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57) ABSTRACT

Described herein are systems and methods for collecting
physiological information from a user and determining
information including, but not limited to, a user’s heart rate,
blood pressure, oxygen levels (SvO,), hydration, respiration
rate, and heart rate variability. Physiological information is
collected from one or more modules, each comprising a
sensor array. The sensor array(s) can comprise, among other
things, light sources, photo detectors, ECG electrodes/sen-
sors, bio impedance sensors, galvanic skin response sensors,
tonometry/contact sensors, accelerometers, pressure sen-
sors, acoustic sensors, and electromagnetic sensors. The
information collected from a user can be used to cross-
reference a database comprising similar information for a
number of subjects as well as verified measurements for
each subject including, but not limited to, blood pressure,
oxygen levels (SvO,), hydration, respiration rate, and heart
rate variability. As such, a user’s blood pressure, oxygen
levels, hydration, respiration rate, and heart rate variability
can be accurately estimated without direct measurement.
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SYSTEMS AND METHODS FOR
COLLECTING PHYSIOLOGICAL
INFORMATION OF A USER

[0001] This non-provisional application claims the benefit
of priority to U.S. Provisional Patent Application No.
62/525,483, filed Jun. 27, 2018, and U.S. Provisional Patent
Application No. 62/525,795, filed Jun. 28, 2017, both of
which are expressly incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] The embodiments relate generally to systems and
methods for detecting physiological information from a user
through a number of sensors, analyzing and/or measuring
the detected information, and interpreting the information.
In one embodiment, the devices described herein include a
watch, strap, or band that comprises a number of sensors,
including but not limited to one or more of a PPG sensor, an
ECG sensor, a pressure sensor, an acoustic sensor, and/or
other suitable physiological sensors. The devices can
include a pair of modules: an upper module that can be
positioned on the top or outside of the wrist; and a lower
module that can be positioned on the underside or inside of
the wrist.

BACKGROUND

[0003] Many portable devices have been developed in
which optical sensors are used to detect variation in blood
flow through arteries or blood volume in subcutaneous
tissue. Applications include the monitoring of heart rate,
glucose level, apnea, respiratory stress, and other physi-
ological conditions. The optical sensors often comprise one
or more light sources that illuminate a targeted portion of the
human body and one or more associated optical detectors
that receive a portion of the optical energy emitted by the
light sources.

[0004] There are two basic types of such arrangements. In
transmissive sensor arrangements, a relatively thin portion
of the body such as the tip of the finger or the earlobe is
positioned between a light source and a photo detector. Light
that passes through the body tissue impinges on the photo
detector resulting in an electrical signal that is synchronized
to each heartbeat. In reflective sensor arrangements, a sensor
that includes one or more light sources located in spaced
apart juxtaposition with a photo detector is positioned
against a targeted area of the body. Optical energy emitted
by the light sources passes through the skin of the targeted
tissue region, is scattered, partially absorbed, and is reflected
by blood flowing through arteries and other vascular struc-
ture. The reflected optical energy is in effect modulated in
accordance with blood flow in the targeted area and detected
by the photo detector. The detected reflection can then be
used to produce a signal pulse that is indicative of a
physiological parameter such as a heartbeat. In both trans-
missive and reflective arrangements, the signal produced by
the photo detectors is processed to display or otherwise
provide a real-time indication of the monitored physiologi-
cal parameter.

[0005] One area of growing interest in the use of physi-
ological monitors is with respect to personal wellness and/or
physical exercise for purposes of fitness training, weight
loss, or monitoring general health. Technological advances
relating to optical sensors, signal processing, and display
devices have made it possible to realize small, light-weight
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physiological monitors that can be embodied as devices that
may be worn by a user. Such wearable devices may include,
for example, wrist watches, bracelets, and arm bands.

[0006] Providing physiological monitors for wellness and
physical exercise applications is subject to numerous design
and manufacturing considerations. For example, the elec-
tronic circuitry for processing the signal produced by the
photo detector and displaying an indication of the monitored
parameter must operate at a low power level to provide
adequate battery life while simultaneously providing suffi-
cient accuracy. Constraints relating to the physical design of
suich monitors are not limited to the challenges of packaging
the electronics and display units in an arrangement that can
be worn by a user. Special considerations and constraints are
present with respect to incorporation of the optical sensor,
including but not limited to variations in physiological
features across a large number of users. Moreover, sensor
designs that can accurately interpret or predict not just heart
rate but other physiological parameters such as calorie
expenditure, body movement, heart rate variability, respira-
tion rate, blood pressure, and oxygen level have not been
developed.

[0007] Therefore, a need exists for improved devices and
techniques for incorporating various sensor arrangements in
physiological monitoring devices. Moreover, improved
device and techniques are needed to ensure the accuracy,
reliability, and durability of such devices.

SUMMARY OF THE DISCLOSURE

[0008] In accordance with certain embodiments of the
present disclosure, sensor arrangements suited for use in
physiological monitoring devices that are used for physical
training, exercise, and/or general health and wellness moni-
toring are disclosed. In some embodiments, the monitoring
devices may be a wrist watch, bracelet, or arm band com-
prising one or more sensor arrangements. Each sensor
arrangement may comprise one or more sensors, including
but not limited to light sources, photo detectors, ECG
electrodes/sensors, bio impedance sensors, galvanic skin
response sensors, tonometry/contact sensors, accelerom-
eters, pressure sensors, acoustic sensors, and electromag-
netic sensors. In such embodiments, the light sources may
comprise two or more spaced apart light emitting diodes
(LED:s). Each photo detector may be, for example, a pho-
todiode. In some embodiments, each photodiode may be
positioned near a corresponding LED or between a corre-
sponding pair of LED:s.

[0009] In some embodiments, one or more of the sensor
components can be mounted in a transparent lens that may
be installed in a portion of a monitoring device configured
for placement in contact with a user’s skin. Other sensor
components may be in direct contact with the user’s skin.

[0010] In another aspect, the embodiments described here
can comprise at least two modules, each comprising one or
more sensor components. For example, a device can contain
both an upper and lower module. The two modules can be
configured such that they are in contact with opposing sides
of a user’s wrist or other body part when worn by the user.
The modules may share common sensor components with
respect to one another, or may contain one or more sensor
components not found in the other module. In further
embodiments, the modules may be in communication with
one another. As a result, sensor components from one
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module can be used to detect reflective light originating
from the same module or transmissive light transmitted by
the other module.

[0011] Additional objects and advantages of the present
disclosure will be set forth in part in the description which
follows, and in part will be obvious from the description, or
may be learned by practice of the disclosure. The objects and
advantages of the disclosure will be realized and attained by
means of the elements and combinations particularly pointed
out in the appended claims.

[0012] It is to be understood that both the foregoing
general description and the following detailed description
are illustrative and explanatory only and are not restrictive
of the claims.

[0013] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
several embodiments and together with the description,
serve to explain the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 depicts some aspects of an illustrative
embodiment of an apparatus as described herein.

[0015] FIG. 2 depicts some aspects of an illustrative
embodiment of an apparatus as described herein.

[0016] FIG. 3 depicts some aspects of an illustrative
embodiment of an apparatus as described herein.

[0017] FIGS. 4A-4C depict some aspects of a user’s
anatomy as described herein.

[0018] FIGS. 5A-5C depict some aspects of an illustrative
embodiment of an apparatus as described herein.

[0019] FIG. 6A-6C depict some aspects of an illustrative
embodiment of an apparatus as described herein.

[0020] FIG. 7 depicts some aspects of an illustrative
embodiment of an apparatus as described herein.

[0021] FIG. 8 depicts an illustrative embodiment of a
computing system as described herein.

DESCRIPTION OF THE EMBODIMENTS

[0022] Disclosed herein are embodiments of an apparatus
for sensing, measuring, analyzing, and displaying physi-
ological information. In one aspect, the apparatus may be a
wearable device comprising an upper module and a lower
module. The wearable device may be worn on a user’s body
such that one or more sensors of the upper and lower
modules contact a targeted area of tissue. In one embodi-
ment, the wearable device is a watch, band, or strap that can
be worn on the wrist of a user such that the upper and lower
modules are each in contact with a side of the wrist. For
example, one or more sensors of the upper module may be
in contact with or adjacent to the outer portion of the user’s
wrist and one or more sensors of the lower module may be
in contact or adjacent to the inner portion of the user’s wrist.
[0023] Each of the upper and lower modules may com-
prise one or more sensors, including but not limited to
optical/PPG sensors, ECG sensors/electrodes, bio imped-
ance sensors, galvanic skin response sensors, tonometry/
contact sensors, accelerometers, pressure sensors, acoustic
sensors, and electromagnetic sensors. In one embodiment,
one or more optical/PPG sensors may comprise one or more
light sources for emitting light proximate a targeted area of
tissue and one or more optical detectors for detecting either
reflected light (where an optical detector is located on the
same side of the targeted area as the light source(s), i.e.,
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within the same module) or transmitted light (where an
optical detector is located opposite the light source(s), i.e.,
within an opposing module).

[0024] In a further aspect, the strap or band of the wear-
able device may be configured so at to facilitate proper
placement of one or more sensors of the upper and/or lower
modules while still affording the user a degree of comfort in
wearing the device. In one embodiment, rather than a strap
that lies in a plane perpendicular to the longitudinal axis of
the user’s wrist or arm (as is the case with traditional wrist
watches and fitness bands), the band may be configured to
traverse the user’s wrist or arm at an angle that brings one
or more components of the upper or lower modules into
contact with a specific targeted area of the user while
allowing another portion of the band to rest at a positon on
the user’s wrist or arm that the user finds comfortable.
[0025] In another aspect, the precise location of the upper
and/or lower modules can be customized such that one or
more sensors of either module can be placed in an ideal
location of a user, despite the physiological differences
between body types from user to user.

[0026] The aforementioned features result in more com-
fortable wearable device while also increasing reliability and
accuracy of the device sensing, measuring, analyzing, and
displaying of physiological information.

[0027] In one embodiment, the physiological information
sensed, measured, analyzed, or displayed can include but is
not limited to heart rate information, ECG waveforms,
calorie expenditure, step count, speed, blood pressure, oxy-
gen levels, pulse signal features, and respiration rate. In
other embodiments, the physiological information may be
blood pressure information. In further embodiments, the
physiological information may be any information associ-
ated with a physiological parameter derived from informa-
tion received by one or more sensors of the wearable device.
Regardless, the physiological information may be used in
the context of, for example, health and wellness monitoring,
athletic training, physical rehabilitation, and patient moni-
toring, Of course, these examples are only illustrative of the
possibilities and the device described herein may be used in
any suitable context.

[0028] While the systems and devices described herein
may be depicted as wrist worn devices, one skilled in the art
will appreciate that the systems and methods described
below can be implemented in other contexts, including the
sensing, measuring, analyzing, and display of physiological
data gathered from a device worn at any suitable portion of
auser’s body, including but not limited to, other portions of
the arm, other extremities, the head, and/or the chest.
[0029] Reference will now be made in detail to certain
illustrative embodiments, examples of which are illustrated
in the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like items.

[0030] FIG. 1 depicts an illustrative embodiment of an
apparatus 100. In one aspect, apparatus 100 may be a
physiological monitor worn by a user to sense, collect,
monitor, analyze, and/or display information pertaining to
one or more physiological parameters. In the depicted
embodiment, apparatus 100 may comprise a band, strap, or
wrist watch. In further embodiments, apparatus 100 may be
any wearable monitor device configured for positioning at a
user’s wrist, arm, another extremity of the user, or some
other area of the user’s body.
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[0031] 1In another aspect, apparatus 100 may comprise an
upper module 110 and a lower module 150, each comprising
one or more components and/or sensors for detecting, col-
lecting, processing, and displaying one or more physiologi-
cal parameters of a user and/or other information that may
or may not be related to health, wellness, exercise, or
physical training sessions.

[0032] In addition to upper module 110 and lower module
150, apparatus 100 may comprise a strap or band 105
extending from opposite edges of each module for securing
apparatus 100 to the user. In one embodiment, band(s) 105
may comprise an elastomeric material. In alternative
embodiments, band(s) 105 may comprise some other suit-
able material, including but not limited to, a fabric or metal
material.

[0033] Upper module 110 or lower module 150 may also
comprise a display unit 112 for communicating information
to the user. Display unit 112 may be an LED indicator
comprising a plurality of LEDs, each a different color. The
LED indicator can be configured to illuminate in different
colors depending on the information being conveyed. For
example, where apparatus 100 is configured to monitor the
user’s heart rate, display unit 112 may illuminate light of a
first color when the user’s heart rate is in a first numerical
range, illuminate light of a second color when the user’s
heart rate is in a second numerical range, and illuminate light
of a third color when the user’s heart rate is in a third
numerical range. In this manner, a user may be able to detect
his or her approximate heart rate at a glance, even when
numerical heart rate information is not displayed at display
unit 112, and/or the user only sees apparatus 100 through his
or her peripheral vision.

[0034] In addition, or alternatively, display unit 112 may
comprise a display screen for displaying images or charac-
ters to the user. Display unit 112 may further comprise one
or more hard or soft buttons or switches configured to accept
input by the user.

[0035] Apparatus 100 may further comprise one or more
communication modules. In some examples, each of upper
module 110 and lower module 150 comprise a communica-
tion module such that information received at either module
can be shared with the other module. One or more commu-
nication modules can also be configured to communicate
with other devices such as the user’s cell phone, tablet, or
computer. Communications between the upper and lower
modules can be transmitted from one module to the other
wirelessly (e.g., via Bluetooth, RF signal, WiFi, etc.) or
through one or more electrical connections embedded in
band 105. In a further embodiment, any analog information
collected or analyzed by either module can be translated to
digital information for reducing the size of information
transfers between modules. Similarly, communications
between either module and another user device can be
transmitted wirelessly or through a wired connection, and
translated from analog to digital information to reduce the
size of data transmissions.

[0036] As shown in FIG. 1, lower module 150 can com-
prise an array of sensors 155 including but not limited to one
or more optical detectors 160, one or more light sources 165,
and one or more contact pressure/tonometry sensors 170.
These sensors are only illustrative of the possibilities, how-
ever, and lower module may comprise additional or alter-
native sensors such as one or more acoustic sensors, elec-
tromagnetic sensors, ECG electrodes, bio impedance
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sensors, galvanic skin response sensors, and/or accelerom-
eters. Though not depicted in the view shown in FIG. 1,
upper module 110 may also comprise one or more such
sensors and components on its inside surface, i.e. the surface
in contact with the user’s tissue or targeted area.

[0037] Insome embodiments, the location of sensor array
155 or the location of one or more sensor components of
sensor array 155 with respect to the user’s tissue may be
customized to account for differences in body type across a
group of users. For example, band 105 may comprise an
aperture or channel 175 within which lower module 150 is
movably retained. In one embodiment, lower module 150
and channel 175 can be configured to allow lower module
150 to slide along the length of channel 175 using, for
example, a ridge and groove interface between the two
components. In this manner, and as described in more detail
below, where the user desires to place one more components
of sensor array 155 at a particular location on his or her
wrist, lower module 150 can be slid into the desired location
along band 105. Though not depicted in FIG. 1, band 105
and upper module 110 can be similarly configured to allow
for flexible or customized placement of one or more sensor
components of upper module 110 with respect to the user’s
wrist or targeted tissue area.

[0038] In addition to the sensors and components proxi-
mate or in contact with the user’s tissue, upper module 110
and/or lower module 150 may comprise additional sensors
or components on their respective outer surfaces, i.e. the
surfaces facing outward or away from the user’s tissue. In
the embodiment depicted in FIG. 1, upper module 110
comprises one such outward facing sensor array 115. In one
embodiment, sensor array 115 may comprise one or more
ECG electrodes 120. Similar to the sensor arrays of the
upper and lower modules proximate or in contact with the
user’s tissue, outward facing sensor array 115 may further
comprise one or more contact pressure/tonometry sensors,
photo detectors, light sources, acoustic sensors, electromag-
netic sensors, bio impedance sensors, galvanic skin response
sensors, and/or accelerometers.

[0039] The outward facing sensors of sensor array 115 can
be configured for activation when touched by the user (with
his or her other hand) and used to collect additional infor-
mation. For example, where lower module 150 comprises
one or more optical detectors 160 and light sources 165 for
collecting PPG and heart rate information of the user,
outward facing sensor array 115 of upper module 110 may
comprise ECG electrodes 120 that can be activated when the
user places a fingertip in contact with the electrodes. While
the optical detectors 160 and light sources 165 of lower
module 150 can be used to continuously monitor blood flow
of the user, outward facing sensor array 115 of upper module
110 can be used periodically or intermittently to collect
potentially more accurate blood flow information which can
be used to supplement or calibrate the measurements col-
lected and analyzed by inward facing sensor array 155 of
lower module 150.

[0040] In addition to the sensor components described
above with respect to each module, each module may further
comprise other components for receiving, storing, analyz-
ing, and/or transmitting physiological information. Some of
those components are described below with respect to FIG.
8.

[0041] FIG. 2 depicts one embodiment of inward facing
sensor array 155 of lower module 150. As shown, sensor
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array 155 can comprise sensors including but not limited to
one or niore optical detectors 160, one or more light sources
165, and one or more contact pressure/tonometry sensors
170. These sensors are only illustrative of the possibilities,
however, and sensor array 155 may comprise additional or
alternative sensors such as one or more acoustic sensors,
electromagnetic sensors, ECG electrodes, bio impedance
sensors, galvanic skin response sensors, and/or accelerom-
eters. Upper module 110 may comprise a similar inward
facing sensor array (not depicted in FIG. 1) configured to
position sensors proximate or in contact with the outside
portion of a user’s wrist or arm. In some embodiments,
sensor components of the upper and lower modules 110, 150
can be used in combination to collect and analyze physi-
ological information. For example, and as described in more
detail below, one or more light sources of lower module 150
can be used to transmit light through a targeted area of the
user’s tissue (e.g., a portion of the user’s wrist) and the
transmitted light can be detected by one or more photode-
tectors of an inward facing sensor array of upper module
110. In such an embodiment, opposing modules 110 and 150
can be used to detect and analyze either reflected or trans-
mitted light.

[0042] FIG. 3 depicts another view of apparatus 100
comprising band 105, upper module 110, and lower module
150. As described above, lower module 150 can be placed
within channel 175 of band 105 such that lower module 150
can slide along the longitudinal axis of band 105. The
movability of lower module 150 (or upper module 110 in
alternative embodiments) with respect to band 105 allows a
user to customize the location of the inward facing sensors
of lower module 150 with respect to a targeted tissue area to
ensure reliable and accurate detection of physiological
parameters. For example, a user can ensure that the inward
facing sensors of lower module 150 are place in a location
proximate the center of the user’s radial artery.

[0043] In another aspect, band 105 may not extend around
the user’s wrist such that it traverses a circumferential path
lying in a plane perpendicular to the longitudinal axis of the
user’s wrist or arm. Rather, the longitudinal axis of band 105
extends at an angle such that portions of inward facing
sensor arrays of upper or lower modules 110, 150 can be
placed at suitable locations proximate a desired targeted area
of tissue while a portion of band 105 is in contact with
portions of the user’s wrist or arm that the user finds
comfortable (i.e., above or below the wrist joint). In some
embodiments, where a circumferential path around a user’s
wrist resides in a plane perpendicular to the longitudinal
extension of the user’s arm or wrist, band 105 may be set at
an angle 107 with respect to the perpendicular plane. In
some embodiments, angle 107 may be between 5° and 15°
with respect to the perpendicular plane. In other embodi-
ments, angle 107 may be less than 5° or more than 15°. Of
primary importance is the placement of one or more com-
ponents of the sensor arrays of upper and lower modules
110, 150 proximate or in contact with a desired targeted area
of tissue while allowing a portion of band 105 to be worn at
a comfortable location off the user’s wrist joint. Additional
details regarding proper or desirable placement of one or
more sensors with respect to targeted tissue areas of a user
are described below with respect to other figures.

[0044] FIG. 3 also shows a closer view of outward facing
sensor array 115. In the embodiment depicted, sensor array
115 may comprise one or more electrodes 120 for establish-
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ing an electrical connection with a user’s fingertip and
collected ECG data. Sensor array 115 may further comprise
one or more contact pressure/tonometry sensors 125 for
detecting the presence of the user’s fingertip, which can
trigger activation of electrodes 120. Sensor array 115 may
also comprise additional or alternative components 130 such
as one or more optical detectors, light sources, acoustic
sensors, electromagnetic sensors, bio impedance sensors,
galvanic skin response sensors, and/or accelerometers.
[0045] FIG. 4A depicts some points of interest on a human
wrist. The best point on the wrist for detecting blood flow,
for example in calculating heart rate, blood pressure, respi-
ratory rate, etc., is at a location coinciding with the wrist
joint, approximately at location 1 shown as item 410. This
location is proximate the radial artery and is referred to as
the CUN location. Thus, the ideal location for a user to wear
a wrist worn device is along the line across a line comprising
locations 1-3-5. However, for comfort, most users prefer to
wear straps or bands off the wrist joint, for example, across
locations 2-4-6 shown as item 420. The result is that in most
cases, users wear their monitors and corresponding sensors
at a location on their wrist or arm that is not ideal and likely
to introduce errors in the detection of physiological param-
eters.

[0046] The band angle 107 described with respect to FIG.
3 cures this deficiency in that it allows one or more sensor
components of lower module 150 to be located above the
CUN location while allowing a portion of the remaining
band and/or upper module 110 to be positioned at a more
comfortable location on the user’s wrist or arm, such as line
2-4-6 (item 420).

[0047] Further ensuring that one or more sensors of lower
module 150 can be placed at a desirable location above the
CUN location, and as described in more detail above with
respect to FIGS. 1 and 3, lower module 150 can slide along
band 105. This allows the user to make further adjustments
to the location of one or more sensors, not just along the
longitudinal extension of the user’s arm when apparatus 100
is in use, but also along the circumferential extension of
band 105 while apparatus 100 is in use. Thus, the combi-
nation of band 105 extending around the user’s wrist at an
angle 107 together with the ability to slide lower module 150
along band 105, ensure the sensors of lower module 150 can
be placed at an ideal location with respect to each user (even
users of different body types and physical attributes) and that
the physiological parameters detected and analyzed by appa-
ratus 100 are collected as accurately as possible.

[0048] Not only is apparatus 100 configured so as to
ensure proper placement of one or more sensors and com-
fortability of band 105, but it also may contain additional
sensors, such as a pressure sensor, at locations of apparatus
100 other than upper and lower modules 110, 150. For
example, apparatus 100 may comprise a pressure sensor
located somewhere else along strap 105 or at a latch that
secures opposing ends of band 105 around a user’s wrist for
detecting pressure. Such a sensor can be used to ensure that
the user is wearing apparatus 100 tightly enough to ensure
one more other sensors are in sufficient contact with a
targeted area of the user’s tissue to collect accurate physi-
ological information. In alternative embodiments, one or
more pressure sensors of the upper and/or lower modules
110, 150 can be used to make the same determination. In
either case, apparatus 100 may also be configured to alert the
user (for example, via display unit 112 of upper module 110)
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if apparatus 100 is being worn too loosely or too tightly to
ensure accurate measurements.

[0049] FIG. 4B depicts one example of desirable locations
for one or more sensors to placed with respect to a user’s
wrist or other targeted area. In one embodiment, one or more
sensors of lower module 150 can be placed adjacent or
proximate point 410 (i.e., the CUN location) and one or
more sensors of upper module 110 can be placed opposite
point 410 at point 450 of the user’s wrist or targeted area.
Such a configuration provides the aforementioned benefits
associated with proper placement of sensors over the CUN
location, but also allows for apparatus 100 to detect, collect,
and analyze blood flow through the radial artery using either
reflective or transmissive systems.

[0050] Wrist worn PPG sensors currently use a reflective
system whereby a sensor array comprises one or more light
sources and one or more optical detectors, located near one
another and on the same side of a user’s targeted area. The
one or more light sources of the sensor array illuminate a
portion of the user’s tissue and light is reflected back to the
optical detector(s) of the sensor array. The reflected light
detected by the optical detector can be analyzed to estimate
physiological parameters such as blood flow and pulse rate.
An example schematic depicting a reflective system is
shown in FIG. 4C.

[0051] However, reflective systems may not be as accurate
as transmissive systems that place one or more light sources
on one side of a user’s body and optical detectors on an
opposing side of the user’s body. One example of a trans-
missive system are fingertip monitors used in a clinical
setting. The monitors are clipped to a patient’s fingertip, one
side comprising a light source for illuminating the top or
bottom of the patient’s fingertip, the other side comprising
an optical detector for detecting the light transmitted through
the fingertip.

[0052] It has been thought that transmissive systems are
not practical for wrist worn health monitors (or monitors
worn at other locations on a user’s arm or body) because the
wrist is too thick for light that enters one side of a targeted
area to be transmitted all the way through to the other side.
However, apparatus 100 solves this problem by taking
advantage of the natural location of the CUN location (the
location of the radial artery at the wrist) at the inside of the
wrist just under the thumb. As shown in FIGS. 5A, 5B, and
5C, apparatus 100 can be configured to place lower module
150 comprising a light source (and/or optical detector) at the
location of the CUN artery on the underside of the wrist and
place the upper module 110 comprising an opposing optical
detector (or light source) at a location opposite the sensors
of the lower module at the periphery of the outside of the
wrist just below the thumb. In this manner, the path of light
transmitted through the wrist between the sensors of the
lower and upper modules travels a shorter distance (shown
in FIG. 4B) than if the sensors were located closer to the
center of the inside and outside of a user’s wrist. As a result,
light illuminated from either the upper or lower module can
be detected at the opposing module in a manner previously
only available in clinical settings and limited to locations on
the body such as the fingertip.

[0053] As described above, apparatus 100 may comprise a
number of components and sensors for detecting physiologi-
cal information and extracting data from it, such as blood
flow, heart rate, respiratory rate, blood pressure, steps,
calorie expenditure, and sleep.
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[0054] ECG electrodes/sensors, bio impedance sensors,
galvanic skin response sensors, tonometry/contact sensors,
accelerometers, pressure sensors, acoustic sensors, and elec-
tromagnetic sensors One method for determining the heart
rate, respiratory rate, blood pressure, oxygen levels, and
other parameters of a user involves collecting a signal
indicative of blood flow pulses from a targeted area of the
user’s tissue. As described above, this information can be
collected using, for example, a light source and a photo
detector. Some embodiments may use multiple light sources
and they may be of varying colors. For example, one light
source may be an IR light source and another might be an
LED light (such as ared LED). Using both an IR light source
and a colored LED light (such as red) can improve accuracy
as red light is visible and most effective for use on the
surface of the skin while IR light is invisible yet effective for
penetration into the skin. Such embodiments may comprise
multiple photo detectors, one or more configured to detect
colored LED light (such as red) and one or more configured
to detect IR light. These photo detectors (for detecting light
of different wavelengths) can be combined into a single
photodiode or maintained separate from one another. Fur-
ther, the one or more light sources and one or more photo-
detectors could reside in the same module (upper or lower)
in the case of a reflective system or the light source(s) could
reside in one module while the optical detector(s) reside in
the other in the case of a transmissive system.

[0055] Upon collection of a blood flow pulse signal, a
number of parameters can be extracted from both single
pulses and a waveform comprising multiple pulses. FIG. 6 A
depicts a single pulse from which a number of features or
parameters can be extracted. Features or parameters
extracted from a single pulse can include, but are not limited
to, shape of the pulse, a maximum amplitude, a minimum
amplitude, a maximum derivative, a time difference between
main and secondary peaks, and integral through the entire
extraction time (i.e., the area under the pulse). FIGS. 6B and
6C illustrate that even portions of a single pulse can be
analyzed for feature extraction. Extracting features at this
level of detail has a number of advantages, including the
ability to capture a great number of pulse features and store
each of those features digitally without having to retain the
analog waveform. The result is a savings in storage require-
ments and ease of data transmission.

[0056] Feature extraction can also be performed on a
number of pulses or a “pulse train.” FIG. 7 depicts a series
of pulses overlaid with one another to show the variation
among the group with respect to an identified feature. In this
manner, the total variation among a series of pulses with
respect to a single feature can be determined. The average of
a group of pulses with respect to a single feature and the
standard deviation of the group with respect to the feature
can also be determined. Of course, these are just examples
of the types of information that can be collected from a
comparison of a single feature over a group of pulses.
Moreover, while FIG. 7 depicts the extraction of a single
feature from the group of pulses, it should be appreciated
that any number of features can be extracted from the group
in a manner similar to that described above with respect to
a single pulse. FIG. 7 further depicts how information
collected about a single feature over a group of pulses can
be digitized or presented in a histogram 720.

[0057] All of the features or parameters described above,
collected using a PPG system comprising one or more light
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sources and/or one or more optical detectors, can be supple-
mented with additional sensors such as ECG electrodes/
sensors, bio impedance sensors, galvanic skin response
sensors, tonometry/contact sensors, accelerometers, pres-
sure sensors, acoustic sensors, and electromagnetic sensors.
For example, one or more tonometry/contact sensors can be
used to extract tonometry information by measuring the
contact vessel pressure. In another example, one or more
acoustic sensors comprising a speaker-microphone combi-
nation (such as a micro-electro-mechanical system
(“MEMS”) acoustic sensor) can be used to extract reflected
sound pulses from moving vessel walls. Similarly, one or
more electromagnetic sensor MEMS can be used to extract
voltage induced by coils or magnet pieces pressed to moving
vessel walls. In a further embodiment, as described above,
external or outward facing sensors can be configured to
activate when touched by the off-hand (i.e., the hand on
which apparatus 100 is not being worn) to collect additional
information to help supplement or calibrate the information
collected by the inward facing sensors of the upper or lower
modules. For example, where internal facing PPG compo-
nents (i.e., one or more light sources and one or more photo
detectors) are used to detect reflected or transmitted light
representative of blood flow pulses and some extrapolation
of the data is made to determine, for example, heart rate, the
user can place a fingertip of his or her off-hand on an
outward facing ECG electrode (such as that shown in FIG.
1) to collect a more precise heart rate measurement. The
more precise, though of more finite duration, heart rate
measurement can be used to aid in the interpretation of the
continuous heart rate measurements collected by the inward
facing PPG sensors. The outward facing sensor can also
comprise other sensors previously described herein, such as
one or more contact/tonometry sensors, one or more bio
impedance sensors, and one or more galvanic skin response
sensors for analyzing electric pulse response. All of the
information collected by an outward facing sensor from, for
example, the fingertip of the user’s off-hand, can be used to
refine the analysis of the continuous measurements taken by
any one or more of the inward facing sensors.

[0058] In addition to the inward and outward facing sen-
sors, apparatus 100 may further comprise additional internal
components such as one or more accelerometers and/or
gyroscopic components for determining whether and to what
extent the user is in motion (i.e., whether the user is walking,
jogging, running, swimming, sitting, or sleeping). Informa-
tion collected by the accelerometer(s) and/or gyroscopic
components can also be used to calculate the number of
steps a user has taken over a period of time. This activity
information can also be used in conjunction with physiologi-
cal information collected by other sensors (such as heart
rate, respiration rate, blood pressure, etc.) to determine a
user’s caloric expenditure and other relevant information.

[0059] To determine a user’s blood pressure, the PPG
information described above may be combined with other
sensors and techniques described herein. In one embodi-
ment, determining a user’s blood pressure can comprise
collecting a heart rate signal using a PPG system (i.e., one
or more light sources and photo detectors) and performing
feature extraction (described above) on single pulses and a
series of pulses. The features extracted from single pulses
and series of pulses can include statistical averages of
various features across a series, information regarding the
morphological shape of each pulse, the average and standard
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deviation of morphology of a series of pulses, temporal
features such as the timing of various features within single
pulses, the duration of a single pulse, as well as the average
and standard deviation of the timing of a feature or duration
of pulses within a series of pulses, and the timing of
morphological features across a series of pulses (i.e., the
frequency with which a particular pulse shape occurs in a
series).

[0060] As described above, this feature extraction can not
only be performed on a series of pulses and single pulses, but
also on portions of a single pulse. In this manner, informa-
tion pertaining to both systolic and diastolic blood pressure
can be ascertained as one or more portions of an individual
pulse correspond to the heart’s diastole (relaxation) phase
and one or more other portions of an individual pulse
correspond to the heart’s systole (contraction) phase. In
some embodiments, up to 60 features can be extracted from
a partial pulse, a single pulse, and/or a series of pulses. In
alternative embodiments, fewer or more features may be
extracted.

[0061] In addition to features extracted from PPG or ECG
information, information and features can also be collected
by contract/tonometry sensors, pressure sensors, bio imped-
ance sensors galvanic skin response sensors, accelerometers,
acoustic sensors, and electromagnetic sensors. For example,
pressure sensors or bio impedance sensors can be used to
identify blood flow pulses of user and, similar to PPG or
ECG data, features can be extracted from the collected data.
[0062] The extracted features can then be cross-referenced
or compared to entries in a library containing data corre-
sponding to a population of subjects. For each subject, the
library may contain information associated with each
extracted feature. The library can also contain a direct
measured or verified blood pressure for each subject. In
further embodiments, the library may contain more than one
directly measured or verified blood pressure measurement
for each subject, each corresponding to a subject in a
different condition, such as one corresponding to the subject
at rest, one corresponding to the subject engaged in light
activity, and one corresponding to the subject engaged in
strenuous activity. Thus, the extracted features of the user, as
well as activity information pertaining to the user, can be
compared to entries in the library to find one or more
subjects with which the user’s extracted features most
closely compare and the user’s blood pressure can then be
estimated based on the verified blood pressure of those
subjects.

[0063] As one example, when features are extracted from
a series of pulses, a standard deviation or range of variation
across the series can be ascertained. Generally speaking, a
large variation across a series of pulses can be associated
with flexible, healthy veins. As a result, individuals exhib-
iting large pulse-to-pulse variations across a series of pulses
typically have relatively low blood pressure. Conversely,
little to no variation in features across a series of pulses is
typically associated with relatively high blood pressure.
[0064] The library described above can be generated by
extracting the same features from partial pulses, individual
pulses, and series of pulses across hundreds or thousands of
subjects. The subjects’ verified blood pressure can also be
measured such that it can be associated with each feature
extracted from the subject’s pulse information. The subject
entries in the library can also be sorted based on information
helpful for estimating blood pressure. For example, subjects
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in the library can be identified as male or female, belonging
to a particular age group, or associated with one or more past
health conditions. Individual subjects can be associated with
information indicative of the subject’s sex, age, weight, race,
and any other medically meaningful distinction. Moreover,
entries can be associated with information collected by other
sensors at the time the verified blood pressure measurement
was taken, including information collected by contract/
tonometry sensors, pressure sensors, bio impedance sensors
galvanic skin response sensors, accelerometers, acoustic
sensors, and electromagnetic sensors. As just one example,
if a user is determined to be engaged in physical activity
(through a combination of accelerometer and heart rate data,
as an example), his or her extracted features may only be
compared to data in the library corresponding to subjects
engaged in similar physical activity. Information pertaining
to subjects contained in the library may also be correlated to
each subject’s resting heart rate, BMI, or some other medi-
cally significant indicia. For example, if a user is a young
female with a low resting heart rate who is currently engaged
in moderate activity, her extracted features should be com-
pared to subjects in the library identified as young females
with low resting heart rate whose blood pressure was
verified during moderate activity rather than comparing the
user’s extracted features to an elderly male subject with a
relatively high resting heart rate and whose blood pressure
was verified during strenuous activity.

[0065] When the user’s extracted features are compared to
features recorded in the library, apparatus 100 can also
weigh the entries of subjects most closely corresponding to
the user more heavily than entries of subjects associated
with indicia different from that of the user. For example, if
the user is a male, features extracted from male subjects may
be weighed more heavily than female subjects because a
particular pulse variation in men of a particular age may
correspond to relatively high blood pressure whereas the
same pulse variation in women of that particular age may
correspond to lower blood pressure.

[0066] According to the techniques described herein,
accurate blood pressure estimates for a user can made
without requiring direct blood pressure measurement of the
user. However, in some embodiments, the user’s blood
pressure estimates can be further calibrated by direct mea-
surement of the user’s blood pressure by another device and
that verified blood pressure can be input into apparatus 100
to aid in future estimations of the user’s blood pressure.
[0067] Calibration can also be accomplished with an out-
ward facing ECG sensor. While an inward facing PPG
sensor can continuously or periodically collect heart rate
data of a user, occasionally the user may be prompted to
place a fingertip of his or her off-hand on an outward facing
ECG sensor (e.g., electrodes). The inward facing sensor
arrays of apparatus 100 may contain additional electrodes
thereby completing an electrical circuit through the user’s
body and allowing a more precise pulse waveform to be
collected. Feature extraction can be performed on these
pulses, series of pulses, and partial pulses in the same
manner as described above with respect to PPG information
and used to cross-reference the library.

[0068] Instill a further embodiment, where apparatus 100
determines, based on its continuous or periodic monitoring
of the user’s blood pressure using PPG or pressure sensors,
that a user’s blood pressure is unusually or dangerously high
or low, apparatus 100 may prompt the user to place a
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fingertip of his or her off-hand on an outward facing ECG
electrode in order to verify the unusual or unsafe condition.
If necessary, apparatus 100 can then alert the user to call for
help or seek medical assistance.

[0069] As described above, the upper and/or lower mod-
ules 110, 150 can be configured to continuously collect data
from a user using its inward facing sensor arrays. However,
certain techniques can be employed to reduce power con-
sumption and conserve battery life of apparatus 100. For
instance, in some embodiments, only one of the upper or
lower modules 110, 150 may continuously collect informa-
tion. In alternative embodiments, neither module may be
continuously active, but may wait to collect information
when conditions are such that accurate readings are most
likely. For example, when one or more accelerometers or
gyroscopic components of apparatus 100 indicate that a user
is still, at rest, or sleeping, one or more sensors of upper
and/or lower module 110, 150 may collect information from
the user while artifacts resulting from physical movement
are absent.

[0070] While techniques for estimating a user’s blood
pressure using pulse signal, pressure, impedance, and other
collected and input information has been described above, it
should be appreciated that similar techniques can be
employed to estimate a user’s oxygen levels (SvO,), hydra-
tion, respiration rate, and heart rate variability. For example,
PPG, ECG, bio impedance, and acoustic measurements
taken from the user can be cross-referenced with the afore-
mentioned library and compared to subjects most closely
matching the user (e.g., sex, age, height, weight, race,
resting heart rate, BMI, current activity level, and any other
medically meaningful distinction. Measured or verified
hydration levels of one or more subjects can then be used to
estimate the hydration level of the user. A similar process
can be employed to estimate the user’s oxygen levels
(Sv0,), respiration rate, and heart rate variability.

[0071] FIG. 8 depicts an illustrative processor-based com-
puting system 800 representative of the type of computing
system that may be present in or used in conjunction with
any aspect of apparatus 100 comprising electronic circuitry.
Each of upper or lower modules 110, 150 may comprise any
one or more components of system 800. In some embodi-
ments, one module may contain one of the components of
system 800 and the other module, rather than comprising a
similar component, may be in wired or wireless communi-
cation with the component residing in the other first module.
Alternatively, each module may comprise a similar compo-
nent as compared to the other module such that it is not
necessary to communication with the first module to enjoy
the functionality of the component. For example, upper
module 110 may comprise storage, a power source, and/or a
charging port, while lower module 150 may have access to
the upper module’s storage and/or draw power from the
power source of the upper module through a wired or
wireless connection. Alternatively, each module may have
its own storage and/or power source. For the sake of
simplicity, computing system 800 will be described herein as
if it encompasses the components of upper and lower
modules 110, 150 collectively, while the reader appreciates
that one or more components described herein may reside
only in one module or may be found in both modules.
[0072] Processor-based computing system 800 may be
used in conjunction with any one or more of transmitting
signals to and from the one or more accelerometers, sensing
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or detecting signals received by one or more sensors of
apparatus 100, processing received signals from one or more
components or sensors of apparatus 100 or a secondary
device, and storing, transmitting, or displaying information.
Computing system 800 is illustrative only and does not
exclude the possibility of another processor- or controller-
based system being used in or with any of the aforemen-
tioned aspects of apparatus 100.

[0073] In one aspect, system 800 may include one or more
hardware and/or software components configured to execute
software programs, such as software for storing, processing,
and analyzing data. For example, system 800 may include
one or more hardware components such as, for example,
processor 805, a random access memory (RAM) module
810, a read-only memory (ROM) module 820, a storage
system 830, a database 840, one or more input/output (I/O)
modules 850, an interface module 860, and one or more
sensor modules 870. Alternatively and/or additionally, sys-
tem 800 may include one or more software components such
as, for example, a computer-readable medium including
computer-executable instructions for performing methods
consistent with certain disclosed embodiments. It is con-
templated that one or more of the hardware components
listed above may be implemented using software. For
example, storage 830 may include a software partition
associated with one or more other hardware components of
system 800. System 800 may include additional, fewer,
and/or different components than those listed above. It is
understood that the components listed above are illustrative
only and not intended to be limiting or exclude suitable
alternatives or additional components.

[0074] Processor 805 may include one or more processors,
each configured to execute instructions and process data to
perform one or more functions associated with system 800.
The term “processor,” as generally used herein, refers to any
logic processing unit, such as one or more central processing
units (CPUs), digital signal processors (DSPs), application
specific integrated circuits (ASICs), field programmable
gate arrays (FPGAs), and similar devices. As illustrated in
FIG. 8, processor 805 may be communicatively coupled to
RANI 810, ROM 820, storage 830, database 840, I/O
module 850, interface module 860, and one more sensor
modules 870. Processor 805 may be configured to execute
sequences of computer program instructions to perform
various processes, which will be described in detail below.
The computer program instructions may be loaded into
RAM for execution by processor 805.

[0075] RAM 810 and ROM 820 may each include one or
more devices for storing information associated with an
operation of system 800 and/or processor 805. For example,
ROM 820 may include a memory device configured to
access and store information associated with system 800,
including information for identifying, initializing, and moni-
toring the operation of one or more components and sub-
systems of system 800. RAM 810 may include a memory
device for storing data associated with one or more opera-
tions of processor 805. For example, ROM 820 may load
instructions into RAM 810 for execution by processor §05.
[0076] Storage 830 may include any type of storage device
configured to store information that processor 805 may need
to perform processes consistent with the disclosed embodi-
ments.

[0077] Database 840 may include one or more software
and/or hardware components that cooperate to store, orga-
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nize, sort, filter, and/or arrange data used by system 800
and/or processor 805. For example, database 840 may
include user profile information, historical activity and uset-
specific information, physiological parameter information,
predetermined menuv/display options, and other user prefer-
ences. Alternatively, database 840 may store additional
and/or different information.

[0078] /O module 850 may include one or more compo-
nents configured to communicate information with a user
associated with system 800. For example, /O module 850
may comprise one or more buttons, switches, or touch-
screens to allow a user to input parameters associated with
system 800. I/O module 850 may also include a display
including a graphical user interface (GUI) and/or one or
more light sources for outputting information to the user. /O
module 850 may also include one or more communication
channels for connecting system 800 to one or more second-
ary or peripheral devices such as, for example, a desktop
computer, a laptop, a tablet, a smart phone, a flash drive, or
a printer, to allow a user to input data to or output data from
system 800.

[0079] Interface 860 may include one or more components
configured to transmit and receive data via a communication
network, such as the Internet, a local area network, a
workstation peer-to-peer network, a direct link network, a
wireless network, or any other suitable communication
channel. For example, interface 860 may include one or
more modulators, demodulators, multiplexers, demultiplex-
ers, network communication devices, wireless devices,
antennas, modems, and any other type of device configured
to enable data communication via a communication net-
work.

[0080] System 800 may further comprise one or more
sensor modules 870. In one embodiment, sensor modules
870 may comprise one or more of an accelerometer module,
an optical sensor module, and/or an ambient light sensor
module. Of course, these sensors are only illustrative of a
few possibilities and sensor modules 870 may comprise
alternative or additional sensor modules suitable for use in
apparatus 100. It should be noted that although one or more
sensor modules are described collectively as sensor modules
870, any one or more sensors or sensor modules within
apparatus 100 may operate independently of any one or
more other sensors or sensor modules. Moreover, in addition
to collecting, transmitting, and receiving signals or infor-
mation to and from sensor modules 870 at processor 805,
any one or more sensors of sensor module 870 may be
configured to collect, transmit, or receive signals or infor-
mation to and from other components or modules of system
800, including but not limited to database 840, /O module
850, or interface 860.

[0081] While embodiments have been illustrated and
described, it will be appreciated that various changes can be
made therein without departing from the spirit and scope of
the disclosure. Moreover, the various features of the embodi-
ments described herein are not mutually exclusive. Rather
any feature of any embodiment described herein may be
incorporated into any other suitable embodiment.

[0082] Additional features may also be incorporated into
the described systems and methods to improve their func-
tionality. For example, those skilled in the art will recognize
that the disclosure can be practiced with a variety of physi-
ological monitoring devices, including but not limited to
heart rate and blood pressure monitors, and that various
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sensor components may be employed. The devices may or
may not comprise one or more features to ensure they are
water resistant or waterproof. Some embodiments of the
devices may hermetically sealed.

[0083] Other embodiments of the aforementioned systems
and methods will be apparent to those skilled in the art from
consideration of the specification and practice of this dis-
closure. It is intended that the specification and the afore-
mentioned examples and embodiments be considered as
illustrative only, with the true scope and spirit of the
disclosure being indicated by the following claims.

What is claimed is:

1. An apparatus for determining a physiological parameter
of a user comprising:

at least one sensor array comprising at least one light
source and at least one photo detector;

a processor for analyzing the physiological information
collected by the sensor array;

a database comprising housing physiological information
associated with a plurality of subjects, the database
further comprising at least one directly measured physi-
ological indicia associated with each subject;

wherein the physiological information collected by the
sensor array is compared to the physiological informa-
tion of the plurality of subjects in the database and a
physiological indicia of the user is estimated based on
the directly measured physiological indicia correspond-
ing to one or more of the subjects.

2. The apparatus of claim 1, wherein the physiological
indicia is one of blood pressure, oxygen levels (SvO,),
hydration, respiration rate, and heart rate variability.

3. The apparatus of claim 1, wherein the at least one
sensor array collects information from the user indicative of
the user’s blood flow pulses.

4. The apparatus of claim 3, wherein a plurality of features
are extracted from the user’s blood flow pulses and each of
the extracted features are compared to one or more extracted
features stored for each subject in the database.

5. The apparatus of claim 4, wherein the plurality of
features extracted from the user’s blood flow pulses com-
prise features extracted from partial pulses, single pulses,
and series of pulses.

6. A wearable device for collecting a pulse signal of a user
comprising:

at least one module comprising at least one light source;

a strap extending from the at least one module at an angle
such that when the strap is used to secure the at least
one module to a portion of the user’s wrist, the at least
one light source can be positioned above the user’s
CUN location while at least a portion of the strap is
positioned away from the user’s wrist joint.

7. The device of claim 6, wherein the at least one module
comprises a first module comprising the at least one light
source and a second module comprising at least one photo
detector.

8. The device of claim 7, wherein the pulse signal is
determined based on light transmitted through a portion of
the user’s wrist.

9. The device of claim 8, wherein the portion of the user’s
wrist is an edge of the user’s wrist offset from a longitudinal
extension of the user’s arm.
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10. The device of claim 10, wherein the at least one
module further comprises one or more of an ECG electrode,
a bio impedance sensor, a galvanic skin response sensor, a
contact sensor, an accelerometer, a pressure sensor, an
acoustic sensor, and an electromagnetic sensor.

11. The device of claim 10, wherein the at least one
module comprises an inward facing sensor array and an
outward facing sensor array, each of the inward and outward
facing sensor arrays comprising at least one ECG electrode.

12. The device of claim 11, wherein the ECG electrode of
the inward facing sensor array is configured for contact with
a portion of the user’s wrist and the ECG electrode of the
outward facing sensor is configured for contact with a
portion of a fingertip of the user.

13. An apparatus for determining a physiological param-
eter of a user comprising:

an upper module;

a lower module; and

a strap configured to secure the upper and lower module

to a user’s wrist,

wherein the upper module comprises a first sensor array

on an inward facing surface of the module configured
for contact with a first targeted area of the user and a
second sensor array on an outward facing surface of the
module;

wherein the lower module comprises a third sensor array

on an inward facing surface of the module configured
for contact with a second targeted area of the user.

14. The apparatus of claim 13, wherein the first targeted
area of the user is located on the outside of the user’s arm
proximate the user’s wrist.

15. The apparatus of claim 13, wherein the second tar-
geted area of the user is located on the inside of the user’s
arm proximate the user’s wrist.

16. The apparatus of claim 13, wherein the strap extends
from the upper module at an angle such that when it is
secured to the user the circumferential extension of the band
lies in a plane that is not perpendicular to a line correspond-
ing to the longitudinal extension of the user’s arm.

17. The apparatus of claim 16, wherein the lower module
is located on the strap such that the third sensor array is
configured for contact with the CUN location of the user.

18. The apparatus of claim 17, wherein the strap com-
prises an aperture within which the lower module can slide
relative to the longitudinal extension of the strap.

19. The apparatus of claim 13, wherein the third sensor
array comprises at least one light source for illuminating a
targeted area of tissue of the user and the first sensor array
comprises a photo detector for detecting light transmitted
through a portion of the user’s tissue.

20. The apparatus of claim 13, wherein the first and
second sensor arrays each comprise one or more electrodes,
the one or more electrodes of the first sensor array config-
ured for contact at the user’s arm to which the apparatus is
secured and the one or more electrodes of the second sensor
array configured for contact with a fingertip of the user on
an opposing arm.
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