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SYSTEMS AND METHODS FOR USING
BREATH EVENTS IN SLEEP STAGING

BACKGROUND

1. Field

[0001] The present disclosure pertains to systems and
methods the use breath events in determining sleep staging
determination.

2. Description of the Related Art

[0002] The present disclosure relates to systems and meth-
ods for determining sleep stages. The disclosure, in one
embodiment, incorporates the system and methodology into
systems and methods that can also be used to detect or treat
breathing disorders. Obstructive Sleep Apnea (OSA) is a
common form of sleep-disordered breathing (SDB). Con-
tinuous Positive Airway Pressure (CPAP) is usually a first-
line medical therapy for treatment of OSA. Currently, CPAP
machines provide a feedback to the patient, that it is mainly
focused on parameters related to the therapy itself, (treated)
apnea-hypopnea index (AHI), usage history, leaks, etc.
However, CPAP systems that provide effective feedback
regarding the effect of therapy on the objective measured
sleep quality has been limited or non-existent.

SUMMARY

[0003] Accordingly, one or more aspects of the present
disclosure relate to a sleep staging system. The sleep staging
system comprising: one or more sensors configured to
generate output signals conveying information related to one
or more breathing parameters of subject; and one or more
physical computer processors operatively connected with
the one or more sensors, the one or more physical computer
processors configured by computer readable instructions to:
determine, based on the output signals, one or more breath-
ing features of individual breaths of the subject; determine
a distribution of the one or more breathing features over one
or more time windows; detect presence of a breathing event
based on the output signals; determine sleep states of the
subject with a sleep stage classifier model based upon the
distribution of the breathing features and the one or more
breathing events; and provide feedback indicating the sleep
states.

[0004] Another aspect of the present disclosure provides a
method comprising::generating, with one or more sensors,
output signals conveying information related to one or more
breathing parameters of subject; determining, with one or
more physical computer processors, based on the output
signals, one or more breathing features of individual breaths
of the subject; determining, with one or more physical
computer processors, a distribution of the one or more
breathing features over one or more time windows; detect-
ing, with one or more physical computer processors, pres-
ence of a breathing event based on the output signals;
determining, with one or more physical computer proces-
sors, sleep states of the subject with a sleep stage classifier
model based upon the distribution of the breathing features
and the one or more breathing events; and providing, with
one or more physical computer processors, feedback indi-
cating the sleep states.

[0005] Another aspect of the present disclosure relates to
a method for generating, with one or more sensors, output
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signals conveying information related to one or more breath-
ing parameters of subject; determining, with one or more
physical computer processors, based on the output signals,
one or more breathing features of individual breaths of the
subject; determining, with one or more physical computer
processors, a distribution of the one or more breathing
features over one or more time windows; detecting, with one
or more physical computer processors, presence of a breath-
ing event based on the output signals; determining, with one
or more physical computer processors, sleep states of the
subject with a sleep stage classifier model based upon the
distribution of the breathing features and the one or more
breathing events; and providing, with one or more physical
computer processors, feedback indicating the sleep states.
[0006] Still another aspect of the present disclosure relates
to sleep staging system comprising: means for sensing,
configured for generating output signals conveying infor-
mation related to one or more breathing parameters of
subject; means for determining, configured for determining,
based on the output signals, one or more breathing features
of individual breaths of the subject; means for determining,
configured for determining a distribution of the one or more
breathing features over one or more time windows; means
for detecting, configured for detecting presence of a breath-
ing event based on the output signals; means for determin-
ing, configured for determining sleep states of the subject
with a sleep stage classifier model based upon the distribu-
tion of the breathing features and the one or more breathing
events; and means for providing feedback configured to
provide feedback indicating the sleep states.

[0007] These and other objects, features, and characteris-
tics of the present disclosure, as well as the methods of
operation and functions of the related elements of structure
and the combination of parts and economies of manufacture,
will become more apparent upon consideration of the fol-
lowing description and the appended claims with reference
to the accompanying drawings, all of which form a part of
this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the
purpose of illustration and description only and are not
intended as a definition of the limits of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a sleep staging system 100 for
classifying sleep stages for a subject, according to one or
more embodiments;

[0009] FIG. 2 illustrates an example 200 of a sleep staging
system 200 for classifying sleep stages for a subject, accord-
ing to one or more entbodiments;

[0010] FIG. 3 illustrates an example 300 of a windowing
process, according to one or more embodiments;

[0011] FIG. 4 illustrates a method 400 for classifying sleep
stages for a subject, according to one or more embodiments.
[0012] FIG. 5 illustrates of a windowing process 500 used
to determine distribution of a given breathing event feature
over time, according to one or more embodiments;

[0013] FIGS. 6A-6B illustrate examples 600 for classify-
ing sleep stages for a subject during a respiratory therapy
session with a CPAP device, according to one or more
embodiments; and

[0014] FIG. 7 illustrates a method for classifying sleep
stages for a subject during a respiratory therapy session with
a CPAP device, according to one or more embodiments.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

G
a

[0015] As used herein, the singular form of “a”, “an”, and
“the” include plural references unless the context clearly
dictates otherwise. As used herein, the statement that two or
more parts or components are “coupled” shall mean that the
parts are joined or operate together either directly or indi-
rectly, i.e., through one or more intermediate parts or com-
ponents, so long as a link occurs. As used herein, “directly
coupled” means that two elements are directly in contact
with each other. As used herein, “fixedly coupled” or “fixed”
means that two components are coupled so as to move as one
while maintaining a constant orientation relative to each
other.

[0016] As used herein, the word “unitary” means a com-
ponent is created as a single piece or unit. That is, a
component that includes pieces that are created separately
and then coupled together as a unit is not a “unitary”
component or body. As employed herein, the statement that
two or more parts or components “engage” one another shall
mean that the parts exert a force against one another either
directly or through one or more intermediate parts or com-
ponents. As employed herein, the term “number” shall mean
one or an integer greater than one (i.e., a plurality).

[0017] Directional phrases used herein, such as, for
example and without limitation, top, bottom, left, right,
upper, lower, front, back, and derivatives thereof, relate to
the orientation of the elements shown in the drawings and
are not limiting upon the claims unless expressly recited
therein.

[0018] FIG. 1 illustrates an example of a system 100 for
classifying sleep stages for a subject, according to one or
more embodiments of the present disclosure. In some
embodiments, system 100 is configured to determine breath-
ing parameters of a subject. Determining the breathing
parameters include detecting individual breaths of the sub-
ject. System 100 is configured to classify sleep stages of the
subject based on breathing features of the individual breaths.
The breathing features of each breath may include duration
of the breath, duration of inspiration vs expiration of the
breath, minimum and/or maximum flow of the breath, and/or
tidal volume of the breath. In one embodiment, the sensors
(40) to be described in detail below, can be incorporated into
a device that interfaces with the subject and obtains output
signals (such as those pertain to breathing (flow rate, pres-
sure, tidal volume, etc), cardiovascular (heart rate, blood
pressure, etc), and/or other physiological measurements
from the subject. For example, in one embodiment, the
sensors (40) can be incorporated in a CPAP machine as well
be described in connection with some embodiments.
[0019] Presence of sleep events may have an impact on the
sleep architecture of a subject, and/or the characteristics of
features used for sleep classification. For example, if a
subject is in sleep stage N3 and a central sleep apnea event
occurs. central sleep apnea event may cause a change in the
respiratory characteristics during the event (no breathing
effort during the apnea) and in the period immediately after
the event (usually breathing resumes, with higher frequency
and amplitude during the hyperpnea). The central apnea
event is often followed by an arousal event, which may
cause a change in heart rate variability characteristics due to
the burst in sympathetic activity during the arousal period.
After the arousal, the subject enters a period of “lighter”
sleep, typically N1 or N2. Without information about the
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occurrence of this breathing event, and if the cardiac or
respiratory features are analyzed in a time window during
which the event occurs, the classifier might be unable to
detect the N3 period preceding the arousal (typically N3 is
characterized by a low sympathetic tone with regular breath-
ing amplitude and frequency). Knowing that an apnea and
subsequent arousal occurred, the classifier may easily asso-
ciate the characteristics of the features to the sequence of
sleep stages and may easily infer what the following sleep
stage will likely be. Using breath events in the determination
of the sleep states provides for an improved sleep classifi-
cation performance.

[0020] In some embodiments, the breathing features are
first extracted, and then respiratory characteristics are ana-
lyzed using different time windows to characterize a value
distribution of the features. The respiratory characteristics
are analyzed with descriptive using one or more windows
(lasting 30, 30, or more seconds) to characterize the value
distribution of the breathing features. The size of the win-
dows is time based (e.g. 30, 30, 90, 150 seconds, etc.),
independently from the number of breaths contained in the
window. In some embodiments, the statistics (meta-features)
for a breathing feature describe the shape of a distribution of
the feature over one or more time windows (e.g., a median,
different percentiles, range, etc.) This is more advantageous
than measuring variance or standard deviation of the breath-
ing features in the analysis windows. The statistics (meta-
features) are then used as input to a sleep stage classifier to
classify the sleep stages of the subject during the therapy
session. This step provides for a good mapping between
sleep stages and measured statistics. The mapping would not
be as robust (which results in a model with lower classifi-
cation performance) if the sleep stages are mapped directly
from breathing features. The term “mapping” as used herein
should be itself broadly construed to mean determining a
sleep state with the model, using the provided inputs into the
model.

[0021] In some embodiments, the sleep stage classifier
uses models that express the likelihood of a state happening
based on the observations of that state, what happened in the
preceding state, and on the history of states until then. In
some cases, the sleep stage classifier uses bidirectional
models, where the likelihood of a stage at a given point
during the night depends on what happened before, but also
what will happen after that point, until the subject finally
wakes up in the morning. These models may be more
advantageous than models that uses time-shifted input (e.g,,
Markov) in expressing the likelihood of a current state using
memory (e.g., preceding state and history of states until
then) to provide context to the current detection. Models
with memory such as recurrent neural networks, long short
term memory, or causal convolutional neural networks, are
beneficial to explore the structured nature of sleep, and the
changes in the likelihood that a sleep stage occurs after a
given history of (detected) sleep stages during the night,
until that point. For example, if more than one hour of N3
has been detected, it becomes increasingly less likely that
N3 still occurs. Memory-based models can use this infor-
mation to infer not only the most likely sleep stage at each
point in time, but also the most likely sequence of sleep
stages throughout the whole night based on what happened
until that point. Optionally, and if causal staging is not
required (e.g. for real-time applications) and observations
from the whole night are available, bidirectional models can
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be used, whereby inference about the sleep stage at a given
point can use information about the future, i.e. what the
observations are after that point. For example, if the obser-
vations of a following state are very likely indicating the
presence of a REM stage, it is very unlikely that the current
stage is N3 or Wake, but more likely N1 or N2. The inclusion
of BE meta-features improves the performance of a system
where only breathing feature statistics (meta-features) are
used and no influence of breathing events are taken into
account. The idea behind this is that the occurrence of
breathing events (e.g. apnea, hypopnea) influence the sleep
architecture. For instance, after an apnea event, likely there
will be an arousal and the most likely sleep stage will be N1
or N2. The result is that the sleep staging classifier, using the
BE meta-features, can learn more about the sleep architec-
ture, and will show better classification performances.

[0022] In some embodiments, system 100 comprises one
or more sensors 40, one or more physical computer proces-
sors 30, a user interface 120, electronic storage 130, a
network 150, and/or other components.

[0023] In some embodiments, sensor(s) 40 are configured
to generate output signals conveying information related to
one or more breathing parameters of subject 70. In some
embodiments, the one or more breathing parameters may
comprise gas parameters related to pressurized flow of
breathable gas provided by device for providing respiratory
therapy to the subject (e.g., PAP machine) breathing param-
eters related to respiration of subject 70, physiological
parameters of subject 70, and/or other parameters. The one
or more gas parameters of the pressurized flow of breathable
gas may comprise, for example, one or more of a flow rate,
volume, pressure, humidity, temperature, acceleration,
velocity, and/or other parameters of the breathable gas.
Breathing parameters related to the respiration of subject 70
may comprise a tidal volume, a timing (e.g., beginning
and/or end of inhalation, beginning and/or end of exhalation,
etc.), a respiration rate, a respiration airflow, a duration (e.g.,
of inhalation, of exhalation, of a breathing cycle, etc.),
respiration frequency, effort of breathing, and/or other
breathing parameters. Physiological parameters may include
oximetry parameters, pulse, temperature, blood pressure,
and/or other physiological parameters. In one embodiment,
the breathing features detected by the one or more sensors
may also include “breathing features” of individual breaths
of the subject as will be described later.

[0024] In some embodiments, various types of sensor(s)
40 can be used. In various embodiments, such sensors will
be or include one or more one or more non EEG type sensors
(configured to generate non-EEG signals). For example,
sensor(s) 40 may be one or more PPG sensor(s) that generate
photoplethysmogram (PPG) signals. PPG is an optically
obtained plethysmogram that can be used to detect blood
volume changes in the microvascular bed of tissue, changes
in chest and/or abdominal volume. A PPG may be obtained
by using a pulse oximeter, belts around patient’s chest and
abdomen. In some embodiments, sensor(s) 40 may be one or
more ECG sensor(s) that generate electrocardiography sig-
nal. An electrocardiogram (ECG) is a recording of the
electrical activity of the heart. An ECG may be obtained
using electrodes placed on the skin of the patient. In some
embodiments, sensor(s) 40 may be one ore more BCG
sensors that generate a ballistocardiograph (BCG) signal. A
BCG signal is a graphical representation of repetitive
motions of the human body arising from the sudden ejection
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of blood into the great vessels with each heartbeat. BCG can
be obtained using noninvasive methods (e.g., from sensors
on the surface of the body, or using a sensor in the form of
a camera in a non-contact manner. In some embodiments,
sensor(s) 40 may be configured for tracking movement of a
chest/abdomen marker by using an infrared camera to mea-
sure respiratory effort of the subject. In some embodiments,
PPG, ECG, and/or BCG may be used to determine the
subjects respiratory effort.

[0025] Sensor(s) 40 may comprise one or more sensors
that measure such parameters directly (e.g., through fluid
communication with the subject, a subject interface, a respi-
ratory therapy device, etc.) In some embodiments, sensor(s)
40 may comprise one or more sensors that generate output
signals related to the one or more parameters indirectly. For
example, sensor(s) 40 may comprise one or more sensors
configured to generate an output based on an operating
parameter of a respiratory therapy device (e.g., subject flow
and/or pressure estimations from motor current, voltage,
rotational velocity, and/or other operating parameters), and/
or other sensors. In some embodiments, sensor(s) 40 may
include one or more of flow, position, volume, pressure,
humidity, temperature, heart, motion, acceleration, oxim-
etry, audio, video, photo sensors, and/or other sensors.
Sensor(s) 40 may comprise sensors disposed in a plurality of
locations, such as for example, at various locations within
(or in communication with) subject interface, on subject 70,
within (or in communication with) a respiratory therapy
device, a conduit 50, and/or other locations.

[0026] Processor(s) 30 is configured to provide informa-
tion processing capabilities in system 100. As such, proces-
sor(s) 30 may include one or more digital processors, one or
more analog processor, one or more digital circuits designed
to process information, one or more analog circuits designed
to process information, a state machine, and/or other mecha-
nisms for electronically processing information. In some
embodiments, processor(s) is operatively connected to sen-
sors (40). Although processor(s) 30 is shown in FIG. 1 as a
single entity, this is for illustrative purposes only. In some
implementations, processor(s) 30 includes a plurality of
processing units. These processing units may be physically
located within the same device (e.g., sensors(40) or a device
that includes sensors (40)), or processor(s) 30 may represent
processing functionality of a plurality of devices operating
in coordination and located outside of system 100 (e.g., in
the Cloud). In some embodiments, processors (30) may
represent processing functionality of a plurality of devices
located within and/or outside system 100 (e.g., communi-
catively coupled via a network 150).

[0027] As shown in FIG. 1, processor(s) 30 is configured
to execute one or more computer program components. The
one or more computer program components may comprise
one or more of a parameter component 32, a control com-
ponent 33, a breathing feature determination component 34,
a feature distribution component 33, a sleep classification
component 38, a feedback component 39, and/or other
components. Processor(s) 30 may be configured to execute
components 32, 33, 34, 33, 38 and 39 by software; hardware;
firmware; some combination of software, hardware, and/or
firmware; and/or other mechanisms for configuring process-
ing capabilities on Processor(s) 30.

[0028] It should be appreciated that although components
32, 33, 34, 33, 38 and 39 are illustrated in FIG. 1 as being
co-located within a single processing unit, in implementa-
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tions in which Processor(s) 30 comprises multiple process-
ing units, one or more of components 32, 33, 34, 33, 38 and
39 may be located remotely from the other components. The
description of the functionality provided by the different
components 32, 33, 34, 33, 38 and 39 described below is for
illustrative purposes, and is not intended to be limiting, as
any of components 32, 33, 34, 33, 38 and 39 may provide
more or less functionality than is described. For example,
one or more of components 32, 33, 34, 33, 38 and 39 may
be eliminated, and some or all of its functionality may be
provided by other components 32, 33, 34, 33, 38 and/or 39.
As another example, Processor(s) 30 may be configured to
execute one or more additional components that may per-
form some or all of the functionality attributed below to one
of components 32, 34, 33, 38 and/or 39.

[0029] Parameter component 32 may be configured to
receive, determine and/or obtain one or more parameters
within system 100. For example, the one or more parameters
may be determined based on the output signals from sensor
(s) 40. In some embodiments, parameter component 32 is
configured to determine one or more breathing parameters
related to respiration of subject 70, one or more parameters
of a breathable gas within system 100, (e.g., parameters
related to pressurized flow of breathable gas delivered by a
respiratory therapy device), one or more physiological
parameters of subject 70, and/or other parameters. The
breathing parameters related to the respiration of subject 70
may comprise beginning and/or end of individual breaths. In
some embodiments, the breathing parameters may comprise
a tidal volume, a timing (e.g., beginning and/or end of
inhalation, beginning and/or end of exhalation, etc.), a
respiration rate, a duration (e.g., of inhalation, of exhalation,
of a single breathing cycle, etc.), respiratory airflow, breath-
ing effort, respiration frequency, AHI index (apnea and
hypopnea index) and/or other breathing parameters. The one
or more gas parameters of the pressurized flow of breathable
gas may comprise, for example, one or more of a flow rate,
heart rate, volume, pressure, humidity, temperature, accel-
eration, velocity, and/or other gas parameter. Physiological
parameters may include oximetry parameters, a pulse, tem-
perature, blood pressure, movement, and/or other physi-
ological parameters.

[0030] In some embodiments, parameter component 32
may be configured to detect breathing events experienced by
the subject. Such breathing events may include events that
disrupt respiration by subject 70. In some embodiments,
parameter component may be configured to detect disrup-
tions of the respiration of subject indicative of presence of
respiratory events. For example, such breathing events may
include one or more of obstructive apneas, central apneas,
glottal closures, Cheyne-Stokes respiration, hypopnea, snot-
ing, hyperventilation, arousal, and/or other breathing events,
and/or other respiratory events. Parameter component 32
detects such breathing events based on the output signals
generated by sensors 40. For example, by monitoring one or
more of flow rate, pressure, respiratory airflow, breathing
effort, instantaneous tidal volume, and/or other gas param-
eters at or near the airway of subject 70 (e.g., within a
subject interface).

[0031] Control component 33, in some embodiments, is
configured to control operations of sensors (40). For
example, in some embodiments control component may be
configured to activate/deactivate the one or more sensors
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based on user input, measurement results, on a request from
one or more components within or outside of system 100.

[0032] Breathing feature determination component 34, is
configured to determine one or more breathing features of
individual breaths of the subject. In some embodiments,
each breath can be characterized by more than one breathing
feature. For example, the breath duration, the duration of
inspiration vs expiration, minimum and maximum flow rate
values, tidal volume, etc. In some embodiments, one or more
breathing features may vary depending on the sleep stage of
the subject. For example, during N3, breathing becomes
slower, and more regular, both in terms of amplitude as well
as in terms of frequency. In some embodiments, system 200
comprises computer processors configured to detect indi-
vidual breaths 203 of the subject based on the output signals.
the output signals are non-EEG signals (e.g. ECG, PPG,
BCQG, respiratory effort, etc.). In some embodiments, each
breath is then characterized in terms of several of its signal
properties. For example, describing its duration, the duration
of inspiration vs expiration, minimum and maximum flow
values, tidal volume, etc. The breath features 208 are post-
processed 210 and adopted by a pre-trained machine learn-
ing model 211, with memory, to automatically classify sleep
stages 212 in pre-defined epochs of 30 seconds based on
those features. In some embodiments, this information is
then fed back to the user in the form of a feedback indicating
the sleep state. for example, system 200 may be configured
to display the determined sleep stage 212. For example, the
display may be user interface (described above), an app on
his/her smartphone 120, etc.

[0033] In some embodiments, the (BE) feature values 207
(numeric values) are used to indicate the category of a
detected event 205. This process is illustrated in FIG. 3. FIG.
3 illustrates an example 300 of a windowing process used to
determine the distribution of a given BE feature 302 over
time, according to one or more embodiments.

[0034] FIG. 3 describes a distribution 302 of breathing
event (BE) feature 304 over time. The Y axis of the
distribution represents the breathing event (BE) feature
values 304. The X axis of the distribution represents time
centered on 30-second epochs 308, is used in characteriza-
tion the (BE) feature over the time window 308. FIG. 3
shows that 15 new meta-features 306 are created, indicating,
for each epoch, whether the corresponding event was
detected (as indicated by the BE feature 304) inside the
window defined by the boundaries of that epoch.

[0035] For example, if for a given epoch 308, at least one
event of type 2 (hypopnea) 304 was detected, then the
corresponding feature 306 (_PE_HYPOPNEA) will have a
value of 1 for that epoch. If no events of type 2 were detected
for a given epoch, then the feature will have a value of 0.
Note that this is the case even if multiple events of the same
type are detected in the same epoch, i.e., each epoch will
have a flag value of 0 or 1, meaning that one or more events
of that type were detected. If multiple events of different
types are detected in the same epoch, then all corresponding
features will have a flag of 1. This is the case for example,
in the first epoch of the example illustrated in FIG. 3 where
events 304 of type 2 and 15 were detected in the same epoch.
In this case, features 306_ PE_HYPOPNEA (2) and _PE_
BIG_LEAK_SNORE (15) both get a flag of 1 for the first
epoch, whereas all other features get a flag of 0.

[0036] Feature distribution component 36, is configured to
determine/describe a distribution of the one or more breath-
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ing features over one or more-time windows. In some
embodiments, feature distribution component 36 describes
the shape of the distribution of the breathing feature over
time. For example, a median, different percentiles, range,
and/or other description (e.g., characteristics) of the shape of
the distribution adequate to characterize the properties of the
breath feature over the time windows. In some embodi-
ments, the time windows have a length of at least 30 seconds
each. For example, the time windows may have 30, 90, 120,
150 seconds, or other lengths. In some embodiments, the
length of time windows may be first estimated based on a
known behavior of sleep. Longer windows (e.g., longer than
30 seconds usually used in sleep stages annotated with
polysomnography) are more advantageous in characterizing
the breathing features in a way that is correlated with the
occurrence of different sleep stages. For example, during N3
longer windows may be better in characterizing the breath-
ing features because breathing becomes slower, and more
regular. In some embodiments, feature distribution compo-
nent 36, is configured to determine distribution of the one or
more breathing features over one or more-time windows
having different sizes (different length). For example, brief
awakenings occurring during the night, often lasting less
than one or two minutes, are associated with abrupt changes
in breathing patterns and breathing frequency. A combina-
tion of breath feature statistics, (meta-features) captured
with different window sizes, will allow a proper separation
of sleep stages with distinct time and frequency patterns. For
example, the sleep state N3 is characterized by longer
periods of breathing stability, where for example, Awake is
characterized by short transient activity. Sleep is scored
within 30 second epochs, so makes sense to use multiples of
30 for window sizes. Through a training process (for the
classifier) that accounts for meta-features from all window
lengths, an optimal set of meta-features, and thus, an optimal
set of window sizes is determined.

[0037] Sleep staging component 38 is configured to deter-
mine a current sleep state of the subject. For example, wake,
N1, N2, N3, REM or combination of these states (e.g., wake,
N1+N2, N3, REM). In some embodiments the current sleep
state is determined by mapping the distribution of the
breathing features to one or more sleep states using a sleep
stage classifier. In some embodiments, the sleep stage clas-
sifier comprises one or more models configured to determine
the current sleep state. In some embodiments, using a
selected number of breath feature statistics(meta-features),
machine learning models can be used to map parts of the
feature space to given sleep stages (wake, N1, N2, N3,
REM) or combination of these (most commonly wake,
N1+N2, N3, REM). This classification process is performed
separately on each of the 30-second epochs, to obtain as a
result, a categorical classification of each epoch according to
which sleep stage it is more likely to have occurred there. In
some embodiments, sleep state models may be trained with
inputs (e.g., meta-features) and answers (e.g., the sleep
stage). Once trained (with inputs and corresponding
answers) the models are ready to be used. In some embodi-
ments, in operation, the sleep state model receives input
(e.g., meta-feature) and uses the stored relationships to give
its prediction of sleep stage based on how it had been
trained. In some embodiments, a bidirectional model that
uses information from the past and future may be used. In
some embodiments, an unidirectional or causal model that
only has information from the past may be used.
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[0038] In some embodiments, the one or more models are
configured to determine the current sleep state based on a
plurality of sleep states directly preceding the current state.
In some embodiments, the sleep stage classifier uses models
that express the likelihood of a state happening based on the
observations of that state, what happened in the preceding
state, and on the history of states until then. In some cases,
the sleep stage classifier uses bidirectional models, where
the likelihood of a stage at a given point during the night
depends on what happened before, but also what will happen
after that point, until the subject finally wakes up in the
morning. These models may be more advantageous than
models that uses time-shifted input (e.g., Markov) in
expressing the likelihood of a current state using memory
(e.g., preceding state and history of states until then) to
provide context to the current detection.

[0039] Models with memory such as recurrent neural
networks, long short term memory, or causal convolutional
neural networks, are beneficial to explore the structured
nature of sleep, and the changes in the likelihood that a sleep
stage occurs after a given history of (detected) sleep stages
during the night, until that point. For example, if more than
one hour of N3 has been detected, it becomes increasingly
less likely that N3 still occurs. Memory-based models can
use this information to infer not only the most likely sleep
stage at each point in time, but also the most likely sequence
of sleep stages throughout the whole night based on what
happened until that point.

[0040] In some embodiments, where causal staging is not
required (e.g., for non real-time applications) and observa-
tions from the whole night are available, bidirectional mod-
els can be used, whereby inference about the sleep stage at
a given point can use information about the future, i.e. what
the observations are after that point. For example, if the
observations of a following state are very likely indicating
the presence of a REM stage, it is very unlikely that the
current stage is N3 or Wake, but more likely N1 or N2.
[0041] Feedback component 39 is configured to provide
feedback indicating the current sleep state information. In
some embodiments, for sleep stages detected for a full- or
partial-night recording, feedback can be given to the user
regarding the progression of sleep stages throughout his/her
sleep, regarding some statistics, such as the number of
minutes (or percentage) in impott sleep stages such as N3 or
REM, the number of awakenings during the night, the sleep
efficiency (percentage of time asleep versus amount of time
in bed), etc. In some embodiments, some of the measured
sleep statistics (meta-features) can be combined in a single
sleep score quantifying the “quality” of the user’s sleep, for
example using a weighted average of these sleep statistics,
normalized by the person’s age. In some embodiments,
feedback on the user interface on the CPAP machine, a smart
phone, etc.

[0042] User interface 120 is configured to provide an
interface between system 100 and subject 70 and/or other
users through which subject 70 and/or other users may
provide information to and receive information from system
100. Other users may comprise, for example, a caregiver, a
doctor, and/or other users. This enables data, cues, results,
and/or instructions and any other communicable items,
collectively referred to as “information,” to be communi-
cated between a user (e.g., subject 70) and one or more of
pressure generator 20, Processor(s) 30, and/or other com-
ponents of system 100. As another example, sleep stages,
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sleep duration, breathing feature distribution, therapy infor-
mation feedback, the breath rate of subject 70, and/or other
information may be displayed to a user (e.g., subject 70) via
user interface 120. Examples of interface devices suitable
for inclusion in user interface 120 comprise a keypad,
buttons, switches, a keyboard, knobs, levers, a display
screen, a touch screen, speakers, a microphone, an indicator
light, an audible alarm, a printer, a tactile feedback device,
and/or other interface devices. In one embodiment, user
interface 120 comprises a plurality of separate interfaces.

[0043] Tt is to be understood that other communication
techniques, either hard-wired or wireless, are also contem-
plated by the present disclosure as user interface 120. For
example, the present disclosure contemplates that user inter-
face 120 may be integrated with a removable storage intet-
face provided by electronic storage 130. In this example,
information may be loaded into system 100 from removable
storage (e.g., a smart card, a flash drive, a removable disk,
etc.) that enables the user(s) to customize the implementa-
tion of system 100. Other exemplary input devices and
techniques adapted for use with system 100 as user interface
120 comprise, but are not limited to, an RS-232 port, RF
link, an IR link, modem (telephone, cable or other). In short,
any technique for communicating information with system
100 is contemplated by the present disclosure as user
interface 120.

[0044] In some embodiments, electronic storage 130 com-
prises electronic storage media that electronically stores
information. The electronic storage media of electronic
storage 130 may comprise one or both of system storage that
is provided integrally (i.e., substantially non-removable)
with system 100 and/or removable storage that is removably
connectable to system 100 via, for example, a port (e.g., a
USB port, a firewire port, etc.) or a drive (e.g., a disk drive,
etc.). Electronic storage 130 may comprise one or more of
optically readable storage media (e.g., optical disks, etc.),
magnetically readable storage media (e.g., magnetic tape,
magnetic hard drive, floppy drive, etc.), electrical charge-
based storage media (e.g., EEPROM, RAM, etc.), solid-state
storage media (e.g., flash drive, etc.), and/or other electroni-
cally readable storage media. Electronic storage 130 may
store software algorithms, information determined by Pro-
cessor(s) 30, information received via user interface 120,
and/or other information that enables system 100 to function
properly. Electronic storage 130 may be (in whole or in part)
a separate component within system 100, or electronic
storage 130 may be provided (in whole or in part) integrally
with one or more other components of system 100 (e.g., user
interface 120, Processor(s) 30, etc.)

[0045] Network 150 may include the Internet and/or other
networks, Intranets, a PAN (Personal Area Network), a LAN
(Local Area Network), a WAN (Wide Area Network), a SAN
(Storage Area Network), a MAN (Metropolitan Area Net-
work), near field communication, frequency (RF) link, Blu-
etooth, Wi-Fi, Li-FI, a cellular communications network, a
Public Switched Telephone Network, and/or any type(s) of
wired or wireless network(s). It will be appreciated that this
is not intended to be limiting and that the scope of this
disclosure includes embodiments in which the components
of system 100 are operatively linked via some other com-
munication media. In some cases, the network is a secure
local area network, such as a wired Ethernet network behind
a firewall.
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[0046] Information determined by Processor(s) 30 and/or
stored by electronic storage 130 may comprise information
related to sensor measurements, respiration of subject 70,
sleep states, feedback, and/or other information. The infor-
mation stored by electronic storage 130 may be viewed via
user interface 120, by connecting (wired and/or wireless) to
a separate computer, and/or other via other methods. The
information stored by electronic storage 130 may be used,
for example, to adjust therapy settings, used by a doctor to
make medical decisions, and/or for other uses. In some
embodiments, system 100 may include a wireless transmit-
ter (not shown) and the information determined by Processor
(s) 30, the information stored by electronic storage 130,
and/or other information may be communicated to a care-
giver, for example, over a wireless network. By way of a
non-limiting example, the caregiver may receive use infor-
mation, subject status, and/or other information, allowing
the caregiver to remotely track the therapy delivered by
system 100.

[0047] In some embodiments, processing functionality of
system 100, described herein, is accomplished locally in a
therapy device (e.g., a sensor, a respirator therapy device,
etc.) that includes the components of system 100 described
above. In some embodiments, processing functionality of
system 100 described herein is accomplished outside of
system 100 (e.g., remotely by one or more devices con-
nected to system 100 via network 100.) I some embodi-
ments, the processing functionality described herein, may be
a combination of processing functionality executed locally
and processing functionality executed remotely.

[0048] FIG. 4 illustrates a method 400 for using breathing
events in classifying sleep stages for a subject, during a
respiratory therapy session with a CPAP device. The opera-
tions of method 700 presented below are intended to be
illustrative. In some embodiments, method 400 may be
accomplished with one or more additional operations not
described, and/or without one or more of the operations
discussed. Additionally, the order in which the operations of
method 400 are illustrated in FIG. 4 and described below is
not intended to be limiting.

[0049] In some embodiments, method 400 may be imple-
mented in one or more processing devices (e.g., a digital
processor, an analog processor, a digital circuit designed to
process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for
electronically processing information). The one or more
processing devices may include one or more devices execut-
ing some or all of the operations of method 400 in response
to instructions stored electronically on an electronic storage
medium. The one or more processing devices may include
one or more devices configured through hardware, firmware,
and/or software to be specifically designed for execution of
one or more of the operations of method 400.

[0050] At an operation 404, output signals conveying
information related to one or more breathing parameters of
the subject are generated. In some embodiments, operation
404 is performed by one or more sensors the same as or
similar to sensor(s) 40 (shown in FIG. 1 and described
herein).

[0051] At an operation 406, one or more breathing fea-
tures of individual breaths of the subject are determined
based on the output signals. In some embodiments, opera-
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tion 406 is performed by a physical computer processor the
same as or similar to Processor(s) 60 (shown in FIG. 1 and
described herein).

[0052] At operation 408, a distribution of the one or more
breathing features over one or more time windows is deter-
mined. In some embodiments, operation 406 is performed
by a physical computer processor the same as or similar to
Processor(s) 60 (shown in FIG. 1 and described herein).
[0053] At an operation 410, one or more breathing events
are detected based on the output signals. In some embodi-
ments, operation 410 is performed by a physical computer
processor the same as or similar to Processor(s) 60 (shown
in FIG. 1 and described herein).

[0054] At an operation 412, a sleep state of the subject is
determined. based upon the distribution of the breathing
features and the one or more breathing events. In some
embodiments, operation 412 is performed by a physical
computer processor the same as or similar to Processor(s) 60
(shown in FIG. 1 and described herein).

[0055] At an operation 414 feedback indicating the current
sleep state information is provided. In some embodiments,
operation 414 is performed by a physical computer proces-
sor the same as or similar to Processor(s) 60 (shown in FIG.
1 and described herein).

[0056] The system and methods of the present disclosure
may provide users of CPAP therapy an objective feedback
about their sleep. This feedback maybe used, for example in
a coaching app, to improve their education about sleep in
general, and the benefits of sleeping with CPAP machine in
their specific case, potentially helping to drive up compli-
ance.

[0057] FIG. 6A illustrates a system 600 for classifying
sleep stages for a subject during a respiratory therapy
session with a CPAP device 10, according to one or more
embodiments. In some embodiments, system 600 is config-
ured to determine breathing parameters of a subject during
a respiratory therapy session provided with the CPAP device
10. Determining the breathing parameters include detecting
individual breaths of the subject. System 600 is configured
to classify sleep stages of the subject during the therapy
session based on breathing features of the individual breaths.
In some embodiments, CPAP device comprises one or more
of a pressure generator 20, one or more sensors 40 (de-
scribed in relation to FIG. 1 above), a subject interface 90,
one or more physical computer processors 60 (described in
relation to FIG. 1 above), a user interface 120 (described in
relation to FIG. 1 above), electronic storage 130 (described
in relation to FIG. 1 above), a network 150 (described in
relation to FIG. 1 above), and/or other components.

[0058] “Respiratory therapy” as meant herein is a session
or period of time during which the CPAP device is being
used by a subject to treat OSA. The therapy typically
involves providing positive airway pressure to the subject in
accordance with a software program or algorithm that is
controlled by one or more processors (e.g., processors 60
described below). In some embodiments, “Respiratory
therapy” as meant herein is a breathable gas therapy (e.g.,
Oxygen, or other breathable gas therapy). In one or more
embodiments, the CPAP device, sensors, pressure generator
and one or more processors may be constructed in accor-
dance with the teachings of US Pat. No. 7,168,429B2,
hereby incorporated by reference in their entirety.

[0059] In some embodiments, pressure generator 20 is
configured to generate a pressurized flow of gas for delivery
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to the airway of a subject 70. Pressure generator 20 may
control one or more parameters of the flow of gas (e.g., flow
rate, pressure, volume, temperature, gas composition, etc.)
for therapeutic purposes, and/or for other purposes. By way
of a non-limiting example, pressure generator 20 may be
configured to control the flow rate and/or pressure of the
flow of gas to provide pressure support to the airway of
subject 70.

[0060] In some embodiments, pressure generator 20
receives a supply of breathable gas from a gas source and
elevates the pressure of that gas for delivery to the airway of
a subject. Pressure generator 20 may include any device,
such as a pump, blower, piston, or bellows that is capable of
elevating the pressure of the received breathable gas from
the gas source for delivery to the subject. For example, in
some embodiments pressure generator 20 may be a blower
that is driven at a constant speed during the course of a
pressure support treatment to produce a constant pressure or
flow rate. In some embodiments, pressure generator 20 may
include one or more valves for controlling the pressure, flow
rate, flow direction, and/or other parameters of the flow of
gas. The present disclosure contemplates controlling the
operating speed of the blower, for example, either alone or
in combination with one or more valves and/or other devices
contained in and/or external to pressure generator 20, to
control the pressure and/or flow of gas provided to subject
70.

[0061] The gas source may be atmospheric air drawn into
the system by pressure generator 20. In some embodiments,
the gas source may comprise a tank of pressurized gas (such
as oxvgen, air, or other mixture of breathable gas) in fluid
communication with pressure generator 20. In some cases, a
separate gas source need not be used, but instead the
pressure generator 20 may itself be defined by a canister or
tank of pressurized gas, with the pressure delivered to the
patient being controlled by a pressure regulator.

[0062] Subject interface 90 is configured to communicate
the pressurized flow of breathable gas to the airway of
subject 70. As such, in some embodiments, subject interface
90 comprises conduit 50, interface appliance 80, and/or
other components. In some embodiments, conduit 50 is
configured to convey the pressurized flow of gas to interface
appliance 80. Interface appliance 80 is configured to deliver
the flow of gas to the airway of subject 70. In some
embodiments, interface appliance 80 is configured to be
non-invasively engaged by subject 70. Non-invasive
engagement comprises removably engaging one or more
external orifices of the airway of subject 70 (e.g., nostrils
and/or mouth) to communicate gas between the airway of
subject 70 and interface appliance 80. In some embodi-
ments, interface appliance 80 is removably coupled to
conduit 50. Interface appliance 80 may be removed for
cleaning and/or for other purposes. In some embodiments,
conduit 50 is configured as a mouthpiece to be engaged by
the mouth of subject 70.

[0063] In some embodiments, other interface appliances
may be configured as interface appliance 80. Some
examples of interface appliance 80 may comprise, for
example, a nasal cannula, a nasal mask, a nasal/oral mask,
a full-face mask, a total face mask, or other interface
appliances that communicate a flow of gas with an airway of
a subject. The present disclosure is not limited to these
examples and contemplates delivery of the flow of gas to the
subject using any interface appliance. For example, an
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endotracheal tube, a tracheotomy tube, a laryngeal mask
airway, and/or other invasive interface appliances.

[0064] In some embodiments, control component 33 (de-
scribed in relation to FIG. 1 above) is configured to control
operations of CPAP device 10. For example, in some
embodiments, control component 33 is configured to control
the pressure generator 20 to generate the flow of gas in
accordance with one or more therapy regimes (positive
pressure support therapy regime, or other respiratory
therapy). In some cases, control component 33 may be
configured to control operation of pressure generator 20
based on the output signals from sensor(s) 40, based on
information determined by parameter component 32, and/or
based on information from one or more components within
or outside of system 100. For example, in positive airway
pressure support therapy the pressurized flow of gas gener-
ated by pressure generator 20 is controlled to replace and/or
compliment a patient’s regular breathing. Positive airway
pressure support therapy may be used to maintain an open
airway in a patient so that oxygen and carbon dioxide may
be exchanged more easily, requiring little and/or no effort
from the patient.

[0065] In some embodiments, control component 33 may
control pressure generator 20 such that the pressure support
provided to the subject via the flow of gas comprises
continuous positive airway pressure support (CPAP), bi-
level positive airway pressure support (BPAP), proportional
positive airway pressure support (PPAP), forced oscillation
technique, and/or other types of pressure support therapy.
CPAP supplies a fixed positive pressure to maintain a
continuous level of positive airway pressure in a patient.
BPAP provides a first inspiratory pressure (IPAP) and a
second, typically lower, expiratory pressure (EPAP) for
easier exhalation during ventilation. In some therapy modes
(e.g., PPAP), control component 33 may control pressure
generator 20 to apply variable pressure support in which the
amount of pressure delivered to the patient during inhalation
and/or during exhalation is determined and delivered on a
breath by breath basis. In some embodiments, control com-
ponent 33 may be configured to control pressure generator
20 to temporarily drop the supplied pressure during exha-
lation (C-Flex) to reduce exhalation effort required by the
patent.

[0066] In some embodiments, control component 33 is
configured to control pressure generator 20 to deliver staged
pressure support. In staged pressure support therapy, the
pressure delivered by pressure generator 20 gradually
increases over time. In some embodiments, control compo-
nent 33 may control pressure generator 20 to switch therapy
modes based on information related to the respiration of
subject 70 and/or other information. For example, control
component 33 may control pressure generator 20 to change
from BPAP to CPAP after a certain number of breaths by
subject 70

[0067] FIG. 5 illustrates an example 500 of a windowing
process used to determine distribution of a given breath
feature over time, according to one or more embodiments.
FIG. 5 describes a distribution 502 of breathing feature
values 504 over time. The Y axis of the distribution repre-
sents the breathing feature values 504. For example, in some
embodiments, the breathing feature may be a tidal volume of
the subject. In this case, the Y axis would represent tidal
volume values. The X axis of the distribution represents
time. In the example of FIG. 5, a sliding window 503,
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centered on 30-second epochs 508, is used in characteriza-
tion 510 the breathing feature over the sliding time window
503. The sliding window 503 represents the amount of time
over which the breathing feature values are analyzed (or
characterized). As can be seen, the sliding time window 503
has a length of at least 30 s. in some examples, the length of
window 503 may be of different sizes (e.g., 60, 90, 120,
etc.). In some cases, the characterization 510 may be pet-
formed over a plurality of windows 503 having different
sizes (lengths). The time windows 503 are independent from
the number of breaths contained in the windows. This is
better than prior methods where characterization of breath-
ing features is either localized to individual breaths or
performed in short sequences of breaths (e.g. five breaths)
and where variability (variance or standard deviation) is
measured. A number of characteristic values 512 are com-
puted over each of the set of breathing feature values
(associated, in time, with detected breaths) that occur during
each window 503. It should also be noted that the location
of the window relative to the current epoch can take on
different positions. FIG. 5 shows the window centered
around the current epoch, and thus is using data from both
the past and future epochs surrounding the current epoch. In
other scenarios where the desire is to implement a purely
casual sleep state classifier, the windows could proceed the
current epoch, and could also be inclusive of the current
epoch.

[0068] In some embodiments, processing functionality of
system 600, described herein, is accomplished locally in a
therapy device (e.g., a CPAP device) that includes the
components of system 100 described above. In some
embodiments, processing functionality of system 100
described herein is accomplished outside of system 100
(e.g., remotely by one or more devices connected to system
100 via network 100.) I some embodiments, the processing
functionality described herein, may be a combination of
processing functionality executed locally and processing
functionality executed remotely.

[0069] FIG. 6B illustrates an example of a system 600 for
classifying sleep stages for a subject during a respiratory
therapy session with a CPAP device 10, according to one or
more embodiments. The system comprises a CPAP device
10 for providing respiratory therapy to the subject. The
CPAP device 10 comprises the pressure generator 20 (not
shown here) for generating a pressurized flow of breathable
gas for delivery to the subject. System 600 comprises one or
more sensors (not shown here) for generating output signals
conveying information related to breathing parameters of the
subject. For example, the one or more sensors may be
configured to measure airflow 602, and/or pressure 604.
System 600 comprises computer processors configured to
detect individual breaths 603 of the subject based on the
output signals. The computer processors may be configured
to determine a distribution 608 of the breathing features over
one or more-time windows. In some embodiments the time
windows are of different length 610. The computer proces-
sors are configured to determine a current sleep state of the
subject 612 by mapping the distribution of the breathing
features to one or more sleep states using a sleep stage
classifier. System 600 may provide 614 feedback indicating
the current sleep state information. for example, system 600
may be configured to display 613 the determined sleep stage.
For example, the display may be user interface described
above.
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[0070] FIG. 7 illustrates a method 700 for classifying
sleep stages for a subject, during a respiratory therapy
session with a CPAP device. The operations of method 700
presented below are intended to be illustrative. In some
embodiments, method 700 may be accomplished with one or
more additional operations not described, and/or without
one or more of the operations discussed. Additionally, the
order in which the operations of method 700 are illustrated
in FIG. 7 and described below is not intended to be limiting.
[0071] In some embodiments, method 700 may be imple-
mented in one or more processing devices (e.g., a digital
processor, an analog processor, a digital circuit designed to
process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for
electronically processing information). The one or more
processing devices may include one or more devices execut-
ing some or all of the operations of method 700 in response
to instructions stored electronically on an electronic storage
medium. The one or more processing devices may include
one or more devices configured through hardware, firmware,
and/or software to be specifically designed for execution of
one or more of the operations of method 700.

[0072] At an operation 704, output signals conveying
information related to one or more breathing parameters of
the subject are generated. In some embodiments, operation
704 is performed by one or more sensors the same as or
similar to sensor(s) 40 (shown in FIG. 1 and described
herein).

[0073] At an operation 706, one or more breathing fea-
tures of individual breaths of the subject are determined
based on the output signals. In some embodiments, opera-
tion 706 is performed by a physical computer processor the
same as or similar to Processor(s) 60 (shown in FIG. 1 and
described herein).

[0074] At an operation 708, a distribution of the one or
more breathing features over one or more-time windows
having a length of at least 60 s each is determined. In some
embodiments, operation 708 is performed by a physical
computer processor the same as or similar to Processor(s) 60
(shown in FIG. 1 and described herein).

[0075] At an operation 710, a sleep state of the subject
may be determined. by mapping the distribution of the
breathing features to one or more sleep states using a sleep
stage classifier, the sleep stage classifier comprising one or
more models configured to determine the current sleep state.
In some embodiments, operation 710 is performed by a
physical computer processor the same as or similar to
Processor(s) 60 (shown in FIG. 1 and described herein).
[0076] At an operation 712, feedback indicating the during
the respiratory sleep session sleep state information is pro-
vided. In some embodiments, operation 712 is performed by
a physical computer processor the same as or similar to
Processor(s) 60 (shown in FIG. 1 and described herein).
[0077] In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. The
word “comprising” or “including” does not exclude the
presence of elements or steps other than those listed in a
claim. In a device claim enumerating several means, several
of these means may be embodied by one and the same item
of hardware. The word “a” or “an” preceding an element
does not exclude the presence of a plurality of such ele-
ments. In any device claim enumerating several means,
several of these means may be embodied by one and the
same item of hardware. The mere fact that certain elements
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are recited in mutually different dependent claims does not
indicate that these elements cannot be used in combination.
[0078] Although the description provided above provides
detail for the purpose of illustration based on what is
currently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is solely
for that purpose and that the disclosure is not limited to the
expressly disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrange-
ments that are within the spirit and scope of the appended
claims. For example, it is to be understood that the present
disclosure contemplates that, to the extent possible, one or
more features of any embodiment can be combined with one
or more features of any other embodiment.

What is claimed is:

1. A sleep staging system comprising:

one or more sensors (40) configured to generate output

signals conveying information related to one or more
breathing parameters of subject; and

one or more physical computer processors (60) opera-

tively connected with the one or more sensors, the one
or more physical computer processors configured by
computer readable instructions to:

determine, based on the output signals, one or more

breathing features of individual breaths of the subject;
determine a distribution of the one or more breathing
features over one or more time windows;

detect presence of a breathing event based on the output

signals;

determine sleep states of the subject with a sleep stage

classifier model based upon the distribution of the
breathing features and the one or more breathing
events; and

provide feedback indicating the sleep states.

2. The system of claim 1, wherein the one or more
physical computer processors are further configured to:

determine at least one measured parameter related to the

detected breathing event, the measured parameter indi-
cating a number of times one or more breathing events
similar to the detected breathing event are detected over
one or more of the time windows; and

determine sleep states of the subject based on the at least

one measured parameter and the distribution of the
breathing feature.

3. The system of claim 1, wherein the one or more
physical computer processors are further configured to
determine a distribution of the one or more breathing
features over a plurality of time windows, at least one of the
time windows having a length of at least 60 seconds.

4. The system of claim 1, wherein the output signals are
non-electroencephalogram (non-EEG) signals.

5. The system of claim, 1 wherein the one or more
breathing parameters include respiratory effort of the sub-
ject.

6. The system of claim, 1 wherein the one or more
breathing parameters include respiratory airflow of the sub-
ject.

7. The system of claim 1, wherein the sleep staging
system comprises a CPAP device (100), the CPAP device
further comprising a pressure generator (20) configured to
generate a pressurized flow of breathable gas for delivery to
the airway of a subject (70), the one or more physical
computer processors (60) being operatively connected with
the pressure generator to control delivery of the pressurized



US 2020/0100728 A1

flow of breathable gas to the airway of the subject based on
the output signals from the one or more sensors.

8. The system of claim 1, wherein the one or more
breathing features of the individual breaths comprise breath
duration, duration of inspiration vs expiration, minimum and
maximum flow values, and/or tidal volume of each indi-
vidual breath.

9. A method comprising:

generating, with one or more sensors (40), output signals

conveying information related to one or more breathing
parameters of subject;
determining, with one or more physical computer proces-
sors (60), based on the output signals, one or more
breathing features of individual breaths of the subject;

determining, with one or more physical computer proces-
sors (60), a distribution of the one or more breathing
features over one or more time windows;

detecting, with one or more physical computer processors

(60), presence of a breathing event based on the output
signals;

determining, with one or more physical computer proces-

sors (60), sleep states of the subject with a sleep stage
classifier model based upon the distribution of the
breathing features and the one or more breathing
events; and

providing, with one or more physical computer processors

(60), feedback indicating the sleep states.

10. The method of claim 9, wherein the method further
comprises:

determining, with one or more physical computer proces-

sors (60), at least one measured parameter related to the
detected breathing event, the measured parameter indi-
cating a number of times one or more breathing events
similar to the detected breathing event are detected over
one or more of the time windows; and

determining, with one or more physical computer proces-

sors (60), sleep states of the subject based on the at least
one measured parameter and the distribution of the
breathing feature.

11. The method of claim 9, further comprising determin-
ing a distribution of the one or more breathing features over
a plurality of time windows, at least one of the time windows
having a length of at least 60 seconds.

12. The method of claim 9, wherein the output signals are
non-electroencephalogram (non-EEG) signals.

13. The method of claim 9, wherein the one or more
breathing parameters include respiratory effort of the sub-
ject.

14. The method of claim 9, wherein the one or more
breathing parameters include respiratory airflow of the sub-
ject.

15. The method of claim 9, further comprising generating
a pressurized flow of breathable gas for delivery to the
airway of a subject (70), the one or more physical computer
processors (60) being operatively connected with the pres-
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sure generator to control deliver of the pressurized flow of
breathable gas to the airway of the subject based on the
output signals.

16. A sleep staging system comprising:

means for sensing (40), configured for generating output

signals conveying information related to one or more
breathing parameters of subject;

means for determining (60), configured for determining,

based on the output signals, one or more breathing
features of individual breaths of the subject;

means for determining (60), configured for determining a

distribution of the one or more breathing features over
one or more time windows;

means for detecting (60), configured for detecting pres-

ence of a breathing event based on the output signals;
means for determining (60), configured for determining
sleep states of the subject with a sleep stage classifier
model based upon the distribution of the breathing
features and the one or more breathing events; and
means for providing feedback (60) configured to provide
feedback indicating the sleep states.

17. The system of claim 16, further comprising:

means for determining (60), configured for determining at

least one measured parameter related to the detected
breathing event, the measured parameter indicating a
number of times one or more breathing events similar
to the detected breathing event are detected over one or
more of the time windows; and

means for determining (60), configured for determining

sleep states of the subject based on the at least one
measured parameter and the distribution of the breath-
ing feature.

18. The system of claim 16, comprising:

means for determining (60), configured for determining a

distribution of the one or more breathing features over
a plurality of time windows, at least one of the time
windows having a length of at least 60 seconds.

19. The system of claim 16, wherein the output signals are
non-electroencephalogram (non-EEG) signals.

20. The system of claim 16, wherein the one or more
breathing parameters include respiratory effort of the sub-
ject.

21. The system of claim 16, wherein the one or more
breathing parameters include respiratory airflow of the sub-
ject.

22. The system of claim 16, further comprising:

the sleep staging system comprises a CPAP device (100),

the CPAP device further comprising a pressure gener-
ating means (20) configured to generate a pressurized
flow of breathable gas for delivery to the airway of a
subject (70), the CPAP device comprising one or more
physical computer processors (60) being operatively
connected with the pressure generating means to con-
trol deliver of the pressurized flow of breathable gas to
the airway of the subject based on the output signals
from the sensing means.
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