers to the sernbe oelative position of neighboring

parts of the body and strength of effort being eyedl in movement.
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Biometric Based Information Communication

Biomedical devices for biometric based informatimmmunication are disclosed in this
application. In the following sections, detailedsdeptions of various embodiments are
described. The description of both preferred atet@tive 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. @Gmx@mple of such a biomedical device is an
ophthalmic device such as a contact lens.

Further enablement for biometric based informatiommunication may be found as set
forth in United States Patent Application 15/006,8ed January 26, 2016, which is
incorporated herein by reference.

Recent developments in biomedical devices, inclgiffon example ophthalmic devices,
have occurred enabling functionalized biomedicaiais that can be energized. These energized
biomedical devices have the ability to enhancees’sifiealth by providing up-to-date feedback
on the homeostatic patterns of the body and enhgracuser’s experience in interacting with the
outside world and the internet. These enhancenmeaiysbe possible through the use of
biomedical devices for biometrics based informatommunication.

Biomedical devices for biometrics based informattommunication may be useful for
projecting personalized content to a user devisedh@n a collection of data from that user
including information such as: online surfing amdgping tendencies, in-person shopping and
browsing tendencies, dietary habits, biomarkers siscmetabolites, electrolytes, and pathogens,
and biometrics information such as heart rate, dblo@ssure, sleep cycles, and blood-sugar as
non-limiting examples. The data collected may bayaed and used by the user, or third-parties
such as medical care personnel, in order to prégiate 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 totesensors that measure and observe a

human subject from afar, such as cameras, electyoetia spectral sensors, scales and
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microphones as non-limiting examples. Other devioay be worn by a user in various

manners. In some examples, smart devices may beamad have ability to collect biometric

data such as on bands on wrists, arms and leggs on fingers, toes and ears; contact lenses on
eyes; hearing aids in ear canals; and clothingamious parts of the body. Other examples may
include, implanted biomedical devices of varioysety such as pacemakers, stents, ocular

implants, aural implants, and generalized subcutasmemplants.

Energized Ophthalmi®evice

Referring to Fig. 1A, an exemplary embodiment of a méadsert 100 for an energized
ophthalmic device and a corresponding energized aphit device 150 (Fig. 1B) are
illustrated. The media insert 100 may comprise an dtmae 120 that may or may not be
functional to provide vision correction. Where the emsrd function of the ophthalmic device
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 xemmple, 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&05 and the energization elements
110 and energization elements may be electrically inm@ected such as by conductive traces
114. The media insert 100 may be fully encapsulédgarotect and contain the energization
elements 110, traces 125, and electronic componebtsii8ome exemplary embodiments,
the encapsulating material may be semi-permeablesximmple, to prevent specific substances,
such as water, from entering the media insert and to af®eific substances, such as ambient
gasses or the byproducts of reactions within energizaiements, to penetrate or escape from
the media insert.

In some exemplary embodiments, as depicted in FigtHEBmedia 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 elemsarprises the media insert 100.

In some specific embodiments, the media insert 100beap direct contact with the
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atmosphere and the corneal surface on respectivecardad 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 infnasture of the media insert 100
and the ophthalmic device 150 may provide an envissrinfor numerous
embodiments involving fluid sample processing by numeraunalytical
techniques such as with fluorescence based analgsnreets in a non-limiting

example.

Personalized Information communication

Various aspects of the technology described herein aergéy directed to systems,
methods, and computer-readable storage media fordimgvypersonalized content. Personalized
content, as used herein, may refer to advertisemegemicrinformation, promotional content,
or any other type of information that is desired to loividually directed to a user. The
personalized content may be provided by, for examphlget 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 miagtsgpecific 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 prodeiezant personal information. Once

analyzed, the personalized content may then be gessenthe 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 useifgp@ports based on the information
collected. These reports may then be sent to the ussenbto another device to use the
gathered information in conjunction with other behavior Baseorts to compile new, more in
depth behavioral based reports. These in-depth behawed lbeports may capture certain
preferred behaviors, trends, habits, and the like irttividual which may be used to infer
future preferred behaviors or tendencies. This pranoteg be referred to as predictive analytics.

Predictive analytics encompasses a variety of statistidahitpoes

from modeling, machine learning, and data mining thaltyaeacurrent and historical facts to

10
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make predictions about future, or otherwise unknown,tev€me example of predictive
analytics may be that an individual has recently sedrttieinternet for popular Caribbean
destinations. The individual has also searched the intennetieap 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 informatiomenrotely stored as computer
readable media. Such computer readable media mapbeasd with user profile information
so that the user can access and/or utilize the behavitoahation on other computing devices.
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 perfornesdately. In a distributed
computing environment, program modules may be locatedtimlocal and remote computer
storage media including memory storage devices. The wtempsable instructions form an
interface to allow a computer to react according to acgowoirinput. 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. A biomedical device 2filasia contact lens may provide
biometric and other type of data to the communicatiawork. In some examples, a first user
device 202, such as a smart phone, may be used &r gattr information such as favorite
websites and shopping tendencies. The first user d29Renay also receive data from the
biomedical device and this data may be correlated wittr atber information. The same may be
accomplished by a secondary user device 204, suchers@nal computer, or a tertiary device
206, such as a tablet. Once this information is colledt@day either be stored in the device
itself, or transferred out to an external processOr Zhe external processor 210 may be, for
example, a cloud based information storage systemstbined information may then be sent to
and processed by a predictive analysis module 228nfalysis on how past user tendencies and
events may predict future user tendencies and eventsa3uodule may be provided by, for

example, an existing third-party specializing in predictiaalytics. The processed information
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may then be sent back to the external processor agyraadilable predictor information for a
user device. Alternatively, the processed information beaseceived by one or several third-
party content providers 232, 234, 236. Once receivalthyrd-party content provider, the third
party may tailor their advertising to the personality ofuker. For example, a car dealership
selling several different types of vehicles may advedrdg their selection of sports cars to a
user that has recently been surfing the internet for sparss This personalized content may
then be sent directly to the user, or may be stored external processor 210 for later retrieval
by the user.

Storage-media-to-device communication may be accomplishewriputer readable
media. Computer readable media may be any availadtiganthat can be assessed by a
computing device and may include both volatile and nonvelatédia, removable and non-
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 aéte disks (DVD) or other optical
disk storage, magnetic cassettes, magnetic tape, magnktstatisge or other magnetic storage
devices, or any other medium which can be used to terdesired information and which can
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 connectimid 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.

12
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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 discratidhe 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.

More than one personalized content provider may targesatime 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 a€eleconfigured for use by the user

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

Environmental Data Sources

Environmental data organized by geographic regionseadily available in network
access manners. Weather systems organized by varmuders of such data may link various
environmental data such as temperature, humidity, ymessrecipitation, solar incidence, and
other such data. Networked weather stations of indivedaradl companies provide refined
geographic data on a local basis. And, advanced sasstitems provide environmental data
from global scale to regional scales. Finally, sophistatanodelling systems use the regionally
recorded data and project environmental data into the fuitmgironmental 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 memethat may be used to
implement some aspects of the present disclosure is illustrateontroller 300 may include

one or more processors 310, which may include oneooe processor components coupled to a
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communication device 320. In some embodiments, thealtamtB00 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. Thentoncation device 320 may be used
to electronically communicate with components within the miediert, for example. The
communication device 320 may also be used to communfoatxample, with one or more
controller apparatus or programming/interface device coemisn

The processor 310 is also in communication with a statagee 330. The storage
device 330 may comprise any appropriate informatioragedevice, including combinations of
magnetic storage devices, optical storage devices,raseitaconductor memory devices such as
Random Access Memory (RAM) devices and Read Only digrtROM) devices.

The storage device 330 can store a program or proggdtnfr controlling the processor
310. The processor 310 performs instructions aff@avare program 340, and thereby operates
in accordance with the present invention. For exampteptbcessor 310 may receive
information descriptive of media insert placement, actwgdt zones of the device. The storage
device 330 can also store other pre-determined biomelaiededata in one or more databases
350 and 360. The database may include, for exam@defrmined retinal zones exhibiting
changes according to cardiac rhythm or an abnormaitcmmdorrelated with the retinal
vascularization, measurement thresholds, metrology datapatific control sequences for the
system, flow of energy to and from a media insert, camoation protocols, and the like. The
database may also include parameters and controlling algerftr the control of the biometric
based monitoring system that may reside in the devicelaasw@ata and/or feedback that can
result from their action. In some embodiments, that databe ultimately communicated
to/from an external reception wireless device.

In some embodiments according to aspects of the presamition, a single and/or
multiple discrete electronic devices may be included asedeschips. In other embodiments,
energized electronic elements may be included in a meska im the form of stacked integrated
components. Accordingly and referring now to Figadschematic diagram of an exemplary
cross section of a stacked die integrated componentenmeplting a biometric based monitoring
system 410 with a biometric sensing layer 411 is depidieel biometric based tracking system

may be, for example, a glucose monitor, a retinaliasization monitor, a visual scanning
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monitor, a GPS or location based tracking monitor, or éngrdaype of system useful for
providing information about the user. In particular, a metart may include numerous layers
of different types which are encapsulated into contoarsistent with the environment that they
will occupy. In some embodiments, these media insertsstattked integrated component
layers may assume the entire shape of the media indédrnatively in some cases, the media
insert may occupy just a portion of the volume within the estiepe.

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 coenpmis or more of the layers that can
be stacked upon each other with multiple components irayleed and interconnections there
between. The batteries are depicted as thin film batte3i@$o4 exemplary purposes, there may
be numerous other energization elements consistent widnthediments herein including
operation in both stacked and nonstacked embodimersts nan-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 intercbhomecay 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 thrtaygh vias.

In other layers of the stacked integrated component meskatj a layer 425 may be
dedicated for the interconnections two or more of thieua components in the interconnect
layers. The interconnect layer 425 may contain, widsrauting lines that can pass signals from
various components to others. For example, interacager 425 may provide the various
battery elements connections to a power managementaihihdt may be present in a
technology layer 415. The power management unit 430imeéude 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 irtébbnology layer 415 may include, for
example, a transceiver 445, control components 45@henitke. 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; agristyfor example in the integrated
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passive device 455. There may be numerous marorersuting of electrical signals that may
be supported by the presence of dedicated interconiyecs Isuch as interconnect layer 425.

In some embodiments, the technology layer 415, like ddyer 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 magresent different technology families
within a same overall family; as for example one layay include electronic elements produced
using a 0.5 micron CMOS technology and another layerin@yde elements produced using a
20 nanometer CMOS technology. It may be apparehhthay other combinations of various
electronic technology types would be consistent within thdescribed herein.

In some embodiments, the media insert may include locdtomrtectrical
interconnections to components outside the insert. In otlen@rs, however, the media insert
may also include an interconnection to external componeiatsvireless manner. In such
cases, the use of antennas in an antenna layer 435ravéepexemplary manners of wireless
communication. In many cases, such an antenna laand$ 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 detllas elements in at least one of the
stacked layers themselves. It may be noted as well et @enbodiments may be possible
where the battery elements are located externally taddbkesl 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, tteri@s may be required in that energy
may be transferred wirelessly through an antennatateior similar energy harvesting structure.

Components of the biometric based monitoring system 4i0atso be included in a

stacked integrated component architecture. In some emént$, the biometric based
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monitoring system 410 components may be attached asi@npofra layer. In other
embodiments, the entire biometric based monitoring sydtdirmay 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 to@asurable 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 pharmacologmmseespto a therapeutic intervention. In
their totality, these biomarkers may reveal vast amouritd@imation important to the
prevention and treatment of disease and the maintedhealth 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 requiredaad illness or disease. Biomedical
devices may be configured to read and analyze protec$eria, viruses, changes in
temperature, changes in pH, metabolites, electrolytesotnier 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 setdin@ues relate to fluorescence
probes that have constituents that bind to analyte moleantén so alter a fluorescence
signature. For example, in Forster Resonance Enawgyster (FRET), probes are

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

One of the fluorophores may absorb an excitation irradiagignal and can
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 condemiraf glucose and may be sensitive
to concentrations up to hundreds of micromolar. VarieBRE&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 irs®0 or be an integral, monolithic
extension thereof. The flap 540 may properly positianfiilnorescence analytical system
550 when an ophthalmic device comprising a fluoreseatgtector 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 Apptinati4/011902 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 withoutimeog a power source. The
activation may be gradual wherein the color becomes msitde as the accumulation level
increases, which may indicate when the ophthalmic leedsn® be cleaned 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 insefhe event coloration mechanism
may be located outside the optic zone, which may allovatficannular embodiment of the
rigid insert. In other embodiments, particularly whéhe event 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 @yer to the occurrence of the event, the
reservoir may not be visible. The reservoir may bapsualated with a degradable material,
which may be irreversibly degraded by some constitoétite tear fluid, including, for
example, proteins or lipids. Once degraded, the colsubdtance may be released into the
ophthalmic lens or into a second reservoir. Such an éimient 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 illusttate 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 coloratiochar@sm 608 may comprise liquid
crystal that may react to changes in temperatureseai¢hlar environment, wherein the
event is a fever. Other event coloration mechanisiis66@ within the same ophthalmic
lens 600 may react to specific pathogens, for exampleetti@t may cause ocular infections
or may be indicative of non-ocular infections or digsasuch 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 mesh@602-606 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 precipitatee precipitate may provide coloration
or may react with another compound in the event cotwranechanisms 602-606 through a
separate reaction. Alternatively, the event coloration ar@sims 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 examplemtmnitor 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 withinttee fluid. The pH or pOH
within the event coloration mechanism may increasé thi¢ increased concentration 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. 1. Some event coloration mechanisms 608 mag\sible, such as when the
wearer has effectively responded to the event. Famele, after a wearer has rinsed
the ophthalmic lens 600, the level of pathogens or jprotay be sufficiently reduced to
allow for safe use of the ophthalmic lens 600. Altermdyivthe coloration may be
reversible on the eye, such as where the eventeigea &nd the wearer’'s temperature has
been effectively lowered.

As shown in cross section, the event coloration mashes 622, 626 may be located
in the periphery of the ophthalmic lens 620 without altetivgoptical surface of the
hydrogel portion 630. In some embodiments, not shdie event coloration mechanisms
may be at least partially within the optic zone 629, imgrthe wearer of the event. The
locations of the event coloration mechanisms 622, 626kbmasaried within a single
ophthalmic lens 600, with some in the periphery and somémwttie optic zone 629. The
event coloration mechanisms 601-608 may be independaciilyated. For example, the
wearer may have a fever, triggering a change in didoran liquid crystal contained in an
event coloration mechanism 608. Two other event catoramechanisms 605, 606 may
indicate high levels o0& aureus andA. keratitis, which may provide guidance on what is
causing the fever, particularly where other symptomeoborate the diagnosis. Where the
event coloration mechanisms 601-608 serve as diagnosts, the coloration may not be
reversible, allowing the wearer to remove the ophthalens 600 without losing the event
indication.

In some embodiments, the event coloration mecha6@8nmay be coated in a
substance with low permeability, such as, for exanmpdeylene. This embodiment may be
particularly significant where the event coloration natdbm 608 contains compounds that
may be dangerous if in contact with the eye or whegestlent does not require interaction

with the tear fluid. For example, where the event is @é&sature change, a liquid crystal
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droplet may be parylene coated, which may be furthengthened into a hermetic seal by
alternating the parylene with a fortifying compound, sughsdicon dioxide, gold, or
aluminum.

For exemplary purposes, the ophthalmic lens 600 is showrtlude eight event
coloration mechanisms. However, it may be obvious tcetlskgled 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 photoactiveatier may be formed to be
sensitive to the presence of light in the spectrum ofdh@ation mechanism. The
photoactive detector may monitor the ambient light of a asdrdetermine a baseline level
of light under operation. For example, since the amligimtwill vary when a user’s eyelid
blinks, the photoactive detector may record the resporgggda number, for example ten,
signal periods between blink events. When the coloratechanism 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 lighbsmay pass through the
coloration device and sense a change in absorbanceappampriate spectral region. In
some examples a quantitative or semi-quantitative deteesuit imay result from
irradiating the coloration device and measuring a photodateetvel at the photoactive
detector and correlating that level to a concentration cd¢tiee coloration components.

Proceeding to Figs. 7A and 7B, an alternative embodimiean ophthalmic lens
700 with event coloration mechanisms 711-714, 721-@@4|, 731-734 is illustrated. In
some such embodiments, the event mechanisms 711721424, and 731-734 may
include a reactive molecule 712-714, 722-724, and B3Rréspectively, anchored
within the ophthalmic lens 700. The reactive moledilg-714, 732-734 may comprise a
central binding portion 713, 733 flanked by a quemchl2, 732 and a coloration portion
714, 734,, for example, a chromophore or fluorophddepending on the molecular
structure, when a specified compound binds to the bgnpartion 713, 733, the coloration
portion 714, 734 may shift closer to the quencher ddjcing coloration, or may shift
away from the quencher 732, which would increase cidora In other embodiments, the

reactive molecule 722-724 may comprise a binding poit@# flanked by Forster

24



10

15

20

25

30

resonance energy transfer (FRET) pairs 722, 724&THBairs 722, 724 may function
similarly to a quencher 712, 732 and chromophoreqtharation portion) 714, 734, though
FRET pairs 722, 724 may both exhibit coloration and, whestlose proximity to each
other, their spectral overlap may cause a change imatmn.

The reactive molecule 712-714, 722-724, and 732-78¢ Ime selected to target
specific compounds within the tear fluid. In some eminedits, the specific compound
may directly indicate the event. For example, wlgelevel of glucose in the tear fluid is
the event, the reactive molecule 712-714, 722-724, a@d/38 may 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 thetneamolecule 712-714, 722-724,
and 732-734. This may include a unique lipid or protimponent of that pathogen.
Alternatively, the specific compound may be an indiredicator of the event. The
specific compound may be a byproduct of the pathpgch as a particular antibody that
responds to that pathogen.

Some exemplary target compounds may include: Herbagldroponi for the
detection of myocardial events; Amylase for the dibd@ of acute pancreatitis; creatinine
for the detection of renal failure; gamma-glutanoy the detection of biliary obstruction or
choleostasis; pepsinogen for the detection of gi@sttancer 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 by a secondary compound 711,, fomplg a protein, peptide, or
aptamer. Alternatively, the hydrogel 702 may providmifficient anchor to secure the
reactive molecule 722-724 within the ophthalmic lens 700e 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 llgdrogel 721. 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 nwayder broader
cosmetic choices. The ophthalmic lens 700may furthepdsma limbic ring or an iris
pattern, which may provide a static and natural backgrourfidr@ground to the event

coloration mechanisms. The design pattern may be intladeor within the hydrogel or
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may be included in a rigid insert through a varietypmicesses,, for example, printing on a
surface of the rigid insert. In some such embodimehesperiphery event coloration
mechanisms may be arranged to appear less artificiadxample through a sunburst pattern
that may more naturally integrate into the wearer’s iris patte an iris pattern included in
the ophthalmic lens 700 than random dotting throughoubpi¢halmic lens 700.

In other embodiments, the reactive molecule 732-734 lmagnchored to a rigid insert
731. The rigid insert, not shown, may be annularraagl anchor multiple reactive molecules
outside of the optic zone 701. Alternatively, the rigisert 731 may be a small periphery
insert, which may anchor a single reactive molecule 7782or many of the same reactive
molecules, which may allow for a more vibrant colarati

As illustrated in cross section, the placement of thetiseamolecules 760, 780 within
the ophthalmic lens 750 may be varied within the hydr@§@l. For example, some reactive
molecules 780 may be entirely in the periphery with nalapewith the optic zone 751.
Other reactive molecules 760 may at least partially extgiodhe optic zone 751. In some
such embodiments, the reactive molecules 760 may ektenthe optic zone 751 in some
configurations of that reactive molecule 760, such lasnathe event has occurred, which may
alert the wearer of the event.

Further enablement for the use of fluorescence tietemn biomedical devices may be
found as set forth in United States Patent Applicati8f899528 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 kindsurrédt microspectrometer designs mostly
use interference filters and interferometric optics to measpectral responses of mixtures that
contain materials that absorb light. In some exampsggeetrometer may be formed by creating
an array composed of quantum-dots. A spectrometed lmasquantum-dot arrays may measure
a light spectrum based on the wavelength multiplexing gliecilrhe wavelength multiplexing

principle may be accomplished when multiple spectral barelencoded and detected
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simultaneously with one filter element and one detectorelémespectively. The array format
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 sensdaxdces may be useful to quantify the
amount of light reaching each particular detector elemetheil€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 frotacespectral regions to one or a few
CCD elements. An array of hundreds of such filters laidsach that an illumination light
passed through a sample may proceed through theadrr@uantum Dot (referred to as QD)
Filters and on to a respective set of CCD elements faQihélters. The simultaneous
collection of spectrally encoded data may allow for ad-@pialysis of a sample.

Narrow band spectral analysis examples may be fobyeing a smaller number of
QD filters surrounding a narrow band. In Fig. 7Clarsiration of how a spectral band may be
observed by a combination of two filters is illustrated. dlyralso 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 secdDdiligr 771 may have a shifted
associated spectral absorption associated with a diffeatunte of the quantum-dots included in
the filter, for example the QDs may have a larger diametigre QD filter 771. The difference
curve of a flat irradiance of light of all wavelength {tehight) may result from the difference of
the absorption result from light that traverses filter 771thattraverses filter 770. Thus, the
effect of irradiating through these two filters is that tifeecence curve would indicate spectral
response in the transmission band 772 depicted, wheesedkis is labelled Trans to indicate the
response curve relates to transmission characterisfbgn an 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 differfeom 772 to 773 results in an
absorption spectrum 774 for the analyte in the regidfinett by the two quantum-dot filters.

Therefore, a narrow spectral response may be obtainadsmall number of filters. In some
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examples, redundant coverage by different filter tygfedhe same spectral region may be
employed to improve the signal to noise characteristitiseo$pectral result.

The absorption filters based on QDs may include QBishthve quenching molecules on
their surfaces. These molecules may stop the QD fromtirgight after it absorbs energy in
appropriate frequency ranges. More generally, thilfdds may 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 relat¢lde constrained energy states of the
nanocrystal and generally decreasing the crystal sizéhbadfect of a stronger confinement.
This stronger confinement affects the electronic statése quantum-dot and results in an
increase in the effective bandgap, which results in shifaribe blue wavelengths of both
optical absorption and fluorescent emission. There haga many spectral limited sources
defined for a wide array of quantum-dots that may bdabla for purchase or fabrication and
may be incorporated into biomedical devices to afittass. 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 can also be printed into very fine pagte

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 approacbdllecting samples wherein a
sample fluid passively enters a channel 802. The ch&02eainay be internal to the biomedical
device 800 in some examples and in other exampléfjstisated; the biomedical device 800
may surround an external region with a reentrant cavilly.some examples where the
biomedical device 800 creates a channel of fluid exterritdets, the device may also contain a
pore 860 to emit reagents or dyes to interact with the exfiuithin the channel region. In a
non-limiting sense, the passive sampling may be understilbdeference to an example where
the biomedical device 800 may be a swallowable pill. The @il comprise 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 tilieangent for example. The pill may
contain controller 870 regions proximate to the medicamvéete control of the release of the

medicament may be made by portions of the biomedical pilcde An analysis region 803may
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comprise a reentrant channel within the biomedical pill dehiaeallows external fluid to
passively flow in and out of the channel. When an aeatgr example in gastric fluid, diffuses
or flows into the channel it becomes located within tredyens 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 @bitters 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 may aetoan the absorption properties of
the quantum-dots. In the examples utilizing the emissiopgsties of the quantum-dots, these
emissions may be photostimulated or electrically stimdlate some examples of
photostimulation, energetic light in the violet to ultraviolet rhayemitted by a light source and
absorbed in the quantum-dots. The excitation in the QDreiay by emitting photons of
characteristic energies in a narrow band. As mentipnedously, 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 irgetaf 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 elecammhéioles may similarly stimulate the
QDS to emit characteristic photons of selected frequeridye QD emitter 810 may be formed
by inclusion of nanoscopic crystals, that function asgirantum-dots, where the crystals may
be controlled in their growth and material that are usédrto them 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 speesponse in a region. This mechanism is
described in a prior section in reference to Fig. B@mbinations of QD absorption elements
may be used in analysis to select regions of the spetbruamalysis.

In either of these types of emission examples, a speadflight frequencies may be
emitted by QD emitter 810 and may pass thru the sample B3€® sample 830 may absorb light

from some of the emitted frequencies if a chemical cluestt within the sample is capable of
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absorbing these frequencies. The remaining frequeti@esare not absorbed may continue on
to the detector element, where QD receivers 820 maylalise photons and convert them to
electrical signals. These electrical signals may be convertdidital information by a QD
detector sensor 822. In some examples the sensan®&gbe connected 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 useshayzing the sample 830 based on pre-
determined values for QD wavelength absorbance values.

In Fig. 8C, the QD system is depicted in a manner wihereample is passed in front of
spectral analysis elements that are spatially locatéds rilay be accomplished for example in
the manners described for the microfluidic progressiorothar 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 thatseadight from emitters within the
biomedical device, outside the biomedical device, and agaietéztors within the biomedical
device. Figs. 8B and 8C depict such movement as tleeatice 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 consolidatact 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 ophthalmiceevnhay have space limitations for a
spectrometer comprising more than a hundred quantumesiates, but other biomedical
devices may have hundreds of quantum-dot devices whash fr a full spectrographic
characterization of analyte containing mixtures.

The QD analytical system may also function with microflumiwices to react samples
containing analytes with reagents containing dyes. Thembyecules may react with specific
analytes. As mentioned previously, an example of auginding 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 nhay &r more precise quantification of

analyte concentration.
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In some examples, a microfluidic processing systemmia an analyte sample with a
reagent comprising a dye that will bind to a target analytee microfluidic processing system
may mix the two samples together for a period that wowdrensufficient complexing between
the dye and the analyte. Thereafter, in some exanthéemicrofluidic processing system may
move the mixed liquid sample to a location containingréase that may bind to any
uncomplexed dye molecules. When the microfluidic systean 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 mixtuag lme moved 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 corgalequenching molecules may be
introduced into a sample containing analytes, for exammemicrofluidic cell, within a
biomedical device. The quenching molecules may conggioms that may bind to analytes
selectively and in so doing may separate the quenchitgcaie 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 usek#de the ability to detect the
presence of enhanced emission at wavelengths charéctefrithe uncomplexed quantum-dot.
In other examples, other manners of detecting thamsed emission of the uncomplexed
guantum-dots may be utilized. A solution of complexechtua-dots 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 withrluidic Detectors

Referring now to FIG. 9A, a top view of an exemplarigrofluidic analytical system
950 of an ophthalmic device is depicted upon arttgdhic 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 ofitssence or its concentration, in a fluid

sample. A microfluidic analytical system may cheafly detect numerous analytes that may
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be found in a user’s tear fluid. A non-limiting emple may include detection of an amount of
glucose present in a sample of tear fluid.

Further enablement for the use of fluorescence tietemn biomedical devices may be
found as set forth in United States Patent Applicalidf896708 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-sectionalesentation of a patient's eye with
an exemplary energized ophthalmic device is illusttaln particular, an ophthalmic device
900 taking form of an energized contact lens isstated 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 can resttly on the cornea 906. Having the
piezoelectric transducers resting directly on thenea 906 may allow greater imaging detail
as ultrasonic pulses can travel directly towardsctireea 906 from focal points 902, 910. As
depicted in the present exemplary embodiment, igzoplectric transducer(s) are located on
the peripheral area of the energized contact lensatside of the line of sight to prevent
interference with vision. However, in alternative egieed 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 crystallined8B8sefore passing through the vitreous
humour 920 and reaching one or more retinal arezigdimg 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 barused 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 dagas related to the users pulse and blood

pressure as non-limiting examples.
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Further enablement for the use of ultrasonic pulsedaetectors in biomedical
devices may be found as set forth in United StatésnPApplication 14/087315 filed Nov.
22, 2013, which is incorporated herein by reference

Location Awareness

Location awareness may be very important for biombaged information
communication embodiments. There may be numerous msatmestablish location
awareness. In some examples a biomedical device mafdno in cooperation with another
device such as a smart phone. There may be a comatianitnk established between the
biomedical device and the other device. In such embodénte 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 devigelrave a communication means to
interact with a computer network. There may be many w@agsnnect to networks and other
network accessible devices including in a non-limiting senBeommunicaton, cellular
communication, Bluetooth communication, Zighee communicatiwhthe like. Connections
to networks may be used to determine location. Locationbeastimated based on the
known location of a network access device which magdeessed by the biomedical device or
its associated device such as a smartphone. Combmafioetwork access devices or cellular
access devices may allow for triangulation and improvealtion determination.

In other examples, the biomedical device or its associteide may directly determine
its own location. These devices may have radio systeshsnidny interact with the global
positioning system network (GPS). The receipt of a nurabgignals 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 meastiar@iogical aspects of an
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individual that may be utilized for identification or securigpacts such as finger prints, facial
characteristics, body type and gait as examples. Abkhesein, 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
biometric based information communication are disclose@ bitmetric parameter of
temperature may be a non-limiting example. There mayub®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 measurementbeapupled with other information
about the location of the user and the current ambiemqteture may be obtained. If the
biometric core temperature is low and the ambient terhyperss also low, the user may be
directed to options for preferred warm beverages orioigthOn the other hand, high
temperatures may direct towards preferred cold bevetggdiers or clothing. A generalized
trend towards a higher temperature unrelated to ameatrtemperature rise may cause the
biometric based information communication system to engehiether a local doctor or
pharmacy may be desired by a user. There mayrbenous information 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 is douim some examples an ophthalmic
device may be able to measure and/or analyze onererahthe following types of biometric
data. In some examples, an ophthalmic device maylbd@mtetect and measure characteristics
of a pupil in concert with an ambient light level 1010.

In another example an ophthalmic device may be ableetsure or estimate an
intraocular pressure 1015. Further enablement fomis@surement of intraocular pressure in
biomedical devices may be found as set forth in UrBedes Patent Application 14/087217
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 purgoseseasuring eye movement such as
the estimation of the sleep status of the usesoine examples, it may be unsafe for a user to
be sleeping and applications may take action oh sumeasurement and determination. In

other examples, a sleep status of the user magdsssed during rapid eye movement (REM)
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sleep states. The time and duration of rem slegpusker may allow an information
communication system to suggest doctors, sleep midstionals and the like.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of a users blink function 1025. Thenrg loeanumerous environmental or health
conditions which may be correlated to the blink functiot afiometric based information
communication system may suggest products or servilzeddo the condition. Ina
simplified example a combination of users blink function5L8&d characteristics of a pupil in
concert with an ambient light level may evoke information coamigation options for various
types of sun glasses.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of the bioelectric signals and muscle/négmalsg 1030.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of the user’s pulse 1035.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of a user’s blood pressure 1040 orvelbtood pressure.

In another example, an ophthalmic device may be abteetsure or estimate
characteristics of a user’s temperature 1045.

In another example, an ophthalmic device may be abtestsure or estimate chemical
characteristics of a user’'s eye 1050. The chemicahctaistics may relate to levels of €@
the users blood or tissues, pH of tear fluid and the like

In another example, an ophthalmic device may be abteetsure or estimate ocular
characteristics and biomarkers for the presence offaction 1055.

In another example, an ophthalmic device may be abtestsure or estimate
characteristics of a user’'s hemoglobin and levels of axynoé the user’s blood 1060.

In still another example, an ophthalmic device may be abtesiasure or estimate the
presence and concentration of bioavailable chemicalpranteins 1070. As a non-limiting
example, the level of glucose in tear fluid may be asdessea level of glucose in intercellular
regions such as in the sclera may be assessedmies@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.
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There may be numerous other examples of biometadimgs that may be obtained and
used in a biometric information communication system.pBeses from an information
communication and health perspective may be expected liteeatad become more numerous
and sophisticated with time and experience, however, tttgoaieand devices discussed herein
provide the backbone and basic solutions for obtainingéinc data and communication and
processing such data to enable the using of such datanformation communication

perspective.

Functional and Operational Schema for Biomedical Devices im&idc 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 possesgiowared biomedical device 1110 and a
related smart device 1100. These two devices may exehafogmation and data and otherwise
communicate with each other. In these examples, thengovbiomedical device 1110 may
have one or more biometric devices and sensors dddi@aitional. 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/éeéddlement 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 wifi or cellular comioation capability 1114. In some
cases, the communication capability may be based on astdéinelard such as Bluetooth or
Zigbee or may operate on a customized communicatidngoioand system. In cases where a
powered biomedical device pairs with another smart devioaytbe practical for the powered
biomedical device to provide functionality for basic commatian with the smart device as
well as to function for acquisition of one or more typebiometric data.

The paired device to the biomedical device 1110, thaeisrtrart device 1100, may
therefore have a complement of functions. In realigy,sttmart device may have enhanced
power storage capabilities to a biomedical device and therdfis may improve the device’s
capability for computation, communication, display and othwections. The smart device may
have a wifi/cellular communication capability 1104, a GP®acation sensitivity capability

1101, and a display/feedback capability 1102 which melyde audio, vibrational and other
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means of feedback. Even though the biomedical devicehmay a significant function for the
acquisition of biometric data, the smart device 1100 neangtheless have functional sensors
1103 of various kinds which may be redundant to thosleaibbiomedical device, may be
complementary to those in the biomedical device or may relaensing that is not of a
biometric data perspective.

The combination of the powered biomedical devicBdldnd smart device 1100 each
connected to a user may operate as a system and nmeg bavied communication protocol for
system communication 1130. In many examples, the steaite may provide the major
functionality for the system communication 1130, and mayatp wireless communication
capability 1140 to a network access device 1150. Ttweonke access device 1150 may be a
device such as a wifi network hub or a cellular commatioos hub. In either event the network
access device 1150 may provide the communication pattowvayte data from the biometric
information communication system to various external systguch as, in non-limiting
examples, content servers, storage and processingisy$160 that may mediate and operate
connection to various information. In addition the netwamkess device may provide the
communication pathway to external systems for emergamty@althcare related systems 1170

for information communication or emergency related activity.

Biomedical Device Display

In some examples the biomedical device may have a diglagon. In some examples,
a display function within an ophthalmic device may be limtteen led or a small number of
leds of different color that may provide a display functimalert a user to look at another paired
device for a purpose. The purpose may have sonwarcbased on the color of the led that is
activated. In more sophisticated examples, the displayomayple to project images upon a
user’s retina. In a biometric based information commuioicaystem, the display of imagery
may have obvious utility based upon standard informatienmunication approaches based on
imagery. In the examples as have been provided agurement of a biometric data set may
therefore, trigger an exchange of data via the vagoosmunications means and a targeted
visual communication may be communicated to the biomedeasatel and then displayed via a

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

The ophthalmic device may have structural and cosmetictadpetincluding,
stabilization elements 1260 and 1261 which may be us®fdeefining 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¢@sii231.

The insert device 1236 may have a photonic-based imagstgm 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. Insggection, 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 photorseebemaging system may be attached to
a lens system 1250 and be connected to the annulardénsgrbnent by a data and power
interconnection bus 1241.

In some embodiments, the lens system may be formsttot 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
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own control electronics or alternatively it may be conewiand powered by either the photonic-
based imaging component or the annular insert devibetbr

In some embodiments, the display may be a 64x64 basgxtiion system, but more or
less pixels are easily within the scope of the inventive &ithwmay be limited by the size of
the pixel elements and the ophthalmic device itself.ditiglay may be useful for displaying dot
matrix textual data, image data or video data. The lerteraymay be used to expand the
effective pixel size of the display in some embodimentsaltering the projection system across
the user's eye while displaying data. The display may b@ohoomatic in nature or
alternatively have a color range based on multiple lightcesuiData 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 communicati@hfrom within the ophthalmic

device itself.

Biometric Based Personalized information communication

Various aspects of the technology described herein aeraéy directed to systems,
methods, and computer-readable storage media fordimngvypersonalized content. Personalized
content, as used herein, may refer to advertisemegemicrinformation, promotional content,
or any other type of information that is desired to ibectied to a user. The personalized content
may be provided by, for example, a target content desysuch as an advertising provider, an
informational provider, etc. Utilizing embodiments of theserd 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 can analyze the status and provide appropriate ¢co®ece analyzed, the personalized
content may then be presented to the user by the systesome examples, the biomedical
device may present the content to the user or in otherpteana paired device may present the
content.

In an example, personalized content may be presdotegixample, 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 segocwiapanion device such as a cell-phone,

tablet, or computer.
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Calls for Medical Attention

In the general operation of a biometric based informatomngunication system,
information may be presented to a user based on tagdaduced by the biometric information
communication system. The biometric data may be suppkechdy data related to the location
of the user. However, in some examples, there mayde¢ of biometric data conditions where
the logical analysis of the data may be a severe healthitioon Under such circumstances, the
biometric based information communication system may céltaemergency services or other
medical attention to assist the user. As the system h&®slooithe biometric data and may
have data relating to location these information may adotwvarded with the communication
to emergency services or other medical attention.

Security Measures

Biometric data may support the various functions of a btaminformation
communication system as have been described. Howsesretric data may have confidential
and legal significance. Therefore, the biomedical desickother devices along the
communication sequence may encrypt the biometric datagbéfansmission so that any
interception by a third party may not result in a meaninhgfsult. There may be numerous
means to ensure the security of biometric data consistdnthe apparatus and methods of

biometric based information communication systems as mextéerein.

Methods

Referring to Fig. 13 a flow chart of an exemplary roetfor a biometric based
information communication process is displayed. At 13&0tkethod may start by obtaining a
first device, wherein the device measures at least a fnstdbric 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 a location of the first dewittethe first device. Next at
1340, the method continues by communicating the bionddte and the location data to a
computing device connected to a network. Next at 1380n#thod continues by authorizing
the computing device, via a signal from the first deviteobtain environmental data related to
the location data. Next at 1360, the method continueaithorizing the computing device to

initiate an algorithm to be executed to retrieve targetedraiddualized content based on the
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biometric data, the environmental data, the location data gedsonalized preference
determination calculated via predictive analysis to genénateargeted and individualized
content. Next at 1370, the method continues by receivingsaage comprising the targeted and
individualized content to the first device. And, at 1380 théhoae continues by displaying the
message to the usérhere may be many such methods where additional stepedgormed 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 1#i®method may start by obtaining a
first device, wherein the device measures at least a imstdiric of a user. Next, at 1420 the
method continues by measuring the first biometric with tts¢ dievice. At 1425, the method
proceeds by obtaining a second device, wherein thedekzvice includes a display and a
network communication means. Next at 1430 the methahc@s by authorizing a paired
communication between the first device and the secondealewit 1440, a method step of
communicating the biometric data from the first device to ¢étersd device may occur. Next at
1450, the method continues by determining a location ofrigtedevice with the second device.
Next at 1460, the method proceeds by communicating tmedbiic data and the location data to
a computing device connected to a network; authorizingah®guting device, via a signal from
the first device, to obtain environmental data relateiéddcation data. At 1470, the method
continues by authorizing the computing device to initiatelgorighm to be executed to retrieve
targeted and individualized content based on the biomeitté; the environmental data, the
location data and a personalized preference determireionated via predictive analysis to
generate the targeted and individualized content. Congrati1480 the method may include
receiving a message comprising the targeted and indlizddacontent to the second device; and
at 1490 displaying the message to the user. There enapahy such methods where additional
steps are performed and where the order of specifis stay be altered.

Referring now to Fig. 15, an exemplary operational sehéor a biometric based
biomedical device in a biometric based information commumicaystem utilized within a bed
for sleep monitoring is illustrated. In the illustrated examgpleser has in his or her possession
at least a first powered biomedical device 1510, andamynexamples a plurality of powered
biomedical devices, a related smart device 1500, aedsampal device 1580, where the user and

the devices are proximate to a bed 1590 that also hat denéce capabilities called bed smart
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devices 1570. The example is provided to illustrate thestpf examples of biometric based
information communication systems where multiple smartagsvare employed to perform
functions of the system. In some of these examplesnerig smart device such as smart device
1500 may be associated with the powered biomedical el@&t0 in a relatively permanent
connection. Alternatively, in these examples, the useriraag a personal device 1580 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 usenay 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 eeanere a number of different devices
provide communication and processing pathways for biocnddta and information related to
synthesizing the biometric data.

In the illustrated example, these two devices and theiedt device 1570 may
exchange information and data and otherwise communidtiteeach other via communication
links to content and storage and processing provid&®8 4bd personal account servers 1585. In
these examples, the powered biomedical device may meveranore biometric devices and
sensors 1513 operational. In some cases, the cometionicapability may be based on another
standard such as Bluetooth or Zigbee or may operatecastomized communication protocol
and system. In cases where a powered biomedical dvi€epairs with another smart device
1500, personal device 1580, or bed smart devices 1B5Tdyibe practical for the powered
biomedical device to provide functionality for basic commatian with the smart device as
well as to function for acquisition of one or more typebiometric data.

The paired smart device 1500 to the biomedical device dfOtherefore have a
complement of functions. In some examples, the smartel@500 may have enhanced power
storage capabilities compared to a biomedical device Ifkd tharefore this may improve the
device’s capability for computation, communication, dignd other functions. In some other
examples, the bed smart device 1570 may perform thesgdns. The smart device 1500 may
have a wifi/cellular communication capability 1504, a GP®acation sensitivity capability
1501, and a display capability 1502. Even though the duiical device 1510 may have a
significant function for the acquisition of biometric ddtee smart device 1500 may nonetheless

have functional sensors of various kinds which may terréant to those in the biomedical
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device, may be complementary to those in the biomed&ate or may relate to sensing that is
not of a biometric data perspective.

Similarly, the personal device 1580 may be redundantleg@aa the biomedical device
1510 where it may too offer a complement of functionsdme examples, the personal device
1580 may have enhanced power storage capabilitiesitcoreedical device 1510 and, therefore,
this may improve the device’s capability for computatmmmunication, display and other
functions. The personal device 1580 may have a dig@alpability 1582, an audio feedback
device 1583 and a vibration or haptic feedback de\s84 1

Even though the biomedical device 1510 may have a ggniffunction for the
acquisition of biometric data, the bed smart device 1559 monetheless have functional sensors
of various kinds which may be redundant to those irbibmedical device, may be
complementary to those in the biomedical device or may relaensing that is not of a
biometric data perspective. As well, there may be bioraédensors included into sheets,
pillows, blankets and other portions of the bed 1590 vhiay interact with a user. For the
purposes of illustration, these examples of sensors magated as a sensor incorporated into
the bed smart device in some examples. In other deanthey may act as a biomedical device
1510 may act in the exemplary illustration.

Also similarly, the paired bed smart device 1570 to thenbdtical device 1510 may also
have a complement of functions. In some examples,dtisimart device 1570 may have
enhanced power storage capabilities to a biomedical devidednd, therefore, this may
improve the device’s capability for computation, communicatibsplay and other functions.
The bed smart device 1570 may have a display capabilit2, an audio feedback device 1573
and a vibration or haptic feedback device 1574. Eveugh the biomedical device 1510 may
have a significant function for the acquisition of biometiata, the bed smart device 1570 may
nonetheless have functional sensors of various kindshwhay be redundant to those in the
biomedical device, may be complementary to those in the biicalalevice or may relate to
sensing that is not of a biometric data perspective.

The combination of the powered biomedical devicEd1Smart device 1500, personal
device 1580, and bed smart device 1570 each in adradt690 connected to a user may
operate as a system and may have a unified communigaiitcol for system communication

1540. In this example, the smart device 1500 or pefrsi@vece 1580 may provide the major
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functionality for the system communication 1540, and mayatp wireless communication
capability 1540 to a network access device 1550. Ttveonke access device 1550 may be a
device such as a wifi network hub or a cellular commtiaica hub. In either event the network
access device 1550 may provide the communication pattowayte data from the biometric
information communication system 1565 to various exteysiéms such as, in non-limiting
examples, content and storage and processing systeshbb®nay mediate and operate
connection to stored information and messaging content.

The exemplary biomedical device for biometrics based irddon communication may
be worn by a user who is in a bed. This biomedical @ewiay be paired with the user’s
smartphone and both may be connected to the bed andamegy information to the user
visually with the screen or verbally with the bed’stesygss. Communication with the user may
be possible with the screen of the phone, as well as itkegehowever, in some examples if
the communication must be made to a user who is sleaporger to wake him or her, it may
be desired to facilitate this communication with the bed’tesys for safety reasons. The
biomedical device may be used to collect biometric data frenngkr; as a non-limiting
example, the device may be used as a blood oximetryunggasnt tool. The biomedical device
may detect that the user has low blood oxygen content slBeping, it may communicate this
information to the user via the communication capabilities thralg bed in some examples. In
other examples, the communication may cause a chawgeiating conditions for the bed. In
non limiting examples, the tilt of the headrest of the bag be raised, in other examples a
continuous positive airway pressure (CPAP) machine or btieathing assist unit may have an
operating parameter changed. There may be otheatopecondition information
communicated to the bedroom smart device.

In other examples, the communication of the analytiGllt®r a biometric data may be
used to initiate communication to the content, storage awgsing systems and subsequently
the information that may be conveyed to the user may beddiltased on algorithmic analysis
of the user’s preferences. In some examples, spodf@rence may be based on previous
experience the user may have had in some options ieglenr 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 improved aspedeep and breathing during sleep as

well as other such examples. In other examples, therd®ystem may provide a customized
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report that explains the results from biometric sensoisglarprior period, such as in a morning
email communication to the user about the previous nigbsslts.

Referring to Fig. 16, multiple examples of a poweremadical device for sleep sensing
1600 may include a body movement sensor 1610, ah@unaetry sensor 1620, a contact lens
based oximetry sensor 1630, an EEG cap 1640, a glacasge contact lens sensor 1650, a
contact lens based rapid eye movement sensor 1660tad idsert based sound sensor 1670, or
a bandage sensor 1680. One or more of these examplebe utilized in a biometric based
information communication system configured within a bedr, as described in Fig. 15. In
other examples, other forms of the measurement sensgrberused, such as an oximetry
sensor built into an ear clip device.

An example of a powered biomedical device for sleepisgri600 may include a body
movement sensor 1610. During deeper stages of sledpasiREM sleep, the human body
undergoes various stages of muscle atonia, or a ssfameslack of movement of the muscles, to
prevent these muscles from moving during sleep; tepatea person’s sleep, the more still their
body will be. In this way, the movement of a person’dybduring sleep may be indicative to
their state of sleep. In some examples, a body moveseasbr 1610, may use accelerometers to
measure this movement. Measurements of body movensnaiso be used to aid in diagnosis
of sleep disorders, or other conditions that affect slee nlon-limiting example, one or
multiple sensors may be placed on the body in a specigadaa areas, to measure movement of
a choice region of the body as representative of theement of the whole body, or to look at
relative movement of multiple parts of the body, respegtiv@inother example of a powered
biomedical device for sleep sensing 1600 may includeigal eximetry sensor 1620.

Oxygen consumption is an important part of sleep, the tdwehich may be indicative
of a user’s sleep state. As the body is physically ractiee while awake or in lighter states of
sleep, the level of oxygen consumption will be higher thahof deeper sleep, such as REM
sleep. By measuring a user’s blood oxygen level, a v@tygen consumption may be
deduced. The difference in oxygen consumption of aamumay be typically large between
wakefulness and REM sleep, but may not between intBateesleep states; as such oxygen
consumption metrics may be used to attain a gross gdugeser’s sleep state (i.e. awake vs.
light sleep vs. deep sleep), but may be coordinated witr sensors to determine intermediate

sleep states of a user. An aural oximetry sensor 16%Mmalaced in a user’s ear or ears to
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determine a measurement of blood oxygen concentrdtios.sensor may use methods such as
pulse oximetry or other light-based sensing methagla, reon-limiting example, to make these
measurements without breaking a user’s skin or contatttenglood directly. As an ear based
sensor, this sensor may not only be non-invasive, boinatse comfortable for sleep, as
compared to other oximeter types.

Apnea is a condition that many people suffer from they be characterized by
inconsistent breathing patterns, or by a person ceashrgathe entirely for a period of time.
This condition is typically associated with sleep for many iiddials, and may be harmful to a
person’s sleep (as it may cause them to wake upy &ivee it happens) or even quite dangerous,
as it may cause suffocation. An oximetry based sansgrbe an important sensor for
individuals suffering from sleep apnea, as the blood enxygvel or a user may dip dangerously
when suffocating from this condition; in these cases, $iee may be alerted and woken from a
dangerous state of sleep suffocation, or may be sty jostled to break them from their state
of suffocation but not wake them up, as non-limiting exasp

Another example of a powered biomedical device faskensing 1600 may include a
contact lens based oximetry sensor 1630. Oxygen cgoigamis an important part of sleep, the
level of which may be indicative of a user’s sleep staseth& body is physically more active
while awake or in lighter states of sleep, the level of exygpnsumption will be higher than that
of deeper sleep, such as REM sleep. By measurisgrésiblood oxygen level, a level of oxygen
consumption may be deduced. The difference in oxygaswmption of a human may be
typically large between wakefulness and REM sleep, bytmoabetween intermediate sleep
states; as such oxygen consumption metrics may baasét@in a gross gauge of a user’s sleep
state (i.e. awake vs. light sleep vs. deep sleep), Ayt coordinated with other sensors to
determine intermediate sleep states of a user. A contadidsed oximetry sensor 1630 may be
placed on a user’s eye to determine a measurementaaf bkygen concentration. This sensor
may use methods such as pulse oximetry or otherbigbtd sensing methods, as a non-limiting
example, to make these measurements without breaking's sisaror contacting the blood
directly. As a contact lens based sensor, this sensonataynly be non-invasive, but also more
comfortable for a user, as compared to other oxintgbes; in many cases, a contact lens may
be equipped with multiple sensors, allowing multiple biometrgasurements on a user with the

same physical device.
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Apnea is a condition that many people suffer from they be characterized by
inconsistent breathing patterns, or by a person ceashrgathe entirely for a period of time.
This condition is typically associated with sleep for many idials, and can be harmful to a
person’s sleep (as it may cause them to wake uy &ivee it happens) or even quite dangerous,
as it may cause suffocation. An oximetry based sanagrbe an important sensor for
individuals suffering from sleep apnea, as the blood enxygvel or a user may dip dangerously
when suffocating from this condition; in these cases, $ee may be alerted and woken from a
dangerous state of sleep suffocation.

Another example of a powered biomedical device faskensing 1600 may include an
EEG cap 1640. An EEG cap may consist of a fabricfi#g for a human head, with multiple
electrodes fastened or otherwise attached to the fabtiseA1590 may affix the cap on their
head, which places the electrodes in desired locationg@tbe user’'s head. These electrodes
function as sensors for an Electroencephalogram (E&@)device used may be used to read
electronic signals in the brain. EEG is a common metised to diagnose sleep disorders,
among many other types of disorders that are relatedserss 1590 neural oscillations (these
electronic signals) and as a cap, this device may inéoctable enough for a user to use while
sleeping. The EEG cap may act as both/either a sensor antlansducer, to sense the user’s
1590 neural oscillations, and/or translate and send thitimgssignals to a powered biomedical
device for sleep sensing 1600 in a format or method thgtoa interpreted and processed by the
biomedical device or processed along with data gatheseddther sensor(s).

Another example of a powered biomedical device faskensing 1600 may include a
glucose analyte contact lens sensor 1650.

Another example of a powered biomedical device faskensing 1600 may include a
contact lens based rapid eye movement sensor 1660.

Another example of a powered biomedical device faskensing 1600 may include a
dental insert based sound sensor 1670.

Another example of a powered biomedical device faskensing 1600 may include a
bandage sensor 1680.

Another example of a powered biomedical device faskensing 1600 may include
sensors located in bed sheets, blankets or pillows 168ferriRg to Fig. 17, a flow chart of a

method for communicating information based on the oingiof a biometric analysis result may
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be obtained. At 1710 the method may start by obtainfirgtadevice, wherein the device
measures at least a first biometric of a user. Next at 1@@€@nethod continues by obtaining a
second device, wherein the second device includeslbdek device such as a display and a
network communication means. Next at 1725 the methodnemst by measuring a sleep status
with the first device while the user is located in a bedrodime user may have a third device,
wherein the third device includes a feedback deviceaasmmmunication means. Next at 1730,
the method continues by authorizing a paired communicatioveba the first device and the
second device; and a paired communication between thedsdevice and the third device.
Next at 1740, the method may continue by communicatingléfep analysis data to the second
device. Next at 1750, the method may continue by deterghalocation of the first device with
the second device. Next at 1760 the method may continaerbmunicating the sleep analysis
data and the location data to a computing device corthextenetwork. Next at 1770, the
method continues by authorizing the computing device tataian algorithm to be executed to
retrieve targeted and individualized information basetherbiometric data, the environmental
data, the location data and a personalized prefereteerdeation calculated via predictive
analysis to generate targeted and individualized informakiext at 1780, the method continues
by receiving a message comprising the targeted and indiizdd information to the second
device. Next at 1790 the message may be communicatiee tser. In some examples, the
communication to the user may be made through devicbgdhn In an example, the display
screen in the personal device may visually display a mges3&e visual display may include
text, images, and combinations of text and imagery. iffoernation displayed may be
incorporated into a navigation display such as a map véhkereation related to a text or an
image may be displayed. In some examples, the messagalso be converted into an audio
message in the form of verbal communication or asdsgun some examples, the message may
engage a vibration creating device or a haptic devetenilay be located in the bed. In some
examples, a message may be conveyed via a dashihsaliay. In some examples a message
may be conveyed via a heads up display on the windsbii¢he device. There may be
numerous means that a message may be conveyeddn insme 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@maaell include means to convey a

message and it may be used to convey the message @@aihination of some or all of these
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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 exampila a biomedical device used as a
glucose monitor to collect data on the user’s glucose leveigiperiods of sleep. In some
examples, a result of poor or incomplete sleeping magjdwated levels of glucose. The
biomedical device may detect that the user has low blood wsingm in the sleep; it may
communicate this information to the user via the commumoicatapabilities through the user’s
personal device. In doing so, the user may be alestdtetcondition and medical options may
be highlighted in their area. In cases where théition may be known about, the result may
alert the user to changes in their sleep conditions thabmagsired, such as the use of a CPAP
machine, breathing support, elevated head levels or the lik

In some examples, the biometric data value may betasediate communication to the
content, storage and processing systems and the infomtlasibmay be conveyed to the user
may be tailored based on algorithmic analysis of théuupegferences. In some examples, such
a preference may be based on previous experience¢henay have had in some options in the
region, such as a particular medical practice. In stithkrrexamples, the content system may
correlate various aspects of the user and the bionuettdcand offer information to the user that
may relate to improved control of glucose levels, exeqmisgrams, specialized medical
providers and other such examples.

Referring to Fig. 18, a flow chart of a method for coumicating information with a
user’s personal device based on the obtaining of a bimnaeialysis result may be obtained. At
1810 the method may start by obtaining a first device, emheéhe device measures at least a first
biometric of a user. Next at 1820, the method continyexbtaining a second device, wherein
the second device includes a feedback device sucHisglay and a network communication
means. Next at 1825 the method may continue by measuslegp status with the first device
while the user is located in bed with a third device, whete third device may be a personal
device that includes a feedback device and a communicatans. Next at 1830, the method
continues by authorizing a paired communication betweefiri@levice and the second device;
and a paired communication between the second devidbariird device. Next at 1840, the

method may continue by communicating the sleep analy&ga#he second device. Next at
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1850, the method may continue by determining a locatidneofirst device with the second
device. Next at 1860 the method may continue by comratingcthe sleep analysis data and the
location data to a computing device connected to a netwdekt at 1870, the method continues
by authorizing the computing device to initiate an algorithine@xecuted to retrieve targeted
and individualized information based on the biometric dataetivironmental data, the location
data and a personalized preference determination caltwvat@redictive analysis to generate
targeted and individualized information. Next at 1880 nle¢hod continues by receiving and
storing a message comprising the targeted and individuafifmdnation to the personal
account servers of the user. Next at 1890 the perscr@liat servers may be authorized to
communicate with the personal account servers to giviegheesults to the user,

In some examples, the communication to the user mayaole through devices in the
bed. In some examples, the display screen in a pdrdewice may visually display a message.
The visual display may include text, images, and combimaid text and imagery. The
information displayed may be incorporated into a nagn display such as a map where a
location related to a text or an image may be displayedorire examples, the message may
also be converted into an audio message in the fornrlbdMeommunication or as sounds. In
some examples, the message may engage a vibratidingrdavice or a haptic device that may
be located in the bed. In some examples, a messagbetayveyed via a dashboard display.
In some examples a message may be conveyed via sitngdidsplay on the windshield of the
device. There may be numerous means that a messgdeemanveyed to a user. In some
examples, the second device may be used to conveysagea®lated to the biometric data
result. In still further examples, the first device usech&asure a biometric may as well include
means to convey a message and it may be used to cihreveyessage herein. Combination of
some or all of these communication means may be empioysne examples. There may be
many such methods where additional steps are perforntbdlzere the order of specific steps

may be altered.

Sensing Examples

There may be numerous types of biomedical relatedrsptechniques that may be used
individually or in combinations to perform sensing consistath the present invention.

Referring to Figure 19, a summary of numerous exempy@es of biomedical devices may be
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found. The various ophthalmic devices 1900, such amcblenses, intraocular devices, punctal
plugs and the like, some of which have been descibddtail herein may perform various
sensing functions including analyzing analytes in the bidflindhe ocular environment.

Contact lenses, 1910 may also be used to read amdifguesults from sensing devices
that may be implanted into ocular tissue as has been psgvimentioned herein.

Implants into organs 1905, may include brain implantsithegplants, pacemakers, and
other implants that are implanted into organs of the useséimplants may be able to directly
sense or indirectly sense a user’s cellular tissue ayaffluid contacting a user’s cellular tissue
layer.

In other examples, a biomedical sensing device may berahsensor 1920. The aural
sensor may indirectly sense a biometric such as tempeagian infrared signal for example.
The aural sensor may also be able to quantify othendiiics such as blood oxygenation,
analyte and bio-organism sensing and other such sensing.

A dental sensor 1930 may be used to sense a varidifferent types of biometric data.
The sensor may probe the fluids in the oral cavity fomualecules 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-limitirggestive pressures, temperatures,
flows and sounds in the environment that may be directilydirectly related to biometrics such
as body temperatures, breathing rates, durationaggiiseand the like.

Vascular port sensors 1940 may be used to senseis@spects within a blood stream.
Some examples may include glucose monitoring, oxygemtoring or other chemical
monitoring. Other biometrics may be monitor at a vasquiair such as blood pressure or pulse
as non-limiting examples.

Some biometric sensors may be wearable sensors 195@arable sensor 1950 may
indirectly measure a variety of biometrics. In somengxas, 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, suttheammount of motion the user. Other
wearable sensors may directly or indirectly senseasea user’s cellular tissue layer which
may allow measurements of temperature, oxygenationglamical analysis of perspiration as

non-limiting examples. The wearable sensors 1950 maythakierm of or be incorporated into
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clothing or jewelry in some examples. In other examplesvéaable sensors 1950 may attach
to clothing or jewelry.

Various examples of biometric sensors may be incorpbrate sub-cutaneous sensors
1960 where a surgical procedure may place a biomeatks@de with sensors beneath a skin
layer of a user. The sub-cutaneous sensor 1960 msgniséive with direct contact to tissue
layers or to interstitial fluids. The sub-cutaneous set860 may be able to analyze for various
analytes, such as for example with techniques desapitle®ibusly herein. Physical parameters
may also be measured such as temperature, pressunéhan such physically relevant biometric
parameters.

Sensors may be incorporated into blood vessel orgyatgstinal stents of various kinds
forming stent sensor 1970. The stent sensors 1970 ma&ydrebe able to perform sensing of
various chemical species. Stent sensors 1970 incorpavated blood vessels may be able to
also characterize and measure physical parametessiotis types. For example, a blood vessel
form of stent sensor 1970 may be able to measureupesswithin the vessel during heart
pumping cycles for a physiologically relevant determinatibblood vessel pressure. There may
be numerous manners that such a pressure sensoifwoction with small piezoelectric sensors,
elastomeric sensors and other such sensors. Thereenmayrterous physical parameters in
addition to pressure that may be monitored directly withenbllbood stream.

A pill form biometric sensor, such as a swallowable pill 1680/ be used to provide
biometric feedback. In some examples, the swallowablengijl incorporate pharmaceutical
components. In other examples, the swallowable pill 1989 simply contain biometric sensors
of various kinds. The swallowable pill 1980 may perf@mnalyte measurements of the
gastrointestinal fluids that it incorporates. Furthermore pilis 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 eplas) analyte sensors may be able to
provide measurements related to dietary consumptiomaindional aspects.

A bandage form biometric sensor 1990 may be usedrforp biometric sensing. In
some examples, the bandage form biometric sensorri@9®e similar to a wearable sensor
1950 and perform measurements upon chemicals in ihneskironment including aspects of

perspiration. The bandage form biometric sensor h8&p also perform physical measurements.
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In some special examples, the bandage may be in tkienypof 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 barstamg®r may be a useful form factor or
environmentally controlled region for the inclusion ofianbetric sensor. In some examples, the
bandage form biometric sensor 1990 may include geelered electrical sensing device that
may measure electrical signals such as componentsetéeanocardiogram and wirelessly
transmit them.

A biometric sensor may be incorporated within a neuralampl 995. A neural implant
may be made into the brain of a user in some examblese it may have an active or passive
role. Biometric sensors incorporated with the neural intpteay allow for chemical and
physical monitoring in addition to electrical and electrochemiqa tneasurements that may be
unique to neural related implants. A neural implant magdah lbe placed in numerous locations
within a user’s body in conjunction with nerve systemstaediometric sensing role may
enhance capabilities. In some examples, a neural implaybe used to sense an electrical
impulse at a nerve and in so doing provide a user aat@spect for aspects of the biometric
information communication systems described herein. klltamative sense, neural related
implants may also provide additional means for a biometioecrmation communication system
to provide information to the user as a feedback aeme

The biometric sensor types depicted in Fig. 19 may septeexemplary types of sensors
that may be consistent with the present invention. Therebmaymerous other types of sensors
that may be consistent with the present invention howevethérmore, there may be examples
of sensors that combine some or all the functional asgsagssed in relation to Fig. 19 which
may be relevant. The present invention is not meant tortied to those examples provided in
Fig. 19.

Although shown and described is what is believed to &enibst practical and preferred
embodiments, it is apparent that departures from spel@figns 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 invergiaot restricted to the particular
constructions described and illustrated, but should be catestito cohere with all

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

1. A system for biometric based information communicatiomggsing:

a biomedical device including:
a sensing means;
an energization device; and
a communication means;
a bed smart device, wherein the bed smart devicaiiedin a communication
protocol with the biomedical device;
a communication hub, wherein the hub receives coration containing at
least a data value from the biomedical device and tranimitsommunication to a
content server; and

a feedback element.

. The system of Claim 1, wherein a user personal devjaiied in a communication

protocol with the communication hub.

. The system of Claim 2, wherein the feedback element#édd on the user personal

device.

. The system of Claim 3, wherein the biomedical device nmeasiser’s biometric while

the user is sleeping.

. The system of Claim 2, wherein the feedback element#dd in the bed smart device.

. The system of Claim 5, wherein the feedback elementdesla vibrational transducer.

. The system of Claim 1, wherein the content server traasntargeted message through a

biometric information communication system to the feedbaskeht.
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8. The system of Claim 1, wherein the sensing means cogspis element to monitor a
user’s breathing rate.

9. The system of Claim 1, wherein the sensing means cogspis element to monitor a

user’s pulse.

10.The system of Claim 1, wherein the sensing means cosspis element to monitor a

user’s intraocular pressure.

11.The system of Claim 1, wherein the sensing means cossis element to monitor a

user’s eye motion.

12.The system of Claim 1, wherein the sensing means coesis element to monitor the

sound of a user’s snore.

13.The system of Claim 1, wherein the sensing means cossis element to monitor a
user’s blood glucose level.

14.The system of Claim 1, wherein the sensing means cossis element to monitor a
user’s blood pressure.

15.The system of Claim 1, wherein the sensing means coespais element to monitor a

user’s blood oximetry level.

16.The system of Claim 1, wherein the bed smart deviceasrdn elevation of the head of
the bed.

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

obtaining a biomedical device capable of performingpabtric measurement;
locating the biomedical device within a user’s bedroom;
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pairing, with a wireless communication protocol, the biorwadilevice with a
bed smart device within the user’'s bedroom;

utilizing the biomedical device to perform the biometric nmeasent;
communicating a biometric data result obtained by the biome&asuorement;
receiving the biometric data result at a content server;

receiving a message based upon the communication of @toiohata result
obtained by the biometric measurement; and

communicating the message to a user with a feedback device.

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

providing a biomedical device capable of performing a btameseasurement;

locating the biomedical device within a bedroom of a user;

receiving a communication from a bed smart device, @hehe communication
comprises at least a data value corresponding to a biomestilt obtained with the
biomedical device;

receiving the communication at a content server;

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.

19. 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,
wherein the measurement occurs when the user is sleeping

obtaining a second device, wherein the second devacassr personal device
including a display and a network communication device;

authorizing a paired communication between the first @esid the second
device;

communicating the biometric data from the first device tsde®nd device;
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communicating the biometric data to a computing device @ied¢o a network;

authorizing the computing device, via a signal fromfitts¢ device, to obtain
status data related to status of a bed from a bed senaced

authorizing the computing device to initiate an algorithrhdé@xecuted to
retrieve a targeted and individualized content based dnidheetric data, the bed status
data and a personalized preference determination daldwe predictive analysis to
generate the targeted and individualized content;

receiving a message comprising the targeted and indlizddacontent to the
second device; and

displaying the message to the user.

20.The method of Claim 19, wherein the first device comprise®rn biomedical device.

21.The method of Claim 20, wherein the worn biomedical devieecisntact lens.

22.The method of Claim 20, wherein the worn biomedical devieesisart ring.

23.The method of Claim 19, wherein the second device coegasmart phone.

24.The method of Claim 19, wherein the second device coagasmart watch.

25.The method of Claim 19, wherein the first device compiisesedical device within

one or more of a pillow, a sheet or a blanket.
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