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(54) APPARATUS AND METHOD FOR MONITORING SLEEP APNEA

(57)  An apnea monitoring apparatus (100) may in-
clude a motion detection module, an apnea detection
module (220), a processor (200), and a communication
module (240). The motion detection module is attached
to a body of a sleeping person and detects a motion of
the sleeping person. The apnea detection module is at-
tached to the body of the sleeping person and detects
apnea of the sleeping person. The processor recognizes
a sleeping state of the sleeping person and drives the

apnea detection module when there is no motion detect-
ed by the motion detection module for a predetermined
time. Also, the processor generates apnea information
when the apnea of the sleeping person is detected by
the apnea detection module. The communication module
transmits the apnea information to an electronic device.
The electronic device stimulates the sleeping person,
based on the apnea information transmitted from the ap-
nea monitoring apparatus.
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Description
[Technical Field]

[0001] The present invention relates to an apparatus
and method for monitoring a breathing state of a sleeping
person and stimulating the sleeping person in an apnea
state to a breathing state.

[Background Art]

[0002] Sleep apnea is a sleep disorder characterized
by pauses in breathing or periods of shallow breathing
during sleep. Each pause can last for a few seconds to
a few minutes and they happen many times a night. Clin-
ically, when a pause in breathing continues ten seconds
or more during sleep and when such pauses happen
more than five times per hour or happen more than thirty
times during seven hours of sleep, this may be diagnosed
as sleep apnea. A person with sleep apnea can suffer
chronic fatigue and also have a higher risk of developing
hypertension, stroke, and the like.

[0003] Itis difficult for a general person to judge sleep
apnea by himself. Normally, in order to monitor a breath-
ing state of a sleeping person and diagnose sleep apnea,
it is necessary to visit a hospital troublesomely.

[Disclosure]
[Technical Problem]

[0004] Therefore, there is a need of an apparatus for
detecting sleep apnea in daily life without a visit of a hos-
pital.

[0005] Furthermore, it is necessary to implement an
apparatus that can stimulate a sleeping person in an ap-
nea state to a breathing state.

[Technical Solution]

[0006] According to various embodiments of the
present invention, an apnea monitoring apparatus may
comprise a motion detection module attached to a body
of a sleeping person and configured to detect a motion
of the sleeping person; an apnea detection module at-
tached to the body of the sleeping person and configured
to detect apnea of the sleeping person; a processor con-
figured to recognize a sleeping state of the sleeping per-
son and drive the apnea detection module when there is
no motion detected by the motion detection module for
apredetermined time, and to generate apneainformation
when the apnea of the sleeping person is detected by
the apnea detection module; and a communication mod-
ule configured to transmit the apnea information to an
electronic device. The electronic device may be config-
ured to stimulate the sleeping person, based on the ap-
nea information transmitted from the apnea monitoring
apparatus.

10

15

20

25

30

35

40

45

50

55

[0007] According to various embodiments of the
present invention, a method for monitoring sleep apnea
may comprise steps of recognizing a sleeping state of a
sleeping person when there is no motion detected for a
predetermined time by analyzing an output of a motion
detection sensor attached to the sleeping person; detect-
ing a breathing state, based on an electrocardiogram
(ECG) and chest impedance of the sleeping person in
the sleeping state; determining the breathing state of the
sleeping person, based on the ECG and the chest im-
pedance; and when the breathing state of the sleeping
person is determined as an apnea state, generating ap-
nea information of the sleeping person and transmitting
the apnea information to an electronic device. The elec-
tronic device may stimulate the sleeping person, based
on the received apnea information.

[Advantageous Effects]

[0008] According to various embodiments of the
present invention, the sleeping state of the sleeping per-
son may be monitored using the apnea monitoring ap-
paratus attached to the sleeping person. If it is deter-
mined that the sleeping person is in the apnea state, the
sleeping person may be changed to the breathing state
by the stimulating apparatus. The apnea reaction system
according to various embodiments of the present inven-
tion may be configured as a small mobile apnea moni-
toring device that is easy to adhere to the sleeping per-
son, and may determine and stimulate the apnea state
of the sleeping person by collecting and analyzing the
ECG and the breathing rate (chest impedance) of the
sleeping person.

[Description of Drawings]
[0009]

FIG. 1 is a block diagram illustrating an apnea reac-
tion system according to various embodiments of the
present invention.

FIG. 2 is a block diagram illustrating an apnea mon-
itoring apparatus of an apnea reaction system ac-
cording to various embodiments of the present in-
vention.

FIG. 3 is a block diagram illustrating an electronic
device of an apnea reaction system according to var-
ious embodiments of the present invention.

FIGS. 4A and 4B are block diagrams illustrating an
apnea detection module of an apnea monitoring ap-
paratus according to various embodiments of the
present invention.

FIG. 5A and 5B are diagrams illustrating examples
of determining a breathing state of a sleeping person
on the basis of R-R intervals detected by an electro-
cardiogram detection module.

FIG. 6A and 6B are diagrams illustrating examples
of determining a breathing state of a sleeping person
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on the basis of a breathing rate detected by a breath-
ing rate detection module.

FIG. 7 is a flow diagram illustrating the operation of
an apnea reaction system according to various em-
bodiments of the present invention.

FIG. 8 is a flow diagram illustrating the operation of
an apnea monitoring apparatus according to various
embodiments of the present invention.

FIG. 9 is a flow diagram illustrating the operation of
an apnea monitoring apparatus for determining a
breathing state of a sleeping person by detecting an
electrocardiogram and a breathing rate.

FIG. 10 is a flow diagram illustrating the operation
of an apnea monitoring apparatus for determining a
breathing state of a sleeping person by sequentially
detecting an electrocardiogram and a breathing rate.
FIG. 11 is a flow diagram illustrating the operation
of an apnea monitoring apparatus for analyzing an
electrocardiographic value.

FIG. 12 is a flow diagram illustrating the operation
of an apnea monitoring apparatus for analyzing a
breathing rate value.

[Mode for Invention]

[0010] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the ac-
companying drawings.

[0011] In describing the embodiments, descriptions of
techniques which are well known in the art to which the
present invention belongs and which are not directly re-
lated to the present invention will not be described or
illustrated in detail. This is to avoid obscuring the subject
matter of the present invention.

[0012] For the same reason, some elements are ex-
aggerated, omitted or schematically shown in the accom-
panying drawings. Also, the size of each element does
not entirely reflect the actual size. In the drawings, the
same or corresponding elements are denoted by the
same reference numerals.

[0013] The advantages and features of the present in-
vention and the manner of achieving them will become
apparent with reference to the embodiments described
in detail below with reference to the accompanying draw-
ings. The present invention may, however, be embodied
in many different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope
of the invention to those skilled in the art. To fully disclose
the scope of the invention to those skilled in the art, and
the invention is only defined by the scope of the claims.
[0014] FIG. 1 is a block diagram illustrating an apnea
reaction system according to various embodiments of
the present invention.

[0015] Referring to FIG. 1, the apnea reaction system
may include an apnea monitoring apparatus 100, an elec-
tronic device 110, and an external stimulating apparatus
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120.

[0016] The apnea monitoring apparatus 100 may be
attached to a body of a sleeping person and may perform
functions of monitoring a sleeping state of the sleeping
person and analyzing a breathing state of the sleeping
person. Namely, the apnea monitoring apparatus 100
may determine whether the sleeping person is in a sleep-
ing state, by detecting a motion of the sleeping person,
and also analyze a breathing state of the sleeping person
when the sleeping person is in the sleeping state. If the
breathing state is determined to be apnea, the apnea
monitoring apparatus 100 may generate apnea informa-
tion and then transmit it to the electronic device 100.
[0017] The electronic device 110 may perform an op-
eration for awakening the sleeping person when the ap-
nea information is received from the apnea monitoring
apparatus 100. For example, the electronic device 110
may indicate an apnea state through a display unit and
also alarm the apnea state through a speaker.

[0018] The electronic device 110 according to various
embodiments of the present invention may be a smart
phone, a tablet personal computer (tablet PC), a mobile
phone, a video phone, a desktop PC, a laptop PC, a
netbook computer, a workstation, a server, a personal
digital assistant (PDA), a portable multimedia player
(PMP), an MP3 player, a mobile medical device, a digital
camera, or a wearable device. The wearable device may
be an accessory-type device (e.g., a watch, a ring, a
bracelet, an anklet, a necklace, glasses, a contact lens,
or a head-mounted device (HMD)), a fabric or clothes-
integrated device (e.g., electronic clothes), a body-at-
tached device (e.g., a skin pad or tattoo), or a bio-im-
plantable device (e.g., an implantable circuit).

[0019] In some embodiments, the electronic device
110 may be a home appliance, which may be, for exam-
ple, a television, a digital video disc (DVD) player, an
audio player, a refrigerator, an air conditioner, a vacuum
cleaner, anoven, a microwave oven, a washing machine,
an air cleaner, a set-top box, a home automation control
panel, or a security control panel. In some embodiments,
the electronic device 110 may be an internet-of-things
(loT) device (e.g., alighting device, a thermostat, a heat-
er, aboiler, or an air conditioner). In some embodiments,
the electronic device 110 may be a furniture, a bed, or a
part of a building or structure.

[0020] In various embodiments, the electronic device
110 may be a combination of the above-listed devices.
The electronic device 110 according to embodiments of
the present invention is not limited to the above-men-
tioned devices, and may include a new electronic device
or any equivalent to be developed in the future.

[0021] When the apnea information is received from
the apnea monitoring apparatus 100, the electronic de-
vice 110 such as a smart phone or a PC may transmit a
control signal to the external stimulating apparatus 120
to stimulate the sleeping person. The external stimulating
apparatus 120 may be a home appliance, a lighting de-
vice, an air conditioner, a bed control device, or the like.
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For example, if the external stimulating apparatus 120 is
a lighting device, the lighting device may be turned on to
illuminate the lighting when the control signal is received.
If the external stimulating apparatus 120 is an air condi-
tioner, the air conditioner may control the room temper-
ature when the control signal is received. If the external
stimulating apparatus 120 is a home appliance, the home
appliance may output an audio signal when the control
signal is received. If the external stimulating apparatus
120 is a bed control device, the bed control device may
move (e.g., tilt, shake, etc.) the bed when the control
signal is received.

[0022] Ifthe electronic device 110 is ahome appliance,
a bed, a lighting device, or an air conditioner having the
ability to stimulate the sleeping person, the external stim-
ulating apparatus 120 may be omitted. Also, even when
the electronic device 110 is a smart phone, a PC, or any
equivalent, the external stimulating apparatus 120 may
be omitted. In this case, the electronic device 110 may
externally indicate an apnea state through the display
unit and/or the speaker thereof so as to stimulate the
sleeping person. In addition, if the electronic device 110
is a smart phone, a PC, or any equivalent, and if the
external stimulating apparatus 120 is used, the electronic
device 110 may transmit the control signal to the external
stimulating apparatus 120, when the apnea information
is received, and may also indicate an apnea state through
the display unit and/or the speaker thereof. Then the ex-
ternal stimulating apparatus 120 may be driven to stim-
ulate the sleeping personin response to the control signal
received from the electronic device 110.

[0023] FIG. 2 is a block diagram illustrating an apnea
monitoring apparatus of an apnea reaction system ac-
cording to various embodiments of the present invention.
[0024] Referring to FIG. 2, the apnea monitoring ap-
paratus (e.g., 100 in FIG. 1) may include a processor
200, a sleep detection module 210, an apnea detection
module 220, a storage module 230, and a communication
module 240. The apnea detection module 220 may in-
clude an electrocardiogram detection module 280 and a
breathing rate detection module 290.

[0025] The sleep detection module 210 may detect the
motion of a user while the apnea monitoring apparatus
is attached to the user. The sleep detection module 210
may include a motion sensor and detect a motion of a
sleeping person through the motion sensor. The motion
sensor may be an acceleration sensor and/or a gyro sen-
sor.

[0026] The apnea detection module 220 may be driven
when the sleeping person is in a sleeping state, and may
detect a breathing state of the sleeping person in the
sleeping state. As mentioned above, the apnea detection
module 220 may include the electrocardiogram detection
module 280 and the breathing rate detection module 290.
The electrocardiogram detection module 280 may detect
the electrocardiogram (hereinafter, also referred to as
ECQG) of the sleeping person in the sleeping state. The
breathing rate detection module 290 may detect the
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breathing rate of the sleeping person in the sleeping
state. For example, the breathing rate detection module
290 may detect the inhalation and exhalation of the sleep-
ing person, based on the chest impedance, and the
breathing rate may be defined as the ratio of inhalation
to exhalation.

[0027] The processor 200 may predetermine refer-
ence values for determining the sleeping state of the
sleeping person and reference apnea values. People’s
sleeping states and breathing states may vary. For ex-
ample, the sleeping state and the breathing state may
be varied depending on gender (i.e., male and female),
age (e.g., child, adult, the old, etc.), and individual char-
acteristics. Therefore, in order to determine the apnea
state during the sleep of the sleeping person, the proc-
essor 200 may calculate and store reference motion val-
ues for the motion during the sleep (e.g., reference values
for motions until the user of the apnea monitoring appa-
ratus enters in the sleeping state from the non-sleeping
state). In addition, the processor 200 may measure the
ECG and the breathing rate when the user performs nor-
mal respiration in the sleeping state, and may store them
as areference ECG value and a reference breathing rate
value, respectively.

[0028] The processor 200 may determine the sleeping
state and the breathing state when it is detected that the
apnea monitoring apparatus is attached to the user, and
may also generate and transmit the apnea information
to the electronic device 110 when it is determined that
the state of the user (i.e., the sleeping person) is the
apnea state. Specifically, when the apnea monitoring ap-
paratus is mounted on the user, the processor 200 may
recognize it through the sleep detection module 210.
Then the processor 200 may analyze the output of the
sleep detection module 210 and thereby detect the mo-
tion of the user. If no motion is detected for a given time,
the processor 200 may determine that the user is in the
sleeping state.

[0029] In the sleeping state, the processor 200 may
analyze the breathing state of the sleeping person, based
on the output of the apnea detection module 220. For
example, the processor 200 may analyze the breathing
state of the sleeping person by comparing the output of
the ECG detection module 280 with the reference ECG
value. Also, the processor 200 may analyze the breathing
state of the sleeping person by comparing the output of
the breathing rate detection module 290 with the refer-
ence breathing rate value. The breathing rate detection
module 290 may detect the chestimpedance of the sleep-
ing person, and the processor 200 may determine the
breathing rate by measuring the ratio of inhalation to ex-
halation, based on the detected chest impedance. Then
the processor 200 may compare the determined breath-
ing rate with the reference breathing rate value so as to
analyze the breathing state.

[0030] For example, when both the ECG and the
breathing rate exceed the range of the reference ECG
value and the reference breathing rate vale in the sleep-
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ing state, the processor 200 may determine the state of
the sleeping person as the apnea state. In another ex-
ample, when any one of the ECG and the breathing rate
exceeds the range of a corresponding reference value
in the sleeping state, the processor 200 may determine
the state of the sleeping person as the apnea state.
[0031] For example, the processor 200 may analyze
the breathing state of the sleeping person by inputting in
parallel the outputs of the ECG detection module 280
and the breathing rate detection module 290 in the sleep-
ing state. Alternatively, the processor 200 may analyze
the ECG and the breathing rate in a serial form in the
sleeping state. In the latter case, the processor 200 may
analyze first the output of the ECG detection module 280
(or the breathing rate detection module 290) and then, if
the ECG (or the breathing rate) exceeds the reference
value, analyze the output of the breathing rate detection
module 290 (or the ECG detection module 280). Namely,
the processor 200 may determine that the sleeping per-
son is in the normal breathing state when the ECG (or
the breathing rate) satisfies the range of the reference
value, and ifthe ECG (or the breathing rate) fails to satisfy
the reference value range, the processor 200 may ana-
lyze the output of the breathing rate (or the ECG) of the
sleeping person.

[0032] The processor 200 may store, in the storage
module 230, information about the breathing state (such
as the ECG and the breathing rate) of the sleeping person
analyzed in the sleeping state. The storage module 230
may store the apnea information read by the processor
200. For example, the apnea information may include
some or all of the occurrence time of apnea, the end time
of apnea, the total time of apnea interval, the number of
times of apnea, and the like. The storage module 230
may include a volatile memory and/or a nonvolatile mem-
ory. The storage module 230 may store instructions or
data (e.g., apnea information) related to other elements
of the apnea monitoring apparatus.

[0033] Whenitis determined that the sleeping person
is in the apnea state, the processor 200 may generate
the apnea information and transmit the generated apnea
information to the electronic device 110 through the com-
munication module 240. For example, the communica-
tion module 240 may be a short-range wireless commu-
nication module. Specifically, the communication module
240 may include at least one of a wireless fidelity (WiFi)
module, a Bluetooth module, a Bluetooth low energy
(BLE) module, a near field communication (NFC) mod-
ule, a magnetic stripe transmission (MST) module, and
a global navigation satellite system (GNSS) module.
[0034] As described above, the apnea monitoring ap-
paratus having the configuration as shown in FIG. 2 may
monitor the sleeping state of the sleeping person and
may also monitor the breathing state of the sleeping per-
son by detecting the ECG and/or the breathing rate (chest
impedance) of the sleeping person in the sleeping state.
Ifitis determined that the sleeping person is in the apnea
state, the apnea monitoring apparatus may store the re-
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sult therein and also transmit the result to the electronic
device to awake the sleeping person from the sleep.
[0035] FIG. 3 is a block diagram illustrating an elec-
tronic device of an apnea reaction system according to
various embodiments of the present invention.

[0036] Referring to FIG. 3, the electronic device (e.g.,
110 in FIG. 1) may include a control unit 300, a memory
unit 310, a communication unit 320, an input unit 330, a
display unit 340, and any other essential or optional el-
ement (not shown). The electronic device may be, for
example, a smart phone or a PC. In another example,
the electronic device may be a device (e.g., a home ap-
pliance, a lighting device, an air conditioner, a bed control
device, etc.) capable of directly stimulating the sleeping
state of the sleeping person. If the electronic device has
the ability to stimulate the sleeping state of the sleeping
person directly, the external stimulating apparatus (e.g.,
120 in FIG. 1) may be omitted.

[0037] The memory unit 310 may store programs for
executing an application for monitoring sleep and breath-
ing states according to various embodiments. Also, the
memory unit 310 may store sleeping and breathing state
information of the sleeping person that occurs while the
application is executed. The control unit 300 may control
a plurality of hardware or software components connect-
ed to the control unit 300 by driving an operating system
or an application program.

[0038] The communication unit 320 may include a cel-
lular communication module and/or a short-range com-
munication module. The cellular communication module
may use at least one of long term evolution (LTE), LTE
advanced (LTE), code division multiple access (CDMA),
wideband CDMA (WCDMA), universal mobile telecom-
munications system (UMTS), and global system for mo-
bile communications (GSM) technologies. The short-
range communication module may use at least one of
WiFi, Bluetooth, BLE, Zigbee, NFC, MST, radio frequen-
¢y (RF), and body area network (BAN) technologies.
[0039] The input unit 330 may include a microphone,
a keyboard, and/or a keypad, and may generate com-
mands and/or key data. The display unit 340 may further
include a speaker to output the apnea information of the
user audibly as well as visually. The display unit 340 may
include a speaker and/or a lamp to output a sound and/or
output a flashing light so as to stimulate the sleeping per-
son in the apnea state under the control of the control
unit 300.

[0040] The electronic device and/or the external stim-
ulating apparatus may include the short-range commu-
nication module (e.g., Bluetooth or BLE), and may have
the speaker or vibration function capable of giving an
alarm and warning to the sleeping person in the apnea
state. Additionally, the electronic device may provide a
display or user interface (Ul) function for a user’s moni-
toring. The electronic device may be connected to the
apnea monitoring apparatus through the short-range
communication module, and have functions of displaying
monitored data in a graph or any other graphical form
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and stimulating the sleeping person when receiving the
apnea information.

[0041] In the apnea monitoring system according to
various embodiments of the presentinvention, the apnea
monitoring apparatus may determine the sleeping state,
based on the motion of the sleeping person, and monitor
the sleeping state of the sleeping person, based on the
ECG and/or the breathing rate (chest impedance). If itis
determined thatthe sleeping personis in the apnea state,
the apnea monitoring apparatus may notify this to the
external stimulating apparatus to stimulate the sleeping
person to breathe. The apnea monitoring apparatus may
be configured as a small device that can be attached to
the body of the sleeping person.

[0042] FIGS. 4A and 4B are block diagrams illustrating
an apnea detection module (e.g., 220 in FIG. 2) of an
apnea monitoring apparatus (e.g., 100 in FIG. 1) accord-
ing to various embodiments of the presentinvention. FIG.
5A and 5B are diagrams illustrating examples of deter-
mining a breathing state of a sleeping person on the basis
of R-Rintervals detected by an electrocardiogram detec-
tion module (e.g., 280 in FIG. 2). FIG. 6A and 6B are
diagrams illustrating examples of determining a breath-
ing state of a sleeping person on the basis of a breathing
rate detected by a breathing rate detection module (e.g.,
290in FIG. 2).

[0043] Referring to FIGS. 4A and 4B, in order to ob-
serve the state of the sleeping person noninvasively, first
and second electrodes 410 and 415 may be attached to
the body of the sleeping person and measure a biological
signal of the sleeping person. Here, the biological signal
may be an electrocardiogram (ECG) and a chest imped-
ance. The ECG is a curve measured on the body surface
from electrical currents associated with heart muscle ac-
tivity. When the blood expelled by the contraction of the
heart flows along the artery and then flows back into the
heart through the vein by the expansion of the heart, the
first electrode 410 and the second electrode 415 may
detect electrical signals generated by the contraction and
expansion of the heart. An ECG detection module 420
may receive the detected electrical signals from the first
and second electrodes 410 and 415 and thereby detect
the ECG (e.g., R-R interval).

[0044] Thesleepingperson can breathe withinhalation
and exhalation, which cause the contraction and expan-
sion of the chest. The chest impedance may be varied
according to the volume change in the chest during the
contraction and expansion of the chest. A sinusoidal sig-
nal may be applied to the body to measure the chest
impedance. An oscillation module 440 may apply oscil-
lation signals having a predetermined current (e.g., sev-
eral mV) at a predetermined frequency to the first and
second electrodes 410 and 415. A chestimpedance de-
tection module 430 may detect the oscillation signals
through the first and second electrodes 410 and 415. At
this time, the oscillation signals may be changed by the
inhalation and exhalation of the sleeping person. In case
of a normal breathing, the time period of inhalation and
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exhalation (e.g., the breathing rate) may have the same
(or similar) ratio. However, if the sleeping person snores
or is in the apnea state, the time period of inhalation and
exhalation may be varied. The oscillation module 440
may apply oscillation signals of a high-frequency AC con-
stant current through a plurality of electrodes attached
to the chest of the sleeping person. The chestimpedance
detection module 430 may generate impedance informa-
tion by measuring variations of voltage with respect to
variations of chest volume according to breathing of the
sleeping person. Here, the impedance information may
be a voltage value or an impedance value. That is, the
chest impedance detection module 430 may detect the
breathing rate of the inhalation and exhalation by detect-
ing the oscillation signals changed by the breathing of
the sleeping person. In FIG. 4A, a combination of the
oscillation module 440 and the chest impedance detec-
tion module 430 may correspond to the breathing rate
detection module (e.g., 290 in FIG. 2).

[0045] The electrodes (or electrode sensors) attached
to the sleeping person are at least two (E1, E2) and may
be three or more including a reference potential electrode
(RE) as shown in FIG. 4B. Here, E1 and E2 may denote
the first electrode 410 and the second electrode 415,
respectively. For example, the first electrode (E1) and
the second electrode (E2) may be attached to both arms
(i.e., right arm (RA) and left arm (LA)), respectively, and
the reference potential electrode (RE) may be attached
to one leg (e.g., right leg (RL)). Alternatively, the first and
second electrodes (E1, E2) may be attached to both sides
of the chest. The electrodes (or electrode sensors) may
be a consumable adhesive pad or an absorber-type ter-
minal.

[0046] The ECG may be a curve of a potential differ-
ence that occurs with heartbeat as the heart contracts.
The ECG detection module 420 detects the R-R interval
of the ECG. Here, 'R’ is a symbol of a specific ECG wave-
form and corresponds to one of five waveforms of 'P-Q-
R-S-T’. One feature of the R wave is a greater amplitude
than that of the other waves. Therefore, the R wave is
easiertodetectthan the otherwaves and is used to meas-
ure intervals between ECG symbols. The R-R interval
may be represented as a time or the number of samples.
Data may be reprocessed by accumulating the R-R in-
tervals at a given time period (e.g., 10 seconds). If the
obtained data indicates a relatively low state for a certain
time compared with the R-R interval in the normal state,
it may be estimated as apnea. For example, a reference
numeral 510 in FIG. 5A indicates the number of samples
of the R-R interval. When the sleeping person normally
breathes in the sleeping state, the ECG detection module
420 may detect sample values of the R-R interval as
shown in FIG. 5A. However, if the sleeping person is
sleeping in the apnea state, the ECG detection module
420 may detect the number of samples of the R-R interval
as indicated by a reference numeral 550 in FIG. 5B. In
this case, a lower interval 560 may be estimated as the
sleep apnea interval.
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[0047] The processor 200 may calculate the average
of the R-R intervals when the detected ECG value is in-
putted. For example, an average value may be calculated
for one minute or for any other specific time. After calcu-
lating the average value of the ECG, the processor 200
may compare the detected ECG value with the reference
ECG value. If the time when the detected ECG value is
lower than the reference ECG value exceeds a prede-
termined time, it may be estimated as the sleep apnea.
[0048] The chest impedance detection module 430
may include an amplification unit, a filter unit, and an A/D
converter. When the oscillation module 440 applies a
high-frequency AC constant current (e.g., 100 pA / 80
kHz) to the electrodes attached to the chest of the exam-
inee, the chest impedance detection module 430 may
amplify signals caused by variations of chest volume ac-
cording to breathing of the sleeping person, filter the am-
plified signals, and convert the filtered signals into digital
data. Therefore, the chest impedance detection module
430 may detect variations of voltage with respect to var-
iations of chest volume according to breathing of the
sleeping person.

[0049] Forexample, a plurality of electrodes for apply-
ing a high-frequency AC constant current may be at-
tached to a plurality of portions of the chest of the exam-
inee so as to form a closed circuit including the body of
the sleeping person. When the examinee breathes while
the high-frequency AC constant current is applied to the
examinee’s chest through the electrodes, the volume
within the chest changes and this variation of chest vol-
ume may be detected as a biological signal through the
electrodes. The amplification and filter units of the chest
impedance detection module 430 may amplify the bio-
logical signal detected through the electrodes to a pre-
determined size and then remove a noise signal. The
biological signal from which the noise signal is removed
may be impedance breathing amount information (e.g.,
analog voltage information or impedance information),
and then may be converted into digital data by the A/D
converter.

[0050] The chest impedance detection module 430
may detect the breathing rate (chest impedance) of the
sleeping person. As shown in FIG. 6A, the normal breath-
ing rate may indicate similar sizes of inhalation and ex-
halation. In FIG. 6A, a reference numeral 610 may indi-
cate a chest impedance value (voltage value), and the
detected breathing rate has a constant cycle. However,
if the sleeping person is in the apnea state, one of inha-
lation and exhalation may have a relatively long interval,
and the chest impedance value (voltage value) detected
by the chest impedance detection module 430 may have
an irregular form as indicated by a reference numeral
650 in FIG. 6B.

[0051] Whenthe detected breathingrate (i.e., the chest
impedance value) is inputted, the processor 200 may cal-
culate the time of the detected breathing rate lower than
the average value and the time of the detected breathing
rate greater than the average value by a predetermined
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time unit. Namely, for an accurate measurement, the av-
erage value of the breathing rate may be used. When
the ratio of the calculated times (e.g., the ratio of inhala-
tion to exhalation time) exceeds the range of the refer-
ence breathing rate, the processor 200 may estimate that
the breathing state of the sleeping person is the apnea
state.

[0052] As shown in FIGS. 4A and 4B, the apnea de-
tection module (e.g., 220 in FIG. 2) may include an elec-
trode sensorunit410 and 415, the ECG detection module
420, the breathing rate detection module (e.g. the chest
impedance detection module 430 and the oscillation
module 440). The electrode sensor unit may be attached
to the human body. Each detection module may receive
a signal (e.g., about several mV) from the electrode sen-
sor unit through a cable, and output digital data amplified,
filtered and converted from the received signal. In this
case, the signal outputted from the electrode sensor unit
may include the ECG and/or the breathing rate (e.g.,
chestimpedance). In order to amplify the signal of about
several mV, the detection module (e.g., the ECG detec-
tion module and the chest impedance detection module)
may use a differential amplification method having a
strong noise characteristic. The breathing rate may be
measured through the amplitude of a signal between the
first and second electrodes (e.g., a signal passing
through the chest) when a clock having a constant fre-
quency is applied. For this, a normal OP-AMP or ampli-
fier, an ADC, a clock generator, or a front-end IC that
integrates all of them may be used.

[0053] The apnea reaction system according to vari-
ous embodiments of the present invention may use the
motion sensor for monitoring the sleeping state of the
sleeping person, and also use the electrode sensor at-
tached to the body (e.g., the chest) of the sleeping person
so as to monitor the ECG signal and the breathing rate
(e.g., chest impedance). The system may receive ECG
data and breathing rate (chest impedance) data having
predetermined resolution and sample frequency (e.g., 24
bit resolution and 250 Hz sample frequency) through cor-
responding detection modules, respectively. Further, the
system may receive data related to the motion of the
sleeping person through the motion detection module.
Here, such data may be downscaled as needed, and the
digital filter may include a high pass filter (HPF), a low
pass filter (LPF), and the like.

[0054] The apnea monitoring apparatus may monitor
the sleeping state of the sleeping person before monitor-
ing the ECG and the breathing rate. The motion detection
module may measure the motion of the sleeping person
by accumulating data detected by the motion sensor, and
thereby determine whether the sleeping person is in the
sleeping state. For example, such data may be accumu-
lated for one minute or for any other selected time. If it
is determined that the sleeping person is in the sleeping
state, the apnea monitoring apparatus may detect the R-
R interval of the ECG. The R wave is one of five wave-
forms of 'P-Q-R-S-T’, and may have a greater amplitude
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than that of the other waves. The R-R interval used to
measure intervals between ECG symbols may be repre-
sented as a time or the number of samples. The apnea
monitoring apparatus may reprocess the R-R intervals
in units of a given time (e.g., 10 seconds). If the detected
R-Rinterval continuesin arelatively low state for a certain
time compared with the R-R interval in the normal state,
the apnea monitoring apparatus may estimate that this
state is the apnea state. Also, the apnea monitoring ap-
paratus may analyze the breathing rate of the sleeping
person, based on the detected chest impedance value.
The normal breathing rate has similar sizes of inhalation
and exhalation. In case of sleep apnea, the interval of
inhalation or exhalation becomes relatively long, so the
sleep apnea may be estimated through analysis of the
intervals of inhalation and exhalation.

[0055] If it is determined that the sleeping person is in
the apnea state, the apnea monitoring apparatus may
generate and store apnea information and transmit the
apnea information to the electronic device through the
communication module. The apnea information may in-
clude the occurrence time of apnea, the end time of ap-
nea, the total time of apnea interval, the number of times
of apnea, and/or the like. When the electronic device re-
ceives the apnea information, the electronic device may
display the received information in the form of graph or
text via the Ul, and may also output an alarm to the user
if any apnea detection message is included. If the elec-
tronic device itself includes a function of stimulating the
sleeping person, the electronic device may perform the
stimulating function to allow the sleeping person to
breathe in the sleeping state. If the electronic device does
not include the stimulation function, the electronic device
may transmit a control signal for stimulating the sleeping
person to the external stimulating apparatus.

[0056] FIG.7isaflowdiagramillustrating the operation
of an apnea reaction system according to various em-
bodiments of the present invention.

[0057] Referring to FIG. 7, the apnea monitoring ap-
paratus 100 may be mounted on the sleeping person.
When such mounting is recognized, the apnea monitor-
ing apparatus 100 may detect the motion of the sleeping
person by analyzing the output of the motion sensor at
step 711. If a detected motion value is smaller than a
predetermined reference value, the apnea monitoring
apparatus 100 may recognize at step 713 that the sleep-
ing person is in the sleeping state, and then may check
the breathing state of the sleeping person at step 715.
At this time, the breathing state of the sleeping person
may be analyzed, based on the ECG and/or chest im-
pedance of the sleeping person. Namely, the apnea mon-
itoring apparatus 100 may analyze the breathing state of
the sleeping person by comparing the detected ECG
and/or chest impedance with the corresponding refer-
ence value(s). If the value of the detected ECG and/or
chestimpedance exceeds the range of the reference val-
ue, the apnea monitoring apparatus 100 may determine
atstep 717 that the sleeping person is in the apnea state.
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Then, at step 719, the apnea monitoring apparatus 100
may generate and store apnea information and transmit
it to the electronic device 110 via the communication
module.

[0058] The electronic device 110 may be an apparatus
(e.g., ahome appliance, an air conditioner, a lighting de-
vice, and/or a bed control device) for stimulating the
sleeping state of the sleeping person, or a device (e.g.,
asmart phone ora PC) capable of controlling the external
stimulating apparatus 120 (e.g., a home appliance, an
air conditioner, a lighting device, and/or a bed control
device) for stimulating the sleeping state of the sleeping
person. If the electronic device 110 is a device capable
of controlling the external stimulating apparatus 120, the
electronic device 110 may alert the apnea state of the
sleeping person through the display unit at step 753 and
also transmit the apnea information to the external stim-
ulating apparatus 120 at step 751 when the apnea infor-
mation is received. Then, at step 761, the external stim-
ulating apparatus 120 may stimulate the sleeping person
by performing a given function, based on the apnea in-
formation received from the electronic device 110. Here,
one way of stimulating the sleeping person may be a
manner of moving the sleeping person so that the sleep-
ing personinthe apnea state can breathe. Ifthe electronic
device 110 includes the stimulating function, the elec-
tronic device 110 may skip the operation of step 751 and
perform the stimulating function at step 753.

[0059] FIG.8isaflowdiagramillustrating the operation
of an apnea monitoring apparatus according to various
embodiments of the present invention.

[0060] Referring to FIG. 8, people’s sleeping and
breathing forms may vary. The apnea monitoring appa-
ratus may set the reference values of motion and breath-
ing suitable for each sleeping person. Namely, the apnea
monitoring apparatus may have a setting mode. If the
setting mode is selected, the apnea monitoring apparatus
may recognize the selection of the setting mode at step
811 and then display items for setting the reference val-
ues at step 813. If the user selects the displayed item,
the apnea monitoring apparatus may measure the se-
lected item and then seta measured result as a reference
value at step 813. Here, the items may be a motion value
for determining the sleeping state of the sleeping person,
an ECG value and/or chest impedance value for deter-
mining the breathing state of the sleeping person, and
thelike. The apnea monitoring apparatus may also down-
load and store the reference values of such items. In this
case, the apnea monitoring apparatus may skip the op-
erations of steps 811 and 813.

[0061] When the apnea monitoring apparatus is at-
tached to the body of the sleeping person, the apnea
monitoring apparatus may recognize at step 831 that the
apnea reaction function is set. For example, when the
electrode sensor is attached to the body, the apnea mon-
itoring apparatus may recognize attachment and set the
apnea reaction function. Also, the apnea monitoring ap-
paratus may include an on/off switch. In this case, when
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the switch is turned on, the apnea monitoring apparatus
may recognize it and set the apnea reaction function.
[0062] When the apnea reaction function is set, the
apnea monitoring apparatus may determine the sleeping
state by analyzing the motion of the user. That is, if the
motion of the user is detected to be greater than a pre-
determined reference value, the apnea monitoring appa-
ratus may determine that the sleeping person is in the
non-sleeping state. If the motion of the sleeping person
has a motion value smaller than the predetermined ref-
erence value, the apnea monitoring apparatus may rec-
ognize it at step 833 and determine at step 835 that the
sleeping person is in the sleeping state.

[0063] In the sleeping state, the apnea monitoring ap-
paratus may analyze the breathing state of the sleeping
person at step 837. The breathing state may be deter-
mined, based on the detected value of the ECG and/or
chest impedance of the sleeping person. The ECG de-
tected in the apnea state may have a lower value than
the reference ECG value detected in the normal breath-
ing state. Also, the breathing rate (i.e., the ratio of inha-
lation to exhalation) detected in the apnea state may ex-
ceed the range of the breathing rate in the normal breath-
ing state. The apnea monitoring apparatus may deter-
mine the breathing state of the user by comparing the
detected breathing values (e.g., the ECG and chest im-
pedance values) with the corresponding reference val-
ues. If the detected breathing value exceeds the range
of the reference value, the apnea monitoring apparatus
may recognize at step 839 that the sleeping person is in
the apnea state. Then, at step 841, the apnea monitoring
apparatus may generate and store apnea information
and transmits the apnea information to the electronic de-
vice through the communication module.

[0064] In such a case, the electronic device or the ex-
ternal stimulating apparatus may stimulate the sleeping
person to breathe. One way of stimulation is to induce
breathing of the sleeping person by stimulating the sleep-
ing person to move. If the sleeping person is moved by
stimulation, the apnea monitoring apparatus may recog-
nize this at step 845 and may check at step 847 whether
the apnea reaction function is released. If the apnea re-
action function is not released, the apnea monitoring ap-
paratus may perform again step 837 to analyze the
breathing state of the sleeping person.

[0065] The sleeping person may not be moved in re-
sponse to stimulation. That is, the sleeping person in the
sleeping state may not react to stimulation. In this case,
the apnea monitoring apparatus may recognize this at
step 845 and return to step 837 to analyze the breathing
state of the sleeping person. Therefore, if the sleeping
person maintains the apnea state without any reaction,
the apnea monitoring apparatus may continuously stim-
ulate the sleeping person so that the sleeping person can
breathe. If the sleeping person changes from the apnea
state to the normal breathing state, the apnea monitoring
apparatus may recognize this at step 839 and perform
step 847.
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[0066] Ifthe sleeping person awakes from the sleeping
state and then removes the attached electrode sensor
or turns off the switch, the apnea monitoring apparatus
may recognize the release of the apnea reaction function
at step 847 and terminate the process.

[0067] The apnea monitoring apparatus may deter-
mine the breathing state of the sleeping person by de-
tecting both the ECG and the breathing rate. In this case,
there are two approaches. One is a parallel approach in
which the apnea monitoring apparatus detects the ECG
and the breathing rate independently (i.e., in parallel) to
determine the apnea state. The other is a serial approach
in which the apnea monitoring apparatus detects first the
ECG (or the breathing rate) to determine the apnea state,
and then, if the apnea state is determined, further detects
the breathing rate (or the ECG) to confirm the apnea
state.

[0068] FIG.9isa flowdiagramillustrating the operation
of an apnea monitoring apparatus for determining a
breathing state of a sleeping person by detecting an elec-
trocardiogram and a breathing rate.

[0069] Referring to FIG. 9, the apnea monitoring ap-
paratus may recognize the sleeping state of the sleeping
person at step 911, and may detect the ECG and the
chest impedance of the sleeping person at step 913.
Then, at step 915, the apnea monitoring apparatus may
compare the detected ECG value with the reference ECG
value and also compare the detected chest impedance
value with the reference chest impedance value. If each
of the detected values exceeds the range of the corre-
sponding reference value, the apnea monitoring appa-
ratus may recognize it at step 917 and may set the user’s
breathing state to the apnea state at step 919. The op-
eration shown in FIG. 8 is an example of the parallel
processing approach in which the apnea monitoring ap-
paratus detects both the ECG and the breathing rate.
[0070] FIG. 10 is a flow diagram illustrating the oper-
ation of an apnea monitoring apparatus for determining
a breathing state of a sleeping person by sequentially
detecting an electrocardiogram and a breathing rate.
[0071] Referring to FIG. 10, the apnea monitoring ap-
paratus may recognize the sleeping state of the sleeping
person at step 1011, and may detect the ECG of the
sleeping person atstep 1013. Then the apnea monitoring
apparatus may compare the detected ECG value with
the reference ECG value at step 1015. If the detected
ECG value satisfies the range of the reference ECG val-
ue, the apnea monitoring apparatus may determine the
breathing state of the sleeping person as a normal breath-
ing state and then terminate the process. However, if the
detected ECG value is lower than the reference ECG
value, the apnea monitoring apparatus may estimate the
apnea state and then detect the breathing rate based on
the chestimpedance at step 1017. Then the apnea mon-
itoring apparatus may compare the detected breathing
rate with the reference breathing rate at step 1019. If the
detected breathing rate exceeds the range of the refer-
ence breathing rate, the apnea monitoring apparatus



17 EP 3 440 994 A1 18

may determine at step 1021 that the breathing state of
the sleeping person is the apnea state. The operation
shown in FIG. 9 is an example of the serial processing
approach in which the apnea monitoring apparatus first
examines the ECG and then, if the ECG indicates the
apnea condition, detects the breathing rate.

[0072] FIG. 11 is a flow diagram illustrating the oper-
ation of an apnea monitoring apparatus for analyzing an
electrocardiographic value.

[0073] Referring to FIG. 11, when ECG values detect-
ed by the ECG detection module are inputted at step
1111, the apnea monitoring apparatus may calculate an
average value of R-R intervals of the ECG values at step
1113. At this time, the average value may be calculated
in a given time period and may be the number of samples.
Then, atstep 1115, the apnea monitoring apparatus may
calculate a time when the average value is lower than a
normal value, and may check at step 1117 whether the
calculated time continues for a predetermined reference
time or longer. If the calculated time is smaller than the
predetermined reference time, the apnea monitoring ap-
paratus may determines that the breathing state of the
sleeping person is the normal breathing state, and return
to step 1111. However, if the calculated time continues
forthe predetermined reference time orlonger, the apnea
monitoring apparatus may recognize this at step 1117
and estimate at step 1119 that the breathing state of the
sleeping person is the apnea state. Here, the reference
ECG value may include a normal average value, a ref-
erence time, etc. of R-R interval.

[0074] FIG. 12 is a flow diagram illustrating the oper-
ation of an apnea monitoring apparatus for analyzing a
breathing rate value.

[0075] Referring to FIG. 12, when chest impedance
values detected by the chest impedance detection mod-
ule are inputted at step 1211, the apnea monitoring ap-
paratus may calculate an average value of the breathing
rate in a normal breathing state at step 1213. At this time,
the breathing average value in the normal breathing state
may be the reference breathing rate, which may be set
by the apnea monitoring apparatus (e.g., performed at
steps 811 and 813 in FIG. 8) or downloaded from an
external device. Then, at step 1215, the apnea monitor-
ing apparatus may calculate the time of the detected
breathing rate lower than the average value and the time
of the detected breathing rate greater than the average
value. For an accurate measurement, the average value
of the breathing rate may be used. Then, at step 1217,
the apnea monitoring apparatus may check whether the
ratio of the calculated times (e.g., the ratio of inhalation
to exhalation times) has a similar value. If so, the normal
breathing state is estimated. However, if the ratio does
not have a similar value, the apnea monitoring apparatus
may recognize this at step 1217 and estimate at step
1219 that the breathing state of the sleeping person is
the apnea state. That is, the time ratio of inhalation to
exhalation may have the same or similar value in the
normal breathing state, whereas in case of the apnea

10

15

20

25

30

35

40

45

50

55

10

state the inhalation time may be detected to be longer
than the exhalation time.

[0076] After detecting the ECG and the chest imped-
ance (breathing rate) of the sleeping person, the apnea
monitoring apparatus may determine the apnea state or
not of the sleeping person by analyzing the detected ECG
and the detected chest impedance as shown in FIGS. 11
and 12. If it is determined that the sleeping person is in
the apnea state, the apnea monitoring apparatus may
transmit the measured value to the electronic device
through the communication module (e.g., the BLE mod-
ule). Then the electronic device may stimulate the sleep-
ing person to breathe.

[0077] While the invention has been describedinterms
of several preferred embodiments, these embodiments
are illustrative and not restrictive. It will be understood
by those skilled in the art that various changes and mod-
ifications may be made without departing from the spirit
of the invention and the scope of the appended claims.

Claims
1. An apnea monitoring apparatus comprising:

a motion detection module attached to a body
of a sleeping person and configured to detect a
motion of the sleeping person;

an apnea detection module attached to the body
of the sleeping person and configured to detect
apnea of the sleeping person;

a processor configured to recognize a sleeping
state of the sleeping person and drive the apnea
detection module when there is no motion de-
tected by the motion detection module for a pre-
determined time, and to generate apnea infor-
mation when the apnea of the sleeping person
is detected by the apnea detection module; and
a communication module configured to transmit
the apnea information to an electronic device,
wherein the electronic device is configured to
stimulate the sleeping person, based on the ap-
nea information transmitted from the apnea
monitoring apparatus.

2. The apnea monitoring apparatus of claim 1, wherein
the apnea detection module includes:

a first electrode and a second electrode sepa-
rately attached to the body of the sleeping per-
son;

an electrocardiogram (ECG) detection module
configured to receive signals from the first and
second electrodes and to detect ECG of the
sleeping person from the received signals;

an oscillation module configured to apply an os-
cillation signal to the firstand second electrodes;
and
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a breathing rate detection module configured to 6. The method of claim 4, wherein the step of deter-
detect the oscillation signal between the firstand mining the breathing state of the sleeping person
second electrodes and to detect a breathing rate includes steps of:
of the sleeping person from the detected oscil-
lation signal. 5 when the sleeping state is recognized, compar-
ing the detected ECG with a reference ECG and
3. The apnea monitoring apparatus of claim 2, wherein comparing the detected breathing rate with a ref-
the processor is further configured to: erence breathing rate; and
when the detected ECG and the detected
when the sleeping state is recognized, 10 breathing rate are lower than the reference ECG
compare the ECG detected by the ECG detec- and the reference breathing rate, respectively,
tion module with a reference ECG, determining that the sleeping person is in the
compare the breathing rate detected by the apnea state, and transmitting information about
breathing rate detection module with areference the apnea state to the electronic device.
breathing rate, and 15

when the detected ECG and the detected
breathing rate are lower than the reference ECG

and the reference breathing rate, respectively,
determine that the sleeping person is in an ap-

nea state, and transmits information about the 20
apnea state to the electronic device through the
communication module.

4. A method for monitoring sleep apnea, the method
comprising steps of: 25

recognizing a sleeping state of a sleeping per-

son when there is no motion detected for a pre-
determined time by analyzing an output of a mo-

tion detection sensor attached to the sleeping 30
person;

detecting a breathing state, based on an elec-
trocardiogram (ECG) and chest impedance of

the sleeping person in the sleeping state;
determining the breathing state of the sleeping 35
person, based onthe ECG and the chestimped-
ance; and

when the breathing state of the sleeping person

is determined as an apnea state, generating ap-

nea information of the sleeping person and 40
transmitting the apnea information to an elec-
tronic device,

wherein the electronic device stimulates the
sleeping person, based on the received apnea
information. 45

5. The method of claim 4, wherein the step of detecting
the breathing state includes steps of:

receiving signals from first and second elec- 50
trodes separately attached to a body of the
sleeping person and detecting the ECG of the
sleeping person from the received signals; and
applying an oscillation signal to the first and sec-

ond electrodes, detecting the oscillation signal 55
between the first and second electrodes, and
detecting a breathing rate of the sleeping person
from the detected oscillation signal.
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