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SYSTEM AND METHOD FOR HEALTH
MONITORING INCLUDING A REMOTE
DEVICE

CLAIM OF PRIORITY UNDER 35 US.C. §119
AND $120

[0001] The present application claims priority under 35
U.S.C. §119 to U.S. Provisional Application No. 62/276,934
entitled, “SYSTEM AND METHOD FOR HEALTH
MONITORING INCLUDING AREMOTE DEVICE,” filed
Jan. 10, 2016, and hereby expressly incorporated by refer-
ence herein.

[0002] The present application claims priority under 35
U.S.C. §120 as a continuation in part to U.S. patent appli-
cation Ser. No. 14/866,500 entitled, “SYSTEM AND
METHOD FOR GLUCOSE MONITORING,” filed Sep. 25,
2015, and hereby expressly incorporated by reference
herein.

[0003] The present application claims priority under 35
U.S.C. §120 as a continuation in part application to U.S.
patent application Ser. No. 15/275,388 entitled, “SYSTEM
AND METHOD FOR HEALTH MONITORING USING A
NON-INVASIVE, MULTI-BAND BIOSENSOR,” filed
Sep. 24, 2016 and hereby expressly incorporated by refer-
ence herein.

[0004] The present application claims priority under 35
U.S.C. §120 as a continuation in part application to U.S.
patent application Ser. No. 15/275,444 entitled, “SYSTEM
AND METHOD FOR A BIOSENSOR MONITORING
AND TRACKING BAND,” filed Sep. 25, 2016 and hereby
expressly incorporated by reference herein.

[0005] The present application claims priority under 35
U.S.C. §120 as a continuation in part application to U.S.
patent application Ser. No. 15/276,760 entitled, “SYSTEM
AND METHOD FOR A DRUG DELIVERY AND BIO-
SENSOR PATCH,” filed Sep. 26, 2016 and hereby expressly
incorporated by reference herein.

FIELD

[0006] This application relates to systems and methods of
non-invasive, autonomous health monitoring and drug
administration using a biosensor and remote device.

BACKGROUND

[0007] Various techniques are available for obtaining bio-
sensor measurements, such as blood glucose levels in
patients with diabetes. One technique requires a small blood
sample from the patients, e.g. from a finger prick. The blood
sample is placed on a chemically prepared test strip and
inserted into a glucose meter that analyzes the test strip and
provides a blood glucose level. Unfortunately, to monitor
their blood glucose levels, diabetics may need to prick their
fingers multiple times within a day. This monitoring process
can be painful, inconvenient and creates possible exposure
to infections. Additionally, measurements with these devices
present an error of uncertainty range between approximately
10-20% depending on sample quality, human error, calibra-
tion, humidity, and hygiene in the sample area. Thus, there
is a need for an accurate, non-invasive blood analytic and
glucose monitoring and tracking system and method and
device that eliminates the pain of drawing blood as well as
eliminates a source of potential infection.
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[0008] In addition, there is a need for accurate and non-
invasive biosensor measurements, such as pulse, blood
oxygen level, electrolyte levels, etc. It is important to
provide a convenient system for monitoring and tracking
these biosensor measurements.

[0009] In addition, there is a need for a more accurate and
non-invasive drug administration based on biosensor moni-
toring and feedback.

SUMMARY

[0010] According to a first aspect, a remote device
includes a television control circuit configured to control a
television in response to user input and a biosensor. The
biosensor includes a temperature sensor configured to obtain
a temperature of a user, and a PPG circuit configured to emit
light at a plurality of wavelengths directed at skin of the user
and obtain a plurality of spectral responses at each of the
plurality of wavelengths of light reflected from the skin. The
processing circuit is configured to process the spectral
responses at the plurality of wavelengths and determine
biosensor data using the spectral responses, wherein the
biosensor data includes oxygen saturation levels and con-
centration levels of one or more additional substances in
arterial blood flow using the spectral responses. The remote
device further includes a wireless transceiver configured to
transmit the temperature and biosensor data to the television.
[0011] According to a second aspect, a remote device
includes a television control circuit configured to control a
television in response to user input and a wireless trans-
ceiver configured to communicate with one or more external
biosensors and a television. The remote device further
includes a processing circuit configured to receive biosensor
data from the one or more external biosensors and transmit
the biosensor data to the television for display.

[0012] According to a third aspect, the television is con-
figured to display the temperature and the biosensor data in
one or more graphical user interfaces.

[0013] According to a fourth aspect, the remote device is
configured to generate a command to a drug administrative
device to administer medicine.

[0014] According to a fifth aspect, the remote device is
configured to generate the command to the drug adminis-
tration device to administer insulin in response to a blood
glucose concentration level exceeding a predetermined
threshold.

[0015] According to a sixth aspect, the television includes
a wireless transceiver configured to communicate with a
remote device, wherein the wireless transceiver receives
biosensor data from the remote device and a processing
device configured to generate a graphical user interface
(GUI) that displays the biosensor data and transmit the
biosensor data to a third party service provider.

[0016] According to a seventh aspect, the biosensor data
includes a heart rate and activity level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 illustrates an exemplary embodiment of a
remote device for health monitoring.

[0018] FIG. 2 illustrates a schematic block diagram of an
exemplary embodiment of the remote device.

[0019] FIG. 3 illustrates an exemplary embodiment of a
drug administrative device.
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[0020] FIG. 4 illustrates a schematic block diagram of an
embodiment of a syringe powered by a hydrogen fuel cell.
[0021] FIG. 5 illustrates an embodiment of a schematic
block diagram of a wearable shirt button with an integrated
button biosensor.

[0022] FIG. 6 illustrates illustrates an exemplary embodi-
ment of another form factor of a biosensor.

[0023] FIG. 7 illustrates a schematic block diagram of an
exemplary embodiment of a biosensor.

[0024] FIG. 8A illustrates an exemplary embodiment of
another form factor of the biosensor.

[0025] FIG. 8B illustrates an exemplary embodiment of
another form factor of the biosensor.

[0026] FIG. 9 illustrates an embodiment of a graphical
user interface (GUI) displayed on the television.

[0027] FIG. 10 illustrates an embodiment of a user device.
[0028] FIG. 11 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) generated
by the health monitoring application.

[0029] FIG. 12 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) generated
by the health monitoring application.

[0030] FIG. 13 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) generated
by the health monitoring application.

[0031] FIG. 14A illustrates a logical flow diagram of an
embodiment of a method for the health monitoring applica-
tion.

[0032] FIG. 14B illustrates a logical flow diagram of an
embodiment of a method for the health monitoring applica-
tion.

[0033] FIG. 15 illustrates a schematic block diagram of an
embodiment of an exemplary communication network in
which the devices described herein may operate.

[0034] FIG. 16 illustrates a logic flow diagram of an
exemplary embodiment of a method for analyzing content
based on HM information.

[0035] FIG. 17 illustrates a schematic block diagram illus-
trating an embodiment of the PPG circuit in more detail.
[0036] FIG. 18 illustrates a schematic block diagram of
another exemplary embodiment of the the PPG circuit.
[0037] FIG. 19 illustrates a schematic block diagram of an
embodiment of the PPG circuit 224 with a plurality of
photodetectors.

[0038] FIG. 20 illustrates a schematic diagram of a graph
of actual clinical data obtained using PPG techniques at a
plurality of wavelengths.

[0039] FIG. 21 illustrates a logical flow diagram of an
embodiment of a method 2100 of the biosensor.

[0040] FIG. 22 illustrates a logical flow diagram of an
embodiment of a method 2200 of determining concentration
levels of one or more substances in more detail.

[0041] FIG. 23A illustrates a graph of an embodiment of
an output of a broad spectrum light source.

[0042] FIG. 23B illustrates a graph with an embodiment of
an exeniplary spectral response of detected light across a
broad spectrum.

[0043] FIG. 24 illustrates a schematic block diagram of an
embodiment of a method for determining concentration
levels or indicators of substances in pulsating blood flow in
more detail.

[0044] FIG. 25 illustrates a logical flow diagram of an
exemplary method to determine an absorption coeflicients p
of a substance at a wavelength A.

Jun. 29,2017

[0045] FIG. 26 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data obtained
using an embodiment of the biosensor from a second patient.
[0046] FIG. 27 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data obtained
using an embodiment of the biosensor from a third patient.
[0047] FIG. 28 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data obtained
using the biosensor from a fourth patient.

[0048] FIG. 29 illustrates an exemplary graph of spectral
responses of a plurality of wavelengths from clinical data
using the biosensor.

DETAILED DESCRIPTION

[0049] The word “exemplary” or “embodiment” is used
herein to mean “serving as an example, instance, or illus-
tration.” Any implementation or aspect described herein as
“exemplary” or as an “embodiment” is not necessarily to be
construed as preferred or advantageous over other aspects of
the disclosure. Likewise, the term “aspects” does not require
that all aspects of the disclosure include the discussed
feature, advantage, or mode of operation.

[0050] Embodiments will now be described in detail with
reference to the accompanying drawings. In the following
description, numerous specific details are set forth in order
to provide a thorough understanding of the aspects described
herein. It will be apparent, however, to one skilled in the art,
that these and other aspects may be practiced without some
or all of these specific details. In addition, well known steps
in a method of a process may be omitted from flow diagrams
presented herein in order not to obscure the aspects of the
disclosure. Similarly, well known components in a device
may be omitted from figures and descriptions thereof pre-
sented herein in order not to obscure the aspects of the
disclosure.

Overview—Remote Device

[0051] The remote device includes a biosensor interface
that is configured to collect biosensor data from an inte-
grated biosensor or by receiving biosensor data from one or
more external biosensors or other types of sensors either
through a wireless connection or a wired connection. In an
embodiment, the remote device is a television remote con-
trol and communicates with a television to control channel
changing and other operations of the television. For
example, the remote device may have a primary purpose of
controlling the television or only have capabilities of com-
municating with and controlling the television.

[0052] Inan embodiment, the one or more biosensors may
include a pulse oximeter configured to detect pulse and
blood oxygen levels. The one or more biosensors may also
include a temperature sensor to detect body temperature. In
an embodiment, at least one biosensor includes a PPG circuit
configured to detect one or more substances in blood, such
as an indicator of glucose levels in arterial blood flow or
blood levels of other substances, such as bilirubin, sodium,
potassium. The biosensor may also detect blood alcohol
levels. The one or more biosensors may communicate either
wirelessly or through a wired connection to the remote
device or be incorporated into the remote device. The remote
device then communicates with a television that includes a
Health Monitoring (HM) application. The HM application is
configured to receive biosensor data from the remote device
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and display the biosensor data on the display. The HM
application may also communicate biosensor data to third
party, such as a pharmacy or physician’s office.

Embodiment—Remote Device with Biosensor
Interface

[0053] FIG. 1 illustrates an exemplary embodiment of a
remote device 100 for health monitoring. The remote device
100 includes a biosensor interface 118 that is configured to
collect biosensor data from an integrated biosensor and/or
by receiving biosensor data from one or more external
biosensors 150 or other types of sensors either through a
wireless connection or a wired connection. In an embodi-
ment, the remote device 100 is a television remote control
and communicates with a television 102 to control channel
changing and other operations of the television 102. For
example, the remote device 100 may have a primary purpose
of controlling the television or only have capabilities of
controlling and communicating with the television 102 and
biosensors 150. In other embodiments, the remote device
100 includes a user device, such as a smart phone, laptop,
desktop, smart tablet, smart watch, or other electronic
device.

[0054] In an embodiment, the television 102 includes a
processing circuit 104, a memory 106, a wireless transceiver
110, a wired transceiver 112, a display 114 and a tuner 116.
The wireless transceiver 110 includes an infrared (IR) wire-
less transceiver that is configured to communicate with the
remote device 100. The wireless transceiver 110 also
includes Bluetooth (such as a Bluetooth Low Energy Trans-
mitter (BLE 4.2) and/or 802.11 WLAN or other wireless
protocol transceiver that is configured to communicate with
a user device or third party service provider network. For
example, the wireless transceiver 110 may operate in a
Bluetooth protocol (such as a Bluetooth Low Energy Trans-
mitter (BLE 4.2) or may utilize a standard protocol in the
900 MHz range, such as IEEE 802.11ah, Zigbee, IEEE
802.15-11 etc. or operate in the 900 MHz range over a serial
link using a proprietary protocol. In other embodiments, the
wireless transceiver 110 operates in one or more other
wireless frequency bands or protocols, such as near field
communication, short range radio frequency, RFID, or other
short range wireless communication protocol. The television
102 may also include a wired transceiver 112, such as an
Ethernet or TP wired connection, that is configured to com-
municate with a user device or third party service provider
network.

[0055] In one aspect, the television 102 includes a Health
Monitoring (HM) application 108 stored in the memory 106.
The processing circuit 104 is configured to process one or
more instructions of the HM application 108 to perform one
or more of the functions described herein. The HM appli-
cation 108 processes biosensor data from the remote device
100 and displays the biosensor data on the display 114. The
HM application 108 may also control or generate transmis-
sions including biosensor data to third parties. For example,
the HM application 108 may generate messages that include
requests to refill medications that are transmitted to a
pharmacy over a wide area network (WAN) using the
wireless transceiver 110 or wired transceiver 112. In another
example, the HM application 108 may generate messages
that include patient health data or other patient information
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that are transmitted to a doctor’s hospital over a wide area
network (WAN) using the wireless transceiver 110 or wired
transceiver 112, etc.

[0056] FIG. 2 illustrates a schematic block diagram of an
exemplary embodiment of the remote device 100. The
remote device 100 includes a processing circuit 202, a
memory 204 and a wireless transceiver 206. The wireless
transceiver 206 includes an infrared (IR) wireless trans-
ceiver that is configured to communicate with the television
102. The wireless transceiver 206 may also include a Blu-
etooth and/or 802.11 WLAN or other wireless protocol
transceiver that is configured to communicate with an exter-
nal biosensor or a user device, such as a smart phone, laptop,
desktop, smart tablet, smart watch, or other electronic
device, etc. For example, the wireless transceiver 206 may
operate in a Bluetooth protocol (such as a Bluetooth Low
Energy Transmitter (BLE 4.2) or may utilize a standard
protocol in the 900 MHz range, such as IEEE 802.11ah,
Zigbee, IEEE 802.15-11 etc. or operate in the 900 MHz
range over a serial link using a proprietary protocol. In other
embodiments, the wireless transceiver 206 operates in one
or more other wireless frequency bands or protocols, such as
near field communication, short range radio frequency,
RFID, or other short range wireless communication proto-
col.

[0057] In an embodiment, the remote device 100 is con-
figured to collect biosensor data, e.g. either by receiving
biosensor data from one or more external biosensors 150 or
from integrated biosensors. For example, the remote device
100 may include one or more integrated biosensors, such as
a temperature sensor 216 (contact or non-contact), a pulse
oximeter circuit 218, a blood pressure circuit 220, an activity
monitoring circuit 222, etc. In addition, the remote device
100 may communicate with external biosensors 150 using
the wireless transceiver 206 to receive biosensor data, as
described in more detail herein below.

[0058] The remote device 100 may also include an inte-
grated Drug Administration Device and/or a Drug Admin-
istration Device Interface 210 that is configured to deliver
medication to a patient in response to the biosensor data. For
example, the Drug Administration Device may include an
external or integrated skin patch, IV drug pump, etc.

[0059] The remote device 100 also includes a health
monitoring (HM) application 108 that may be stored in the
memory 204. The health monitoring (HM) application 108
processes the biosensor data, such as measurements made by
the biosensors, and generates health monitoring data. For
example, the HM application may instruct the processing
circuit 202 to execute logic to direct the television 102 to
present one or more graphical user interfaces (GUI). The
GUIs present the health monitoring data generated by the
remote device 100 as well as user commands to control the
biosensors. The remote device 100 may also communicate
with a user device that includes the HM application to also
generate one or more GUIs on the user device.

[0060] For example, the non-contact temperature sensor
216 may include a thermopile IR temperature sensor. In use,
a user swipes the remote device 100 over their forehead or
other area of the body without touching the skin. The
temperature sensor 216 in the remote device 100 detects the
temperature and transmits the temperature to the HM appli-
cation 108 for storage and tracking. The HM application 108
may instruct the television to display a graphical user
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interface (GUI) illustrating a current temperature and a
history of temperature readings for one or more users.

[0061] In another example, the blood pressure sensor 216
detects blood pressure and transmits the blood pressure to
the HM application 108 for storage and tracking. The HM
application 108 may instruct the television 102 to display a
graphical user interface (GUI) illustrating a current blood
pressure and a history of blood pressure readings for one or
more Uusers.

[0062] In another example, the activity monitoring circuit
222 includes, e.g., an accelerometer, GPS, or other motion
detector. In another embodiment, the remote device 100
communicates with an external activity monitoring device,
such as a FitBit® wireless wristband or other external
activity tracker. The HM application 108 may collect activ-
ity information, such as periods of rest, periods of activity,
steps walked or run, etc. The HM application 108 may then
instruct the television 102 to display a graphical user inter-
face (GUI) illustrating the activity information for one or
more users.

[0063] In another aspect, the remote device 100 includes
an integrated pulse oximeter circuit 218. The pulse oximeter
218 detects pulse or heart rate and blood oxygen saturation
levels (SpO,) and transmits the biosensor data to the HM
application 108 for storage and tracking. The HM applica-
tion 108 may instruct the television 102 to display a graphi-
cal user interface (GUI) illustrating a current pulse and
blood oxygen level and a history of heart rate and blood
oxygen levels for one or more users.

[0064] In an embodiment, the remote device 100 may
include a photoplethysmography (PPG) circuit 224. The
PPG circuit is configured to generate at least a first spectral
response for light reflected around a first wavelength from
skin tissue of the patient, generate at least a second spectral
response for light detected around a second wavelength
reflected from the skin tissue of the patient. The processing
circuit 202 is configured to process the first and second
spectral responses at the first wavelength and the second
wavelength and determine biosensor data using the first and
second spectral responses. For example, the biosensor data
may include oxygen saturation levels and pulse rate. The
PPG circuit 224 may thus be included as the pulse oximeter
circuit 218 or in addition to a separate pulse oximeter circuit
218. In addition, the PPG circuit 224 may also obtain
concentration levels of one or more substances in arterial
blood flow using first and second spectral responses at
predetermined wavelengths, such as an indicator of glucose
levels, analyte levels, blood alcohol levels, etc. The opera-
tion of the PPG circuit 224 is described in more detail herein.

[0065] The remote device also includes a television con-
trol circuit 228. The television control circuit 228 receives
user input and controls functions of the television 102 in
response to the user input. For example, the television
control circuit 228 may generate commands to change
channels, record, or operate the HM application 108 in
response to the user input. The commands are then trans-
mitted to the television 102 by the wireless transceiver 206.

[0066] In an embodiment, the remote device 100 may
include one or more user interfaces 230. For example, the
one or more user interfaces may include touchless controls.
The touchless controls are configured to detect movement of
a user and a channel indicated by the movement without a
user touching the remote device 100. In another aspect, the
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remote device 100 is configured to change a channel by
detecting a tilt or motion of the remote device 100.

[0067] The user interface 230 may include a touch pad,
touch screen, LED wireless mouse, keypad or other type of
user interface. For example, the remote device 100 may
include a mouse and use an IR or visible light to move a
pointer or other icon on the television display to select
commands to control the television 102 and/or and HM
application 108. The user interface 230 may include a touch
pad to select commands on the television display that control
operation of the television 102 and/or and HM application
108. In another embodiment, the remote device 100 includes
a touch screen that displays graphical user interfaces having
selections and commands for controlling the television 102
or HM application 108.

Embodiment—Drug Administrative Device

[0068] FIG. 3 illustrates an exemplary embodiment of a
drug administrative device 300.

[0069] The drug administrative device 300 includes a skin
patch 302 and drug pump 308. The skin patch 302 includes
a wired or wireless transceiver 316 configured to commu-
nicate with the remote device 100. For example, the wireless
transceiver 316 may include an infrared (IR) wireless trans-
ceiver 316 that is configured to communicate with the
remote device 100. The wireless transceiver 316 may alter-
natively or additionally include a Bluetooth and/or 802.11
WLAN or other wireless protocol transceiver that is con-
figured to communicate with the remote device 100 or other
user device. For example, the wireless transceiver 316 may
operate in a Bluetooth protocol (such as a Bluetooth Low
Energy Transmitter (BLE 4.2) or may utilize a standard
protocol in the 900 MHz range, such as IEEE 802.11ah,
Zigbee, IEEE 802.15-11 etc. or operate in the 900 MHz
range over a serial link using a proprietary protocol. In other
embodiments, the wireless transceiver 316 operates in one
or more other wireless frequency bands or protocols, such as
near field communication, short range radio frequency,
RFID, or other short range wireless communication proto-
col. In another aspect, the wireless transceiver 316 may
include a wired transceiver to communicate with the remote
device 100. Though the wireless transceiver 316 is illus-
trated as integrated within the skin patch 302, it may be
included in one or more other parts of the drug administra-
tive device 300. A battery, such as a hydrogen fuel cell, may
be integrated to power the wireless transceiver 316 and other
components of the drug administrative device 300.

[0070] The skin patch 302 may also include a skin bio-
sensor 306. The skin biosensor 306 includes one or more
biosensors, e.g., a heart rate monitor 312 and a vein detec-
tion device 314 and a PPG circuit 224. The heart rate
monitor is configured to detect a heart rate of a patient
during drug delivery. In another aspect, the heart rate moni-
tor 312 in the skin biosensor 306 is configured to monitor
blood flow. For example, the skin patch 302 monitors and
transmits heart rate measurements from one or more
extremities, such as the arms and legs of the user, as well as
from a chest/heart area of the user. The user may move the
skin patch 302 to the plurality of positions or multiple skin
patches may be positioned on the plurality of positions. The
heart rate readings from the heart/chest area and from the
one or more extremities of the user are monitored and
tracked by the HM application 108 of the remote device 100.
The heart rate readings are used to determine and track blood
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flow between the heart and the one or more extremities.
Based on the heart rate readings, the HM application 108
may determine potential blockages in blood flow.

[0071] The skin biosensor 306 may also include a vein
detection device 314 that assists a user, such as a patient or
care giver, to locate veins or arteries. The vein detection
device 314 is configured to scan a designated area of skin
using an infrared (IR) signal to locate a high IR signature
that indicates the presence of a vein or an artery. Ultraviolet
(UV) signal may be used as well to detect the location of
vein or artery. The vein detection device 314 may include a
sensor filter 318 that filters out ambient light and light not
reflected from the skin but passes IR light reflected from the
designated area of the skin.

[0072] The PPG circuit is configured to obtain at least a
first spectral response for light reflected around a first
wavelength from skin tissue of the patient, obtain at least a
second spectral response for light detected around a second
wavelength reflected from the skin tissue of the patient. A
processing circuit (not shown) within the skin patch 302 or
PPG circuit 224 is configured to process the first and second
spectral responses at the first wavelength and the second
wavelength and determine patient vitals using the first and
second spectral responses. For example, the PPG sensor may
be configured to detect oxygen saturation (SPO,) levels in
blood flow, as well as heart rate and blood pressure.
[0073] The PPG circuit 224 may thus be included as the
heart rate monitor 312 or in addition to a separate heart rate
monitor 312. In addition, the PPG circuit 224 may also
obtain concentration levels of one or more additional sub-
stances in arterial blood flow using first and second spectral
responses at predetermined wavelengths, such as an indica-
tor of glucose levels, analyte levels, blood alcohol levels,
etc. The operation of the PPG circuit 224 is described in
more detail herein.

[0074] The skin biosensor 306 may include additional or
alternative biosensors, such as a temperature sensor 216,
activity monitoring circuit 222, etc.

[0075] In an embodiment, the skin patch 302 is configured
to administer the medication to the user through the drug
delivery structure 304. The drug delivery structure may
include permeable material or an array of microneedles. The
drug delivery structure 304 may also include a drug fluid
bowl that holds a predetermined dosage of the medication.
[0076] The skin patch 302 may also include an ultrasonic
unit 310 that includes an ultrasonic transducer and one or
more ultrasonic horns (also known as acoustic horn, sono-
trode, acoustic waveguide, ultrasonic probe) embedded in
the skin patch. The ultrasonic horn is a tapering metal bar
commonly used for augmenting the oscillation displacement
amplitude provided by the ultrasonic transducer. The skin
patch 302 then initiates transdermal application of medica-
tion through a permeable material or microneedles while
ultra-sonically transmitting energy into the epidermal layer
of the skin using the ultrasonic unit 310. This process excites
pours on the sub-cutaneous layer of the skin to allow rapid
absorption of the medication.

[0077] The drug delivery structure 304 may be coupled to
a syringe 308 by IV tubing 320. For example, the syringe
308 may be preloaded with the medication for administra-
tion by the skin patch 302. The remote device 102 is then
configured to control the syringe to secrete a predetermined
dosage of medication at a predetermined rate of adminis-
tration. The remote device 102 may also control the prede-
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termined dosage of medication, the predetermined rate of
administration and period of time between dosages based on
the biosensor data from one or more biosensors. For
example, the remote device 102 receives real time, continu-
ous feedback of biosensor data from one or more biosensors
during periods of administration of the medication. If the
remote device 102 detects an allergic reaction or unsafe
heart rate, the remote device 102 may control the syringe
308 and/or skin patch 302 to halt secretion of the medica-
tion.

[0078] Inanother embodiment, the remote device 102 may
be implemented to control a Smart Injectable Pen, a Con-
tinuous Glucose Monitoring Device and Insulin Pump, or
other drug administering device. For example, the remote
device 102 may control an IV infusion pump using biosensor
data received from one or more biosensors 150, such as the
skin biosensor 306.

Embodiment—Hydrogen Fuel Cell Syringe

[0079] FIG. 4 illustrates an embodiment of the syringe
308. The syringe 308 may be powered by a battery, such as
ahydrogen fuel cell 404. The hydrogen fuel cell 404 powers
the syringe 308 to push the pre-loaded medications in the
syringe 308 to the skin patch 302. The syringe 308 may
include a remote control unit 402 including a processing
circuit that controls the syringe 308 to dispense a predeter-
mined dosage of medication at a predetermined rate of
administration. In another embodiment, the remote control
unit 402 may be configured to provide for direct injection of
medication into an IV tube or catheter or a smart pen or
custom [V syringe. The remote device 102 communicates
with the remote control unit 402 to control the dosage and
administration rate of the medication using continuous and
real time feedback of biosensor data, such as heart rate.

Embodiment—Wearable Shirt Button with
Biosensor

[0080] FIG. 5 illustrates an embodiment of a wearable
shirt button 500 with an integrated button biosensor 502.
The button biosensor 502 includes for example an integrated
Heart Rate Monitor 504, Pulse Oximeter 506, Glucose
Sensor 508, and Blood Analyte Sensor 510 and Blood
Alcohol Sensor 512. The button biosensor 502, e.g., is
configured to integrate into a shirt button or clothing for
measuring health information. The wireless transceiver 514
includes an IR wireless transceiver (positioned on an oppo-
site side of the body facing sensor side) for transmitting IR
codes to a television 102 or remote device 102. The wireless
transceiver 514 may also include Bluetooth and/or 802.11
WLAN or other wireless protocol transceiver that is con-
figured to communicate with the user device such as a smart
phone, laptop, desktop, smart tablet, smart watch, or other
electronic device, etc. For example, the wireless transceiver
206 may operate in a Bluetooth protocol (such as a Blu-
etooth Low Energy Transmitter (BLE 4.2) or may utilize a
standard protocol in the 900 MHz range, such as IEEE
802.11ah, Zigbee, IEEE 802.15-11 etc. or operate in the 900
MHz range over a serial link using a proprietary protocol. In
other embodiments, the wireless transceiver 514 operates in
one or more other wireless frequency bands or protocols,
such as near field communication, short range radio fre-
quency, RFID, or other short range wireless communication
protocol.
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[0081] In use, in an embodiment, the button sensor 502
detects biosensor data and transmits the biosensor data to an
HM application in the remote device 100 or a user device or
the television 102 for storage and tracking. The HM appli-
cation may instruct the remote device 100 or television 102
or user device to display a graphical user interface (GUI)
illustrating the biosensor data and a history of the biosensor
data for one or more users.

[0082] FIG. 6 illustrates an exemplary embodiment of
another form factor of a biosensor 610. In this embodiment,
the biosensor 610 is configured in an earpiece 600. The
earpiece 600 includes an earbud 602. The biosensor 610 is
configured to transmit light into the ear canal from one or
more optical fibers in the ear bud 602 and detect light from
the ear canal using one or more optical fibers. The biosensor
150 may be powered by a battery 604. The biosensor 610
includes a wireless transceiver to transmit biosensor data to
the remote device 100.

[0083] Due to its compact form factor, the biosensor may
be configured in various form factors, such as a skin patch,
ear piece, on a button, etc. The biosensor may be configured
for measurement of biosensor data on various skin surfaces
of a patient, including on a forehead, arm, wrist, abdominal
area, chest, leg, ear lobe, finger. toe, ear canal, etc.

Embodiment—Biosensor Components

[0084] FIG. 7 illustrates a schematic block diagram of an
exemplary embodiment of a biosensor 150. The biosensor
150 includes one or more processing circuits 702 commu-
nicatively coupled to a memory device 704. In one aspect,
the memory device 104 may include one or more non-
transitory processor readable memories that store instruc-
tions which when executed by the processing circuit 702,
causes the processing circuit 702 to perform one or more
functions described herein. The memory device 704 may
also include an EEPROM to store one or more patient
identifications (ID) 706a, 706b, wherein each of the patient
1Ds 706 are associated with a patient being monitored by the
biosensor 150. The memory device 704 may also store an
electronic medical record (EMR) 708a, 7085 or portion of
an EMR 708a, 7085 associated with each of the patient IDs
706. The biosensor may thus be used to monitor multiple
users or patients associated with different patient IDs 706.
The biosensor data obtained by the biosensor 150 may be
stored in the EMR 708 associated with the monitored patient
1D 706. The processing circuit 702 may be co-located with
one or more of the other circuits in the biosensor 150 in a
same physical encasement or located separately in a differ-
ent physical encasement or located remotely. In an embodi-
ment, the biosensor 150 is battery operated and includes a
battery 712, such as a lithium ion battery. The biosensor 150
may also include a display 720 configured to display the
biosensor data.

[0085] The biosensor 150 further includes a transceiver
710. The transceiver 710 may include a wireless or wired
transceiver configured to communicate with one or more
devices over a LAN, MAN and/or WAN. In one aspect, the
wireless transceiver 710 may include IEEE 802.11ah, Zig-
bee, IEEE 802.15-11 or WLAN (such as an IEEE 802.11
standard protocol) compliant transceiver. In another aspect,
the wireless transceiver 710 may also include or alterna-
tively include an interface for communicating over a cellular
network. In an embodiment, the wireless transceiver 710
may include a thin foil for an antenna that is specially cut
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and includes a carbon pad contact to a main PCB of the
biosensor 150. This type of antenna is inexpensive to
manufacture and may be printed on the inside of an enclo-
sure for the biosensor 150 situated away from the skin of the
patient to minimize absorption. The transceiver 710 may
also include a wired transceiver interface, e.g., a USB port
or other type of wired connection, for communication with
one or mote other devices over a LAN, MAN and/or WAN.
[0086] The biosensor 150 includes one or more types of
sensors, such as a PPG circuit 224, a temperature sensor 714
or an activity monitoring circuit 716. The temperature sensor
714 is configured to detect a temperature of a patient. For
example, the temperature sensor 714 may include an array
of sensors (e.g., 16x16 pixels) positioned on a side of the
biosensor 150 such that the array of sensors are adjacent to
the skin of the patient. The array of sensors then detects an
indication of the temperature of the patient from the skin.
[0087] The activity monitoring circuit 716 is configured to
monitor the activity level of the patient. For example, the
activity monitoring circuit 716 may include a multiple axes
accelerometer that measures a position of the patient and
motion of the patient. In one aspect, the activity monitoring
circuit 716 determines periods of activity and rest. For
example, the activity monitoring circuit 716 monitors and
records periods of rest that meet a predetermined threshold
of low motion or activity level, such as sitting, lying,
sleeping, etc. The activity monitoring circuit 716 may also
monitor and record periods of activity that meet a predeter-
mined threshold of motion or activity level, such as walking,
running, lifting, squatting, etc. The biosensor 150 is then
configured to measure and store the patient vitals with an
indicator of the activity level of the patient. For example,
blood oxygen levels may vary greatly in patients with COPD
during rest and activity. The vitals of the patient are tracked
during periods of activity and rest and the level of activity
at time of measuring the vitals is recorded. The biosensor
150 is thus configured to associate measurements of patient
vitals with the activity level of the patient.

[0088] In another aspect, to help lower power consump-
tion, in an embodiment, the biosensor 150 includes a rest
mode. For example, the activity monitoring circuit 716 may
signal a rest mode when a patient is asleep or meets a
predetermined threshold of low activity level for a prede-
termined time period. In the rest mode, the biosensor 150
signals one or more modules to halt non-essential processing
functions. When the activity monitoring circuit 716 detects
a higher activity level exceeding another predetermined
threshold for a predetermined time period, the the biosensor
150 signals one or more modules to exit rest mode and
resume normal functions. This activity monitoring feature
helps to save power and extend battery life of the biosensor
150.

[0089] In another aspect, the activity monitoring circuit
716 is configured to include a fitness tracker application. The
activity monitoring circuit 716 may monitor a number of
steps of the patient, amount and length of periods of sleep,
amount and length of periods of rest, amount and length of
periods of activity, etc.

[0090] The biosensor 150 may also include an integrated
drug delivery system 718 or be communicatively coupled to
a drug delivery system 116. The biosensor 150 may be
configured to control delivery of medicine to a patient based
on biosensor data obtained by the biosensor 150 as described
in more detail in U.S. patent application Ser. No. 15/276,760
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entitled, “SYSTEM AND METHOD FOR A DRUG
DELIVERY AND BIOSENSOR PATCH,” filed Sep. 26,
2016 and hereby expressly incorporated by reference herein.
[0091] The biosensor 150 may include a display 720. The
biosensor 150 is configured to display a graphical user
interface (GUI) that includes biosensor data.

[0092] The biosensor 150 also includes a transceiver 710
that may operate using RFID, short range radio frequency,
Bluetooth, infrared link, or other short range wireless com-
munication protocol. The near field transceiver 710 may
transmit the patient identification and biosensor data over a
short range to the remote device 100.

[0093] The biosensor 150 also includes a PPG circuit 224.
The PPG circuit 224 may be configured to detect oxygen
saturation (SaQ, or SpO,) levels in blood flow, as well as
heart rate and blood pressure. In addition, the PPG circuit
224 is configured to detect concentration levels or indicators
of one or more substances in the blood flow of the patient as
described in more detail herein.

[0094] FIG. 8A illustrates an exemplary embodiment of
another form factor of the biosensor 150. In this embodi-
ment, the biosensor 150 is configured to attach to a finger or
fingertip using finger attachment 802. The finger attachment
802 is configured to securely hold a finger that is inserted
into the finger attachment 802. A display 800 is implemented
on the biosensor 150 with a graphical user interface (GUI)
that displays biosensor data. For example, in use, the bio-
sensor 150 measures blood glucose levels using the PPG
circuit 224. The blood glucose levels are then displayed
using the GUI on the display 800. The PPG circuit may also
measure other patient vitals that are displayed on the display
800, such as oxygen saturation levels, temperature, respira-
tion rates, heart rate, blood alcohol levels, digestive
response, caloric intake, white blood cell count, electrolyte
or other blood analyte concentrations, liver enzymes, etc.
The biosensor 150 may thus provide biosensor data con-
tinuously and non-invasively.

[0095] FIG. 8B illustrates an exemplary embodiment of
another form factor of the biosensor 150. In this embodi-
ment, the biosensor 150 is configured to attach to a finger or
fingertip using finger attachment 806. The finger attachment
806 includes the PPG circuit 224 and is configured to
securely hold a finger that is inserted into the finger attach-
ment 806. The finger attachment 806 may be implemented
within the same encasement as the other components of the
biosensor 150 or be communicatively coupled either through
a wired or wireless interface to the other components of the
biosensor 150. A display 808 is implemented for the bio-
sensor 150 with a graphical user interface (GUI) that dis-
plays biosensor data including blood glucose levels.
[0096] The biosensor 150 may be configured to be imple-
mented within the remote device 100. In addition, one or
more biosensors 150 in one or more form factors may be
used in combination with the remote device 100 to deter-
mine biosensor data at one or more areas of the body. The
remote device 100 may then store biosensor data measured
by the one or more biosensors 150 in the EMR 708 of the
patient that may be used with the HM application 108.

Embodiment—HM Application

[0097] FIG. 9 illustrates an embodiment of a graphical
user interface (GUI) 900 displayed on the television 102.
The remote device 100 communicates biosensor data to the
television 102 that includes an HM application 108. Using
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the health monitoring application 108, the television 102 is
configured to generate the GUI 900 for display on the
display 114. An authorized user is operable to track biosen-
sor data using the health monitoring application 108 and
control certain functions of a drug administrative device
210.

[0098] FIG. 10 illustrates an embodiment of a user device
1000. The user device 1000 may include a smart phone,
laptop, desktop, smart tablet, smart watch, or any other
electronic device. In an embodiment, the user device 1000
includes a processing circuit 1108, a display 1110 and a
memory 1106. For example, the memory 1106 is a non-
transitory processor readable memory that stores instruc-
tions which when executed by the processing circuit 1108,
causes the processing circuit 1108 to perform one or more
functions described herein. The user device 1000 includes a
wireless transceiver 1102 that is configured to communicate
with the remote device 100 or a communication network to
a central application server or to one or more gateways.

[0099] The user device 1000 further includes a health
monitoring application 108. The HM application 108 may be
a web-based application supported by a central application
server. For example, the central application server may be a
web server and support the user application via a website.
The user device 1000 may then use a web browser or other
HTML enabled application to access either all or parts of the
health monitoring application 108 via the website supported
by the central application server. The health monitoring
application 108 is then run within the the web browser. In
another embodiment, the health monitoring application 108
is a stand-alone application that is downloaded to the user
device 1000 and is operable on the user device 1000 without
access to the web server or only needs to accesses the web
server for additional information, such as biosensor data. In
another embodiment, the health monitoring application 108
may be a mobile application designed for download and use
by a mobile phone or other mobile device.

[0100] The health monitoring application 108 may gener-
ate a GUI 900 on the television 102 or the display 1110 of
the user device 1000. The health monitoring application 108
is configured to track and display biosensor data. For
example, the health monitoring application 108 receives
biosensor data from remote device 100 and may then upon
request to generate a GUI 900 that includes a graphical
display of glucose levels or other biosensor data over a
requested period of time, such as one day, one week, etc. The
health monitoring application 108 may issue alerts when
biosensor data reaches certain predetermined thresholds. For
example, when the health monitoring application 108 deter-
mines that a glucose level measurement reaches or exceeds
a predetermined high or low threshold, the health monitor-
ing application 108 displays and sounds an alert message. In
general, a good range for blood sugar levels is between 70
milligrams/deciliter (mg/DI) and 150 mg/Dl. When the
sugar level are lower than 70 mg/DI or greater than 150
mg/D], the alert message may include a request or command
to inject insulin by the drug administrative device 210. The
health monitoring application 108 may also track activity
and generate one or more GUIs 600 that includes an activity
tracker display. The activity tracker display may include
periods of rest or sleep and periods of activity along with
biosensor data for such periods, such as pulse, glucose
levels, oxygen levels, temperature, blood pressure, etc.



US 2017/0181678 Al

[0101] FIG. 11 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) 600 genet-
ated by the health monitoring application 108. The health
monitoring application 108 may generate the GUI 900, e.g.
on the television 102 or the user device 1000. The GUT 900
provides an interface for a user to select a command to
control operation of one or more biosensors 150. For
example, a user may select to initiate a scan by a first
biosensor by selecting a first scan GUI 1100 or may select
to initiate a scan by a second biosensor by selecting a second
scan GUI 1102. In another example, a user may select to
begin monitoring by a plurality of biosensors 150 by select-
ing a Begin Monitoring GUI 1104.

[0102] FIG. 12 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) 600 gener-
ated by the health monitoring application 108. The health
monitoring application 108 may be implemented in a tele-
vision 102 and generate the GUI 900, e.g. on the television
display 114, based on biosensor data from the remote device
100. The HM application 108 is operable to generate the
GUI 900 to display monitored biosensor data. For example,
the GUI 900 may display a Heartbeat Monitor GUI 1200 that
tracks detected heart rate or beats per minute (BPM), e.g.
BPM=105. The GUI 900 may display a Temperature GUI
1202 that illustrates measured temperature of a user, and a
Blood Glucose Level GUI 1204 that illustrates measured
indicator of blood glucose levels. The GUI 900 may also
illustrate an Activate Pump command GUI 1206 to activate
a drug administrative device 210, such as a drug pump.
[0103] The GUI 900 may also illustrate a history of
readings of biosensor data. The history may display biosen-
sor data measured over one day, multiple days, one week,
one month, one year, or a specified time frame. In another
embodiment, the health monitoring application 108 may be
implemented in a user device 1000 and generate the GUI
900, e.g. on a user device, based on biosensor data received
from the remote device 100 and/or other external biosensors
150.

[0104] The HM application 1308 may also generate an
LED control GUI 1208. A user may control the operation of
the LEDs of the remote control 100 using the LED control
GUI 1208.

[0105] FIG. 13 illustrates a schematic block diagram of an
embodiment of a graphical user interface (GUI) 600 gener-
ated by the health monitoring application 108. The health
monitoring application 108 may be implemented in the
television 102 or a user device and generate the GUI 900,
e.g. on the television 102 or the user device 1000. The GUI
900 displays a Settings GUI 1300 for a user to designate
settings for the GUI 900. For example, the Settings GUI
1300 may enable a user to select the various biosensor data
displayed, such as heartbeat, temperature, glucose, etc. The
health monitoring application 108 may also include a poll
period GUI 1302. The poll period GUI 1302 provides an
interface for a user to select or input a time period or polling
period for a biosensor measurement or other monitoring.
[0106] FIG. 14A illustrates a logical flow diagram of an
embodiment of a method 1400 for the health monitoring
application 108. In an embodiment, the HM application 108
may generate a GUI 900 at 1402. The GUI 900 displays one
or more commands for controlling a biosensor 150 on the
television 102 or on the user device 1000 at 1404. The HM
application 108 may receive a user input selecting a com-
mand at 1406. The user input may be transmitted from the
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remote device 100 to the television 102. The HM application
108 generates a command in response to the user input at
1408. The HM application initiates transmission of the
command by the wireless transceiver of the television 102 to
the remote device 100. The remote device 100 may then
transmit the command to an external biosensor to perform
the command or initiate an integrated biosensor to perform
the command at 1410.

[0107] FIG. 14B illustrates a logical flow diagram of an
embodiment of a method 1420 for the health monitoring
(HM) application 108. In an embodiment, the HM applica-
tion 108 is implemented in a television 100 and receives
biosensor data from a remote device 100 at 1422. The HM
application 108 may generate a GUI 900 in response to user
input at 1424 that displays biosensor data on the television
102 at 1426. The HM application 108 may receive updated
biosensor data from the remote device 100. The HM appli-
cation 108 then updates the display based on the updated
biosensor data at 1428. The HM application 108 may also
receive a user input to activate a Drug Administration
Device at 1430. In another embodiment, the HM application
108 activates a Drug Administration Device when one or
more measurements of biosensor data exceed one or more
predetermined thresholds at 1432. For example, when glu-
cose levels of a user exceed a predetermined threshold, the
HM application 108 may activate an insulin pump to admin-
ister insulin to the user.

[0108] The HM application may also transmit biosensor
data to third parties, such as a doctor’s office or pharmacy at
1434. For example, the HM application 108 may generate
messages that include requests to refill medications that are
transmitted to a pharmacy over a wide area network (WAN).
In another example, the HM application 108 may generate
messages that include biosensor data that are transmitted to
a doctor’s hospital over a wide area network (WAN).

Embodiment of a Communication Network

[0109] FIG. 15 illustrates a schematic block diagram of an
embodiment of an exemplary communication network 1500
in which the devices described herein may operate. The
exemplary communication network 1500 includes one or
more networks that are communicatively coupled, such as a
wide area network (WAN) 1512, a wired or wireless local
area network (LAN) 1516, a wireless local area network
(WLAN) 1516, and a wireless wide area network (WAN)
1512. The LAN 1518 and the WLANs 1516 may operate
inside a home or enterprise environment, such as a doctor’s
office, pharmacy or hospital or other caregiver or business.
The wireless WAN 1514 may include, for example, a 3G or
4G cellular network, a GSM network, a WIMAX network,
an EDGE network, a GERAN network, etc. or a satellite
network or a combination thereof. The WAN 1512 includes
the Internet, service provider network, other type of WAN,
or a combination of one or more thereof.

[0110] One or more televisions (TV) 102 and user devices
1000 are communicatively coupled to a central application
server 1510 by one or more of the exemplary networks in the
communication network 15000. The central application
server 1510 includes a network interface circuit 1502 and a
server processing circuit 1504. The network interface circuit
1502 includes an interface for wireless and/or wired network
communications with one or more of the exemplary net-
works in the communication network 1500. The network
interface circuit 1502 may also include authentication capa-
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bility that provides authentication prior to allowing access to
some or all of the resources of the central application server
1510. The network interface circuit 1502 may also include
firewall, gateway and proxy server functions.

[0111] The central application server 1510 also includes a
server processing circuit 1504 and a memory device 1506.
For example, the memory device 1506 is a non-transitory,
processor readable medium that stores instructions from the
health monitoring server application 108 which when
executed by the server processing circuit 1504, causes the
server processing circuit 1504 to perform one or more
functions described herein. In an embodiment, the memory
device 1506 stores biosensor data for a plurality of patients
transmitted to the central application server 1510 from the
plurality of televisions 102 and/or user devices 1000.
[0112] The central application server 1510 includes a
health monitoring server application 1508. The health moni-
toring server application 1508 is operable to communicate
with the plurality of televisions 102 and/or user devices 700.
The health monitoring server application 1508 may be a
web-based application supported by the central application
server 1400. For example, the central application server
1510 may be a web server and support the health monitoring
server application 1508 via a website. In another embodi-
ment, the health monitoring application 1508 is a stand-
alone application that is downloaded to the user devices
1000 by the central application server 1510 and is operable
on the user devices 1000 without access to the central
application server 1510 or only needs to accesses the central
application server 1510 for additional information, such as
biosensor data. Using the health monitoring application 108,
the the plurality of televisions 102 and/or user devices 700
are configured to track biosensor data and control certain
functions of the the plurality of televisions 102 and/or user
devices 700. In addition, the health monitoring server appli-
cation 1508 supports a user application on one or more of the
plurality of televisions 102 and/or user devices 700. The
remote devices 100 may communicate directly with one or
more televisions 102 and with the one or more user devices
700. For example, the remote devices 100 may communicate
using an IR signal with a television 102 and may commu-
nicate using a Bluetooth connection with a user device 1000.
[0113] The central application server 1510 may also be
operable to communicate with a third party content provider
1208 over the communication network 1220 to provide
biosensor data. For example, the health monitoring applica-
tion 108 may provide biosensor data and channel data 1540
to the third party service provider 1530. For example, the
health monitoring application 108 may transmit heart rate
information or pulse rate information and channel or tele-
vision tuning data to the third party service provider 1530.
The third party service provider 1530 may include a cable
provider or broadcast television provider that uses the infor-
mation to determine interest in a may also transmit the
messages to a doctor’s office, pharmacy or hospital or other
caregiver or business over the communication network 1500
as requested or needed.

[0114] FIG. 16 illustrates a logic flow diagram of an
exemplary embodiment of a method 1600 for analyzing
content based on HM information. The third party service
provider is configured to receive and process biosensor data
from the remote 100 and television 102. The remote 102 is
configured to receive and monitor bio sensor data from one
or more external or integrated biosensors 150. For example,
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the biosensors 150 may detect an indicator of glucose levels,
alcohol levels or other analytes. In addition, the biosensor
150 may also include a pulse oximeter to determine pulse
and oxygen levels. The biosensor 150 may also detect blood
pressure, peripheral oxygen (SpO2) saturation amounts,
body temperature, various electrolytes and many common
blood analytic levels, such as bilirubin amount and sodium
and potassium. The biosensor may also detect blood alcohol
levels.

[0115] The biosensor data is obtained by the remote device
100 at 1602 and transmitted to the television 102. The
television 102 transmits biosensor data to the third party
service provider 1530 at 1604. The third party service
provider analyzes the biosensor data and channel informa-
tion 1606. For example, the biosensor data may include
pulse rate or activity levels. Based on the biosensor data, the
third party service provider determines an interest in tele-
vision show or channel by a user at 1608. For example, when
the biosensor data shows that a pulse rate increases during
display of certain channel content, the third party service
provider may determine the user has an interest in the
channel content, such as a commercial or television show.

Embodiment—PPG Circuit

[0116] FIG. 17 illustrates a schematic block diagram illus-
trating an embodiment of the PPG circuit 224 in more detail.
The PPG circuit 224 implements photoplethysmography
(PPG) techniques for obtaining concentration levels or indi-
cators of one or more substances in pulsating arterial blood
flow. The PPG circuit 224 includes a light source 1720
having a plurality of light sources, such as LEDs 17224-n,
configured to emit light through at least one aperture 17284.
The PPG circuit 224 is configured to direct the emitted light
at an outer or epidermal layer of skin tissue of a patient. The
plurality of light sources are configured to emit light in one
or more spectrums, including infrared (IR) light, ultraviolet
(UV) light, near IR light or visible light, in response to driver
circuit 1718. For example, the biosensor 150 may include a
first LED 1722a that emits visible light and a second LED
17225 that emits infrared light and a third LED 1722c¢ that
emits UV light, etc. In another embodiment, one or more of
the light sources 1722g-n may include tunable LEDs or
lasers operable to emit light over one or more frequencies or
ranges of frequencies or spectrums in response to driver
circuit 1718.

[0117] In an embodiment, the driver circuit 1718 is con-
figured to control the one or more LEDs 1722a-n to generate
light at one or more frequencies for predetermined periods
of time. The driver circuit 118 may control the LEDs
1722a-n to operate concurrently or progressively. The driver
circuit 118 is configured to control a power level, emission
period and frequency of emission of the LEDs 1722a-1. The
biosensor 150 is thus configured to emit one or more
frequencies of light in one or more spectrums that is directed
at the surface or epidermal layer of the skin tissue of a
patient.

[0118] The PPG circuit 224 further includes one or more
photodetector circuits 1730a-n. For example, a first photo-
detector circuit 1730 may be configured to detect visible
light and the second photodetector circuit 1730 may be
configured to detect IR light. The first photodetector circuit
1730 and the second photodetector circuit 130 may also
include a first filter 1760 and a second filter 1762 configured
to filter ambient light and/or scattered light. For example, in
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some embodiments, only light received at an approximately
perpendicular angle to the skin surface of the patient is
desired to pass through the filters. The first photodetector
circuit 1730 and the second photodetector circuit 1732 are
coupled to a first A/D circuit 1738 and a second A/D circuit
1740. The A/D circuits 1738 and 1740 may also include an
amplifier and other components needed to generate the
spectral response. In another aspect, the plurality of photo-
detectors 1730 is coupled in parallel to a single amplifier and
A/D circuit 1738. The light detected by each of the photo-
detectors 1730 is thus added and amplified to generate a
single spectral response.

[0119] In another embodiment, a single photodetector
circuit 1730 may be implemented operable to detect light
over multiple spectrums or frequency ranges. For example,
the photodetector circuit 1730 may include a Digital UV
Index/IR/Visible Light Sensor such as Part No. Si1145 from
Silicon Labs™.

[0120] The one or more photodetector circuits 1730
include a spectrometer or other type of circuit configured to
detect an intensity of light as a function of wavelength or
frequency to obtain a spectral response. The one or more
photodetector circuits 1730 detect the intensity of light
either transmitted through or reflected from tissue of a
patient that enters one or more apertures 1728b-r of the
biosensor 150. For example, the light may be detected from
transmissive absorption (e.g., through a fingertip or ear lobe)
or from reflection (e.g., reflected from a forehead or stomach
tissue). The photodetector circuits 1730a-» then obtain a
spectral response of the detected light by measuring the
intensity of light either transmitted or reflected to the pho-
todiodes.

[0121] FIG. 18 illustrates a schematic block diagram of
another exemplary embodiment of the the PPG circuit 224.
In this embodiment, the biosensor 150 is configured for
emitting and detecting light through one or more optical
fibers 1852a-c. The PPG circuit 224 is optically coupled to
a plurality of optical fibers 1852a-c. In an embodiment, the
plurality of optical fibers 1852a-¢ includes a first optical
fiber 18524 optically coupled to the light source 1720. An
optical coupler (not shown) to spread the angle of light
emitted from the optical fiber 1852a may also be imple-
mented. The optical fiber 1852a may have a narrow viewing
angle such that an insufficient area of skin surface is exposed
to the light. An optical coupler 1862 may be used to widen
the viewing angle to increase the area of skin surface
exposed to the light.

[0122] A second optical fiber 18525 is optically coupled to
a first photodetector circuit 1730a and a third optical fiber
1852¢ is optically coupled to the second photodetector
circuit 1730%. Other configurations and numbers of the
plurality of optical fibers 1852 may also be implemented.
[0123] In one aspect, the plurality of optical fibers 1852 is
situated within an outer ear canal to transmit and detect light
in the ear canal. A light collimator 1816, such as a prism,
may be used to align a direction of the light emitted from the
light source 1720. One or more filters 1760, 1762 may
optionally be implemented to receive the reflected light 1742
from the plurality of optical fibers 18525, 1852¢. However,
the filters 1760, 1762 may not be needed as the plurality of
optical fibers 18525, 1852¢ may be suflicient to filter ambi-
ent light and/or scattered light.

[0124] FIG. 19 illustrates a schematic block diagram of an
embodiment of the PPG circuit 224 with a plurality of
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photodetectors 1730. In one aspect, the plurality of photo-
detectors 1730 are situated in different physical positions
and orientations in the biosensor 150. For example, at least
four photodetectors 1730a, 17305, 1730¢ and 1730d are
situated in the biosensor 150 in four different physical
positions in a North-South and East-West orientation or
polarity. The output signals of the plurality of photodetectors
are coupled in parallel to the amplifier and A/D circuit 1738.
The light signals detected by each of the photodetectors
1730 through an aperture 1728 in the biosensor are added
and amplified to generate a single spectral response. The
spectral response is thus more robust and less affected by
motion artifacts and movement of the biosensor 150. The
LEDs 1722a-n may be situated centrally to the physical
position of the plurality of photodetectors 1730. The tem-
perature sensor 216 may also be physically situated near the
PPG circuit 224 to detect temperature through an aperture
1728.

Embodiment—PPG Measurement of Arterial Blood
Flow

[0125] One or more of the embodiments of the biosensor
150 described herein are configured to detect a concentration
level or indicator of one or more substances within blood
flow, such as analyte levels, nitric oxide levels, insulin
resistance or insulin response after caloric intake and predict
diabetic risk or diabetic precursors. The biosensor 150 may
detect insulin response, vascular health, cardiovascular sen-
sor, cytochrome P450 proteins (e.g. one or more liver
enzymes or reactions), digestion phase 1 and 2 or caloric
intake. The biosensor 150 may even be configured to detect
proteins or other elements or compounds associated with
cancer. The biosensor 150 may also detect various electro-
lytes and many common blood analytic levels, such as
bilirubin amount and sodium and potassium. For example,
the biosensor 150 may detect sodium NACL concentration
levels in the arterial blood flow to determine dehydration.
The biosensor 150 may also detect blood alcohol levels in
vivo in the arterial blood flow. Because blood flow to the
skin can be modulated by multiple other physiological
systems, the biosensor 150 may also be used to monitor
breathing, hypovolemia, and other circulatory conditions.
The biosensor 150 may also detect blood pressure, periph-
eral oxygen (SpO, or Sa0,) saturation, heart rate, respiration
rate or other patient vitals. The biosensor 150 may also be
used to detect sleep apnea based on oxygen saturation levels
and activity monitoring during sleep.

[0126] In use, the biosensor 150 performs PPG techniques
using the PPG circuit 224 to detect the concentration levels
of substances in blood flow. In one aspect, the biosensor 150
analyzes reflected visible or IR light to obtain a spectrum
response such as, the resonance absorption peaks of the
reflected visible, UV or IR light. The spectrum response
includes spectral lines that illustrate an intensity or power or
energy at a wavelength or range of wavelengths in a spectral
region of the detected light.

[0127] The ratio of the resonance absorption peaks from
two different frequencies can be calculated and based on the
Beer-Lambert law used to obtain various levels of sub-
stances in the blood flow. First, the spectral response of a
substance or substances in the arterial blood flow is deter-
mined in a controlled environment, so that an absorption
coefficient o, can be obtained at a first light wavelength A,
and at a second wavelength A,. According to the Beer-
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Lambert law, light intensity will decrease logarithmically
with path length 1 (such as through an artery of length 1).
Assuming then an initial intensity I, of light is passed
through a path length 1, a concentration C,, of a substance
may be determined using the following equations:

At the first wavelength L, J;=1,, 1071 Corrowi )

At the second wavelength hy, I>=1,,5.107 8258+
o2Cnl

wherein:
[0128] 1, is the intensity of the initial light at A,
[0129] I, is the intensity of the initial light at A,
[0130] o, is the absorption coeflicient of the substance in
arterial blood at A,
[0131] o, is the absorption coefficient of the substance in
arterial blood at A,
[0132] @, is the absorption coefficient of arterial blood at
A
[0133] @, is the absorption coefficient of arterial blood at
M

[0134] C,,, is the concentration of the substance and

gw
arterial blood
[0135] C,, is the concentration of arterial blood
[0136] Then letting R equal:
1
.. logIO(m)
) loglQ 12
o 753)
[0137] The concentration of the substance Cg may then be
equal to:

Cgw @k -y,

Co = =
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[0138] The biosensor 150 may thus determine the concen-
tration of various substances in arterial blood using spec-
troscopy at two different wavelengths using Beer-Lambert
principles.

[0139] The biosensor 150 determines concentration of one
or more substances using Beer-Lambert principles. The
biosensor 150 transmits light at least at a first predetermined
wavelength and at a second predetermined wavelength. The
biosensor 150 detects the light (reflected from the skin or
transmitted through the skin) and analyzes the spectral
response at the first and second wavelengths to detect an
indicator or concentration level of one or more substances in
the arterial blood flow. In general, the first predetermined
wavelength is selected that has a high absorption coefficient
for the targeted substance while the second predetermined
wavelength is selected that has a low absorption coefficient
for the targeted substance. Thus, it is generally desired that
the spectral response for the first predetermined wavelength
have a higher intensity level than the spectral response for
the second predetermined wavelength.

[0140] In another aspect, the biosensor 150 may transmit
light at the first predetermined wavelength and in a range of
approximately 1 nm to 50 nm around the first predetermined
wavelength. Similarly, the biosensor 150 may transmit light
at the second predetermined wavelength and in a range of
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approximately 1 nm to 50 nm around the second predeter-
mined wavelength. The range of wavelengths is determined
based on the spectral response since a spectral response may
extend over a range of frequencies, not a single frequency
(i.e., it has a nonzero linewidth). The light that is reflected
or transmitted light by the target substance may by spread
over a range of wavelengths rather than just the single
predetermined wavelength. In addition, the center of the
spectral response may be shifted from its nominal central
wavelength or the predetermined wavelength. The range of
1 nm to 50 nm is based on the bandwidth of the spectral
response line and should include wavelengths with increased
light intensity detected for the targeted substance around the
predetermined wavelength.

[0141] The first spectral response of the light over the first
range of wavelengths including the first predetermined
wavelength and the second spectral response of the light
over the second range of wavelengths including the second
predetermined wavelengths is then generated. The biosensor
150 analyzes the first and second spectral responses to detect
an indicator or concentration level of one or more substances
in the arterial blood flow.

[0142] Photoplethysmography (PPG) is used to measure
time-dependent volumetric properties of blood in blood
vessels due to the cardiac cycle. For example, the heartbeat
affects volume of arterial blood flow and the concentration
of absorption levels being measured in the arterial blood
flow. Over a cardiac cycle, pulsating arterial blood changes
the volume of blood flow in an artery. Incident light I, is
directed at a tissue site and a certain amount of light is
reflected or transmitted and a certain amount of light is
absorbed. At a peak of arterial blood flow or arterial volume,
the reflected/transmitted light I, is at a minimum due to
absorption by the venous blood, nonpulsating arterial blood,
pulsating arterial blood, other tissue, etc. At a minimum of
arterial blood flow or arterial volume during the cardiac
cycle, the transmitted/reflected light I, is at a maximum due
to lack of absorption from the pulsating arterial blood.
[0143] The biosensor 150 is configured to filter the
reflected/transmitted light I, of the pulsating arterial blood
from the transmitted/reflected light I,,. This filtering isolates
the light due to reflection/transmission of substances in the
pulsating arterial blood from the light due to reflection/
transmission from venous (or capillary) blood, other tissues,
etc. The biosensor 150 may then measure the concentration
levels of one or more substances from the reflected/trans-
mitted light I, in the pulsating arterial blood. Though the
above has been described with respect to arterial blood flow,
the same principles described herein may be applied to
venous blood flow.

[0144] In general, the relative magnitudes of the AC and
DC contributions to the reflected/transmitted light signal I
may be used to substantially determine the differences
between the diastolic time and the systolic points. In this
case, the difference between the reflected light I, and
reflected light I, corresponds to the AC contribution of the
reflected light (e.g. due to the pulsating arterial blood flow).
A difference function may thus be computed to determine
the relative magnitudes of the AC and DC components of the
reflected light I to determine the magnitude of the reflected
light 1, due to the pulsating arterial blood. The described
techniques herein for determining the relative magnitudes of
the AC and DC contributions is not intended as limiting. It
will be appreciated that other methods may be employed to
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isolate or otherwise determine the relative magnitude of the
light I, due to pulsating arterial blood flow.

[0145] FIG. 20 illustrates a schematic diagram of a graph
of actual clinical data obtained using PPG techniques at a
plurality of wavelengths. The biosensor 150 emits light
having a plurality of wavelengths during a measurement
period. The light at each wavelength (or range of wave-
lengths) may be transmitted concurrently or sequentially.
The intensity of the reflected light at each of the wavelengths
(or range of wavelengths) is detected and the spectral
response is measured over the measurement period. The
spectral response 2006 for the plurality of wavelengths
obtained using the biosensor in clinical trials is shown in
FIG. 20. In this clinical trial, two biosensors 150 attached to
two separate fingertips of a patient were used to obtain the
spectral responses 2006. The first biosensor 150 obtained the
spectral response for a wavelength at 940 nm 2010, a
wavelength at 660 nm 2012 and a wavelength at 390 nm
2014. The second biosensor 150 obtained the spectral
response for a wavelength at 940 nm 2016, a wavelength at
592 nm 2018 and a wavelength at 468 nm 2020.

[0146] In one aspect, the spectral response of each wave-
length may be aligned based on the systolic 2002 and
diastolic 2004 points in their spectral responses. This align-
ment is useful to associate each spectral response with a
particular stage or phase of the pulse-induced local pressure
wave within the blood vessel (which may mimic the cardiac
cycle 2008 and thus include systolic and diastolic stages and
sub-stages thereof). This temporal alignment helps to deter-
mine the absorption measurements acquired near a systolic
point in time of the cardiac cycle 2008 and near the diastolic
point in time of the cardiac cycle 2008 associated with the
local pressure wave within the patient’s blood vessels. This
measured local pulse timing information may be useful for
properly interpreting the absorption measurements in order
to determine the relative contributions of the AC and DC
components measured by the biosensor 150. So for one or
more wavelengths, the systolic points 2002 and diastolic
points 2004 in the spectral response are determined. These
systolic points 2002 and diastolic points 2004 for the one or
more wavelengths may then be aligned as a method to
discern concurrent responses across the one or more wave-
lengths.

[0147] In another embodiment, the the systolic points
2002 and diastolic points 2004 in the absorbance measure-
ments are temporally correlated to the pulse-driven pressure
wave within the arterial blood vessels—which may differ
from the cardiac cycle. In another embodiment, the biosen-
sor 150 may concurrently measure the intensity reflected at
each the plurality of wavelengths. Since the measurements
are concurrent, no alignment of the spectral responses of the
plurality of wavelengths may be necessary.

[0148] FIG. 21 illustrates a logical flow diagram of an
embodiment of a method 2100 of the biosensor 150. In one
aspect, the biosensor 150 emits and detects light at a
plurality of predetermined frequencies or wavelengths, such
as approximately 940 nm, 660 nm, 390 nm, 592 nm, and 468
nm. The light is pulsed for a predetermined period of time
(such as 100 usec or 200 Hz) sequentially at each predeter-
mined wavelength. In another aspect, light may be pulsed in
a wavelength range of 1 nm to 50 nm around each of the
predetermined wavelengths. Then, the spectral responses are
obtained for the plurality of wavelengths at 2102. The
spectral response may be measured over a predetermined
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period (such as 300 usec.). This measurement process is
repeated sequentially pulsing the light and obtaining spectral
measurements over a desired measurement period, e.g. from
1-2 seconds to 1-2 minutes or 2-3 hours or continuously over
days or weeks. Because the human pulse is typically on the
order of magnitude of one 1 HZ, typically the time differ-
ences between the systolic and diastolic points are on the
order of magnitude of milliseconds or tens of milliseconds
or hundreds of milliseconds. Thus, spectral response mea-
surements may be obtained at a frequency of around 10-100
Hz over the desired measurement period.

[0149] Alow pass filter (such as a S Hz low pass filter) is
applied to the spectral response signal at 2104. The relative
contributions of the AC and DC components are obtained
L,copc and 1. A peak detection algorithm is applied to
determine the systolic and diastolic points at 2106. Beer
Lambert equations are applied as described below at 2108.
For example, the L, values are then calculated for one or
more of the wavelengths A, wherein the L, values for a
wavelength equals:

IAC+DC
Ly = LoglO[ )

IDC

wherein [, 5 15 the intensity of the detected light with AC
and DC components and 1, is the intensity of the detected
light with the AC filtered by the low pass filter at 2110. The
value L, isolates the spectral response due to pulsating
arterial blood flow, e.g. the AC component of the spectral
response.

[0150] Aratio R of the L, values at two wavelengths may
then be determined. For example,

Rati R—LM
aio k= =5

[0151] The L, values and Ratio R may be determined for
one or more of the predetermined measurement periods over
a desired time period, e.g. from 1-2 seconds to 1-2 minutes
or 2-3 hours or continuously over days or weeks to monitor
the values. The L, values and Ratio R may be used to
determine concentration levels of one or more substances in
the arterial blood flow at 2112 as well as patient vitals, such
as oxygen saturation SpO2, heart rate, respiration rate, etc.

Embodiment—Determination of Indicators or
Concentration Levels of One or More Substances

[0152] In one aspect, based on unexpected results from
clinical trials, it was determined that a ratio Ry, o4, 0btained
at approximately L, =390 nm and L,=940 is useful as a
predictor or indicator of diabetic risk or diabetes. For
example, during experimental clinical trials, spectral
responses were obtained during predetermined measurement
periods over a 1-2 minute time period at 390 nm and 940 nm.
An Rygp040 value was obtained based on the spectral
responses measured during a plurality of the predetermined
measurement periods over the 1-2 minute time period. From
the unexpected results of the clinical trials, an average or
mean R0 040 value of less than 1 (e.g., approximately 0.5)
indicated that a person has diabetes or early onset of
diabetes. An average or mean Rsg 04 value of 2 or above
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indicated that a person has a lower risk of a diabetes
diagnosis. An average or mean R, o4o value in the 5-6
range indicated no current risk of diabetes. The Ryoq 040
value determined using L, ;=390 nm and L, ,=940 was thus
an indicator of diabetic risk and diabetes. Thus, based on the
clinical trials, a non-invasive, quick 1-2 minute test pro-
duced an indicator of diabetes or diabetic risk in a person.
[0153] In particular, in unexpected results, it is believed
that nitrous oxide NO levels in the arterial blood flow is
being measured at least in part by the biosensor 150 at
£1=390 nm. Since NO is partly in a gaseous form in blood
vessels (prior to adhesion to hemoglobin), the total NO
concentration levels of in vitro blood samples, e.g. from a
finger prick, are not detected as the gas dissipates. Thus, the
biosensor 150 measurements to determine the L, ,,,, Values
are the first time NO concentration levels in arterial blood
flow have been measured directly in vivo.

[0154] In clinical trials performed as described further
herein, in unexpected results, it seems that the NO levels are
an indication of insulin response in the blood as well as
concentration levels of insulin and/or glucose levels in the
blood. The L; | _390 ,.n and R value obtained from L, ; 360 ,.,
are thus an indicator of blood glucose levels, insulin
response and diabetic risk as well as vascular health. These
unexpected results have advantages in early detection of
diabetic risk and easier, non-invasive monitoring of insulin
resistance and glucose levels as well as vascular health and
other conditions. These results are discussed in more detail
herein with illustrative experimental data.

[0155] The biosensor 150 may also function as a pulse
oximeter using similar principles under Beer-lambert law to
determine pulse and oxygen saturation levels in pulsating
arterial flow. For example, a first wavelength at approxi-
mately 940 nm and a second wavelength at approximately
660 nm may be used to determine oxygen saturation levels.
[0156] The biosensor 150 may also be used to determine
alcohol levels in the blood using wavelengths at approxi-
mately 390 nm and/or 468 nm. In another embodiment, an
R 468 040 value for at least Ly ,,,/Loso . may be used as a
liver enzyme indicator, e.g. P450 enzyme indicator. In
another embodiment, an R, 40 Value for at least Lo,
nm/Loso nm May be used as a digestive indicator to measure
digestive responses, such as phase 1 and phase 2 digestive
stages. The biosensor 150 may also detect other types of
electrolytes or analytes, such as sodium and potassium,
using similar PPG techniques. In another aspect, the bio-
sensor 150 may detect which blood cell levels in arterial
blood flow using similar PPG techniques.

[0157] In another aspect. abnormal cells or proteins or
compounds that are present or have higher concentrations in
the blood with persons having cancer, may be detected using
similar PPG techniques described herein at one or more
other wavelengths. Thus, cancer risk may then be obtained
through non-invasive testing by the biosensor 150.

[0158] Since the biosensor 150 may operate in multiple
frequencies, various health monitoring tests may be pet-
formed concurrently and continuously. These tests may be
performed throughout a hospital stay or may be non-inva-
sively and quickly and easily obtained using the biosensor
150 in a physician’s office or other clinical setting or at
home. These and other aspects of the biosensor 150 are
described in more detail herein with clinical trial results.
[0159] FIG. 22 illustrates a logical flow diagram of an
embodiment of a method 2200 of determining concentration
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levels of one or more substances in more detail. The
biosensor 150 obtains a first spectral response signal includ-
ing a first wavelength and a second response signal includ-
ing a second wavelength at 2202. In general, the first
wavelength is selected that has a high absorption coefficient
for the targeted substance while the second wavelength is
selected that has a low absorption coeflicient for the targeted
substance. Thus, it is generally desired that the spectral
response for the first predetermined wavelength have a
higher intensity level than the spectral response for the
second predetermined wavelength.

[0160] Each of the spectral response signals includes AC
and DC components 1, - A low pass filter is applied to
the spectral response signals 1,.,,. to isolate the DC
component of the first and second spectral response signals
I at 2204. The AC fluctuation is due to the pulsatile
expansion of the arteriolar bed due to the volume increase in
arterial blood. In order to measure the AC fluctuation,
measurements are taken at different times and a peak detec-
tion algorithm or other means is used to determine the
diastolic point and the systolic point of the spectral response
at 2206. The systolic and diastolic measurements are com-
pared in order to compute the aforementioned R ratio. For
example, a logarithmic function may be applied to the ratio
of I,c.pc and I, to obtain an L value for the first wave-
length L, , at 2208 and for the second wavelength L, , at
2210. The ratio R of the L, values may then be calculated
at 2212. The L, values and Ratio R may be used to
determine concentration levels of one or more substances in
the arterial blood flow at 2214.

[0161] In one aspect, the biosensor 150 may include a
broad spectrum light source 1020, such as a white light to
infrared (IR) or near IR LED 1022, that emits light with
wavelengths from e.g. 350 nm to 2500 nm. Broad spectrum
light sources with different ranges may be implemented. In
an aspect, a broad spectrum light source with a range across
100 nm wavelengths to 2000 nm range of wavelengths in the
visible, IR and/or UV frequencies. For example, a broad-
band tungsten light source for spectroscopy may be used.
The spectral response of the reflected light is then measured
across the wavelengths in the broad spectrum, e.g. from 350
nm to 2500 nm, concurrently. In an aspect, a charge coupled
device (CCD) spectrometer 1030 may be configured to
measure the spectral response of the detected light over the
broad spectrum.

[0162] The spectral response of the reflected light is
analyzed for a plurality of wavelengths, e.g. at 10 nm to 15
nm to 20 nm, incremental wavelengths across the wave-
lengths from 10 nm to 2500 nm. For example, the processing
described with respect to FIG. 21 is performed at the
plurality of wavelengths. In one aspect, the L values are
calculated at incremental wavelengths, such as at | nmor 1.5
nm or 2 nm incremental wavelengths. This process may be
used to determine one or more wavelengths or ranges of
wavelengths useful in detection for one or more substarnces
in the arterial blood flow. For example, a spectral response
around a wavelength of 500 nm may have a higher intensity.
Trials may then be conducted to determine the one or more
substances in the blood that generates this spectral response.
In another embodiment, a known substance may be present
in the blood and the spectral response across the broad
spectrum is then analyzed to determine a pattern or corre-
lation of intensities of wavelengths in the spectral response
to the known substance. For example, a pattern of intensities
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of wavelengths across a range of wavelengths may indicate
the presence of a substance. The intensities of the wave-
lengths may then be analyzed to determine concentration
levels of the substance as described in more detail herein.
[0163] In another embodiment, the spectral response is
analyzed at a set of predetermined wavelengths (or a range
of 1 nm to 50 nm including each predetermined wave-
length). The L values are calculated for the set of predeter-
mined wavelengths using the analyzed spectral responses.
The concentration levels of one or more substances may
then be determined based on absorption coefficients for the
one or more substances at each of the predetermined wave-
lengths. The concentration levels of a plurality of substances
may be determined using the spectral response of a plurality
of frequencies at 2214. The biosensor 150 may thus be used
to detect a plurality of substances based on data obtained
during a single measurement period. The biosensor 150 may
thus perform a blood panel analysis based on in vivo arterial
blood flow in a relatively short measurement period of 1-5
minutes. The blood panel analysis may be performed in a
physician’s office to determine results of the test while the
patient is in the office. The biosensor 150 may thus provide
blood panel analysis results in a [-5 minute measurement
period without a need for blood samples and lab tests that
may take hours or days or weeks to obtain.

[0164] FIG. 23A illustrates a graph of an embodiment of
an output of a broad spectrum light source. The relative light
intensity or power output of the broad spectrum light source
1s shown versus wavelength of the output light Io. The light
intensity or power of the output light extends from wave-
lengths of approximately 350 nm to approximately 2500 nm.
A broad spectrum light source emits light with power across
the wavelengths from 350 nm to 2500 nm. Broad spectrum
light sources with different ranges may be implemented. In
an aspect, a broad spectrum light source with a range across
100 nm wavelengths to 2000 nm range of wavelengths in the
visible, IR and/or UV frequencies.

[0165] FIG. 23B illustrates a graph with an embodiment of
an exemplary spectral response of detected light 2304 across
a broad spectrum. e.g. from approximately 10 nm to 2000
nm. In one aspect, the spectral response of the detected light
2304 may be analyzed at a plurality of wavelengths, e.g. at
a set of predetermined wavelengths or at incremental wave-
lengths. In another aspect, the spectral response of wave-
lengths with a detected intensity or power exceeding a
predetermined threshold may be analyzed. For example, in
the graph shown in FIG. 23B, the spectral response at
wavelengths of 200 nm, 680 nm and 990 nm (and ranges of
+/-20 to 50 nm around these wavelengths) exceeding a
relative intensity threshold of 20000 may be analyzed.
[0166] FIG. 24 illustrates a schematic block diagram of an
embodiment of a method 2400 for determining concentra-
tion levels or indicators of substances in pulsating blood
flow in more detail. The biosensor 150 obtains a spectral
response signal at a first wavelength and at a second wave-
length at 2402. The spectral response signal includes AC and
DC components IAC+DC. A low pass filter is applied to the
spectral response signal IAC+DC to isolate the DC compo-
nent 2406 of the spectral response signal at each wavelength
at 2404. The AC fluctuation is due to the pulsatile expansion
of the arteriolar bed due to the volume increase in arterial
blood. In order to measure the AC fluctuation, measurements
are taken at different times and a peak detection algorithm or
other means is used to determine the diastolic point and the
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systolic point of the spectral response at 2408. The systolic
and diastolic measurements are compared in order to com-
pute the [ values using Beer-Lambert equations at 2410. For
example, a logarithmic function may be applied to the ratio
of IAC+DC and IDC to obtain an L value for the first
wavelength L, and for the second wavelength L, ,. The
ratio R of the first wavelength [,, and for the second
wavelength [,, may then be calculated at 2412. Beer-
Lambert principles are applied to the ratios R at 2414. For
example, when multiple frequencies are used to determine a
concentration level of one or more substances, the the linear
function described herein are applied at 2416, and the one or
more concentration levels of the substances or analytes are
determined at 2418.

[0167] In an embodiment, a substances or analyte may be
attached in the blood stream to one or more hemoglobin
compounds. The concentration level of the hemoglobin
compounds may then need to be subtracted from the con-
centration level of the substance to isolate the concentration
level of the substance from the hemoglobin compounds. For
example, nitric oxide (NO) is found in the blood stream in
a gaseous form and also attached to hemoglobin compounds.
Thus, the measurements at L5, ,,,,, to detect nitric oxide may
include a concentration level of the hemoglobin compounds
as well as nitric oxide.

[0168] The hemoglobin compound concentration levels
may be determined and subtracted to isolate the concentra-
tion level of the substance at 2420. The hemoglobin com-
pounds include, e.g., Oxyhemoglobin [HbO2], Carboxyhe-
moglobin [HbCO], Methemoglobin [HbMet], and reduced
hemoglobin fractions [RHb]. The biosensor 150 may control
the PPG circuit 110 to detect the total concentration of the
hemoglobin compounds using a center frequency of 660 nm
and a range of 1 nm to 50 nm. A method for determining the
relative concentration or composition of different kinds of
hemoglobin contained in blood is described in more detail in
U.S. Pat. No. 6,104,938 issued on Aug. 15, 2000, which is
hereby incorporated by reference herein.

[0169] Various unexpected results were determined from
clinical trials using the biosensor 150. In one aspect, based
on the clinical trials, an R value obtained from the ratio
L2390 sm @0d Lys_gsp was found to be a predictor or
indicator of diabetic risk or diabetes as described in more
detail herein. In another aspect, based on the clinical trials,
the R value obtained from the ratio of L,sg ,,/Loso ym WaS
identified as an indicator of the liver enzyme marker P450.
In another aspect, based on the clinical trials, the R value
obtained from the ratio of Lsgs ,,,,./Loag ,.,, Was identified as
an indicator of digestion phases, such as phase 1 and phase
2, in the arterial blood flow. In another aspect, the R value
from theratio of Ly, ,,,u/Loso e Was found to be an indicator
of oxygen saturation levels SpQO, in the arterial blood flow.
In another aspect, it was determined that the biosensor 150
may determine alcohol levels in the blood using spectral
responses for wavelengths at 390 and/or 468 nm. In general,
the second wavelength of 940 nm is selected because it has
a low absorption coefficient for the targeted substances
described herein. Thus, another wavelength other than 940
nm with a low absorption coeflicient for the targeted sub-
stances (e.g. at least less than 25% of the absorption coef-
ficient of the targeted substance for the first wavelength)
may be used instead. For example, the second wavelength of
940 nm may be replaced with 860 nm that has a low
absorption coefficient for the targeted substances. In another
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aspect, the second wavelength of 940 nm may be replaced
with other wavelengths, e.g. in the IR range, that have a low
absorption coeflicient for the targeted substances. In general,
it is desired that the spectral response for the first predeter-
mined wavelength have a higher intensity level than the
spectral response for the second predetermined wavelength.
[0170] In another aspect, it was determined that other
proteins or compounds, such as those present or with higher
concentrations in the blood with persons having cancer, may
be detected using similar PPG techniques described herein
with biosensor 150 at one or more other wavelengths.
Cancer risk may then be determined using non-invasive
testing over a short measurement period of 1-10 minutes.
Since the biosensor may operate in multiple frequencies,
various health monitoring tests may be performed concur-
rently. For example, the biosensor 150 may measure for
diabetic risk, liver enzymes, alcohol levels, cancer risk or
presence of other analytes within a same measurement
period using PPG techniques.

[0171] FIG. 25 illustrates a logical flow diagram of an
exemplary method 2500 to determine an absorption coefi-
cients | of a substance at a wavelength k. The concentration
level of a substance in arterial blood is obtained using a
known method at 2502. For example, blood may be
extracted at predetermined intervals during a time period
and a blood gas analyzer may be used to measure a con-
centration level of a substance. The biosensor 150 emits
light at a wavelength (and in one aspect for a range of 1
nm-50 nm around the wavelength) and detects a spectral
response for the wavelength (and in one aspect for a range
of 1 nm-50 nm around the wavelength) at 2504. The spectral
response for the predetermined wavelength is analyzed at
2506. The intensity of the detected light is determined. The
intensity of the detected light is compared to the known
concentration level of the substance at 2508. The absorption
coeflicient for the substance may then be determined using
the Beer-Lambert equations described herein at 2510.
[0172] The above process may be repeated at one or more
other frequencies at 2512. For example, as described herein,
the spectral analysis over a range or at multiple frequencies
may be analyzed to determine one or more frequencies with
a higher intensity or power level in response to a concen-
tration level or presence of the substance. Thus, one or more
frequencies may be analyzed and identified for detection of
the substance, and the absorption coefficient for the sub-
stance determined at the one or more frequencies.

[0173] In another embodiment, the concentration level of
a substance may be obtained from predetermined values
obtained through experimentation. For example, in a cali-
bration phase, a correlation table may be compiled through
experimentation that includes light intensity values I, , at
one or more wavelengths A,_, and a corresponding known
concentration level for the substance for the light intensity
values. In use, the biosensor 150 detects a spectral response
and determines the light intensity values I,_, at one or more
wavelengths A, . The biosensor 150 then looks up the
detected light intensity values I, , in the correlation table to
determine the concentration level of the substance.

[0174] FIG. 26 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data 2600
obtained using an embodiment of the biosensor 150 from a
second patient. The second patient is a 59 year old male with
a known diagnosis of Type 2 diabetes. At predetermined
time periods of about 15 minutes, blood glucose level (BGL)
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was measured using a known method of a blood glucose
meter (BGM) using blood from finger pricks. The BGM
glucose measurements 2604 are plotted. The plotted mea-
surements were interpolated to generate a polynomial 2606
showing the approximate BGM glucose measurements over
time in mG/DL units. The biosensor 150 obtained measure-
ments over the same time period to derive the Ratio R for
approximately Lioq /L7 ™™ 2602, as shown on the graph
as well.

[0175] In this clinical trial, the base insulin resistance
factor 2608 measured prior to eating has a low baseline
value of about 0.5 indicating a diabetic condition. In unex-
pected results, the base insulin resistance factor or R value
for Lo,/ Lioao ,,m Of less than 1 (in an R value range of 0-8)
thus seems to indicate a diabetic condition from the clinical
trial results. After consumption of a high sugar substance,
insulin response 2610 is seen after about 7 minutes. The
blood glucose levels may be obtained from the R values
using the graph 2600 or a similar calibration table that
correlates the R value with known BGL measurements for
the patient. The calibration table may be generated for a
specific patient or may be generated from a sample of a
general population. It is determined that the R values should
correlate to similar BGL measurements across a general
population. Thus, the calibration table may be generated
from testing of a sample of a general population.

[0176] From the unexpected results of the clinical trials,
an R value of less than 1 (in an R value range of 0-8)
indicated that a person has diabetes or early onset of
diabetes. An R value of 5 (in an R value range of 0-8) or
above indicated that a person has no diabetic condition. For
example, as shown in graph 2608, the base insulin resistance
factor measured using an R value of approximately L4,
nmlLosg e D@8 generally an average value greater than 5 in
the first patient without a diabetes diagnosis. The base
insulin resistance factor measured using an R value of
approximately Lioo ,m/Loao nm Was generally an average
value less than 1 (in an R value range from 0-8) in the other
patients with a diabetes diagnosis of either Type 1 or Type
T1. The base insulin resistance factor measured using an R
value in the 1-2 (in an R value range from 0-8) range
indicated a high risk of diabetes and need for further testing.
[0177] It seems that the L,,, ,,,, is measuring NO levels in
the arterial blood flow. As insulin is generated in the body,
it reacts with blood vessels to generate NO gas. The NO gas
bonds to hemoglobin and is transported in the blood stream.
The NO is thus a good indicator of a base insulin resistance
factor after fasting and an insulin response after caloric
intake.

[0178] From the clinical trials, it seems that the NO levels
are reflected in the R values obtained from Lo ,,./Loso sim-
Based on the clinical trials and R values obtained in the
clinical trials, it is determined that a base insulin resistance
factor of less than 1 corresponds to an NO concentration
level of at least less than 25% of average NO levels. For
example, average NO levels are determined by sampling a
general population of persons without diabetes or other
health conditions affecting NO levels. From the clinical
trials, an R value correlating to a base insulin factor of less
than 1 indicates that the NO levels are in a range of 25% to
50% less than average NO levels. After fasting, a person
with a diabetic condition will have low NO concentration
levels that are at least 25% less than average NO levels due
to the low level of insulin in the blood. Thus, an NO
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concentration level of at least less than 25% of normal
ranges of NO concentration levels indicates a diabetic
condition (e.g., the NO levels corresponding to R value less
than 1 in this clinical trial). Thus, a base insulin resistance
factor of less than 1 correlates to at least less than 25% of
average NO levels of a sample population and indicates a
diabetic condition.

[0179] Based on the clinical trials and R values obtained
in the clinical trials, it is determined that a base insulin
resistance factor in the range of 2-8 corresponds to average
NO concentration levels. Thus, a base insulin resistance
factor (e.g. in the range of 2-8) correlates to an average NO
level of a sample population and little to no diabetic risk.
[0180] Based on these unexpected results, in one aspect,
the biosensor 150 may display or transmit, e.g. to a user
device or monitoring station, or otherwise output an indi-
cator of the diabetic risk of a patient based on the R value.
For example, the biosensor 150 may output no diabetic risk
based on an obtained R value for a patient of 5 or greater. In
another aspect, the biosensor 150 may output low diabetic
risk based on an obtained R value of 2-5. In another aspect,
the biosensor 150 may output high diabetic risk based on an
obtained R values of 1-2. In another aspect, the biosensor
150 may output diabetic condition detected based on an R
value less than one. In the clinical trials herein, the R value
was in a range of 0-8. Other ranges, weights or functions
derived using the R value described herein may be imple-
mented that changes the numerical value of the R values
described herein or the range of the R values described
herein. In general, from the results obtained herein, an R
value corresponding to at least the lower 10% of the R value
range indicates a diabetic condition, an R value in the lower
10% to 25% of the R value range indicates a high risk of
diabetes, an R value in the 25% to 60% range indicates a low
risk of diabetes, and an R value greater than 60% indicates
no diabetic condition.

[0181] The R value of L.y, ,./Losg nm May be non-
invasively and quickly and easily obtained using the bio-
sensor 150 in a physician’s office or other clinical setting or
at home. In one aspect, the R value may be used to determine
whether further testing for diabetes needs to be performed.
For example, upon detection of a low R value of less than
1, a clinician may then determine to perform further testing
and monitoring, e.g. using glucose ingestion tests over a
longer period of time or using the biosensor 150 over a
longer period of time or other type of testing.

Embodiment—DBlood Alcohol Level Measurements

[0182] FIG. 27 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data 2700
obtained using an embodiment of the biosensor 150 from a
third patient. In this trial, the third patient was a 55 year old
male that ingested a shot of whiskey at approximately 7
seconds. The biosensor 150 was used to measure an indi-
cator of blood alcohol levels over a measurement period of
approximately 271 seconds using a wavelength of approxi-
mately 468 nm. The graph illustrates the values obtained for
ratio R=L ¢ .../ Loso ., 2702 over the measurement period.
The biosensor 150 was able to detect the increase in the
blood alcohol levels over the measurement period. The ratio
R values 2702 may be correlated with blood alcohol levels
using a table or graph that associates the R values 2702 with
blood alcohol levels. For example, the table or graph may be
obtained through blood alcohol levels measured from blood
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drawn at preset intervals (such as every 1-5 minutes) during
a measurement period (such as 1-5 hours) and interpolating
the resulting measurements. The interpolated measurements
are then associated with the measured ratio R values 2702
over the same measurement period. In general, the ratio R
values 2702 are consistent with an approximate measured
blood alcohol level in subsequent clinical trials for a patient.
The calibration of measured blood alcohol levels to ratio R
values 2702 may thus only be performed once for a patient.
In another aspect, the calibration table may be generated
using testing of a sample of a general population. It is
determined that the R values should correlate to similar BAL
measurements across a general population. Thus, the cali-
bration table may be generated from testing of a sample of
a general population.

[0183] In unexpected results, concentration levels of a
liver enzyme called cytochrome P450 Oxidase (P450) that is
generated in the presence of alcohol may be measured by the
biosensor 150. The spectral response around the wavelength
at approximately 468 nm seems to track the concentration
levels of the liver enzyme P450. The liver enzyme is
generated to react with various substances and may be
generated in response to alcohol levels. Thus, the measure-
ment of the spectral response for the wavelength at approxi-
mately 468 nm may indicate blood alcohol levels and/or
concentration levels of P450.

Embodiment—Digestive Stage and Caloric Intake
Measurements

[0184] FIG. 28 illustrates a schematic drawing of another
exemplary embodiment of results of clinical data 2800
obtained using the biosensor 150 from a fourth patient. In
this trial, the fourth patient ingested whiskey at approxi-
mately 13 seconds. The biosensor 150 was used to measure
the digestive stages over a measurement period of approxi-
mately 37 minutes using a wavelength of approximately 390
nm to track the blood glucose levels. The graph illustrates
the values for Lq, ,,,, 2802 obtained over the measurement
period. The biosensor 150 was able to detect the digestive
stage 1 2804 and digestive stage 2 2806 based on the
obtained values for L35 ,,,,- The first digestive stage 1 2804
is indicated by an initial spike around 20 seconds as blood
rushes to the stomach to aid in digestion. The second
digestive stage 2 is indicated by a later, more prolonged
increase in blood glucose levels between 60 and 180 sec-
onds.

[0185] Based on the insulin response and BGL measure-
ments, a calibration of caloric intake may be performed for
a patient. For example, known caloric intakes may be
correlated with insulin response in phase 1 and phase 2
digestions measured using values for L.y, ,,, 2802. In
another aspect, the calibration table may be generated using
testing of a sample of a general population. It is determined
that the R values using L, ,,,, 2802 and, e.g., L., .., should
correlate to similar caloric intake measurements across a
general population. Thus, the calibration table may be gen-
erated from testing of a sample of a general population.

Embodiment—Measurements of Other Substances

[0186] Using similar principles described herein, the bio-
sensor 150 may measure concentration levels or indicators
of other substances in pulsating blood flow. For example,
absorption coeflicients for one or more frequencies that have
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an intensity level responsive to concentration level of sub-
stance may be determined. The biosensor 150 may then
detect the substance at the determined one or more frequen-
cies as described herein and determine the concentration
levels using the Beer-Lambert principles and the absorption
coeflicients. The L values and R values may be calculated
based on the obtained spectral response. In one aspect, the
biosensor 150 may detect various electrolyte concentration
levels or blood analyte levels, such as bilirubin (using L,
wm) and iron (USING Ls ;o 5 Les1 sms L300 nm) 8000 potassium
(using Lsso ,m)-

[0187] In another aspect, the biosensor 150 may detect
sodium chloride NACL (using L5, ,,,,) concentration levels
in the arterial blood flow and determine determine dehydra-
tion level. The biosensor 150 may then output a determina-
tion of level of dehydration based on the detected NACL
concentration levels.

[0188] In yet another aspect, the biosensor 150 may be
configured to detect proteins or abnormal cells or other
elements or compounds associated with cancer. The biosen-
sor 150 may measure concentration levels or indicators of
other substances in pulsating blood flow using similar prin-
ciples described herein.

[0189] For example, the value L, ; is determined from a
spectral response of a wavelength with a high absorption
coefficient for the targeted substance. The value L,, is
determined from a spectral response of the wavelength with
a low absorption coefficient for the targeted substance. The
ratio L, , 5, is determined from the value L, and the value
L,,. A calibration table may be generated using testing of a
sample of a general population that correlates values of the
ratio R, ,, to concentration levels of the target substance.
Then the concentration level of the targeted substance may
be determined using the calibration table and the measured
values for the ratio R, ;..

Embodiment—White Blood Cell Levels and
Detection of Infection

[0190] The biosensor 150 may detect white blood cell
levels and determine a presence of an infection. For
example, the biosensor 150 may detect the various types of
white blood cells based on the spectral response of the
wavelengths, e.g. using one or more wavelengths shown in
Table 1 below.

TABLE 1

Detection of White Blood Cells

White Blood Spectral Absorption
Cell Type Diameter Color Wavelengths
Neutrophil 10-12 um Pink-Red, Red-660 nm
Blue, White Blue-470 nm
Green-580 nm
Eosinophil 10-12 um Pink 660 nm, 470 nm, 580 nm
Orange 600 nm
Basophil 12-15 um Blue 470 nm
Lymphocyte 7-15 um 633 nm
Monocyte 15-30 um 580 nm
[0191] The biosensor 150 may detect a color or color

change of the blood due to an increase or decrease in white
blood cells using one or more wavelengths described in
Table 1. Based on the detected color or color change of the
blood, the biosensor 150 may output an alert to a presence
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of an infection. For example, the biosensor 150 monitors the
color of the blood. When it detects a color change indicating
an increase in white blood cells, the biosensor determines
whether this color change meets a predetermined threshold
indicating a presence of an infection. The predetermined
threshold may include a color scale and/or length of time of
color change. When the color change reaches the predeter-
mined threshold, the biosensor 150 transmits or displays an
alert to indicate a presence of an infection.

[0192] In another aspect, the biosensor 150 may detect
white blood cells from spectral responses at one or more
wavelengths. Due to the larger size of the white blood cells
from red blood cells, the presence of white blood cells in the
blood affects the spectral width and shape of a spectral
response.

[0193] FIG. 29 illustrates an exemplary graph 2900 of
spectral responses of a plurality of wavelengths from clinical
data using the biosensor 150. In this embodiment, the
spectral response of a plurality of wavelengths was mea-
sured using the biosensor 150 over a measurement period of
almost 600 seconds or approximately 10 minutes. The graph
illustrates the L values calculated from the spectral response
for a first wavelength 2902 of approximately 940 nm, the
spectral response for a second wavelength 2904 of approxi-
mately 660 nm and the spectral response for a third wave-
length 2906 of approximately 390 nm obtained from a first
biosensor 150 measuring reflected light from a first fingertip
of a patient. The graph further illustrates the spectral
response for a fourth wavelength 2910 of approximately 592
nm and a fifth wavelength 2914 of approximately 468 nm
and the spectral response 1408 again at 940 nm obtained
from a second biosensor measuring reflected light from a
second fingertip of a patient. The spectral responses are
temporally aligned using the systolic and diastolic points.
Though two biosensors were used to obtain the spectral
responses in this clinical trial, a single biosensor 150 may
also be configured to obtain the spectral responses of the
plurality of wavelengths.

[0194] Due to the size of the white blood cells, the
presence of white blood cells in the blood affects the spectral
width and shape of a spectral response at one or more
wavelengths. In one aspect, from L values 2920 shown for
the spectral response at 660 nm 2904, the width and shape
of the spectral response is affected by the presence of white
blood cells. For example, the width and shape of L660 nm
between 250 and 270 seconds has a different shape and
width of L66 nm between 300 and 320 seconds in the graph
2900. The differences in the width and shape of the spectral
response may be used to determine a concentration level of
white blood cells or change in concentration level of white
blood cells in the blood.

[0195] For example, neutrophil levels increase in the pres-
ence of an infection. The neutrophil particles have a different
color and size from red blood cells. The biosensor 150 may
determine an increase in concentration of neutrophil in
response to a change in color of the blood or change in the
pattern of the spectral response ([ value and/or R value) due
to change in size of particles in the blood or a combination
of both a change in color and change in a pattern of the
spectral response (L value and/or R value).

[0196] A remote device 100 communicates with one or
more external biosensors, such as an ear biosensor and a skin
biosensor, to collect and track biosensor data. The remote
device may also include integrated biosensors.
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[0197] A processing circuit includes at least one process-
ing device, such as a microprocessor, micro-controller, digi-
tal signal processor, microcomputer, central processing unit,
field programmable gate array, programmable logic device,
state machine, logic circuitry, analog circuitry, digital cir-
cuitry. and/or any device that manipulates signals (analog
and/or digital) based on hard coding of the circuitry and/or
operational instructions. A memory is a non-transitory
memory device and may be an internal memory or an
external memory, and the memory may be a single memory
device or a plurality of memory devices. The memory may
be a read-only memory, random access memory, volatile
memory, non-volatile memory, static memory, dynamic
memory, flash memory, cache memory, and/or any non-
transitory memory device that stores digital information.

[0198] As may be used herein, the term “operable to” or
“configurable to” indicates that an element includes one or
more of circuits, instructions, modules, data, input(s), output
(s), etc., to perform one or more of the described or
necessary corresponding functions and may further include
inferred coupling to one or more other items to perform the
described or necessary corresponding functions. As may
also be used herein, the term(s) “coupled”, “coupled to”,
“connected to” and/or “connecting” or “interconnecting”
includes direct connection or link between nodes/devices
and/or indirect connection between nodes/devices via an
intervening item (e.g., an item includes, but is not limited to,
acomponent, an element, a circuit, a module, a node, device,
network element, etc.). As may further be used herein,
inferred connections (i.e., where one element is connected to
another element by inference) includes direct and indirect
connection between two items in the same manner as
“connected to”.

[0199] As may be used herein, the terms “substantially”
and “approximately” provides an industry-accepted toler-
ance for its corresponding term and/or relativity between
items. Such an industry-accepted tolerance ranges from less
than one percent to fifty percent and corresponds to, but is
not limited to, frequencies, wavelengths, component values,
integrated circuit process variations, temperature variations,
rise and fall times, and/or thermal noise. Such relativity
between items ranges from a difference of a few percent to
magnitude differences.

[0200] Note that the aspects of the present disclosure may
be described herein as a process that is depicted as a
schematic, a flowchart, a flow diagram, a structure diagram,
or a block diagram. Although a flowchart may describe the
operations as a sequential process, many of the operations
can be performed in parallel or concurrently. In addition, the
order of the operations may be re-arranged. A process is
terminated when its operations are completed. A process
may correspond to a method, a function, a procedure, a
subroutine, a subprogram, etc. When a process corresponds
to a function, its termination corresponds to a return of the
function to the calling function or the main function.

[0201] The various features of the disclosure described
herein can be implemented in different systems and devices
without departing from the disclosure. It should be noted
that the foregoing aspects of the disclosure are merely
examples and are not to be construed as limiting the disclo-
sure. The description of the aspects of the present disclosure
is intended to be illustrative, and not to limit the scope of the
claims. As such, the present teachings can be readily applied
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to other types of apparatuses and many alternatives, modi-
fications, and variations will be apparent to those skilled in
the art.

[0202] In the foregoing specification, certain representa-
tive aspects of the invention have been described with
reference to specific examples. Various modifications and
changes may be made, however, without departing from the
scope of the present invention as set forth in the claims. The
specification and figures are illustrative, rather than restric-
tive, and modifications are intended to be included within
the scope of the present invention. Accordingly, the scope of
the invention should be determined by the claims and their
legal equivalents rather than by merely the examples
described. For example, the components and/or elements
recited in any apparatus claims may be assembled or oth-
erwise operationally configured in a variety of permutations
and are accordingly not limited to the specific configuration
recited in the claims.

[0203] Furthermore, certain benefits, other advantages and
solutions to problems have been described above with
regard to particular embodiments; however, any benefit,
advantage, solution to a problem, or any element that may
cause any particular benefit, advantage, or solution to occur
or to become more pronounced are not to be construed as
critical, required, or essential features or components of any

or all the claims.

[0204] As used herein, the terms “comprise,” “comprises,”
“comprising,” “having,” “including,” “includes” or any
variation thereof, are intended to reference a nonexclusive
inclusion, such that a process, method, article, composition
or apparatus that comprises a list of elements does not
include only those elements recited, but may also include
other elements not expressly listed or inherent to such
process, method, article, composition, or apparatus. Other
combinations and/or modifications of the above-described
structures, arrangements, applications, proportions, ele-
ments, materials, or components used in the practice of the
present invention, in addition to those not specifically
recited, may be varied or otherwise particularly adapted to
specific environments, manufacturing specifications, design
parameters, or other operating requirements without depart-
ing from the general principles of the same.

[0205] Moreover, reference to an element in the singular is
not intended to mean “one and only one” unless specifically
so stated, but rather “one or more.” Unless specifically stated
otherwise, the term “some” refers to one or more. All
structural and functional equivalents to the elements of the
various aspects described throughout this disclosure that are
known or later come to be known to those of ordinary skill
in the art are expressly incorporated herein by reference and
are intended to be encompassed by the claims. Moreover,
nothing disclosed herein is intended to be dedicated to the
public regardless of whether such disclosure is explicitly
recited in the claims. No claim element is intended to be
construed under the provisions of 35 U.S.C. §112(f) as a
“means-plus-function” type element, unless the element is
expressly recited using the phrase “means for” or, in the case
of a method claim, the element is recited using the phrase
“step for.”

29 4¢

1. A remote device, comprising;

a television control circuit configured to control a televi-
sion in response to user input; and
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a biosensor, comprising:

a temperature sensor configured to obtain a temperature
of a user;

a PPG circuit configured to emit light at a plurality of
wavelengths directed at skin of the user and obtain a
plurality of spectral responses at each of the plurality
of wavelengths of light reflected from the skin;

a processing circuit configured to:
process the spectral responses at the plurality of

wavelengths;
determine biosensor data using the spectral
responses, wherein the biosensor data includes
oxygen saturation levels and concentration levels
of one or more additional substances in arterial
blood flow using the spectral responses; and
a wireless transceiver configured to transmit the temperature
and biosensor data to the television.

2. The remote device of claim 1, wherein the television is
configured to display the temperature and the biosensor data
in one or more graphical user interfaces.

3. The remote device of claim 1, wherein the remote
device is configured to generate a command to a drug
administrative device to administer medicine.

4. The remote device of claim 3, wherein the remote
device is configured to generate the command to the drug
administration device to administer insulin in response to a
blood glucose concentration level exceeding a predeter-
mined threshold.

5. The remote device of claim 1, wherein the processing
circuit is configured to process the spectral responses at the
plurality of wavelengths by:

isolating a systolic point and a diastolic point in a first

spectral response and obtain a value L, | using a ratio of

the systolic point and the diastolic point in the first
spectral response;

isolating a systolic point and a diastolic point in a second

spectral response and obtain a value L, , using a ratio of

the systolic point and diastolic point in the second
spectral response;

obtaining a value R, ,, from a ratio of the value L, and

the value L, ,.

6. The remote device of claim 5, wherein the PPG circuit
is configured to:

obtain the value T,, using the first spectral response

around a first wavelength responsive to nitrous oxide

(NO) levels in arterial blood flow; and

obtain obtain the value [,, using the second spectral

response around a second wavelength with a low

absorption coeflicient for nitrous oxide (NO) in arterial
blood flow; and

calculate the value R, , ,, from the ratio of the value [,

from the first spectral response and the value L, , from

the second spectral response.

7. The remote device of claim 6, wherein the processing
circuit is configured to obtain concentration levels of one or
more additional substances in arterial blood flow using the
spectral responses by:

obtaining a concentration level of NO in the arterial blood

flow from the value R, ,,.

8. The remote device of claim 7, wherein the processing
circuit is configured to obtain concentration levels of one or
more additional substances in arterial blood flow using the
spectral responses by:
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obtaining a blood glucose concentration level from the
value R, ;, and a calibration table.

9. The remote device of claim 1, wherein the wireless
transceiver is configured to transmit the temperature and the
concentration levels of the one or more additional sub-
stances to an HM application implemented in a television.

10. A television, comprising;

a wireless transceiver configured to communicate with a
remote device, wherein the wireless transceiver
receives biosensor data from the remote device;

a processing device configured to:
generate a graphical user interface (GUI) that displays

the biosensor data; and
transmit the biosensor data to a third party service
provider.

11. The television of claim 10, wherein the biosensor data
includes a heart rate and activity level.

12. The television of claim 10, wherein the processing
device is further configured to:

generate a GUI that displays one or more commands for
controlling a biosensor.

13. A remote device, comprising:

a television control circuit configured to control a televi-
sion in response to user input;

a wireless transceiver configured to communicate with
one or more external biosensors and a television; and

a processing circuit configured to:
receive biosensor data from the one or more external

biosensors; and
transmit the biosensor data to the television for display.

14. The remote device of claim 13, further comprising:

a temperature sensor configured to obtain a temperature of
a user; and

a pulse oximeter configured to obtain oxygen saturation
level of the user.

15. The remote device of claim 14, wherein the processing

circuit is further configured to:

transmit the temperature and oxygen saturation level of
the user to the television for display.

16. The remote device of claim 14, wherein the processing

circuit is further configured to:

generate a command to a drug administrative device to
administer medicine in response to the biosensor data
exceeding a predetermined threshold.

17. The remote device of claim 13, further comprising:

a PPG circuit configured to emit light at a plurality of
wavelengths directed at skin of the user and obtain a
plurality of spectral responses at each of the plurality of
wavelengths of light reflected from the skin;

a processing circuit configured to:
process the spectral responses at the plurality of wave-

lengths;
determine a blood glucose concentration level in arte-
rial blood flow using the spectral responses.

18. The remote device of claim 17, wherein the processing
circuit is further configured to:

generate a command to a drug administration device to
administer insulin in response to the blood glucose
concentration level exceeding a predetermined thresh-
old.

19. The remote device of claim 18, wherein the processing

circuit is configured to process the spectral responses at the
plurality of wavelengths by:
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isolating a systolic point and a diastolic point in a first
spectral response around a first wavelength responsive
to nitrous oxide (NO) levels in arterial blood flow and
obtain a value L, , using a ratio of the systolic point and
the diastolic point in the first spectral response;

isolating a systolic point and a diastolic point in a second
spectral response around a second wavelength with a
low absorption coefficient for nitrous oxide (NO) in
arterial blood flow and obtain a value L, , using a ratio
of the systolic point and diastolic point in the second
spectral response;

calculate the value R;, ,, from the ratio of the value L,
from the first spectral response and the value L, , from
the second spectral response.

20. The remote device of claim 7, wherein the processing

circuit is further configured to:

obtain a blood glucose concentration level from the value

R, ;, and a calibration table.
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