EP 3 662 823 A1

(19)

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

9

(12)

(43) Date of publication:
10.06.2020 Bulletin 2020/24

(21) Application number: 19201198.9

(22) Date of filing: 02.10.2019

(51)

(11) EP 3 662 823 A1

EUROPEAN PATENT APPLICATION

Int Cl.:

A61B 5/024 (2006.01) A61B 5/00 (2006.0)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 05.12.2018 TW 107143603

(71) Applicant: Acer Incorporated
Taipei County 221 (TW)

(72) Inventors:
¢ Wu, Jo-Hua
221 New Taipei City (TW)

(74)

Chiang, Hsien-Yang

221 New Taipei City (TW)
Chiang, Yu-Chun

221 New Taipei City (TW)
Lin, Pin-Cyuan

221 New Taipei City (TW)
Pan, Ke-Han

221 New Taipei City (TW)
Tsai, Yueh-Yarng

221 New Taipei City (TW)

Representative: Michalski Hiuttermann & Partner
Patentanwilte mbB

Speditionstrale 21

40221 Diisseldorf (DE)

(54)
PHOTOPLETHYSMOGRAPHIC SIGNAL

(57) A method for detecting cardiac arrhythmia
based on a photoplethysmographic (PPG) signal is pro-
vided. The method includes: receiving a PPG signal and
a motion signal corresponding to a motion made by a
user; extracting PPG signal segments and motion signal
segments corresponding to a time period from the PPG
signal and the motion signal, respectively, at every time
period; filtering out motion artifact noise in the PPG signal
segments according to the PPG signal segments and the
motion signal segments, and converting the PPG signal
segments and the motion signal segments into PPG
spectrum diagrams and motion spectrum diagrams, re-
spectively; obtaining an estimated heart rate according
to the PPG spectrum diagrams and the motion spectrum
diagrams; and determining whether cardiac arrhythmia
is present based on the filtered PPG signal segments
and the estimated heart rate.

METHOD AND DEVICE FOR DETECTING CARDIAC ARRHYTHMIA BASED ON

200

Receive a PPG signal and a motion signal
corresponding to a motion made by a user
from the sensing device

l

Extract PPG signal segments and motion signal
segments corresponding to a time period from
the PPG signal and the motion signal,
respectively, at every time period

l

Filter out motion artifact noise in the PPG
signal segments according to the PPG signal
segments and the motion signal segments, and
convert the PPG signal segments and the
motion signal segments into PPG spectrum
diagrams and motion spectrum diagrams,
respectively

l

Obtain an estimated heart rate according to the
PPG spectrum diagrams and the motion
spectrum diagrams

!
Determine whether cardiac arrhythmia is
present based on the filtered PPG signal
segments and the estimated heart rate

~—S205

~—S210

~—S215

~—S220

~S225

End

FIG. 2

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 662 823 A1
Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Taiwan Patent Application No. 107143603, filed on December 5, 2018, the
disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a heart rate measurement technique, and more particularly, it relates to a
method and device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal.

BACKGROUND

[0003] Heartrate may be measured using any of a variety of different sensors, including, for example, electrode-based
sensors, such as EKG sensors, and optical sensors, such as photoplethysmographic (PPG) sensors. PPG sensors
typically include a light source and a photodetector that are placed adjacent to a person’s skin. The light source and
photodetector are typically arranged so that light from the light source cannot reach the photodetector directly. However,
when the PPG sensor is placed adjacent to a person’s skin, light from the light source may diffuse into the person’s flesh
and then be emitted back out of the person’s flesh so that the photodetector can detect it. The amount of light emitted
from the person’s flesh may vary as a function of the heart rate, since the amount of blood present in the flesh varies
as a function of heart rate and the amount of light that is emitted from the person’s flesh, in turn, varies as a function of
the amount of blood present.

[0004] However, since PPG sensors are also more sensitive to motion artifact noise than are many other types of
sensors, PPG sensors are more prone to problems with inaccuracy. Thus, a method and a device for detecting cardiac
arrhythmia based on a PPG signal are desired to solve the aforementioned problems.

SUMMARY

[0005] The following summary is illustrative only and is not intended to be limiting in any way. That is, the following
summary is provided to introduce concepts, highlights, benefits and advantages of the novel and non-obvious techniques
described herein. Select, not all, implementations are described further in the detailed description below. Thus, the
following summary is not intended to identify essential features of the claimed subject matter, nor is it intended for use
in determining the scope of the claimed subject matter.

[0006] A method and a device for detecting cardiac arrhythmia based on a PPG signal are provided in the disclosure
to solve the problems.

[0007] In an embodiment, a method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal
is provided in the disclosure. The method comprises: receiving a PPG signal and a motion signal corresponding to a
motion made by a user; extracting PPG signal segments and motion signal segments corresponding to a time period
from the PPG signal and the motion signal, respectively, at every time period; filtering out motion artifact noise in the
PPG signal segments according to the PPG signal segments and the motion signal segments, and converting the PPG
signal segments and the motion signal segments into PPG spectrum diagrams and motion spectrum diagrams, respec-
tively; obtaining an estimated heart rate according to the PPG spectrum diagrams and the motion spectrum diagrams;
and determining whether cardiac arrhythmia is present based on the filtered PPG signal segments and the estimated
heart rate.

[0008] In some embodiments, the step of determining whether cardiac arrhythmia is present based on the filtered
PPG signal segments and the estimated heart rate further comprises: obtaining a peak-to-peak interval (PPI) in the
filtered PPG signal segments according to the estimated heart rate; obtaining PPI| parameters according to the PPI; and
inputting the PPI parameters into a prediction model to determine whether cardiac arrhythmia is present.

[0009] In some embodiments, after receiving the PPG signal and the motion signal corresponding to the motion of the
user, the method further comprises: determining whether a part of the PPG signal exceeding a threshold is lost in the
PPG signal; determining whether the PPG signal is saturated when determining that no part of the PPG signal is lost;
and performing an interpolation process on the PPG signal and the motion signal so that sampling rates of the PPG
signal and the motion signal are consistent when determining that the PPG signal is not saturated.

[0010] Insome embodiments, after extracting the PPG signal segments and the motion signal segments corresponding
to a time period, the method further comprises: performing a smoothing process on the PPG signal segments and
removing baseline drift; performing the smoothing process on the motion signal segments; and performing normalization
on the PPG signal segments and the motion signal segments.
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[0011] In some embodiments, the motion artifact noise in the PPG signal segments is filtered out by a principal
component analysis (PCA).

[0012] In some embodiments, the PPG signal segments and the motion signal segments are respectively converted
into the PPG spectrum diagrams and the motion spectrum diagrams by Fourier Transform.

[0013] In some embodiments, the step of obtaining the peak-to-peak interval (PPI) in the filtered PPG signal segments
according to the estimated heart rate further comprises: obtaining a shortest distance between two peaks in each of the
filtered PPG signal segments according to the estimated heart rate; and obtaining the PPI according to the shortest
distance.

[0014] In some embodiments, the shortest distance D, is expressed as follows:

b Sampling rate s I te)
min = pimated heartrate ampling rate

wherein o is a coefficient between 0 and 1, and the sampling rate is the sampling rate after performing the interpolation
process on the PPG signal and the motion signal.

[0015] In some embodiments, the PPl parameters are a PPI standard deviation, a PPl root mean square of successive
differences (RMSSD) and PPI entropy.

[0016] In some embodiments, the prediction model is a support vector machine (SVM) model.

[0017] In an embodiment, a device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal
is provided. The device comprises one or more processors and one or more computer storage media for storing one or
more computer-readable instructions. The processor is configured to drive the computer storage media to execute the
following tasks: receiving a PPG signal and a motion signal corresponding to a motion made by a user; extracting PPG
signal segments and motion signal segments corresponding to a time period from the PPG signal and the motion signal,
respectively, at every time period; filtering out motion artifact noise in the PPG signal segments according to the PPG
signal segments and the motion signal segments, and converting the PPG signal segments and the motion signal
segments into PPG spectrum diagrams and motion spectrum diagrams, respectively; obtaining an estimated heart rate
according to the PPG spectrum diagrams and the motion spectrum diagrams; and determining whether cardiac arrhythmia
is present based on the filtered PPG signal segments and the estimated heart rate.

BRIEF DESCRIPTION OF DRAWINGS

[0018] The accompanying drawings are included to provide a further understanding of the disclosure, and are incor-
porated in and constitute a part of the present disclosure. The drawings illustrate implementations of the disclosure and,
together with the description, serve to explain the principles of the disclosure. It should be appreciated that the drawings
are not necessarily to scale as some components may be shown out of proportion to the size in actual implementation
in order to clearly illustrate the concept of the present disclosure.

FIG. 1 shows a schematic diagram of a system for detecting cardiac arrhythmia based on a photoplethysmographic
(PPG) signal according to one embodiment of the present disclosure.

FIG. 2 is a flowchart illustrating a method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG)
signal according to an embodiment of the present disclosure.

FIG. 3A to FIG. 3B are schematic diagrams for performing a smoothing process on the PPG signal segments and
removing the baseline drift of the PPG signals in accordance with an embodiment of the present disclosure.

FIG. 4 is a schematic diagram of filtering out the motion artifact noise in a PPG signal segment in accordance with
an embodiment of the present disclosure.

FIGS. 5A~5D are schematic diagrams of obtaining the estimated heart rate from the PPG signal segment in ac-
cordance with an embodiment of the present disclosure.

FIG. 6 illustrates an exemplary operating environment for implementing embodiments of the present disclosure.

DETAILED DESCRIPTION

[0019] Various aspects of the disclosure are described more fully below with reference to the accompanying drawings.
This disclosure may, however, be embodied in many different forms and should not be construed as limited to any
specific structure or function presented throughout this disclosure. Rather, these aspects are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the disclosure to those skilled in the art.
Based on the teachings herein one skilled in the art should appreciate that the scope of the disclosure is intended to
cover any aspect of the disclosure disclosed herein, whether implemented independently of or combined with any other
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aspect of the disclosure. For example, an apparatus may be implemented or a method may be practiced using number
of the aspects set forth herein. In addition, the scope of the disclosure is intended to cover such an apparatus or method
which is practiced using other structure, functionality, or structure and functionality in addition to or other than the various
aspects of the disclosure set forth herein. It should be understood that any aspect of the disclosure disclosed herein
may be embodied by one or more elements of a claim.

[0020] The word "exemplary" is used herein to mean "serving as an example, instance, or illustration." Any aspect
described herein as "exemplary" is not necessarily to be construed as preferred or advantageous over other aspects.
Furthermore, like numerals refer to like elements throughout the several views, and the articles "a" and "the" includes
plural references, unless otherwise specified in the description.

[0021] It should be understood that when an element is referred to as being "connected" or "coupled" to another
element, it may be directly connected or coupled to the other element or intervening elements may be present. In contrast,
when an element is referred to as being "directly connected" or "directly coupled" to another element, there are no
intervening elements present. Other words used to describe the relationship between elements should be interpreted
in a like fashion. (e.g., "between" versus "directly between", "adjacent" versus "directly adjacent", etc.).

[0022] FIG. 1 shows a schematic diagram of a system 100 for detecting cardiac arrhythmia based on a photoplethys-
mographic (PPG) signal according to one embodiment of the present disclosure. The system 100 for detecting cardiac
arrhythmia based on the PPG signal may include a sensing device 110 and a computing device 130 connected to the
network 120.

[0023] The sensing device 110 may be a wearable device having a photoplethysmographic (PPG) sensor and an
accelerometer (ACC), for example, an Acer Leap Ware smart watch, which may be fastened to a subject (for example,
the subject’s head, foot, finger and wrist). The PPG sensor typically determines and estimates heart rate and respiration
rate based on a PPG based heart rate method. Typically, the accelerometer is a three-dimensional (3D) or 3-axis
accelerometer, wherein the accelerometer can measure acceleration in less than three dimensions. The accelerometer
generates one or more motion signals indicative of acceleration. Typically, the accelerometer signals include a motion
signal for each dimension of the accelerometer. The sensing device 110 may sense a motion made by a user by using
the PPG sensor and the accelerometer and generate a PPG signal and a motion signal corresponding to the motion of
the user. The sensing device 110 may transmit the PPG signal and the motion signal to the computing device 130 using
the network 120.

[0024] The computing device 130 includes an input device 132, wherein the input device 132 is configured to receive
input data from a variety of sources. For example, the computing device 130 may receive signals from the network 120
or receive the PPG signal and the motion signal transmitted by the sensing device 110. The computing device 130 is
configured with a recognizer that was previously trained by other devices to recognize cardiac arrhythmia. The computing
device 130 may receive the heart rate data and recognize whether cardiac arrhythmia is present in the heart rate data
through the recognizer.

[0025] The computing device 130 may include a processor 134 and a memory 138 which may store program 1382.
In addition, the data and the prediction model may be stored in the memory 138. In another embodiment, the computing
device 130 may be used with components, systems, sub-systems, and/or devices other than those that are depicted
herein.

[0026] Thetypesofcomputingdevice 130 range from small handheld devices, such as mobile telephones and handheld
computers to large mainframe systems, such as mainframe computers. Examples of handheld computers include per-
sonal digital assistants (PDAs) and notebooks. The network 120 can be the Internet or optionally one of any other
possible network configuration, for example, a local area network (LAN), a wide area network (WAN), Bluetooth, Wi-Fi
and Wi-Fi Direct.

[0027] It should be understood that the computing device 130 shown in FIG. 1 is an example of one suitable system
100 architecture detecting cardiac arrhythmia based on the PPG signal. Each of the components shown in FIG. 1 may
be implemented via any type of computing device, such as the computing device 600 described with reference to FIG.
6, for example.

[0028] FIG.2isaflowchartillustratinga method 200 for detecting cardiac arrhythmia based on a photoplethysmographic
(PPG) signal according to an embodiment of the present disclosure. The method can be implemented in the processor
134 of the computing device 130 as shown in FIG. 1.

[0029] In step S205, the computing device receives a PPG signal and a motion signal corresponding to a motion made
by a user from the sensing device. In an embodiment, the computing device further determines whether a part of the
PPG signal exceeding a threshold is lost in the PPG signal after receiving the PPG signal and the motion signal corre-
sponding to the motion of the user. The computing device determines whether the PPG signal is saturated when deter-
mining that no part of the PPG signal exceeding the threshold is lost in the PPG signal. The computing device performs
an interpolation process on the PPG signal and the motion signal so that sampling rates of the PPG signal and the
motion signal are consistent when determining that the PPG signal is not saturated. The computing device discards the
PPG signal and the motion signal, and re-receives the PPG signal and the motion signal transmitted by the sensing



10

15

20

25

30

35

40

45

50

55

EP 3 662 823 A1

device when determining that the part of the PPG signal exceeding the threshold is lost or the PPG signal is saturated.
[0030] In step S210, the computing device extracts PPG signal segments and motion signal segments corresponding
to a time period from the PPG signal and the motion signal, respectively, at every time period. In an embodiment, the
computing device further performs a smoothing process on the PPG signal segments and removes the baseline drift,
and performs the smoothing process on the motion signal segments after extracting the PPG signal segments and the
motion signal segments corresponding to the time period. Next, the computing device performs normalization on the
PPG signal segments and the motion signal segments. In more detail, the normalization formula for the PPG signal
segments is expressed as follows:

L2 — Norm = +/xTx

wherein 5 — [x1, Xp, wes x4096]T is a PPG signal segment corresponding to a time period of 8 seconds.

[0031] FIG. 3Ato FIG. 3B are schematic diagrams for performing the smoothing process on the PPG signal segments
and removing the baseline drift of the PPG signals in accordance with an embodiment of the present disclosure. As
shown in FIG. 3A, the waveform of the PPG signal segment corresponding to a time period (for example, 8 seconds)
obtained by the sensing device is too noisy for the time domain analysis.

[0032] The computing device may perform the smoothing process on the PPG signal segment and remove the baseline
drift of the PPG signal segment. As shown in FIG. 3A, the PPG signal segment may not have a fixed baseline (shown
in the dashed line). The reason causing the baseline drift may be respiratory effects, light intensity or other factors. The
effects of the smoothing process on the PPG signal segment by the computing device and removing the baseline drift
of the PPG signal segment is shown in FIG. 3B, so that the PPG signal segment is clearer for further analysis.

[0033] Next, in step S215, the computing device filters out motion artifact noise in the PPG signal segments according
to the PPG signal segments and the motion signal segments, and converts the PPG signal segments and the motion
signal segments into PPG spectrum diagrams and motion spectrum diagrams, respectively. In one embodiment, the
motion artifact noise in the PPG signal segments is filtered out by a principal component analysis (PCA). FIG. 4 is a
schematic diagram of filtering out the motion artifact noise in a PPG signal segment in accordance with an embodiment
of the present disclosure. As shown in FIG. 4, the dashed line is the PPG signal segment that has been performed the
smoothing processing and has been removed the baseline drift. The solid line is the filtered PPG signal segment after
the motion artifact noise in the PPG signal segment is filtered out. In addition, in another embodiment, the PPG signal
segments and the motion signal segments are respectively converted into the PPG spectrum diagrams and the motion
spectrum diagrams by Fourier Transform.

[0034] Then, in step S220, the computing device obtains an estimated heart rate according to the PPG spectrum
diagrams and the motion spectrum diagrams. In step S225, the computing device determines whether cardiac arrhythmia
is present based on the filtered PPG signal segments and the estimated heart rate.

[0035] The following may explain in detail how the computing device obtains an estimated heart rate according to the
PPG spectrum diagrams and the motion spectrum diagrams in step S220 and how the computing device determines
whether cardiac arrhythmia is present based on the filtered PPG signal segments and the estimated heart rate in step
S225.

[0036] First, the computing device obtains an estimated heart rate according to each PPG spectrum diagram and the
motion spectrum diagram corresponding to the PPG spectrum diagram. FIGS. 5A~5D are schematic diagrams of ob-
taining the estimated heartrate from the PPG signal segmentin accordance with an embodiment of the present disclosure.
As shown in FIG. 5A, FIG. 5A is a PPG spectrum diagram converted from a PPG signal segment. Next, the computing
device finds a frequency in the motion spectrum diagram converted from the motion signal segment, wherein the frequency
corresponds to the maximum strength of the ACC signal for each dimension in the frequency domain. As shown in FIG.
5B, the frequencies corresponding to the maximum strength of the ACC signal for each dimension (X-axis, Y-axis and
Z-axis) are displayed in the PPG spectrum diagram converted from the PPG signal segment. In addition, the computing
device may attenuate the frequency corresponding to the maximum strength of the ACC signal for each dimension to
a preset multiple of the original frequency in the PPG spectrum diagram converted from the PPG signal segment to
weaken the impact of the motion, wherein the preset multiple is a value between 0 and 1. In one embodiment, the value
is 0.7. As shown in FIG. 5C, it is assumed that the preset multiple is 0.7. At frequencies 510 and 520 corresponding to
the maximum strength of the ACC signal for each dimension, the strength of the weakened PPG signal segment (indicated
by the thick line) is 0.7 times the original strength. The computing device then finds the frequency corresponding to the
maximum strength in the attenuated PPG signal segment and uses this frequency as the estimated heart rate. As shown
in FIG. 5D, the frequency 530 corresponding to the maximum strength is set to the estimated heart rate.

[0037] Next, the computing device obtains a peak-to-peak interval (PPI) in the filtered PPG signal segment according
to the estimated heart rate. Specifically, the computing device obtains a shortest distance between two peaks in each
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of the filtered PPG signal segments according to the estimated heart rate, wherein the shortest distance D ;,, is expressed
as follows:

Sampling rate

Dimin Estimated heart rate  © (Sampling rate)

wherein « is a coefficient between 0 and 1, and the sampling rate is the sampling rate after performing the interpolation
process on the PPG signal and the motion signal.

[0038] The computing device finds a peak position in each of the filtered PPG signal segments according to the shortest
distance to ensure that the peak position found by the computing device is more reasonable. The computing device then
stitches the peak locations in all of the filtered PPG signal segments sequentially to obtain all of the PPlIs in all of the
filtered PPG signal segments. The computing device obtains PPI parameters according to all PPIs in all filtered PPG
signal segments, wherein the PPl parameters are a PPI| standard deviation (SD), a PPl root mean square of successive
differences (RMSSD), and PPI entropy. The formula of the PPl SD can be expressed as follows:

n
1 —
PPISD = —Z PPI; — PPI)?
n_l 1( 2 )
1=

wherein n is the total number of PPIs in all filtered PPG signal segments. The formula of the PPI RMSSD can be expressed
as follows:

n
1
PPI RMSSD = ZZ(PPIi — PPI;_,)?

i=2

wherein nis the total number of PPIs in all filtered PPG signal segments. The formula of the PPI entropy can be expressed
as follows:

K
PPI Entropy = — 2 p.log (p,)

i=1

wherein ;A),- is a sample probability value of the i-th segment between the PPI minimum and the PPl maximum in all PPls
which is cut into kK segments.

[0039] The computing device inputs the PPI parameters to a prediction model to determine whether cardiac arrhythmia
is present. In an embodiment, the prediction model is a support vector machine (SVM) model. Specifically, the prediction
model is a pre-trained model. When the PPI parameters are input to a prediction model, the prediction model outputs a
predicted probability value corresponding to the PPl parameters. When the predicted probability value is below a first
threshold, the computing device determines that there is no cardiac arrhythmia. When the predicted probability value is
between the first threshold and the second threshold, the computing device determines that the PPG signal cannot be
used to determine whether cardiac arrhythmia is present. When the predicted probability value is greater than the third
threshold, the computing device determines that cardiac arrhythmia is present.

[0040] As described above, the method and device for detecting cardiac arrhythmia based on the photoplethysmo-
graphic (PPG) signal according to the present disclosure may restore a reasonable position of the real peak of the PPG
signal under regular or irregular motion to reduce the artifact noise in the PPG signal caused by the motion. Therefore,
the PPG signal processed by the method and the device of the present disclosure can filter out the influence of the
motion, so as to effectively determine whether the user has abnormality of the cardiac arrhythmia and reduce the
probability of delaying the treatment.

[0041] Having described embodiments of the present disclosure, an exemplary operating environment in which em-
bodiments of the present disclosure may be implemented is described below. Referring to FIG. 6, an exemplary operating
environment for implementing embodiments of the present disclosure is shown and generally known as a computing
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device 600. The computing device 600 is merely an example of a suitable computing environment and is not intended
to limit the scope of use or functionality of the disclosure. Neither should the computing device 600 be interpreted as
having any dependency or requirement relating to any one or combination of components illustrated.

[0042] With reference to FIG. 6, the computing device 600 may include a bus 610 that is directly or indirectly coupled
to the following devices: one or more memories 612, one or more processors 614, one or more display components
616, one or more input/output (I/O) ports 618, one or more input/output components 620, and an illustrative power supply
622. The bus 610 may represent one or more kinds of busses (such as an address bus, data bus, or any combination
thereof). Although the various blocks of FIG. 6 are shown with lines for the sake of clarity, and in reality, the boundaries
of the various components are not specific. For example, the display component such as a display device may be
considered an 1/0 component and the processor may include a memory.

[0043] The computing device 600 typically includes a variety of computer-readable media. The computer-readable
media can be any available media that can be accessed by computing device 600 and includes both volatile and
nonvolatile media, removable and non-removable media. By way of example, but not limitation, computer-readable
media may comprise computer storage media and communication media. The computer storage media may include
volatile and nonvolatile, removable and non-removable media implemented in any method or technology for storage of
information such as computer-readable instructions, data structures, program modules or other data. The computer
storage media may include, but not limit to, random access memory (RAM), read-only memory (ROM), electrically-
erasable programmable read-only memory (EEPROM), flash memory or other memory technology, compact disc read-
only memory (CD-ROM), digital versatile disks (DVD) or other optical disk storage, magnetic cassettes, magnetic tape,
magnetic disk storage or other magnetic storage devices, or any other medium which can be used to store the desired
information and which can be accessed by the computing device 600. The computer storage media may not comprise
signal per se.

[0044] The communication media typically embodies computer-readable instructions, data structures, program mod-
ules or other data in a modulated data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term "modulated data signal" means a signal that has one or more of its characteristics
set or changed in such a manner as to encode information in the signal. By way of example, but not limitation, commu-
nication media includes wired media such as a wired network or direct-wired connection, and wireless media such as
acoustic, RF, infrared and other wireless media or any combination thereof.

[0045] The memory 612 may include computer-storage media in the form of volatile and/or nonvolatile memory. The
memory may be removable, non-removable, or a combination thereof. Exemplary hardware devices include solid-state
memory, hard drives, optical-disc drives, etc. The computing device 600 includes one or more processors that read data
from various entities such as the memory 612 or the 1/0O components 620. The presentation component(s) 616 present
data indications to a user or other device. Exemplary presentation components include a display device, speaker, printing
component, vibrating component, etc.

[0046] The I/O ports 618 allow the computing device 600 to be logically coupled to other devices including the I/O
components 620, some of which may be embedded. lllustrative components include a microphone, joystick, game pad,
satellite dish, scanner, printer, wireless device, etc. The /O components 620 may provide a natural user interface (NUI)
that processes gestures, voice, or other physiological inputs generated by a user. For example, inputs may be transmitted
to an appropriate network element for further processing. A NUI may be implemented to realize speech recognition,
touch and stylus recognition, face recognition, biometric recognition, gesture recognition both on screen and adjacent
to the screen, air gestures, head and eye tracking, touch recognition associated with displays on the computing device
600, or any combination of. The computing device 600 may be equipped with depth cameras, such as stereoscopic
camera systems, infrared camera systems, RGB camera systems, any combination of thereof to realize gesture detection
and recognition. Furthermore, the computing device 600 may be equipped with accelerometers or gyroscopes that
enable detection of motion. The output of the accelerometers or gyroscopes may be provided to the display of the
computing device 600 to carry out immersive augmented reality or virtual reality.

[0047] Furthermore, the processor 614 in the computing device 600 can execute the program code in the memory
612 to perform the above-described actions and steps or other descriptions herein.

[0048] It should be understood that any specific order or hierarchy of steps in any disclosed process is an example of
a sample approach. Based upon design preferences, it should be understood that the specific order or hierarchy of steps
in the processes may be rearranged while remaining within the scope of the present disclosure. The accompanying
method claims present elements of the various steps in a sample order, and are not meant to be limited to the specific
order or hierarchy presented.

[0049] Use of ordinal terms such as "first," "second," "third," etc., in the claims to modify a claim element does not by
itself connote any priority, precedence, or order of one claim element over another or the temporal order in which acts
of a method are performed, but are used merely as labels to distinguish one claim element having a certain name from
another element having the same name (but for use of the ordinal term) to distinguish the claim elements.

[0050] While the disclosure has been described by way of example and in terms of the preferred embodiments, it
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should be understood that the disclosure is not limited to the disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the broadest interpretation so as to encompass all such modifications
and similar arrangements.

Claims

1.

A method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal, comprising:

receiving a PPG signal and a motion signal corresponding to a motion made by a user;

extracting PPG signal segments and motion signal segments corresponding to a time period from the PPG
signal and the motion signal, respectively, at every time period;

filtering out motion artifact noise in the PPG signal segments according to the PPG signal segments and the
motion signal segments, and converting the PPG signal segments and the motion signal segments into PPG
spectrum diagrams and motion spectrum diagrams, respectively;

obtaining an estimated heart rate according to the PPG spectrum diagrams and the motion spectrum diagrams;
and

determining whether cardiac arrhythmia is present based on the filtered PPG signal segments and the estimated
heart rate.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
1, wherein the step of determining whether cardiac arrhythmia is present based on the filtered PPG signal segments
and the estimated heart rate further comprises:

obtaining a peak-to-peak interval (PP1) in the filtered PPG signal segments according to the estimated heart rate;
obtaining PPI parameters according to the PPI; and
inputting the PPI parameters into a prediction model to determine whether cardiac arrhythmia is present.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
2, wherein after receiving the PPG signal and the motion signal corresponding to the motion of the user, the method
further comprises:

determining whether a part of the PPG signal exceeding a threshold is lost in the PPG signal;

determining whether the PPG signal is saturated when determining that no part of the PPG signal is lost; and
performing an interpolation process on the PPG signal and the motion signal so that sampling rates of the PPG
signal and the motion signal are consistent when determining that the PPG signal is not saturated.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in any of
claims 1 to 3, wherein after extracting the PPG signal segments and the motion signal segments corresponding to
a time period, the method further comprises:

performing a smoothing process on the PPG signal segments and removing baseline drift;

performing the smoothing process on the motion signal segments; and

performing normalization on the PPG signal segments and the motion signal segments; and/or wherein the
motion artifact noise in the PPG signal segments is filtered out by a principal component analysis (PCA); and/or
wherein the PPG signal segments and the motion signal segments are respectively converted into the PPG
spectrum diagrams and the motion spectrum diagrams by Fourier Transform.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
3, wherein the step of obtaining the peak-to-peak interval (PPI) in the filtered PPG signal segments according to
the estimated heart rate further comprises:

obtaining a shortest distance between two peaks in each of the filtered PPG signal segments according to the
estimated heart rate; and

obtaining the PPl according to the shortest distance.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
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5, wherein the shortest distance D, is expressed as follows:

Sampling rate

Dpin = — — a X (Sampling rate)
M Estimated heart rate
wherein «is a coefficient between 0 and 1, and the sampling rate is the sampling rate after performing the interpolation

process on the PPG signal and the motion signal.

The method for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
2, wherein the PPl parameters are a PPI standard deviation, a PPl root mean square of successive differences
(RMSSD) and PPI entropy; and/or wherein the prediction model is a support vector machine (SVM) model.

A device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal, comprising:

one or more processors; and
one or more computer storage media for storing one or more computer-readable instructions, wherein the
processor is configured to drive the computer storage media to execute the following tasks:

receiving a PPG signal and a motion signal corresponding to a motion made by a user;

extracting PPG signal segments and motion signal segments corresponding to a time period from the PPG
signal and the motion signal, respectively, at every time period;

filtering out motion artifact noise in the PPG signal segments according to the PPG signal segments and
the motion signal segments, and converting the PPG signal segments and the motion signal segments into
PPG spectrum diagrams and motion spectrum diagrams, respectively;

obtaining an estimated heart rate according to the PPG spectrum diagrams and the motion spectrum
diagrams; and

determining whether cardiac arrhythmia is present based on the filtered PPG signal segments and the
estimated heart rate.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
8, wherein the processor used for determining whether cardiac arrhythmia is present based on the filtered PPG
signal segments and the estimated heart rate further executes the following tasks:

obtaining a peak-to-peak interval (PP1) in the filtered PPG signal segments according to the estimated heart rate;
obtaining PPI parameters according to the PPI; and
inputting the PPI parameters into a prediction model to determine whether cardiac arrhythmia is present.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
9, wherein after receiving the PPG signal and the motion signal corresponding to the motion of the user, the processor
further executes the following tasks:

determining whether a part of the PPG signal exceeding a threshold is lost in the PPG signal;

determining whether the PPG signal is saturated when determining that no part of the PPG signal is lost; and
performing an interpolation process on the PPG signal and the motion signal so that sampling rates of the PPG
signal and the motion signal are consistent when determining that the PPG signal is not saturated.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
8, wherein after extracting the PPG signal segments and the motion signal segments corresponding to a time period,
the processor further executes the following tasks:

performing a smoothing process on the PPG signal segments and removing baseline drift;

performing the smoothing process on the motion signal segments; and

performing normalization on the PPG signal segments and the motion signal segments; and/or wherein the
motion artifact noise in the PPG signal segments is filtered out by a principal component analysis (PCA); and/or
wherein the PPG signal segments and the motion signal segments are respectively converted into the PPG
spectrum diagrams and the motion spectrum diagrams by Fourier Transform.
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The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
10, wherein the processor obtaining the peak-to-peak interval (PPI) in the filtered PPG signal segments according
to the estimated heart rate further executes the following tasks:

obtaining a shortest distance between two peaks in each of the filtered PPG signal segments according to the
estimated heart rate; and
obtaining the PPl according to the shortest distance.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
12, wherein the shortest distance D, is expressed as follows:

b Sampling rate s I te)
min = Eofimated heart rate ampling rate

wherein «is a coefficient between 0 and 1, and the sampling rate is the sampling rate after performing the interpolation
process on the PPG signal and the motion signal.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
9, wherein the PPl parameters are a PPI standard deviation, a PPl root mean square of successive differences

(RMSSD) and PPI entropy.

The device for detecting cardiac arrhythmia based on a photoplethysmographic (PPG) signal as claimed in claim
9, wherein the prediction model is a support vector machine (SVM) model.
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