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(57) ABSTRACT

The present disclosure generally relates to wearable devices
and methods for measuring a photoplethysmographic (PPG)
signal. The wearable devices and methods described herein
are capable of obtaiming PPG signals by employing a PPG
sensor array configured to receive light at angles associated
with a high perfusion index. Viewing components may be
coupled to the PPG sensor array to eflect transmission of
light at these preferential angles.
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PPG SENSOR HAVING LIGHT ARRIVAL
ANGLE CONTROL AT DETECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. patent
application Ser. No. 16/904,356, filed Jun. 17, 2020, which
1s a continuation of U.S. patent application Ser. No. 15/274,
018, filed Sep. 23, 2016, now U.S. Pat. No. 10,687,717,
which claims priority to U.S. Provisional Patent Application
No. 62/235,188, filed Sep. 30, 2013, the contents of which
are hereby incorporated by reference as 1f fully disclosed
herein.

FIELD

[0002] The present disclosure relates generally to wear-
able devices and methods for measuring a photoplethysmo-
graphic (PPG) signal. The wearable devices may include a
PPG sensor array capable of receiving light at particular
viewing angles associated with increased pulsatile signal,
and thus a high perfusion index. Physiological parameters
such as heart rate and oxygen saturation may be monitored
using such wearable devices.

BACKGROUND

[0003] The present disclosure relates generally to wear-
able devices and methods for measuring a photoplethysmo-
graphic signal. Most soit tissue will transmit and reflect both
visible and near-infrared radiation. Thus, 11 light 1s projected
onto an area of skin and the reflected light detected atter 1ts
interaction with the skin, blood, and other tissues, time
varying changes in light absorbance can be observed. This
time varying light absorbance signal (photoplethysmo-
graphic or “PPG” signal) may be aflected by a number of
factors, some of which include the optical properties of the
tissues and blood at the measurement site, and the wave-
length of the light source.

[0004] PPG signals may be used in applications such as
heart rate and oxygen saturation determination, and are
highly susceptible to motion noise caused by bulk body
movements and internal tissue motion. Although forces
created by bulk body movements can be detected by an
accelerometer, flexion, for example, of the finger or hand can
generate internal tissue forces within the wrist that, for a
wrist-worn device, would not necessarily be detected by an
accelerometer (e.g., flexion can occur while the limbs are
stationary).

[0005] PPG signals may be also be aflected by non-
pulsatile signal artifacts. For a typical PPG detector (pho-
todetector), the detector 1s sensitive to light arriving from all
angles. However, some of the arrival angles include light
containing more pulsatile signal than other angles. Perfusion
index (PI) 1s a numerical assessment of pulse strength (pulse
amplitude) at a monitoring site, and 1s generally the ratio of
received modulated light to recerved unmodulated light at a
photodetector or sensor. In a clinical setting, PI may be used
to quickly evaluate the appropriateness of a sensor applica-
tion site, where the site with the highest PI number 1s used.
Placing the sensor at the site with a high PI may result 1n a
higher quality PPG signal that 1s not contaminated with
artifacts due to internal tissue motion or a non-pulsatile
signal. However, 1t may not always be feasible to move or
reposition a wearable device i order to find a favorable
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monitoring site. Accordingly, having new wearable devices
and methods for measuring a PPG signal would be benefi-
cial.

SUMMARY

[0006] Disclosed herein are wearable devices for obtain-
ing physiological signals that include a PPG sensor array
configured to receive reflected light at certain viewing
angles associated with an increased PPG signal. The PPG
signal generally refers to an optical signal based on the
absorbance of light that can be used in various applications,
¢.g., heart rate and oxygen saturation (SpQO,) determination.
As used herein the term “viewing angle™ refers to the angle
of light viewed by the detector. The PPG signal obtained at
this preset viewing angle (©,, ) 1s generally associated
with light containing a high level of pulsatile signal, and
generally correlates with an optimal point (©,, ,,,.), Where
perfusion index 1s high or at a maximum. The PPG signal
obtained in this manner may be analyzed to provide a
numerical value corresponding to a physiological parameter
of an individual, e.g., the heart rate or oxygen saturation of
a user.

[0007] In general, the wearable devices may include a
housing structured for attachment to a body region of the
individual, the housing comprising a PPG sensor array, the
PPG sensor array comprising an illumination system and a
detection system; and a processor within the housing con-
figured to analyze a PPG signal obtained from the detection
system and determine the physiological parameter. The
illumination system may be configured to project light to a
tissue layer within the body region, and the detection system
may comprise a viewing component configured to receive
light reflected from the tissue layer at a preset viewing angle.
The preset viewing angle may be associated with a high
level of pulsatile signal.

[0008] The 1llumination system may include at least one
light emitter for projecting light to a tissue layer within a
body region of an 1individual, and at least one photodetector
for detecting light reflected by the tissue layer. As used
herein, the terms “detector,” “photodetector,” and “PPG
detector” are used interchangeably. It may be beneficial for
the PPG sensor array to include a plurality of light emitters
and a plurality of photodetectors.

[0009] Exemplary viewing components include without
limitation, a plurality of slats and light tubes or pipes that
have a preset viewing angle associated with a high level of
pulsatile signal. It 1s understood that other viewing compo-
nents may be employed with the PPG sensor array, so long
as they are capable of controlling the angle of light received
by the photodetector to a preset viewing angle.

[0010] Methods for obtaining a PPG signal and monitor-
ing a physiological parameter of an individual are also
disclosed herein. The methods generally include the steps of:
securing a wearable device to a body region of the indi-
vidual, the wearable device comprising a PPG sensor array,
the PPG sensor array comprising an 1llumination system and
a detection system; projecting light from the 1llumination
system to a tissue layer within the body region; detecting
light reflected from the tissue layer at a preset transmission
angle that 1s associated with a PPG signal having a high level
of pulsatile signal using the detection system; and analyzing
the PPG signal to determine a physiological parameter,
where the preset viewing angle 1s determined by a viewing
component. The viewing component may be configured as a
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plurality of slats or light tubes or pipes, but 1s not so limited,
as previously stated. The PPG signal may be analyzed to
provide a numerical value corresponding to a physiological
parameter ol an individual, e.g., the heart rate or oxygen
saturation, of a user.

[0011] The terminology used in the description of the
various described embodiments herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting. As used in the description of the various
described embodiments and the appended claims, the sin-
gular forms “a”, “an,” and “the” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise.

[0012] It will also be understood that the term *“‘and/or” as
used herein refers to and encompasses any and all possible
combinations of one or more of the associated listed 1tems.
It will be further understood that the terms “includes.”
“including,” “comprises,” and/or “comprising,” when used
in this specification, specily the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,

and/or groups thereof.

DESCRIPTION OF THE FIGURES

[0013] For a better understanding of the various described
embodiments, reference should be made to the Detailed
Description below, 1n conjunction with the following draw-
ings 1n which like reference numerals refer to corresponding
parts throughout the figures.

[0014] FIG. 1A depicts an exemplary wearable device.
[0015] FIG. 1B 1s a block diagram showing the compo-
nents of the wearable device 1n FIG. 1A.

[0016] FIG. 2 depicts an exemplary PPG sensor system
where the photodetector receives light containing both pul-
satile signal and non-pulsatile signal artifact.

[0017] FIG. 3 1llustrates how light received at an optimal
point (Op; ,..) 18 associated with a high or maximum
perfusion index.

[0018] FIG. 4 depicts an exemplary PPG sensor array
having a viewing component according to one variation that
ecnables the photodetector to receive light arriving at an
optimal point (Sp;,,.,..) and block light arriving from a
non-pulsatile signal skin layer.

[0019] FIG. 5 depicts an exemplary PPG sensor array
having a viewing component according to another variation.
[0020] FIG. 6A illustrates an exemplary detector array
according to examples of the disclosure.

[0021] FIG. 6B illustrates a detector array used to measure
the same tissue region according to examples of the disclo-
sure.

[0022] FIG. 7 illustrates an exemplary PPG sensor array
according to examples of the disclosure.

[0023] FIG. 8 illustrates an exemplary PPG sensor array
according to examples of the disclosure.

[0024] FIG. 9 illustrates an exemplary PPG sensor array
according to examples of the disclosure.

[0025] FIG. 10 illustrates an exemplary PPG sensor array
according to examples of the disclosure.

DETAILED DESCRIPTION

[0026] The following description sets forth exemplary
wearable devices and methods for measuring a PPG signal.
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It should be recognized, however, that such description 1s
not intended as a limitation on the scope of the present
disclosure but 1s 1nstead provided as a description of exem-
plary embodiments.

[0027] The wearable devices described herein are capable
of obtaining PPG signals by employing a PPG sensor array
configured to control or preferentially accept light associated
with a high level of pulsatile signal, which generally corre-
lates to a high or maximum perfusion mdex value. The
wearable devices may include a housing structured for
attachment to a body region of the individual, the housing
comprising a PPG sensor array, the PPG sensor array
comprising an illumination system and a detection system;
and a processor within the housing configured to analyze a
PPG signal obtained from the detection system and deter-
mine the physiological parameter. The illumination system
may be configured to project light to a tissue layer within the
body region, and the detection system may comprise a
viewing component configured to receive light retlected
from the tissue layer at a preset viewing angle associated
with a PPG signal having a high level of pulsatile signal. In
some 1nstances, the viewing component 1s also configured to
block (or reduce passage of) light having a substantial
amount ol non-pulsatile signal artifact.

[0028] Some vanations of the wearable devices comprise
a housing having an upper surface, a back surface, and side
surfaces; a PPG sensor array within the housing; and a
processor within the housing configured to run an algorithm
using information obtained from the PPG sensor array to
determine a physiological parameter, e.g., heart rate, oxygen
saturation, etc., of an individual. A viewing component
coupled to the PPG sensor system and/or housing may
facilitate the transmission of light to the photodetector at
certain viewing angles that are associated with a high
perfusion mndex. The light recerved at these viewing angles
may be used to obtamn PPG signals that may then be
employed to provide data related to a user’s heart rate or
oxygen saturation.

[0029] The wearable device may be any electronic device
suitable for contact with a body region of an individual, e.g.,
a user’s skin, wrist, arm, leg, etc. Accordingly, the wearable
device may be a phone, wristwatch, arm or wristband,
headband, or any wearable device suitable for collecting
PPG signals or biometric information. The wearable device
may be worn on a wrist, ankle, head, chest, leg, etc., with the
use of a band that 1s flexible and capable of adjustably fitting
a user. For example, the band may be made from a flexible
material or have a structure that allows 1t to have an
adjustable circumierence. In one variation, the wearable
device 1s a wristwatch.

[0030] The housing of the wearable devices may be con-
figured to have any size and shape suitable for the body
region of contact, and may include a housing comprising an
upper surface, a back surface, and side surfaces, an interior
enclosed within the surfaces, and a display that 1s mounted
in the upper surface of the housing. The display may, for
example, be a touch screen that incorporates capacitive
touch electrodes or may be a display that 1s not touch
sensitive. The display may include image pixels formed
from light-emitting diodes (LEDs), organic LEDs (OLEDs),
plasma cells, electrowetting pixels, electrophoretic pixels,
liquad crystal display (LCD) components, or other suitable
image pixel structures.
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[0031] In some variations, the wearable device 1s a device
where operation of a predefined set of functions on the
device 1s performed exclusively through a touch screen. By
using a touch screen as the primary input control device for
operation, the number of physical input control devices
(such as push buttons, dials, and the like) on the wearable
device may be reduced. The predefined set of functions that
are performed exclusively through a touch screen optionally
include navigation between user interfaces. In one variation,
the touchpad, when touched by the user, navigates the
wearable device to a main, home, or root menu from any
user interface/mode that 1s displayed on device. In such
variations, a “menu button” 1s 1implemented using a touch
screen.

[0032] The display may include i1cons or other graphics
that indicate various operating modes selectable by the user,
¢.g., heart rate mode, pedometer mode, etc. A graphics
module included in the housing may employ various known
software components for rendering and displaying graphics
on the touch screen or other display, including components
for changing the visual impact (e.g., brightness, transpar-
ency, saturation, contrast, or other visual property) of graph-
ics that are displayed. As used herein, the term *“graphics”
includes any object that can be displayed to a user, including
;without limitation, text, web pages, 1cons (such as user-
interface objects including soft keys), digital images, videos,
ammations, and the like. In some variations, the graphics
module stores data representing graphics to be used. Each
graphic 1s, optionally, assigned a corresponding code. Here
the graphics module receives, from applications etc., one or
more codes specilying graphics to be displayed along waith,
il necessary, coordinate data and other graphic property data,
and then generates screen 1mage data to output to a display
controller.

[0033] The housing, which may sometimes be referred to
as a case, may be formed of plastic, glass, ceramics, fiber
composites, metal (e.g., stamnless steel, aluminum, etc.),
other suitable materials, or a combination of these matenals.
In some vanations, the housing or parts thereof may be
formed from dielectric or other low-conductivity material.
In other vaniations, the housing or at least some of the
structures that make up the housing may be formed from
metal elements.

[0034] A display cover layer such as a layer of cover glass
or a transparent plastic layer may cover the surface of
display. The display cover layer may have one or more
openings. Windows may be provided in the display cover
layer to allow light to pass through the display cover layer
in connection with the operation of a light sensor, camera, or
other optical component.

[0035] Referring to FIG. 1A, an exemplary wearable
device (100) 1s shown. In brief, device (100) includes a
housing (102) and touch-sensitive display screen (104),
hereafter touch screen (104). Alternatively, or 1n addition to
touch screen (104), device (100) has a display and a touch-
sensitive surface. Touch screen (104) (or the touch-sensitive
surface) may have one or more intensity sensors for detect-
ing intensity of contacts (e.g., touches) being applied. The
one or more 1mtensity sensors of touch screen (104) (or the
touch-sensitive surface) can provide output data that repre-
sents the itensity of touches. The user interface of device
(100) can respond to touches based on their intensity,
meaning that touches of different intensities can invoke
different user interface operations on device (100).
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[0036] In some variations, device (100) has one or more
input mechanisms (106) and (108). Input mechanisms (106)
and (108), i1 included, can be physical. Examples of physical
input mechanisms include push buttons and rotatable
mechanisms. Device (100) may have one or more attach-
ment mechanisms. Such attachment mechanisms, 1f
included, can permit attachment of device (100) with, for
example, hats, headbands, eyewear, clothing, watch straps,
belts, shoes, and so forth. These attachment mechanisms
may permit device (100) to be worn by an individual.
Exemplary attachment mechanisms include without limita-
tion, bands that may be secured to the user through the use
of hooks and loops (e.g., Velcro), a clasp, and/or a band
having memory of 1ts shape, e.g., through the use of a spring
metal band.

[0037] FIG. 1B provides further details on the components
of wearable device (100). Here device (100) has bus (112)
that operatively couples I/O section (114) with one or more
computer processors (116) and memory (118). I/O section
(114) can be connected to display (104), which can have
touch-sensitive component (122) and, optionally, touch-
intensity sensitive component (124). In addition, I/O section
(114) can be connected with communication unit (130) for
receiving application and operating system data, using Wi-
Fi, Bluetooth, near field communication (NFC), cellular,
and/or other wireless communication techniques.

[0038] The wearable device (100) can also include various
sensors, such as GPS sensor (132), accelerometer (134),
directional sensor (140) (e.g., compass), gyroscope (136),
motion sensor (138), sensors for detecting various types of
physiological information, e.g., temperature, and/or a com-

bination thereof, all of which can be operatively connected
to 1/0 section (114).

[0039] Memory (118) of wearable device (100) can be a
non-transitory computer-readable storage medium, for stor-
ing computer-executable instructions, which, when executed
by one or more computer processors (116), for example, can
cause the computer processors to perform the algorithms
turther described below. The computer-executable instruc-
tions can also be stored and/or transported within any
non-transitory computer-readable storage medium for use by
or 1n connection with an instruction execution system,
apparatus, or device, such as a computer-based system,
processor-containing system, or other system that can fetch
the mstructions from the mstruction execution system, appa-
ratus, or device and execute the mstructions. For purposes of
this document, a “non-transitory computer-readable storage
medium”™ can be any medium that can tangibly contain or
store computer-executable instructions for use by or in
connection with the instruction execution system, apparatus,
or device. The non-transitory computer-readable storage
medium can include, but 1s not limited to, magnetic, optical,
and/or semiconductor storages. A processor (not shown)
may be included 1n the housing that 1s configured to run
various algorithms based on information obtained from the
PPG sensor array, €.g., the detection system. It 1s understood
that wearable device (100) 1s not limited to the components
and configuration of FIGS. 1A and 1B, but can include other
or additional components in multiple configurations.

[0040] The wearable devices may include a PPG sensor
array, as previously stated. The PPG sensor array generally
comprises at least one light emitter and at least one photo-
detector. A PPG signal (derived from the amount of light
reflected after interaction with a skin layer) obtained from
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light received by a viewing component of the PPG sensor
array can be processed to obtain physiological information
(e.g., heart rate, oxygen saturation, etc.). In basic form, the
PPG sensor array can employ a light source or light emaitter
that injects light mto the user’s tissue and a light detector
(photodetector) to receive light that reflects and/or scatters
and exits the tissue. The PPG signal 1s typically the ampli-
tude of the retlected and/or scattered light that 1s modulated
with volumetric change in blood volume in the tissue.
Exemplary light emitters include without limitation, light
emitting diodes (LEDs), incandescent lights, and fluorescent
lights. The LED may be a green LED, red LED, or an
infrared (IR) LED. When more than one light emaitter is
used, the plurality can include the same or different light
emitters (with different emission wavelengths). For
example, a combination of one or more green LEDs and IR
LEDs may be used. In some variations, the light emitting
diodes emit light with a peak spectral response between

about 400 and 620 nm.

[0041] The PPG sensor array may be provided in any
suitable location on the wearable device. In one variation,
the housing of the wearable device comprises the PPG
sensor system. For example, the system may be disposed on
the back housing surface. In some variations, the light
emitters of a PPG sensor array may be provided on a
combination of surfaces, e.g., the back surface and a side
surface of the wearable device housing. One or more light
emitters can be provided on an attachment mechanism of the
wearable device. For example, when the wearable device 1s
a wristwatch, one or more of the light emitters can be
disposed on the wristband.

[0042] The photodetectors may also be provided and
arranged 1n any suitable location(s) on the wearable device.
In one variation, one or more photodetectors are disposed on
the back surface of the wearable device housing. In another
variation, one or more photodetectors are disposed on a side
surface of the wearable device housing. Photodetectors may
also be provided on a combination of surfaces, e.g., the back
surface and a side surface of the wearable device housing.
One or more photodetectors can be provided on an attach-
ment mechamism of the wearable device. For example, when
the wearable device 1s a wristwatch, one or more of the
photodetectors can be disposed on the wristband. The pho-
todetector typically generates an electrical current that 1s
proportional to the amount of light detected. Another detec-
tor may be provided to convert the electrical current from the
photodetector to a voltage that 1s proportional to the current.

[0043] The light emitter(s) may emit light having one or
more wavelengths that are specific or directed to a type of
physiological data to be collected. In one variation, the light
emitter(s) emit light having one or more wavelengths spe-
cific to the collection of PPG signals. Similarly, the photo-
detectors may sample, measure and/or detect one or more
wavelengths that are also specific or directed to a type of
physiological data to be collected. For instance, a light
source emitting light having a wavelength 1n the green
spectrum and a photodiode positioned to detect a response or
reflection corresponding with such light may provide data
that may be used to determine, e.g., heart rate and oxygen
saturation.

[0044] The PPG signal may be compromised by noise due
to artifacts. As previously stated, PPG sensor systems are
generally designed to be sensitive to blood volume modu-
lation 1n tissue 1n order to derive corresponding physiologi-
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cal signals, e.g., heart rate and oxygen saturation. Such
systems generally imnclude a light emitter that injects light
into tissue, and a photodetector to receive light that exits the
tissue. The signal of interest, e.g., the PPG signal, 1s an
optical signal that relates to diflerences 1n the absorbance of
light after interaction with tissue, blood, etc.

[0045] A typical photodetector system 1s sensitive to light
arriving from all arrival angles, e.g., light including non-
pulsatile signal artifacts and light including pulsatile signals.
(Given that skin 1s comprised of various layers, and that only
some of these layers, e.g., the dermis or dermal laver,
comprise blood vessels, light arriving from some of these
angles contains non-pulsatile signal noise. Accordingly,
various viewing components can be included with the wear-
able devices that are configured to improve the PPG signal
by substantially receiving light reflected from a tissue layer
containing blood vessels. In general, the viewing component
1s structured to receive light reflected at certain viewing
angles associated with reflection from a pulsatile signal
tissue layer, and thus, a high or maximum perfusion index.
The viewing component may be coupled to a portion of the
wearable device housing or a portion of the PPG sensor
array, e.g., the photodetector.

[0046] For example, and as shown 1n FIG. 2, light ematted
from a LED (200) travels through both the epidermis (202)
and the dermis (204) of the skin. Light travelling through the
epidermis (202) and received at the photodetector (206)
contains no (or a low level) of pulsatile signal since that skin
layer typically does not include blood vessels. However,
light traveling through the dermis (204) and received at an
angle (©) by the photodetector (206) contains pulsatile
signal given that the dermis (204) typically includes blood
vessels. Thus, to improve the quality of the PPG signal
sensed by photodetector (206) it would be beneficial to
block or mitigate light arriving from the non-pulsatile signal
layer (1.e., non-pulsatile signal noise) at the photodetector
(206), and receive light arnving from the dermis (204)
(pulsatile signal layer) at an optimal point/angle where
perfusion index 1s high or at a maximum. As shown in FIG.
3, perfusion index (PI) (i.e., the ratio of received modulated
and unmodulated light) 1s not umiformly distributed over all
light arrival angles (&), but has an optimal point (©,;,,,..)
where PI 1s at a maximum (PI

[0047] The viewing component generally enables the pho-
todetector to receive or accept light at the preset viewing
angle (1.e., the optimal pomt (S, ,,,,)) To reiterate, light
recetved at an optimal point (S, ,,.,.) 1s generally correlated
with a maximum PI (PI ), and typically includes a high
level of pulsatile signal. Thus, any viewing component
configured to control the viewing angle of the photodetector
to preferentially transfer, receive, or accept light at an
optimal point (©p; ,,..) may be employed in the wearable
devices disclosed herein. In other words, 1t would be ben-
eficial to have a viewing component that enables the pho-
todetector to have a viewing angle (O, ) equal to about
O prmar Additionally or alternatively, the viewing compo-
nent may be used to mitigate light paths associated with
ambient light itrusion.

[0048] One or more viewing components can be provided
with the wearable devices. The one or more viewing com-
ponents will generally be coupled to the photodetector of the
PPG sensor array. When a plurality of viewing components
1s employed, they may be the same or different viewing
components. Additionally, each one of the plurality of
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viewing components can have a unique viewing angle, or the
plurality of viewing components can have the same viewing
angle. The viewing component may be made from any
suitable material such as polymers or metals. In one varia-
tion, the viewing component can be attached to the photo-

detector using conventional methods, e.g., by the use of
adhesives, welding, etc.

[0049] In some vanations, the channeling component
comprises a plurality of slats angled to allow light to be
received at viewing angles associated with a high level of
pulsatile signal, and block light travelling at other angles to
the photodetector. The slats may be made from the materials
mentioned above, and may have any suitable length and
width. The slats may be disposed over the entire area of the
photodetector or a portion thereof. The slats may be grouped
together or spaced upon the photodetector(s) 1n any suitable
configuration. When more than one photodetector 1is
included in the PPG sensor array, each photodetector can be
coupled to viewing structures with slats having the same or
different viewing angles. Referring to FIG. 4, a viewing
component (400) comprising a plurality of slats (402) is
shown. Viewing component (400) 1s disposed over the entire
area of photodetector (404). The slats (402) are angled with
respect to the photodetector (404) so that the photodetector
has a viewing angle (©,,,,,) equal to about ©, . ... Accord-
ingly, light received from the pulsatile signal layer (406) 1s
viewed by the photodetector while light arriving from the

non-pulsatile signal layer (408) 1s blocked.

[0050] When a plurality of photodetectors 1s used 1n the
PPG sensor array, the light emitter-photodetector pair or
other combination (e.g., one or more light emitters and a
photodetector array) can be spaced and/or positioned on the
wearable device to create a specific viewing angle or ©;
max. In this manner, detection by the photodetectors can be
better tailored to the signal of interest. Furthermore, travel of
the light into deeper tissues where internal tissue motion
occurs can be avoided. For example, as shown 1in FIG. 5, the

PPG sensor array includes a single LED (500) and two

photodetectors P1 (502) and P2 (504), which are spaced
different distances from the LED (500). P1 (502) and P2
(504) are also coupled to viewing components comprising a
plurality of slats (506 for P1 and 508 for P2) that provide a
unique viewing angle or &, .. for each photodetector. The
O prmax for P1 (502) is shown as ©p; .., and the O, ..
for P2 (504) 1s indicated as ©p; ... P1 (502), which i1s
closer to LED (500) 1s capable of receiving light from a
deeper part of the pulsatile signal layer (510) that also has a
viewing angle equal to about O, As shown 1n the

Jraxl®

figure, light arriving at other angles at P1 (502) are blocked
by the slats (506). Likewise, P2 (504), which 1s spaced
turther from LED (500) 1s capable of receiving light from a
different and more superficial part of the pulsatile signal
layer (510) that also has a viewing angle equal to about

Oprmaxs- L1ght arriving at other angles at P2 (504) are
blocked by slats (508).

[0051] In some examples, the plurality of photodetectors
can be arranged as a detector array configured to measure a
variety of viewing angles of light reflected from the same
tissue region. FIG. 6A illustrates an exemplary detector
array according to examples of the disclosure. Detector array
600 can include a plurality of detectors arranged in n rows
and m columns (1.e., mxn detector array). Each detector
included 1n detector array 600 can be configured with a
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different viewing angle. Additionally, each detector can be
configured with a different separation distance from the light
source (not shown).

[0052] In some examples, the controller can accept, reject,
or scale each signal according to one or more characteristics
of the signal. For example, the controller can acquire signals
from all the detectors in detector array 620. Three signals
with the highest SNR that are associated with a given
wavelength range can be processed and used 1n determining
the physiological parameters.

[0053] In some examples, the plurality of photodetectors
can be arranged as a detector array configured to measure the
same region, but different layers (e.g., depths) of tissue. FIG.
6B 1llustrates a detector array used to measure the same
tissue region according to examples of the disclosure. Detec-

tor array 620 can include a plurality of detectors, such as
detectors 602a, 6025, 602¢, 604a, and 6045. Detectors 602a,

6025, and 602¢ can be configured to detect light 612a, 6125,
and 612¢, respectively. Light 612a, 6125, and 612¢ can
include one or more first wavelengths (e.g., visible, such as
green, wavelengths). Detectors 604a and 6045 can be con-
figured to detect light 614a and 614b, respectively. Light
614a and 6145 can 1include one or more second wavelengths
(e.g., infrared wavelengths). In some examples, the one or
more first wavelengths can be separate and distinct from the
one or more second wavelengths. Detector array 620 can be
configured to detect the different wavelengths of light, and
the controller can process the signals having different depths
ol penetration into the skin tissue. For example, light 614a
and 614b can be absorbed by deeper tissue layers than light
612a, 6125, and 612¢. For a given wavelength range (e.g.,
the one or more first wavelengths), light with different
viewing angles can be measured. For example, light 612a
can have a first viewing angle and light 6125 can have a
second viewing angle.

[0054] In some examples, light (e.g., light 6125 and 612¢)

with the same viewing angle can be measured, but can have
different separation distances from the light source (e.g.,
LED 500 illustrated 1n FIG. §5). Although the separation
distances of, for example, detector 6025 and 602¢, can differ,
the detectors 1included 1n detector array 620 can be located
close enough such that the same tissue region can be
measured. Variations in the separation distance can lead to
variations in the pitch of the viewing angles. Narrow view-
ing angles can spread when the separation distance
increases, and wide viewing angles can spread when the
separation distance decreases. In this manner, a total range
of viewing angles can be measured. Fach detector 1n detec-
tor array 620 can be configured to measure a subset of the
total range of viewing angles, which can allow the controller
to associate different signals to different viewing angle(s).
The controller can selectively acquire, process, and/or scale
cach signal according its associated viewing angle(s).

[0055] Examples of the disclosure can include one or more
detectors can be configured to measure light with different
wavelengths, the same separation distance, and different
viewing angles. For example, detector 6025 can be config-
ured to measure different wavelengths (e.g., visible and
inirared wavelengths) and can be coupled to diflerent view-
ing components (e.g., one viewing component configured
with slats 506 and another viewing component configured
with slats 508 illustrated 1n FIG. 5). In some examples, one
or more detectors can be configured to measure light with
different wavelengths, different separation distances, and the
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same viewing angle. For example, light 612¢ and light 6145
can have diflerent wavelengths, but the same viewing angle;
and detector 602¢ and detector 604b6 can have different
separation distances.

[0056] In some examples, the PPG sensor array can be
configured with a combination of the same and different
wavelengths of light, the same and different separation
distances, and the same and different viewing angles. FIG.
7 1llustrates an exemplary PPG sensor array according to
examples of the disclosure. The PPG sensor array can
include a plurality of LEDs, such as LED 700 and LED 701,
and a plurality of photodetectors, such as photodetectors
702, 704, 706, and 708. LED 700 and LED 701 can be
configured to measure emit wavelengths of light. For
example, LED 700 can be configured to emit infrared
wavelengths, while LED 701 can be configured to emit
green wavelengths. Photodetector 704 can be configured to
measure light emitted by LED 700, and photodetector 708
can be configured to measure light emitted by LED 701.
Photodetectors 702 and 706 can be configured to measure
light emitted by both LED 700 and LED 701. Photodetector
702 can be located a separation distance d10 from LED 700
and LED 701; photodetector 704 can be located a separation
distance d7 from LED 700; photodetector 706 can be located
a separation distance d8 from LED 700 and LED 701; and
photodetector 708 can be located a separation distance d9
from LED 701. In some examples, separation distance d8
can be the same as separation distance d10. In some
examples, separation distance d7 can be diflerent from
separation distance d9. Additionally or alternatively, sepa-
ration distance d8 (or separation distance d10) can be

different from separation distance d7 (and/or separation
distance d9).

[0057] A viewing component can be coupled to each
photodetector. Viewing component 712 can be coupled to
photodetector 702. Viewing component 714 can be coupled
to photodetector 704. Viewing component 706 can be
coupled to photodetector 716. Viewing component 718 can
be coupled to photodetector 708. In some examples, viewing,
component 714 can be configured with the same viewing
angle(s) as viewing component 718. In some examples,
viewing component 712 can be configured with diflerent
viewing angles than viewing component 716. Additionally
or alternatively, the viewing angles for viewing component
714 (or viewing component 718) can be different from the
viewing angles for viewing component 712 (and/or viewing,
component 716).

[0058] In this manner, at least two measurements (e.g.,
photodetectors 702 and 704 measuring light emitted by LED
700) can include the same wavelength of light, while at least
two measurements (e.g., photodetector 702 measuring light
emitted by LED 700 and light emitted by LED 701) can
include different wavelengths of light. At least two mea-
surements (e.g., photodetector 702 and photodetector 706
measuring light emitted by LED 700 and/or LED 701) can
have the same separation distance (between photodetector
and light source), while at least two measurements (e.g.,
photodetector 704 measurmg light emitted by LED 700, and
photodetector 708 measuring light emitted by LED 701) can
have different separation distances. At least two measure-
ments (e.g., photodetector 704 measuring light emitted by
LED 700, and photodetector 708 measuring light emitted by
LED 701) can include the same viewing angles, while at
least two measurements (e.g., photodetectors 702 and 706

Aug. 10, 2023

measuring light emitted by LED 700 and/or LED 701) can
include different viewing angles. Some or all of the plurality
of measurements can be included for accurate determination
ol one or more physiological parameters.

[0059] In some examples, the PPG sensor array can be
capable of accounting for different scattering profiles in the
skin due to differences 1n, e.g., skin pigmentation. FIG. 8
illustrates an exemplary PPG sensor array according to
examples of the disclosure. The PPG sensor array can
include LED 803 and photodetectors 804 and 808. Photo-
detectors 804 and 808 can have the same separation distance
dl from LED 803. Photodetector 804 can be coupled to
viewling component 814, and photodetector 808 can be
coupled to viewing component 818. In some examples,
Vlewmg component 814 can be conﬁgured with different
viewing angle(s) o, than the viewing angle(s) a., of viewing
component 818. Photodetector 808 and viewing component
818 can measure a different depth than photodetector 804
and viewing component 814. The controller can evaluate the
strength of physiological signal (e.g., using frequency spec-
trum analysis like FFT) to select one or both signals for
processing. Based on the selection, 1n some examples, the
controller can continue to use the selected photodetector(s)
for subsequent measurements.

[0060] In some examples the PPG sensor can be capable
of measuring different regions of skin tissue. FIG. 9 1llus-
trates an exemplary PPG sensor array according to examples
of the disclosure. The PPG sensor array can include LED
903 and LED 905 configured to interact with two different
regions such as regions 920 and 922, respectively. The PPG
sensor array can also include photodetectors 904, 906, 908,
and 910. Photodetectors 904 and 906 can be optically
coupled to LED 903 and can be configured to interact with
region 920 of skin tissue. Photodetector 904 can be located
a separation distance d3 away from LED 903, and photo-
detector 906 can be located a separation distance d4 away
from LED 903, where separation distance d4 can be greater
than separation distance d3. Photodetector 908 and 910 can
be optically coupled to LED 903 and can be configured to
interact with region 922 of skin tissue. Photodetector 910
can be located a separation distance d6 away from LED 905,
and photodetector 908 can be located a separation distance
dS away from LED 9035, where separation distance d5 can be
greater than separation distance dé6. In some examples,
separation distance d4 and separation distance d3 can be the
same. In some examples, separation distance d3 and sepa-
ration distance d6 can be the same.

[0061] FEach photodetector can be coupled to a viewing
component. Photodetector 904 can be coupled to viewing
component 912, which can have a viewing angle o.,. Pho-
todetector 906 can be coupled to viewing component 914,
which can have a viewing angle o,. Photodetector 908 can
be coupled to viewing component 916, which can have a
viewing angle o... Photodetector 918 can be coupled to
viewing component 910, which can have a viewing angle
L.

[0062] Some of the viewing components can be config-
ured with the same viewing angles, but can interact with
different regions of skin tissue. For example, viewing angle
o, can be the same as viewing angle o., but viewing
component 912 (having viewing angle ., ) and photodetec-
tor 904 can be associated with region 920 while viewing
component 916 (having viewing angle . ) and photodetec-
tor 908 can be associated with region 922. Viewing angle o,
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can be the same as viewing angle o.., but viewing compo-
nent 914 (having viewing angle o) and photodetector 906
can be associated with region 920 while viewing component
910 (having viewing angle o) and photodetector 910 can be
associated with region 922. In this manner, 1f the separation
distances (e.g., separation distance d3 and separation d6) are
the same, redundancy can be built 1n such that data 1s
collected from different regions of skin tissue. If there is
poor perfusion or SNR (e.g., due to skin pigmentation) in
region 920, for example, but good perfusion in region 922,
then the PPG sensor array can be configured to process
measurements from region 922 or more favorably weigh
measurements from region 922.

[0063] In some examples, some of the viewing compo-
nents can be configured with different viewing angles, but
can interact with the same region of skin tissue. For
example, viewing angle o, can be different from viewing
angle o, but both viewing component 912 (having viewing
angle o) and viewing component 914 (having viewing
angle a,) can be associated with region 920. Similarly,
viewing angle as can be different from viewing angle o, but
both viewing component 916 (having viewing angle . ) and
viewing component 918 (having viewing angle o) can be
associated with region 922.

[0064] In some examples, the PPG sensor array can be
configured to have multiple different separation distances
such that information from different depths of skin tissue can
be obtained. For example, separation distances d3, d4, ds,
and d6 can be different and four different depths (instead of
two) can be measured. Examples of the disclosure can
include LED 903 and LED 903 configured to emait either the
same wavelength(s) of light or different wavelength(s) of
light. In some examples, the PPG sensor array can include
at least one signal detector coupled to one or more viewing
components having a plurality of viewing angles. FIG. 10
illustrates an exemplary PPG sensor array according to
examples of the disclosure. The PPG sensor array can
include LED 1003 and photodetector 1004. Photodetector
1004 can be a single detector coupled to a plurality of
viewing components such as viewing component 1012,
viewing component 1014, and viewing component 1016. In
some examples, photodetector 1004 can be a pixel-based
detector array, where each viewing component can be
coupled to a different pixel. Each viewing component
coupled to the same detector can be configured with different
viewing angles, which can allow the PPG sensor array the
capability of measuring ditflerent depths and/or tissue layers.
For example, viewing component 1012 can be configured to
measure light that interacted with layer 1030, while rejecting
light that has interacted with layers 1032 and 1034. Viewing
component 1014 can be configured to measure light that
interacted with layer 1032, while rejecting light that inter-
acted with layers 1030 and 1034. Viewing component 1016
can be configured to measure light that interacted with layer
1034, while rejecting light that interacted with layers 1030
and 1032. A controller can associate each detector pixel with
a certain layer of the skin tissue. In some examples, viewing
components (e.g., viewing component 1012) closer to LED
1003 can have the larger viewing angles (e.g., 35°), while
viewing components (€.g., viewing component 1016) further
from LED 1003 can have viewing angles closer to normal
incidence (e.g., 80°).

[0065] Some variations of the viewing component com-
prise light tubes (or light pipes) angled to allow light to be
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received at viewing angles associated with a high level of
pulsatile signal, and block light travelling at other angles to
the photodetector. The light tubes are generally sized for use
in a wearable PPG sensor array, e.g., a wristwatch. One or
more light tubes may be coupled to the PPG sensor array,
typically to the photodetector. In one variation, one light
tube may be coupled to a single photodetector. In another
variation, a plurality of light tubes may be coupled to a
single photodetector. When multiple photodetectors are
employed, each may be coupled to one or a plurality of light
tubes. Furthermore, the light tubes may be grouped together
or spaced upon the photodetector(s) in any suitable configu-
ration that allows receipt of light at a viewing angle that
correlates with a high or maximum PI value. When more
than one photodetector 1s included 1n the PPG sensor array,
cach photodetector can be coupled to a light tube(s) having
the same or different preset viewing angles.

[0066] In some variations, information/data obtained by
the PPG sensor array or wearable device may be transmitted
to a remote location, e.g., a computer, doctor’s office, eftc.
Here an antenna and wireless circuitry may also be included
in the wearable devices. The wireless circuitry may include
radio-frequency transceiver circuitry including, but not lim-
ited to, cellular telephone transceiver circuitry and wireless
local area network transceiver circuitry.

[0067] The wearable devices disclosed herein may be
generally used to measure PPG signals from a user. The PPG
signals may then be used to extrapolate and monitor various
types of physiological information/data. In some variations,
the PPG signal 1s used to obtain information related to the
heart rate of a user.

[0068] The acquisition of a PPG signal related to, e.g.,
heart rate, may be indicated to the user on the display of the
wearable device. Heart rate may be indicated 1n any suitable
manner by the wearable device. For example, heart rate may
be indicated as a numerical value, a picture, or text on the
device display, or be audibly provided by the wearable
device. Heart rate may be indicated by combinations of any
of the foregoing. In some variations, the wearable device
may include a signal-strength indicator that 1s represented by
the pulsing of an LED viewable by the user. Some imple-
mentations of the wearable device may use a light such as an
LED to display the heart rate of the user by modulating the
amplitude of the light emitted at the frequency of the user’s
heart rate. Other types of physiological data may be indi-
cated 1n the same manner. Notifications relating to the
obtained heart rate or other physiological data can also
indicated in the same manner.

[0069] A processor may be included in the wearable
device and be configured to execute algorithms for carrying
out the various methods described herein and control the
reception and manipulation of input and output data between
components of wearable device, e.g., the light emitters and
photodetectors. The processor can be a single-chip processor
or can be implemented with multiple components.

[0070] The wearable devices may also include a power
system for powering the various components. The power
system may 1nclude a power management system, one or
more power sources (€.g., battery, alternating current (AC)),
a recharging system, a power failure detection circuit, a
power converter or inverter, a power status indicator (e.g., a
light-emitting diode (LED)) and any other components
associated with the generation, management, and distribu-
tion of power 1n portable devices.
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[0071] Methods for measuring a PPG signal and monitor-
ing a physiological parameter of an individual are further
disclosed herein. In some variations, the methods generally
include securing a wearable device to a body region of the
individual, the wearable device comprising a PPG sensor
array, the PPG sensor array comprising an illumination
system and a detection system; projecting light from the
illumination system to a tissue layer within the body region;
detecting light reflected from the tissue layer at a preset
viewing angle associated with a high level of perfusion (and
thus, a high level of pulsatile signal) using the detection
system; and analyzing the PPG signal to determine a physi-
ological parameter, where the preset viewing angle 1s deter-
mined by a viewing component. In one variation, the physi-
ological parameter 1s heart rate. In another variation, the
physiological parameter 1s oxygen saturation (SpO.).

[0072] The wearable device may be secured to a body
region by attachment mechamsms as previously disclosed
herein, e.g., bands that may be attached to the user through
the use of hooks and loops (e.g., Velcro), a clasp, and/or a
band having memory of its shape, e.g., through the use of a
spring metal band. When the wearable device 1s a wrist-
watch, the band may be made from a flexible matenal or
have a structure that allows 1t to have an adjustable circum-
terence. Body region of an individual where the device may
be worn 1nclude a user’s skin, wrist, arm, leg, etc. Accord-
ingly, the wearable device may be a phone, wristwatch, arm
or wristband, headband, or any wearable device suitable for
collecting PPG signals or biometric information.

[0073] The preset viewing angle may depend on the
spacing of the light emitter(s) and photodetector(s) of the
PPG sensor array, and are generally associated with light
received from tissue having a higher level of blood perfu-
s1on, and thus a higher level of pulsatile signal, as previously
stated. One or more viewing components coupled to the PPG
sensor array (e.g., the photodetector(s)), may be used to
control the angle of reflected light viewed by the PPG sensor
array to the certain viewing angles associated with a high
level of pulsatile signal. The preset viewing angles may be
equal to ©,, . Here the PPG signal received by the
photodetector may subsequently be used to provide data
related to the heart rate of the user. The preset viewing
angles of the channeling components can be created by
angled slats, angled light tubes, and similar structures.

[0074] As previously stated, a processor included 1n the
wearable device will generally be configured to execute
algorithms for deriving a physiological parameter from the
PPG signal obtained using the viewing component. The
algorithms may include steps that control the reception and
manipulation of input and output data between components
of the wearable device, e.g., the light emitters and photo-
detectors. For example, the algorithm may activate emission
of light from select emitters of the i1llumination system as
well as the control detection by select photodetectors of the
detection system to create, e.g., various light emitter-detec-
tor pairs.

[0075] In some varniations, the processor together with an
operating system can operate to execute computer code and
produce and use data. The computer code and data can reside
within a program storage block that can be operatively
coupled to the processor. The program storage block can
generally provide a place to hold data that 1s being used by
the operating system. The program storage block can be any
non-transitory computer-readable storage medium, and can
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store, for example, history and/or pattern data relating to the
PPG si1gnal values measured by one or more photodetectors.

[0076] The foregoing description, for purpose ol explana-
tion, has been described with reference to specific embodi-
ments. However, the 1llustrative discussions above are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
are possible 1 view of the above teachings. The embodi-
ments were chosen and described 1n order to best explain the
principles of the techniques and their practical applications.
Others skilled in the art are thereby enabled to best utilize
the techniques and various embodiments with various modi-
fications as are suited to the particular use contemplated.

[0077] Although the disclosure and examples have been
tully described with reference to the accompanying draw-
ings, it 1s to be noted that various changes and modifications
will become apparent to those skilled in the art. Such
changes and modifications are to be understood as being
included within the scope of the disclosure and examples as
defined by the claims.

[0078] The present disclosure recognizes that personal
information data, including biometric data, in the present
technology, can be used to the benefit of users. For example,
the use of biometric authentication data can be used for
convenient access to device features without the use of
passwords. In other examples, user biometric data i1s col-
lected for providing users with feedback about their health
or fitness levels. Further, other uses for personal information
data, including biometric data that benefit the user are also
contemplated by the present disclosure.

[0079] The present disclosure further contemplates that
the enfities responsible for the collection, analysis, disclo-
sure, transier, storage, or other use of such personal infor-
mation data will comply with well-established privacy poli-
cies and/or privacy practices. In particular, such entities
should implement and consistently use privacy policies and
practices that are generally recognized as meeting or exceed-
ing mdustry or governmental requirements for maintaining
personal information data private and secure, including the
use of data encryption and security methods that meets or
exceeds industry or government standards. For example,
personal 1nformation from users should be collected for
legitimate and reasonable uses of the entity and not shared
or sold outside of those legitimate uses. Further, such
collection should occur only after recerving the informed
consent of the users. Additionally, such entities would take
any needed steps for safeguarding and securing access to
such personal information data and ensuring that others with
access to the personal information data adhere to their
privacy policies and procedures. Further, such entities can
subject themselves to evaluation by third parties to certily
theirr adherence to widely accepted privacy policies and
practices.

[0080] A wearable device for monitoring a physiological
parameter ol an individual 1s disclosed. The wearable device
can comprise: a housing having a skin-contacting surface;
one or more light emitters located to emit light from the
skin-contacting surface; one or more light sensors, wherein
cach light sensor 1s configured to detect light that has
interacted with a tissue region of the individual at one or
more preselected angles of incidence; one or more viewing
components optically coupled to the one or more light
sensors and configured to allow light with the one or more
preselected angles to pass through to the one or more light
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sensors; and a processor within the housing and 1n commu-
nication with the one or more light sensors, wherein the
processor 1s configured to compute the physiological param-
cter based on light detected from the one or more light
sensors. Additionally or alternatively, in some examples,
cach of the one or more viewing components allow light at
a different preselected angle of incidence to pass through.
Additionally or alternatively, 1n some examples, a first one
or more viewing components 1s disposed over a first of the
one or more light sensors and transmits light at a first
preselected angle of incidence, and a second of the one or
more viewing components 1s disposed over a second set of
the one or more light sensors and transmits light at a second
preselected angle of incidence. Additionally or alternatively,
in some examples, a first of the one or more light sensors 1s
configured to detect light having a first preselected angle of
incidence, wherein the first preselected angle of incidence 1s
selected based on a first separation distance between the first
of the one or more light sensors and a {irst of the one or more
light emitters configured to emit light of a first wavelength.
Additionally or alternatively, 1n some examples, a second of
the one or more light sensors 1s configured to detect light
having a second preselected angle of incidence, wherein the
second preselected angle of incidence 1s selected based on a
second separation distance between the second of the one or
more light sensors and a second of the one or more light
emitters configured to emit light of a second wavelength.
Additionally or alternatively, in some examples, the first
preselected angle of incidence 1s different from the second
preselected angle of incidence. Additionally or alternatively,
in some examples, the first wavelength 1s the same as the
second wavelength, the first separation distance 1s different
from the second separation distance, and the first preselected
angle of 1incidence 1s different from the second preselected
angle of icidence. Additionally or alternatively, in some
examples, the first wavelength 1s different from the second
wavelength, the first separation distance 1s the same as the
second separation distance, and the first preselected angle of
incidence 1s different from the second preselected angle of
incidence. Additionally or alternatively, 1n some examples,
the first wavelength 1s different from the second wavelength,
the first separation distance 1s diflerent from the second
separation distance, and the first preselected angle of 1nci-
dence 1s diflerent from the second preselected angle of
incidence. Additionally or alternatively, in some examples,
the first wavelength 1s different from the second wavelength,
the first distance i1s different from the second distance, and
the first preselected angle of incidence 1s the same as the
second preselected angle of incidence. Additionally or alter-
natively, 1n some examples, the processor receives first data
from the first of the one or more light sensors and second
data from the second of the one or more light sensors,
wherein the first data and the second data each comprise
physiological data pertaining to the same tissue region, and
wherein the processor 1s configured to compute the physi-
ological parameter based on the physiological data. Addi-
tionally or alternatively, 1n some examples, the one or more
light sensors iclude a first set of light sensors configured to
measure a {irst wavelength and a second set of light sensors
configured to measure a second wavelength, wherein at least
one of the first set of light sensors 1s configured to have the
same preselected angle as at least one of the second set of
light sensors, and further wherein at least one of the {first set
of light sensors 1s configured to have a diflerent preselected
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angle than another of the first set of light sensors. Addition-
ally or alternatively, in some examples, the first set of light
sensors 1s interleaved with the second set of light sensors.
Additionally or alternatively, 1n some examples, the one or
more light sensors includes a first set of light sensors
configured to measure a first tissue region and a second set
of light sensors configured to measure a second tissue
region, wherein at least one of the first set of light sensors
1s coupled to a first of the one or more viewing component,
the first of the one or more viewing components having the
same preselected angle of incidence as a second of the one
or more viewing components, the second of the one or more
viewing components coupled to at least one of the second set
of light sensors. Additionally or alternatively, in some
examples, the first of the one or more viewing components
1s optically coupled to a first of the one or more light emaitters
and the second of the one or more viewing components 1s
optically coupled to a second of the one or more light
emitters, a separation distance between the first of the one or
more viewing components and the first of the one or more
light emitters being the same as a separation distance from
the second of the one or more viewing components and the
second of the one or more light emitters. Additionally or
alternatively, in some examples, the one or more light
sensors are configured as an array of light sensors, each light
sensor optically coupled to a diflerent of the one or more
viewing components, each of the one or more viewing
components having a diflerent preselected angle.

[0081] A method of measuring a physiological parameter
of an individual 1s disclosed. The method can comprise:
selectively allowing light having one or more preselected
angles of incidence to pass through one or more viewing
components; detecting the light that has interacted with a
tissue region of the individual using one or more light
sensors; and computing the physiological parameter based
on the light detected from the one or more light sensors.
Additionally or alternatively, in some examples, the method
further comprises: emitting a first light using a first of the
one or more light emitters, a portion of the first light
included 1n the light; emitting a second light using a second
of the one or more light emitters, a portion of the second
light included 1n the light; optically coupling a first of the
one or more light sensors to a first of the one or more
viewing components; optically coupling a second of the one
or more light sensors to a second of the one or more viewing
components; locating the first of the one or more light
emitters a separation distance from the first of the one or
more viewing components; and locating the second of the
one or more light emitters the separation distance from the
second of the one or more viewing components. Addition-
ally or alternatively, in some examples, computing the
physiological parameter includes selecting between a signal
associated with the first light and a signal associated with the
second light. Additionally or alternatively, 1 some
examples, the method further comprises: associating each of
the one or more viewing components to one of the one or
more preselected angles of incidence; associating each of the
one or more light sensors to one of the one or more viewing
components; and associating each signal from the one or
more light sensors to a diflerent layer in a skin of the
individual.

[0082] Despite the foregoing, the present disclosure also
contemplates embodiments 1n which users selectively block
the use of, or access to, personal information data, including
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biometric data. That 1s, the present disclosure contemplates
that hardware and/or software elements can be provided to
prevent or block access to such personal information data.
For example, 1n the case of biometric authentication meth-
ods, the present technology can be configured to allow users
to optionally bypass biometric authentication steps by pro-
viding secure information such as passwords, personal 1den-
tification numbers (PINS), touch gestures, or other authen-
tication methods, alone or 1n combination, known to those of
skill 1n the art. In another example, users can select to
remove, disable, or restrict access to certain health-related
applications collecting users” personal health or fitness data.

What 1s claimed 1s:

1. A wearable device for monitoring a physiological
parameter of an individual, comprising;

a housing having a skin-contacting surface;

one or more light emitters located to emit light from the

skin-contacting surface;

one or more light sensors, wherein each light sensor 1s

configured to detect light that has interacted with a
tissue region of the individual at one or more prese-
lected angles of incidence;

one or more viewing components optically coupled to the

one or more light sensors and configured to allow light
with the one or more preselected angles to pass through
to the one or more light sensors; and

a processor within the housing and 1n communication

with the one or more light sensors, wherein the pro-
cessor 1s configured to compute the physiological
parameter based on light detected from the one or more
light sensors.

2. The device of claim 1, wherein each of the one or more
viewing components allow light at a different preselected
angle of 1icidence to pass through.

3. The device of claim 1, wherein a first one or more
viewing components 1s disposed over a first of the one or
more light sensors and transmits light at a first preselected
angle of 1cidence, and

a second of the one or more viewing components 1s

disposed over a second set of the one or more light
sensors and transmits light at a second preselected
angle of incidence.

4. The device of claim 1, wherein a first of the one or more
light sensors 1s configured to detect light having a {first
preselected angle of mncidence, wherein the first preselected
angle of incidence 1s selected based on a first separation
distance between the first of the one or more light sensors
and a first of the one or more light emitters configured to
emit light of a first wavelength.

5. The device of claim 4, wherein a second of the one or
more light sensors 1s configured to detect light having a
second preselected angle of incidence, wherein the second
preselected angle of incidence 1s selected based on a second
separation distance between the second of the one or more
light sensors and a second of the one or more light emitters
configured to emait light of a second wavelength.

6. The device of claim 5, wherein the first preselected
angle of 1icidence 1s different from the second preselected
angle of 1ncidence.

7. The device of claim 5, wherein the first wavelength 1s
the same as the second wavelength, the first separation
distance 1s different from the second separation distance, and
the first preselected angle of incidence 1s different from the
second preselected angle of incidence.
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8. The device of claim 35, wherein the first wavelength 1s
different from the second wavelength, the first separation
distance 1s the same as the second separation distance, and
the first preselected angle of incidence 1s different from the
second preselected angle of incidence.

9. The device of claim 5, wherein the first wavelength 1s
different from the second wavelength, the first separation
distance 1s different from the second separation distance, and
the first preselected angle of incidence 1s different from the
second preselected angle of 1ncidence.

10. The device of claim 5, wherein the first wavelength 1s
different from the second wavelength, the first distance is
different from the second distance, and the first preselected
angle of incidence 1s the same as the second preselected
angle of incidence.

11. The device of claim 5, wherein the processor receives
first data from the first of the one or more light sensors and
second data from the second of the one or more light sensors,

wherein the first data and the second data each comprise

physiological data pertaining to the same tissue region,
and

wherein the processor 1s configured to compute the physi-

ological parameter based on the physiological data.
12. The device of claim 1, wherein the one or more light
sensors include a first set of light sensors configured to
measure a {irst wavelength and a second set of light sensors
configured to measure a second wavelength,
wherein at least one of the first set of light sensors is
configured to have the same preselected angle as at
least one of the second set of light sensors, and

turther wherein at least one of the first set of light sensors
1s configured to have a different preselected angle than
another of the first set of light sensors.

13. The device of claim 12, wherein the first set of light
sensors 1s interleaved with the second set of light sensors.

14. The device of claim 1, wherein the one or more light
sensors includes a first set of light sensors configured to
measure a first tissue region and a second set of light sensors
configured to measure a second tissue region,

wherein at least one of the first set of light sensors is

coupled to a first of the one or more viewing compo-
nent,

the first of the one or more viewing components having

the same preselected angle of incidence as a second of
the one or more viewing components,

the second of the one or more viewing components

coupled to at least one of the second set of light sensors.

15. The device of claim 14, wherein the first of the one or
more viewing components 1s optically coupled to a first of
the one or more light emitters and the second of the one or
more viewing components 1s optically coupled to a second
of the one or more light emitters, a separation distance
between the first of the one or more viewing components and
the first of the one or more light emitters being the same as
a separation distance from the second of the one or more
viewing components and the second of the one or more light
emitters.

16. The device of claim 1, wherein the one or more light
sensors are configured as an array of light sensors, each light
sensor optically coupled to a different of the one or more
viewing components, each of the one or more viewing
components having a different preselected angle.

17. A method of measuring a physiological parameter of
an individual, the method comprising:
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selectively allowing light having one or more preselected
angles of mncidence to pass through one or more view-

ing components;
detecting the light that has interacted with a tissue region
of the individual using one or more light sensors; and

computing the physiological parameter based on the light
detected from the one or more light sensors.

18. The method of claim 17, further comprising:

emitting a first light using a first of the one or more light
emitters, a portion of the first light included 1n the light;

emitting a second light using a second of the one or more
light emitters, a portion of the second light included 1n
the light;

optically coupling a first of the one or more light sensors
to a first of the one or more viewing components;

optically coupling a second of the one or more light
sensors to a second of the one or more viewing com-

ponents;
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locating the first of the one or more light emaitters a
separation distance from the first of the one or more

viewing components; and

locating the second of the one or more light emitters the
separation distance from the second of the one or more
viewing components.

19. The method of claim 18, wherein computing the
physiological parameter includes selecting between a signal
associated with the first light and a signal associated with the
second light.

20. The method of claim 19, further comprising;

associating each of the one or more viewing components
to one of the one or more preselected angles of inci-
dence:

associating each of the one or more light sensors to one of
the one or more viewing components; and

associating each signal from the one or more light sensors
to a different layer i a skin of the individual.
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