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(57) ABSTRACT

Provided is a method and an apparatus for processing ECG
signals and an ECG machine, for improving a correct
detection rate of R waves in the ECG signals recorded by a
recorder. The method includes: removing peak position
information of any R wave of a plurality of R waves in a
plurality of ECG signals if it is determined according to peak
position information of the plurality of R waves that a first
RR interval between the R wave and another R wave
immediately thereafter is less than or equal to a first RR
interval threshold, and an amplitude of the R wave is less
than or equal to a first R wave amplitude threshold; and
detecting at least one new R wave in a first RR interval
between any R wave and another R wave immediately
thereafter if it is determined that the first RR interval is
greater than or equal to a second RR interval threshold,
obtaining peak position information of the at least one new
R wave, and then storing peak position information of any
new R wave obtained in the first RR interval if it is
determined that an amplitude of the new R wave is greater
than or equal to a second R wave amplitude threshold.

A peak position of each R wave is set as a reference point, and a first
scanning range is set on a side before a peak of the R wave and a
second scanning range is set on a side after the peak of the R wave

/5151

A number of first inflection points W1 is obtained in a scale where energy
of a Q wave and an S wave are concentrated and in the first scanning
range

/5152

A paosition of a third first inflection point is selected as the start position of
the Q wave if the number of first inflection points W1 is greater than or
equal to 3 (W12 3)

/8153

A position of a first inflection point farthest from the peak of the R wave in
the first scanning range is selected as the start position of the Q wave if
the number of first inflection points W1 is equal to 1 or 2 (W1 =1 or 2)

(8154

A position farthest from the peak of the R wave in the first scanning range
is selected as the start position of the Q wave if the number of first
inflection points W1 is equal to 0 (W1 =0)

5155
/

| A number of second inflection points W2 in the second scanning range is

obtained

FS’I 56

A position of a third second inflection point is selected as the end position
of the S wave if the number of second inflection points W2 is greater than
orequalto3 (W223)

85157

A position of a second inflection point farthest from the peak of the R
wave in the second scanning range is selected as the end positicn of the
S wave if the number of second inflection points W2 is equal to 1 or 2
(W2=10r2)

/8158

A position farthest from the peak of the R wave in the second scanning
range is selected as the end pgsition of the S wave if the number of
second inflection points W2 is equal to 0 (W2 = 0)

KS’]SQ
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Peak position information of any R wave of a plurality of R waves in a S13
plurality of ECG signals is removed if it is determined according to peak /-
position information of the plurality of R waves that a first RR interval
between the R wave and another R wave immediately thereafter is less
than or equal to a first RR interval threshold, and an amplitude of the R
wave is less than or equal to a first R wave amplitude threshold; and peak
position information of remaining R waves that is not removed is stored

At least one new R wave is detected in a first RR interval between any R
wave of the plurality of R waves in the plurality of ECG signals and another
R wave immediately thereafter if it is determined according to the peak S14
position information of the plurality of R waves that the first RR interval is /-
greater than or equal to a second RR interval threshold. Peak position
information of the at least one new R wave is obtained in the first RR
interval, and then the peak position information of the at least one new R
wave obtained in the first RR interval is stored if it is determined that an
amplitude of any R wave of the at least one new R wave is greater than or
equal to a second R wave amplitude threshold

FIG. 1



Patent Application Publication  Dec. 5,2019 Sheet 2 of 11 US 2019/0365268 A1

S11
r

The plurality of ECG signals are denoised

812
The peak position information of the plurality of R waves is obtained /_

Peak position information of any R wave of a plurality of R waves in a s13
plurality of ECG signals is removed if it is determined according to peak /'
position information of the plurality of R waves that a first RR interval
between the R wave and another R wave immediately thereafter is less
than or equal to a first RR interval threshold, and an amplitude of the R
wave is less than or equal to a first R wave amplitude threshold; and peak
position information of remaining R waves that is not removed is stored

At least one new R wave is detected in a first RR interval between any R
wave of the plurality of R waves in the plurality of ECG signals and
another R wave immediately thereafter if it is determined according to the
peak position information of the plurality of R waves that the first RR
interval is greater than or equal to a second RR interval threshold. Peak /‘314

position information of the at least one new R wave is obtained in the first
RR interval, and then the peak position information of the at least one
new R wave obtained in the first RR interval is stored if it is determined
that an amplitude of any R wave of the at least one new R wave is greater
than or equal to a second R wave amplitude threshold

FIG. 2
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Wavelet decomposition is performed on the /8111

plurality of ECG signals

A filtering method of thresholding processing is S112
used to remove a high frequency noise in the /
plurality of ECG signals

A zeroing method is used to remove low /31 13
frequency baseline drift in the plurality of ECG
signals

S114
The ECG signals are reconstructed to obtain a /
set of denoised ECG signals

FIG. 4
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A quadratic spline wavelet is used to decompose /8121
the set of denoised ECG signals into N segments,
wherein N is greater than or equal to 4 (N = 4)

At least one pair of positive maximum and
negative maximu.m is obtained in a scale 2’, S122
wherein the scale 2’ is a scale where energy of a /

QRS complex is concentrated, and j is greater
than 1 and less than N (1 <j < N)

Data of all pairs of positive maximum and S123
negative maximum in the scale 2' is converted 4
into a first matrix with a fixed time length

At least one pair of positive maximum and
negative maximum is selected from each row of
the first matrix, wherein a positive maximum (
thereof is greater than or equal to a first preset
value and a negative maximum thereof is less
than or equal to a second preset value

Peak position information of the plurality of R
waves is obtained according to a zero-crossing S125
position and a time shift between a positive /
maximum and a negative maximum in each
selected pair of positive maximum and negative
maximum

FIG. 5
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Data of the set of denoised ECG signals is converted / S131

into a second matrix with a fixed time length

An RR interval mean value RR(p)mean ©f €ach row in

the second matrix and an amplitude mean value Rh(p) /3132
of each row in the second matrix are calculated
according to the peak position information of the
plurality of R waves, wherein p is a row number of the
second matrix

k1xRR(p)mean is set as a first RR interval threshold of $133
the p-th row and k2xRh(p) is set as a first R wave /
amplitude threshold of the p-th row, wherein k1 and k2
are both scale factors less than 1

Peak position information of any R wave of a plurality
of R waves in the p-th row is removed if it is
determined according to peak position information of
the plurality of R waves in the p-th row that a first RR

interval between the R wave and another R wave /3134
immediately thereafter is less than or equal to the first
RR interval threshold of the p-th row, and an amplitude
of the R wave is less than or equal to the first R wave
amplitude threshold of the p-th row

FIG. 6
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x+1

In the p-th row,
it is determined whether a first RR interva
between an x-th R wave and an {(x+1)}th R
wave immediately thereafter is less than or

equal to k1XRR(p)mean, wherein x is set to a

value starting
from 1

tis determined whether an amplitude of the
-th R wave is less than or equal to k2xRh(

Peak position information of the x-th R
wave is removed

S137

It is determined whether a first RR
interval between the x-th R wave and the
(x+1)th R wave immediately thereafter is
a last interval in the p-th row,

Peak position information of remaining R waves that is
not removed is stored

FIG 7
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S141
k3xXRR(p)mean is set as a second RR interval threshold of the p-th row, /

wherein k3 is a scale factor greater than 1

At least one pair of positive maximum and negative maximum is obtained
in a first RR interval between any R wave of the plurality of R waves in
the p-th row and another R wave immediately thereafter wherein a
positive maximum thereof is greater than or equal to a third preset value S142

and a negative maximum thereof is less than or equal to a fourth preset /
value if it is determined according to the peak position information of the
plurality of R waves in the p-th row that the first RR interval is greater than
or equal to the second RR interval threshold of the p-th row, so as to
obtain peak position information of the at least one new R wave

FIG. 8

S143

k4xRh(p) is set as a second R wave amplitude threshold of the p-th row, /
wherein k4 is a scale factor less than 1

Peak position information of the at least one new R wave in the first RR
interval in the p-th row is obtained, and then the peak position information
of the at least one new R wave obtained in the first RR interval is stored if /
it is determined that an amplitude of any R wave of the at least one new R

wave is greater than or equal to the second R wave amplitude threshold

of the p-th row

S144

FIG 9
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X+1

In the p-th row,
it is determined whether a first RR interva
between an x-th R wave and an (x+1)th R wave
immediately thereafter is greater than or equal

to k3xRR(p)mean, Wherein x is set to
a value starting from

5146
/

At least one pair of positive maximum and negative
maximum is obtained in the first RR interval wherein a
positive maximum thereof is greater than or equal to a third
preset value and a negative maximum thereof is less than or
equal to a fourth preset value, so as to obtain peak position
information of the at least one new R wave

It is determined whether an
amplitude of any R wave of the at
least one new R wave is greater than
or equal to k4xRh(p)

The any R wave is added

It is determined whether a first RR
interval between the x-th R wave and the
(x+1)th R wave immediately thereafter is
the last interval in the p-th row

S149
Peak position information of the any R |/~

wave added in the p-th row is stored

FIG. 10
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The plurality of ECG signals are denoised

The peak position information of the plurality of R waves is obtained

Peak position information of any R wave of a plurality of R waves in a
plurality of ECG signals is removed if it is determined according to peak
position information of the plurality of R waves that a first RR interval
between the R wave and another R wave immediately thereafter is less

than or equal to a first RR interval threshold, and an amplitude of the R
wave is less than or equal to a first R wave amplitude threshold; and peak
position information of remaining R waves that is not removed is stored

At least one new R wave is detected in a first RR interval between any R
wave of the plurality of R waves in the plurality of ECG signals and
another R wave immediately thereafter if it is determined according to the
peak position information of the plurality of R waves that the first RR
interval is greater than or equal to a second RR interval threshold. Peak

RR interval, and then the peak position information of the at least one

new R wave obtained in the first RR interval is stored if it is determined

that an amplitude of any R wave of the at least one new R wave is greater
than or equal to a second R wave amplitude threshold

A start position of a corresponding Q wave and an end position of a

information of each R wave

FIG. 11
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S11

512

513
/

/-814
position information of the at least one new R wave is obtained in the first

515
corresponding S wave are obtained according to the stored peak position /
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A peak position of each R wave is set as a reference point, and a first KS151
scanning range is set on a side before a peak of the R wave and a
second scanning range is set on a side after the peak of the R wave

A number of first inflection points W1 is obtained in a scale where energy KS152
of a Q wave and an S wave are concentrated and in the first scanning
range

I
A position of a third first inflection point is selected as the start position of /8153
the Q wave if the number of first inflection points W1 is greater than or
equal to 3 (W1 2 3)

A position of a first inflection point farthest from the peak of the R wave in /6154
— the first scanning range is selected as the start position of the Q wave if
the number of first inflection points W1 is equal to 1 or 2 (W1 =1 or 2)

A position farthest from the peak of the R wave in the first scanning range KS155
— s selected as the start position of the Q wave if the number of first
inflection points W1 is equal to 0 (W1 =0)

, , , , , , 5156
A number of second inflection points W2 in the second scanning range is /
obtained

A position of a third second inflection point is selected as the end position S157
of the S wave if the number of second inflection points W2 is greater than f
orequalto 3 (W2 2 3)

A position of a second inflection point farthest from the peak of the R /8158
wave in the second scanning range is selected as the end position of the
S wave if the number of second inflection points W2 is equal to 1 or 2
(W2=10r2)

A position farthest from the peak of the R wave in the second scanning KS159
— range is selected as the end position of the S wave if the number of
second inflection points W2 is equal to 0 (W2 = 0)

FIG. 12
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METHOD AND APPARATUS FOR
PROCESSING ECG SIGNALS, AND ECG
MACHINE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201810543088 X, filed on May 30, 2018,
titled “A METHOD AND APPARATUS FOR PROCESS-
ING ECG SIGNALS”, which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of elec-
trocardiogram (ECG) signal detection, and in particular, to a
method and an apparatus for processing ECG signals, and an
ECG machine.

BACKGROUND

[0003] Heart disease is one of the major diseases that
threaten human life. For a long time, research on heart
disease has been an important topic in the medical field.
Electrocardiogram (ECG), as a comprehensive manifesta-
tion of electrical activity within the heart on the surface of
the body, contains abundant physiological and pathological
information reflecting the heart rhythm and the electrical
conduction. To a certain extent, ECG can objectively reflect
the physiological condition of various parts of the heart, and
is one of the important bases for diagnosing heart disease
and evaluating cardiac function.

SUMMARY

[0004] In a first aspect, a method for processing electro-
cardiogram (ECG) signals is provided. The method
includes: removing peak position information of any R wave
of a plurality of R waves in a plurality of ECG signals if it
is determined according to peak position information of the
plurality of R waves that a first RR interval between the R
wave and another R wave immediately thereafter is less than
or equal to a first RR interval threshold, and an amplitude of
the R wave 1s less than or equal to a first R wave amplitude
threshold; storing peak position information of remaining R
waves that is not removed; and detecting at least one new R
wave in a first RR interval between any R wave of the
plurality of R waves in the plurality of ECG signals and
another R wave immediately thereafter if it is determined
according to the peak position information of the plurality of
R waves that the first RR interval is greater than or equal to
a second RR interval threshold; obtaining peak position
information of the at least one new R wave in the first RR
interval, and then storing the peak position information of
any new R wave of the at least one new R wave obtained in
the first RR interval if it is determined that an amplitude of
the new R wave of the at least one new R wave is greater
than or equal to a second R wave amplitude threshold.

[0005] In some embodiments, the method further includes:
denoising the plurality of ECG signals to obtain denoised
ECG signals; and obtaining peak position information of the
plurality of R waves according to the denoised ECG signals.
[0006] In some embodiments, the step of obtaining peak
position information of the plurality of R waves, includes:
decomposing the denoised ECG signals into components
that appear at N scales using a quadratic spline wavelet,

Dec. 5, 2019

wherein N is greater than or equal to 4; obtaining at pairs of
positive maximum and negative maximum at a scale 2,
wherein the scale 2 is a scale where energy of a QRS
complex is concentrated, and j is greater than 1 and less than
N; converting data of all pairs of positive maximum and
negative maximum at the scale 2 into a first matrix with a
fixed time length; selecting at least one pair of positive
maximum and negative maximum, in which a positive
maximum is greater than or equal to a first preset value and
a negative maximum is less than or equal to a second preset
value, from each row of the first matrix; and obtaining peak
position information of a R wave according to a zero-
crossing position and a time shift between a positive maxi-
mum and a negative maximum in each selected pair of
positive maximum and negative maximum, wherein the time
shift is

2-1

[0007] On this basis, in some embodiments, each row of
the first matrix corresponds to a set of first preset value and
second preset value; a first preset value corresponding to an
i-th row is

Almaxt + Alnax

Al =k0
® X 3

a second preset value corresponding to the i-th row is

Biiny + Blmina

B(i)=k0
(= k0x =

wherein i is a row number of the first matrix; Ai,, ., is the
largest value in data at and before a

second in the i-th row, Ai,, ., is the largest value in data after
the

second in the i-th row, Bi,,,; is the smallest value in data at
and before the
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second in the i-th row, and Bi,;,, is the smallest value after
the

second in the i-th row; wherein kO is a scale factor less than
1, and M1 is a time length of each row of data.

[0008] In some embodiments, the step of removing peak
position information of any R wave of a plurality of R waves
in a plurality of ECG signals if it is determined according to
peak position information of the plurality of R waves that a
first RR interval between the R wave and another R wave
immediately thereafter is less than or equal to a first RR
interval threshold, and an amplitude of the R wave is less
than or equal to a first R wave amplitude threshold, includes:
converting data of the denoised ECG signals into a second
matrix with a fixed time length; calculating an RR interval
mean value RR(p),,..., of each row in the second matrix and
an amplitude mean value Rh(p) of each row in the second
matrix according to the peak position information of the
plurality of R waves, wherein p is a row number of the
second matrix; setting a product of k1 and RR(p),,,., as @
first RR interval threshold of the p-th row and a product of
k2 and Rh(p) as a first R wave amplitude threshold of the
p-th row, wherein k1 and k2 are both scale factors less than
1; and removing peak position information of any R wave of
R waves in the p-th row if it is determined according to peak
position information of the R waves in the p-th row that a
first RR interval between the R wave and another R wave
immediately thereafter is less than or equal to the first RR
interval threshold of the p-th row, and an amplitude of the R
wave is less than or equal to the first R wave amplitude
threshold of the p-th row.

[0009] Insomeembodiments, the step of removing at least
one new R wave in a first RR interval between any R wave
of the plurality of R waves in the plurality of ECG signals
and another R wave immediately thereafter if it is deter-
mined according to the peak position information of the
plurality of R waves that the first RR interval is greater than
or equal to a second RR interval threshold, includes: setting
a product of k3 and RR(P),,..,, as a second RR interval
threshold of the p-th row, wherein k3 is a scale factor greater
than 1; obtaining at least one pair of positive maximum and
negative maxinum, in which a positive maximum is greater
than or equal to a third preset value and a negative maximum
is less than or equal to a fourth preset value, in a first RR
interval between any R wave of the R waves in the p-th row
and another R wave immediately thereafter if it is deter-
mined according to the peak position information of the R
waves in the p-th row that the first RR interval is greater than
or equal to the second RR interval threshold of the p-th row,
so as to obtain peak position information of the at least one
new R wave, wherein the third preset value is less than the
first preset value, and an absolute value of the fourth preset
value is less than an absolute value of the second preset
value.

[0010] In some embodiments, the step of obtaining peak
position information of the at least one new R wave in the
first RR interval, and then storing the peak position infor-
mation of any new R wave of the at least one new R wave
obtained in the first RR interval if it is determined that an
amplitude of the new R wave of the at least one new R wave
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is greater than or equal to a second R wave amplitude
threshold, includes: setting a product of k4 and Rh(p) as a
second R wave amplitude threshold of the p-th row, wherein
k4 is a scale factor less than 1; obtaining peak position
information of the at least one new R wave in the first RR
interval in the p-th row, and then storing peak position
information of any new R wave of the at least one new R
wave obtained in the first RR interval if it is determined that
an amplitude of the new R wave of the at least one new R
wave is greater than or equal to the second R wave ampli-
tude threshold of the p-th row.

[0011] Insome embodiments, the method further includes:
obtaining a start position of a corresponding Q wave and an
end position of a corresponding S wave according to the
stored peak position information of each R wave.

[0012] In some embodiments, the step of obtaining a start
position of a corresponding Q wave and an end position of
a corresponding S wave according to the stored peak posi-
tion information of each R wave, includes: setting a peak
position of each R wave as a reference point, and setting a
first scanning range on a side before a peak of the R wave
and a second scanning range on a side after the peak of the
R wave; obtaining, in the first scanning range, the number of
first inflection points W1 at a scale where energies of a Q
wave and an S wave are concentrated; selecting a position of
a third first inflection point as the start position of the Q wave
if the number of first inflection points W1 is greater than or
equal to 3; selecting a position of a first inflection point
farthest from the peak of the R wave in the first scanning
range as the start position of the Q wave if the number of first
inflection points W1 is equal to 1 or 2; selecting a position
farthest from the peak of the R wave in the first scanning
range as the start position of the Q wave if the number of first
inflection points W1 is equal to 0; obtaining the number of
second inflection points W2 in the second scanning range;
selecting a position of a third second inflection point as the
end position of the S wave if the number of second inflection
points W2 is greater than or equal to 3; selecting a position
of a second inflection point farthest from the peak of the R
wave in the second scanning range as the end position of the
S wave if the number of second inflection points W2 is equal
to 1 or 2; and selecting a position farthest from the peak of
the R wave in the second scanning range as the end position
of the S wave if the number of second inflection points W2
is equal to O.

[0013] In some embodiments, the step of denoising the
plurality of ECG signals, includes: performing wavelet
decomposition on the plurality of ECG signals; using a
filtering method of thresholding processing to remove a high
frequency noise in the plurality of ECG signals; using a
zeroing method to remove low frequency baseline drift in
the plurality of ECG signals; reconstructing the ECG signals
to obtain denoised ECG signals.

[0014] In a second aspect, an apparatus for processing
ECG signals is provided. The apparatus includes a receiver,
a processor and at least one memory. The receiver is
configured to receive a plurality of ECG signals recorded by
a recorder. The processor is configured to: remove peak
position information of any R wave of a plurality of R waves
in a plurality of ECG signals if it is determined according to
peak position information of the plurality of R waves that a
first RR interval between the R wave and another R wave
immediately thereafter is less than or equal to a first RR
interval threshold, and an amplitude of the R wave is less
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than or equal to a first R wave amplitude threshold; store
peak position information of remaining R waves that 1s not
removed in the at least one memory; and detect at least one
new R wave in a first RR interval between any R wave of the
plurality of R waves in the plurality of ECG signals and
another R wave immediately thereafter if it is determined
according to the peak position information of the plurality of
R waves that the first RR interval is greater than or equal to
a second RR interval threshold; obtain peak position infor-
mation of the at least one new R wave in the first RR
interval, and then store the peak position information of any
new R wave of the at least one new R wave obtained in the
first RR interval in the at least one memory if it is determined
that an amplitude of the new R wave of the at least one new
R wave is greater than or equal to a second R wave
amplitude threshold.

[0015] In some embodiments, the processor is further
configured to denoise the plurality of ECG signals to obtain
denoised ECG signals; and obtain peak position information
of the plurality of R waves according to the denoised ECG
signals.

[0016] In some embodiments, the processor is further
configured to: decompose the denoised ECG signals into
components that appear at N scales by using a quadratic
spline wavelet, wherein N is greater than or equal to 4;
obtain pairs of positive maximum and negative maximum at
a scale 2/, wherein the scale 2/ is a scale where energy of a
QRS complex is concentrated, and j is greater than 1 and less
than N; convert data of all pairs of positive maximum and
negative maximum at the scale % into a first matrix with a
fixed time length; select at least one pair of positive maxi-
mum and negative maximum, in which a positive maximum
is greater than or equal to a first preset value and a negative
maximum is less than or equal to a second preset value, from
each row of the first matrix; and obtain peak position
information of a R wave according to a zero-crossing
position and a time shift between a positive maximum and
a negative maximum in each selected pair of positive
maximum and negative maximum, wherein the time shift is

2 -1

[0017] On this basis, in some embodiments, each row of
the first matrix corresponds to a set of first preset value and
second preset value; a first preset value corresponding to an
i-th row is

A imaxl + AimaxZ

A() = kO x >

a second preset value corresponding to the i-th row is

Biint + Bininy )

B(i) = kO x > ;
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wherein i is a row number of the first matrix; Ai,, ., is the
largest value in data at and before a

second in the i-th row, Ai
the

is the largest value in data after

max2

second in the i-th row, Bi_, , is the smallest value in data at
and before the

second in the i-th row, and Bi,;,, is the smallest value after
the

second in the i-th row, wherein kO is a scale factor less than
1, and M1 is a time length of each row of data.

[0018] In some embodiments, the processor is further
configured to: convert data of the set of denoised ECG
signals into a second matrix with a fixed time length;
calculate an RR interval mean value RR(p),,.,, of each row
in the second matrix and an amplitude mean value Rh(p) of
each row in the second matrix according to the peak position
information of the plurality of R waves, wherein p is a row
number of the second matrix; set a product of k1 and
RR(P),0un @s @ first RR interval threshold of the p-th row and
a product of k2 and Rh(p) as a first R wave amplitude
threshold of the p-th row, wherein k1 and k2 are both scale
factors less than 1; and remove peak position information of
any R wave of R waves in the p-th row if it is determined
according to peak position information of the R waves in the
p-th row that a first RR interval between the R wave and
another R wave immediately thereafter is less than or equal
to the first RR interval threshold of the p-th row. and an
amplitude of the R wave is less than or equal to the first R
wave amplitude threshold of the p-th row.

[0019] In some embodiments, the processor is further
configured to: set a product ofk3 and RR(p),,....,, @s a second
RR interval threshold of the p-th row, wherein k3 is a scale
factor greater than 1; obtain at least one pair of positive
maximum and negative maximum, in which a positive
maximum is greater than or equal to a third preset value and
a negative maximum is less than or equal to a fourth preset
value, in a first RR interval between any R wave of the R
waves in the p-th row and another R wave immediately
thereafter if it is determined according to the peak position
information of the R waves in the p-th row that the first RR
interval is greater than or equal to the second RR interval
threshold of the p-th row, so as to obtain peak position
information of the at least one new R wave, wherein the third
preset value is less than the first preset value, and an absolute
value of the fourth preset value is less than an absolute value
of the second preset value; set a product of k4 and Rh(p) as
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a second R wave amplitude threshold of the p-th row,
wherein k4 is a scale factor less than 1; obtain peak position
information of the at least one new R wave in the first RR
interval in the p-th row, and then store peak position
information of any new R wave of the at least one new R
wave obtained in the first RR interval in the at least one
memory if it is determined that an amplitude of the new R
wave of the at least one new R wave is greater than or equal
to the second R wave amplitude threshold of the p-th row.
[0020] In some embodiments, the processor is further
configured to obtain a start position of a corresponding Q
wave and an end position of a corresponding S wave
according to the stored peak position information of each R
wave.

[0021] In a third aspect, a non-transitory computer-read-
able storage medium is provided, and the medium stores
executable instructions that, when executed by an electro-
cardiogram device, cause the electrocardiogram device to
implement the method according to the first aspect.

[0022] In a fourth aspect, an ECG machine is provided.
The ECG machine includes a recorder and the apparatus for
processing ECG signals according to the second aspect. The
recorder is configured to record a plurality of ECG signals.
The apparatus for processing ECG signals is configured to
process the plurality of ECG signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In order to describe technical solutions in embodi-
ments in the present disclosure more clearly, the accompa-
nying drawings to be used in the description of embodiments
will be introduced briefly. Obviously, the accompanying
drawings to be described below are merely some embodi-
ments of the present disclosure, and a person of ordinary
skill in the art can obtain other drawings according to these
drawings without paying any creative effort.

[0024] FIG. 1 is a flow chart of a method for processing
electrocardiogram (ECG) signals, in accordance with some
embodiments;

[0025] FIG. 2 is a flow chart of another method for
processing ECG signals, in accordance with some embodi-
ments;

[0026] FIG. 3 is a schematic diagram of an ECG signal, in
accordance to some embodiments;

[0027] FIG. 4 is a flow chart of a method for denoising
ECG signals, in accordance with some embodiments;
[0028] FIG. 5 is a flow chart of a method for obtaining
peak position information of an R wave, in accordance with
some embodiments;

[0029] FIG. 6 is a flow chart of a method for removing
non-compliant R waves, in accordance with some embodi-
ments;

[0030] FIG. 7 is a flow chart of another method for
removing non-compliant R waves, in accordance with some
embodiments;

[0031] FIG. 81isa flow chart of a method for detecting new
R waves, in accordance with some embodiments;

[0032] FIG. 9 is a flow chart of a method for determining
whether a new R wave is compliant, in accordance with
some embodiments;

[0033] FIG. 10 is a flow chart of a method for adding a R
wave, in accordance with some embodiments;

[0034] FIG. 11 is a flow chart of yet another method for
processing ECG signals, in accordance with some embodi-
ments;
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[0035] FIG. 12 is a flow chart of a method for obtaining a
start position of a Q wave and an end position of an S wave,
in accordance with some embodiments;

[0036] FIG. 13 is a schematic diagram of an apparatus for
processing ECG signals, in accordance with some embodi-
ments; and

[0037] FIG. 14 is a schematic diagram of an ECG
machine, in accordance with some embodiments.

DETAILED DESCRIPTION

[0038] The technical solutions in the embodiments of the
present disclosure will be described clearly and completely
with reference to the accompanying drawings in the embodi-
ments of the present disclosure. Obviously, the described
embodiments are merely some but not all of embodiments of
the present disclosure. All other embodiments made on the
basis of the embodiments of the present disclosure by a
person of ordinary skill in the art without paying any
creative effort shall be included in the protection scope of the
present disclosure.

[0039] An electrocardiogram (ECG) signal is a signal of
an ECG voltage (amplitude) measured by body-surface
electrodes as a function of time, and is a time domain
waveform signal. As shown in FIG. 3, a normal ECG
waveform can be divided into several major parts including
a P wave, a P-R segment, a QRS complex, a S-T segment,
and a T wave. Each characteristic band has a certain physi-
ological significance. If the heart develops a lesion, it will
cause some distortion in the cycle and waveform morphol-
ogy of the ECG signal.

[0040] The frequency of human ECG signals is low. The
main frequency range is 0.05~100 Hz, and most of the
energy is concentrated in 0.5~45 Hz. The energy of the QRS
complex accounts for a large proportion of the energy of the
ECG signal, and is distributed in the middle and high
frequency regions of the ECG signal. Therefore, the QRS
complex is the most recognizable and the most important
characteristic band in the ECG signal, while the R wave is
the most recognizable band in the QRS complex.

[0041] Some embodiments of the present disclosure pro-
vide a method for processing ECG signals. The method is
performed by, for example, an apparatus for processing ECG
signals as shown in FIG. 13. In some examples, the appa-
ratus for processing ECG signals is an ECG machine. The
BCG machine includes, for example, a recorder for record-
ing ECG waveforms (ECG signals) and an analysis diag-
nostic component such as a central processing unit (CPU).
In some other examples, the apparatus for processing ECG
signals is an analysis diagnostic device connected to an ECG
machine that includes a recorder for recording ECG wave-
forms (ECG signals).

[0042] As shown in FIG. 1, the method for processing
ECG signals includes step 13 (S13) and step 14 (S14).
[0043] In S13, peak position information of any R wave of
a plurality of R waves in a plurality of ECG signals is
removed if it is determined according to peak position
information of the plurality of R waves that a first RR
interval between the R wave and another R wave immedi-
ately thereafter is less than or equal to a first RR interval
threshold, and an amplitude of the R wave is less than or
equal to a first R wave amplitude threshold; and peak
position information of remaining R waves that is not
removed 1s stored.
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[0044] Herein, “another wave immediately thereafter”
refers to a wave which is recorded later in timing with
respect to a previously mentioned wave among a plurality of
ECG signals recorded in chronological order, and is only
used in the method provided in the embodiments of the
present disclosure to distinguish between two adjacent
waves.

[0045] For example, starting from a first R wave, it is first
determined whether the first RR interval between the first R
wave and a second R wave immediately thereafter is less
than or equal to the first RR interval threshold. If yes, then
it is determined whether an amplitude of the first R wave is
less than or equal to the first R wave amplitude threshold. If
the amplitude of the first R wave is less than or equal to the
first R wave amplitude threshold, then peak position infor-
mation of the first R wave is removed. If the first RR interval
between the first R wave and the second R wave immedi-
ately thereafter is greater than the first RR interval threshold,
then it is determined whether a first RR interval between the
second R wave and a third R wave immediately thereafter is
less than or equal to the first RR interval threshold. If the first
RR interval between the second R wave and the third R
wave immediately thereafter is also greater than the first RR
interval threshold, then it is determined whether a first RR
interval between the third R wave and a fourth R wave
immediately thereafter is less than or equal to the first RR
interval threshold. If the first RR interval between the third
R wave and the fourth R wave immediately thereafter is less
than or equal to the first RR interval threshold, then it is
determined whether an amplitude of the third R wave is less
than or equal to the first R wave amplitude threshold. Then,
the rest are deduced by analogy: it is first determined
whether a first RR interval between a current R wave and
another R wave immediately thereafter is less than or equal
to the first RR interval threshold, and only in a case where
the first RR interval is less than or equal to the first RR
interval threshold, it is determined whether an amplitude of
the current R wave is less than or equal to the first R wave
amplitude threshold. After the determination processes are
completed, the peak position information of the remaining R
waves that is not removed is stored.

[0046] InS14, atleast one new R wave is detected in a first
RR interval between any R wave of the plurality of R waves
in the plurality of ECG signals and another R wave imme-
diately thereafter if it is determined according to the peak
position information of the plurality of R waves that the first
RR interval is greater than or equal to a second RR interval
threshold. Peak position information of the at least one new
R wave is obtained, and then the peak position information
of any new R wave of the at least one new R wave is stored
if it is determined that an amplitude of the new R wave of
the at least one new R wave is greater than or equal to a
second R wave amplitude threshold.

[0047] For example, starting from the first R wave, it is
first determined whether a first RR interval between the first
R wave and the second R wave immediately thereafter is
greater than or equal to a second RR interval threshold. If
yes, then at least one new R wave is detected in the first RR
interval. The peak position information of the at least one
new R wave is obtained, and then it is determined whether
an amplitude of any R wave of the at least one new R wave
is greater than or equal to the second R wave amplitude
threshold. If yes, the peak position information of the new R
wave of the at least one new R wave 1s stored; otherwise, the
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peak position information of the new R wave of the at least
one new R wave is not stored. If the first RR interval
between the first R wave and the second R wave immedi-
ately thereafter is less than the second RR interval threshold,
then it is determined whether a first RR interval between the
second R wave and a third R wave immediately thereafter is
greater than or equal to the second R interval threshold. If
the first RR interval between the second R wave and the
third R wave immediately thereafter is also less than the
second RR interval threshold, then it is determined whether
a first RR interval between the third R wave and a fourth R
wave immediately thereafter s greater than or equal to the
second R interval threshold. If the first RR interval between
the third R wave and the fourth R wave immediately
thereafter is greater than or equal to the second RR interval
threshold, then at least one new R wave is detected in the
first RR interval. The peak position information of the at
least one new R wave is obtained, and then it is determined
whether an amplitude of any R wave of the at least one new
R wave is greater than or equal to the second R wave
amplitude threshold. If yes, the peak position information of
the new R wave of the at least one new R wave is stored;
otherwise, the peak position information of the new R wave
of the at least one new R wave is not stored. Then, the rest
are deduced by analogy: it is first determined whether a first
RR interval between a current R wave and another R wave
immediately thereafter is greater than or equal to the second
RR interval threshold, and only in a case where the first RR
interval is greater than or equal to the second RR interval
threshold, at least one new R wave is detected in a corre-
sponding first RR interval, and it is determined whether an
amplitude of the any R wave of the at least one new R wave
is greater than or equal to the second R wave amplitude
threshold.

[0048] Inthe method for processing ECG signals provided
by the embodiments of the present disclosure, by determin-
ing whether a first RR interval between any two adjacent R
waves is less than or equal to the first RR interval threshold
and whether an amplitude of the previous one of the two
adjacent R waves is less than or equal to a first R wave
amplitude threshold according to the peak position informa-
tion of the plurality of R waves, the peak position informa-
tion of falsely detected R waves may be removed. Moreover,
in a case where a first RR interval between two adjacent R
waves is greater than or equal to the second RR interval
threshold, at least one new R wave is detected in the first RR
interval. Then the peak position information of the at least
one new R wave is obtained, and if an amplitude of any new
R wave of the at least one new R wave is greater than or
equal to the second R wave amplitude threshold, the new R
wave of the at least one new R wave will be considered as
a missed R wave, and the peak position information of the
new R wave will be stored. Based on this, compared with
one-time R wave positioning of the conventional method,
which usually neglects false detection or missed detection of
peak positions of R waves due to poor signal quality or
abnormal heartbeat and thereby causes heart rate distortion
and arrhythmia, the technical solution provided by some
embodiments of the present disclosure may improve a
correct detection rate of R waves in the ECG signals, and
make up for the deficiency of false detection and missed
detection in the detection process of the QRS complex in
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ECG signals. For example, the correct detection rate of R
waves in ECG signals of the ECG machine may be
improved.

[0049] In some embodiments, ECG signals are obtained
by recording by a recorder, or are obtained through a
preliminary processing or conversion process after they are
recorded by the recorder. Then the ECG signals are stored in
at least one memory.

[0050] In some embodiments, as shown in FIG. 2, the
method further includes step 11 (S11) and step 12 (S12).
[0051] In S11, the plurality of ECG signals are denoised.
[0052] In S12, the peak position information of the plu-
rality of R waves is obtained.

[0053] The peak position information of the plurality of R
waves used in S13 and S14 is obtained in S12. In addition,
by denoising the plurality of ECG signals, a signal-to-noise
ratio may be improved.

[0054] Insome embodiments, as shown in FIG. 4, the step
of denoising the plurality of ECG signals in S11 includes
step 111 to step 114 (S111 to S114).

[0055] In S111, wavelet decomposition is performed on
the plurality of ECG signals.

[0056] Insome embodiments, the plurality of ECG signals
are decomposed into 8-12 layers by wavelet decomposition.
For example, the plurality of ECG signals are decomposed
into 10 layers.

[0057] In S112, a filtering method of thresholding pro-
cessing 1s used to remove a high frequency noise in the
plurality of ECG signals.

[0058] For example, wavelet detail coefficients corre-
sponding to the high-frequency noise are denoised by soft-
threshold denoising, so as to remove the high-frequency
noise.

[0059] As known by a person skilled in the art, frequency
bands of useful signals in ECG signals are generally con-
centrated in 0.5~45 Hz, and frequency bands above 45 Hz
are all referred to as high-frequency noise.

[0060] In S113, low frequency baseline drift is removed
from the ECG signal by using a zeroing method.

[0061] Wavelet detail coeflicients corresponding to the
low frequency baseline drift may be zeroed, so as to remove
the low frequency baseline drift.

[0062] The baseline drift is caused by breathing, and a
frequency range of the baseline drift is 0.05~2 Hz.

[0063] In S114, the ECG signals are reconstructed to
obtain denoised ECG signals.

[0064] In the above embodiments, after the noisy signal is
decomposed into a number of scales according to the
multi-resolution analysis theory of wavelet transform, detail
components corresponding to the noise may be directly
removed based on a difference in frequency spectrum and
energy distribution between the signal and the noise. Then
the ECG signal is reconstructed through inverse wavelet
transform, so that the noise in the ECG signal may be
effectively removed.

[0065] Insome embodiments, as shown in FIG. 5, the step
of obtaining the peak position information of the plurality of
R waves in S12 includes step 121 to step 125 (S121~S125).
[0066] In S121, denoised ECG signals are decomposed
into components that appear at N scales by using a quadratic
spline wavelet, wherein N is greater than or equal to 4
(N=4).

[0067] In S122, pairs of positive maximum and negative
maximum are obtained at a scale 2, wherein the scale 2 is
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a scale where energy of a QRS complex is concentrated, and
] 1s greater than 1 and less than N (1<j<N).

[0068] In S123, data of all pairs of positive maximum and
negative maximum in the scale % is converted into a first
matrix with a fixed time length.

[0069] In S124, atleast one pair of positive maximum and
negative maximum, in which a positive maximum is greater
than or equal to a first preset value and a negative maximum
is less than or equal to a second preset value, is selected from
each row of the first matrix.

[0070] In S125, peak position information of a R wave is
obtained according to a zero-crossing position and a time
shift between a positive maximum and a negative maximum
in each selected pair of positive maximum and negative
maximum, wherein the time shift is

2W-1

[0071] In some embodiments, each row of the first matrix
corresponds 1o a set of first preset value and second Preset
value. A first preset value corresponding to an i-th row is

. Almaxt + Alnax
Al = kox =T
2
a second preset value corresponding to the i-th row is

Bimin1 + Biminy

B())=k0
() X o)

wherein i is a row number of the first matrix, Ai,, ., is the
largest value in data at and before a

second in the i-th row, Ai
the

is the largest value in data after

max2

second in the i-th row, Bi,,,; is the smallest value in data at
and before the

second in the i-th row, and Bi_, , is the smallest value after
the
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second in the i-th row, kO is a scale factor less than 1, and
M1 is a time length of each row of data. In some embodi-
ments, M1 is a even number. Herein “before” refers to a
relative sequential relationship of the data in chronological
order.

[0072] For example, N is equal to 4 (N=4). In this case,
energy of the QRS complex is most concentrated at a scale
2*. Based on this, pairs of positive maximum and negative
maximum are obtained at the scale 2°. After all pairs of
positive maximum and negative maximum are obtained at
the scale 23, data of all pairs of positive maximum and
negative maximum is converted into a first matrix with a
fixed time length of 10 seconds (i.e., M1=10).

[0073] A firstpreset value and a second preset value are set
for each row of the first matrix. The i-th row corresponds to
the first preset value A(i) and the second preset value B(i),
wherein

Albnaxt + Abpaxz

Binint + Blyinz
5 ,

Ali) =k0%
(@) 2

,B(i) = k0

and 1 1s a row number of the first matrix. Since M1=10,
Ai, ., is the largest value in data at and before a Sth second
in the i-th row, Ai,, ., 1s the largest value in data after the 5th
second in the i-th row, Bi, ., is the smallest value in data at
and before the 5th second in the i-th row, and Bi,,;,, 1s the
smallest value after the Sth second in the i-th row. k0 may
be set to a value from % to %5. For example, kO is set to V5.
[0074] Based on this, at least one pair of positive maxi-
mum and negative maximum, in which a positive maximum
is greater than or equal to A(i) and a negative maximum is
less than or equal to B(i), is selected from each row of the
first matrix. In addition, peak position information of a R
wave is obtained according to a zero-crossing position and
a time shift between a positive maximum and a negative
maximum in each of the at least one pair of positive
maximum and negative maximum, and then recorded.
[0075] It will be noted that, in a case where multiscale
decomposition of the denoised ECG signals are performed
by using the quadratic spline wavelet, the denoised ECG
signals may be decomposed into components that appear at
5 scales or 6 scales. In a case where the number of scales is
changed, that is, N is changed, j is changed.

[0076] In the above embodiments of the present disclo-
sure, by obtaining pairs of positive maximum and negative
maximum at the scale 2’ and then converting data of all pairs
of positive maximum and negative maximum into a first
matrix with a fixed time length, a small segment of data may
be processed at a time, thereby avoiding accumulation of
errors.

[0077] Insome embodiments, as shown in FIG. 6, the step
of removing peak position information of any R wave of a
plurality of R waves in a plurality of ECG signals if it is
determined according to peak position information of the
plurality of R waves that a first RR interval between the R
wave and another R wave immediately thereafter is less than
or equal to a first RR interval threshold, and an amplitude of
the R wave is less than or equal to a first R wave amplitude
threshold in S13 includes step 131 to step 134 (S131-S134).
[0078] In S131, data of the denoised ECG signals is
converted into a second matrix with a fixed time length.
[0079] In S132, an RR interval mean value RR(p), ..., Of
each row in the second matrix and an amplitude mean value
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Rh(p) of each row in the second matrix are calculated
according to the peak position information of the plurality of
R waves, wherein p is a row number of the second matrix.

[0080] That is, an RR interval mean value of the first row
is RR(1),,,...., and an amplitude mean value of the first row
is Rh(1). An RR interval mean value of the second row is
RR(2),,....» and an amplitude mean value of the second row
is Rh(2). An RR interval mean value of the fifth row is
RR(5),,00n and an amplitude mean value of the fifth row is
Rh(5). An RR interval mean value of the tenth row is
RR(10),,.., and an amplitude mean value of the tenth row is
Rh(10).

[0081] In S133, a product of k1 and) RR(p),,....,, (kIxRR
(D) mean) 18 set as a first RR interval threshold of the p-th row
and a product of k2 and Rh(p) (k2xRh(p)) is set as a first R
wave amplitude threshold of the p-th row, wherein k1 and k2
are both scale factors less than 1.

[0082] Insome embodiments, k1 is equal to k2. k1 and k2
may be set to values from % to %5. For example, k1 and k2
are both set to 1.

[0083] A first RR interval threshold of the first row is
kIxRR(1) mean, and a first R wave amplitude threshold of
the first row is k2xRh(1). A first RR interval threshold of the
second row is k1xRR(2),,.,.,» and a first R wave amplitude
threshold of the second row is k2xRh(2). A first RR interval
threshold of the fifth row is k1xRR(5),,..,» and a first R
wave amplitude threshold of the fifth row is k2xRh(5). A
first RR interval threshold of the tenth row is kIxRR(10)
means 14 a first R wave amplitude threshold of the tenth row
is k2xRh(10).

[0084] In S134, peak position information of any R wave
of R waves in the p-th row is removed if it is determined
according to peak position information of the R waves in the
p-th row that a first RR interval between the R wave and
another R wave immediately thereafter is less than or equal
to the first RR interval threshold of the p-th row, and an
amplitude of the R wave is less than or equal to the first R
wave amplitude threshold of the p-th row.

[0085] As known by a person skilled in the art, there is no
RR interval for a last R wave in each row. Therefore, in an
actual design process, it is not necessary to determine
whether an amplitude of the last R wave is less than or equal
to the first R wave amplitude. That is, peak position infor-
mation of the last R wave of each row is necessarily retained.

[0086] It will be noted that, in the above embodiments, the
first RR interval threshold and the first R wave amplitude
threshold of each row adopt fixed ratios respectively. In
some other embodiments, the first RR interval threshold and
the first R wave amplitude threshold of each row may also
be dynamically adjusted adaptively.

[0087] In some embodiments, for any row of the second
matrix (such as the p-th row), the step of removing peak
position information of any R wave of the R waves in the
p-th row if it is determined according to peak position
information of R waves in the p-th row that a first RR
interval between the R wave and another R wave immedi-
ately thereafter is less than or equal to the first RR interval
threshold of the p-th row, and an amplitude of the R wave
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is less than or equal to the first R wave amplitude threshold
of the p-th row may be implemented through step 135 to step
138 (S135 to S138), as shown in FIG. 7.

[0088] In S135,in the p-th row, whether a first RR interval
between an x-th R wave and an (x+1)th R wave immediately
thereafter is less than or equal to k1xRR(p),,.., is deter-
mined, wherein X is set to a value starting from 1. If yes, then
S136 is executed; otherwise, S137 is executed.

[0089] In S136, whether an amplitude of the x-th R wave
is less than or equal to k2xRh(p) is determined. If yes, then
peak position information of the x-th R wave is removed,;
otherwise, S137 is executed.

[0090] In S137, whether a first RR interval between the
x-th R wave and the (x+1)th R wave immediately thereafter
is a last interval in the p-th row is determined. If yes, then
S138 is executed; otherwise, 1 is added to x, and S135 is
executed.

[0091] In S138, peak position information of remaining R
waves that is not removed is stored.

[0092] Insome embodiments, as shown in FIG. 8, the step
of detecting at least one new R wave in a first RR interval
between any R wave of the plurality of R waves in the
plurality of ECG signals and another R wave immediately
thereafter if it is determined according to the peak position
information of the plurality of R waves that the first RR
interval is greater than or equal to a second RR interval
threshold in S14 includes step 141 (S141) and step 142
(S142).

[0093] 1In S141, a product of k3 and) RR(p),,....., (kK3xRR
(P)noan) 15 set as a second RR interval threshold of the p-th
row, wherein k3 is a scale factor greater than 1.

[0094] That is, a second RR interval threshold of the first
row is k3xRR(1),,.. .- A second RR interval threshold of the
second row is k3xRR(2),,...,,- A second RR interval thresh-
old of the fifth row is k3xRR(5),,...,- A second RR interval
threshold of the tenth row is k3xRR(10) . k3 may be set
to a value from 8/4 to 7/4. For example, k3 is set to 5/3.
[0095] In S142, atleast one pair of positive maximum and
negative maximum, in which a positive maximum is greater
than or equal to a third preset value and a negative maximum
is less than or equal to a fourth preset value, is detected in
a first RR interval between any R wave of the R waves in the
p-th row and another R wave immediately thereafter if it is
determined according to the peak position information of the
R waves in the p-th row that the first RR interval is greater
than or equal to the second RR interval threshold of the p-th
row, so as to obtain peak position information of the at least
one new R wave.

[0096] The third preset value is less than the first preset
value, and an absolute value of the fourth preset value is less
than an absolute value of the second preset value.

[0097] Based on this, as shown in FIG. 9, the step of
obtaining peak position information of the at least one new
R wave in the first RR interval, and then storing the peak
position information of any new R wave of the at least one
new R wave obtained in the first RR interval if it is
determined that an amplitude of the new R wave of the at
least one new R wave is greater than or equal to a second R
wave amplitude threshold in S14 includes step 143 (8143)
and step 144 (S144).

[0098] In S143, a product of k4 and Rh(p) (k4xRh(p)) is
set as a second R wave amplitude threshold of the p-th row,
wherein k4 is a scale factor less than 1.
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[0099] That is, a second R wave amplitude threshold of the
first row is kdxRh(1). A second R wave amplitude threshold
of the second row is k4xRh(2). A second R wave amplitude
threshold of the fifth row is k4xRh(5). A second R wave
amplitude threshold of the tenth row is k4xRh(10). k4 may
be set to a value from ¥ to %4. For example, k4 is set to %5.
[0100] In S144, peak position information of the at least
one new R wave in the first RR interval in the p-th row is
obtained, and then the peak position information of any new
R wave of the at least one new R wave obtained in the first
RR interval is stored if it is determined that an amplitude of
the new R wave of the at least one new R wave 1s greater
than or equal to the second R wave amplitude threshold of
the p-th row.

[0101] TItwill be noted that, S141-S142 and S143-S144 are
both implemented with row as a unit in the second matrix.
[0102] In addition, in the above embodiments, the second
RR interval threshold and the second R wave amplitude
threshold of each row adopt fixed ratios respectively. In
some other embodiments, the second RR interval threshold
and the second R wave amplitude threshold of each row may
also be dynamically adjusted adaptively.

[0103] For any row of the second matrix (such as the p-th
row), the steps of obtaining at least one pair of positive
maximum and negative maximum, in which a positive
maximum is greater than or equal to a third preset value and
a negative maximum is less than or equal to a fourth preset
value, in a first RR interval between any R wave of R waves
in the p-th row and another R wave immediately thereafter
if it is determined according to the peak position information
of the R waves in the p-th row that the first RR interval is
greater than or equal to the second RR interval threshold of
the p-th row, obtaining peak position information of the at
least one new R wave in the first RR interval in the p-th row,
and then storing the peak position information of any new R
wave of the at least one new R wave obtained in the first RR
interval if it is determined that an amplitude of the new R
wave of the at least one new R wave is greater than or equal
to the second R wave amplitude threshold of the p-th row are
implemented through step 145 to step 149 (S145-S149), as
shown in FIG. 10.

[0104] In S145,in the p-th row, whether a first RR interval
between an x-th R wave and an (x+1)th R wave immediately
thereafter is greater than or equal to a product of k3 and
RR(D),100n (K3XRR(P),,...,..,) 1s determined, wherein X is set to
a value starting from 1. If yes, then S146 is executed,
otherwise, S148 is executed.

[0105] In S146, at least one pair of positive maximum and
negative maximum, in which a positive maximum is greater
than or equal to a third preset value and a negative maximum
is less than or equal to a fourth preset value, is obtained in
the first RR interval, so as to obtain peak position informa-
tion of the at least one new R wave.

[0106] The third preset value is less than the first preset
value, and an absolute value of the fourth preset value is less
than an absolute value of the second preset value.

[0107] In a process of obtaining the peak position infor-
mation of the R waves, after at least one pair of positive
maximum and negative maximum is obtained at a scale 2,
and data of all pairs of positive maximum and negative
maximum at the scale 2’ is converted into a first matrix with
a fixed time length, since the at least one pair of positive
maximum and negative maximum is selected from each row
of the first matrix with the first preset value
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Almas1 + Almaxr

A() = kO x >

and the second preset value

Bipint + Biminz

B() = k0 x >

as reference values, in this step, the third preset value and the
fourth preset value may be obtained by only reducing the
value of k0 in calculation formulas of the first preset value
and the second preset value. That is, if

then, a value of (D2+T) is used to replace the value of D2
in kO in the formula of the first preset value to obtain the
third preset value, and a value of (D2+T) is used to replace
the value of D2 in kO in the formula of the second preset
value to obtain the fourth preset value. Herein D1, D2, and
T are all positive integers. For example, D1 is set to 1, D2
is set to 3, and T is set to 1.

[0108] In S147, whether an amplitude of any R wave of
the at least one new R wave is greater than or equal to a
product of k4 and Rh(p) (k4xRh(p)) is determined. If yes,
the R wave is added; otherwise, S148 is executed.

[0109] In S148, whether a first RR interval between the
x-th R wave and the (x+1)th R wave immediately thereafter
is the last interval in the p-th row is determined. If yes, S149
1s executed; otherwise, 1 is added to x, and S145 is executed.
[0110] In S149, peak position information of the R wave
added in the p-th row is stored.

[0111] In some embodiments, as shown in FIG. 11, the
method further includes step 15 (S15). In S15, a start
position of a Q wave corresponding to each stored R wave
and an end position of a S wave corresponding to the stored
R wave are obtained according to the stored peak position
information of the stored R wave.

[0112] Based on this, the step of obtaining a start position
of a Q wave corresponding to each stored R wave and an end
position of a S wave corresponding to the stored R wave
according to the stored peak position information of the
stored R wave in S15 includes step 151 to step 159 (S151-
S159), as shown in FIG. 12.

[0113] In S151, a peak position of each stored R wave is
set as a reference point, and a first scanning range is set on
a side before a peak of the R wave and a second scanning
range is set on a side after the peak of the R wave.

[0114] The first scanning range and the second scanning
range are both, for example, a product of 0.12 and fs
(0.12xfs), wherein fs is a sampling frequency of the ECG
signal. The first scanning range is the fixed number of
sampling points before the peak of the R wave, and the
second scanning range is the fixed number of sampling
points after the peak of the R wave.

[0115] In S152, in the first scanning range, the number of
first inflection points W1 is obtained at a scale where energy
of the Q wave and the S wave are concentrated.
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[0116] In a process of decomposing the ECG signals into
four scales, energy of the Q waves and the S waves are
concentrated at a scale 2*. An inflection point is at a non-zero
point position.

[0117] In S153, a position of a third first inflection point is
selected as the start position of the Q wave if the number of
the first inflection points W1 is greater than or equal to 3
(W1=3).

[0118] It will be noted that, in a case where a peak position
of each R wave is set as a reference point, a first inflection
point closest to the reference point is set as a first first
inflection point, a first inflection point second closest to the
reference point is set as a second first inflection point, and
the rest may be deduced by analogy.

[0119] In S154, aposition of a first inflection point farthest
from the peak of the R wave in the first scanning range is
selected as the start position of the Q wave if the number of
the first inflection points W1 is equal to 1 or 2 (W1=1 or 2).
[0120] In acase where W1 is equal to 1 (W1=1), then this
first inflection point is the start position of the Q wave; in a
case where W1 is equal to 2 (W1=2), then of two first
inflection points, a first inflection point farther from the
reference point is the start position of the Q wave.

[0121] In S155, a position farthest from the peak of the R
wave in the first scanning range is selected as the start
position of the Q wave if the number of first inflection points
W1 is equal to 0 (W1=0).

[0122] In S156, the number of second inflection points W2
in the second scanning range is obtained.

[0123] In S157, a position of a third second inflection
point is selected as the end position of the S wave if the
number of the second inflection points W2 is greater than or
equal to 3 (W2z3).

[0124] Itwill benoted that, in a case where a peak position
of each R wave is set as as a reference point, a second
inflection point closest to the reference point is set as a first
second inflection point, a second inflection point second
closest to the reference point is set as a second second
inflection point, and the rest may be deduced by analogy.
[0125] In S158, a position of a second inflection point
farthest from the peak of the R wave in the second scanning
range is selected as the end position of the S wave if the
number of the second inflection points W2 is equal to 1 or
2 (W2=1 or 2).

[0126] In a case where W2 is equal to 1 (W2=1), this
second inflection point is the end position of the S wave; in
a case where W2 is equal to 2 (W2=2), of two second
inflection points, a second inflection point farther from the
reference point is the end position of the S wave.

[0127] In S159, a position farthest from the peak of the R
wave in the second scanning range is selected as the end
position of the S wave if the number of the second inflection
points W2 is equal to 0 (W2=0).

[0128] Some embodiments of the present disclosure pro-
vide a non-transitory computer-readable storage medium
storing executable instructions that, when executed by an
device, cause the device to implement the method for
processing ECG signals described above. The device is, for
example, an ECG machine.

[0129] Some embodiments of the present disclosure pro-
vide an apparatus for processing ECG signals. As shown in
FIG. 13, the apparatus 60 includes a receiver 20, a processor
10, and at least one memory 30. The receiver 20 is coupled
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to the processor 10 and a recorder 40, and the processor 10
is coupled to each of the at least one memory 30.

[0130] The receiver 20 is configured to receive a plurality
of ECG signals recorded by the recorder 40.

[0131] The processor 10 is configured to remove peak
position information of any R wave of a plurality of R waves
in the plurality of ECG signals if it is determined according
to peak position information of the plurality of R waves that
a first RR interval between the R wave and another R wave
immediately thereafter is less than or equal to a first RR
interval threshold, and an amplitude of the R wave is less
than or equal to a first R wave amplitude threshold; and is
configured to store peak position information of remaining
R waves that is not removed in the at least one memory.
[0132] The processor 10 is further configured to: detect at
least one new R wave in a first RR interval between any R
wave of the plurality of R waves in the plurality of ECG
signals and another R wave immediately thereafter if it is
determined according to the peak position information of the
plurality of R waves that the first RR interval is greater than
or equal to a second RR interval threshold; and is configured
to obtain peak position information of the at least one new
R wave in the first RR interval, and then store the peak
position information of any new R wave of the at least one
new R wave obtained in the first RR interval in the at least
one memory if it is determined that an amplitude of the new
R wave of the at least one new R wave is greater than or
equal to a second R wave amplitude threshold.

[0133] The apparatus for processing ECG signals pro-
vided by the embodiments of the present disclosure has the
same advantageous effects as the method for processing
ECG signals described above, and details are not described
herein again.

[0134] In some embodiments, as shown in FIG. 13, the
processor 10 is further configured to denoise the plurality of
ECG signals to obtain denoised ECG signals.

[0135] The processor 10 is configured to obtain peak
position information of the plurality of R waves according to
the denoised ECG signals.

[0136] In some embodiments, the processor 10 is further
configured to: decomposing the denoised ECG signals into
components that appear at N scales by using a quadratic
spline wavelet, wherein N is greater than or equal to 4
(N=24); obtain pairs of positive maximum and negative
maximum at a scale 2, wherein the scale 2 is a scale where
energy of a QRS complex is concentrated, and j is greater
than 1 and less than N (1<j<N); convert data of all pairs of
positive maximum and negative maximum at the scale 2
into a first matrix with a fixed time length; select at least one
pair of positive maximum and negative maximum, in which
a positive maximum is greater than or equal to a first preset
value and a negative maximum is less than or equal to a
second preset value, from each row of the first matrix; and
obtain peak position information of a R wave according to
a zero-crossing position and a time shift between a positive
maximum and a negative maximum in each selected pair of
positive maximum and negative maximum, wherein the time
shift is
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[0137] Based on this, in some embodiments, each row in
the first matrix corresponds to a set of a first preset value and
a second preset value. The first preset value corresponding
to the i-th row is

Almaxt + Alman

A() = kO >

the second preset value corresponding to the i-th row is

Biminl + Biminl
B(i) = kO x —— "2,
2
wherein i is a row number of the first matrix.
[0138] A, is the largest value in data at and before a

second in the i-th row, A, , is the largest value in data after
the

second in the i-th row, Bi,,,, is the smallest value in data at
and before the

second in the i-th row, and Bi
the

» 1s the smallest value after

min

second in the i-th row; wherein kO is a scale factor less than
1, and M1 is a time length of each row of data. In some
embodiments, M1 is an even number.

[0139] Ttwill be noted that, as for an identification process
of the processor 10, reference may be made to description of
obtaining the peak position information of R waves in the
method for processing ECG signals above, and details are
not described herein again.

[0140] In some embodiments, the processor 10 is further
configured to: convert data of the denoised ECG signals into
a second matrix with a fixed time length; calculate an RR
interval mean value RR(p),,,..,, of each row in the second
matrix and an amplitude mean value Rh(p) of each row in
the second matrix according to the peak position information
of the plurality of R waves, wherein p is a row number of the
second matrix; set k1xRR(p), ... as a first RR interval
threshold of the p-th row and k2xRh(p) as a first R wave
amplitude threshold of the p-th row, wherein k1 and k2 are
both scale factors less than 1; and remove peak position
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information of any R wave of R waves in the p-th row if it
is determined according to peak position information of the
R waves in the p-th row that a first RR interval between the
R wave and another R wave immediately thereafter is less
than or equal to the first RR interval threshold of the p-th
row, and an amplitude of the R wave is less than or equal to
the first R wave amplitude threshold of the p-th row.
[0141] In some embodiments, the processor 10 is further
configured to: set k3xRR(p),,..., as a second RR interval
threshold of the p-th row, wherein k3 is a scale factor greater
than 1; obtain at least one pair of positive maximum and
negative maximum, in which a positive maximum is greater
than or equal to a third preset value and a negative maximum
is less than or equal to a fourth preset value, in a first RR
interval between any R wave of the R waves in the p-th row
and another R wave immediately thereafter if it is deter-
mined according to the peak position information of the R
waves in the p-th row that the first RR interval is greater than
or equal to the second RR interval threshold of the p-th row,
s0 as to obtain peak position information of the at least one
new R wave, wherein the third preset value is less than the
first preset value, and an absolute value of the fourth preset
value is less than an absolute value of the second preset
value; set k4xRh(p) as a second R wave amplitude threshold
of the p-th row, wherein k4 is a scale factor less than 1;
obtain peak position information of the at least one new R
wave in the first RR interval in the p-th row, and then store
the peak position information of any one of the at least one
new R wave obtained in the first RR interval in the at least
one memory if it is determined that an amplitude of the one
of the at least one new R wave is greater than or equal to the
second R wave amplitude threshold of the p-th row.
[0142] It will be noted that, as for the determination
process of the processor 10. reference may be made to
description of the method for processing ECG signals above,
and details are not described herein again.

[0143] In some embodiments, as shown in FIG. 13, the
processor 10 is configured to obtain a start position of a
corresponding Q wave and an end position of a correspond-
ing S wave according to the stored peak position information
of each R wave.

[0144] As for how to obtain the start position of the Q
wave and the end position of the S wave, reference may be
made to description of the method for processing ECG
signals above, and details are not described herein again.
[0145] It will be noted that, scale factors mentioned in
embodiments of the present disclosure are all greater than
Zero.

[0146] A person of ordinary skill in the art can understand
that: all or part of the steps in the method embodiments
described above may be implemented by using a program to
control related hardware to perform the steps. The foregoing
program may be stored in a non-transitory computer-read-
able storage medium for executing the steps included in the
method embodiments above. The foregoing storage medium
includes various media well known in the art that can store
program codes, such as a read-only memory (ROM), a
random-access memory (RAM), a register, a magnetic disk,
or an optical disk. An exemplary storage medium is coupled
to the processor to enable the processor to read information
from, and write information to, the storage medium. The
processor may be a central processing unit (CPU), a field
programmable logic array (FPGA), a microprogrammed
control unit (MCU), an application specific integrated circuit
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(ASIC), or any device having logic computing capabilities
and/or program execution capabilities. The recorder is a
device for detecting and collecting ECG signals. The
recorder may be a recording circuit and device commonly
used in the field, and is not limited to a medical ECG lead
collector, a portable collector, a patch collector, a sports
bracelet, and a smart watch. An implementation form of the
above device is not limited herein. The receiver is a device
for receiving an ECG signal. The receiver and the recorder
may communicate via Bluetooth, circuit, NFC, WiFi or
infrared ray. An implementation form of the device is not
limited herein.

[0147] Some embodiments of the present disclosure pro-
vide an ECG machine which, as shown in FI1G. 14, includes
a recorder 40 and the apparatus for processing ECG signals
60 described by the foregoing embodiments. The recorder
40 is configured to record a plurality of ECG signals. The
apparatus for processing ECG signals 60 is configured to
process the plurality of ECG signals.

[0148] The foregoing descriptions are merely some imple-
mentation manners of the present disclosure, but the pro-
tection scope of the present disclosure is not limited thereto.
Any person skilled in the art could readily conceive of
changes or replacements within the technical scope of the
present disclosure, which shall all be included in the pro-
tection scope of the present disclosure. Therefore, the pro-
tection scope of the present disclosure shall be subject to the
protection scope of the claims.

What is claimed is:

1. A method for processing electrocardiogram (ECG)
signals, comprising:

removing peak position information of any R wave of a
plurality of R waves in a plurality of ECG signals if it
is determined according to peak position information of
the plurality of R waves that a first RR interval between
the R wave and another R wave immediately thereafter
is less than or equal to a first RR interval threshold, and
an amplitude of the R wave is less than or equal to a
first R wave amplitude threshold; storing peak position
information of remaining R waves that is not removed;
and

detecting at least one new R wave in a first RR interval
between any R wave of the plurality of R waves in the
plurality of ECG signals and another R wave immedi-
ately thereafter if it is determined according to the peak
position information of the plurality of R waves that the
first RR interval is greater than or equal to a second RR
interval threshold; obtaining peak position information
of the at least one new R wave in the first RR interval,
and then storing the peak position information of any
new R wave of the at least one new R wave obtained
in the first RR interval if it is determined that an
amplitude of the new R wave of the at least one new R
wave is greater than or equal to a second R wave
amplitude threshold.

2. The method according to claim 1, further comprising:

denoising the plurality of ECG signals to obtain denoised
ECG signals; and
obtaining peak position information of the plurality of R
waves according to the denoised ECG signals.
3. The method according to claim 2, wherein obtaining
peak position information of the plurality of R waves,
includes:
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decomposing the denoised ECG signals into components
that appear at N scales by using a quadratic spline
wavelet, wherein N is greater than or equal to 4;

obtaining pairs of positive maximum and negative maxi-
mum at a scale 2, wherein the scale 2 is a scale where
energy of a QRS complex is concentrated, and j is
greater than 1 and less than N;

converting data of all pairs of positive maximum and
negative maximum at the scale 2 into a first matrix with
a fixed time length;

selecting at least one pair of positive maximum and
negative maximum, in which a positive maximum is
greater than or equal to a first preset value and a
negative maximum is less than or equal to a second
preset value, from each row of the first matrix; and

obtaining peak position information of a R wave accord-
ing to a zero-crossing position and a time shift between
a positive maximum and a negative maximum in each
selected pair of positive maximum and negative maxi-
mum, wherein the time shift is

21

4. The method according to claim 3, wherein each row of
the first matrix corresponds to a set of first preset value and
second preset value;

a first preset value corresponding to an i-th row is

Albmgx1 + Alpax2

A() = kO x 5

a second preset value corresponding to the i-th row is

Bimint + Biminz

B(i) = kO x 5

wherein 1 is a row number of the first matrix;
Ai, ., 1s the largest value in data at and before a

second in the i-th row, Ai
the

, is the largest value in data after

max.

second in the i-th row, Bi
and before the

, is the smallest value in data at

min
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second in the i-th row, and Bi,,;,, is the smallest value after
the

second in the i-th row, wherein kO is a scale factor less than
1, and M1 is a time length of each row of data.

5. The method according to claim 2, wherein, removing
peak position information of any R wave of a plurality of R
waves in a plurality of BECG signals if it is determined
according to peak position information of the plurality of R
waves that a first RR interval between the R wave and
another R wave immediately thereafter is less than or equal
to a first RR interval threshold, and an amplitude of the R
wave is less than or equal to a first R wave amplitude
threshold, includes:

converting data of the denoised ECG signals into a second

matrix with a fixed time length;
calculating an RR interval mean value RR(p),,.., of each
row in the second matrix and an amplitude mean value
Rh(p) of each row in the second matrix according to the
peak position information of the plurality of R waves,
wherein p is a row number of the second matrix;

setting a product of k1 and RR(p),,..,, as a first RR interval
threshold of the p-th row and a product of k2 and Rh(p)
as a first R wave amplitude threshold of the p-th row,
wherein k1 and k2 are both scale factors less than 1;
and
removing peak position information of any R wave of R
waves in the p-th row if it is determined according to
peak position information of the R waves in the p-th
row that a first RR interval between the R wave and
another R wave immediately thereafter is less than or
equal to the first RR interval threshold of the p-th row,
and an amplitude of the R wave is less than or equal to
the first R wave amplitude threshold of the p-th row.
6. The method according to claim 5, wherein removing at
least one new R wave in a first RR interval between any R
wave of the plurality of R waves in the plurality of ECG
signals and another R wave immediately thereafter if it is
determined according to the peak position information of the
plurality of R waves that the first RR interval is greater than
or equal to a second RR interval threshold, includes:
setting a product of k3 and RR(p),.... as a second RR
interval threshold of the p-th row, wherein k3 is a scale
factor greater than 1;

obtaining at least one pair of positive maximum and
negative maximum, in which a positive maximum is
greater than or equal to a third preset value and a
negative maximum is less than or equal to a fourth
preset value, in a first RR interval between any R wave
of the R waves in the p-th row and another R wave
immediately thereafter if it is determined according to
the peak position information of the R waves in the p-th
row that the first RR interval is greater than or equal to
the second RR interval threshold of the p-th row, so as
to obtain peak position information of the at least one
new R wave, wherein

the third preset value is less than the first preset value, and

an absolute value of the fourth preset value is less than
an absolute value of the second preset value.
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7. The method according to claim 6, wherein obtaining
peak position information of the at least one new R wave in
the first RR interval, and then storing the peak position
information of any new R wave of the at least one new R
wave obtained in the first RR interval if it is determined that
an amplitude of the new R wave of the at least one new R
wave is greater than or equal to a second R wave amplitude
threshold, includes:
setting a product of k4 and Rh(p) as a second R wave
amplitude threshold of the p-th row, wherein k4 is a
scale factor less than 1;

obtaining peak position information of the at least one
new R wave in the first RR interval in the p-th row, and
then storing peak position information of any new R
wave of the at least one new R wave obtained in the first
RR interval if it is determined that an amplitude of the
new R wave of the at least one new R wave is greater
than or equal to the second R wave amplitude threshold
of the p-th row.
8. The method according to claim 1, further comprising:
obtaining a start position of a corresponding Q wave and an
end position of a corresponding S wave according to stored
peak position information of each R wave.
9. The method according to claim 8, wherein, obtaining a
start position of a corresponding Q wave and an end position
of a corresponding S wave according to the stored peak
position information of each R wave, includes:
setting a peak position of each R wave as a reference
point, and setting a first scanning range on a side before
a peak of the R wave and a second scanning range on
a side after the peak of the R wave;

obtaining, in the first scanning range, the number of first
inflection points W1 at a scale where energies of a Q
wave and an S wave are concentrated;
selecting a position of a third first inflection point as the
start position of the Q wave if the number of first
inflection points W1 is greater than or equal to 3;

selecting a position of a first inflection point farthest from
the peak of the R wave in the first scanning range as the
start position of the Q wave if the number of first
inflection points W1 is equal to 1 or 2;

selecting a position farthest from the peak of the R wave
in the first scanning range as the start position of the Q
wave if the number of first inflection points W1 is equal
to 0;

obtaining the number of second inflection points W2 in

the second scanning range;
selecting a position of a third second inflection point as
the end position of the S wave if the number of second
inflection points W2 is greater than or equal to 3;

selecting a position of a second inflection point farthest
from the peak of the R wave in the second scanning
range as the end position of the S wave if the number
of second inflection points W2 is equal to 1 or 2; and

selecting a position farthest from the peak of the R wave
in the second scanning range as the end position of the
S wave if the number of second inflection points W2 is
equal to 0.

10. The method according to claim 2, wherein denoising
the plurality of ECG signals, includes:

performing wavelet decomposition on the plurality of

ECG signals;
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using a filtering method of thresholding processing to
remove a high frequency noise in the plurality of ECG
signals;

using a zeroing method to remove low frequency baseline

drift in the plurality of ECG signals;

reconstructing the ECG signals to obtain denoised ECG

signals.

11. An apparatus for processing electrocardiogram (ECG)
signals, the apparatus comprising a receiver, a processor, and
at least one memory, wherein

the receiver is configured to receive a plurality of ECG

signals recorded by a recorder;

the processor is configured to:

remove peak position information of any R wave of a

plurality of R waves in a plurality of ECG signals if it
is determined according to peak position information of
the plurality of R waves that a first RR interval between
the R wave and another R wave immediately thereafter
is less than or equal to a first RR interval threshold, and
an amplitude of the R wave is less than or equal to a
first R wave amplitude threshold; store peak position
information of remaining R waves that is not removed
in the at least one memory; and

detect at least one new R wave in a first RR interval

between any R wave of the plurality of R waves in the
plurality of ECG signals and another R wave immedi-
ately thereafter if it is determined according to the peak
position information of the plurality of R waves that the
first RR interval is greater than or equal to a second RR
interval threshold; obtain peak position information of
the at least one new R wave in the first RR interval, and
then store the peak position information of any new R
wave of the at least one new R wave obtained in the first
RR interval in the at least one memory if it is deter-
mined that an amplitude of the new R wave of the at
least one new R wave is greater than or equal to a
second R wave amplitude threshold.

12. The apparatus for processing ECG signals according
to claim 11, wherein the processor is further configured to:

denoise the plurality of ECG signals to obtain denoised

ECG signals; and

obtain peak position information of the plurality of R

waves according to the denoised ECG signals.

13. The apparatus for processing ECG signals according
to claim 12, wherein the processor is further configured to:

decompose the denoised ECG signals into components

that appear at N scales by using a quadratic spline
wavelet, wherein N is greater than or equal to 4;

obtain pairs of positive maximum and negative maximum
at a scale 2, wherein the scale 2 is a scale where energy
of a QRS complex is concentrated, and j is greater than
1 and less than N;

convert data of all pairs of positive maximum and nega-
tive maximum at the scale 2’ into a first matrix with a
fixed time length;

select at least one pair of positive maximum and negative
maximum, in which a positive maximum is greater than
or equal to a first preset value and a negative maximum
is less than or equal to a second preset value, from each
row of the first matrix; and

obtain peak position information of a R wave according to
a zero-crossing position and a time shift between a
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positive maximum and a negative maximum in each
selected pair of positive maximum and negative maxi-
mum,

wherein the time shift is

2W-1

14. The apparatus for processing ECG signals according
to claim 13, wherein each row of the first matrix corresponds
to a set of first preset value and second preset value;

a first preset value corresponding to an i-th row is

At + Al
A(l) — k0% Imax1 lnax ,
2
a second preset value corresponding to the i-th row is

. Bipint + Blpin2
B(i)= kO 2L mmE
2
wherein 1 is a row number of the first matrix;
Al ., is the largest value in data at and before a

second in the i-th row, Ai
the

, 1s the largest value in data after

max:

second in the i-th row, Bi,,; is the smallest value in data at
and before the

second in the i-th row, and Bi,,;,, is the smallest value after
the

second in the i-th row; wherein kO is a scale factor less than
1, and M1 is a time length of each row of data.
15. The apparatus for processing ECG signals according
to claim 12, wherein the processor is further configured to:
convert data of the set of denoised ECG signals into a
second matrix with a fixed time length;
calculate an RR interval mean value RR(p),,..,, of each
row in the second matrix and an amplitude mean value
Rh(p) of each row in the second matrix according to the
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peak position information of the plurality of R waves,
wherein p is a row number of the second matrix;
set a product of k1 and RR(p),,.... as a first RR interval
threshold of the p-th row and a product of k2 and Rh(p)
as a first R wave amplitude threshold of the p-th row,
wherein k1 and k2 are both scale factors less than 1;
and
remove peak position information of any R wave of R
waves in the p-th row if it is determined according to
peak position information of the R waves in the p-th
row that a first RR interval between the R wave and
another R wave immediately thereafter is less than or
equal to the first RR interval threshold of the p-th row,
and an amplitude of the R wave is less than or equal to
the first R wave amplitude threshold of the p-th row.
16. The apparatus for processing ECG signals according
to claim 15, wherein the processor is further configured to:
set a product of k3 and RR(p),,..,, mean as a second RR
interval threshold of the p-th row, wherein k3 is a scale
factor greater than 1;

obtain at least one pair of positive maximum and negative
maximum, in which a positive maximum is greater than
or equal to a third preset value and a negative maximum
is less than or equal to a fourth preset value, in a first
RR interval between any R wave of the plurality of R
waves in the p-th row and another R wave immediately
thereafter if it is determined according to the peak
position information of the R waves in the p-th row that
the first RR interval is greater than or equal to the
second RR interval threshold of the p-th row, so as to
obtain peak position information of the at least one new
R wave, wherein the third preset value is less than the
first preset value, and an absolute value of the fourth
preset value is less than an absolute value of the second
preset value;
set a product of k4 and Rh(p) as a second R wave
amplitude threshold of the p-th row, wherein k4 is a
scale factor less than 1;

obtain peak position information of the at least one new
R wave in the first RR interval in the p-th row, and then
store peak position information of any new R wave of
the at least one new R wave obtained in the first RR
interval in the at least one memory if it is determined
that an amplitude of the new R wave of the at least one
new R wave is greater than or equal to the second R
wave amplitude threshold of the p-th row.

17. The apparatus for processing ECG signals according
to claim 11, wherein the processor is further configured to
obtain a start position of a corresponding Q wave and an end
position of a corresponding S wave according to the stored
peak position information of each R wave.

18. A non-transitory computer-readable storage medium
storing executable instructions that, when executed by an
electrocardiogram device, cause the electrocardiogram
device to implement the method according to claim 1.

19. An electrocardiogram (ECG) machine, comprising:

a recorder configured to record a plurality of ECG signals;

and

the apparatus for processing ECG signals according to

claim 11 configured to process the plurality of ECG
signals.
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A peak position of each R wave is set as a reference point, and a first
——|  scanning range is set on a side before a peak of the R wave and a
second scanning range is set on a side after the peak of the R wave

of a Q wave and an S wave are concentrated and in the first scanning

A number of first inflection points W1 is obtained in a scale where energy
range

A position of a third first inflection point is selected as the start position of
the Q wave if the number of first inflection points W1 is greater than or
equal to 3 (W1 = 3)

the first scanning range is selected as the start position of the Q wave if

A position of a first inflection point farthest from the peak of the R wave in
the number of first inflection points W1 is equal to 1 or 2 (W1 =1 or 2)

is selected as the start position of the Q wave if the number of first
inflection points W1 is equal to O (W1 = 0)

A position farthest from the peak of the R wave in the first scanning range

A number of second inflection points W2 in the second scanning range is
obtained

A position of a third second inflection point is selected as the end position
of the S wave if the number of second inflection points W2 is greater than
or equal to 3 (W2 2 3)

A position of a second inflection point Tarthest from the peak of the R
wave in the second scanning range is selected as the end position of the
S wave if the number of second inflection points W2 is equal to 1 or 2
(W2 =1o0r2)

A position farthest from the peak of the R wave in the second scanning
L  range is selected as the end position of the S wave if the number of
second inflection points W2 is equal to O (W2 = 0)
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