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Description
Technical Field

[0001] The disclosure relates to a sleep detection technique, and more particularly, to a wearable device capable of
detecting sleep apnea event and a detection method of sleep apnea event.

BACKGROUND

[0002] In the technical field for detecting sleep apnea event, an apnea hypopnea index (AHI) of a tester is generally
evaluated by using a polysomnography (PSG) system. The apnea hypopnea index is used to evaluate a number of
times that the tester shows a sleep apnea symptom in a sleep situation per hour, wherein the sleep apnea symptom
refers to a situation where a sleep apnea event duration exists over 10 seconds per minute. However, in a common
method for obtaining the apnea hypopnea index, a plurality of measurement information obtained from multiple physi-
ological sensing operations performed by the PSG system are required so then the apnea hypopnea index can be
obtained after going through complex calculations. However, the physiological sensing operations include, for example,
electroencephalography (EEG), sleep gesture, heart rate, electrooculography (EOG), electrocardiogram (ECG), elec-
tromyography (EMG), respiratory Effort, air flow, blood pressure, blood oxygen saturation (SaO,), etc. In other words,
the common detection technique for sleep apnea event requires complicated accessories to be worn by a wearer and
requires analysis on a large amount of sense data. In consideration of the above, providing a wearable device capable
of effectively detecting whether the sleep situation of the wearer has sleep apnea event with characteristics of convenience
is one of important issues to be addressed in the field.

SUMMARY

[0003] Thedisclosure is directed to a wearable device capable of detecting sleep apnea event and a detection method
of sleep apnea event, which are capable of effectively detecting whether a sleep situation has a sleep apnea event.
[0004] The wearable device capable of detecting sleep apnea event of the disclosure includes a processor and an
electrocardiogram sensor. The processor is configured to train a neural network module, so as to create a sleep apnea
detection model. The electrocardiogram sensor is coupled to the processor. The electrocardiogram sensor is configured
to sense an electrocardiogram signal of a sleep situation. The processor analyzes the electrocardiogram signal to detect
a plurality of R-waves in the electrocardiogram signal. The processor performs an R-wave amplitude analysis operation,
an R-wave angle analysis operation, and a heart rate variability analysis operation according to the R-waves, so as to
obtain a plurality of first characteristic values, a plurality of second characteristic values and a plurality of third characteristic
values. The processor utilizes the trained sleep apnea detection model to perform a sleep apnea detection operation
based on the first characteristic values, the second characteristic values and the third characteristic values, so as to
detect whether the sleep situation has a sleep apnea event.

[0005] The detection method of sleep apnea event of the disclosure is adapted to the wearable device capable of
detecting sleep apnea event. The wearable device capable of detecting sleep apnea event includes a processor and
an electrocardiogram sensor. The detection method of sleep apnea event includes steps of: training a neural network
module by the processor to create a sleep apnea detection model; sensing an electrocardiogram signal of a sleep
situation by the electrocardiogram sensor, and analyzing the electrocardiogram signal by the processor to detect a
plurality of R-waves in the electrocardiogram signal, performing an R-wave amplitude analysis operation, an R-wave
angle analysis operation, and a heart rate variability analysis operation according to the R-waves by the processor, so
as to obtain a plurality of first characteristic values, a plurality of second characteristic values and a plurality of third
characteristic values; and utilizing the trained sleep apnea detection model to perform a sleep apnea detection operation
by the processor based on the first characteristic values, the second characteristic values and the third characteristic
values, so as to detect whether the sleep situation has a sleep apnea event.

[0006] Based on the above, the wearable device capable of detecting sleep apnea event and a detection method of
sleep apnea event of the disclosure are capable of effectively detecting whether the sleep situation has the sleep apnea
event. The wearable device capable of detecting sleep apnea event of the disclosure can create the sleep apnea detection
model in advance, and can effectively sense the electrocardiogram signal, so as to obtain the characteristic values of
the electrocardiogram signal. Therefore, the processor of the wearable device capable of detecting sleep apnea event
can input the characteristic values into the sleep apnea detection model for calculation, so as to effectively detect whether
the sleep situation has the sleep apnea event.

[0007] To make the above features and advantages of the disclosure more comprehensible, several embodiments
accompanied with drawings are described in detail as follows.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are included to provide a further understanding of the disclosure, and are incor-
porated in and constitute a part of this specification. The drawings illustrate embodiments of the disclosure and, together
with the description, serve to explain the principles of the disclosure.

FIG. 1 illustrates a schematic diagram of a wearable device in an embodiment of the disclosure.

FIG. 2 illustrates a schematic diagram of a plurality of modules and a detection model in an embodiment of the
disclosure.

FIG. 3 illustrates a waveform diagram of an electrocardiogram signal in an embodiment of the disclosure.

FIG. 4 is a schematic diagram illustrating an R-wave angle analysis operation in an embodiment of the disclosure.

FIG. 5is a schematic diagram illustrating an R-wave amplitude analysis operation in an embodiment of the disclosure.

FIG. 6 illustrates a flowchart of a detection method of sleep apnea event in an embodiment of the disclosure.
DETAILED DESCRIPTION

[0009] In the following detailed description, for purposes of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodiments. It will be apparent, however, that one or more
embodiments may be practiced without these specific details. In other instances, well-known structures and devices are
schematically shown in order to simplify the drawing.

[0010] In order to make content of the disclosure more comprehensible, embodiments are provided below to describe
the disclosure in detail, however, the disclosure is not limited to the provided embodiments, and the provided embodiments
can be suitably combined. Moreover, elements/components/steps with same reference numerals represent same or
similar parts in the drawings and embodiments.

[0011] FIG. 1 illustrates a schematic diagram of a wearable device in an embodiment of the disclosure. With reference
to FIG. 1, a wearable device 100 capable of detecting sleep apnea event includes a processor 110, a storage device
120 and an electrocardiogram sensor 130. The processor 110 is coupled to the storage device 120 and the electrocar-
diogram sensor 130. The storage device 20 stores a neural network module 121. In the present embodiment, the
processor 110 trains a neural network module 121 to create a sleep apnea detection model. The electrocardiogram
sensor 130 senses an electrocardiogram signal ECG, and the processor 110 analyzes the electrocardiogram signal to
detect a plurality of R-waves in the electrocardiogram signal. In the present embodiment, the processor 110 performs
an R-wave amplitude analysis operation, an R-wave angle (ECG Derived Respiratory Angle, EDRAG) analysis operation,
and a heart rate variability (HRV) analysis operation according to the R-waves to obtain a plurality of characteristic
values. The R-wave amplitude analysis operation is, for example, to analyze an R-wave amplitude EDR in the electro-
cardiogram in order to obtain an ECG-derived respiratory signal, wherein peak and trough of the R-wave may be used
as the R-wave amplitude EDR. A difference between the peaks of two adjacent R-waves may be used as the adjacent
R-waves difference.

[0012] In the present embodiment, the processor 110 utilizes the trained sleep apnea detection model to perform a
sleep apnea detection operation based on the characteristic values, so as to detect whether the sleep situation has a
sleep apnea event. In the present embodiment, the sleep apnea detection operation refers to an operation of inputting
the characteristic values into the trained sleep apnea detection model for calculation performed by the processor 110
in order to obtain an apnea hypopnea index (AHI). Accordingly, the wearable device 100 of the present embodiment
can determine whether the sleep situation of the wearer has the sleep apnea event according to the apnea hypopnea
index.

[0013] In the present embodiment, the wearable device 100 may be, for example, smart clothes, smart wristbands or
other similar devices, and the wearable device 100 is configured to detect the sleep situation of the wearer. The wearable
device 100 can integrate each of said circuit elements into one wearable item instead of complicated accessories. In
other words, when the wearer is asleep, whether the sleep situation of the wearer has the sleep apnea event may be
detected by the wearable device 100 worn by the wearer. In the present embodiment, the processor 110 uses an Apnea-
ECG database in a Physionet data platform as a training target to train the neural network module 121 in advance based
on another plurality of characteristic values from a plurality of sleep situation samples, so as create the sleep apnea
detection model.

[0014] In the present embodiment, the processor 110 is, for example, a central processing unit (CPU), a system on
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chi (SOC) or other programmable devices for general purpose or special purpose, such as a microprocessor and a
digital signal processor (DSP), a programmable controller, an application specific integrated circuit (ASIC), a program-
mable logic device (PLD) or other similar devices or a combination of above-mentioned devices.

[0015] Inthe present embodiment, the storage device 120 is, for example, a dynamic random access memory (DRAM),
a flash memory or a non-volatile random access memory (NVRAM). In the present embodiment, the storage device 120
is configured to store data and program modules described in each embodiment of the disclosure, which can be read
and executed by the processor 110 so the wearable device 100 can realize the detection method of sleep apnea event
described in each embodiment of the disclosure.

[0016] Inthe present embodiment, the storage device 120 is stored with the neural network module 121. The processor
110 can sense a plurality of characteristic values from different wearers in advance by the electrocardiogram sensor
130, and use the characteristic values from the different wearers as sample data. In the present embodiment, the
processor 110 can create a prediction model according to determination conditions, algorithms and parameters from
the sleep stage, and use a plurality of the sample data for training or correcting the prediction model. Accordingly, when
the sleep apnea detection operation is performed by the wearable device 100 for the wearer, the processor 110 can
utilize the trained sleep apnea detection model to obtain a detection result according to the characteristic values sensed
by the electrocardiogram sensor 130. Nevertheless, enough teaching, suggestion, and implementation illustration re-
garding algorithms and calculation modes for the trained neural network module 121 of the present embodiment may
be obtained with reference to common knowledge in the related art, which is not repeated hereinafter.

[0017] FIG. 2 illustrates a schematic diagram of a plurality of modules and a detection model in an embodiment of the
disclosure. With reference to FIG. 1 and FIG. 2, in the present embodiment, the processor 110 can execute an R-wave
detection module 210, an R-wave amplitude analysis module 220, an R-wave angle analysis module 230, a heart rate
variation analysis module 240 and a sleep apnea detection model 250 as shown in FIG. 2. In the present embodiment,
the electrocardiogram sensor 130 senses an electrocardiogram sensor ECG of the wearer. The wearable device 100
takes a signal length of one minute spaced by 30 seconds as a segment, for example, and performs the sleep apnea
detection operation on the segment. In the present embodiment, the processor 110 receives the electrocardiogram
signal ECG, and the processor 110 executes the R-wave detection module 210 to analyze the electrocardiogram signal
ECG. In the present embodiment, the processor 110 executes the R-wave amplitude analysis module 220, the R-wave
angle analysis module 230 and the heart rate variation analysis module 240 to analyze the R-waves of the electrocar-
diogram signal ECG.

[0018] FIG. 3 illustrates a waveform diagram of an electrocardiogram signal in an embodiment of the disclosure. With
reference to FIG. 1 to FIG. 3, the processor 110 executes the R-wave amplitude analysis module 220 to perform the R-
wave amplitude analysis operation so the processor 110 can analyze amplitudes of R-wave signals. The processor 110
executes the R-wave angle analysis module 230 to perform the R-wave angle analysis operation so the processor 110
can analyze angles of the amplitudes of the R-wave signals. The processor 110 executes the heart rate variability
analysis module 240 to perform the heart rate variability analysis operation so the processor 110 can analyze heart beat
intervals of the electrocardiogram signal ECG to obtain a heart beat intervals variation RRI among the R-wave signals
in the electrocardiogram signal ECG. For instance, in the present embodiment, a distance between two R-waves may
be used as the heart beat interval variation RRI. A distance between a peak and a trough of the R-wave may be used
as the R-wave amplitude EDR. Also, an included angle provided at the peak of the R-wave amplitude EDR may be used
as an R-wave angle EDRAG.

[0019] Inthe presentembodiment, the processor 110 executes the heart rate variability analysis module 240 to perform
the heart rate variability analysis operation, so as to analyze a heart beat intervals variation RRI of the electrocardiogram
signal ECG. The processor 110 calculates time intervals among adjacent R-waves within the segment of the electro-
cardiogram signal ECG to generate the heart beat intervals variation RRI signal. In the presentembodiment, the processor
110 calculates a plurality of characteristic values according to the heart beat intervals variation RRI signal. In other
words, the wearable device 100 capable of detecting sleep apnea event of the present embodiment can take into
consideration of an effect of sympathetic nerve and parasympathetic nerve of the wearer on respiration.

[0020] Inthe presentembodiment, the characteristic values obtained by the processor 110 include a heart beat interval
mean, a heart rate (HR) value, a heart beat interval standard deviation (Standard Deviation of Normal to Normal; SDNN),
a number of adjacent R-waves differences over 50 ms (Number of pairs of adjacent NN intervals differing by more than
50 ms in the entire recording; NN50), a ratio of the adjacent R-waves differences over 50 ms (NN50 count divided by
the total number of all NN intervals), a root mean square of the adjacent R-waves differences (Root Mean Square of the
Successive Differences; RMSSD), a vertical axis standard deviation (SD1), a horizontal axis standard deviation (SD2),
and a first ratio (SD ratio) of the vertical axis standard deviation and the horizontal axis standard deviation in a Poincare
plot, a low frequency range power (LFP), a high frequency range power, a total power (TP), a very low frequency range
power (VLFP), a normalize low frequency power (nLFP), a normalize high frequency power (nHFP), and a second ratio
(LF/HF) between a high frequency (HF) and a low frequency (LF). In other words, in the present embodiment, the
processor 110 can execute the heart rate variability analysis module 240 to obtain the 16 characteristic values described
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above.

[0021] FIG.4isaschematic diagramillustrating an R-wave angle analysis operationin an embodiment of the disclosure.
With reference to FIG. 1 to FIG. 4, in the present embodiment, the processor 110 uses the R-wave angle EDRAG as
an effect of abdominal breathing of the wearer on the electrocardiogram signal ECG. Specifically, the processor 110
uses a peak R of the R-wave amplitude EDR as a center point to select positions of voltage values which are 0.01
second before and after the center point on an R-wave curve in the electrocardiogram signal ECG as a reference point
A and a reference point B, respectively. The processor 110 calculates an arctangent value according to a distance RA
between the reference point A and the peak R and a duration of 0.01 second, and the processor 110 calculate another
arctangent value according to a distance RB between the reference point B and the peak R and a duration of 0.01
second. Also, the processor 110 calculates the two arctangent values by a trigonometric function to obtain an included
angle 6 between a line from the reference point A to the peak R and another line from the reference point B to the peak
R. In this way, in the present embodiment, the processor 110 can perform the above calculation for each of the R-waves
within the signal length of one minute to obtain the R-wave angle EDRAG signals. The specific calculation may be, for
example, Formula (1) provided below.

tan™ (%)+tan"l(%)=8 ............ Formula (1)

[0022] In the present embodiment, the processor 110 further calculates the R-wave angle EDRAG signal to obtain an
R-wave angle mean, an R-wave angle standard deviation, an R-wave angle sample entropy (SE), and an R-wave angle
detrended fluctuation analysis value (DFA). Further, the processor 110 estimates energy distributions of the R-wave
angle EDRAG signal spaced by the 0.3Hz within a frequency domain of 0 to 6Hz. Here, 20 frequency domain intervals
are provided such 20 characteristic values may be obtained. In other words, in the present embodiment, the processor
110 can execute R-wave angle analysis module 230 to generate the 24 characteristic values described above.

[0023] FIG. 5 is a schematic diagram illustrating an R-wave amplitude analysis operation in an embodiment of the
disclosure. With reference to FIG. 1 to FIG. 3 and FIG. 5, in the present embodiment, the processor 110 samples a
plurality of R-wave signals 502 of the electrocardiogram signal ECG, and connects positions of the R-wave signals 502
together to obtain an R-wave amplitude EDR signal 501. The processor 110 obtains an EDR peak wave packet signal
504 and an EDR bottom wave packet signal 503 according to the R-wave amplitude EDR signal 501. The processor
110 subtracts the EDR bottom wave packet signal 503 from the EDR peak wave packet signal 504 to obtain an EDR
wave packets-subtracted signal 505. In the present embodiment, the processor 110 calculates an R-wave amplitude
mean, an R-wave amplitude standard deviation, an R-wave amplitude sample entropy, and an R-wave amplitude de-
trended fluctuation analysis value of the segment of the EDR wave packets-subtracted signal 505. Moreover, in the
present embodiment, the processor estimates power distributions of the R-wave amplitude EDR signal 501 within a
frequency domain of 0 to 6Hz through a fast Fourier transform, which are spaced by 0.3Hz. Here, 20 frequency domain
intervals are provided such that a plurality of R-wave amplitude power distributions of the R-wave amplitude signal may
be estimated. In other words, in the present embodiment, the processor 110 can execute R-wave amplitude analysis
module 220 to generate the 24 characteristic values described above.

[0024] Referring backto FIG. 1 and FIG. 2, in other words, the processor 110 of the wearable device 100 of the present
embodiment can input the 64 specific characteristic values described in the foregoing embodiments from FIG. 3 to FIG.
5 into the trained sleep apnea detection model 250. The sleep apnea detection model 250 has a neural network archi-
tecture. The processor 110 uses said 64 characteristic values as input parameters, and obtain at least one output
parameter through weights and effect parameters in the neural network architecture. Said at least one output parameter
may be, for example, the apnea hypopnea index. In this way, the wearable device 100 of the present embodiment can
provide the function of effectively detecting whether the sleep situation has the sleep apnea event. Nevertheless, enough
teaching, suggestion, and implementation illustration regarding related signal analysis and parameter calculation de-
scribed in the embodiments of the disclosure may be obtained with reference to common knowledge in the related art
of electrocardiogram, which is not repeated hereinafter.

[0025] FIG. 6 illustrates a flowchart of a detection method of sleep apnea event in an embodiment of the disclosure.
With reference to FIG. 1 and FIG. 6, the detection method of sleep apnea event of the present embodiment is at least
adapted to the wearable device 100 of FIG. 1. In step S610, the processor 110 trains a neural network module 121 to
create a sleep apnea detection model. In step S620, the electrocardiogram sensor 130 senses an electrocardiogram
signal of a sleep situation, and the processor 110 analyzes the electrocardiogram signal to detect a plurality of R-waves
in the electrocardiogram signal. In step S630, the processor 110 performs an R-wave amplitude analysis operation, an
R-wave angle analysis operation, and a heart rate variability analysis operation according to the R-waves, so as to obtain
a plurality of first characteristic values, a plurality of second characteristic values and a plurality of third characteristic
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values. In step S640, the processor 110 utilizes the trained sleep apnea detection model to perform a sleep apnea
detection operation based on the first characteristic values, the second characteristic values and the third characteristic
values, so as to detect whether the sleep situation has a sleep apnea event.

[0026] In the present embodiment, the first characteristic values refer to the 24 characteristic values generated by the
R-wave amplitude analysis operation described in the embodiment of FIG. 5. The second characteristic values refer to
the 24 characteristic values generated by the R-wave angle analysis operation described in the embodiment of FIG. 4.
The third characteristic values refer to the 16 characteristic values generated by the heart rate variability analysis operation
described in the embodiment of FIG. 3. Further, the processor 110 can input said 64 characteristic values into the trained
sleep apnea detection model in order to obtain an apnea hypopnea index. In this way, the detection method of sleep
apnea event of the present embodiment is capable of effectively detecting whether the sleep situation has the sleep
apnea event.

[0027] In addition, sufficient teaching, suggestion, and implementation regarding technical details of each of relevant
elements or analysis operations of the wearable device 100 of the present embodiment of the disclosure may be obtained
from the foregoing embodiments of FIG. 1 to FIG. 5, and thus related descriptions thereof are not repeated hereinafter.
[0028] In summary, the wearable device capable of detecting sleep apnea event and the detection method of sleep
apnea event of the disclosure can create the sleep apnea detection model in advance, and can effectively sense the
electrocardiogram signal in the sleep situation so as to obtain 24 specific characteristic values of the electrocardiogram
signal. Also, the processor of the wearable device of the disclosure can input the 64 specific characteristic values into
the sleep apnea detection model for calculation in order to effectively obtain the apnea hypopnea index of the wearer.
Accordingly, the wearable device of the disclosure can effectively and accurately determine whether the sleep situation
ofthe wearer has the sleep apnea event according to the apnea hypopnea index. Furthermore, only the electrocardiogram
sensor is required to be disposed in the wearable device of the disclosure. As a result, the wearable device of the
disclosure can be made without complicated accessories to provide characteristics of convenience.

Claims
1. A wearable device (100) capable of detecting sleep apnea event, comprising:

a processor (110), configured to train a neural network module (121), so as to create a sleep apnea detection
model; and

an electrocardiogram sensor (130), coupled to the processor (110), and configured to sense an electrocardio-
gram signal (ECG) of a sleep situation, the processor (110) analyzing the electrocardiogram signal (ECG) to
detect a plurality of R-waves (502) in the electrocardiogram signal (ECG),

wherein the processor (110) performs an R-wave amplitude analysis operation, an R-wave angle analysis
operation, and a heart rate variability analysis operation according to the R-waves (502), so as to obtain a
plurality of first characteristic values, a plurality of second characteristic values and a plurality of third charac-
teristic values,

wherein the processor (110) utilizes the trained sleep apnea detection model to perform a sleep apnea detection
operation based on the first characteristic values, the second characteristic values and the third characteristic
values, so as to detect whether the sleep situation has a sleep apnea event.

2. Thewearable device (100) according to claim 1, wherein the processor (110) performs the R-wave amplitude analysis
operation according to the R-waves (502) to obtain an R-wave amplitude signal (501),
wherein the processor (110) analyzes the R-wave amplitude signal (501) to obtain an R-wave amplitude mean, an
R-wave amplitude standard deviation, an R-wave amplitude sample entropy, and an R-wave amplitude detrended
fluctuation analysis value, and the processor (110) estimates the R-wave amplitude signal (501) through a fast
Fourier transform, so as to estimate a plurality of R-wave amplitude power distributions of the R-wave amplitude
signal (501),
wherein the first characteristic values comprise the R-wave amplitude mean, the R-wave amplitude standard devi-
ation, the R-wave amplitude sample entropy, the R-wave amplitude detrended fluctuation analysis value and the
R-wave amplitude power distributions.

3. The wearable device (100) according to claim 2, wherein the processor (110) analyzes the R-wave amplitude signal
(501) to obtain a peak wave packet signal (504) and a bottom wave packet signal (503) of the R-wave amplitude
signal (501), and the processor (110) subtracts the bottom wave packet signal (503) from the peak wave packet
signal (504) to obtain a wave packets-subtracted signal (505),
wherein the processor (110) calculates the first characteristic values according to the wave packets-subtracted
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signal (505).

The wearable device (100) according to claim 2, wherein the processor (110) estimates the R-wave amplitude signal
(501) through the fast Fourier transform, so as to estimate 20 R-wave amplitude power distributions of the R-wave
amplitude signal (501) spaced by 0.3Hz within a frequency domain from 0 to 6Hz.

The wearable device (100) according to any one of claims 1 to 4, wherein the processor (110) performs the R-wave
angle analysis operation according to the R-waves (502) to obtain an R-wave angle signal,

wherein the processor (110) analyzes the R-wave angle signal to obtain an R-wave angle mean, an R-wave angle
standard deviation, an R-wave angle sample entropy, and an R-wave angle detrended fluctuation analysis value,
and the processor (110) estimates the R-wave angle signal through a fast Fourier transform, so as to estimate a
plurality of R-wave angle power distributions of the R-wave angle signal,

wherein the second characteristic values comprise the R-wave angle mean, the R-wave angle standard deviation,
the R-wave angle sample entropy, the R-wave angle detrended fluctuation analysis value and the R-wave angle
power distributions.

The wearable device (100) according to claim 5, wherein the processor (110) analyzes the R-waves (502) to obtain
an R-wave peak position of each of the R-waves and two respective reference points (A, B) which are 0.01 second
before and after the R-wave peak position, such that the processor (110) calculates a plurality of included angles
of the R-waves (502) according to the R-wave peak position and the two respective reference points (A, B) of each
of the R-waves (502).

The wearable device (100) according to claim 5, wherein the processor (110) estimates the R-wave angle signal
through the fast Fourier transform, so as to estimate 20 R-wave angle power distributions of the R-wave angle signal
spaced by 0.3Hz within a frequency domain from 0 to 6Hz.

The wearable device (100) according to any one of claims 1 to 7, wherein the processor (110) performs the heart
rate variability analysis operation according to the R-waves (502) to analyze a heart beat intervals variation (RRI)
of the electrocardiogram signal (ECG), so as to obtain the third characteristic values comprising a heart beat interval
mean, a heart rate value, a heart beat interval standard deviation, a number of adjacent R-waves differences over
50 ms, a ratio of the adjacent

R-waves differences over 50 ms, a root mean square of the adjacent R-waves differences, a vertical axis standard
deviation, a horizontal axis standard deviation, and a first ratio of the vertical axis standard deviation and the horizontal
axis standard deviation in a Poincare plot, a low frequency range power, a high frequency range power, a total
power, a very low frequency range power, a normalize low frequency power, a normalize high frequency power,
and a second ratio between a high frequency and a low frequency.

A detection method of sleep apnea event, adapted to a wearable device (100) capable of detecting sleep apnea
event, the wearable device (100) comprising a processor (110) and an electrocardiogram sensor (130), the method
comprising:

training a neural network module (121) by the processor (110) to create a sleep apnea detection model;
sensing an electrocardiogram signal (ECG) of a sleep situation by the electrocardiogram sensor (130), and
analyzing the electrocardiogram signal (ECG) by the processor (110) to detect a plurality of R-waves (502) in
the electrocardiogram signal (ECG),

performing an R-wave amplitude analysis operation, an R-wave angle analysis operation, and a heart rate
variability analysis operation according to the R-waves (502) by the processor (110), so as to obtain a plurality
of first characteristic values, a plurality of second characteristic values and a plurality of third characteristic
values; and

utilizing the trained sleep apnea detection model to perform a sleep apnea detection operation by the processor
(110) based on the first characteristic values, the second characteristic values and the third characteristic values,
so as to detect whether the sleep situation has a sleep apnea event.

10. The detection method of sleep apnea eventaccording to claim 9, wherein the step of performing the R-wave amplitude

analysis operation according to the R-waves (502) by the processor (110) to obtain the first characteristic values
comprises:

performing the R-wave amplitude analysis operation according to the R-waves (502) by the processor (110) to
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obtain an R-wave amplitude signal (501);

analyzing the R-wave amplitude signal (501) by the processor (110) to obtain an R-wave amplitude mean, an
R-wave amplitude standard deviation, an R-wave amplitude sample entropy, and an R-wave amplitude de-
trended fluctuation analysis value; and

estimating the R-wave amplitude signal (501) through a fast Fourier transform by the processor (110), so as to
estimate a plurality of R-wave amplitude power distributions of the R-wave amplitude signal (501),

wherein the first characteristic values comprise the R-wave amplitude mean, the R-wave amplitude standard
deviation, the R-wave amplitude sample entropy, the R-wave amplitude detrended fluctuation analysis value
and the R-wave amplitude power distributions.

The detection method of sleep apnea event according to claim 10, wherein the step of performing the R-wave
amplitude analysis operation according to the R-waves (502) by the processor (110) to obtain the first characteristic
values comprises:

analyzing the R-wave amplitude signal (501) by the processor (110) to obtain a peak wave packet signal (504)
and a bottom wave packet signal (503) of the R-wave amplitude signal (501), and subtracting the bottom wave
packet signal (503) from the peak wave packet signal (504) by the processor (110) to obtain a wave packets-
subtracted signal (505),

calculating the first characteristic values according to the wave packets-subtracted signal (505) by the processor
(110).

The detection method of sleep apnea event according to any one of claims 9 to 11, wherein the step of performing
the R-wave angle analysis operation according to the R-waves (502) by the processor (110) to obtain the second
characteristic values comprises:

performing the R-wave angle analysis operation according to the R-waves (502) by the processor (110) to obtain
an R-wave angle signal,

analyzing the R-wave angle signal by the processor (110) to obtain an R-wave angle mean, an R-wave angle
standard deviation, an R-wave angle sample entropy, and an R-wave angle detrended fluctuation analysis
value; and

estimating the R-wave angle signal through a fast Fourier transform by the processor (110), so as to estimate
a plurality of R-wave angle power distributions of the R-wave angle signal,

wherein the second characteristic values comprise the R-wave angle mean, the R-wave angle standard devi-
ation, the R-wave angle sample entropy, the R-wave angle detrended fluctuation analysis value and the R-wave
angle power distributions.

The detection method of sleep apnea event according to claim 12, wherein the step of performing the R-wave angle
analysis operation according to the R-waves (502) by the processor (110) to obtain the R-wave angle signal com-
prises:

analyzing the R-waves by the processor (110) to obtain an R-wave peak position of each of the R-waves (502)
and two respective reference points (A, B) which are 0.01 second before and after the R-wave peak position,
such that the processor (110) calculates a plurality of included angles of the R-waves according to the R-wave
peak position and the two respective reference points (A, B) of each of the R-waves.

The detection method of sleep apnea event according to claim 10 or 12, wherein the processor (110) estimates the
R-wave amplitude signal (501) or the R-wave angle signal through the fast Fourier transform, so as to estimate 20
R-wave amplitude power distributions of the R-wave amplitude signal (501) spaced by 0.3Hz within a frequency
domain from 0 to 6Hz, or estimate 20 R-wave angle power distributions of the R-wave angle signal spaced by 0.3Hz
within a frequency domain from 0 to 6Hz.

The detection method of sleep apnea event according to any one of claims 9 to 14, wherein the step of performing
the heart rate variability analysis operation according to the R-waves (502) by the processor (110) to obtain the third
characteristic values comprises:

performing the heart rate variability analysis operation according to the R-waves (502) by the processor (110)
to analyze a heart beat intervals variation (RRI) of the electrocardiogram signal (ECG), so as to obtain the third
characteristic values comprising a heart beat interval mean, a heart rate value, a heart beat interval standard



10

15

20

25

30

35

40

45

50

55

EP 3 485 806 A1

deviation, a number of adjacent R-waves differences over 50 ms, a ratio of the adjacent R-waves differences
over 50 ms, a root mean square of the adjacent R-waves differences, a vertical axis standard deviation, a
horizontal axis standard deviation, and a first ratio of the vertical axis standard deviation and the horizontal axis
standard deviation in a Poincare plot, a low frequency range power, a high frequency range power, a total
power, a very low frequency range power, a normalize low frequency power, a normalize high frequency power,
and a second ratio between a high frequency and a low frequency.
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