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7) ABSTRACT

Provided are a method of generating a respiratory status
classifier and a method of determining respiratory status.
The method of generating a respiratory status classifier
includes segmenting collected respiratory signals according
to respiratory cycles, acquiring data pairs of a calculated
power spectrum of frequency components and a designated
respiratory status indication value for a plurality of cycle-
specific respiratory signals selected from among the seg-
mented cycle-specific respiratory signals, selecting specific
frequency components from among the frequency compo-
nents, inputting data pairs of a power spectrum and a
designated respiratory status indication value corresponding
to the specific frequency components to a respiratory status
classifier, and training the respiratory status classifier
according to output values from the classifier.
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METHOD OF GENERATING RESPIRATORY
STATUS CLASSIFIER AND METHOD OF
DETERMINING RESPIRATORY STATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2018-0067491, filed
on Jun. 12, 2018, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND

1. Field of the Invention

[0002] The present invention relates to a method of gen-
erating a respiratory status classifier and a method of deter-
mining respiratory status, and more particularly, to a method
of generating a respiratory status classifier for determining
respiratory status through a respiratory signal by analyzing
the respiratory signal and a method of determining respira-
tory status through the respiratory status classifier.

2. Discussion of Related Art

[0003] Sleep apnea causes breathing to stop frequently
during sleep and triggers a sleep disorder such as severe
snoring and daytime lethargy.

[0004] Snoring and sleep apnea are known as major fac-
tors causing mental diseases, such as depression and suicidal
impulses, cardiovascular diseases, kidney diseases, cerebral
infarction, cancer, sexual dysfunction, etc. and also cause
accidents by drowsy driving, drowsy working, and the like.
Therefore, it is important to accurately diagnose snoring and
sleep apnea.

[0005] According to the prior art, an apparatus and method
for examining sleep apnea using a piezoelectric sensor were
disclosed. There is a configuration for simultaneously
extracting a snoring signal and a heartbeat signal using a
piezoelectric sensor and detecting obstructive sleep apnea
(OSA) using the extracted snoring signal and heartbeat
signal.

[0006] Howevert, the prior art merely discloses a configu-
ration for determining whether a person has sleep apnea on
the basis of a sensing value measured by a piezoelectric
sensor and discloses neither a method of generating a
respiratory status classifier by collecting respiratory sound
signals of subjects and training the respiratory status clas-
sifier with the collected signals nor a method of determining
respiratory status using a generated respiratory status clas-
sifier.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to providing a
method of generating a respiratory status classifier having a
small amount of calculation and high accuracy and a method
of determining respiratory status using the generated respi-
ratory status classifier in which respiratory sound signals
collected from multiple unspecified sleeping people are
divided into respiratory cycles, some or all of respiratory
signals corresponding to each respiratory cycle and respira-
tory status indication values corresponding to the respiratory
signals are paired to build a database, only frequency
components useful for respiratory status classification are
selected from cycle-specific respiratory signals, the respira-
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tory status classifier is trained on the basis of a power
spectrum and respiratory status indication values of the
selected frequency components, and then the trained respi-
ratory status classifier is used to determine the respiratory
status of a continuously input respiratory sound signal in
each respiratory cycle.

[0008] The present invention is directed to provide a
low-computation and high accuracy design of sleep respi-
rator status classifier and its real-time application for sleep
respiratory status monitoring. The respiratory sound signals
collected by piezo-electric sensors from multiple unspeci-
fied sleep people are segmented into respiratory cycles. Each
respiratory cycle is labelled with corresponding status indi-
cation as normal, snoring or apnea stages. Pairs of each
respiratory cycle and its corresponding respiratory status
value are used to build a sleep respiratory sound database.
However, only competitive frequency features in term of
power spectrum and their corresponding label from each
cycle-segmented respiratory signal are used to train the
classifier. The trained classifier is then used to determine
respiratory status of each respiratory cycle in a continuous
sleep respiratory sound input signal.

[0009] According to an aspect of the present invention,
there 1s provided a method of generating a respiratory status
classifier, the method including: segmenting collected respi-
ratory signals according to respiratory cycles; acquiring data
pairs of a power spectrum of frequency components and a
designated respiratory status indication value for each of
respiratory signals corresponding to a plurality of selected
respiratory cycles among the segmented cycle-specific
respiratory signals; selecting specific frequency components
from among the frequency components; and training a
respiratory status classifier using data pairs of a power
spectrum value of the selected specific frequency compo-
nents and the designated respiratory status indication value.
[0010] The acquiring of the data pairs may be performed
on one of the collected respiratory signals and then repeat-
edly performed on other respiratory signals until a specific
condition is satisfied.

[0011] The acquiring of data pairs may include: calculat-
ing a power spectrum of frequency components for a respi-
ratory signal corresponding to one respiratory cycle and
designating a respiratory status indication value for the
respiratory signal corresponding to the respiratory cycle to
acquire a data pair of the respiratory signal corresponding to
the respiratory cycle; and until a specific condition is satis-
fied, repeatedly acquiring a data pair of each of respiratory
signals corresponding to the respiratory cycles except the
respiratory cycle whose data pair has been acquired.
[0012] In the acquiring of data pairs, the power spectrums
of the frequency components included in the data pairs may
be normalized values.

[0013] The respiratory status indication value may include
an indication value of a normal respiratory state, a snoring
state, or an apnea state.

[0014] The respiratory status indication value may further
include indication values for representing a level of the
snoring state and a level of the apnea state in numbers, text,
or symbols.

[0015] The selecting of specific frequency components
may include: generating a decision tree classifier for clas-
sifying respiratory signals corresponding to the respiratory
cycle according to the respiratory status indication values
using the frequency components included in the data pair as
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input feature and using the power spectrum value of the
frequency components as values of the input feature; and
selecting only frequency components constituting a root
node and an internal node of the generated decision tree
classifier as the specific frequency components.

[0016] The generating of a decision tree classifier may
include generating the decision tree classifier by repeatedly
expanding the single internal node according to respiratory
status indication values designated for data pairs allocated to
the internal node until a ratio of data pairs belonging to one
respiratory status to the data pairs becomes a preset ratio or
more.

[0017] The training of the respiratory status classifier may
include: inputting the power spectrums of the selected
specific frequency components and the designated respira-
tory status indication values to the respiratory status classi-
fier; and calculating errors by comparing output values from
the respiratory status classifier with the designated respira-
tory status indication values, and adjusting parameters of the
respiratory status classifier to reduce the calculated errors.
[0018] The training of the respiratory status classifier may
be finished when the training is repeatedly performed a
preset number of times or the calculated errors are less than
or equal to a preset reference.

[0019] According to another aspect of the present inven-
tion, there is provided a method of determining respiratory
status, the method including: separating a one-cycle respi-
ratory signal from collected respiratory signals; inputting
power spectrums of the specific frequency components
selected in claim 1 among power spectrums of the separated
one-cycle respiratory signal to the respiratory status classi-
fier generated according to the method of claim 1; and
determining the respiratory status of the separated one-cycle
respiratory signal according to output values of the respira-
tory status classifier based on the inputs.

[0020] The method may further include, after the deter-
mining of respiratory status, repeating the separating of a
one-cycle respiratory signal to the determining of respiratory
status for a respiratory signal continuous to the separated
one-cycle respiratory signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above and other objects, features and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing exemplary
embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0022] FIG. 1 is a flowchart schematically showing a
method of generating a respiratory status classifier and a
method of determining respiratory status using the generated
respiratory status classifier according to an exemplary
embodiment of the present invention;

[0023] FIG. 2 is a flowchart showing an operation of
building a training database for generating a respiratory
status classifier according to an exemplary embodiment of
the present invention;

[0024] FIG. 3 is a flowchart showing an operation of
selecting specific frequency components which are valid for
respiratory status determination from among frequency
components of a one-cycle respiratory signal according to an
exemplary embodiment of the present invention;

[0025] FIG. 4 is a flowchart showing an operation of
training a respiratory status classifier according to an exem-
plary embodiment of the present invention; and
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[0026] FIG. 5 is a flowchart showing an operation of
determining respiratory status in real time using a generated
respiratory status classifier according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0027] The terms “first,” “second,” and/or the like are only
used to distinguish one element from another element. In
other words, the terms are not intended to limit elements.
[0028] Throughout this specification, the terms “include,”
“have,” or the like, when used herein, specify the presence
of corresponding elements, features, and steps but do not
preclude the presence or addition of one or more elements,
features, steps, and equivalents thereof.

[0029] As used herein, the singular form includes the
plural form unless the context clearly indicates otherwise. In
other words, an element and the like mentioned herein may
indicate the presence or addition of one or more other
elements and the like.

[0030] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by those of ordinary skill in the
technical field to which the present invention pertains.
[0031] In other words, terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and are not to be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0032] Hereinafter, a method of training a respiratory
status classifier and a method of determining respiratory
status according to exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings.

[0033] FIG. 1 is a flowchart schematically showing a
method of training a respiratory status classifier according to
an exemplary embodiment of the present invention, FIG. 2
is a flowchart schematically showing an operation of trans-
forming a respiratory sound signal into a frequency domain
signal in the method of training a respiratory status classifier
according to the exemplary embodiment of the present
invention, and FIG. 3 is a flowchart schematically showing
an operation of training a respiratory status classifier in the
method of training a respiratory status classifier according to
the exemplary embodiment of the present invention.
[0034] Referring to FIG. 1, the method of training a
respiratory status classifier according to the exemplary
embodiment of the present invention may include an opera-
tion of segmenting respiratory cycles (S101), an operation of
generating a first group (S103), an operation of setting up
status indices (S105), an operation of transforming a signal
into a frequency domain signal (S107), an operation of
generating a second group (S109), an operation of selecting
specific frequency components (S111), and an operation of
training a respiratory status classifier (S113).

[0035] 1In the operation of segmenting respiratory cycles
(5101), a plurality of collected respiratory sound signals are
segmented into respiratory cycles.

[0036] For example, the respiratory sound signals are
collected in the form of recording files in which sleep
breathing sounds of a plurality of people are recorded.
[0037] A respiratory cycle is a cycle in which a person
inhales and exhales. Any algorithm for segmenting respira-
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tory cycles from a respiratory sound signal may be used
without limitation to segment respiratory cycles of the
collected respiratory sound signals.

[0038] In the operation of generating a first group (S103),
aset of respiratory cycles are randomly selected from among
the segmented respiratory cycles, and a first group including
the selected respiratory cycles is generated.

[0039] When all respiratory cycles of the collected respi-
ratory sound signals are used to train a respiratory status
classifier, it is necessary to calculate an excessive amount of
data so as to train the respiratory status classifier. Therefore,
the size of a data set for training the respiratory status
classifier is reduced by generating the first group including
respiratory cycles randomly selected from among the seg-
mented respiratory cycles such that the amount of calcula-
tion performed to train the respiratory status classifier may
be reduced.

[0040] In the operation of setting up status indices (S105),
status indices each corresponding to the respiratory cycles
included in the first group are set up.

[0041] For example, a status index of a snoring state, an
apnea state, or a normal state may be set for each of the
respiratory cycles included in the first group.

[0042] In the operation of transforming a signal into a
frequency domain signal (S107), a respiratory sound signal
of each of the respiratory cycles included in the first group
is transformed into a frequency domain signal.

[0043] The operation of transforming a signal into a
frequency domain signal (§107) will be described in detail
with reference to FIG. 2. The operation of transforming a
signal into a frequency domain signal (S107) may include an
operation of performing a Fourier transform (S201), an
operation of calculating power spectrums (S203), and an
operation of normalizing the power spectrums (S205).
[0044] In the operation of performing a Fourier transform
(S201), a Fourier transform is performed on each of the
respiratory cycles included in the first group.

[0045] Since the collected respiratory sound signals rep-
resent an intensity level of a respiratory sound in the time
domain, it is possible to transform the collected respiratory
sound signals into frequency domain signals by performing
a Fourier transform on the collected respiratory sound
signals.

[0046] In the operation of calculating power spectrums
(S203), power spectrums of respective frequency compo-
nents included in the respiratory cycles on which a Fourier
transform has been performed are calculated. It is possible
to calculate power spectrums of respective frequency com-
ponents included in respiratory cycles which have been
transformed into frequency domain signals.

[0047] In the operation of normalizing the power spec-
trums (S205), the power spectrums of the respective fre-
quency components included in the respiratory cycles are
normalized.

[0048] In the operation of generating a second group
(8109), a second group including the respiratory cycles
which have been transformed into frequency domain signals
is generated.

[0049] In addition to the frequency components and the
power spectrums of the respective frequency components,
the respiratory cycles included in the second group include
the status indices set in the operation of setting up status
indices each corresponding to the respiratory cycles (S105).
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[0050] 1In the operation of selecting specific frequency
components (S111), specific frequency components are
selected from among the frequency components included in
the respiratory cycles included in the second group.

[0051] In other words, it is possible to select frequency
components which provide best discriminative power for
classifying the respiratory cycles included in the second
group according to the status indices set for the respective
respiratory cycles from among the frequency components
included in the respiratory cycles.

[0052] For example, a decision tree may be used to select
specific frequency components. When a decision tree is
generated on the basis of the frequency components
included in the respiratory cycles included in the second
group and the power spectrums of the respective frequency
components, the respiratory cycles included in the second
group may be classified according to the status indices set
for the respective respiratory cycles.

[0053] Branch nodes (nodes except leaf nodes) of the
generated decision tree may include frequency components
and power spectrums of the frequency components as con-
ditions for classifying the respiratory cycles included in the
second group according to the status indices set for the
respective respiratory cycles.

[0054] Forexample, the root node of the decision tree may
include a condition asking whether a power spectrum of a
537 Hz frequency component is greater than 27, and each
child node of the root node may include a condition asking
whether a power spectrum of a 27 Hz frequency component
is greater than 10 and a condition asking whether a power
spectrum of 2116 Hz frequency component is greater than
15.

[0055] Also, identical frequency components may be
recurrently included in branch nodes to increase the purity of
the decision tree. For example, a branch node other than the
root node may include a condition asking whether a 537 Hz
frequency component is greater than 10.

[0056] Finally, frequency components included in branch
nodes of the generated decision tree may be selected as
specific frequency components for segmenting the respira-
tory cycles included in the second group.

[0057] In the exemplary embodiment of the present inven-
tion, an example of using a decision tree as a classification
algorithm for classifying respiratory cycles included in a
second group according to status indices set for the respec-
tive respiratory cycles. However, the classification algorithm
used to classify respiratory cycles is not limited to a decision
tree, and any algorithm for classifying respiratory cycles
according to set status indices may be used without limita-
tion.

[0058] In the operation of training the respiratory status
classifier (S113), the respiratory status classifier is trained on
the basis of the status indices set for the respective respira-
tory cycles included in the second group and the specific
frequency components selected from among the frequency
components included in the respective respiratory cycles.

[0059] The operation of training the respiratory status
classifier (8113) will be described in detail with reference to
FIG. 3. The operation of training the respiratory status
classifier (8113) may include an operation of feeding an
input to the respiratory status classifier (S301), an operation
of calculating the number of errors (S303), and an operation
of adjusting a parameter (S305).
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[0060] In the operation of feeding an input to the respira-
tory status classifier (S301), the specific frequency compo-
nents included in the respiratory cycles included in the
second group, the power spectrums of the respective specific
frequency components, and the status indices set for the
respective respiratory cycles are input to the respiratory
status classifier.

[0061] In the method of training a respiratory status clas-
sifier according to the exemplary embodiment of the present
invention, the number of data sets used for training the
respiratory status classifier is reduced through both the
operation of generating a first group (S103) and the opera-
tion of selecting specific frequency components (S111), thus
the amount of calculation required for a respiratory status
classifier training process is reduced.

[0062] In the operation of calculating the number of errors
(8303), the number of errors is calculated from output values
from the respiratory status classifier.

[0063] The respiratory status classifier outputs any one of
a normal state, a snoring state, and an apnea state as results
on the basis of the input specific frequency components
included in the respective respiratory cycles and the power
spectrums of the respective specific frequency components.

[0064] The output values from the respiratory status clas-
sifier regarding the respective respiratory cycles are com-
pared with the status indices set for the respective respira-
tory cycles. When the output values are not identical to the
status indices, it is determined that an error has occurred, and
the number or errors occurring in all the respiratory cycles
included in the second group may be calculated.

[0065] For example, when a status index set for a first
respiratory cycle is a normal state but output values from the
respiratory status classifier is a snoring state, it is possible to
determine that an error has occurred.

[0066] In the operation of adjusting a parameter (S305),
when the calculated number of errors exceeds a preset error
number, parameters of the respiratory status classifier is
adjusted.

[0067] For example, when the number of errors calculated
in first training is 100 and the preset error number is 50, the
number of errors calculated in the first training exceeds the
preset error number. Therefore, parameters of the respiratory
status classifier may be adjusted so that the number of errors
calculated in second training may be reduced.

[0068] After the parameters are adjusted, the operation of
feeding an input to the respiratory status classifier (S301) to
the operation of adjusting a parameter (S305) may be
repeatedly performed until the number of calculated errors
becomes less than or equal to the preset error number.

[0069] For example, after the parameters are adjusted as a
result of the first training, the specific frequency components
of the respiratory cycles included in the second group, the
power spectrums of the specific frequency components, and
the status indices set for the respective respiratory cycles
may be input to the respiratory status classifier whose
parameters have been adjusted. When the number of errors
calculated as a result of second training exceeds the preset
error number, the parameters of the respiratory status clas-
sifier are adjusted again, and third training may be per-
formed. When the number of errors calculated as a result of
N training is equal to or less than the preset error number,
training of the respiratory status classifier is finished.
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[0070] FIG. 4 is a flowchart showing a method of deter-
mining respiratory status according to an exemplary
embodiment of the present invention.

[0071] Referring to FIG. 4, the method of determining
respiratory status according to the exemplary embodiment of
the present invention may include an operation of segment-
ing respiratory cycles (S401), a operation of transforming a
signal into a frequency domain signal (S403), an operation
of calculating power spectrums (S405), an operation of
feeding an input to a respiratory status classifier (S407), and
an operation of determining respiratory status (S409).
[0072] In the operation of segmenting respiratory cycles
(S401), the respiratory cycles of the collected respiratory
sound signals are segmented. Any algorithm for segmenting
the collected respiratory sound signals into respiratory
cycles may be used without limitation.

[0073] In the operation of transforming a signal into a
frequency domain signal (S403), a respiratory sound signal
of each segmented respiratory cycle is transformed into a
frequency domain signal.

[0074] Since the segmented respiratory cycles are respi-
ratory sound signals in the time domain, it is possible to
transform the respiratory sound signals into frequency
domain signals by performing a Fourier transform on the
cycle-segmented respiratory sound signals.

[0075] 1In the operation of calculating power spectrums
(5405), power spectrums of specific frequency components
are calculated among frequency components included in
each of the respiratory cycles which have been transformed
into the frequency domain signals.

[0076] The specific frequency components are identical to
the specific frequency components which are selected when
the respiratory status classifier is trained according to the
method of training a respiratory status classifier. Only power
spectrums of specific frequency components for best deter-
mining (i.e., classifying) respiratory status are calculated
from among the frequency components included in the
respiratory cycles transformed into the frequency domain
signals.

[0077] In other words, in the method of determining
respiratory status according to the exemplary embodiment of
the present invention, only specific frequency components
which are most suitable for determining the respiratory
status of respiratory cycles are used to determine respiratory
status. Therefore, it is possible to reduce the probability of
misclassification caused by external noise, and the amount
of data to be processed is reduced such that respiratory status
may be rapidly determined.

[0078] In the operation of feeding an input to the respira-
tory status classifier (8407), the specific frequency compo-
nents included in the respective respiratory cycles and the
power spectrums of the respective specific frequency com-
ponents are input to the respiratory status classifier trained
according to the respiratory status classifier training method.
[0079] Throughout this specification, the terms “include,”
“have,” or the like, when used herein, specify the presence
of corresponding elements, features, and steps but do not
preclude the presence or addition of one or more elements,
features, steps, and equivalents thereof.

[0080] As used herein, the singular form includes the
plural form unless the context clearly indicates otherwise. In
other words, an element and the like mentioned herein may
indicate the presence or addition of one or more other
elements and the like.
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[0081] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by those of ordinary skill in the
technical field to which the present invention pertains.

[0082] In other words, terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the
context of the relevant art and are not to be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0083] Hereinafter, a method of generating a respiratory
status classifier and a method of determining respiratory
status using the generated respiratory status classifier
according to an exemplary embodiment of the present
invention will be described in detail with reference to the
accompanying drawings.

[0084] FIG. 1 is a flowchart schematically showing a
method of generating a respiratory status classifier and a
method of determining respiratory status using the generated
respiratory status classifier according to an exemplary
embodiment of the present invention, FIG. 2 is a flowchart
schematically showing an operation of building a training
database for generating a respiratory status classifier accord-
ing to an exemplary embodiment of the present invention,
FIG. 3 is a flowchart showing an operation of selecting
specific frequency components which are valid for respira-
tory status determination from among frequency compo-
nents of a one-cycle respiratory signal according to an
exemplary embodiment of the present invention, FIG. 4 is a
flowchart showing an operation of training a respiratory
status classifier according to an exemplary embodiment of
the present invention, and FIG. 5 is a flowchart showing an
operation of determining respiratory status in real time using
a generated respiratory status classifier according to an
exemplary embodiment of the present invention.

[0085] Referring to FIG. 1, the method of generating a
respiratory status classifier and the method of determining
respiratory status using the generated respiratory status
classifier according to the exemplary embodiment of the
present invention may include an operation of building a
database for training a respiratory status classifier (S100), an
operation of selecting specific frequency components
(8200), an operation of training a respiratory status classifier
(8300), and an operation of classifying respiratory status in
real time (S400).

[0086] In the operation of building a database for training
a respiratory status classifier (S100), data to be used for
generating a respiratory status classifier is collected, pro-
cessed, and stored. This will be described in detail with
reference to FIG. 2.

[0087] Referring to FIG. 2, the operation of building a
database for training a respiratory status classifier (S100)
may include an operation of reading a respiratory signal file
(S101), an operation of segmenting respiratory cycles
(8102), an operation of non-redundantly selecting a random
one-cycle respiratory signal (3103), an operation of calcu-
lating a normalized frequency power spectrum of the one-
cycle respiratory signal (3104), an operation of designating
a respiratory status indication value of the one-cycle respi-
ratory signal (S105), and an operation of storing the fre-
quency power spectrum and the respiratory status indication
value of the one-cycle respiratory signal in a database
(S106).
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[0088] 1In the operation of reading a respiratory signal file
(5101), one of multiple sleep respiratory signal streaming
files which have been previously collected in a separate way
and stored in the database is read.

[0089] In the operation of segmenting respiratory cycles
(5102), one respiratory cycle from a start point of breathing
to an end point thereof (i.e., a start point of next breathing)
1s segmented from a long-lasting respiratory signal stream.
The operation of segmenting respiratory cycles (S102) may
include preprocessing processes, such as filtering, direct
current component removal, and normalization, for improv-
ing signal quality. In the operation of segmenting respiratory
cycles (5102), it is possible to use any method for segment-
ing one cycle of breathing.

[0090] In the operation of non-redundantly selecting a
random one-cycle respiratory signal (S103), a random one-
cycle respiratory signal is selected so as not to overlap a
previously selected one-cycle respiratory signal from a
long-lasting respiratory signal stream consisting of numer-
ous one-cycle respiratory sections which have been sepa-
rated in the operation of separating respiratory cycles
(5102).

[0091] In the operation of calculating a normalized power
spectrum of the one-cycle respiratory signal (S104), a power
spectrum 1is calculated by transforming the one-cycle respi-
ratory signal, which has been selected in the operation of
non-redundantly selecting a random one-cycle respiratory
signal (S103), into the frequency domain by a Fourier
transform, and an appropriate normalization method is
applied to the power spectrum. The purpose of normaliza-
tion is to remove factors which negatively affect the accu-
racy of respiratory status determination due to the intensity
of a collected original signal varying according to environ-
ments in which a sleep respiratory signal is sensed, and it is
possible to use any normalization method for achieving this
purpose without limitation.

[0092] In the operation of designating a respiratory status
indication value of the one-cycle respiratory signal (S105),
the respiratory status of the one-cycle respiratory signal is
designated according to a preset criterion. The respiratory
status indication value includes an indication value of a
normal respiratory state, a snoring state, or an apnea state
and may further include an indication value indicating a
level of the snoring state or apnea state.

[0093] For example, the preset criterion for designating a
respiratory status indication value may be a criterion in
which a person hears the sound of a one-cycle respiratory
signal and designates a respiratory status indication value or
a criterion in which a machine automatically makes deter-
minations and designates respiratory status indication values
which indicate the respiratory status of one-cycle respiratory
signals.

[0094] A determination by a machine may be made by, for
example, a sound intensity measuring device or an existing
respiratory status classifier. In this case, respiratory signal
status may be classified into normal breathing, snoring, and
apnea, and for example, snoring may be subdivided into
several levels from light snoring to heavy snoring. Also,
respiratory status indication values of respiratory signals
may be numbers, words, symbols, or the like.

[0095] In the operation of storing the power spectrum of
frequency components and the respiratory status indication
value of the one-cycle respiratory signal in a database
(5106), a data entry in which the normalized power spec-
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trum of frequency components and the respiratory status
indication value for the selected one-cycle respiratory signal
are paired is stored in the database.

[0096] The operation of non-redundantly selecting a ran-
dom one-cycle respiratory signal (S103) to the operation of
storing the power spectrum of frequency components and
the respiratory status indication value of the one-cycle
respiratory signal in a database (S106) may be repeated until
it is no longer required to select a one-cycle respiratory
signal from the single file.

[0097] In other words, when a pair of a power spectrum of
frequency components and a respiratory status indication
value is obtained from a respiratory signal corresponding to
one cycle, a respiratory signal corresponding to a subsequent
cycle (one cycle other than the cycle of the previously
selected one-cycle respiratory signal) is selected (S103), a
normalized power spectrum of the selected respiratory sig-
nal is calculated (S104), a respiratory status indication value
of the selected respiratory signal is designated (S105), and
a pair of the power spectrum and the respiratory status
indication value of the respiratory signal corresponding to
the subsequent cycle is stored in the database.

[0098] When a required number of data pairs of a power
spectrum and a respiratory status indication value are
obtained from a plurality of respiratory signals correspond-
ing to individual cycles, another sleep respiratory signal
streaming file is read. Subsequently, operations S102 to
S106 are repeated for the other sleep respiratory signal
streaming file.

[0099] The operation of reading a respiratory signal file
(S101) to the operation of storing the power spectrum of
frequency components and the respiratory status indication
value of the one-cycle respiratory signal in a database
(S106) are repeated until it is no longer required to process
a new respiratory signal file.

[0100] In other words, in the operation of building a
database for training a respiratory status classifier (5100), a
process of acquiring a data pair of a power spectrum of
frequency components and a respiratory status indication
value of a respiratory signal corresponding to one respira-
tory cycle may be performed, and a process of acquiring a
data pair from each of respiratory signals corresponding to
other respiratory cycles may be repeatedly performed until
a specific condition of no longer being required to select a
one-cycle respiratory signal from a single file is satisfied.
When data pairs are acquired from one file until the specific
condition is satisfied, a process of acquiring data pairs from
a subsequent respiratory signal file may be repeatedly per-
formed until it is no longer required to process a new
respiratory signal file.

[0101] For example, the specific condition is a case where
the number of data pairs acquired from one file for each
respiratory status should satisfy a preset maximum number.
When the preset number of data pairs are acquired from one
file for each respiratory status (the specific condition is
satisfied), the repeated process on the file may be finished.
[0102] 1In the operation of selecting specific frequency
components (S200), only some frequency components con-
taining information which is valid for respiratory status
determination are selected from among frequency compo-
nents included in a one-cycle respiratory signal. This will be
described in detail with reference to FIG. 3.

[0103] Referring to FIG. 3, the operation of selecting
specific frequency components (S200) may include an

Dec. 12,2019

operation of reading a database for training a respiratory
status classifier (S201), an operation of generating a decision
tree classifier (S202), and an operation of selecting specific
frequency components (S203).

[0104] In the operation of reading a database for training
a respiratory status classifier (S201), the database for clas-
sifier training built in the operation of building a database for
training a respiratory status classifier (S100) is read.
[0105] In the operation of generating a decision tree
classifier (5202), a decision tree classifier is generated using
data read from the database for training a respiratory status
classifier. A decision tree classifier may be generated to
perform classification using frequency components included
in data pairs as input characteristics and power spectrum
values of the frequency components as values of the input
characteristics.

[0106] A decision tree classifier visually shows a decision
making process in a clear manner and may be represented in
the shape of an upside-down tree. A classification is made
along a path extending from a root node to a leaf node
through internal nodes.

[0107] Each of the branch-node including the root node
and one or more internal nodes of the decision tree corre-
sponds to one input feature (in the case of the present
invention, a frequency component), and each of branches
connected to nodes of next stages corresponds to a condition
of a value that an input feature corresponding to a current
node may have (in the case of the present invention, a range
of a power spectrum value of a frequency component or one
of several power spectrum values). A leaf node corresponds
to one of the classification categories (e.g., three categories
of normal respiratory state, snoring state, and apnea state
indicated by the respiratory status indication values).
[0108] Generating a decision tree classifier includes an
operation of finding an input feature of a corresponding node
and a condition of an input feature value so that a data set
given to one node may be optimally classified, an operation
of expanding branches corresponding to the condition of the
input feature value and nodes in the next stage, and an
operation of distributing a subset of data satisfying the
condition of the input feature value corresponding to a
branch to a node of the next stage expanded along the
branch. Such an expansion and data distribution process is
repeated in each node such that a tree structure is expanded.
In other words, a decision tree classifier may be generated by
classifying data pairs according to designated respiratory
status indication values until a misclassification rate of data
pairs classified according to respiratory status indication
values is below a preset rate. When a misclassification rate
of an expanded node is below the preset rate, the node
becomes a leaf node.

[0109] In the method of generating a decision tree classi-
fier according to the exemplary embodiment of the present
invention, input feature of data are frequency components,
and a condition of a value corresponds to a range of a power
spectrum value of a corresponding frequency component.
[0110] For example, when the root node or one internal
node has the optimal binary classification criterion “is a
power spectrum value of a 205" frequency component
greater than 27?” due to the input feature and the input
feature value “a power spectrum value of a 205% frequency
component” and the condition of a value “greater than 27,”
two nodes of the next stage are formed by expanding one
branch corresponding to the condition “greater than 27" and
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another branch corresponding to the condition “less than or
equal to 27,” and a subset of data greater than 27 and a subset
of data less than or equal to 27 are separately distributed to
the two nodes of the next stage corresponding to the con-
ditions.

[0111] When a data set allocated to a newly expanded
node satisfies the specific condition, the node is designated
as a leaf node, and a classification category is designated
according to the attribute of the data set. For example, the
specific condition may be set to “a proportion of elements
belonging to one classification region exceeds a certain
level.”

[0112] In the operation of selecting specific frequency
components (S203), only frequency components corre-
sponding to the root node and internal nodes included in a
complete decision tree are selected as new input feature. In
general, the number of frequency components shown in
nodes of the decision tree is much less than the total number
of frequency components, and the selected input character-
istics may be construed as providing information which is
sufficient and valid for data classification.

[0113] In other words, frequency components included as
input feature in the root node and the internal nodes of the
complete decision tree are selected as specific frequency
components.

[0114] In the operation of training a respiratory status
classifier (S300), the respiratory status classifier is trained
using data which has only the specific frequency compo-
nents selected in the operation of selecting specific fre-
quency components (S200) as input feature This will be
described in detail with reference to FIG. 4.

[0115] Referring to FIG. 4, the operation of training a
respiratory status classifier ($300) may include an operation
of reading the database for training a respiratory status
classifier (8301), an operation of inputting a power spectrum
of the selected frequency components and a respiratory
status indication value to the respiratory status classifier
(S302), an operation of calculating an output of the respi-
ratory status classifier (S303), an operation of calculating an
error of the respiratory status classifier (S304), and an
operation of adjusting parameters of the respiratory status
classifier (3305).

[0116] In the present invention, a type of respiratory status
classifier is not specified, and it is possible to use any
classifier for outputting respiratory status using a power
spectrum value as an input. For example, a Bayesian clas-
sifier, a multi-layer perceptron (MLP) classifier, a support
vector machine (SVM), or the like may be used as a
respiratory status classifier. In the present invention, a deci-
sion tree which is a classifier is used to select a specific
frequency component.

[0117] Inthe operation of reading the database for training
a respiratory status classifier (S301), data stored in the
database for training a respiratory status classifier built in the
operation of building a database for training a respiratory
status classifier (S100) is read. In the built database for
classifier training, power spectrums and respiratory status
indication values of one-cycle respiratory signals are stored
in pairs, and the data is used to train the respiratory status
classifier.

[0118] In the operation of inputting a power spectrum of
the selected frequency components and a respiratory status
indication value to the respiratory status classifier (3302), a
power spectrum of the frequency components and a respi-
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ratory status indication value selected by the decision tree
classifier in the operation of selecting specific frequency
components (S200) are input to the respiratory status clas-
sifier. Details of the inputs may be determined according to
characteristics of the respiratory status classifier.

[0119] In the operation of calculating an output of the
respiratory status classifier (S303), an output value of the
classifier is calculated for the input data. A method of
calculating an output value is determined according to the
classifier.

[0120] In the operation of calculating an error of the
respiratory status classifier (S304), a difference between the
output value of the classifier and the respiratory status
indication value is calculated. It is possible to use any
calculation method and formula reflecting the definition
(concept) of an error caused by the difference.

[0121] Forexample, an MLP classifier may be used as the
respiratory status classifier. In this case, when a respiratory

status indication value is expressed as the vector ¢ =[t, tyt.]'

and an output value is expressed as the vector o =[o, 0,0,
with respect to one piece of input data p, the error may be
calculated by the following equation which reflects a dif-
ference between the two vectors.

c

Z (t; —0)‘
i=1

—

l\JI

[0122] Also, an error of the total of n samples of data used
for training may be calculated by the following equation
which sums up squared errors of the respective samples of
data.

n

E=2Ep:% Z (1= 0:)

=1 p=1 =l

[0123] In the operation of adjusting parameters of the
respiratory status classifier (S305), values of parameters
which characterize the classifier are adjusted so that errors of
the classifier may be minimized. A method of adjusting
parameters is determined according to the type of classifier.
[0124] The operation of inputting a power spectrum of the
selected frequency components and a respiratory status
indication value to the respiratory status classifier (S302) to
the operation of adjusting parameters of the respiratory
status classifier (S305) may be repeatedly performed until a
preset condition for stopping training is satisfied. The con-
dition for stopping training may vary according to a detailed
training method for the respiratory status classifier and a
setting made by a user.

[0125] As an example of the condition for stopping train-
ing, in the case of an MLP, repeated training is stopped when
training is repeated a preset number of times or an error
which has occurred becomes less than or equal to a preset
reference.

[0126] In the operation of classifying respiratory status in
real time (S400), respiratory status is determined for respi-
ratory signals of respective respiratory cycles of a continu-
ously input respiratory signal streaming using the respiratory
status classifier which has been trained in the operation of
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training a respiratory status classifier (S300). This will be
described in detail with reference to FIG. 5.

[0127] Referring to FIG. 5. the operation of classifying
respiratory status in real time (S400) may include an opera-
tion of sensing a respiratory signal using a device such as a
microphone (S401), an operation of segmenting respiratory
cycles (S402), an operation of calculating a normalized
power spectrum of a one-cycle respiratory signal (S403), an
operation of inputting a power spectrum of selected fre-
quency components to the respiratory status classifier
(S404), an operation of calculating an output of the respi-
ratory status classifier (S405), and an operation of determin-
ing respiratory status (S406).

[0128] In the operation of sensing a respiratory signal
(S401), a continuous respiratory signal stream is sensed in
real time by a device for sensing sound of breathing such as
a microphone.

[0129] In the operation of segmenting respiratory cycles
(S402), one respiratory cycle from a start point of breathing
to an end point thereof (i.e., a start point of next breathing)
is segmented from a respiratory signal stream which is
sensed in real time. The operation of segmenting respiratory
cycles (S402) is functionally identical to the operation of
segmenting respiratory cycles (S102) in the operation of
building a database for training a respiratory status classifier
(5100).

[0130] In the operation of calculating a normalized power
spectrum of a one-cycle respiratory signal (S403), a power
spectrum is calculated by transforming a selected one-cycle
respiratory signal into the frequency domain by a Fourier
transform, and an appropriate normalization method is
applied to the power spectrum. The operation of calculating
anormalized frequency spectrum of an one-cycle respiratory
signal (S403) is functionally identical to the operation of
calculating a normalized power spectrum of a one-cycle
respiratory signal (S104) in the operation of building a
database for training a respiratory status classifier (S100).

[0131] In the operation of inputting power spectrum of
selected frequency components to the respiratory status
classifier (S404), power spectrums of specific frequency
components selected by the decision tree classifier generated
in the operation of selecting specific frequency components
(8200) are provided to the respiratory status classifier. The
operation of inputting power spectrum of selected frequency
components to the respiratory status classifier (3404) is
identical to an operation of inputting only power spectrums
without respiratory status indication values in the operation
of inputting power spectrums and respiratory status indica-
tion values of the selected frequency components to the
respiratory status classifier (S302).

[0132] In the operation of calculating an output of the
respiratory status classifier (S405), an output value of the
respiratory status classifier is calculated from inputs of the
power spectrums. The operation of calculating an output of
the respiratory status classifier (S405) is functionally iden-
tical to the operation of calculating an output of the respi-
ratory status classifier (S303) in the operation of training a
respiratory status classifier (S300).

[0133] In the operation of determining respiratory status
(S406), respiratory status is determined to be a normal
respiratory state, a snoring state, or an apnea state according
to the output of the respiratory status classifier.
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[0134] The operation of segmenting respiratory cycles
(5402) to the operation of determining respiratory status
(5406) may be continuously repeated for continuously input
respiratory signals.

[0135] In a method of generating a respiratory status
classifier and a method of determining respiratory status
using the generated respiratory status classifier according to
an exemplary embodiment of the present invention, only
some specific frequency components providing high dis-
criminative power for respiratory status classification are
selectively used among frequency components of each seg-
mented respiratory cycle. Therefore, it is possible to reduce
the probability of incorrectly classifying respiratory status
due to external noise.

[0136] Also, since only some specific frequency compo-
nents are selectively extracted from respiratory cycle-seg-
mented respiratory signals and used, it is possible to reduce
the computational time required for training a respiratory
status classifier in order to generate a respiratory status
classifier as well as the computation required for actually
determining respiratory status using the generated respira-
tory status classifier. Accordingly, even when a computer or
another device for operating the classification algorithm has
relatively low performance, it is possible to determine
respiratory status rapidly and accurately.

[0137] Although the present invention has been described
with some exemplary embodiments, various modifications
or variations can be made within the scope defined by the
claims stated below. The technical scope of the present
invention should be determined by the following claims.

What is claimed is:

1. A method of generating a respiratory status classifier,
the method comprising:
segmenting collected respiratory signals according to
respiratory cycles;
acquiring data pairs of a power spectrum of frequency
components and a designated respiratory status indica-
tion value for each of respiratory signals corresponding
to a plurality of selected respiratory cycles among the
segmented cycle-specific respiratory signals;

selecting specific frequency components from among the
frequency components; and

training a respiratory status classifier using data pairs of a
power spectrum value of the selected specific fre-
quency components and the designated respiratory sta-
tus indication value.

2. The method of claim 1, wherein the acquiring of data
pairs is performed on one of the collected respiratory signals
and then repeatedly performed on other respiratory signals
until a specific condition is satisfied.

3. The method of claim 1, wherein the acquiring of data
pairs comprises:

calculating a power spectrum of frequency components
for a respiratory signal corresponding to one respiratory
cycle and designating a respiratory status indication
value for the respiratory signal corresponding to the
respiratory cycle to acquire a data pair of the respira-
tory signal corresponding to the respiratory cycle; and

until a specific condition is satisfied, repeatedly acquiring
a data pair of each of respiratory signals corresponding
to the respiratory cycles except the respiratory cycle
whose data pair has been acquired.
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4. The method of claim 1, wherein in the acquiring of data
pairs, the power spectrums of the frequency components
included in the data pairs are normalized values.

5. The method of claim 1, wherein the respiratory status
indication value includes an indication value of a normal
respiratory state, a snoring state, or an apnea state.

6. The method of claim 5, wherein the respiratory status
indication value further includes indication values for rep-
resenting a level of the snoring state and a level of the apnea
state in numbers, text, or symbols.

7. The method of claim 3, wherein the selecting of specific
frequency components comprises:

generating a decision tree classifier for classifying respi-
ratory signals corresponding to the respiratory cycle
according to the respiratory status indication values
using the frequency components included in the data
pair as input feature and using the power spectrum
value of the frequency components as values of the
input feature; and

selecting only frequency components constituting a root
node and an internal node of the generated decision tree
classifier as the specific frequency components.

8. The method of claim 7, wherein the generating of a
decision tree classifier comprises generating the decision
tree classifier by repeatedly expanding the single internal
node according to respiratory status indication values des-
ignated for data pairs allocated to the internal node until a
ratio of data pairs belonging to one respiratory status to the
data pairs becomes a preset ratio.

9. The method of claim 1, wherein the training of a
respiratory status classifier comprises:
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inputting the power spectrums of the selected specific
frequency components and the designated respiratory
status indication values to the respiratory status classi-
fier; and

calculating errors by comparing output values from the

respiratory status classifier with the designated respi-
ratory status indication values, and adjusting param-
eters of the respiratory status classifier to reduce the
calculated errors.

10. The method of claim 9, wherein the training of a
respiratory status classifier is finished when the training is
repeatedly performed a preset number of times or the
calculated errors are below a preset reference.

11. A method of determining respiratory status, the
method comprising:

segmenting a one-cycle respiratory signal from collected

respiratory signals;

inputting power spectrums of selected specific frequency

components among power spectrums of the segmented
one-cycle respiratory signal to a generated respiratory
status classifier, wherein the selected specific frequency
components and the generated respiratory status clas-
sifier are selected or generated according to the method
of claim 1; and

determining respiratory status of the segmented one-cycle

respiratory signal according to output values of the
respiratory status classifier based on the inputs.

12. The method of claim 11, further comprising, after the
determining of respiratory status, repeating the segmenting
of a one-cycle respiratory signal to the determining of
respiratory status for a respiratory signal continuous to the
segmented one-cycle respiratory signal.
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