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SLEEP APNEA THERAPY ENHANCEMENT
METHOD AND APPARATUS

TECHNICAL FIELD

[0001] The present disclosure relates to the field of sleep
apnea and wearable technologies. More particularly,
embodiments of the present disclosure relate to sleep apnea
therapy enhancement method and apparatus that includes
usage of wearable devices.

BACKGROUND

[0002] The background description provided herein is for
the purpose of generally presenting the context of the
disclosure. Unless otherwise indicated herein, the materials
described in this section are not prior art to the claims in this
application and are not admitted to be prior art by inclusion
in this section.

[0003] Sleep apnea is a sleep disorder characterized by
pauses in breathing or instances of shallow breathing during
sleep. The lack of oxygen in the body due to sleep apnea can
cause long-term health problem including high blood pres-
sure, heart disease, stroke, diabetes and depression. This
problem has affected the lives of millions of people around
the world. One of the most common therapies to treat the
sleep apnea is by using a continuous positive airway pres-
sure (CPAP) device, which splints the patient’s airway open
during sleep by means of continuous, pressurized air.
[0004] An improved version of CPAP is the automatic
positive airway pressure (APAP) device, where algorithms
are used to sense the subtle changes in the patient’s breath-
ing and accordingly adjust the air pressure to the patient
during sleep. However, until recently, the APAP machine
only senses the conditions in the air flow, such as pressure,
temperature and humidity in the tubing. This scheme has
limitations as it has no information about the direct effects
on the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments will be readily understood by the
following detailed description in conjunction with the
accompanying drawings. To facilitate this description, like
reference numerals designate like structural elements.
Embodiments are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying
drawings.

[0006] FIG. 1 illustrates an overview of the sleep apnea
therapy enhancement technology of the present disclosure,
according to various embodiments.

[0007] FIG. 2 illustrates an example wrist worn device
incorporated with the sleep apnea therapy enhancement
technology of the present disclosure, according to various
other embodiments.

[0008] FIG. 3 illustrates an example of the recorded Elec-
trocardiography (ECG), chest respiratory effort signals
(Resp C) and, abdominal respiratory effort signals (Resp A),
oronasal airflow (Resp N) and oxygen saturation (SpO2),
and corresponding heart rate variability as measured by the
R-R intervals (T Penzel, G B Moody, R G Mark, A L
Goldberger, ] H Peter. The Apnea-ECG Database. Comput-
ers in Cardiology 2000; 27:255-258).

[0009] FIG. 4 illustrates another example of the recorded
Electrocardiography (ECG), chest respiratory effort signals
(Resp C) and, abdominal respiratory effort signals (Resp A),
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oronasal airflow (Resp N) and oxygen saturation (SpO2),
and the corresponding heart rate variability as measured by
the R-R interval (T Penzel, G B Moody, R G Mark, AL
Goldberger, ] H Peter. The Apnea-ECG Database. Comput-
ers in Cardiology 2000; 27:255-258).

[0010] FIG. 5 illustrates an example process for process-
ing optical sensor data, according to various embodiments.
[0011] FIG. 6 illustrates a component view of an example
wearable device suitable for practicing the present disclo-
sure, according to various embodiments.

[0012] FIG. 7 illustrates a component view of an example
APAP device for practicing the present disclosure, according
to various embodiments.

[0013] FIG. 8 illustrates a storage medium having instruc-
tions for practicing methods described with references to
FIGS. 1-7, according to various embodiments.

DETAILED DESCRIPTION

[0014] Apparatus, method and storage medium associated
with enhancing sleep apnea therapy are disclosed herein. In
embodiments, a wearable device, such as a wrist-worn
device, with heart rate monitoring and sleep tracking func-
tions may be worn by a user, and used to enhance an APAP
device, in its provision of sleep apnea therapy to the user.
Heart rate variability (HRV) data, together with other sleep
tracking data, may be collected, processed and/or analyzed
by the wearable device to determine an apnea condition of
a user. The determined apnea condition of the user (option-
ally including the heart rate variability and sleep pattern
data) may be reported to the APAP device. In response, the
APAP device may adjust the machine settings based at least
in part on the determined sleep apnea condition (HRV and/or
sleep patterns), in addition to other sensor data (such as air
pressure, humidity and temperature, etc. of the air flow
provided to the user/patient).

[0015] Medical research has shown that HRV which is
defined as the variation in time interval between heartbeats,
manifests very different patterns for persons with and with-
out sleep apnea. By taking into account the direct effects on
the user/patient, the APAP device may be enhanced with
increase accuracy of the device setting, and in turn, improve
the effectiveness of the sleep apnea therapy provided to the
user/patient.

[0016] In the following detailed description, reference is
made to the accompanying drawings which form a part
hereof wherein like numerals designate like parts through-
out, and in which is shown by way of illustration embodi-
ments that may be practiced. It is to be understood that other
embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present disclosure. Therefore, the following detailed
description is not to be taken in a limiting sense, and the
scope of embodiments is defined by the appended claims
and their equivalents.

[0017] Aspects of the disclosure are disclosed in the
accompanying description. Alternate embodiments of the
present disclosure and their equivalents may be devised
without parting from the spirit or scope of the present
disclosure. It should be noted that like elements disclosed
below are indicated by like reference numbers in the draw-
ings.

[0018] Various operations may be described as multiple
discrete actions or operations in turn, in a manner that is
most helpful in understanding the claimed subject matter.



US 2018/0206762 A1l

However, the order of description should not be construed as
to imply that these operations are necessarily order depen-
dent. In particular, these operations may not be performed in
the order of presentation. Operations described may be
performed in a different order than the described embodi-
ment. Various additional operations may be performed and/
or described operations may be omitted in additional
embodiments.

[0019] For the purposes of the present disclosure, the
phrase “A and/or B” means (A), (B). or (A and B). For the
purposes of the present disclosure, the phrase “A, B, and/or
C” means (A), (B), (C), (A and B), (A and C), (B and C), or
(A, B and C).

[0020] The description may use the phrases “in an
embodiment,” or “in embodiments,” which may each refer
to one or more of the same or different embodiments.
Furthermore, the terms “comprising,” “including,” “hav-
ing,” and the like, as used with respect to embodiments of
the present disclosure, are synonymous.

[0021] As used herein, the term “module” may refer to, be
part of, or include an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated,
or group) and/or memory (shared, dedicated, or group) that
execute one or more software or firmware programs having
machine instructions (generated from assembler instructions
or compiled from higher level language instructions), a
combinational logic circuit, and/or other suitable compo-
nents that provide the described functionality.

[0022] Referring now to FIG. 1, wherein a sleep apnea
therapy system incorporated with the enhancement technol-
ogy of the present disclosure, according to various embodi-
ments, is illustrated. As shown, in various embodiments,
sleep apnea system 100 may include wearable device 102
(which e.g., may be a wrist worn device) incorporated with
the sleep apnea therapy technology of the present disclosure,
to complement APAP device 104, to enhance the sleep apnea
therapy provided by APA device 104 to user 106. User 106
may also be referred to as “patient,” or other like terms.
[0023] In embodiments, to facilitate enhancement of the
sleep apnea therapy provided by APAP device 104, wear-
able/wrist worn device 102 may be configured to sense and
derive heart rate variability (HRV) and other sleep related
data of user/patient 106, as well as determine an apnea
condition of the user/patient, based at least in part on the
HRYV and/or sleep pattern data, and provide the determined
apnea condition (and optionally, the HRV and/or sleep
pattern) to APAP device 104. APAP device 104 may be
complementarily configured to receive the determined apnea
condition of user/patient 106, and adapt its settings in
provision of an airflow based on the received apnea condi-
tion of user/patient 106 to provide continuous positive
airwave pressure to user/patient 106.

[0024] In embodiments, user/patient 106 may be deter-
mined to have a severe, moderate, mild apnea or no apnea
condition. The detection of the sleep apnea and its severity
can be performed by analyzing the HRV time series. Typical
methods include calculating the power spectrum of the
frames of the HRV time series, filtering the spectrum by
different band-pass filters, and comparing the energy in the
low frequency band (0.002 Hz to 0.5 Hz), the very low
frequency (0.01 Hz to 0.05 Hz).

[0025] In embodiments, the HRV and/or the sleep pattern
data may also be provided to the APAP device 104 to
facilitate fine grain adaptation of its settings in provision of
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the airflow based on the HRV and/or the sleep pattern data,
to provide continuous positive airwave pressure to user/
patient 106.

[0026] Further, in embodiments, wearable/wrist worn
device 102 and/or APAP device 104 may also be configured
to provide the HRV and other sleep related data (as well as
determined apnea conditions) and APAP data to one or more
remote servers at a cloud computing service 120 for further
analysis. The data provided by the wearable device may
include the time series of the heart rate measurements and
sleep tracking data (toss-and-turns, deep or light sleep, rapid
eye movement, etc.). The data provided by the APAP
machine can include sleep apnea statistics for hypopnea,
obstructive apnea and clear airway apnea, as well as the
machine setting such as pressure, humidity and temperature.
[0027] These and other aspects of the sleep apnea therapy
enhancement technology of the present disclosure will be
further described with references to the remaining Figures.
[0028] But before further describing the sleep apnea
therapy enhancement technology of the present disclosure, it
should be noted that while for ease of understanding, wear-
able device 102 is illustrated as a wrist worn device in FIG.
1, in alternate embodiments, as will be apparent from the
description to follow, wearable device 102 may be other
wearable devices, such as head worn devices, chest worn
devices, arm worn devices, thigh worn device, or leg worn
devices.

[0029] Referring now to FIG. 2, wherein an example wrist
worn device incorporated with the sleep apnea therapy
enhancement technology of the present disclosure, accord-
ing to various other embodiments, is illustrated. As shown,
in embodiments, wrist worn device 200 may include a
plurality of light emitting diodes (LED) configured to emit
light onto capillaries 206 of the user/patient, e.g. capillaries
206 at the wrist of the user/patient, in the case of wrist worn
device 200. In embodiments, LEDs 202 may be green LEDs
or other colors. Additionally, wrist worn device 200 may be
configured with one or more optical sensors 204 to sense
light 208 reflected off capillaries 206, and generate optical
sensor data indicative of sensed light 208.

[0030] Inembodiments, in addition to optical sensors 204,
wrist worn device 200 may be configured with one or more
inertial sensors 210 to collect various motion data that are
indicative of the sleep pattern of the user/patient. Example
of inertial sensors may include e.g., accelerometer and gyro
sensors configured to sense motion of the user/patient to
indicate the soundness or restlessness of the user/patient’s
sleep. It also senses the awakeness of the user/patient during
the night.

[0031] Further, wrist worn device 200 may be configured
to process and analyze optical and/or inertia data to deter-
mine an apnea condition of the user/patient. In embodi-
ments, wrist worn device 200 may be configured to process
the optical data to derive the heart rate variability of the
user/patient, which substantially correlates with the nasal
pressure experienced by the user/patient.

[0032] FIG. 3 illustrates an example of the recorded Elec-
trocardiography (ECG), chest respiratory effort signals
(Resp C) and, abdominal respiratory effort signals (Resp A),
oronasal airflow (Resp N) and oxygen saturation (SpO2),
and corresponding heart rate variability as measured by the
R-R intervals (T Penzel, G B Moody, R G Mark, A L
Goldberger, ] H Peter. The Apnea-ECG Database. Comput-
ers in Cardiology 2000, 27:255-258).
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[0033] FIG. 4 illustrates another example of the recorded
Electrocardiography (ECG), chest respiratory effort signals
(Resp C) and, abdominal respiratory effort signals (Resp A),
oronasal airflow (Resp N) and oxygen saturation (SpO2),
and corresponding heart rate variability as measured by the
R-R intervals (T Penzel, G B Moody, R G Mark, A L
Goldberger, ] H Peter. The Apnea-ECG Database. Comput-
ers in Cardiology 2000, 27:255-258.).

[0034] FIG. 5 illustrates an example process for process-
ing optical sensor data, according to various embodiments.
Process 500 for processing optical sensor data may include
operations performed at blocks 502-508. The operations
may be performed e.g., by a processor or controller of
wearable device 100 or 200.

[0035] Process 500 may start at block 502. At block 502,
optical sensor data outputted by optical sensors sensing
lights reflected off the user/patient’s capillaries may be
received. Next, at block 504, the optical sensor data may be
processed and time series data frames may be derived/
generated from the optical sensor data. The analog signals of
the heart rate measurements can be collected by the optical
sensors, while analog signals of the motion measurement
can be collected by the inertial sensors. The signals are then
converted into digital samples by the analog-to-digital con-
verter circuity to form the time series frames.

[0036] At 506, heart rate variability is obtained by com-
puting the R-R intervals of the heart rate samples. Then the
power spectrum of the frames of the HRV time series is
computed, followed by the filtering the spectrum with dif-
ferent band-pass filters, and comparing the energy in the low
frequency band (0.002 Hz to 0.5 Hz), the very low frequency
(0.01 Hz to 0.05 Hz). Next at 508, features such as the ratios
between spectral densities at different frequency bands are
extracted to be used as inputs to the neural network for
training and classification of the various sleep apnea condi-
tions.

[0037] Referring now to FIG. 6, wherein a component
view of an example wearable device suitable for practicing
the present disclosure, according to various embodiments, is
illustrated. As shown, in embodiments, wearable device 600
may include one or more LEDs 602, one or more optical
sensors 604, one or more inertial sensors 606, sensor hub
sub-system 608, analyzer 610 and wireless transceiver 612,
coupled with each other. In embodiments, wearable device
600 may be wrist worn device 100 or 200.

[0038] As described earlier, one or more LEDs 602 may be
configured to project lights on the capillaries of the user/
patient. Optical sensors 604 may be configured to sense the
light reflected off the capillaries of the user/patient. Inertial
sensors 606 may be configured to various motion data that
may depict sleep pattern of the user/patient, e.g., acceler-
ometer and gyro sensors configured to sense motion of the
user/patient. Sensor hub sub-system 608 may be configured
to sample, condition, digitize and/or aggregate the optical
and/or inertial sensor signals into optical and/or inertial
sensor data. Except for their novel use to contribute in
enhancement the sleep apnea therapy provided by a APAP
device, LEDs 602, optical sensors 604, inertial sensors 606,
and sensor hub sub-system may be any one of such elements
known in the art.

[0039] Analyzer 610 may be configured to process and
analyze the heart rate and motion samples to determine an
apnea condition of the user/patient. In embodiments, ana-
lyzer 610 may include processor 622 and neural network
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624. Processor 622 may be configured (e.g., programmed
with executable instructions) to perform the operation of
process 500 to process the heart rate and motion samples to
generate the HRV data, and calculate the power spectral
estimates. Processor 622 may further extract the features
from the HRV such as the ration between spectral densities
of various frequency sub-bands. Neural network 624 may be
pre-trained to process the extracted features to recognize
whether the features depict a mild, moderate, severe apnea
or no apnea condition. Processor 622 and neural network
624, except for the logic to practice the present disclosure,
may be anyone of such elements known in the art. In
particular, processor 622 may be a controller, a single core
or a multi-core processor.

[0040] Wireless transceiver 612 may be configured to
transmit wireless signals encoded with the determined apnea
conditions to the APAP device. In embodiments, wireless
transceiver 612 may also be configured to transmit HRV data
and/or other sleep patterns to the APAP device to allow the
APAP device to perform fine grain setting adjustments in
response to the determined apnea condition. In embodi-
ments, wireless transceiver 612 may be a Bluetooth®, Near
Field Communication (NFC), WiFi or other similar trans-
ceiver.

[0041] Referring now to FIG. 7, wherein a component
view of an example APAP device for practicing the present
disclosure, according to various embodiments, is shown. As
illustrated, in embodiments, APAP device 700 may comprise
a number of sensors 702-706, controller 708, wireless trans-
ceiver 710, and pressure pump 712.

[0042] Pressure pump 712 may be configured to generate
an air stream to provide continuous positive air pressure
(CPAP) for the user/patient, under the control of controller
712. Pressure pump 712 may be any one of such elements
known in the art.

[0043] Sensors 702-706 may include pressure sensor 702,
humidity sensor 704 and temperature sensor 706 to respec-
tively sense pressure, humidity and temperature of the air
stream generated by pressure pump 712 to provide continu-
ous positive air pressure (CPAP) for the user/patient, and
output the sensed pressure, humidity and temperature of the
air stream to controller 708. Sensors 702-706 may be any
one of a number of such sensors known in the art. In
alternate embodiments, more or less sensors may be
included.

[0044] Wireless transceiver 710 may be configured to
receive wireless signals encoded with the determined apnea
conditions from wearable device 100, 200 or 600. In
embodiments, wireless transceiver 710 may also be config-
ured to receive apnea conditions, HRV data and/or other
sleep patterns from wearable device 100, 200 or 600. In
embodiments, wireless transceiver 710 may be a Blu-
etooth®, Near Field Communication (NFC), WiFi or other
similar transceiver.

[0045] Controller 708 may be configured to adaptively
control pressure pump 712, based at least in part on the
received apnea condition from wearable device 100, 200 or
600. In embodiments, controller 708 may be configured to
adaptively control pressure pump 712, further based on the
pressure, humidity and/or temperature sensed by sensors
702-706. In embodiments, controller 708 may be configured
to perform fine grain modification to the settings of presume
pump 712 to change the pressure, humidity and/or tempera-
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ture of the air stream, based at least in part on apnea
conditions, HRV data and/or other received from wearable
device 100, 200, or 600.

[0046] In embodiments, controller 708 may include event
and artefact detector 722 and CPAP manager 724. Event and
artefact detector 722 may be configured to receive, process,
and detect incongruence between the received apnea condi-
tion and the sensed pressure, humidity and/or temperature of
the air stream, and output detection of events/exceptions for
CPAP manager 724. CPAP manager 724 may be configured
to receive HRV data and/or other sleep patterns from wear-
able device 100, 200 or 600, and events/exceptions detected
by event and artefact detector 722, and in response, modify
the settings of pressure pump 712 to adapt, customize,
and/or enhance the air stream generated to provide CPAP for
the user/patient.

[0047] Inembodiments, for example, due to air leakage or
other conditions, the APAP pressure setting without the data
from the wearable device may suggest to set the air pressure
to bet set at 10 cm H20O. The wearable device 600, after
analyzing the HRV and sleep patterns, may suggest the
pressure setting be 12 cm H20. In this case, the CPAP
manager 724 and event and artefact detector 722, may
incorporate the information from the wearable device 600
and change the pressure setting to 11 cm H20.

[0048] FIG. 8 illustrates an example computer-readable
non-transitory storage medium that may be suitable for use
to store instructions that cause an apparatus, in response to
execution of the instructions by the apparatus, to practice
selected aspects of the present disclosure. As shown, non-
transitory computer-readable storage medium 802 may
include a number of programming instructions 804. Pro-
gramming instructions 804 may include instructions that are
configured to enable a wearable device, e.g., wearable
device 100, 200, or 600, in response to execution of the
programming instructions, to provide an analyzer 610 that
practices process 500. In embodiments, programming
instructions 804 may further include instructions that are
configured to enable a APAP device, e.g., APAP device 700,
in response to execution of the programming instructions, to
provide a controller 708 that practices the operations earlier
described. In alternate embodiments, programming instruc-
tions 804 may be disposed on multiple computer-readable
non-transitory storage media 802 instead. In still other
embodiments, programming instructions 804 may be dis-
posed on computer-readable transitory storage media 802,
such as, signals.

[0049] Any combination of one or more computer usable
or computer readable medium(s) may be utilized. The com-
puter-usable or computer-readable medium may be, for
example but not limited to, an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system, appa-
ratus, device, or propagation medium. More specific
examples (a non-exhaustive list) of the computer-readable
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a transmission media such as those
supporting the Internet or an intranet, or a magnetic storage
device. Note that the computer-usable or computer-readable
medium could even be paper or another suitable medium
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upon which the program is printed, as the program can be
electronically captured, via, for instance, optical scanning of
the paper or other medium, then compiled, interpreted, or
otherwise processed in a suitable manner, if necessary, and
then stored in a computer memory. In the context of this
document, a computer-usable or computer-readable medium
may be any medium that can contain, store, communicate,
propagate, or transport the program for use by or in con-
nection with the instruction execution system, apparatus, or
device. The computer-usable medium may include a propa-
gated data signal with the computer-usable program code
embodied therewith, either in baseband or as part of a carrier
wave. The computer usable program code may be transmit-
ted using any appropriate medium, including but not limited
to wireless, wireline, optical fiber cable, RF, etc.

[0050] Computer program code for carrying out opera-
tions of the present disclosure may be written in any
combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The program
code may execute entirely on the user’s wearable device,
partly on the user’s wearable device, as a stand-alone
software package, partly on the user’s wearable device and
partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote com-
puter may be connected to the user’s wearable device
through any type of network, including a local area network
(LAN) or a wide area network (WAN), or the connection
may be made to an external computer (for example, through
the Internet using an Internet Service Provider).

[0051] The present disclosure is described with reference
to flowchart illustrations and/or block diagrams of methods,
apparatus (systems) and computer program products accord-
ing to embodiments of the disclosure. It will be understood
that each block of the flowchart illustrations and/or block
diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by
computer program instructions. These computer program
instructions may be provided to a processor of a general
purpose computer, special purpose computer, or other pro-
grammable data processing apparatus to produce a machine,
such that the instructions, which execute via the processor of
the computer or other programmable data processing appa-
ratus, create means for implementing the functions/acts
specified in the flowchart and/or block diagram block or
blocks.

[0052] The flowchart and block diagrams in the figures
illustrate the architecture, functionality, and operation of
possible implementations of systems, methods and computer
program products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical function
(s). It should also be noted that, in some alternative imple-
mentations, the functions noted in the block may occur out
of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
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blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

[0053] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the disclosure. As used herein, the singular
forms “a,” “an” and “the” are intended to include plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, spe-
cific the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operation, elements, components, and/or groups
thereof

[0054] The corresponding structures, material, acts, and
equivalents of all means or steps plus function elements in
the claims below are intended to include any structure,
material or act for performing the function in combination
with other claimed elements are specifically claimed. The
description of the present disclosure has been presented for
purposes of illustration and description, but is not intended
to be exhaustive or limited to the disclosure in the form
disclosed. Many modifications and variations will be appar-
ent to those of ordinary skill without departing from the
scope and spirit of the disclosure. The embodiment was
chosen and described in order to best explain the principles
of the disclosure and the practical application, and to enable
others of ordinary skill in the art to understand the disclosure
for embodiments with various modifications as are suited to
the particular use contemplated.

[0055] Referring back to FIG. 6, for one embodiment, at
least one of processors 622 may be packaged together with
memory having programming instructions that provide an
analyzer 610. For one embodiment, at least one of proces-
sors 622 may be packaged together with memory having
programming instructions that provide an analyzer 610, to
form a System in Package (SiP). For one embodiment, at
least one of processors 622 may be integrated on the same
die with memory having programming instructions that
provide an analyzer 610. For one embodiment, at least one
of processors 622 may be packaged together with memory
having programming instructions that provide an analyzer
610, to form a System on Chip (SoC).

[0056] Further, in some embodiments, aspects or the
entirety of analyzer 610 may be implemented in APAP 700
instead. That is, for these embodiments, wearable device 600
may be configured to collect and send sensed light and/or
motion data to APAP 700; and APAP 700 may assume the
functions of processing the sensed light and/or motion data,
extract the heart variability and/or sleep patterns data, and
determine the apnea condition. Other redistribution of func-
tions are also possible.

[0057] Thus various example embodiments of the present
disclosure have been described including, but are not limited
to:

[0058] Example 1 may be a wearable apparatus, compris-
ing: one or more light sources to project light onto a user;
one or more optical sensors to sense light reflected off the
user; an analyzer coupled with the one or more optical
sensors to receive, process and analyze sensed light data for
at least features of heart rate variability signals to determine
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an apnea condition of the user; wherein at least the deter-
mined apnea condition of the user is used to control an
automatic positive airway pressure (APAP) device for the
user.

[0059] Example 2 may be example 1, wherein the one or
more light sources may comprise one or more light emitting
diodes (LED).

[0060] Example 3 may be example 1, further comprising
one or more inertial sensors to sense motion data of the user,
wherein the analyzer is further coupled to the one or more
inertial sensors to further receive, process and analyze the
sensed motion data for sleep patterns of the user.

[0061] Example 4 may be example 1, wherein the analyzer
may comprise a processor to receive and process the sensed
light to extract the features of the heart rate variability or
power spectral density data.

[0062] Example 5 may be example 4, wherein the proces-
sor may receive the sensed light data, process the received
sensed light data into time series data frames, and perform
spectral analysis on the time series data frames to extract the
features of the heart rate variability, or power spectral
density data.

[0063] Example 6 may be example 4, wherein the analyzer
may further comprise a neural network coupled to the
processor to receive and analyze the extracted features of the
heart rate variability or power spectral density data to
determine the apnea condition of the user.

[0064] Example 7 may be example 1, further comprising
a wireless transceiver coupled with the analyzer to send the
determined apnea condition, the heart rate variability data or
sleep patterns data to the APAP device.

[0065] Example 8 may be any one of examples 1-7,
wherein the apparatus is a wrist wearable device.

[0066] Example 9 may be an automatic positive airway
pressure (APAP) device, comprising: a wireless transceiver
arrangement to receive sensed light data of a user, or an
apnea condition, heart rate variability or power spectral
density data of the user determined or derived based on the
sensed light data of the user; a pressure pump to output an
air stream for the user, to provide continuous positive
airwave pressure to the user; and a controller coupled to the
wireless transceiver arrangement and the pressure pump to
control the continuous positive airwave pressure provided
by the pressure pump, based at least in part on the apnea
condition, heart rate variability or power spectral density
data of the user.

[0067] Example 10 may be example 9, wherein the wire-
less transceiver arrangement may receive the apnea condi-
tion, heart rate variability or power spectral density data of
the user from a wearable device worn by the user.

[0068] Example 11 may be example 10, wherein the
wearable device worn by the user may include: one or more
light sources to project light onto the user; one or more
optical sensors to sense light reflected off the user to provide
the sensed light data; an analyzer coupled with the one or
more optical sensors to receive, process and analyze the
sensed light data for at least features of heart rate variability
or power spectral density data to determine the apnea
condition of the user; and a wireless transmitter coupled to
the analyzer to transmit the determined apnea condition, the
heart rate variability or the power spectral density data of the
user to the APAP device.

[0069] Example 12 may be any one of example 10 or 11,
further comprising one or more sensors to sense pressure,
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humidity or temperature of the air stream, and output sensed
data indicative of the pressure, humidity or temperature
condition of the air stream.

[0070] Example 13 may be example 12, wherein the
controller may comprise a detector to detect the pressure,
humidity or temperature condition of the air stream.
[0071] Example 14 may be example 13, wherein the
controller may further comprise a manager coupled to the
wireless transceiver arrangement and the detector to receive
the apnea condition, heart rate variability, or power spectral
density, and the detected pressure, humidity or temperature
condition, from the wireless transceiver arrangement or the
detector, and manage the pressure pump, based at least in
part on the received apnea condition, heart rate variability, or
power spectral density, and the detected pressure, humidity
or temperature condition.

[0072] Example 15 may be example 9, wherein the wire-
less transceiver arrangement may further receive sleeping
patterns of the user; and the controller may further control
the continuous positive airwave pressure provided by the
pressure pump, based on the received sleeping patterns of
the user.

[0073] Example 16 may be example 9, wherein the wire-
less transceiver arrangement may receive the sensed light
data of a user from a wearable device worn by the user; and
the APAP device may further comprise an analyzer to
receive, process and analyze the sensed light data for at least
features of heart rate variability, or power spectral density
signals to determine the apnea condition of the user.
[0074] Example 17 may be example 16, wherein the
analyzer may comprise a processor to receive and process
the sensed light data to extract the features of the heart rate
variability or power spectral density data; and a neural
network coupled to the processor to receive and analyze the
extracted features of the heart rate variability or power
spectral density signals to determine the apnea condition of
the user.

[0075] Example 18 may be example 17, wherein the
processor may receive the sensed light data, process the
received the sensed light data into time series data frames,
perform spectral analysis on the time series data frames to
extract the features of the heart rate variability or power
spectral density signals.

[0076] Example 19 may be a method for providing con-
tinuous positive airway pressure, comprising: sensing light
reflected off a user; outputting sensed light data in response
to the sensing; processing the sensed light data for at least
features of heart rate variability or power spectral density;
and analyzing the at least features of heart rate variability or
power spectral density to determine an apnea condition of
the user; wherein at least the determined apnea condition of
the user is used to control an automatic positive airway
pressure (APAP) device for the user.

[0077] Example 20 may be example 19, further compris-
ing receiving motion data sensed by one or more inertial
sensors; processing and analyzing the sensed motion data for
sleep patterns of the user.

[0078] Example 21 may be example 19, wherein process-
ing may comprise processing the sensed light to extract the
features of the heart rate variability or power spectral density
data.

[0079] Example 22 may be example 21, wherein process-
ing the sensed light data may comprise processing the
received sensed light data into time series data frames, and
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performing spectral analysis on the time series data frames
to extract the features of the heart rate variability, or power
spectral density data.

[0080] Example 23 may be example 21, wherein process-
ing may further comprise analyzing the extracted features of
the heart rate variability or power spectral density data to
determine the apnea condition of the user.

[0081] Example 24 may be any one of examples 19-23,
further comprising sending the determined apnea condition,
the heart rate variability data or sleep patterns data to the
APAP device.

[0082] Example 25 may be one or more computer-read-
able media comprising instructions that cause a device, in
response to execution of the instructions by the device, to:
process sensed light data associated with light reflected off
a user for at least features of heart rate variability or power
spectral density; and analyze the at least features of heart
rate variability or power spectral density to determine an
apnea condition of the user; wherein at least the determined
apnea condition of the user is used to control an automatic
positive airway pressure (APAP) device for the user.
[0083] Example 26 may be example 25, wherein the
device is further caused to receive motion data sensed by one
or more inertial sensors; process and analyze the sensed
motion data for sleep patterns of the user.

[0084] Example 27 may be example 25, wherein to pro-
cess may comprise to process the sensed light to extract the
features of the heart rate variability or power spectral density
data.

[0085] Example 28 may be example 27, wherein to pro-
cess the sensed light data may comprise to process the
received sensed light data into time series data frames, and
perform spectral analysis on the time series data frames to
extract the features of the heart rate variability, or power
spectral density data.

[0086] Example 29 may be example 27, wherein to pro-
cess may further comprise to analyze the extracted features
of the heart rate variability or power spectral density data to
determine the apnea condition of the user.

[0087] Example 30 may be any one of examples 25-29,
wherein the device is further caused to send the determined
apnea condition, the heart rate variability data or sleep
patterns data to the APAP device.

[0088] Example 31 may be an apparatus for providing or
assisting in provision of continuous positive airwave pres-
sure to a user, comprising: means for processing sensed light
data associated with light reflected off the user for at least
features of heart rate variability or power spectral density;
and means for analyzing the at least features of heart rate
variability or power spectral density to determine an apnea
condition of the user; wherein at least the determined apnea
condition of the user is used to control an automatic positive
airway pressure (APAP) device for the user.

[0089] Example 32 may be example 31, further compris-
ing means for receiving motion data sensed by one or more
inertial sensors; and means for processing and analyzing the
sensed motion data for sleep patterns of the user.

[0090] Example 33 may be example 31, wherein means
for processing may comprise means for processing the
sensed light to extract the features of the heart rate variabil-
ity or power spectral density data.

[0091] Example 34 may be example 33, wherein means
for processing the sensed light data may comprise means for
processing the received sensed light data into time series
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data frames, and means for performing spectral analysis on
the time series data frames to extract the features of the heart
rate variability, or power spectral density data.

[0092] Example 35 may be example 33, wherein means
for processing may further comprise means for analyzing the
extracted features of the heart rate variability or power
spectral density data to determine the apnea condition of the
user.

[0093] Example 36 may be example 31-35, further com-
prising means for sending the determined apnea condition,
the heart rate variability data or sleep patterns data to the
APAP device.

[0094] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
disclosed embodiments of the disclosed device and associ-
ated methods without departing from the spirit or scope of
the disclosure. Thus, it is intended that the present disclosure
covers the modifications and variations of the embodiments
disclosed above provided that the modifications and varia-
tions come within the scope of any claims and their equiva-
lents.

What is claimed is:

1. A wearable apparatus, comprising;

one or more light sources to project light onto a user;

one or more optical sensors to sense light reflected off the

user;

an analyzer coupled with the one or more optical sensors

to receive, process and analyze sensed light data for at
least features of heart rate variability signals to deter-
mine an apnea condition of the user;

wherein at least the determined apnea condition of the

user 1s used to control an automatic positive airway
pressure (APAP) device for the user.

2. The apparatus of claim 1, wherein the one or more light
sources comprise one or more light emitting diodes (LED).

3. The apparatus of claim 1, further comprising one or
more inertial sensors to sense motion data of the user,
wherein the analyzer is further coupled to the one or more
inertial sensors to further receive, process and analyze the
sensed motion data for sleep patterns of the user.

4. The apparatus of claim 1, wherein the analyzer com-
prises a processor to receive and process the sensed light to
extract the features of the heart rate variability or power
spectral density data.

5. The apparatus of claim 4, wherein the processor is to
receive the sensed light data, process the received sensed
light data into time series data frames, and perform spectral
analysis on the time series data frames to extract the features
of the heart rate variability, or power spectral density data.

6. The apparatus of claim 4, wherein the analyzer further
comprises a neural network coupled to the processor to
receive and analyze the extracted features of the heart rate
variability or power spectral density data to determine the
apnea condition of the user.

7. The apparatus of claim 1, further comprising a wireless
transceiver coupled with the analyzer to send the determined
apnea condition, the heart rate variability data or sleep
patterns data to the APAP device.

8. The apparatus of claim 1, wherein the apparatus is a
wrist wearable device.

9. An automatic positive airway pressure (APAP) device,
comprising:

a wireless transceiver arrangement to receive sensed light

data of a user, or an apnea condition, heart rate vari-
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ability or power spectral density data of the user
determined or derived based on the sensed light data of
the user,

a pressure pump to output an air stream for the user, to
provide continuous positive airwave pressure to the
user; and

a controller coupled to the wireless transceiver arrange-
ment and the pressure pump to control the continuous
positive airwave pressure provided by the pressure
pump, based at least in part on the apnea condition,
heart rate variability or power spectral density data of
the user.

10. The APAP device of claim 9, wherein the wireless
transceiver arrangement is to receive the apnea condition,
heart rate variability or power spectral density data of the
user from a wearable device worn by the user.

11. The APAP device of claim 10, wherein the wearable
device worn by the user includes:

one or more light sources to project light onto the user;

one or more optical sensors to sense light reflected off the
user to provide the sensed light data;

an analyzer coupled with the one or more optical sensors
to receive, process and analyze the sensed light data for
at least features of heart rate variability or power
spectral density data to determine the apnea condition
of the user; and

a wireless transmitter coupled to the analyzer to transmit
the determined apnea condition, the heart rate variabil-
ity or the power spectral density data of the user to the
APAP device.

12. The APAP device of claim 10, further comprising one
or more sensors to sense pressure, humidity or temperature
of the air stream, and output sensed data indicative of the
pressure, humidity or temperature condition of the air
stream.

13. The APAP device of claim 12, wherein the controller
comprises a detector to detect the pressure, humidity or
temperature condition of the air stream.

14. The APAP device of claim 13, wherein the controller
further comprises a manager coupled to the wireless trans-
ceiver arrangement and the detector to receive the apnea
condition, heart rate variability, or power spectral density,
and the detected pressure, humidity or temperature condi-
tion, from the wireless transceiver arrangement or the detec-
tor, and manage the pressure pump, based at least in part on
the received apnea condition, heart rate variability, or power
spectral density, and the detected pressure, humidity or
temperature condition.

15. The APAP device of claim 9, wherein the wireless
transceiver arrangement is to further receive sleeping pat-
terns of the user; and the controller is to further control the
continuous positive airwave pressure provided by the pres-
sure pump, based on the received sleeping patterns of the
user.

16. The APAP device of claim 9, wherein the wireless
transceiver arrangement is to receive the sensed light data of
a user from a wearable device worn by the user; and the
APAP device further comprises an analyzer to receive,
process and analyze the sensed light data for at least features
of heart rate variability, or power spectral density signals to
determine the apnea condition of the user.

17. The APAP device of claim 16, wherein the analyzer
comprises a processor to receive and process the sensed light
data to extract the features of the heart rate variability or
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power spectral density data; and a neural network coupled to
the processor to receive and analyze the extracted features of
the heart rate variability or power spectral density signals to
determine the apnea condition of the user.
18. The APAP device of claim 17, wherein the processor
is to receive the sensed light data, process the received the
sensed light data into time series data frames, perform
spectral analysis on the time series data frames to extract the
features of the heart rate variability or power spectral density
signals.
19. A method for providing continuous positive airway
pressure, comprising:
sensing light reflected off a user;
outputting sensed light data in response to the sensing;
processing the sensed light data for at least features of
heart rate variability or power spectral density; and

analyzing the at least features of heart rate variability or
power spectral density to determine an apnea condition
of the user;

wherein at least the determined apnea condition of the

user is used to control an automatic positive airway
pressure (APAP) device for the user.

20. The method of claim 19, further comprising receiving
motion data sensed by one or more inertial sensors; pro-
cessing and analyzing the sensed motion data for sleep
patterns of the user.

21. The method of claim 19, wherein processing com-
prises processing the sensed light to extract the features of
the heart rate variability or power spectral density data; and
wherein processing the sensed light data comprises process-
ing the received sensed light data into time series data
frames, and performing spectral analysis on the time series
data frames to extract the features of the heart rate variabil-
ity, or power spectral density data, and analyzing the
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extracted features of the heart rate variability or power
spectral density data to determine the apnea condition of the
user.

22. The method of claim 19, further comprising sending
the determined apnea condition, the heart rate variability
data or sleep patterns data to the APAP device.

23. One or more computer-readable media comprising
instructions that cause a device, in response to execution of
the instructions by the device, to:

process sensed light data associated with light reflected

off a user for at least features of heart rate variability or
power spectral density; and

analyze the at least features of heart rate variability or

power spectral density to determine an apnea condition
of the user;

wherein at least the determined apnea condition of the

user is used to control an automatic positive airway
pressure (APAP) device for the user.

24. The computer-readable media of claim 24, wherein
the device is further caused to receive motion data sensed by
one or more inertial sensors; process and analyze the sensed
motion data for sleep patterns of the user, and to process
comprises to process the sensed light to extract the features
of the heart rate variability or power spectral density data.

25. The computer-readable media of claim 24, wherein to
process the sensed light data comprises to process the
received sensed light data into time series data frames, and
perform spectral analysis on the time series data frames to
extract the features of the heart rate variability, or power
spectral density data; and wherein to process further com-
prises to analyze the extracted features of the heart rate
variability or power spectral density data to determine the
apnea condition of the user.

* ok %k



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

S\EReERE

BEG®)

RERR AT IR & (25677 MR T R MEE

US20180206762A1 NI (»&E)B

US15/415740 RiEH

al

R

T

X e

\

al

RS

T
b\

N

REBRA

Il

HUANG JINSHI

HUANG, JINSHI

A61B5/08 A61B5/024 A61B5/00 A61B5/087

patsnap

2018-07-26

2017-01-25

A61B5/08 A61B5/0873 A61B5/6824 A61B5/02405 A61B5/002 A61B5/0022 A61B5/0205 A61B5/02416
A61B5/044 A61B5/05 A61B5/0816 A61B5/4818 A61B5/681 A61B2560/0412

Espacenet  USPTO

RXRF T ERBERFREEETARNRE  FENE#EMTR. &
XiEhlF , REASE - PRSP HRUFARSFRAS £ - R4
HELREE , ATRAUAFRFNLDHEE —N RSN AFERRMD

&, MR, LB MBNEAEE  BTELO0RERMESHE
fiE , MBERA SO REERLES , FIBERNRAFNFRE KA
THEHAFHAPAPR &, AR N/HERR EAMSSHEH

APAP Data

5 Pattern Data

Apnea Condition,
HRY and/or Sleep



https://share-analytics.zhihuiya.com/view/edbddc8f-6cae-4b35-84a3-46922470726d
https://worldwide.espacenet.com/patent/search/family/062905450/publication/US2018206762A1?q=US2018206762A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180206762%22.PGNR.&OS=DN/20180206762&RS=DN/20180206762

