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(57) ABSTRACT

A method for contextually aware determination respiration
includes obtaining, by an electronic device, context infor-
mation and selecting, by the electronic device, a set of sensor
data associated with respiratory activity of a subject, based
on the context information. The method further includes
selecting, based on the selected set of sensor data, an
algorithm from a plurality of algorithms for determining a
respiration rate of the subject, and determining, by applying
the selected algorithm to the selected set of sensor data
associated with respiratory activity of the subject, the res-
piration rate for the subject.
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CONTEXT-AWARE RESPIRATION RATE
DETERMINATION USING AN ELECTRONIC
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION AND CLAIM OF PRIORITY

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Patent Application No. 62/648,
750 filed on Mar. 27, 2018. The above-identified provisional
patent application is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] This disclosure relates generally to health measure-
ment technology. More specifically, this disclosure relates to
context-aware respiration rate determination using one or
more electronic devices.

BACKGROUND

[0003] Respiration rate, or the number of breaths a person
takes per minute, can be a highly effective datum as to a
person’s cardiopulmonary health, and in the case of patients
with conditions such as Chronic Obstructive Pulmonary
Disease (COPD), an early indicator of a potentially fatal
deterioration of a patient’s condition. Additionally, when
used in conjunction with other metrics of cardiopulmonary
condition, such as oxygen saturation (SpO,), respiration rate
can provide nuanced information as to a patient’s cardio-
pulmonary health.

[0004] Smart electronic devices, such as smart mobile
phones, which can include a variety of sensors (for example,
microphones and motion measuring sensors), have become
widely available, and for many people, indispensable life-
style accessories which are worn all day. From a clinical
perspective, measuring respiration rate with a device that is
portable and consistently carried by a person, presents
significant opportunities for early detection and treatment of
otherwise significant, or even fatal, cardiopulmonary events.
However, the implementation of such measurement tech-
niques presents a number of technical challenges, including,
without limitation, variation in the effectiveness of a
device’s sensors across measurement contexts.

SUMMARY

[0005] This disclosure provides systems and methods for
context-aware respiration rate determination using one or
more electronic devices.

[0006] In a first embodiment, a method for contextually
aware respiration determination includes obtaining, by an
electronic device, context information and selecting, by the
electronic device, a set of sensor data associated with
respiratory activity of a subject, based on the context infor-
mation. The method further includes selecting, based on the
selected set of sensor data, an algorithm from a plurality of
algorithms for determining a respiration rate of the subject,
and determining, by applying the selected algorithm to the
selected set of sensor data associated with respiratory activ-
ity of the subject, the respiration rate for the subject.
[0007] In a second embodiment, an apparatus includes a
processor, one or more sensors coupled to the processor,
configured to capture one or more sets of sensor data and a
memory. The memory contains computer-readable program
code, which when executed by the processor, causes the
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apparatus to obtain context information, and select a set of
sensor data associated with respiratory activity of a subject,
based on the context information. The memory also contains
computer-readable program code, which when executed by
the processor, causes the apparatus to select, based on the
selected set of sensor data, an algorithm from a plurality of
algorithms for determining a respiration rate of the subject
and determine, by applying the selected algorithm to the
selected set of sensor data associated with respiratory activ-
ity of the subject, the respiration rate for the subject.
[0008] In a third embodiment, a non-transitory computer-
readable medium includes program code, which when
executed by a processor, causes an apparatus to obtain
context information and select a set of sensor data associated
with respiratory activity of a subject, based on the context
information. Additionally, the non-transitory computer-read-
able medium includes program code, which when executed
by the processor, causes the apparatus to select, based on the
selected set of sensor data, an algorithm from a plurality of
algorithms for determining a respiration rate of the subject
and determine, by applying the selected algorithm to the
selected set of sensor data associated with respiratory activ-
ity of the subject, the respiration rate for the subject.
[0009] Other technical features may be readily apparent to
one skilled in the art from the following figures, descrip-
tions, and claims.

[0010] Before undertaking the DETAILED DESCRIP-
TION below, it may be advantageous to set forth definitions
of certain words and phrases used throughout this patent
document. The term “couple” and its derivatives refer to any
direct or indirect communication between two or more
elements, whether or not those elements are in physical
contact with one another. The terms “transmit,” “receive,”
and “communicate,” as well as derivatives thereof, encom-
pass both direct and indirect communication. The terms
“include” and “comprise,” as well as derivatives thereof,
mean inclusion without limitation. The term “or” is inclu-
sive, meaning and/or. The phrase “associated with,” as well
as derivatives thereof, means to include, be included within,
interconnect with. contain, be contained within, connect to
or with, couple to or with, be communicable with, cooperate
with, interleave, juxtapose, be proximate to, be bound to or
with, have, have a property of, have a relationship to or with,
or the like. The term “controller” means any device, system
or part thereof that controls at least one operation. Such a
controller may be implemented in hardware or a combina-
tion of hardware and software and/or firmware. The func-
tionality associated with any particular controller may be
centralized or distributed, whether locally or remotely. The
phrase “at least one of,” when used with a list of items,
means that different combinations of one or more of the
listed items may be used, and only one item in the list may
be needed. For example, “at least one of: A, B, and C”
includes any of the following combinations: A, B, C, A and
B,Aand C, B and C, and A and B and C.

[0011] Moreover, various functions described below can
be implemented or supported by one or more computer
programs, each of which is formed from computer readable
program code and embodied in a computer readable
medium. The terms “application” and *“program” refer to
one or more computer programs, software components, sets
of instructions, procedures, functions, objects, classes,
instances, related data, or a portion thereof adapted for
implementation in a suitable computer readable program
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code. The phrase “computer readable program code”
includes any type of computer code, including source code,
object code, and executable code. The phrase “computer
readable medium” includes any type of medium capable of
being accessed by a computer, such as read only memory
(ROM), random access memory (RAM), a hard disk drive,
a compact disc (CD), a digital video disc (DVD), or any
other type of memory. A “non-transitory” computer readable
medium excludes wired, wireless, optical, or other commu-
nication links that transport transitory electrical or other
signals. A non-transitory computer readable medium
includes media where data can be permanently stored and
media where data can be stored and later overwritten, such
as a rewritable optical disc or an erasable memory device.
[0012] Definitions for other certain words and phrases are
provided throughout this patent document. Those of ordi-
nary skill in the art should understand that in many, if not
most instances, such definitions apply to prior as well as
future uses of such defined words and phrases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of this disclo-
sure and its advantages, reference is now made to the
following description, taken in conjunction with the accom-
panying drawings, in which:

[0014] FIG. 1 illustrates an example of an electronic
device in which various embodiments according to the
present disclosure can be implemented,

[0015] FIG. 2 illustrates examples of mobile devices mea-
suring a subject’s respiration rate according to various
embodiments of this disclosure;

[0016] FIG. 3 illustrates operations of a method for per-
forming a contextually aware determination of a subject’s
respiration rate according to certain embodiments of this
disclosure;

[0017] FIG. 4 illustrates combinations of contexts, types
of sensor data, and algorithms for determining a subject’s
respiration rate based on one or more learnt models, accord-
ing to certain embodiments of this disclosure;

[0018] FIG. 5 illustrates aspects of a method for deter-
mining and mapping combinations of contexts, types of
sensor data, and algorithms for determining a subject’s
respiration rate using devices according to some embodi-
ments of this disclosure; and

[0019] FIG. 6 illustrates operations of a method for per-
forming a context aware respiration rate determination
according to some embodiments of this disclosure;

[0020] FIG. 7 illustrates operations of a method for moni-
toring a user’s respiration rate in a selected measurement
mode according to various embodiments of this disclosure;
[0021] FIG. 8 illustrates aspects of a processing pipeline
for providing seamless transitions across context changes
when the device is in a continuous measurement mode
according to certain embodiments of this disclosure; and
[0022] FIG. 9 illustrates operations of a method for per-
forming contextually-aware respiration rate measurement
while operating in an event-triggered measurement mode
according to certain embodiments of this disclosure.

DETAILED DESCRIPTION

[0023] FIGS. 1 through 9, discussed below, and the vari-
ous embodiments used to describe the principles of this
disclosure in this patent document are by way of illustration

Oct. 3, 2019

only and should not be construed in any way to limit the
scope of the disclosure. Those skilled in the art will under-
stand that the principles of this disclosure may be imple-
mented in any suitably arranged wireless communication
system.

[0024] FIG. 1 illustrates an example of a device 100 for
implementing contextually aware determination of a respi-
ration rate according to this disclosure. The embodiment of
device 100 illustrated in FIG. 1 is for illustration only, and
other configurations are possible. However, suitable devices
come in a wide variety of configurations, and FIG. 1 does
not limit the scope of this disclosure to any particular
implementation of a device.

[0025] As shown in the non-limiting example of FIG. 1,
the device 100 includes a communication unit 110 that may
include, for example, a radio frequency (RF) transceiver, a
Bluetooth® transceiver, or a Wi-Fi® transceiver, etc., trans-
mit (TX) processing circuitry 115, a microphone 120, and
receive (RX) processing circuitry 125. The device 100 also
includes a speaker 130, a main processor 140, an input/
output (1/0) interface (IF) 145, input/output device(s) 150,
and a memory 160. The memory 160 includes an operating
system (OS) program 161 and one or more applications 162.
[0026] Applications 162 can include games, health moni-
toring applications, virtual reality (VR) applications, aug-
mented reality (AR) applications, operating systems, device
security (e.g., anti-theft and device tracking) applications or
any other applications for which a user’s respiration rate
constitutes relevant data. Additionally, applications 162 can,
according to embodiments, output respiration rate informa-
tion on an input/output device 150 as part of a display on a
screen.

[0027] The communication unit 110 may receive an
incoming RF signal, for example, a near field communica-
tion signal such as a BLUETOOTH® or Wi-Fi® signal. The
communication unit 110 may down-convert the incoming
RF signal to generate an intermediate frequency (IF) or
baseband signal. The IF or baseband signal is sent to the RX
processing circuitry 125, which generates a processed base-
band signal by filtering, decoding, or digitizing the baseband
or IF signal. The RX processing circuitry 125 transmits the
processed baseband signal to the speaker 130 (such as for
voice data) or to the main processor 140 for further pro-
cessing (such as for web browsing data, online gameplay
data, notification data, or other message data).

[0028] The TX processing circuitry 115 receives analog or
digital sound that includes breathing or voice data from the
microphone 120 or other outgoing baseband data (such as
web data, e-mail, or interactive video game data) from the
main processor 140. The TX processing circuitry 115
encodes, multiplexes, or digitizes the outgoing baseband
data to generate a processed baseband or IF signal. The
communication unit 110 receives the outgoing processed
baseband or IF signal from the TX processing circuitry 115
and up-converts the baseband or IF signal to an RF signal for
transmission.

[0029] The main processor 140 can include one or more
processors or other processing devices and execute the OS
program 161 stored in the memory 160 in order to control
the overall operation of the device 100. For example, the
main processor 140 could control the reception of forward
channel signals and the transmission of reverse channel
signals by the communication unit 110, the RX processing
circuitry 125, and the TX processing circuitry 115 in accor-
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dance with well-known principles. In some embodiments,
the main processor 140 includes at least one microprocessor
or microcontroller.

[0030] The main processor 140 is also capable of execut-
ing other processes and programs resident in the memory
160. The main processor 140 can move data into or out of
the memory 160 as required by an executing process. In
some embodiments, the main processor 140 is configured to
execute the applications 162 based on the OS program 161
or in response to inputs from a user, sensors 180 or appli-
cations 162. Applications 162 can include applications spe-
cifically developed for the platform of device 100, or legacy
applications developed for earlier platforms. The main pro-
cessor 140 is also coupled to the /O interface 145, which
provides the device 100 with the ability to connect to other
devices such as laptop computers and handheld computers.
The 1/O interface 145 is the communication path between
these accessories and the main processor 140.

[0031] The main processor 140 is also coupled to the
input/output device(s) 150. The operator of the device 100
can use the input/output device(s) 150 to enter data into the
device 100. Input/output device(s) 150 can include key-
boards, touch screens, mouse(s), track balls or other devices
capable of acting as a user interface to allow a user to
interact with electronic device 100. In some embodiments,
input/output device(s) 150 can include a touch panel, a heart
rate monitor, a smartwatch, or a device for obtaining pho-
toplethysomographic (PPG) data, a virtual reality headset, a
(digital) pen sensor. a key, or an ultrasonic input device.
Input/output device(s) 150 are, according to certain embodi-
ments, associated with one or more of sensor(s) 180 to
provide input to main processor 140.

[0032] Input/output device(s) 150 can include one or more
screens, which can be a liquid crystal display, light-emitting
diode (LED) display, an optical LED (OLED), an active
matrix OLED (AMOLED), or other screens capable of
rendering graphics.

[0033] The memory 160 is coupled to the main processor
140. According to certain embodiments, part of the memory
160 includes a random access memory (RAM), and another
part of the memory 160 includes a Flash memory or other
read-only memory (ROM). Although FIG. 1 illustrates one
example of a device 100. Various changes can be made to
FIG. 1.

[0034] For example, according to certain embodiments,
device 100 can further include a separate graphics process-
ing unit (GPU) 170, and sensors 180.

[0035] Sensors 180 can comprise a variety of sensors for
generating inputs processed by device 100, and include
without limitation, accelerometers, barometric pressure sen-
sors, inertial measurement units (IMUs), digital cameras,
touch sensors, digital thermometers, pressure sensors and
global positioning system sensors. For example, sensors 180
can include an inertial measurement unit 182. Inertial mea-
surement unit 182 can be an optical sensor, an accelerometer
or a gyroscopic sensor. Additionally, inertial measurement
unit 182 can comprise a plurality of IMUs, such as motion
detectors coupled to a user’s head or limbs. Additionally,
sensors 180 may include a thermometer 184, camera 186,
and sensors 188 (for example, a red LED) for performing
photoplethysmography measurements. Camera 186 can be
multiple cameras disposed on the exterior of the device to
capture external image data, such as cameras for providing
an augmented reality (AR) experience, in which digital
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images are superimposed over the view of a camera posi-
tioned on or near a uset’s eye. Camera 186 can also be any
suitable camera capable of generating image data suitable
for tracking motion based on emissions in the visible or
invisible regions of the electromagnetic spectrum, such as
visible light or infrared. Further, sensors 180 can include
sensors configured to monitor the usage of system resources,
including, without limitation, main processor 140, GPU 170
or memory 160.

[0036] Although FIG. 1 illustrates one example of a
device 100 for implementing contextually aware determi-
nation of respiration rate, various changes may be made to
FIG. 1. For example, the device 100 could include any
number of components in any suitable arrangement. Simi-
larly, according to certain embodiments, device 100 may be
one of multiple devices (for example, a smartphone and a
smartwatch) used for performing contextually aware deter-
mination of respiration rate. In general, devices including
computing and communication systems come in a wide
variety of configurations, and FIG. 1 does not limit the scope
of this disclosure to any particular configuration. While FIG.
1 illustrates one operational environment in which various
features disclosed in this patent document can be used, these
features could be used in any other suitable system.

[0037] FIG. 2 illustrates examples of mobile devices mea-
suring a subject’s respiration rate according to various
embodiments of this disclosure.

[0038] Respiration Rate (“RR”), otherwise known as
breaths per minute, along with oxygen saturation (SpQO,) are
important indicators of cardiopulmonary health in both
healthy people, and patients with Chronic Obstructive Pul-
monary Disease (COPD) or asthma. At the same time,
healthy individuals as well as patients with cardiopulmonary
conditions often carry smartphones and other multi-sensor
apparatus (for example, tablets and smartwatches). Accord-
ingly, embodiments according to this disclosure provide
systems and methods for obtaining clinically useful esti-
mates of a subject’s respiration rate through commonly
carried apparatus (for example, a smartphone), thereby
making doctors and patients less reliant on specialized
and/or hospital-specific equipment (for example, pneumot-
achographs or Respitrace bands) to obtain RR data.

[0039] Referring to the non-limiting example of FIG. 2, an
electronic device, such as a smartphone 205, or a smart
watch 210, of device 100 in FIG. 1, includes a suite of
sensors configured to obtain data regarding the condition of
the device. Such sensors might include inertial measurement
units (IMU’s) (such as accelerometers, gyroscopes, magne-
tometers, etc.) capable of detecting the motion of the device
along 3 or more axes. The on-board sensors of smartphone
205 and smart watch 210 may further include a global
positioning unit, a microphone, a thermometer, and in some
cases, a red LED PPG sensor. Additionally, smartphone 205
and smart watch 210 may be operating as platforms for
wellness software which can request and receive patient data
over a network. The on-board sensor technology provided in
smartphone can be used to collect one or more sets of data
associated with a user’s pulmonary activity, such as by a
user 215 holding smartphone 205 over his or her chest, or by
a user 220 holding smartphone 205 over his chest and smart
watch 210 over his abdomen.

[0040] The technical challenges associated with determin-
ing a clinically useful estimate of a user’s respiration rate
from devices such as smartphone 205 and smart watch 210
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include, without limitation, the reliability and noisiness of
the data obtained by the devices’ sensors that can greatly
vary across variations in measurement context. For example,
microphone data may, in certain contexts, such as when the
user is indoors, be a good source of data associated with a
user’s pulmonary activity, but an unreliable source of data in
other contexts, such as when the user is outdoors or moving.
Similarly, the types of noise found in IMU data may vary
according to the user’s posture (such as when a user is lying
down), or other contextual factors, such as whether a user is
moving.

[0041] Given that the reliability of the sensor data and
nature of the noise found in sensor data associated with a
user’s respiratory activity can vary across contexts, the
challenges associated in obtaining a clinically useful esti-
mate of a user’s respiration rate from sensor data also
include selecting appropriate sources of sensor data and
appropriate algorithms for processing the sensor data to
extract respiratory signals from noise. Embodiments accord-
ing to this disclosure enhance the performance of devices
(for example, smartphones and smart watches) as tools for
on-demand or continuous measurement of user’s respiration
rates by performing contextually-aware selection of sources
of sensor data and contextually-aware selection of algo-
rithms for determining a user’s respiration rate.

[0042] FIG. 3 illustrates operations of a method 300 for
performing a contextually aware determination of a sub-
ject’s respiration rate according to certain embodiments of
this disclosure.

[0043] Referring to the non-limiting example of FIG. 3,
while the operations of method 300 are described according
to embodiments in which a single electronic device (for
example device 100 in FIG. 1) collects the sensor data and
performs the recited operations, the present disclosure is not
so limited. Embodiments, wherein sensor data is collected
across multiple devices (for example, a smartphone and a
smart watch) or wherein the recited selection and determi-
nation steps are performed across multiple computing plat-
forms (for example, a backend server and a client applica-
tion running on a user device) are contemplated as being
within the scope of the present disclosure.

[0044] Referring to the non-limiting example of FIG. 3,
method 300 includes operation 310, wherein the electronic
device obtains context information. As used in the present
disclosure, the term “context information” encompasses
information regarding the state of the device and subject
whose respiration rate is to be measured which affects the
accuracy and/or feasibility of estimating the subject’s res-
piration rate.

[0045] Device context information or information regard-
ing the state of the device includes, without limitation, audio
data, image data (for example, lighting conditions, image(s)
of surroundings, etc.), location information, information
regarding the position of the electronic device in relation to
the subject, and/or orientation of the electronic device. From
such device context information, aspects of the condition of
the device which are relevant to the accuracy and feasibility
of arespiration rate measurement (for example, is the device
in a noisy location, making use of the microphone difficult?
or is the device oriented at an angle from which it is difficult
to obtain movement data from a subject’s chest?). Device
context information can also include information regarding
the operation of the electronic device as a portable comput-
ing platform. Such information includes, without limitation,
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the amount of charge left in a battery, whether a BLU-
ETOOTH® connection to another sensor-enabled device is
present, and consumption of system resources by other
programs and processes running on the electronic device.
For example, information indicating that the device’s battery
is low, or that another application is using most of the
device’s memory, may indicate that a respiration rate deter-
mination using a computationally intensive algorithm is not
possible, or likely to exhaust the battery.

[0046] Subject context information, or information
regarding the subject includes, without limitation, medical
history information (for example, information showing the
subject has a damaged or deformed lung), a determination of
a subject’s posture (for example, sitting, standing or prone),
time (for example, did the subject just wake up?), an
estimate of clothing worn by the subject (for example,
material, thickness, etc.) and/or information regarding the
subject’s current activity level (for example, are they exer-
cising or getting ready for bed?).

[0047] In certain embodiments according to this disclo-
sure, context information regarding both the device and the
subject 1s obtained explicitly, by sensors on the electronic
device, or implicitly, by various combinations thereof. As
used in this disclosure, explicitly obtaining information
encompasses the electronic device requesting the context
from a source. Examples of the electronic device explicitly
obtaining context information include, without limitation,
presenting an interface (for example, an interactive survey,
asking the subject questions such as “Did you just wake up?”
or “Is it hard to breathe today?”), or downloading contextual
information, such as medical history information, or envi-
ronmental information (for example, meteorological or air
quality information) from a host computer.

[0048] Context information can, according to certain
embodiments, be obtained directly from sensor data. For
example, a PPG sensor on an electronic device can directly
obtain an SpO, value for the subject. Similarly, an audio
level from a microphone can provide contextual information
as to whether the ambient sound level is too high for a
microphone based measurement. As a further, non-limiting
example, sensor data from a gyroscope and/or an IMU can
indicate whether the device is suitably oriented for perform-
ing a respiration rate measurement.

[0049] Additionally, in some embodiments, context infor-
mation can be implicitly obtained, or inferred from sensor
data or explicitly obtained information. For example, an
electronic device may explicitly obtain a user’s home
address (for example, through a form or by download) and
in conjunction with global positioning system information,
implicitly determine that the user is at home.

[0050] Additionally, in some embodiments, context infor-
mation may be determined based on the application of a
learnt model to data associated with respiratory activity of a
subject. For example, a learnt model can be used to train the
electronic device to recognize whether an electronic device
is correctly oriented on a subject’s chest by generating and
learning, at least one template of a representative ballisto-
cardiogram (BCG) signal of the user from captured accel-
erometer data from at least one axis via a training phase.
According to certain embodiments, the electronic device can
segment subsequently obtained accelerometer data into
chunks similar to the template signal to check similarity
between the template and the real-time accelerometer data to
determine context information as to whether the electronic
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device is correctly oriented on the subject’s chest. Embodi-
ments in which an electronic device utilizes a learnt model
to obtain context information include embodiments where
the electronic device utilizes a learmnt model to resolve
whether the device is positioned on the subject’s chest or
abdomen, whether the subject is wearing heavy clothes, and
embodiments where the electronic device uses a trained
model to estimate a distance between the device and the
subject’s mouth are possible and within the contemplated
scope of this disclosure. Such learnt model(s) can be built
through supervised, semi-supervised or un-supervised
machine learning, including deep learning involving neural
networks.

[0051] In some embodiments, obtaining context informa-
tion can include detecting events of clinical interest, such as
the lapse of a timer between respiratory rate measurements,
or receiving information regarding events of cardiopulmo-
nary interest, such as high air temperatures or emergencies
(for example, a fire, or volcanic eruption).

[0052] In certain embodiments, the electronic device per-
forming method 300 is capturing, via sensors provided in the
electronic device, one or more sets of sensor data. In certain
embodiments, the electronic device performing method 300
may also be receiving sensor data from a second electronic
device, such as a smart watch paired with a smartphone. For
example, a device may capture, over a given sample interval,
IMU data, microphone data and PPG sensor data associated
with respiratory activity of a subject. Further, the memory of
the device may include program code, which when executed
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associated with respiratory activity of the subject based on
the context information. In some embodiments, the obtained
context information may be used to exclude sources of
sensor data which, based on the context, are expected to
vield high error levels in the determined respiration rate. For
example, if the context information indicates that the subject
or device is outside, then sensor data from a microphone
may be excluded. On the other hand, if the context infor-
mation indicates that the subject is currently using the
electronic device to conduct a phone call (implying that the
device is close to the user’s mouth), then sensor data from
the microphone may be selected, on the assumption that the
microphone is suitably positioned to pick up audio signals
which can reliably be attributed to the subject’s breathing.

[0054] Additionally, as part of operation 320, the elec-
tronic device may compare a quality metric (for example,
signal strength or a dynamic range of a signal) against a
threshold value as part of selecting one or more sets of
sensor data. The threshold value may be leamt through a
training phase where variation of subjects, variation of
contexts, and variation of signal quality are carefully
labelled to understand the dynamic range of the signal.
According to certain embodiments, the selection of a set of
sensor data may be performed by consulting a mapping table
(or other suitable data structure) of contexts, estimated
measurement error and the data requirements of a plurality
of algorithms maintained in a memory of the electronic
device. Table 1 below provides an illustrative example of
such a mapping table.

TABLE 1
Sensor Algorithm
1% Comrext 2°*¢ Context N Context  Data Set(s) Set(s) M.A.E.

Device on  User Sitting ~ Silent

Chest

Device on  User Siting
Abdomen

Device on  User Supine Silent
Abdomen

Device on  User Supine Coughing

Chest

Accelerometer - Algorithm 1 0.93 B.PM.

Y axis. (e.g., FFT)
Speech Gyroscope Algorithm  1.59 BPM.
Magnitude 1,
Algorithm 3
Gyroscope - Algorithm 2 0.85 BP.M.
X axis (e.g., Zero-
crossing)

Accelerometer
Magnitude

Algorithm 4 2.50 BP.M.

by a processor of the device, performs an algorithm for
filtering and determining the respiration rate from a particu-
lar set or particular sets of sensor data (for example, an
algorithm for determining RR from audio data, or from a
combination of audio data and smart watch IMU data). For
higher measurement accuracy, certain embodiments can
utilize one or more sets of sensor data from multiple devices
placed on one or more parts of the user’s body at the same
time. For example, a smartphone can be placed on the chest
and a smart watch coupled to the smart phone can be placed
on the abdomen. Combinations of IMU data from these two
devices may capture better breathing signals than the
devices in isolation. The combination of IMU data can, in
some embodiments, be a summation of the devices’ signals.
In fact, in certain embodiments. the electronic device may
have multiple respiration rate determining algorithms, some
of which may utilize different sets of sensor data.

[0053] According to various embodiments, at operation
320, the electronic device selects a set of sensor data

[0055] As shown in the non-limiting example of Table 1,
certain embodiments of a mapping table maintain correla-
tions between combinations of contexts, sensor data require-
ments, and estimates of the mean absolute error (“MAE”)
associated with combinations of contexts, sets of sensor
data, and in some embodiments, specified algorithms for
determining respiration rate.

[0056] In some embodiments, some or all of the opera-
tions of method 300 may be performed as an ongoing, or
background process on the electronic device. To improve
performance and/or support continuous monitoring of res-
piration rate, the electronic device may, at regular intervals,
receive updated context information. In some embodiments,
the electronic device may select the set of sensor data
associated with respiratory activity of the subject by switch-
ing from one set of sensor data to another set of sensor data,
based on the updated context information. In this way, the
electronic device is able to move through the operations of
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method 300 seamlessly by pre-performing the determination
of a set of sensor data associated with respiratory activity of
the subject.

[0057] In certain embodiments, at operation 330, the elec-
tronic device selects, based on the selected set(s) of sensor
data, an algorithm from a plurality of algorithms for deter-
mining a respiration rate of the subject. In the non-limiting
example of FIG. 3, the selection of the algorithm may be
performed by consulting a mapping table, such as Table 1,
to identify, from the algorithms utilizing the selected sensor
data, the algorithm with the lowest average error rate.
According to certain embodiments, the mapping table is
generated by a learnt model which may be trained wholly or
in part by the electronic device. In some embodiments, the
mapping table may be provided to the electronic device, and
the electronic device applies the learnt model to update and
tune the mapping table to account for subject-specific con-
textual variations (for example, a subject being a loud
telephone speaker whose speaking levels drown out audio
signals associated with her breathing).

[0058] In some embodiments, the selection of the algo-
rithm from the plurality of algorithms for determining the
respiration rate of the subject is triggered by a user-initiated
respiration measurement request, such as clicking on a
“measure respiration rate” button provided by the user
interface of a health care application (for example, the
SAMSUNG™ HEALTH application). According to some
embodiments, the selection of the algorithm may be trig-
gered, or performed in response to a change of a sensing
mode of the electronic device. For example, the electronic
device may be switched from an “on demand” to a continu-
ous, or seamless measurement mode, wherein method 300 is
performed as an ongoing, or background process on the
electronic device, thereby obviating the need for the subject
to remember when to measure her respiration rate.

[0059] As shown in the illustrative example of FIG. 3, at
operation 340, the electronic device determines a value for
the respiration rate of the subject by applying the selected
algorithm to the selected sensor data associated with the
respiratory activity of the subject. In some embodiments, the
electronic device may select from a set of algorithms which
includes, for various sets of inputted sensor data, algorithms
for determining respiration rate based on a time-domain
analysis, algorithms for determining respiration rate based
on a frequency-domain analysis, and algorithms for deter-
mining respiration rate using a total variation (TV) filter.
Additionally, other algorithms, such as algorithms incorpo-
rating SpO, measurement data or algorithms which de-noise
sensor data using other processing techniques, such as a
Kalman filter, are possible and within the contemplated
scope of this disclosure.

[0060] As a non-limiting example of certain embodiments
according to this disclosure, a time domain algorithm for
determining respiration rate includes the steps of: 1.) receiv-
ing accelerometer sensor data (for example accelerometer
data collected on the z-axis); 2.) applying a low-pass filter to
smooth the data; 3.) detrending the data; 4.) removing
motion artifacts; 5.) interpolating the sensor data to fill in
gaps, such as with a cubic spline; 6.) detecting peaks in the
signal; and 7.) determining a respiration rate from the
interval(s) between peaks.

[0061] FIG. 4 illustrates combinations of contexts, types
of sensor data, and algorithms for determining a subject’s
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respiration rate based on one or more learnt models accord-
ing to certain embodiments of this disclosure.

[0062] Referring to the non-limiting example of FIG. 4,
for a given electronic device, the full set of potential ways
400 of determining the respiration rate of a subject is
dependent on the sizes of a set of determined contexts 405,
the superset 410 of sets of sensor data available to the
electronic device, and a set of algorithms 415 for performing
a respiration rate measurement. Depending on the sizes of
each of sets 405, 410 and 415, the number of members in the
full set 400 could be potentially very large. Further, some of
the possible combinations of contexts, sets of sensor data
and algorithms may present unacceptably high error rates,
and thus be of limited clinical value.

[0063] Thus, the technical challenges associated with
implementing context-aware measurement on an electronic
device include training a model, generating a mapping or
otherwise generating control logic for the electronic device
to select one or more set(s) of sensor data and at least one
measurement algorithm that yields a clinically acceptable
error rate.

[0064] Inthe illustrative example of FI1G. 4, set of contexts
405 comprises contexts numbered 1-p. Similarly, the super-
set 410 of sets of measurement data comprises sets of sensor
data numbered 1-n, and the set of algorithms 415 comprises
algorithms numbered 1-m. In this non-limiting example, the
arrows from members of set of contexts 405 to members of
sensor data superset 410 and set of algorithms 415 represent
combinations of sensor data and algorithms provided to the
electronic device (for example, as part of a table, such as
TABLE 1), which can be used by the electronic device to
select sensor data (for example, in operation 320 of FIG. 3)
and an algorithm (for example, in operation 330 of FIG. 3).
Attention is directed to the fact that not every permutation of
context, sensor data and algorithm is shown as linked by
arrows, reflecting the fact that certain combinations of
contexts, sets of sensor data, and algorithms do not yield
results with clinically acceptable error profiles.

[0065] FIG. 5 illustrates aspects of a method for deter-
mining and mapping clinically acceptable combinations of
contexts, types of sensor data, and algorithms for determin-
ing a subject’s respiration rate using devices according to
some embodiments of this disclosure. In one embodiment,
this method is carried out during the training phase.

[0066] According to certain embodiments, combinations
of algorithms and sensor data which yield results with
clinically acceptable error profiles are determined on a
context-by-context basis. FIG. 5 depicts a processing work-
flow 500 for determining the best performing combination
of sensor data and algorithms for a particular context (or a
particular combination of contexts, such as shown in FIG.
1).

[0067] Referring to the non-limiting example of workflow
500, at operation 505, sets of sensor data associated with
respiratory activity of a subject numbered 1-n are captured
from sensors of the electronic device during a set interval. In
some cases, the sets of sensor data numbered 1-n may
correspond to all of the sets of sensor available to the
electronic device. In other cases, sets of sensor data num-
bered 1-n may comprise a subset of the sets of sensor data
available to the electronic device, as certain sets of data can
be excluded in advance (for example, microphone data in a
context with large amounts of ambient noise). A ground truth
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value of the subject’s respiration rate during the set interval
is obtained using a trusted sensor, such as a pneumotacho-
graph.

[0068] In some embodiments according to this disclosure,
at operation 510, signal pre-processing is performed on each
set of sensor data. Such signal pre-processing may comprise
applying a low pass filter (LPF) to the sensor data or
interpolating the sensor data.

[0069] According to the non-limiting example of FIG. §,
at operation 515, the processed sets of data are fed to each
of the algorithms numbered 1-m to obtain, at operation 520,
m separate values of the estimated (as determined by each of
the algorithms) respiration rate of the subject. At operation
520, each of the estimated values of the subject’s respiration
rate is compared against the ground truth value of the
subject’s respiration rate, to obtain error rates. From this the
top-performing combinations of algorithms and sensors can
be identified and mapped to a table or other data structure
from which an electronic device can select, for a particular
context, an appropriate set of sensor data and an appropriate
algorithm.

[0070] FIG. 6 illustrates operations of a method 600 for
performing a context aware respiration rate determination
according to some embodiments of this disclosure. As
shown in this illustrative example, the operations of a
method for determining respiration rate according to certain
embodiments of this disclosure can obtain data not directly
associated with respiratory activity of the subject, and can
apply a learnt model to guide the user to adjust the position
of the electronic device to better capture sensor data asso-
ciated with respiratory activity.

[0071] Referring to the non-limiting example of FIG. 6, at
operation 605, the electronic device obtains sensor data
associated with respiratory activity. Sensor data may be
obtained via sensors incorporated in the electronic device
(for example, electronic device 100 in FIG. 1), including,
without limitation, microphones, cameras, and IMUs.

[0072] In certain embodiments, at operation 610, the elec-
tronic device obtains other sensor data, or sensor data not
directly associated with respiratory activity of the subject,
for example, oxygen saturation levels, or the subject’s heart
rate. In some embodiments, the electronic device obtains the
other sensor data from sensors provided in the electronic
device, such as, for example a red LED sensor for perform-
ing PPG measurements. In some embodiments, the elec-
tronic device obtains other sensor data from sensors not
included in the electronic device, including, without limita-
tion, sensors in a smart watch, or in a heart rate monitor on
the subject’s finger or chest.

[0073] In the non-limiting example of FIG. 6, at operation
615, the electronic device determines, based on the sensor
data, the device context. For example, at operation 615, the
electronic device may determine, through the application of
a learnt model developed by comparing sensor data (for
example, gyroscope data along an axis of particular interest,
such as the z-axis) associated with the subject’s respiration,
whether the device is correctly oriented. In addition to
whether the device is correctly oriented for a motion based
measurement (for example, tracking the rise and fall of the
chest or abdomen), device context which may be determined
at operation 615 includes, without limitation, the distance of
the microphone from the user’s mouth, which may, in certain
embodiments, be inferred from the device angle, audio level
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data, and knowledge regarding the user (for example, height,
or other proxy for arm length).

[0074] Also, in some embodiments, the electronic device
may determine and remove motion artifacts from the sensor
data. For example, certain inertial measuring units (IMUs)
are susceptible to “drift” or providing sensor data due to
calibration errors, rather than in response to actual motion of
the sensor. At operation 615, the electronic device may
process the sensor data to remove such artifacts.

[0075] According to certain embodiments, at operation
620, the device determines based on the other sensor data, a
value of a datum which is relevant to a determination of user
context. According to some embodiments, the electronic
device determines the datum linked to user context based on
a combination of the other sensor data and the device
context. In the non-limiting example of FIG. 6, the elec-
tronic device determines the subject’s SpO, level, which can
be a useful datum for determining aspects of the user’s
context (including, for example, whether the user exhibits
signs of chronic obstructive pulmonary disease).

[0076] At operation 625, the device determines. based on
at least one of the sensor data associated with the subject’s
respiratory activity, the determined device context, the other
sensor data, or the determined datum linked to user context,
the user’s context. For example, at operation 625, the
electronic device may determine that the user’s context fits
into one or more categories of posture state (for example,
seated, supine, and standing, etc.), affective state (for
example, agitated, calm, and attentive, etc.) and/or physi-
ological state (for example, hungry, tired, dizzy or stressed).
[0077] In certain embodiments according to this disclo-
sure, at operation 630, the measuring device performs a
check to determine whether at least one set of sensor data
associated with respiratory activity satisfies a quality thresh-
old. For example, at operation 630, the electronic device
may determine that a set of sensor data is collected from a
sensor which was placed at an angle that is within the range
of angles from which a reliable measurement may be
obtained. As another example, the electronic device may
determine that a sensor data exhibits a sufficiently great
dynamic range or sufficiently large signal size.

[0078] In the non-limiting example of FIG. 6, if at opera-
tion 630, the electronic device determines that there is not at
least one set of sensor data associated with respiratory
activity which satisfies a quality threshold, method 600
proceeds to operation 635, wherein the electronic device
provides the user with a notification, such as a request to
change an aspect of the device or user comntexts. For
example, in some embodiments, at operation 635, the elec-
tronic device displays a screen or plays a message requesting
that the user adjust the device placement. In some embodi-
ments, the device provides the user with a message or a
screen asking them to change a user context, such as by
switching from a seated to a supine posture. Subsequent to
operation 635, method 600 reverts to operation 605 to
re-attempt the determination of respiration rate.

[0079] If, at operation 630, it is determined that at least
one set of sensor data satisfies a quality threshold, then
method 600 proceeds to operation 640, wherein the elec-
tronic device selects, based on the determined context infor-
mation, at least one set of sensor data associated with the
subject’s respiratory activity, and which satisfies the quality
threshold. The determination performed at operation 640
may be performed based on device context information (for



US 2019/0298224 Al

example, device context determined at operation 615), user
context (for example, user context determined at operation
625), or a combination thereof.

[0080] According to some embodiments, at operation 645,
the electronic device selects an algorithm for determining
the respiratory rate of the subject based on the selected set
of sensor data. In certain embodiments, the selection of the
algorithm at operation 645 is performed based on the
selected set of sensor data and other information, such as
context information. The determination performed at opera-
tion 645 may be performed based on a trained mapping (for
example, a mapping generated using workflow 500 in FIG.
5) or on a learnt model maintained and updated by the
electronic device.

[0081] In certain embodiments according to this disclo-
sure, at operation 650, the electronic device determines the
subject’s respiratory rate by applying the selected algorithm
to the selected set(s) of sensor data and displays the result on
a screen of the electronic device, or on a screen of another
electronic device.

[0082] FIG. 7 illustrates operations of a method 700 for
monitoring a user’s respiration rate in a selected measure-
ment mode according to various embodiments of this dis-
closure. Electronic devices performing context-aware detet-
mination of respiration rate may operate in one or more
measurement modes. As used in this disclosure, the term
measurement mode encompasses a mode of operation of an
electronic device characterized by, without limitation, the
triggering of respiratory rate determinations, and the use of
additional functionalities, such as sensor fusion and algo-
rithm switching, such as discussed in connection with the
example shown in FIG. 8 herein. Examples of measurement
modes for determining respiration rate according to embodi-
ments of this disclosure include “always-on” respiration rate
measurement, “on demand” measurement, and “event trig-
gered” measurement. According to certain embodiments, an
electronic device may present a user interface allowing a
subject to select a measurement mode. In some embodi-
ments, the electronic device may switch automatically
between measurement modes. For example, the electronic
device may switch from an “always on” measurement mode
to an “on-demand” measurement mode without user input in
response to relevant context information (for example, a
time value indicating that the subject is likely asleep, or an
indication that the electronic device’s battery is low).
[0083] Referring to the non-limiting example of FIG. 7,
operations of a method 700 for determination of respiration
rate while in an “always on” measurement mode are shown.
According to certain embodiments, when an electronic
device is in an “always on” measurement mode, the elec-
tronic device constantly monitors the subject’s current con-
text, and processes sensor data based on the context to
complete the measurement. For example, if the electronic
device determines that the subject is in an outdoor setting,
based on sensor data such as GPS data, light and the time of
day, a set of sensor data from the microphone may not be
selected, based on a mapping of sensors to contexts, or a
learnt model implemented by the electronic device. Instead,
accelerometer measurements will be used while the elec-
tronic device continues to obtain context information indi-
cating that the user is in an outdoor setting. However, in
some embodiments, although the user is outdoors, sensor
data from a microphone may still be collected to complete
the measurement.
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[0084] According to certain embodiments, at operation
705, the electronic device obtains one or more sets of sensor
data, such as from electronic sensors provided on the elec-
tronic device itself, or on a device connected to the elec-
tronic device (for example, a heart rate or blood pressure
measuring device). In the non-limiting example of FIG. 7,
operation 705 may be performed by constantly or periodi-
cally monitoring sensor data from the sensors on the device,
as well as the quality of data (for example, whether a quality
value associated with the data exceeds a threshold value). In
certain embodiments, monitoring the quality of the data may
further comprise running multiple instances of a method for
determining respiration rate, to determine the variance
between algorithms, and whether any combinations of algo-
rithms are yielding unforeseen errors (for example, returning
impossibly high or low values of the subject’s respiration
rate).

[0085] In some embodiments, at operation 710, the elec-
tronic device determines a context (for example, a location
of the subject, a time of day, a lighting condition, orientation
or position of the electronic device, posture of the subject or
activity of the subject holding the electronic device) based
on the sensor data obtained at operation 715, which, depend-
ing on the contexts to be determined, is applied to one or
more learnt models implemented by the electronic device.
For example, while time of day data can be obtained directly,
other context information, such as a user’s posture, may be
inferred from combinations of sensor data, such as a com-
bination of device orientation and acceleration (or lack of
acceleration). In some embodiments, at operation 710, the
electronic device determines a specific combination of con-
texts, for example, “user sitting” and “device outdoors.”
[0086] According to certain embodiments, at operation
715, the electronic device selects one or more sets of sensor
data based on the determined context and user profile data in
a memory of the electronic device. In the non-limiting
example of FIG. 7, data maintained in the user profile may
include data relating to medical conditions for which, if the
determined respiratory rate is above or below a threshold
value, an alert should be presented to the subject or a
clinician. Data maintained in the user profile may also
include information which may affect the selection of sen-
sors, such as conditions associated with weak breathing. In
some embodiments, the user profile data includes the sub-
ject’s health record, disease history, medications taken, and
information regarding a patient’s present medical treatment.
[0087] In some embodiments, at operation 720, the elec-
tronic device selects at least one algorithms for determining
respiratory rate based on the selected set(s) of sensor data
and corresponding data quality. According to certain
embodiments, including embodiments supporting a seam-
less switching, or sensor fusion mode of operation, the
electronic device may, at operation 720, select multiple
algorithms associated with multiple combinations of sensor
data and context.

[0088] According to the non-limiting example of FIG. 7,
at operation 725, the electronic device applies one of the
selected algorithms to process a selected set of data to
determine the subject’s respiratory rate.

[0089] In certain embodiments according to this disclo-
sure, at operation 730, responsive to determining the sub-
ject’s respiratory rate, the electronic device determines one
or more subsequent actions (for example, calling an emer-
gency service, notifying a physician, presenting a reminder
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to “slow down,” etc.). After determining one or more
subsequent actions to be taken based on the determined
respiration rate, method 700 loops back to operation 705.

[0090] FIG. 8 illustrates aspects of a processing pipeline
800 for providing seamless transitions across context
changes when the device is in a continuous measurenient
mode, thereby enhancing the electronic device’s ability to
provide continuous respiration rate measurements. Accord-
ing to some embodiments, the operations for performing
continuous monitoring of respiration rate are performed as a
looped sequence of determinative steps, such as determining
which set of data to use, and determining which algorithm
to apply to the selected data. In some cases, changes in
context require repeating certain determinative steps of the
process, which can be demanding of system resources and
cause latency issues.

[0091] In the non-limiting example of FIG. 8, processing
pipeline 800 is structured to provide seamless transitions
across contexts without interruption of a continuous mea-
surement functionality caused by waiting for the processor
to determine, for example which particular set of sensor to
use for the current context. As shown in FIG. 8, processing
pipeline introduces parallelism and smart switching to
remove the selection of sets of sensor data as a source of
discontinuity in providing a continuous respiration rate
measurement functionality.

[0092] As shown in the illustrative example of FIG. 8,
processing pipeline 800 includes three sensor data pipelines,
comprising a pipeline 805 of data captured by a PPG sensor,
a pipeline 810 of data captured by a three-axis accelerom-
eter, and a pipeline 815 of data captured by a three-axis
gyroscope. According to certain embodiments, there may be
more or fewer than three sensor data pipelines. In the
non-limiting example of FIG. 8, the set of sensor pipelines
comprises all of the sensors which can provide sensor data
or context associated with measurement of a subject’s
respiratory rate.

[0093] According to certain embodiments, pipeline 805
provides PPG sensor information, and outputs values of
SpO, levels, which can be used as part of a respiration rate
measurement.

[0094] In some embodiments, pipeline 810 captures sen-
sor data from each of the three measurement axes of a
three-axis accelerometer. The captured data is filtered by one
or more filters appropriate for the sensor data (for example,
a low-pass filter), and pre-processed to output a cleaned-up,
or processed set of sensor data associated with the subject’s
respiration rate.

[0095] In certain embodiments, pipeline 815 captures sen-
sor data from each of the three measurement axes of a
three-axis gyroscope. The captured data is filtered by one or
more filters appropriate for the sensor data (for example, a
Kalman filter), and pre-processed to output a second
cleaned-up, or otherwise processed set of sensor data asso-
ciated with the subject’s respiration rate.

[0096] As shown in the non-limiting example of FIG. 8,
the outputs of each of sensor data pipelines 805, 810 and 815
are fed into a smart switch 820 which facilitates the seamless
implementation of continuous respiration rate measurement
across contexts by receiving periodic updates of context data
and, based on the context data, feeding the outputs of sensor
data pipelines 805, 810 and 815 to one of a plurality of
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fusion algorithms 830 A & B for final processing of the
sensor pipeline data to obtain a determination of the sub-
ject’s respiration rate.

[0097] According to certain embodiments, first fusion
algorithm 825A is an algorithm which utilizes a first set of
sensor data from sensor data pipelines 805-815, and second
fusion algorithm 825B is an algorithm which uses a second
set of sensor data from sensor data pipelines 805-815. In
such cases, when smart switch receives updated context
information, the operation of selecting sensor data associ-
ated with the subject’s respiration rate in response to the
context change comprises switching from the first set of
sensor data to the second set of sensor data. Accordingly, the
efficiency and seamlessness of operation of the electronic
device can be enhanced by queueing, or connecting to the
smart switch, fusion algorithms associated with expected
contexts, so that the step of selecting sensor data comprises
a simple switch, rather than a separate determination of
which sensor data to use. In some embodiments, first fusion
algorithm 830A and second fusion algorithm 830B may
comprise the same underlying operations, but differ in that
one version may be more accurate, while the other version
of the algorithm may be more computationally efficient.
[0098] FIG. 9 illustrates operations of a method 900 for
performing contextually-aware respiration rate measure-
ment while operating in an event-triggered measurement
mode according to certain embodiments of this disclosure.
[0099] As discussed above, certain electronic devices
according to this disclosure support multiple measurement
modes, including, without limitation, “on-demand” and con-
tinuous measurement modes (as shown, for example in
FIGS. 7 & 8). In an event-triggered measurement mode, the
electronic device presents the subject with a notification to
perform a respiration rate measurement in response to the
occurrence of a configured event.

[0100] Referring to the non-limiting example of FIG. 9,
method 900 includes operation 905, wherein the electronic
device receives configuration information of events trigger-
ing a notification to perform a respiration rate measurement.
Depending on embodiments, the configuration information
can be configured by clinicians or by patients based on their
own preferences. Events which can trigger a notification
include, without limitation, the lapse of a timer set at the
most recent previous respiration rate measurement, crossing
a threshold value of another metric of clinical interest (for
example, heart rate, blood sugar or SpO,), or an atmospheric
event (for example, a volcanic eruption, smog warning, or
fire in the vicinity).

[0101] In some embodiments, at operation 910, a config-
ured event occurs, triggering a notification 915 for a user to
perform a respiration rate measurement. In the non-limiting
example of FIG. 9, the notification 915 may be provided
through a screen of the electronic device, and provide text
identifying the event and notifying the subject to perform a
measurement. In some embodiments, the current time of the
day can be an event to trigger the measurement. For
example, preset times (for example, 8:00 a.m. and 8:00 p.m..)
can be configurable events for triggering an alert to the user
to perform a respiration rate measurement. In certain
embodiments, the notification may be provided through a
device other than the electronic device, such as a linked
smart watch. In some embodiments, the notification may be
provided via an email, an SMS, or other communication
protocol.
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[0102] Referring to the non-limiting example of FIG. 9, at
operation 920, the electronic device performs a contextu-
ally-aware respiration rate measurement according to vari-
ous embodiments of this disclosure and provides the mea-
surement result 925 to the user. According to some
embodiments, measurement result 925 may be provided
with additional information, such as information recom-
mending action to be taken by the subject, or, as shown in
FIG. 9, information providing clinical context regarding the
result. In the non-limiting example of FIG. 9, a warning icon
is shown above the respiration rate value of 35 breaths per
minute, indicating that the subject is hyperventilating or
otherwise breathing unusually rapidly.

[0103] None of the description in this application should
be read as implying that any particular element, step, or
function is an essential element that must be included in the
claim scope. The scope of patented subject matter is defined
only by the claims. Moreover, none of the claims is intended
to invoke 35 U.S.C. § 112(f) unless the exact words “means
for” are followed by a participle.

What is claimed is:

1. A method for contextually aware determination of
respiration rate, the method comprising:

obtaining, by an electronic device, context information;

selecting, by the electronic device, a set of sensor data

associated with respiratory activity of a subject, based
on the context information,

selecting, based on the selected set of sensor data, an

algorithm from a plurality of algorithms for determin-
ing a respiration rate of the subject; and

determining, by applying the selected algorithm to the

selected set of sensor data associated with respiratory
activity of the subject, the respiration rate for the
subject.

2. The method of claim 1, wherein the context information
comprises at least one of audio data, image data, a deter-
mination of a subject’s posture, location information, an
orientation of the electronic device, medical history infor-
mation of the subject, or a combination thereof.

3. The method of claim 1, wherein the algorithm for
determining the respiration rate is selected based on appli-
cation of a learnt model to the context information and the
selected set of sensor data.

4. The method of claim 3, further comprising, updating,
by the electronic device, the learnt model based on the
determined respiration rate for the subject.

5. The method of claim 1, further comprising:

obtaining, by the electronic device, updated context infor-

mation; and

selecting, by the electronic device, the set of sensor data

associated with respiratory activity of the subject by
switching to the set of sensor data from another set of
sensor data, based on the updated context information.

6. The method of claim 5, wherein selecting the algorithm
from the plurality of algorithms for determining the respi-
ration rate is performed in response to at least one of a
user-initiated respiration measurement request, a change of
sensing mode of the electronic device or a combination
thereof.

7. The method of claim 1, wherein the selected set of
sensor data associated with respiratory activity of the subject
1s obtained from a second electronic device.
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8. An apparatus comprising:

a processor;

one or more sensors coupled to the processor, configured

to capture one or more sets of sensor data; and

a memory, containing computer-readable program code,

which when executed by the processor, causes the

apparatus to:

obtain context information,

select a set of sensor data associated with respiratory
activity of a subject, based on the context informa-
tion,

select, based on the selected set of sensor data, an
algorithm from a plurality of algorithms for deter-
mining a respiration rate of the subject; and

determine, by applying the selected algorithm to the
selected set of sensor data associated with respiratory
activity of the subject, the respiration rate for the
subject.

9. The apparatus of claim 8, wherein the context infor-
mation comprises at least one of audio data, image data, a
determination of a subject’s posture, location information,
an orientation of the electronic device, medical history
information of the subject, or a combination thereof.

10. The apparatus of claim 8, wherein the algorithm for
determining the respiration rate is selected based on appli-
cation of a learnt model to the context information and the
selected set of sensor data.

11. The apparatus of claim 10, wherein the memory
contains computer-readable program code, which when
executed by the processor, causes the apparatus to update the
learnt model based on the determined respiration rate for the
subject.

12. The apparatus of claim 8, wherein the memory con-
tains computer-readable program code, which when
executed by the processor, causes the apparatus to:

obtain updated context information, and

select the set of sensor data associated with respiratory

activity of the subject by switching to the set of sensor
data from another set of sensor data, based on the
updated context information.
13. The apparatus of claim 12, wherein the memory
contains computer-readable program code, which when
executed by the processor, causes the apparatus to select the
algorithm from the plurality of algorithms for determining
the respiration rate in response to at least one of a user-
initiated respiration request, a change of sensing mode of the
electronic device or a combination thereof.
14. The apparatus of claim 8, wherein the selected set of
sensor data associated with respiratory activity of the subject
is obtained from a second electronic device.
15. A non-transitory computer-readable medium compris-
ing program code, which when executed by a processor,
causes an apparatus to:
obtain context information,
select a set of sensor data associated with respiratory
activity of a subject, based on the context information,

select, based on the selected set of sensor data, an algo-
rithm from a plurality of algorithms for determining a
respiration rate of the subject; and

determine, by applying the selected algorithm to the

selected set of sensor data associated with respiratory
activity of the subject, the respiration rate for the
subject.
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16. The non-transitory computer-readable medium of
claim 15, wherein the context information comprises at least
one of audio data, image data, a determination of a subject’s
posture, location information, an orientation of the elec-
tronic device, medical history information of the subject, or
a combination thereof.

17. The non-transitory computer-readable medium of
claim 15, wherein the algorithm for determining the respi-
ration rate is selected based on application of a learnt model
to the context information and the selected set of sensor data.

18. The non-transitory computer-readable medium of
claim 17, comprising program code, which when executed
by the processor, causes the apparatus to update the learnt
model based on the determined respiration rate for the
subject.

19. The non-transitory computer-readable medium of
claim 15, comprising program code, which when executed
by the processor, causes the apparatus to:

obtain updated context information, and

select the set of sensor data associated with respiratory

activity of the subject by switching to the set of sensor
data from another set of sensor data, based on the
updated context information.

20. The non-transitory computer readable medium of
claim 19, comprising program code, which when executed
by the processor, causes the apparatus to select the algorithm
from the plurality of algorithms for determining the respi-
ration rate in response to at least one of a user-initiated
respiration request, a change of sensing mode of the elec-
tronic device or a combination thereof.
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