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(7) ABSTRACT

Methods, systems, computer-readable media, and appara-
tuses for obtaining blood pressure measurements are pre-
sented. The blood pressure measurements may be obtained
by determining a pulse-transit time (PTT) as a function of a
photoplethysmography (PPG) measurement and electrocar-
diogram (ECG) measurement. A mobile device includes
outer body sized to be portable for a user of the mobile
device. The mobile device also includes a plurality of light
emitting components distributed along at least one portion of
the mobile device and a plurality of light collecting com-
ponents configured to measure reflected light from the
plurality of light emitting components reflected off of blood
vessels within the user. The light emitting and light collect-
ing components are distributed along the at least one portion
of the mobile device. The mobile device may also include a
light guide configured to direct light emitted by the at least
one light emitting component toward blood vessels with the

user.

30 Claims, 12 Drawing Sheets
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measure, via a plurality of light collecting components, reflected light
from a plurality of light emitting components reflected off of blood
vessels within a user of a mobile device, wherein the plurality of light
emitting components are distributed along at least one portion of the
mobile device, and wherein the mobile device comprises an outer
body sized to be portable for the user

101

obtain the PPG measurement based on the reflected
light measured by the plurality of light collecting
components, wherein the plurality of light collecting
components are distributed along the at least one
portion of the mobile device
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measuring, via at least one light collecting component coupled
to a light guide, reflected light from at least one light emitting
component reflected off of blood vessels within a user of a
mobile device, wherein the at least one light emitting

component is coupled to the light guide, wherein the light guide
is configured to direct light emitted by the at least one light

emitting component toward blood vessels within the user, and

wherein the mobile device comprises an outer body sized to be

portable for the user

1030

obtaining the PPG measurement based on the
reflected light measured by the at least one light
collecting component

1040

o

(EF)

FIG. 10B



U.S. Patent Jun. 2, 2020 Sheet 12 of 12 US 10,667,705 B2

11002

1102
Processor(s) Tvorking
A Memory
1104
Storage Device(s) Oé);sttaetlrgg
1106 (‘J
1114 1116 38
Input Device(s) f
1108

Application(s)

Output Device(s)

1

1110 1120

Camera(s)
Communications

{N) Subsystem

1112

FIG. 11



US 10,667,705 B2

1
SYSTEM AND METHOD FOR OBTAINING
BL.OOD PRESSURE MEASUREMENT

BACKGROUND

Aspects of the disclosure relate to mobile devices, and
more particularly, a system and method for obtaining at least
one bodily function measurement of a user operating a
mobile device.

It is often desirable for a user to be aware his/her bodily
function measurements. Recently, many individuals wear
small portable devices capable of measuring their heart rate
(HR) and other physiological information. One of the most
popular techniques used by these devices to measure heart
rate is photoplethysmography (PPG). The PPG method
works well when heart rate is measured on an individual’s
finger. However, many of the small portable fitness devices
are wearable electronics that are typically package in the
form of a watch (e.g., smart watch), activity monitoring
band (e.g., worn on the wrist), etc. However, the vasculature
of the human wrist is such that the PPG signal measured at
the wrist at least an order of magnitude weaker than when
measured at the finger. Additionally, current wrist worn
devices are subject to motion artifacts, further exacerbating
this issue.

Motion artifacts can be caused by a variety of mecha-
nisms. An example of such a mechanism is a small uncon-
trollable motion of human body components (e.g., muscle,
bone, ligament, blood vessel, etc.) associated with the acts of
living, such as breathing. Another example is blood “slosh-
ing” in the blood vessels caused by motion of an individual’s
arm with varying acceleration, such as swinging arms when
walking. Yet another example is the relative motion of the
PPG sensor itself and blood-perfused tissue. Such mecha-
nisms can dwarf the “useful” modulation of the PPG signal
caused by the true heart beating. It is very challenging to
separate the individual’s actual HR from the modulation of
the optical signal caused by the motion artifacts.

Accordingly, a need exists for a wearable heart rate PPG
sensor that is immune to motion artifacts.

BRIEF SUMMARY

Certain implementations are described for obtaining at
least one bodily function measurement of a user operating a
mobile device.

In some implementations, a mobile device for obtaining a
photoplethysmography (PPG) measurement, includes an
outer body sized to be portable for a user of the mobile
device. The mobile device also includes a plurality of light
emitting components distributed along at least one portion of
the mobile device. The mobile device further includes a
plurality of light collecting components configured to mea-
sure reflected light from the plurality of light emitting
components reflected off of blood vessels within the user,
wherein the plurality of light collecting components are
distributed along the at least one portion of the mobile
device, and wherein a processor is configured to obtain the
PPG measurement based on the reflected light measured by
the plurality of light collecting components.

In some implementations, the plurality of light emitting
components comprises at least three light emitting compo-
nents.

In some implementations, the at least one portion is a 360
degree circumference.
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In some implementations, the processor is further config-
ured to average the reflected light measurement from each of
the plurality of light collecting components.

In some implementations, the plurality of light emitting
components distributed along the at least one portion of the
mobile device are distributed in an axially symmetrical
arrangement.

In some implementations, the processor is further config-
ured to determine a blood pressure (BP) measurement of the
user based at least in part on the obtained PPG measurement.

In some implementations, the mobile device is at least one
of a watch, ring, or bracelet.

In some implementations, the plurality of light emitting
components comprise light emitting diodes (LEDs) and the
plurality of light collecting components comprise photo-
diodes.

In some implementations, a method for obtaining a pho-
toplethysmography (PPG) measurement includes measur-
ing, via a plurality of light collecting components, reflected
light from a plurality of light emitting components reflected
off of blood vessels within a user of a mobile device,
wherein the plurality of light emitting components are
distributed along at least one portion of the mobile device,
and wherein the mobile device comprises an outer body
sized to be portable for the user. The method also includes
obtaining the PPG measurement based on the reflected light
measured by the plurality of light collecting components,
wherein the plurality of light collecting components are
distributed along the at least one portion of the mobile
device.

In some implementations, an apparatus for obtaining a
photoplethysmography (PPG) measurement includes means
for measuring, via a plurality of light collecting components,
reflected light from a plurality of light emitting components
reflected off of blood vessels within a user of a mobile
device, wherein the plurality of light emitting components
are distributed along at least one portion of the mobile
device, and wherein the mobile device comprises an outer
body sized to be portable for the user. In some implemen-
tations, the apparatus also includes means for obtaining the
PPG measurement based on the reflected light measured by
the plurality of light collecting components, wherein the
plurality of light collecting components are distributed along
the at least one portion of the mobile device.

In some implementations, one or more non-transitory
computer-readable media storing computer-executable
instructions for obtaining a photoplethysmography (PPG)
measurement that, when executed, cause one or more com-
puting devices included in a mobile device to measure, via
a plurality of light collecting components, reflected light
from a plurality of light emitting components reflected off of
blood vessels within a user of a mobile device, wherein the
plurality of light emitting components are distributed along
at least one portion of the mobile device, and wherein the
mobile device comprises an outer body sized to be portable
for the user. In some implementations the instructions, when
executed, further cause the one or more computing devices
to obtain the PPG measurement based on the reflected light
measured by the plurality of light collecting components,
wherein the plurality of light collecting components are
distributed along the at least one portion of the mobile
device.

In some implementations, a mobile device for obtaining a
photoplethysmography (PPG) measurement includes an
outer body sized to be portable for a user of the mobile
device. In some implementations, at least one light emitting
component coupled to a light guide, the light guide config-
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ured to direct light emitted by the at least one light emitting
component toward blood vessels with the user. In some
implementations, at least one light collecting component
coupled to the light guide, wherein the at least one light
emitting component is configured to measure reflected light
from the at least one light emitting component reflected off
of blood vessels within the user, and wherein a processor is
configured to obtain the PPG measurement based on the
reflected light measured by the at least one light collecting
component.

In some implementations, the light guide comprises a
turning film operable to change a direction of the light
emitted by the at least one light emitting component.

In some implementations, the outer body comprises a 360
degree circumference.

In some implementations, the light guide encompasses the
360 degree circumference.

In some implementations, the processor is further config-
ured to determine a blood pressure (BP) measurement of the
user based at least in part on the obtained PPG measurement.

In some implementations, the mobile device is at least one
of a watch, ring, or bracelet.

In some implementations, the at least one light emitting
component comprises a light emitting diode (LED) and the
at least one light collecting component comprises a photo-
diode.

In some implementations, a method for obtaining a pho-
toplethysmography (PPG) measurement includes measur-
ing, via at least one light collecting component coupled to a
light guide, reflected light from at least one light emitting
component reflected off of blood vessels within a user of a
mobile device, wherein the at least one light emitting
component is coupled to the light guide, wherein the light
guide is configured to direct light emitted by the at least one
light emitting component toward blood vessels within the
user, and wherein the mobile device comprises an outer body
sized to be portable for the user. The method also includes
obtaining the PPG measurement based on the reflected light
measured by the at least one light collecting component.

In some implementations, an apparatus for obtaining a
photoplethysmography (PPG) measurement includes means
for measuring, via at least one light collecting component
coupled to a light guide, reflected light from at least one light
emitting component reflected off of blood vessels within a
user of a mobile device, wherein the at least one light
emitting component is coupled to the light guide, wherein
the light guide is configured to direct light emitted by the at
least one light emitting component toward blood vessels
within the user, and wherein the mobile device comprises an
outer body sized to be portable for the user. The apparatus
also includes means for obtaining the PPG measurement
based on the reflected light measured by the at least one light
collecting component.

In some implementations, one or more non-transitory
computer-readable media storing computer-executable
instructions for obtaining a photoplethysmography (PPG)
measurement that, when executed, cause one or more com-
puting devices included in a mobile device to measure, via
at least one light collecting component coupled to a light
guide, reflected light from at least one light emitting com-
ponent reflected off of blood vessels within a user of a
mobile device, wherein the at least one light emitting
component is coupled to the light guide, wherein the light
guide is configured to direct light emitted by the at least one
light emitting component toward blood vessels within the
user, and wherein the mobile device comprises an outer body
sized to be portable for the user. In some implementations
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the instructions, when executed, further cause the one or
more computing devices to obtain the PPG measurement
based on the reflected light measured by the at least one light
collecting component.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure are illustrated by way of
example. In the accompanying figures, like reference num-
bers indicate similar elements, and:

FIG. 1 illustrates a simplified block diagram of a mobile
device that may incorporate one or more implementations;

FIG. 2 illustrates a wristwatch device 310 configured to
obtain PPG, ECG, and impedance measurements of a user,
according to some implementations;

FIG. 3 illustrates a simplified wrist model 310, according
to some implementations;

FIG. 4 illustrates a representation of the longitudinal
cross-section of the simplified wrist model 310 depicted in
FIG. 3, according to some implementations;

FIG. 5 illustrates a transversal cross-section of the sim-
plified wrist model depicted in FIG. 3, according to some
implementations;

FIG. 6 illustrates a wrist ring including the described PPG
sensor having a continuous light emitting component,
according to some implementations;

FIG. 7 illustrates a wrist ring including the described PPG
sensor having discrete components, according to some
implementations;

FIG. 8 illustrates a light emitting component together with
a light guide, according to some implementations;

FIG. 9 illustrates a bendable light guide, according to
some implementations;

FIG. 10A is a flowchart of a method for obtaining a PPG
measurement, according to some implementations;

FIG. 10B is a flowchart of a method for obtaining a PPG
measurement, using a continuous light emitting component,
according to some implementations; and

FIG. 11 illustrates an example of a computing system in
which one or more embodiments may be implemented.

DETAILED DESCRIPTION

Several illustrative implementations will now be
described with respect to the accompanying drawings,
which form a part hereof. While particular implementations,
in which one or more aspects of the disclosure may be
implemented, are described below, other implementations
may be used and various modifications may be made with-
out departing from the scope of the disclosure or the spirit
of the appended claims.

As described above, many existing portable devices
capable of measuring HR are susceptible to providing inac-
curate data due to motion artifacts. For example, when a user
in engaged in a physical activity such as typing, gesturing,
walking, running, etc., the magnitude of the PPG signal
caused by these motion artifacts simply dwarf the “useful”
modulation of the PPG signal caused by the user’s actual
heartbeat. Additionally, motion artifacts can be caused by
the inertial motion of blood. Blood has a mass and thus
responds to swinging arm motions by “sloshing™ in the
blood vessels and blood-perfused tissue that is in sync with
the arm swinging. Lastly, motion artifacts may also result
from the relative motion of the PPG sensor and blood-
perfused tissue. For example, a small portable device can
hold the PPG sensor in close/tight contact with the user’s
skin. However, wearing the device too tight on the wrist (or
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other body part) is often uncomfortable and users prefer a
looser fit. The device, having its own mass, may respond to
the user’s hand swinging by moving normal to the user’s
skin and also tangentially to the user’s skin. Both types of
motion, however, can modulate the HR signal in a period
fashion, giving rise to motion artifacts.

As illustrated, the currently existing PPG sensors are
prone to motion artifacts. It is quite challenging for the
existing solutions to separate a user’s actual HR from
modulation of the optical signal caused by motion artifacts.
This is especially true when the motion artifacts are period
in nature and their frequency is close to the HR frequency.
In this circumstance, the separation of the motion artifact
signal portion from the actual HR signal portion is the most
challenging. The weakness of the PPG signal generated on
the wrist only exacerbates this difficulty.

Some Implementations pertain to a PPG sensor geom-
etries capable of making more accurate and robust HR
measurements when worn on a body part with a quasi-axi-
symmetrical shape (e.g., wrist, finger, ankle, neck, etc.). The
wearable system may not need to have an accelerometer or
sophisticated software algorithms to remove motion arti-
facts. Further, the wearable system can operate on lower
power and have a shorter bill of materials (BOM) than
existing solutions.

The wearable system can include two or more light
sources that are arrange in an axi-symmetrical configuration
within a cylindrical housing. The light sources may wrap
around a user extremity within the cylindrical housing.
Because the light sources are uniform around the housing,
the accuracy of the device in measuring PPG may not be
hindered by motion artifacts because the same blood flow
would still be interpreted even if the device were rotated or
moved by typical user motion. Additionally, the cylindrical
housing may include optical components with turning fea-
tures that can scatter the reflection of the light transmitted by
the light source throughout the cylindrical shape of the
device.

Blood Pressure Measurement Device

FIG. 1 illustrates a simplified block diagram of a mobile
device 100 that may incorporate one or more implementa-
tions. Mobile device 100 may include a processor 110,
microphone 120, display 130, input device 140, speaker 150,
memory 160, camera 170, sensors 180, light source 185, and
computer-readable medium 190.

Processor 110 may be any general-purpose processor
operable to carry out instructions on the mobile device 100.
The processor 110 is coupled to other units of the mobile
device 100 including microphone 120, display 130, input
device 140, speaker 150, memory 160, camera 170, sensors
180, light source 185, and computer-readable medium 190.

Microphorne 120 may be any an acoustic-to-electric trans-
ducer or sensor that converts sound into an electrical signal.
The microphone 120 may provide functionality for a user of
the mobile device 100 to record audio or issue voice
commands for the mobile device 100.

Display 130 may be any device that displays information
to a user. Examples may include an LCD screen, CRT
monitor, or seven-segment display.

Input device 140 may be any device that accepts input
from a user. Examples may include a keyboard, keypad, or
mouse. In some implementations, the microphone 120 may
also function as an input device 140.

Speaker 150 may be any device that outputs sound to a
user. Examples may include a built-in speaker or any other
device that produces sound in response to an electrical audio
signal and/or ultrasonic signal(s).

5

20

25

40

45

55

60

65

6

Memory 160 may be any magnetic, electronic, or optical
memory. It can be appreciated that memory 160 may include
any number of memory modules. An example of memory
160 may be dynamic random access memory (DRAM).

Camera 170 is configured to capture one or more images
via a lens located on the body of mobile device 100. The
captured images may be still images or video images. The
camera 170 may include a CMOS image sensor to capture
the images. Various applications running on processor 110
may have access to camera 170 to capture images. It can be
appreciated that camera 170 can continuously capture
images without the images actually being stored within the
mobile device 100. Captured images may also be referred to
as image frames.

Sensors 180 may be a plurality of sensors configured to
obtain data accessible by the processor. The sensors 180 may
also be physically coupled to the outer body of the mobile
device 100. The plurality of sensors 180 may include one or
more light sensors 182 and/or one or more electrodes 184.
The light sensors 182 may be configured to facilitate mea-
surement of reflected light from the light source 185 (de-
scribed below) reflected off of blood vessels within a user of
the mobile device 100 to obtain the a PPG measurement
indicative of the user’s blood volume. Light sensors 182
may be referred to as light collecting components. A portion
of a user of the mobile device’s 100 body may complete a
circuit between a first electrode and a second electrode, e.g,,
when the user touches both electrodes 184. The electrodes
184 may be configured to facilitate measurement of heart
electrical activity of the user to obtain an ECG measurement.

Light source 185 may be any source of light configured to
emit light through a user’s body. In some implementations,
the light source 185 may be a LED light source, a vertical
cavity surface emitting laser (VCSEL), or any other type of
light source. The emitted light may be of a wavelength that
can pass through parts of a user’s body. For example, the
light source 185 may emit LED light through a user’s wrist.
In some implementations, the mobile device 100 may
include multiple light sources 185. The light emitted from
light source 185 may reflect off of blood vessels within the
user’s body and the reflected light may be measured by one
or more light sensors 182 to obtain a PPG measurement, as
described above. It can be appreciated that emitted light may
be of different wavelengths depending on different wave-
lengths. For example, different wavelengths of light may be
appropriate to improve the signal, reduce noise, deal with
dark skin colors, measure the blood’s oxygen content, or
penetrate to different depths of the user’s body. In some
implementations, the light source 185 may be continuous or
the light source 185 may be made up of a number of discrete
light sources. Light source 185 may include one or more
light sources. Light source 185 may also be referred to as a
light emitting component.

Computer-readable medium 190 may be any magnetic,
electronic, optical, or other computer-readable storage
medium. Computer-readable medium 190 includes PPG
measurement module 192, ECG measurement module 194,
and blood pressure measurement module 196.

PPG measurement module 192 is configured to, when
executed by processor 110, obtain a photoplethysmography
(PPG) measurement. The PPG measurement may be a
measurement of blood volume of a user operating the mobile
device 100. The PPG measurement may be obtained by the
PPG measurement module 192 in response to a user action.
The PPG measurement module 192 may interface with the
light source 185 and light sensors 182 in order to obtain the
PPG measurement. Upon indication by the user of a need for
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a PPG measurement, the PPG measurement module 192
may direct the light source 185, or multiple light sources, to
emit light through the user’s body. As described above, the
emitted light may reflect off or transmitted through blood
vessels within the user’s body and may be detected by one
or more light sensors 182 within the mobile device 100. The
PPG measurement module 192 may measure, by interfacing
with the one or more light sensors, the amount of reflected
or transmitted light detected by the one or more light sensors
182. The PPG measurement module 192 may then determine
a PPG measurement that is indicative of the user’s blood
volume based on the measurement of the reflected light.

ECG measurement module 194 is configured to, when
executed by processor 110, obtain an electrocardiography
(ECG) measurement. The ECG measurement may be a
measurement of heart electrical activity of a user operating
the mobile device 100. The ECG measurement may be
obtained by the ECG measurement module 194 in response
to a user action. The ECG measurement module 194 may
interface with the electrodes 184 in order to obtain the ECG
measurement. Upon indication by the user of a need for an
ECG measurement, the ECG measurement module 194 may
interface with the electrodes 184 to measure (assuming the
user’s body completes a circuit between the electrodes 184)
electrical impulse(s) generated by the polarization and depo-
larization of cardiac tissue within the user’s body. In some
implementations, the electrical impulse(s) may be generated
by the beating of the user’s heart. In some implementations,
the ECG measurement module 194 may interface with the
electrodes 184 to measure the electrical impulse(s) auto-
matically upon the user’s body completing a circuit between
the electrodes 184. The ECG measurement module 194 may
then determine an ECG measurement based on the measured
electrical impulse(s). It can be appreciated that ECG mea-
surement can be obtained using two or more electrode leads.

Blood pressure measurement module 196 is configured to,
when executed by processor 110, generate a blood pressure
measurement of the user based on the PPG measurement and
the ECG measurement. According to Poon, C. C.Y.; Zhang,
Y. T. “Cuff-less and Noninvasive Measurements of Arterial
Blood Pressure by Pulse Transit Time”, Engineering in
Medicine and Biology 27" Annual Conference, 2005. IEEE,
On page(s): 1-4, the calculation of the blood pressure
measurement based on the PPG measurement and the ECG
measurement is well known in the art.

It can be appreciated that the outer body of the mobile
device 100 may be sized to be portable for a user. It can be
appreciated that the term “portable” may refer to something
that is able to be easily carried or moved, and may be a light
and/or small. In some implementations, the term portable
may refer to something easily transportable by the user or
wearable by the user. For example, the mobile device 100
may be a smartphone device or a watch wearable by the user.
Other examples of portable devices include a head-mounted
display, calculator, portable media player, digital camera,
pager, personal navigation device, etc. Examples of devices
that may not be considered portable include a desktop
computer, traditional telephone, television, appliances, etc.
It can be appreciated that the bodily function measurements
can be obtained via the smartphone, watch, or any other of
the mentioned devices.

FIG. 2 illustrates a mobile wrist device 210 configured to
obtain PPG, ECG, and impedance measurements of a user,
according to some implementations. The mobile wrist
device 210 illustrated in FIG. 2 is just one example of a
mobile device 100 that may incorporate one or more imple-
mentations. That is, the mobile wrist device 210 may obtain
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PPG and ECG measurements of the user 230 via a plurality
of contacts. In some implementations, one or more contacts
may be placed at the bottom of the mobile wrist device 210,
where the contact makes a continuous contact with the
user’s 230 wrist while the user 230 wears the mobile wrist
device 210. In other implementations, a front surface of the
mobile wrist device 210 may include a contact layer includ-
ing, e.g., silver metal or Indium Tin Oxide (ITO). The
mobile wrist device 210 may obtain both PPG and ECG
measurements of the user 230. In some implementations, the
front surface may be a touchscreen.

The mobile wrist device 210 may also include a button
220, which may be used to obtain a bodily function mea-
surement. Alternatively, the button 220 may perform several
functions, such as user input, and will be named “multifunc-
tion button 220~ throughout the specification. Although
named a “multifunction” button, it does not necessarily need
to perform multiple functions. For example, the multifunc-
tion button 220 may be used by the user 230 to set a date
and/or time for the mobile wrist device 210. The multifunc-
tion button 220 may have an integrated electrode on the
surface. The user 230 may also use the multifunction button
220 to obtain an ECG measurement by touching the multi-
fanction button 220 to complete a circuit (via the other
contacts) through the user’s 230 body. For example, another
contact may be located on the bottom side of the wristwatch
device’s 210 face such that it is continuously in contact with
the upper side of the user’s 230 wrist. In some implemen-
tations, the multifunction button 220 may be integrated into
a touchscreen of the mobile wrist device 210. The mobile
wrist device 210 may then measure an electrical potential
through the completed circuit to determine the ECG mea-
surement.

The mobile wrist device 210 may also obtain a PPG
measurement of the user 230 by using an optical based
technology. For example, one or more light sources may be
positioned at locations around the strap of the mobile wrist
device 210. The light sources may shine light into the user’s
230 skin, measure the blood flow through the user’s 230
capillaries and thus determine a heart rate (PPQG) of the user.
This process is described in further detail below.

By obtaining both the PPG and ECG measurements of the
user 230, a PTT technique may be used to determine the
user’s blood pressure. The mobile wrist device 210 may then
provide important information to the user 230, based on the
determined blood pressure.

The mobile wrist device 210 may be designed to be
portable such that the user may easily wear the device or
carry it on his/her person. In some implementations, the
mobile wrist device 210 may perform everyday functions
other than obtaining PPG, ECG, and impedance measure-
ments of the user. For example, the mobile wrist device 210
may provide the current time, a stopwatch function, a
calendar function, communication functions, etc. The PPG,
ECG, and impedance measurements functions may be avail-
able in addition to the other described functions on the
mobile wrist device 210.

Simplified Wrist Model

FIG. 3 illustrates a simplified wrist model 310, according
to some implementations. The simplified wrist model 310 is
discussed herein to explain the characteristics of light scat-
tering in a user’s wrist. The simplified wrist model 310 is
represented by the cylindrical shape which can include
tissue-like material perfused with blood-like liquid. The
light emitting and light collecting portions of opto-electron-
ics hardware of the PPG sensor are also shown in FIG. 3.
The light emitting portion may include a central light
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emitting component 330 and the light collecting portions
may include a left light collecting component 320 and a right
light collecting component 325.

The simplified wrist model 310 may exemplify a user
wrist by the cylindrical shape which may have a radius R,
defining the wrist’s curvature. This part may be composed of
tissue-like scattering material that scatters light. Because
both visible and near infrared (IR) light penetrates the tissue
to a finite depth 9 of several millimeters (e.g., tissue 340 has
a thickness of 6), the simplified wrist model 310 may
consider tissue that is only a few millimeters thick, which is
light-accessible. The tissue 340 may be perfused with
“blood-like” liquid to simulate a user’s blood. Several larger
and smaller artery-like vessels may also be present in the
tissue 340 layer.

The simplified wrist model 310 may include a narrow
cylindrical light source (e.g., light emitting component 330)
that completely encompasses the circumference of the cylin-
drical shape exemplifying the wrist. The light emitting
component 330 may direct substantially collimated light
toward the center of the circumference in the form of a
narrow sheet of light towards the wrist. The emitted light
(e.g., incident light) may be partially reflected from the skin
surface while also partially penetrating into the tissue to
depth 8. During the process of the emitted light propagating
in the tissue, the photons may experience multiple scattering
events and very quickly the emitted light may turn into
diffused light. Some of the light may be scattered back from
the tissue. The scattered light may be reflected in a direction
away from the wrist and may be captured by the light
collecting components (e.g., left light collecting component
320 and right light collecting component 325). The light
collecting components may capture the scattered light
directed to them in a substantially small angular aperture.

FIG. 4 illustrates a representation of the longitudinal
cross-section of the simplified wrist model 310 depicted in
FIG. 3, according to some implementations. The longitudi-
nal cross-section is shown along a cylindrical axis 410. As
described above, the simplified wrist model 310 may have a
radius R ;- defining the wrist’s curvature. Additionally, tissue
340 may have a thickness of d. The optical components may
have radii (R,+r,) enabling the PPG sensing features.
Further, the light may be collected from the region shown
having a characteristic length of W. In some implementa-
tions, W may be approximately 10 mm in length.

As described above, the light emitting component 330
may direct substantially collimated light toward the center of
the circumference in the form of a narrow sheet of light
towards the wrist. The emitted light 420 (e.g., incident light)
may be partially reflected from the skin surface while also
partially penetrating into the tissue to depth 9. During the
process of the emitted light propagating in the tissue, the
photons may experience multiple scattering events and very
quickly the emitted light may turn into diffused light. Some
of the light may be scattered back from the tissue (e.g.,
reflected light 430). The scattered light may be reflected in
a direction away from the wrist and may be captured by the
light collecting components (e.g., left light collecting com-
ponent 320 and right light collecting component 325).

FIG. 5 illustrates a transversal cross-section of the sim-
plified wrist model 310 depicted in FIG. 3, according to
some implementations. The figure shows a plurality of
optical components 510 completely encompassing the wrist.
The optical components 510 may include, for example, light
emitting component 330, left light collecting component 320
and right light collecting component 325. The radius of the
wrist is indicated by Ry, and the tissue 340 has a thickness
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of 8. Additionally, arteries 520 and arterioles 530 are shown
which carry the blood along the transversal cross-section of
the simplified wrist model.

The figure shows that if the optical components 510 were
to move or rotate along the axis of the user’s arm or finger,
there would not be much of a change in the arteries 520 and
arterioles 530 that would be probed by the emitted light 420
from the light emitting component 330. Since the arteries
520 and arterioles 530 run along the arm, they are not
dipping into the region that the emitted light 420 cannot
penetrate. Thus, as the optical components 510 rotate or
otherwise move along the axis of the arm (e.g., where the
longest arterial flow exists) or finger, the emitted light 420
may still directed toward a relatively constant cross section
of arteries 520 and arterioles 530. By recognizing the
symmetry of arterial blood flow, the arrangement of the
optical components 510 encompassing the wrist allows for
obtaining PPG measurements that are a lot less susceptible
to motion artifacts than existing solutions allow for. It can be
appreciated that the emitted light 420 may not need to be
perfectly uniform, and only may need to be uniform enough
such that the variation in light emission and collection is
small with respect to the variation in the density of the
arteries 520 and arterioles 530. In some implementations,
the emitted light 420 by the light emitting component 330
may be green light which may penetrate further than other
colored light.

It can be appreciated that while FIGS. 3-5 depict a
simplified wrist model 310, the principles of the optical
components encompassing the wrist can also be applied to
other body parts where PPG measurements can be obtained
(e.g., arm, finger, feet, legs, toes, etc.). Accordingly, the
optical components could be implemented in a wrist-worn
device such as a watch, a finger worn device such as a ring,
or any other device.

The principles of the optical components 510 described
above with respect to the simplified wrist model can further
be described mathematically. Blood flux b, e.g. the amount
of blood passing through the unit area of the transversal
cross-section for the light-accessible tissue layer 340 of the
wrist, may not be homogeneous. In other words, b may be
a function of coordinates. Due to the cylindrical nature of the
simplified wrist model, it may be convenient to use a
cylindrical system of coordinates, therefore we can write:

~b(s9;2) (Eq. 1)

However, for a relatively small region of variation of
longitudinal position of the particular cross-section 7z the
total amount of blood B in the light-accessible tissue layer
340 having length W may not be a function of coordinates,
but rather may simply be a number, or a scalar:

B=W. ﬁgb(r, 0, )da

A

(Eq. 2)

Here, W may be a characteristic width of the PPG sensor
along the z-dimension (e.g., along the arm) and A may be an
area of the particular transversal cross-section of the wrist.

Referring back to FIG. 4 and following the same
approach, we can derive that the total amount of reflected
light 1, collected by the PPG sensor, may again not be a
fanction coordinates, but rather may simply be a number, or
a scalar:
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1 3
IYNB([)'QW'(RW+"¢)'§Z'(I”, 0, 7)d0 = Eq. 3)
[

d-k-B(t)-w-(Ry,+ry)-1,

Here: B(t) may be an amount of blood accessible for
probing by the PPG sensor calculated by Eq. 2; k may be a
PPG coeflicient that has many contributing values, including
the efficiency of the photo sensor, source (e.g., LED) effi-
ciency, optical properties of the combined sensor, etc.; w
may be the width of one light collecting component of the
PPG sensor along the z-dimension (e.g., typically between
1-3 mm); (Ry+r,) may be the radius of the PPG sensor; i
may be the density of light reflected by blood-perfused
tissue; and I, may be the integral intensity of the light
emitted by the PPG sensor.

It can be appreciated that in Eq. 3, B(t) is written as a
function of time, and more specifically as a periodic function
of time because blood is pumped by a beating heart.

Further, it can be appreciated that a conclusion to be
drawn from Eq. 2 and Eq. 3 may be that if variations in radial
and longitudinal positioning of the PPG sensor are small, the
total amount of light collected by the sensor with the
proposed geometry may be constant (e.g., independent of
motion in either the longitudinal or radial directions). While
the idealized cylindrical model is presented with respect to
the simplified wrist model 310, the general principle
expressed by the equations may hold true even for a tradi-
tional human wrist (or other body part) where the wrist may
not adhere to the strict axi-symmetrical configuration illus-
trated.

The various perspectives shown in FIGS. 3-5 share a
common theme. That is, the PPG sensor encloses the quasi-
axi-symmetrical body part, such as the wrist, finger, ankle,
leg, etc. The PPG sensor is designed in such a way as to
ensure that relative motion of the PPG sensor with respect to
the quasi-axi-symmetrical body part is small, and the light
collecting optical components collect almost all the light
scattered from the tissue. Thus, some relative motion can
exist between the quasi-axi-symmetrical body part and the
PPG sensor without disqualifying the measurements for
being inaccurate due to motion artifacts. The existing solu-
tions are not immune to such types of relative motion.
Wrist Ring Mobile Device

FIG. 6 illustrates a wrist ring including the described PPG
sensor having a continuous light emitting component,
according to some implementations. The wrist ring may be
an example of a mobile device 100. It can be appreciated that
the wrist ring may be worn around any quasi-axi-symmetri-
cal shape (e.g., wrist, finger, ankle, neck, etc.). The PPG
sensor within the wrist wring may include light emitting
component 330, left light collecting component 320 and
right light collecting component 325. The implementation in
FIG. 6 shows the light emitting component 330 as a con-
tinuous light source around the wrist ring. The continuous
light source may be a ring of light within the wrist ring that
extends along roughly the circumference of the wrist ring.
When the wrist ring is worn by the user, the continuous light
source may direct light into the user’s tissue and the light
collecting components 320 and 325 may detect the light
reflected back to obtain a PPG measurement. It can be
appreciated that while the wrist ring shows one light emit-
ting component 330 and two light collecting components
320, 325, the PPG sensor in the wrist ring may contain any
number of light emitting and light collecting components. In
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some implementations, the continuous light source may be
implemented using a single light emitting component
together with a light guide (described in further detail
below).

In some implementations, the wrist ring may not need to
be a continuous closed circle around the user’s wrist. For
example, the wrist ring can be a non-rigid ring and may have
an arc-shaped form factor (or multiple arcs) that can fit
around the user’s wrist (or finger or other body part).

FIG. 7 illustrates a wrist ring including the described PPG
sensor having discrete components, according to some
implementations. The PPG sensor shown here may be
composed of a plurality of discrete PPG sensors 710. Each
discrete PPG sensor 710 may be spaced uniformly around
the inner circumference of the wrist ring (e.g., 6 millimeters
apart). The discrete PPG sensors 710 may be embedded into
the inner surface of the wrist ring and spaced closely enough
such that they are effectively a uniform light source. Each
individual discrete PPG sensor 710 may include its own
light emitting component and light collecting component(s)
for detecting reflected light emitted by the light emitting
component. While the PPG sensor is composed of discrete
components, the implementation may obtain similar PPG
measurements as obtained by the implementation in FIG. 6
which comprises a continuous light source. This may be due
to the reasoning that this implementation may be viewed as
a finite sum of the total collection signal in Eq. 3 above.
More specifically, in the limit of a large number of discrete
sensors, the sum would converge to the integral written in
Eq. 3.

In some implementations, in order to obtain a PPG
measurement, the measured reflected light by each of the
light collecting components may first be averaged and the
averaged value may then be used in the PPG measurement
determination. In some implementations, another algorithm
may be performed on the measured reflected light by each of
the light collecting components prior to obtaining the PPG
measurement.

FIG. 8 illustrates a light emitting component together with
a light guide, according to some implementations. As men-
tioned above, the “continuous™ light source described with
respect to FIG. 6 may be implemented using a single light
emitting component 820 together with a light guide 830. The
implementation shown in FIG. 8 includes a light emitting
component 820 within a PPG sensor 810. The PPG sensor
810 may be attached to the light guide 830 and a 45 degree
corner prism 850 by a layer of glue 840. While depicted here
as straight in a cross-sectional representation, in practice the
light guide 830 may actually wrap around and encompass
the entire wrist (or other body part) of the user. When the
light emitting component 820 emits light, the 45 degree
corner prism 850 may direct the light into the light guide and
the light guide may “turn” the light toward the skin of the
user. The turned light 860 may enter the user’s skin and
reflect off of the user’s tissue.

The main optics processing element for coupling the
emitted light out to the user skin and for efficiently collecting
the reflected light to the PPG sensor array may be a “turning
film.” The turning film design may incorporate two sets of
linear facets: one for emitting light out of the light guide 830
and the other for collecting light into the light guide 830. The
facets that turn light out of the light guide 830 may be
positioned orthogonally to the collecting facets. Both sets of
facets may be fabricated into the same surface of a plastic
film. The facets may turn the light propagating into the film
and make it leave the film and propagate normally to the
film.
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The light guide may allow for the use of a single (or just
a few) light emitting components to emit light uniformly
around the user’s wrist (or other body part).

FIG. 9 illustrates a bendable light guide, according to
some implementations. The figure shows the light guide 830
in a bended fashion with an elastic band or adhesive patch
as the carrier substrate 910. As can be seen, the turned light
860 may be directed in a direction away from the bend. For
example, if the bended light guide encompassed a user’s
wrist, the turned light 860 may be directed uniformly around
the circumference of the user’s entire wrist.

The light collecting components may be coupled to adja-
cent features of the light guide. In some implementations,
the width of the light guide comprising a light emitting
component and two side light collecting components may be
around 10-20 mm.

FIG. 10A is a flowchart of a method for obtaining a PPG
measurement using a plurality of discrete light emitting
components, according to some implementations. In block
1010, reflected light from a plurality of light emitting
components reflected off of blood vessels within a user of a
mobile device is measured. The reflected light may be
measured via a plurality of light collecting components. In
some implementations, the light emitting components
include LED light sources. In some implementations, the
light collecting components include photodiodes. The light
emitting components may be distributed along at least one
portion of the mobile device. For example, in FIG. 7, the
light emitting components are distributed along the 360
degree circumference of an inner portion of the wrist ring.
In some implementations, the inner portion of the wrist ring
may be less than 360 degrees in circumference (e.g., a wrist
device that only encompasses a % portion of the wrist). In
some implementations, there may be at least three light
emitting components distributed along the at least one
portion of the mobile device. Further, the light emitting
components may be distributed in an axially symmetrical
fashion.

In block 1020, a PPG measurement is obtained based on
the reflected light measured by the plurality of light collect-
ing components. The plurality of light collecting compo-
nents may also be distrusted along the at least one portion of
the mobile device. In some implementations, the plurality of
light collecting components may include photodiodes. The
photodiodes may be positioned near the light emitting
components (e.g., LED light sources). In some implemen-
tations, obtaining the PPG measurement may include aver-
aging the measured reflected light by each of the light
collecting components. In some implementations, a blood
pressure measurement may be determined based on the
obtained PPG measurement. For example, using pulse tran-
sit time techniques together with measured PPG and ECG
data, a blood pressure measurement may be determined.

FIG. 10B is a flowchart of a method for obtaining a PPG
measurement, using a continuous light emitting component,
according to some implementations. In block 1030, reflected
light from at least one light emitting component reflected off
of blood vessels within a user of a mobile device is mea-
sured. The at least one light emitting component may
include a LED light source. The light emitting component
and at least one light collecting component may be coupled
to a light guide. The light guide may include a turning film
that is configured to direct light in a certain direction (e.g.,
towards blood vessels inside the user’s body). For example,
in FIG. 8, the light emitting component is glued to the light
guide and the light guide directs the light down toward the
user’s body. Additionally, the mobile device may have an
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outer body that is sized to be portable for the user. The outer
body may have a 360 degree circumference and the light
guide may encompass the 360 degree circumference, as
shown in FIG. 6.

In block 1040, a PPG measurement based on the reflected
light measured by the at least one light collecting compornent
is obtained. In some implementations, a blood pressure
measurement may be determined based on the obtained PPG
measurement. For example, using pulse transit time tech-
niques together with measured PPG and ECG data, a blood
pressure measurement may be determined.

FIG. 11 illustrates an example of a computing system in
which one or more embodiments may be implemented. A
computer system as illustrated in FIG. 11 may be incorpo-
rated as part of the above described computerized device.
For example, computer system 1100 can represent some of
the components of a television, a computing device, a server,
a desktop, a workstation, a control or interaction system in
an automobile, a tablet, a netbook or any other suitable
computing system. A computing device may be any com-
puting device with an image capture device or input sensory
unit and a user output device. An image capture device or
input sensory unit may be a camera device. A user output
device may be a display unit. Examples of a computing
device include but are not limited to video game consoles,
tablets, smart phones and any other hand-held devices. FIG.
11 provides a schematic illustration of one embodiment of a
computer system 1100 that can perform the methods pro-
vided by various other embodiments, as described herein,
and/or can function as the host computer systeni, a remote
kiosk/terminal, a point-of-sale device, a telephonic or navi-
gation or multimedia interface in an automobile, a comput-
ing device, a set-top box, a table computer and/or a computer
system. FIG. 11 is meant only to provide a generalized
illustration of various components, any or all of which may
be utilized as appropriate. FIG. 11, therefore, broadly illus-
trates how individual system elements may be implemented
in a relatively separated or relatively more integrated man-
ner. In some embodiments, elements of computer system
1100 may be used to implement functionality of the mobile
device 100 in FIG. 1.

The computer system 1100 is shown comprising hardware
elements that can be electrically coupled via a bus 1102 (or
may otherwise be in communication, as appropriate). The
hardware elements may include one or more processors
1104, including without limitation one or more general-
purpose processors and/or one or more special-purpose
processors (such as digital signal processing chips, graphics
acceleration processors, and/or the like); one or more input
devices 1108, which can include without limitation one or
more cameras, sensors, a mouse, a keyboard, a microphone
configured to detect ultrasound or other sounds, and/or the
like; and one or more output devices 1110, which can
include without limitation a display unit such as the device
used in some implementations, a printer and/or the like.

In some implementations, various input devices 1108 and
output devices 1110 may be embedded into interfaces such
as display devices, tables, floors, walls, and window screens.
Furthermore, input devices 1108 and output devices 1110
coupled to the processors may form multi-dimensional
tracking systems.

The computer system 1100 may further include (and/or be
in communication with) one or more non-transitory storage
devices 1106, which can comprise, without limitation, local
and/or network accessible storage, and/or can include, with-
out limitation, a disk drive, a drive array, an optical storage
device, a solid-state storage device such as a random access
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memory (“RAM”) and/or a read-only memory (“ROM™),
which can be programmable, flash-updateable and/or the
like. Such storage devices may be configured to implement
any appropriate data storage, including without limitation,
various file systems, database structures, and/or the like.

The computer system 1100 might also include a commu-
nications subsystem 1112, which can include without limi-
tation a modem, a network card (wireless or wired), an
infrared communication device, a wireless communication
device and/or chipset (such as a Bluetooth™ device, an
802.11 device, a Wi-Fi device, a WiMax device, cellular
communication facilities, etc.), and/or the like. The com-
munications subsystem 1112 may permit data to be
exchanged with a network, other computer systems, and/or
any other devices described herein. In many embodiments,
the computer system 1100 will further comprise a non-
transitory working memory 1118, which can include a RAM
or ROM device, as described above,

The computer system 1100 also can comprise software
elements, shown as being currently located within the work-
ing memory 1118, including an operating system 1114,
device drivers, executable libraries, and/or other code, such
as one or more application programs 1116, which may
comprise computer programs provided by various embodi-
ments, and/or may be designed to implement methods,
and/or configure systems, provided by other embodiments,
as described herein. Merely by way of example, one or more
procedures described with respect to the method(s) dis-
cussed above might be implemented as code and/or instruc-
tions executable by a computer (and/or a processor within a
computer); in an aspect, then, such code and/or instructions
can be used to configure and/or adapt a general purpose
computer (or other device) to perform one or more opera-
tions in accordance with the described methods.

A set of these instructions and/or code might be stored on
a computer-readable storage medium, such as the storage
device(s) 1106 described above. In some cases, the storage
medium might be incorporated within a computer system,
such as computer system 1100. In other embodiments, the
storage medium might be separate from a computer system
(e.g., a removable medium, such as a compact disc), and/or
provided in an installation package, such that the storage
medium can be used to program, configure and/or adapt a
general purpose computer with the instructions/code stored
thereon. These instructions might take the form of execut-
able code, which is executable by the computer system 1100
and/or might take the form of source and/or installable code,
which, upon compilation and/or installation on the computer
system 1100 (e.g., using any of a variety of generally
available compilers, installation programs, compression/de-
compression utilities, etc.) then takes the form of executable
code.

Substantial variations may be made in accordance with
specific requirements. For example, customized hardware
might also be used, and/or particular elements might be
implemented in hardware, software (including portable soft-
ware, such as applets, etc.), or both. Further, connection to
other computing devices such as network input/output
devices may be employed. In some embodiments, one or
more elements of the computer system 1100 may be omitted
or may be implemented separate from the illustrated system.
For example, the processor 1104 and/or other elements may
be implemented separate from the input device 1108. In one
embodiment, the processor is configured to receive images
from one or more cameras that are separately implemented.
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In some embodiments, elements in addition to those illus-
trated in FIG. 11 may be included in the computer system
1100.

Some embodiments may employ a computer system (such
as the computer system 1100) to perform methods in accor-
dance with the disclosure. For example, some or all of the
procedures of the described methods may be performed by
the computer system 1100 in response to processor 1104
executing one or more sequences of one or more instructions
(which might be incorporated into the operating system 1114
and/or other code, such as an application program 1116)
contained in the working memory 1118. Such instructions
may be read into the working memory 1118 from another
computer-readable medium, such as one or more of the
storage device(s) 1106. Merely by way of example, execu-
tion of the sequences of instructions contained in the work-
ing memory 1118 might cause the processor(s) 1104 to
perform one or more procedures of the methods described
herein.

The terms “machine-readable medium” and “computer-
readable medium,” as used herein, refer to any medium that
participates in providing data that causes a machine to
operate in a specific fashion. In some embodiments imple-
mented using the computer system 1100, various computer-
readable media might be involved in providing instructions/
code to processor(s) 1104 for execution and/or might be
used to store and/or carry such instructions/code (e.g., as
signals). In many implementations, a computer-readable
medium is a physical and/or tangible storage medium. Such
a medium may take many forms, including but not limited
to, non-volatile media, volatile media, and transmission
media. Non-volatile media include, for example, optical
and/or magnetic disks, such as the storage device(s) 1106.
Volatile media include, without limitation, dynamic
memory, such as the working memory 1118. Transmission
media include, without limitation, coaxial cables, copper
wire and fiber optics, including the wires that comprise the
bus 1102, as well as the various components of the com-
munications subsystem 1112 (and/or the media by which the
communications subsystem 1112 provides communication
with other devices). Hence, transmission media can also take
the form of waves (including without limitation radio,
acoustic and/or light waves, such as those generated during
radio-wave and infrared data communications).

Common forms of physical and/or tangible computer-
readable media include, for example, a floppy disk, a flexible
disk, hard disk, magnetic tape, or any other magnetic
medium, a CD-ROM, any other optical medium, punch-
cards, papertape, any other physical medium with patterns of
holes, a RAM, a PROM, EPROM, a FLASH-EPROM, any
other memory chip or cartridge, a carrier wave as described
hereinafter, or any other medium from which a computer can
read instructions and/or code.

Various forms of computer-readable media may be
involved in carrying one or more sequences of one or more
instructions to the processor(s) 1004 for execution. Merely
by way of example, the instructions may initially be carried
on a magnetic disk and/or optical disc of a remote computer.
A remote computer might load the instructions into its
dynamic memory and send the instructions as signals over a
transmission medium to be received and/or executed by the
computer system 1100. These signals, which might be in the
form of electromagnetic signals, acoustic signals, optical
signals and/or the like, are all examples of carrier waves on
which instructions can be encoded, in accordance with
various implementations.
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The communications subsystem 1112 (and/or components
thereof) generally will receive the signals, and the bus 1102
then might carry the signals (and/or the data, instructions,
etc. carried by the signals) to the working memory 1118,
from which the processor(s) 1104 retrieves and executes the
instructions. The instructions received by the working
memory 1118 may optionally be stored on a non-transitory
storage device 1106 either before or after execution by the
processor(s) 1104.

The methods, systems, and devices discussed above are
examples. Various configurations may omit, substitute, or
add various procedures or components as appropriate. For
instance, in alternative configurations, the methods may be
performed in an order different from that described, and/or
various stages may be added, omitted, and/or combined.
Also, features described with respect to certain configura-
tions may be combined in various other configurations.
Different aspects and elements of the configurations may be
combined in a similar manner. Also, technology evolves
and, thus, many of the elements are examples and do not
limit the scope of the disclosure or claims.

Specific details are given in the description to provide a
thorough understanding of example configurations (includ-
ing implementations). However, configurations may be
practiced without these specific details. For example, well-
known circuits, processes, algorithms, structures, and tech-
niques have been shown without unnecessary detail in order
to avoid obscuring the configurations. This description pro-
vides example configurations only, and does not limit the
scope, applicability, or configurations of the claims. Rather,
the preceding description of the configurations will provide
those skilled in the art with an enabling description for
implementing described techniques. Various changes may
be made in the function and arrangement of elements
without departing from the spirit or scope of the disclosure.

Also, configurations may be described as a process which
is depicted as a flow diagram or block diagram. Although
each may describe the operations as a sequential process,
many of the operations can be performed in parallel or
concurrently. In addition, the order of the operations may be
rearranged. A process may have additional steps not
included in the figure. Furthermore, examples of the meth-
ods may be implemented by hardware, software, firmware,
middleware, microcode, hardware description languages, or
any combination thereof. When implemented in software,
firmware, middleware, or microcode, the program code or
code segments to perform the necessary tasks may be stored
in a non-transitory computer-readable medium such as a
storage medium. Processors may perform the described
tasks.

Having described several example configurations, various
modifications, alternative constructions, and equivalents
may be used without departing from the spirit of the dis-
closure. For example, the above elements may be compo-
nents of a larger system, wherein other rules may take
precedence over or otherwise modify the application of the
implementations described herein. Also, a number of steps
may be undertaken before, during, or after the above ele-
ments are considered.

What is claimed is:
1. A mobile device for obtaining a photoplethysmography
(PPG) measurement, comprising:
an outer body sized to be portable for a user of the mobile
device;
at least one light emitting component located along at
least one portion of the mobile device;
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a turning film comprising a first set of facets and a second
set of facets separate from the first set of facets,
wherein the first set of facets is configured to direct
light emitted from the at least one light emitting com-
ponent, the emitted light being propagated into the
turning film and directed through a surface of the
turning film, along a direction perpendicular to the
surface of the turning film toward blood vessels within
the user, and wherein the second set of facets is
configured to collect reflected light, the reflected light
being received at the surface of the turning film and
corresponding to the emitted light reflected off the
blood vessels;

a plurality of light collecting components configured to
measure the reflected light collected by the turning
film, wherein the plurality of light collecting compo-
nents are distributed along the at least one portion of the
mobile device, and wherein a processor is configured to
obtain the PPG measurement based on the reflected
light measured by the plurality of light collecting
components.

2. The mobile device of claim 1, wherein the at least one
portion is at least one of a 360 degree circumference or less
than a 360 degree circumference.

3. The mobile device of claim 1, wherein the processor is
further configured to average the reflected light measured by
each of the plurality of light collecting components.

4. The mobile device of claim 1, wherein the at least one
light emitting component includes a plurality of light emit-
ting components distributed along the at least one portion of
the mobile device in an axially symmetrical arrangement.

5. The mobile device of claim 1, wherein the processor is
further configured to determine a blood pressure (BP) mea-
surement of the user based at least in part on the obtained
PPG measurement.

6. The mobile device of claim 1, wherein the mobile
device is one of a watch, ring, or bracelet.

7. The mobile device of claim 1, wherein the at least one
light emitting component comprises at least one light emit-
ting diode, and the plurality of light collecting components
comprise photodiodes.

8. The mobile device of claim 1, wherein facets of the first
set of facets are positioned orthogonally to facets of the
second set of facets.

9. A method for obtaining a photoplethysmography (PPG)
measurement, comprising:

measuring, via a plurality of light collecting components,
reflected light collected by a turning film of a mobile
device, the turning film comprising a first set of facets
and a second set of facets separate from the first set of
facets, wherein the first set of facets is configured to
direct light emitted from at least one light emitting
component located along at least one portion of the
mobile device, the emitted light being propagated into
the turning film and directed through a surface of the
turning film, along a direction perpendicular to the
surface of the turning film toward blood vessels within
a user, wherein the second set of facets is configured to
collect the reflected light. the reflected light being
received at the surface of the turning film and corre-
sponding to the emitted light reflected off the blood
vessels, and wherein the mobile device comprises an
outer body sized to be portable for the user; and

obtaining the PPG measurement based on the reflected
light measured by the plurality of light collecting
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components, wherein the plurality of light collecting
components are distributed along the at least one pot-
tion of the mobile device.

10. The method of claim 9, wherein the at least one
portion is a 360 degree circumference.

11. The method of claim 9, further comprising averaging
the reflected light measured by each of the plurality of light
collecting components.

12. The method of claim 9, wherein the at least one light
emitting component includes a plurality of light emitting
components distributed along the at least one portion of the
mobile device in an axially symmetrical arrangement.

13. The method of claim 9, further comprising determin-
ing a blood pressure (BP) measurement of the user based at
least in part on the obtained PPG measurement.

14. The method of claim 9, wherein the mobile device is
one of a watch, ring, or bracelet.

15. The method of claim 9, wherein the at least one light
emitting component comprises at least one light emitting
diode, and the plurality of light collecting components
comprise photodiodes.

16. The method of claim 9, wherein facets of the first set
of facets are positioned orthogonally to facets of the second
set of facets.

17. An apparatus for obtaining a photoplethysmography
(PPG) measurement, comprising:

means for measuring, via a plurality of light collecting

components, reflected light collected by a turning film
of a mobile device, the turning film comprising a first
set of facets and a second set of facets separate from the
first set of facets, wherein the first set of facets is
configured to direct light emitted from at least one light
emitting component located along at least one portion
of the mobile device, the emitted light being propa-
gated into the turning film and directed through a
surface of the turning film, along a direction perpen-
dicular to the surface of the turning film toward blood
vessels within a user, wherein the second set of facets
is configured to collect the reflected light, the reflected
light being received at the surface of the turning film
and corresponding to the emitted light reflected off the
blood vessels, and wherein the mobile device com-
prises an outer body sized to be portable for the user;
and

means for obtaining the PPG measurement based on the

reflected light measured by the means for measuring,
wherein the plurality of light collecting components are
distributed along the at least one portion of the mobile
device.

18. The apparatus of claim 17, wherein the at least one
portion is a 360 degree circumference.

19. The apparatus of claim 17, further comprising means
for averaging the reflected light measured by the means for
measuring.

20. The apparatus of claim 17, wherein the at least one
light emitting component includes a plurality of light emit-
ting components distributed along the at least one portion of
the mobile device in an axially symmetrical arrangement.

21. The apparatus of claim 17, further comprising means
for determining a blood pressure (BP) measurement of the
user based at least in part on the obtained PPG measurement.
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22. The apparatus of claim 17, wherein the at least one
light emitting component comprises at least one light emit-
ting diode, and the plurality of light collecting components
comprise photodiodes.
23. The apparatus of claim 17, wherein facets of the first
set of facets are positioned orthogonally to facets of the
second set of facets.
24. One or more non-transitory computer-readable media
storing computer-executable instructions for obtaining a
photoplethysmography (PPG) measurement, wherein the
instructions, when executed, cause one or more computing
devices included in a mobile device to:
measure, via a plurality of light collecting components,
reflected light collected by a turning film of the mobile
device, the turning film comprising a first set of facets
and a second set of facets separate from the first set of
facets, wherein the first set of facets is configured to
direct light emitted from at least one light emitting
component located along at least one portion of the
mobile device, the emitted light being propagated into
the turning film and directed through a surface of the
turning film, along a direction perpendicular to the
surface of the turning film toward blood vessels within
a user, wherein the second set of facets is configured to
collect the reflected light. the reflected light being
received at the surface of the turning film and corre-
sponding to the emitted light reflected off the blood
vessels, and wherein the mobile device comprises an
outer body sized to be portable for the user; and

obtain the PPG measurement based on the reflected light
measured by the plurality of light collecting compo-
nents, wherein the plurality of light collecting compo-
nents are distributed along the at least one portion of the
mobile device.

25. The non-transitory computer-readable media of claim
24, wherein the at least one portion is a 360 degree circum-
ference.

26. The non-transitory computer-readable media of claim
24, wherein the instructions, when executed, further cause
the one or more computing devices to average the reflected
light measured by each of the plurality of light collecting
components.

27. The non-transitory computer-readable media of claim
24, wherein the at least one light emitting component
includes a plurality of light emitting components distributed
along the at least one portion of the mobile device in an
axially symmetrical arrangement.

28. The non-transitory computer-readable media of claim
24, wherein the instructions, when executed, further cause
the one or more computing devices to determine a blood
pressure (BP) measurement of the user based at least in part
on the obtained PPG measurement.

29. The non-transitory computer-readable media of claim
24, wherein the at least one light emitting component
comprises at least one light emitting diode, and the plurality
of light collecting components comprise photodiodes.

30. The non-transitory computer-readable media of claim
24, wherein facets of the first set of facets are positioned
orthogonally to facets of the second set of facets.
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