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(57) ABSTRACT

A method and apparatus for measuring a first bio-signal from
a user in an unrestrictive manner are provided. The method
includes extracting a second bio-signal including a motion
signal and a respiration signal, based on the first bio-signal;
determining an apnea measurement reference signal includ-
ing a respiration measurement signal and a motion measure-
ment signal, based on the second bio-signal; dividing the
apnea measurement reference signal by a first time interval to
generate a first evaluation signal, and dividing the first evalu-
ation signal by a second time interval, that is smaller than the
first time interval, to generate second evaluation signals; cal-
culating standard deviation information based on the second
evaluation signals; and determining a sleeping pattern for the
second time intervals corresponding to the second evaluation
signals, based on the standard deviation information.
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FIG. 7A
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FIG. 7B
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METHOD AND DEVICE FOR DETERMINING
SLEEPING PATTERN, AND COMPUTER
READABLE STORAGE MEDIUM
RECORDING THE METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0112867. filed on Sep. 23, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to a method and device for estimat-
ing sleep apnea, and a computer readable storage medium
recording the method.

[0004] 2. Description of Related Art

[0005] Sleep apnea analysis in arelated art measures a large
number of bio-signals from a user, detects features of bio-
signals generated when sleep apnea occurs, and analyzes the
sleep apnea based on the features. However, various types of
bio-signal measuring electrodes must be attached to the body
or the face of the user in order to measure the large number of
bio-signals, thereby interfering with a user’s normal sleeping
environment.

[0006] Also, in order to analyze the large number of the
various types of measured bio-signals requires a hospital
where an experienced expert is able to analyze the bio-sig-
nals. Thus, a patient must visit a hospital or other facility, and
incur measurement time and costs that are relatively high.

SUMMARY

[0007] Exemplary embodiments overcome the above dis-
advantages and other disadvantages not described above.
Also, an exemplary embodiment is not required to overcome
the disadvantages described above, and an exemplary
embodiment may not overcome any of the problems
described above.

[0008] One or more exemplary embodiments provide a
method and device for estimating sleep apnea, which are
capable of determining whether sleep apnea has occurred for
a set time period by measuring bio-signals from a user in an
unrestrictive manner during a normal sleep period without
directly attaching any devices to the body of the user and by
estimating an aspect of a change in the sizes of the bio-signals
based on standard deviation information. Also provided is a
computer readable storage medium having recorded thereon
the method.

[0009] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the exem-
plary embodiments.

[0010] According to one or more embodiments of the
present invention, a method of determining a sleeping pattern
includes measuring a first bio-signal from a user in an unre-
strictive manner by using a poly(vinylidene difluoride)
(PVDF)-based sensor having piezoelectric characteristics;
extracting a second bio-signal, including a motion signal and
arespiration signal, based on the first bio-signal; determining
an apnea measurement reference signal, including a respira-
tion measurement signal and a motion measurement signal,
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based on the second bio-signal; generating a plurality of
second evaluation signals by dividing first evaluation signals,
which are obtained by dividing the apnea measurement ref-
erence signal by a first time interval, by a second time inter-
val; calculating standard deviation information including
standard deviations of the plurality of second evaluation sig-
nals and an average standard deviation based on a standard
deviation of a second respiration evaluation signal; and deter-
mining the sleeping pattern for the second time interval cor-
responding to the second evaluation signals, based on the
standard deviation information, wherein the sleeping pattern
includes a motion estimation section, an apnea estimation
section, or a normal respiration estimation section.

[0011] The determining of the apnea measurement refer-
ence signal may include filtering the second bio-signal by
using a low-pass filter; and determining the respiration mea-
surement signal by analyzing principle components of the
filtered signal, and determining the motion measurement sig-
nal by analyzing principle components of the second bio-
signal.

[0012] The generating of the plurality of second evaluation
signals may include generating a plurality of second motion
evaluation signals by dividing a first motion evaluation signal,
which is obtained by dividing the motion measurement signal
by the first time interval, by the second time interval, and
generating a plurality of second respiration evaluation signals
by dividing first respiration evaluation signals, which are
obtained by dividing the respiration measurement signal by
the first time interval, by the second time interval,

[0013] The calculating of the standard deviation informa-
tion may include calculating standard deviations of the plu-
rality of second motion evaluation signals and the plurality of
second respiration evaluation signals, respectively; and cal-
culating an average of the standard deviations of the plurality
of second respiration evaluation signals, except for a maxi-
mum standard deviation of the plurality of second respiration
evaluation signals.

[0014] The determining of the sleeping pattern for the sec-
ond time interval corresponding to the second evaluation
signals may include determining the second time interval
corresponding to the second evaluation signals to be the
motion estimation section when the standard deviations of the
second motion evaluation signals are equal to or greater than
aspecific value or when the standard deviations of the second
respiration evaluation signals are equal to or greater than the
average of the standard deviations of the second respiration
evaluation signals; determining the second time interval cor-
responding to the second evaluation signals to be the apnea
estimation section when the second time interval is not the
motion estimation section and when the standard deviations
of the second respiration evaluation signals are less than or
equal to a product of the average of the standard deviations of
the second respiration evaluation signals and ‘k’, whereink is
a real number satisfying 0<k<1; and determining the second
time interval corresponding to the second evaluation signals
to be the normal respiration estimation section when the
second interval time is neither the motion estimation section
nor the apnea estimation section.

[0015] The method may further include determining the
first time interval corresponding to the first evaluation signal
to be a section in which sleep apnea occurs, when at least one
of sleeping patterns for a plurality of second time intervals
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corresponding to the plurality of second evaluation signals
included in the first evaluation signals is determined to be the
apnea estimation section.

[0016] When a minimum interval between the second
evaluation signals determined to be the apnea estimation sec-
tions may be less than the second time interval, the method
may further include determining that apnea lasts for the mini-
mum interval.

[0017] The generating of the plurality of second evaluation
signals may include generating the plurality of second evalu-
ation signals to overlap with each other.

[0018] According to one or more embodiments of the
present invention, a device for determining a sleeping pattern
includes a signal measuring sensor unit having piezoelectric
characteristics and configured to measure a first bio-signal
from a user in an unrestrictive manner; a bio-signal extraction
unit for extracting a second bio-signal, including a motion
signal and a respiration signal, based on the first bio-signal
measured by the signal measuring sensor unit; a reference
signal determination unit for determining an apnea measure-
ment reference signal, including a respiration measurement
signal and a motion measurement signal, based on the second
bio-signal extracted by the bio-signal extraction unit; an
evaluation signal generation unit for generating a plurality of
second evaluation signals by dividing first evaluation signals
by a second time interval, wherein the first evaluation signals
are obtained by dividing the apnea measurement reference
signal, which is determined by the reference signal determi-
nation unit, by a first time interval; a standard deviation infor-
mation calculation unit for calculating standard deviation
information which includes standard deviations of the plural-
ity of second evaluation signals determined by the evaluation
signal generation unit and an average standard deviation
based on a standard deviation of a second respiration evalu-
ation signal; and a sleeping pattern determination unit for
determining a sleeping pattern for the second time interval
corresponding to the second evaluation signals, based on the
standard deviation information calculated by the standard
deviation information calculation unit, wherein the sleeping
pattern includes a motion estimation section, an apnea esti-
mation section, or a normal respiration estimation section.
[0019] Thereferencesignal determination unit may include
a low-pass filter unit for filtering the second bio-signal; and a
principle component analysis unit for determining the respi-
ration measurement signal by analyzing principle compo-
nents of the filtered signal, and determining the motion mea-
surement signal by analyzing principle components of the
second bio-signal.

[0020] The evaluation signal generation unit may include a
first time division unit for generating first motion evaluation
signals by dividing the motion measurement signal by a first
time interval, and generating first respiration evaluation sig-
nals by dividing the respiration measurement signal by the
first time interval; and a second time division unit for gener-
ating a plurality of second motion evaluation signals by divid-
ing the first motion evaluation signals by a second time intet-
val, and generating a plurality of second respiration
evaluation signals by dividing the first respiration evaluation
signals by the second time interval.

[0021] The standard deviation information calculation unit
may calculate standard deviations of the plurality of second
motion evaluation signals and the plurality of second respi-
ration evaluation signals, respectively, and calculate an aver-
age of the standard deviations of the plurality of second
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respiration evaluation signals, except for a maximum stan-
dard deviation of the plurality of second respiration evalua-
tion signals

[0022] The sleeping pattern determination unit may deter-
mine the sleeping pattern for the second time interval corre-
sponding to the second evaluation signals to be the motion
estimation section when the standard deviations of the second
motion evaluation signals are equal to or greater than a spe-
cific value or when the standard deviations of the second
respiration evaluation signals are equal to or greater than the
average of the standard deviations of the second respiration
evaluation signals; determine the sleeping pattern for the
second time interval corresponding to the second evaluation
signals to be the apnea estimation section when the sleeping
pattern is not the motion estimation section and when the
standard deviations of the second respiration evaluation sig-
nals are less than or equal to a product of the average of the
standard deviations of the second respiration evaluation sig-
nals and ‘k’, wherein k is a real number satisfying 0<k<1; and
determine the sleeping pattern for the second time interval
corresponding to the second evaluation signals to be the nor-
mal respiration estimation section when the sleeping pattern
is neither the motion estimation section nor the apnea estima-
tion section.

[0023] The device may further include an apnea generation
determination unit for determining the first time interval cor-
responding to the first evaluation signals to be a section in
which apnea occurs when at least one apnea estimation sec-
tion determined by the sleeping pattern determination unit is
present in a plurality of second time intervals corresponding
to the plurality of second evaluation signals included in the
first evaluation signals.

[0024] When a minimum interval between apnea estima-
tion sections determined for the first time interval is equal to
the second time interval, the sleeping pattern determination
unit may determine the minimum interval to be the apnea
estimation section.

[0025] The evaluation signal generation unit may generate
the plurality of second evaluation signals to overlap with each
other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The and/or other aspects will become apparent and
more readily appreciated from the following description of
exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0027] FIG. 1A is a diagram illustrating bio-signal measur-
ing electrodes of a related art, and FIG. 1B is a diagram
illustrating a signal measuring sensor for measuring sleep
apnea, according to an exemplary embodiment;

[0028] FIG.2isa flowchart of a method of estimating sleep
apnea, according to an exemplary embodiment;

[0029] FIG. 3 is a block diagram of a device for estimating
sleep apnea, according to an exemplary embodiment;

[0030] FIG. 4 is a block diagram of a bio-signal extractor
according to an exemplary embodiment;

[0031] FIG. 5is a diagram illustrating a device for estimat-
ing sleep apnea, according to an exemplary embodiment;
[0032] FIG. 6 is a diagram illustrating a method of gener-
ating a plurality of second evaluation signals, which is
included in a method of estimating sleep apnea, according to
an exemplary embodiment;
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[0033] FIG. 7A and FIG. 7B is a flowchart of a method of
determining a sleeping pattern according to an exemplary
embodiment;

[0034] FIG. 8 is a diagram illustrating a method of deter-
mining a section in which sleep apnea occurs, according to an
exemplary embodiment;

[0035] FIG. 9 is a diagram illustrating a method of gener-
ating second evaluation signals to overlap with each other,
according to an exemplary embodiment; and

[0036] FIG. 10 is a diagram illustrating a method of deter-
mining that apnea lasts, according to an exemplary embodi-
ment.

DETAILED DESCRIPTION

[0037] Reference will now be made to exemplary embodi-
ments which are illustrated in the accompanying drawings,
wherein like reference numerals refer to like elements
throughout. In this regard, the exemplary embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
exemplary embodiments are merely described below, by
referring to the figures, to explain aspects of the present
description.

[0038] In the present disclosure, general terms that have
been widely used are selected, if possible, in consideration of
functions of the present description, but non-general terms
may be selected according to the intentions of technicians in
the art, precedents, or new technologies, and the like. Also,
some terms may be arbitrarily chosen. In this case, the mean-
ings of these terms is further explained in corresponding parts
of the present disclosure. Thus, the terms used herein should
be defined not based on the names thereof but based on the
meanings thereof and the whole context of the present dis-
closure.

[0039] In the present disclosure, it should be understood
that the terms, such as include or have, and the like, are
intended to indicate the existence of the features, numbers,
steps, actions, components, parts, or combinations thereof
disclosed in the specification, and are notintended to preclude
the possibility that one or more other features, numbers, steps,
actions, components, parts, or combinations thereof may
exist or may be added.

[0040] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Expressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0041] Hereinafter, the exemplary embodiments are
described with reference to the accompanying drawings so
that those of ordinary skill in the art can easily accomplish
them. The present description can be, however, embodied in
many various forms and are not limited to the embodiments
set forth herein. Also, parts that are not related to describing
the present description are omitted for clarity.

[0042] FIG.1Ais a diagram illustrating bio-signal measur-
ing electrodes of a related art, and FIG. 1B is a diagram
illustrating a signal measuring sensor 100 for measuring sleep
apnea, according to an exemplary embodiment.

[0043] As illustrated in FIG. 1A, for sleep apnea analysis
according to a related art, various types of the bio-signal
measuring electrodes 10 are attached to the body and/or the
face of a user in order to measure a large number of bio-
signals. In this example, an area of the user’s activity is
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limited, thus interfering with the user’s normal sleeping envi-
ronment when the bio-signal measuring electrodes 10 are
attached to the user.

[0044] In contrast, referring to FIG. 1B, the signal measur-
ing sensor 100 according to an exemplary embodiment may
be installed on a bed or other surface to measure a first
bio-signal from a user that is sleeping.

[0045] For example, the signal measuring sensor 100
according to an exemplary embodiment may use a poly(vi-
nylidene difluoride) (PVDF)-based sensor having piezoelec-
tric characteristics. Polyvinylidene difluoride is also referred
to as polyvinylidene fluoride. As an example, the signal mea-
suring sensor unit 100 may be installed in a space between the
back of the user and a bed mattress.

[0046] For example, the signal measuring sensor 100 may
have a thickness of about 0.1 mm and is thus capable of
measuring a respiration signal from the user in an uncon-
scious state or in a sleeping state in which the user does not
recognize the installation of the signal measuring sensor 100.
Because a measurement position may change due to the
user’s movement while the user is sleeping, the signal mea-
suring sensor 100 may have a size of, for example, 30x30 cm,
and the like, to cover the user’s upper body. A silicon pad
having a thickness of about 1 mm may be installed on the
signal measuring sensor 100 to prevent the signal measuring
sensor 100 from being damaged by physical pressure. A
method of generating signals to be used to measure sleep
apnea from the first bio-signal is further described with ref-
erence to FIGS. 4 and 5.

[0047] FIG. 2isa flowchart of a method of estimating sleep
apnea, according to an exemplary embodiment.

[0048] In the method of FIG. 2, in operation S200, a first
bio-signal is measured from a user in an unrestrictive marner
by using the signal measuring sensor 100 having piezoelec-
tric characteristics of FIG. 1. For example, the signal measur-
ing sensor 100 may use a PVDF-based sensor.

[0049] The signal measuring sensor 100 may be installed in
aspace between the user’s back and a bed mattress to measure
the first bio-signal without causing the user to directly contact
the signal measuring sensor 100. For example, the first bio-
signal may be any of various signals that may be measured
using the signal measuring sensor 100.

[0050] In operation S210, a second bio-signal including a
motion signal and a respiration signal is extracted based on
the measured first bio-signal. For example, in a method of
estimating sleep apnea, changes in the respiration signal and
the motion signal may be estimated based on standard devia-
tion information. Thus, the respiration signal and the motion
signal may be extracted from the first bio-signal to perform
the estimating.

[0051] Thus, the second bio-signal which is to be used to
estimate sleep apnea may be generated by extracting the
respiration signal and the motion signal that have specific
frequency bands from the first bio-signal, amplifying the
extracted signals, and performing analog/digital (A/D) con-
version on the amplified signals, an example of which is
described with reference to FIG. 4.

[0052] Inoperation S220, an apnea measurement reference
signal that includes a respiration measurement signal and a
motion measurement signal may be determined based on the
extracted second bio-signal. For example, in operation S220
the second bio-signal may be filtered using a low-pass filter.
The respiration measurement signal may be determined by
analyzing principle components of a signal obtained by fil-
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tering the second bio-signal and the motion measurement
signal may be determined by analyzing principle components
of the second bio-signal, an example of which is described
with reference to FIG. 5.

[0053] In operation S230, the apnea measurement refer-
ence signal is divided by a first time interval to generate one
or more first evaluation signals, and second evaluation signals
are generated by dividing the first evaluation signals by a
second time interval.

[0054] For example, the apnea measurement signal may be
divided by a first time interval to generate one or more first
motion evaluation signals and first respiration evaluation sig-
nals. Then, second motion evaluation signals may be gener-
ated by dividing the first motion evaluation signals, by the
second time interval, and second respiration evaluation sig-
nals may be generated by dividing the first respiration evalu-
ation signals by the second time interval. The method of FIG.
2 may further include generating second evaluation signals to
overlap with each other, as will be described with reference to
FIG. 6.

[0055] In operation S240, standard deviation information,
including standard deviations of the second evaluation sig-
nals and an average standard deviation based on the standard
deviations, is calculated. For example, the method may
include calculating standard deviations of the second motion
evaluation signals and second respiration evaluation signals,
and calculating an average of the standard deviations of the
second respiration evaluation signals except for a maximum
standard deviation among the calculated standard deviations.
[0056] In operation S250, sleeping patterns for the second
time intervals corresponding to the second evaluation signals
are determined based on the calculated standard deviation
information. For example, a sleeping pattern may include a
motion estimation section, an apnea estimation section, a
normal respiration estimation section, and the like.

[0057] When at least one sleeping pattern among sleeping
patterns for second time intervals corresponding to the second
evaluation signals is determined to be an apnea estimation
section, the first time interval corresponding to the first evalu-
ation signal may be determined to be a sleep apnea generation
section. When a minimum interval between the second evalu-
ation signals determined as the apnea estimation section is
less than or equal to the second time interval, it may be
determined that apnea lasts for the second time interval, as is
described with reference to FIG. 10.

[0058] FIG. 3 is a block diagram of a device for estimating
sleep apnea, according to an exemplary embodiment.

[0059] As illustrated in FIG. 3, the device for estimating
sleep apnea includes a storage 400, a signal measuring sensor
100, a bio-signal extractor 210, a reference signal determiner
230, an evaluation signal generator 250, a standard deviation
information calculator 270, a sleeping pattern determiner
290, a controller 300, and a display 500. However, these
elements are not indispensable elements. Also, the device for
estimating sleep apnea may further include other elements or
may include only some of the elements illustrated in FIG. 3.
[0060] The signal measuring sensor 100 measures a first
bio-signal from a user in an unrestrictive manner. According
to various aspects, the first bio-signal is measured using a
PVDEF-based sensor that measures a signal without being
attached to the body of a user. Accordingly, the user’s sleep is
not interfered with by the measuring of the first bio-signal.
[0061] The bio-signal extractor 210 extracts a second bio-
signal, including a motion signal and a respiration signal,
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based on the first bio-signal measured by the signal measur-
ing sensor 100. Because the first bio-signal may include sig-
nals measured while the user is sleeping, the second bio-
signal may be used in a method of estimating sleep apnea. The
second bio-signal may include the respiration signal and the
motion signal, as is described with reference to FIG. 4.
[0062] The reference signal determiner 230 determines an
apnea measurement reference signal, including a respiration
measurement signal and a motion measurement signal, based
on the second bio-signal extracted by the bio-signal extractor
210. For example, the respiration measurement signal and the
motion measurement signal may be generated based on the
second bio-signal to secure the quality of the motion signal
and the respiration signal included in the second bio-signal
and to increase the reliability of measuring sleep apnea.
[0063] Thus, a user’s sleeping pattern (e.g., motion, apnea,
or normal respiration, and the like) may be determined based
on the respiration measurement signal and the motion mea-
surement signal. The structure of the reference signal deter-
miner 230 is described with reference to FIG. 5.

[0064] The evaluation signal generator generates first
evaluation signals by dividing the apnea measurement signal
by a first time interval. The evaluation signal generator 250
generates second evaluation signals by dividing first evalua-
tion signals by a second time interval, as is described with
reference to FIGS. 5 and 6.

[0065] The standard deviation information calculator 270
calculates standard deviation information including standard
deviations of the second evaluation signals generated by the
evaluation signal generation unit 250 and an average of the
standard deviations. The structure of the standard deviation
information calculator 270 is described with reference to FIG.
5 below.

[0066] The sleeping pattern determiner 290 determines a
sleeping pattern for the second time interval corresponding to
the second evaluation signals, based on the standard deviation
information calculated by the standard deviation information
calculator 270. For example, the sleeping pattern may include
amotion estimation section, an apnea estimation section, or a
normal respiration estimation section.

[0067] For example, he sleeping pattern determiner 290
may determine a sleeping pattern for the second time interval
corresponding to the second evaluation signals to be the
motion estimation section when a standard deviation of a
second motion evaluation signal is equal to or greater than a
specific value (e.g., 2) or the standard deviations of the second
respiration evaluation signals are equal to or greater than the
average of the standard deviations of the second respiration
evaluation signals among the standard deviations. If the
sleeping pattern is determined not to be the motion estimation
section, and the standard deviation of the second respiration
evaluation signal is less than or equal to a product of the
average of the standard deviations of the second respiration
evaluation signals and ‘k’ (0<k<1, for example, k=0.7), the
sleeping pattern for the second time interval corresponding to
the second evaluation signals may be determined to be the
apnea estimation section. If the sleeping pattern is neither the
motion estimation section nor the apnea estimation section,
the sleeping pattern for the second time interval correspond-
ing to the second evaluation signals may be determined to be
the normal respiration estimation section.

[0068] When at least one apnea estimation section is deter-
mined by the sleeping pattern determination unit 290 for the
second time intervals corresponding to the second evaluation
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signals included in the first evaluation signal, a sleeping pat-
tern for the first time interval corresponding to the first evalu-
ation signal may be determined as a section in which an apnea
occurs.

[0069] When a minimum interval between apnea estima-
tion sections determined for the first time interval is the sec-
ond time interval, the sleeping pattern determiner 290 may
determine the minimum interval to be the apnea estimation
section.

[0070] Thestorage 400 may store a program for performing
processing or controlling by the controller 300, and input/
output data, for example, the first bio-signal, the second bio-
signal, the apnea measurement reference signal, the first
evaluation signal, the second evaluation signals, the standard
deviation information, the sleeping pattern, and the like.
[0071] The storage 400 may include at least one storage
medium selected from the group consisting ofa flash memory
type, a hard disk type, a multimedia card micro type, a card
type memory (e.g., secure digital (SD) or extreme digital
(XD) memory, etc.), random access memory (RAM), static
RAM (SRAM), read-only memory (ROM), an electrically
erasable programmable read-only memory (EEPROM), a
programmable ROM (PROM) magnetic memory, a magnetic
disc, an optical disc, and the like. Also, the device for esti-
mating sleep apnea may operate a web storage for performing
a storing function of the storage 400 via the Internet such as a
cloud service.

[0072] The display 500 displays and outputs information
processed by the device for estimating sleep apnea. For
example, the display 500 may display various types of data
input to/output from the device for estimating sleep apnea
such as the first bio-signal, the second bio-signal, the apnea
measurement reference signal, the first evaluation signal, the
second evaluation signals, the standard deviation informa-
tion, the sleeping pattern, and the like.

[0073] When a layered structure including the display 500
and a touch pad (not shown) are combined to form a touch
screen, the display 500 may be used as both an output device
and an input device. For example, the display 500 may
include at least one selected from the group consisting of a
liquid crystal display (LCD), a thin-film transistor-LCD, an
organic light-emitting diode display, a flexible display, a
three-dimensional (3D) display, an electrophoretic display,
and the like. Also, the device for estimating sleep apnea may
include two or more displays 500 according to the type
thereof. In this case, the two or more displays 500 may be
disposed opposite to each other via a hinge.

[0074] In general, the controller 300 controls overall opera-
tions of the device for estimating sleep apnea. For example,
the controller 300 may execute programs stored in the storage
400 to control overall operations of the signal measuring
sensor 100, the bio-signal extractor 210, the reference signal
determiner 230, the evaluation signal generator 250, the stan-
dard deviation information calculator 270, the sleeping pat-
tern determiner 290, the display 500, and the like.

[0075] FIG.4is ablock diagram of the bio-signal extractor
210 according to an exemplary embodiment.
[0076] As illustrated in FIG. 4, the bio-signal extractor 210

includes a filter 211, an amplifier 213, and an A/D converter
215.

[0077] The filter 211 extracts a frequency-band signal
including a respiration signal and a motion signal, from a first
bio-signal measured by the signal measuring sensor 100.
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[0078] A second bio-signal including a respiration signal
and a motion signal, which is used in a method of estimating
sleep apnea, is extracted from the first bio-signal including all
bio-signals measured by the signal measurement sensor unit
100. For example, a low-pass filter may be used to extract the
frequency-band signal including the respiration signal and
the motion signal, from the first bio-signal. As an example,
the low-pass filter may be a Butterworth low-pass filter but is
not limited thereto.

[0079] Theamplifier 231 amplifies the frequency-band sig-
nal, including the respiration signal and the motion signal that
is output from the filter 211. For example, a gain of the
amplifier 231 may be 50 but is not limited thereto.

[0080] TheA/D converter 215 is used during a pre-process-
ing process of performing digital signal processing on the first
bio-signal at a later time.

[0081] The second bio-signal, including the motion signal
and the respiration signal, which is output from the bio-signal
extractor 210, is input to the reference signal determiner 230,
as described with reference to FIG. 5.

[0082] FIG. 51is a diagram illustrating signals input to/out-
put from a device for estimating sleep apnea according to an
exemplary embodiment.

[0083] As illustrated in FIG. 5, signal determiner 230 may
include a low-pass filter 231 and a principle component ana-
lyzer (PCA) 233. For example, the reference signal deter-
miner 230 may include the low-pass filter 231 and the PCA
233 to secure the quality of a motion signal and a respiration
signal included in a second bio-signal and to increase the
reliability of measuring sleep apnea. Thus, an apnea measure-
ment reference signal may be generated and may include a
respiration measurement signal and a motion measurement
signal which may be used in a method of estimating sleep
apnea.

[0084] The low-pass filter 231 is used to secure the quality
of the respiration signal included in the second bio-signal. For
example, if a cut-off frequency band of the low-pass filter 231
is 0.5 Hz or less, it may be understood that a user breaths once
every two seconds when the cut-off frequency band is con-
verted into time. Thus, when the second bio-signal is filtered
using the low-pass filter 231, the respiration signal indicating
that it takes two seconds or more for the user to breathe once
is extracted.

[0085] The respiration measurement signal may be deter-
mined using the PCA 233, based on the respiration signal
output from the low-pass filter 231. The motion measurement
signal may be determined using the PCA 233, based on the
second bio-signal. The respiration measurement signal and
the motion measurement signal may be input to the evaluation
signal generator 250.

[0086] As illustrated in FIG. 5, the evaluation signal gen-
erator 250 may include a first time division 251 and a second
time division 253. For example, the evaluation signal genera-
tor 250 may use the first time division 251 and the second time
division 253 to determine whether apnea occurs during sleep
in units of a first time interval, based on the respiration mea-
surement signal and the motion measurement signal.

[0087] For example, the first time interval may be one
minute. In order to determine whether apnea occurs during
sleep in units of the first time interval, the first time division
unit 251 may generate a first respiration evaluation signal and
a first motion evaluation signal by dividing the respiration
measurement signal and the motion measurement signal by
the first time interval of one minute.
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[0088] In this case, a sleeping pattern such as a motion
estimation section, an apnea estirmation section, a normal
respiration estimation section, and/or the like, may be deter-
mined by dividing the first respiration evaluation signal and
the first motion evaluation signal by a second time interval,
for example, ten seconds. The first respiration evaluation
signal and the first motion evaluation signal may be divided
by ten seconds based on the definition of sleep apnea in which
pauses in breathing can last for ten seconds or more during
sleep. Thus, the second time division unit 253 may generate a
plurality of second respiration evaluation signals and a plu-
rality of second motion evaluation signals by dividing the first
respiration evaluation signal and the first motion evaluation
signal by the second time interval. As another example, the
plurality of second evaluation signals may be generated to
overlap with each other, as is described with reference to FIG.
6.

[0089] A sleeping pattern of the user may be determined in
units of the second time interval, based on standard deviation
information of the plurality of second respiration evaluation
signals and the plurality of second motion evaluation signals.
Whether apnea occurs for the first time interval may be detet-
mined based on a result of determining a sleeping pattern in
units of the second time interval.

[0090] Asillustrated in FIG. 5, the standard deviation infor-
mation calculator 270 may calculate standard deviation infor-
mation to be used to determine a sleeping pattern in units of
the second time interval. For example, the standard deviation
information may include standard deviations of the plurality
of respective second motion evaluation signals and the plu-
rality of respective second respiration evaluation signals and
an average of the standard deviations of the second respiration
evaluation signals.

[0091] Thus, asleeping patternincluding one or more of the
motion estimation section, the apnea estimation section, the
normal respiration estimation section, and the like, for the
first time interval may be determined in units of the second
time interval, based on the standard deviation information.
For example, a maximum standard deviation among standard
deviations in six sections may be obtained by dividing a one
minute first interval by ten second intervals.

[0092] As another example, when the average of the stan-
dard deviations of the second respiration evaluation signals is
calculated, an average of the standard deviations, excluding a
maximum value or a plurality of maximum values from
among the standard deviations calculated for a plurality of
second time intervals included in the first time interval may be
calculated as a reference for determining a sleeping pattern.
This may prevent the average of the standard deviations from
being influenced by a standard deviation in a section in which
motion occurs.

[0093] Thesleeping pattern determiner 290 may receive the
standard deviation information from the standard deviation
information calculator 270, and determine a sleeping pattern
in units of the second time interval. In this case, whether
apnea occurs during the first time interval may be determined
based on the sleeping patterns determined in refined units of
the second time interval.

[0094] FIG. 6 is a diagram illustrating a method of gener-
ating a plurality of second evaluation signals, which is
included in a method of estimating sleep apnea, according to
an exemplary embodiment.

[0095] As illustrated in FIG. 6(a), a plurality of first evalu-
ation signals 610a that include first motion evaluation signals,
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first respiration evaluation signals, and the like, may be gen-
erated by dividing an apnea measurement reference signal
6004 that include a motion measurement signal, a respiration
measurement signal, and the like by a first time interval, e.g.,
one minute. As illustrated in FIG. 6(4), a plurality of second
evaluation signals 6105 that include second motion evalua-
tion signals, second respiration evaluation signals, and the
like, are generated by dividing a first evaluation signal 6005
by a second time interval, e.g., ten seconds.

[0096] Also, asillustrated in FIG. 6(c), a plurality of second
evaluation signals 610c that include second motion evalua-
tion signals, second respiration evaluation signals, and the
like, are generated by dividing a first evaluation signal 600¢
by a second time interval, e.g., ten seconds, to overlap with
each other. The number of second evaluation signals 610¢
generated from the first evaluation signal 600¢ may vary
according to overlapping time sections 620.

[0097] FIG. 7A and FIG. 7B is a flowchart of a method of
determining a sleeping pattern, according to an exemplary
embodiment.

[0098] In the method of determining a sleeping pattern,
whether sleep apnea occurs during a first time interval may be
estimated by analyzing first evaluation signals obtained by
dividing an apnea measurement reference signal by the first
time interval.

[0099] For example, a plurality of second evaluation sig-
nals obtained by subdividing the first evaluation signals by a
second time interval, e.g., ten seconds, may be analyzed.
Here, the reason why the first evaluation signals are subdi-
vided by ten seconds is based on the definition of sleep apnea,
i.e., pauses in breathing that can last for ten seconds or more
during sleeping.

[0100] In this case, the first evaluation signals for the first
time interval may be determined to be a plurality of sleeping
patterns, based on standard deviation information of the plu-
rality of respective second evaluation signals. When at least
one of the plurality of sleeping patterns is determined to be an
apnea estimation section in a second evaluation signals, the
first time intervals corresponding to the second evaluation
signals may likewise be determined to be sections in which
sleep apnea occurs. Accordingly, when at least one apnea
estimation section is present, the first time interval is deter-
mined to be a section in which sleep apnea occurs but the
present disclosure is not limited to the number of apnea esti-
mation sections.

[0101] Thus, the number of sleeping patterns for the first
time intervals may be determined to be equal to the number of
second evaluation signals.

[0102] Forexample, a sleeping pattern may be determined
for each second evaluation signal generated from the first
evaluation signals. Here, ‘N’ denotes the number of sleeping
patterns determined for the first time intervals. To start with,
in operation S700, N is zero. That is, operation S700 is per-
formed to set N=0s0 as to analyze a first evaluation signal for
a new time. It should be appreciated that the number of
sleeping patterns may vary according to the lengths of the first
time interval and the second time interval. Also, when the
plurality of second evaluation signals overlap with each other,
the number of second evaluation signals generated from the
first evaluation signals may vary according to time sections in
which the plurality of second evaluation signals overlap with
each other.

[0103] In operation S710, N=N+1, in which a sleeping
pattern is evaluated for each second evaluation signal. For
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example, the plurality of second evaluation signals may each
include a second respiration evaluation signal and a second
motion evaluation signal.

[0104] Inoperation S720, it is determined whether standard
deviations of the second motion evaluation signals are equal
to or greater than a specific value.

[0105] If it is determined in operation S720 that the stan-
dard deviations of the second motion evaluation signals are
equal to or greater than the specific value, in operation S730
the second time intervals for which the second evaluation
signals are output are determined to be motion estimation
sections. Alternatively, if it is determined in operation S720
that the standard deviations of the second motion evaluation
signals are not equal to or greater than the specific value, in
operation S740 it is determined whether standard deviations
of the second respiration evaluation signals are equal to or
greater than an average standard deviation of the second
respiration evaluation signals.

[0106] If it is determined in operation S740 that the stan-
dard deviations of the second respiration evaluation signals
are equal to or greater than the average standard deviation of
the second respiration evaluation signals, the method pro-
ceeds to operation S730 and the second time intervals for
which the second evaluation signals are output are deter-
mined to be motion estimation sections.

[0107] Alternatively, if it is determined in operation S740
that the standard deviations of the second respiration evalua-
tion signals are not equal to or greater than the average stan-
dard deviation of the second respiration evaluation signals, in
operation S750 it is determined whether the standard devia-
tions of the second respiration evaluation signals are less than
or equal to a product generated by multiplying the average of
the standard deviations of the second respiration evaluation
signals and ‘k.” As a non-limiting example, a value that is in
the predetermined range of the average may be 0.7, and ‘k’
may be used as a reference value for determining a sleep
apnea section and may be 0.7. However, ‘k’ is not limited to
0.7 and may be any real number satisfying 0<k=1.

[0108] If it is determined in operation S750 that the stan-
dard deviations of the second respiration evaluation signals
are not less than or equal to a product of the average of the
standard deviations of the second respiration evaluation sig-
nals and ‘k’, in S760 the second time intervals corresponding
to the second evaluation signals are determined to be normal
respiration estimation sections.

[0109] Alternatively, if it is determined in operation S750
that the standard deviations of the second respiration evalua-
tion signals are less than or equal to a product of the average
of the standard deviations ofthe second respiration evaluation
signals and ‘k’, in S770 the second time intervals correspond-
ing to the second evaluation signals are determined to be
apnea estimation sections

[0110] In operation S780, a sleeping pattern is determined
a number of times corresponding to the number of second
evaluation signals.

[0111] Referring now to FIG. 7B, in operation S790, it is
determined whether at least one of sleeping patterns for a
plurality of second time intervals corresponding to the plu-
rality of second evaluation signals includes an apnea estima-
tion section. The number of apnea estimation sections is not
limited.

[0112] Ifitis determined in operation S790 that at least one
of the sleeping patterns includes an apnea estimation section,
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first time intervals corresponding to the first evaluation sig-
nals are determined to be sections in which sleep apnea
occurs.

[0113] FIG. 8 is a diagram illustrating a section in which
sleep apnea occurs, according to an exemplary embodiment.
[0114] Inthe example of FIG. 8, the X-axis represents time
and the'Y-axis represents standard deviations of second evalu-
ation signals. The X-axis represents that a first time interval,
e.g., one minute, may be divided by a second time interval
800, e.g., ten seconds. In this case, the first time interval may
be divided into six sections 860, as illustrated in FIG. 8. The
Y-axis represents a standard deviation 810 of second motion
evaluation signals and a standard deviation 820 of second
respiration evaluation signals in each of the six sections 860.
[0115] Sleeping patterns in the six sections 860 corre-
sponding to the second time interval may be determined
according to the values of the Y-axis (e.g., standard deviation
information).

[0116] An average standard deviation 840 of the second
respiration evaluation signals may be calculated based on the
standard deviations 820 of the second respiration evaluation
signals. In this example, a product 850 of the average standard
deviation 840 and k may be also calculated to determine an
apneaestimation section. For example, k=0.7 or may be a real
number satisfying 0<k<1. A specific value 830 may also be
used to determine a motion estimation section based on the
standard deviations 810 of the second motion evaluation sig-
nals.

[0117] The average standard deviation 840 of the standard
deviations 820 of the second respiration evaluation signals,
excluding a maximum value among the standard deviations
820 of the second respiration evaluation signals calculated for
a plurality of second time intervals may be calculated and
determined as a reference value for determining a sleeping
pattern. This is to prevent an average of all standard devia-
tions from being influenced by a standard deviation in a
section in which motion occurs.

[0118] In this example, in the first to third sections 860
among the six sections 860 of FIG. 8, the standard deviations
810 of the second motion evaluation signals are equal to or
greater than the specific value 830 and sleeping patterns
thereof is determined to be motion estimation sections.
[0119] Inthe fourth section 860, the standard deviation 810
of the second motion evaluation signals is less than the spe-
cific value 830 but the standard deviation 820 of the second
respiration evaluation signals is greater than the average stan-
dard deviation 840 of the second respiration evaluation sig-
nals. Thus, a sleeping pattern in the fourth section 860 is
determined to be a motion estimation section.

[0120] Inthe fifth section 860, the standard deviation 810 of
the second motion evaluation signals is less than the specific
value 830, but the standard deviation 820 of the second res-
piration evaluation signal is greater than the product 850 of
the average standard deviation 840 and k. Thus, a sleeping
pattern in the fifth section 860 is determined to be a normal
respiration estimation section.

[0121] In the sixth section 860, the standard deviation 810
of the second motion evaluation signals is less than the spe-
cific value 830, and the standard deviation 820 of the second
respiration evaluation signalis less than the product 850 of the
average standard deviation 840 and k. Thus, a sleeping pattern
in the sixth section 860 is determined to be an apnea estima-
tion section. Because one apnea estimation section is present
during the first time interval, e.g., one minute, as illustrated in
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FIG. 8, the sleeping pattern for the first time interval is deter-
mined to be a section in which sleep apnea occurs.

[0122] FIG. 9 is a diagram illustrating second evaluation
signals that overlap with each other, according to an exem-
plary embodiment.

[0123] As illustrated in FIG. 9, a plurality of sections each
having a second time interval 900 may overlap with each
other.

[0124] For example, when a first evaluation signal is
divided into sections such as 03:09:58 to 03:10:32, and 03:10:
28 to 03:11:02, and the like, overlapping portions 901
between the sections is four seconds. The number of second
evaluation signals generated from the first evaluation signal
varies according to the overlapping portions 901. Thus, the
number of sections generated for a first time interval may vary
according to the number of the second evaluation signals.
[0125] FIG. 10 is a diagram illustrating a method of deter-
mining that apnea lasts, according to an exemplary embodi-
ment.

[0126] Asillustrated in FIG. 10, for example, when a mini-
mum interval 1100 between second evaluation signals detet-
mined to be apnea estimation sections 1080 and 1090 is less
than a second time interval, e.g., ten seconds, it may be
determined that apnea lasts for the minimum interval 1100.
[0127] As described above, in a method of estimating sleep
apnea, according to the one or more of the above exemplary
embodiments, a bio-signal may be measured from a user in an
unrestrictive manner during a sleep period without directly
attaching sensors to the body of the user, thereby enabling it
to determine whether sleep apnea occurs ina more convenient
environment.

[0128] Also, sleep apnea may be estimated based on stan-
dard deviation information corresponding to the size of the
bio-signal. Accordingly, sleep apnea estimation may be per-
formed in a simple manner and at low costs.

[0129] A device for determining a sleeping pattern, accord-
ing to an exemplary embodiment may include a processor, a
memory that stores and runs program data, a permanent stor-
age such as a disc drive, a user interface device, such as a
touch panel, a key, a button, and the like.

[0130] Methods that can be embodied as a software module
or an algorithm may be stored as computer readable codes or
program commands, which may be executed by the proces-
sor, in a computer readable storage medium. Examples of the
computer readable storage medium include magnetic storage
media (e.g., ROM, RAM, floppy disks, hard disks, etc.) and
optical recording media (e.g., CD-ROMs, or DVDs). The
computer readable storage medium can be distributed among
computer systems that are interconnected through a network
to store and execute storage medium. The computer readable
codes or program commands stored in the computer readable
medium may be read by a computer and executed by the
processor.

[0131] All documents including cited published literatures,
patent applications, patents, etc. may be individually and
definitely or in its entirety incorporated into the invention.
[0132] To help understand the present description, refer-
ence numerals are used in exemplary embodiments shown in
the drawings and specific terms are used to explain the exem-
plary embodiments. However, the present description is not
limited by the specific terms and may include various ele-
ments that are obvious to those of ordinary skill in the art.
[0133] The elements of the present description may be
embodied as functional blocks and various processes. The
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functional blocks may be embodied as various types of hard-
ware and/or software structures which execute specific func-
tions. For example, the present description may employ direct
circuit structures such as memories, processing, logics, or
look-up tables which control one or more microprocessors or
execute various functions through other controlling devices.
The elements can be programmed as software or executed as
software elements. Similarly, the elements may be written in
a programming or scripting language such as C, C++, Java-
Script, an assembler, or the like, including various types of
algorithms which are realized through a combination of data
structures, processes, routines, or other programming struc-
tures. Functional aspects can be embodied as an algorithm
executed by one or more processors. The aspects may also
employ related arts to set up an electronic environment, pro-
cess signals, and/or process data. The terms such as “mecha-
nism,” “element,” “means,” and “structure” may be widely
used and are not limited to mechanical and physical struc-
tures. The terms may be understood as including a series of
routines of software in leakage with processors.
[0134] Specific executions described herein are only
examples and are not intended to limit the scope of the inven-
tion. For clarity, electronic structures, control systems, soft-
ware, and other functional aspects of the control systems may
be omitted. Also, a connection between elements via lines or
connection members illustrated in the drawings exemplarily
represent functional connections and/or physical or circuit
connections and are thus replaceable or may be represented as
additional various types of functional connections, physical
connections, or circuit connections in a real device. Also,
unless an element is particularly mentioned using terms such
as “necessarily”, “importantly”, etc., the element may not be
dispensable elements for applying the invention.
[0135] The term “the” and similar demonstrative terms
used in the specification and in the claims should be under-
stood as covering both singular and plural forms. If the term
“range” is used, the range may be regarded as including any
individual values belonging to the “range” unless mentioned
otherwise. Unless an order of performing operations of a
method is particularly described, the operations may be pet-
formed in an appropriate order. Thus, the embodiments are
not limited by the order in which the operations are described.
All examples or exemplary terms (e.g., “etc.””) used herein are
simply selected to describe the exemplary embodiments. The
scopeofis not limited by the examples or the exemplary terms
when they are not defined in the claims.
[0136] While one or more embodiments have been
described with reference to the figures, it will be understood
by those of ordinary skill in the art that various changes in
form and details may be made therein without departing from
the spirit and scope thereof as defined by the following
claims.
What is claimed is:
1. A method of determining a sleeping pattern, the method
comprising:
measuring a first bio-signal from a user in an unrestrictive
manner;
extracting a second bio-signal including a motion signal
and a respiration signal, based on the first bio-signal;
determining an apnea measurement reference signal
including a respiration measurement signal and a motion
measurement signal, based on the second bio-signal;
generating a first evaluation signal based on the apnea
measurement reference signal and a first time interval,
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and generating a plurality of second evaluation signals
by dividing the first evaluation signal by a second time
interval, that is smaller than the first time interval;

calculating standard deviation information based on the
second evaluation signals; and

determining a sleeping pattern for the second time interval

corresponding to the second evaluation signals, based on
the standard deviation information. the sleeping pattern
comprising at least one of a motion estimation section,
an apnea estimation section, and a normal respiration
estimation section.

2. The method of claim 1, wherein the determining the
apnea measurement reference signal comprises:

filtering the second bio-signal using a low-pass filter; and

determining the respiration measurement signal by analyz-

ing principle components of the filtered signal, and
determining the motion measurement signal by analyz-
ing principle components of the second bio-signal.
3. The method of claim 1, wherein the generating the
second evaluation signals comprises generating a plurality of
second motion evaluation signals by dividing a first motion
evaluation signal included in the first evaluation signal by the
second time interval, and generating a plurality of second
respiration evaluation signals by dividing a first respiration
evaluation signal included in the first evaluation signal by the
second time interval.
4. The method of claim 3, wherein the calculating the
standard deviation information comprises:
calculating standard deviations of the plurality of second
motion evaluation signals and the plurality of second
respiration evaluation signals, respectively; and

calculating an average of the standard deviations of the
plurality of second respiration evaluation signals, except
for a maximum standard deviation of the plurality of
second respiration evaluation signals.
5. The method of claim 4, wherein the determining the
sleeping pattern for the second time interval corresponding to
the second evaluation signals comprises:
determining the second time interval corresponding to the
second evaluation signals to be the motion estimation
section when the standard deviations of the second
motion evaluation signals are equal to or greater than a
specific value or when the standard deviations of the
second respiration evaluation signals are equal to or
greater than the average of the standard deviations of the
second respiration evaluation signals;
determining the second time interval corresponding to the
second evaluation signals to be the apnea estimation
section when the second time interval is not the motion
estimation section and when the standard deviations of
the second respiration evaluation signals are less than or
equal to a product of the average of the standard devia-
tions of the second respiration evaluation signals and
k’, where k is a real number satisfying 0<k<1; and

determining the second time interval corresponding to the
second evaluation signals to be the normal respiration
estimation section when the second interval time is nei-
ther the motion estimation section nor the apnea estima-
tion section.

6. The method of claim 1, further comprising determining
the first time interval corresponding to the first evaluation
signal to be a section in which sleep apnea occurs in response
to at least one o second time interval of the first evaluation
signal being determined to be the apnea estimation section.
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7. The method of claim 1, wherein, when a minimum
interval between the second evaluation signals determined to
be the apnea estimation sections is less than the second time
interval, the method further comprises determining thatapnea
lasts for the minimum interval.

8. The method of claim 1, wherein the generating of the
plurality of second evaluation signals for the first evaluation
signal comprises generating the plurality of second evalua-
tion signals to overlap with each other.

9. The method of claim 1, wherein the first bio-signal is
measured based on a polyvinylidene difluoride (PVDF)-
based sensor that comprises piezoelectric characteristics.

10. The method of claim 1, wherein the standard deviation
information comprises standard deviations of the second
motion evaluation signals and an average standard deviation
of second respiration evaluation signals included in the sec-
ond evaluation signals of the first evaluation signal.

11. The method of claim 1, wherein the apnea reference
signal is divided by the first interval to generate a plurality of
first evaluation signals, and each of the divided first evalua-
tions signals is divided by the second interval to generate a
plurality of second evaluation signals for each first evaluation
signal.

12. A device for determining a sleeping pattern, the device
comprising:

a signal measuring sensor configured to measure a first

bio-signal from a user in an unrestrictive manner;

a bio-signal extractor configured to extract a second bio-
signal including a motion signal and a respiration signal,
based on the first bio-signal,

a reference signal determiner configured to determine an
apnea measurement reference signal including a respi-
ration measurement signal and a motion measurement
signal, based on the second bio-signal;

an evaluation signal generator configured to generate a first
evaluation signal based on the apnea measurement ref-
erence and a first time interval, and generate a plurality
of second evaluation signals by dividing the first evalu-
ation signal by a second time interval, that is smaller than
the first time interval;

a standard deviation information calculator configured to
calculate standard deviation information based on the
second evaluation signals; and

a sleeping pattern determiner configured to determine a
sleeping pattern for the second time interval correspond-
ing to the second evaluation signals, based on the stan-
dard deviation information, the sleeping pattern com-
prising at least one of a motion estimation section, an
apnea estimation section, and a normal respiration esti-
mation section.

13. The device of claim 12, wherein the reference signal

determiner comprises:

a low-pass filter configured to filter the second bio-signal;
and

a principle component analyzer configured to determine
the respiration measurement signal by analyzing prin-
ciple components of the filtered signal, and determine
the motion measurement signal by analyzing principle
components of the second bio-signal.

14. The device of claim 12, wherein the evaluation signal

generator comprises:

a first time divider configured to generate a first motion
evaluation signal included in the first evaluation signal
by dividing the motion measurement signal by a first
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time interval, and generate a first respiration evaluation
signal included in the first evaluation signal by dividing
the respiration measurement signal by the first time
interval; and
a second time divider configured to generate a plurality of
second motion evaluation signals by dividing the first
motion evaluation signal by a second time interval, and
generate a plurality of second respiration evaluation sig-
nals by dividing the first respiration evaluation signal by
the second time interval.
15. The device of claim 12, wherein the standard deviation
information calculator is configured to calculate standard
deviations of the plurality of second motion evaluation sig-
nals and the plurality of second respiration evaluation signals,
respectively, and calculate an average of the standard devia-
tions of the plurality of second respiration evaluation signals,
except for a maximum standard deviation of the plurality of
second respiration evaluation signals.
16. The device of claim 15, wherein the sleeping pattern
determiner is configured to:
determine the second time interval corresponding to the
second evaluation signals to be the motion estimation
section when the standard deviations of the second
motion evaluation signals are equal to or greater than a
specific value or when the standard deviations of the
second respiration evaluation signals are equal to or
greater than the average of the standard deviations of the
second respiration evaluation signals;
determine the sleeping pattern for the second time interval
corresponding to the second evaluation signals to be the
apnea estimation section when the sleeping pattern is not
the motion estimation section and when the standard
deviations of the second respiration evaluation signals
are less than or equal to a product of the average of the
standard deviations of the second respiration evaluation
signals and ‘k’, where k is a real number satisfying
O<k<1; and

determine the sleeping pattern for the second time interval
corresponding to the second evaluation signals to be the
normal respiration estimation section when the sleeping
pattern is neither the motion estimation section nor the
apnea estimation section.
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17. The device of claim 12, further comprising an apnea
generation determiner configured to determine the first time
interval corresponding to the first evaluation signal to be a
section in which apnea occurs when at least one apnea esti-
mation section is present in a second time interval of the first
evaluation signal.

18. The device of claim 12, wherein, when a minimum
interval between apnea estimation sections determined for
the first time interval is equal to the second time interval, the
sleeping pattern determiner determines the minimum interval
to be the apnea estimation section.

19. The device of claim 12, wherein the evaluation signal
generator is configured to generate the plurality of second
evaluation signals to overlap with each other.

20. The device of claim 12, wherein the signal measuring
sensor comprises a polyvinylidene difluoride (PVDF)-based
sensor that comprises piezoelectric characteristics.

21. The device of claim 12, wherein the standard deviation
information comprises standard deviations of the second
motion evaluation signals and an average standard deviation
of second respiration evaluation signals included in the sec-
ond evaluation signals of the first evaluation signal.

22. A non-transitory computer-readable medium having
recorded thereon a computer program that is executable by a
computer to perform the method of claim 12.

23. An apparatus for determining sleep apnea occurring in
a user, the apparatus comprising:

a signal measuring sensor configured to detect bio-signals
from a user while the user sleeps, and comprising a
polyvinylidene difluoride (PVDF)-based sensor includ-
ing piezoelectric characteristics; and

a controller configured to determine sleep apnea occurring
in the user based on the bio-signals detected by the signal
measuring sensor.

24. The apparatus of claim 23, wherein the signal measur-
ing sensor is configured to be installed in a space between a
back of the user and a bed mattress.

25. The apparatus of claim 23, wherein the signal measur-
ing sensor comprises a thickness of 0.1 mm or less.
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