US 2019009910

a9y United States

3A1

12y Patent Application Publication (o) Pub. No.: US 2019/0099103 A1

Lv et al,

43) Pub. Date: Apr. 4,2019

(54) ECG SIGNAL PROCESSING METHOD AND

APPARATUS
(71) Applicant: Huawei Technologies Co., Ltd.,
Shenzhen (CN)
(72) Inventors: Chao Lv, Beijing (CN); Yu Zhu,
Shenzhen (CN)
(21) Appl. No.: 16/086,863
(22) PCT Filed: Dec. 30, 2016
(86) PCT No.: PCT/CN2016/113967
§ 371 (e)(D).
(2) Date: Sep. 20, 2018
(30) Foreign Application Priority Data
Nov. 3, 2016 (CN) e 201610974448.2

Publication Classification

(51) Int.CL
AGIB 5/0472
AGIB 5/04

(2006.01)
(2006.01)

AGIB 5/0456 (2006.01)
AG6IB 5/00 (2006.01)
(52) US.CL
CPC ... AGIB 5/0472 (2013.01); AGIB 5/04012

(2013.01); A61B 5/0468 (2013.01); A61B
5/7203 (2013.01); A61B 5/0456 (2013.01)

(57) ABSTRACT

An electrocardiograph (ECG) signal processing method and
apparatus to resolve a problem that relatively severe inter-
ference caused during single-arm measurement for single-
lead ECG collection seriously affects accuracy of heart rate
calculation and cardiac rhythm analysis. The method
includes collecting, by a measurement device, an ECG
signal, extracting a k” valid QRS complex of the ECG
signal, calculating a k™ time difference and a (k+1)” time
difference, and determining whether the k” time difference
and the (k+1)” time difference are target time differences. In
this way, accuracy of ECG feature extraction is improved,
the interference caused during the single-arm measurement
is eliminated to the most extent, and the accuracy of heart
rate calculation and cardiac rhythm analysis can be effec-
tively guaranteed.
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ECG SIGNAL PROCESSING METHOD AND
APPARATUS

[0001] This application claims priority to CN Patent
Application No. 201610974448.2, filed with the Chinese
Patent Office on Nov. 3, 2016 and entitled “SINGLE-ARM
ECG MEASUREMENT METHOD AND TERMINAL”,
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the terminal field,
and in particular, to an ECG signal processing method and
apparatus.

BACKGROUND

[0003] A conventional electrocardiograph (Electrocardio-
graph, ECG) measurement requires to be performed on a
cross-cardiac area. An application scenario is limited, result-
ing in poor user experience.

[0004] In the prior art, a plurality of portable single-lead
electrocardiograph collection and measurement solutions
are proposed. Specifically, a single-lead electrocardiograph
collection device usually uses a measurement mode such as
a simulated limb lead I (for two hands) or a simulated chest
lead (for a chest area and a cross-cardiac area). A signal
obtained by using such measurement modes approximates
an electrocardiograph signal obtained by a standard lead
system. These measurement modes are currently widely
used in portable electrocardiograph analysis service prod-
ucts. However, relatively severe interference may be intro-
duced during single-arm measurement for single-lead elec-
trocardiograph collection. For example, electromyography
interference, motion artifacts, and the like are relatively
obvious. This seriously affects accuracy of heart rate calcu-
lation and cardiac rhythm analysis.

SUMMARY

[0005] Embodiments of the present invention provide an
ECG signal processing method and apparatus, to resolve a
problem that relatively severe interference caused during
single-arm measurement for single-lead electrocardiograph
collection seriously affects accuracy of heart rate calculation
and cardiac rhythm analysis.

[0006] According to a first aspect, an electrocardiograph
ECG signal processing method includes:

[0007] collecting, by a measurement device, an ECG
signal, and extracting a k™ valid QRS complex of the ECG
signal, where the QRS complex includes a first extreme
point Q before a peak point R of an i” R wave, the peak point
R of the i” R wave, and a second extreme point S after the
peak point R of the i” R wave, where i=2, k=2, and ksi;
further calculating a k* time difference and a (k+1)” time
difference, where the k? time difference is a time difference
between a peak point R of an R wave in the k* valid QRS
complex and a peak point R of an R wave in a (k+1)” valid
QRS complex, and the (k+1)* time difference is a time
difference between the peak point R of the R wave in the
(k+1)" valid QRS complex and a peak point R of an R wave
in a (k+2)” valid QRS complex; and if the k” time difference
and the (k+1)” time difference are within a preset range, and
an absolute value of a difference between the (k+1)” time
difference and the k” time difference is less than a preset
threshold, determining, by the measurement device, the k”
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time difference and the (k+1)™ time difference as target time
differences; or if the k? time difference and the (k+1)" time
difference are within a preset range, and an absolute value of
a difference between the (k+1)* time difference and the k*
time difference is greater than or equal to a preset threshold,
determining, by the measurement device from the k% time
difference and the (k+1)* time difference, a time difference
that has a smaller deviation from an average time difference,
as a target time difference, where the average time difference
is an average value of all target time differences from a first
time difference to a (k-1) time difference, and the target
time difference is used to calculate a heart rate value
corresponding to the ECG signal.

[0008] Therefore, according to the ECG signal processing
method provided in the embodiments of the present inven-
tion, valid QRS complexes are first extracted from the
collected ECG signal, improving accuracy of electrocardio-
graph feature extraction. Then, time differences between
peak points of R waves in adjacent valid QRS complexes are
calculated. Further, a target time difference satisfying a
requirement is selected based on the obtained time differ-
ences, so as to determine the heart rate value. In this way, the
interference caused during the single-arm measurement is
eliminated to the most extent, and the accuracy of heart rate
calculation and cardiac rhythm analysis can be effectively
guaranteed.

[0009] In a possible implementation, the extracting a k”
valid QRS complex of the ECG signal includes: determin-
ing, by the measurement device, the first extreme point Q
and the second extreme point S that correspond to the i R
wave; calculating a time difference between the first extreme
point Q and the peak point R of the i” R wave, a time
difference between the peak point R of the i” R wave and the
second extreme point S, and a time difference between the
first extreme point Q and the second extreme point S, where
the time differences are recorded as a first time difference, a
second time difference, and a third time difference respec-
tively; and if the first time difference, the second time
difference, and the third time difference are less than a
corresponding first threshold, a corresponding second
threshold, and a corresponding third threshold, respectively,
the first extreme point corresponds to a Q wave, and the
second extreme point corresponds to an S wave, determin-
ing, by the measurement device, that the i” R wave, the
corresponding QQ wave, and the corresponding S wave
constitute the k” valid QRS complex.

[0010] Therefore, when the valid QRS complexes are
extracted from the collected ECG signal by using the
method provided in the embodiments of the present inven-
tion, the accuracy of ECG feature extraction is improved,
and the accuracy of heart rate calculation and cardiac rhythm
analysis are effectively guaranteed.

[0011] In a possible implementation, the method further
includes:
[0012] calculating, by the measurement device, signal

parameters corresponding to the ECG signal; calculating
signal evaluation parameters based on at least one of the
signal parameters; and determining a signal quality level of
the ECG signal based on the signal evaluation parameters
and preset evaluation thresholds corresponding to the signal
evaluation parameters.

[0013] Therefore, according to the method provided in the
embodiments of the present invention, the measurement
device can evaluate different signal quality levels and notify
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a user by using a terminal. When signal quality is poor, the
measurement device prompts the user to find out a cause
such as a wrong wearing position or poor contact.

[0014] Inapossible implementation, the signal parameters
include a valid signal power, baseline drift, and in-band
noise, and the signal evaluation parameters include a signal
artifact ratio and a signal-to-noise-in-band ratio, where the
signal artifact ratio is a function about the valid signal power
and the baseline drift, and the signal-to-noise-in-band ratio
is a function about the valid signal power and the in-band
noise; and

[0015] the determining, by the measurement device, a
signal quality level of the ECG signal based on the signal
evaluation parameters and preset evaluation thresholds cor-
responding to the signal evaluation parameters includes:
[0016] when determining that the signal artifact ratio is
greater than a corresponding preset evaluation threshold,
and that the signal-to-noise-in-band ratio is greater than a
corresponding preset evaluation threshold, determining, by
the measurement device, the signal quality level of the ECG
signal as a first level;

[0017] when determining that the signal artifact ratio is
less than or equal to a corresponding preset evaluation
threshold, and that the signal-to-noise-in-band ratio is
greater than a corresponding preset evaluation threshold,
determining, by the measurement device, the signal quality
level of the ECG signal as a second level,

[0018] when determining that the signal artifact ratio is
greater than a corresponding preset evaluation threshold,
and that the signal-to-noise-in-band ratio is less than or
equal to a corresponding preset evaluation threshold, deter-
mining, by the measurement device, the signal quality level
of the ECG signal as a third level; or

[0019] when determining that the signal artifact ratio is
less than or equal to a corresponding preset evaluation
threshold, and that the signal-to-noise-in-band ratio is less
than or equal to a corresponding preset evaluation threshold,
determining, by the measurement device, the signal quality
level of the ECG signal as a fourth level, where

[0020] the first level is superior to the second level, the
second level is superior to the third level, and the third level
is superior to the fourth level.

[0021] Therefore, according to the method provided in the
embodiments of the present invention, the obtained signal
quality level can be used to predetermine quality of the
collected signal, and the signal quality level is fed back to
the user, so that the user can correct a wearing position when
determining that the current signal quality level is poor. In
this way, validity of the collected ECG signal is ensured, and
signal measurement accuracy of a single-arm electrocardio-
graph measurement device is effectively guaranteed.
[0022] In a possible implementation, before the extracting
a k” valid QRS complex of the ECG signal, the method
further includes: performing, by the measurement device,
filtering processing on the ECG signal, and obtaining a
motion track of a user through fitting by using a tri-axis
accelerometer; and comparing a filtered ECG signal with the
motion track, and deleting, from the filtered ECG signal, an
ECG waveform corresponding to duration in which a motion
amplitude value is greater than a preset amplitude threshold
in the motion track.

[0023] Therefore, according to the embodiments of the
present invention, the measurement device compares the
filtered ECG signal with the motion track, and deletes, from
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the filtered ECG signal, the ECG waveform corresponding
to the duration in which the motion amplitude value is
greater than the preset amplitude threshold in the motion
track. In this way. effect of motion artifacts on ECG signal
collection is eliminated, and validity of the collected ECG
signal is improved.

[0024] According to a second aspect, a wearable device
includes a processor, a memory, a heart rate collector, and a
power supply, where the heart rate collector is configured to
collect an ECG signal; the memory is configured to store an
instruction; and the processor is configured to invoke the
instruction in the memory to execute the first aspect or any
one of the possible implementations of the first aspect.
[0025] Therefore, the wearable device proposed in the
embodiments of the present invention first extracts valid
QRS complexes from the collected ECG signal, improving
accuracy of ECG feature extraction. Then, the wearable
device calculates time differences between peak points of R
waves in adjacent valid QRS complexes, and further selects,
based on the obtained time differences, a target time differ-
ence satisfying a requirement, so as to determine a heart rate
value. In this way, the interference caused during the single-
arm measurement is eliminated to the most extent, and the
accuracy of heart rate calculation and cardiac rhythm analy-
sis can be effectively guaranteed.

[0026] In a possible implementation, the wearable device
further includes an accelerometer sensor, where

[0027] the acceleration sensor is configured to: detect
acceleration in each direction, and obtain a motion track
through fitting.

[0028] Therefore, the wearable device obtains the motion
track through fitting by using the acceleration sensor, com-
pares a filtered ECG signal with the motion track, and
deletes, from the filtered ECG signal, an ECG waveform
corresponding to duration in which a motion amplitude
value is greater than a preset amplitude threshold in the
motion track. In this way, effect of motion artifacts on ECG
signal collection is eliminated, and validity of the collected
BCG signal is improved.

[0029] According to a third aspect, this application pro-
vides an ECG signal processing apparatus, configured to
perform the foregoing method according to any one of the
first aspect or the possible implementations of the first
aspect. Specifically, the apparatus includes units configured
to perform the method according to any one of the first
aspect or the possible implementations of the first aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG. 1 is an overview flowchart of an ECG signal
processing method according to an embodiment of the
present invention;

[0031] FIG. 2 is a schematic diagram of waveform fea-
tures of a standard ECG signal according to an embodiment
of the present invention;

[0032] FIG. 3 is a waveform diagram of an ECG signal
obtained after filtering processing according to an embodi-
ment of the present invention;

[0033] FIG. 4(a) is a schematic diagram of electrode
position shift when a user incorrectly wears a device accord-
ing to an embodiment of the present invention;

[0034] FIG. 4() is a schematic diagram of a normal
electrode position when a user correctly wears a device
according to an embodiment of the present invention;
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[0035] FIG. 5 is a schematic diagram of an invalid QRS
complex according to an embodiment of the present inven-
tion;

[0036] FIG. 6 is a schematic structural diagram of a
wearable device according to an embodiment of the present
invention; and

[0037] FIG. 7 is a schematic structural diagram of an ECG
signal processing apparatus according to an embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

[0038] The following describes the embodiments of the
present invention with reference to the accompanying draw-
ings.

[0039] Referring to FIG. 1, for a problem that relatively

severe interference caused during single-arm measurement
for single-lead electrocardiograph collection seriously
affects accuracy of heart rate calculation and cardiac rhythm
analysis, an embodiment of the present invention provides
an ECG signal processing method. The method includes the
following steps.

[0040] Step 100: A measurement device collects an ECG
signal.
[0041] The measurement device mentioned in this

embodiment of the present invention is a single-lead elec-
trocardiograph collection device such as a wearable device.
[0042] That a measurement device collects an ECG signal
may be: for example, a user wears the single-lead electro-
cardiograph collection device and switches the device on,
and the device enters a self-test stage; if the device self-test
succeeds, the device determines that the user wears the
device correctly, and the device works properly; otherwise,
the device prompts the user to correct a wearing position;
and after the device enters a normal working state, the
device starts to collect an ECG signal of the user.

[0043] Step 110: The measurement device extracts a k™
valid QRS complex of the ECG signal, where the QRS
complex includes a first extreme point Q before a peak point
R of an i” R wave, the peak point R of the i” R wave, and
a second extreme point S after the peak point R of the i” R
wave, where 122, k=2, and k=i.

[0044] For each R wave in the ECG signal, the measure-
ment device determines whether a peak point R of the
current R wave and two extreme points on the left and right
of the peak point R can constitute a valid QRS complex.
Specifically, the measurement device may determine the
valid QRS complex by using, but not limited to, the follow-
ing method.

[0045] FIG. 2 is a schematic diagram of waveform fea-
tures of a standard ECG signal. As shown in FIG. 2, the
measurement device may determine, based on the waveform
features of the standard ECG signal, the first extreme point
Q and the second extreme point S that correspond to the
peak point R of the i” R wave. The first extreme point is the
first extreme point Q before the peak point R of the i* R
wave, and the second extreme point S is the first extreme
point Q after the peak point R of the i R wave, that is, two
adjacent extreme points on the left and right sides of the
peak point R of the R wave.

[0046] Further, the measurement device calculates a time
difference between the first extreme point Q and the peak
point R of the i R wave, and records the time difference as
a first time difference QS; calculates a time difference
between the peak point R of the i R wave and the second

Apr. 4,2019

extreme point S, and records the time difference as a second
time difference RS; and calculates a time difference between
the first extreme point Q and the second extreme point S, and
records the time difference as a third time difference QS.
[0047] When the measurement device determines that the
first time difference, the second time difference, and the third
time difference are less than a corresponding first threshold,
a corresponding second threshold, and a corresponding third
threshold, respectively, the measurement device determines
that the first extreme point Q corresponds to a Q wave and
the second extreme point S corresponds to an S wave, and
further determines that the i’ R wave, the corresponding Q
wave, and the corresponding S wave constitute the k” valid
QRS complex.

[0048] Specifically, the first threshold, the second thresh-
old, and the third threshold herein may be set based on
empirical values, provided that physiological features of a
human body are met, and this embodiment of the present
invention is not limited thereto. In this embodiment of the
present invention, the first threshold ranges from 90 ms to
110 ms. For example, the first threshold may be 100 ms. The
second threshold ranges from 90 ms to 110 ms. For example,
the second threshold may be 100 ms. The third threshold
ranges 140 ms to 160 ms. For example, the third threshold
may be 150 ms. A determining condition for the valid QRS
complex may be the QR<100 ms, the RS<100 ms, and the
QS<150 ms.

[0049] When any one of the three time differences is
greater than or equal to the corresponding threshold, the
QRS complex is an invalid QRS complex. When the three
time differences are all less than the corresponding thresh-
olds, the QRS complex is a valid QRS complex.

[0050] It should be understood that because there may be
an invalid QRS complex, k=i.

[0051] Step 120: The measurement device calculates a k™
time difference and a (k+1)” time difference.

[0052] Thek™ time difference is a time difference between
a peak point R of an R wave in the k¥ valid QRS complex
and a peak point R of an R wave in a (k+1)” valid QRS
complex, and the (k+1)” time difference is a time difference
between the peak point R of the R wave in the (k+1)” valid
QRS complex and a peak point R of an R wave in a (k+2)"”
valid QRS complex.

[0053] Optionally, the k” valid QRS complex, the (k+1)”
valid QRS complex, and the (k+2)” valid QRS complex are
three consecutive complexes.

[0054] After determining all valid QRS complexes, the
measurement device calculates a time difference between
peak points R of two R waves in every two of all adjacent
valid QRS complexes.

[0055] Step 130a: If the k™ time difference and the (k+1)"
time difference are within a preset range, and an absolute
value of a difference between the (k+1)” time difference and
the k™ time difference is less than a preset threshold, the
measurement device determines the k” time difference and
the (k+1)” time difference as target time differences.
[0056] Step 130b: If the k* time difference and the (k+1)”
time difference are within a preset range, and an absolute
value of a difference between the (k+1)* time difference and
the k™ time difference is greater than or equal to a preset
threshold, the measurement device determines, from the k”
time difference and the (k+1)” time difference, a time
difference that has a smaller deviation from an average time
difference, as a target time difference, where the average
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time difference is an average value of all target time differ-
ences from a first time difference to a (k-1)” time difference.
[0057] The target time difference is used to calculate a
heart rate value corresponding to the ECG signal.

[0058] In this embodiment of the present invention, when
determining whether the k”time difference and the (k+1)*
time difference are the target time differences, the measure-
ment device first determines whether the k” time difference
and the (k+1)” time difference are both within the preset
range. To be specific, the measurement device determines
which of the time differences calculated in step 120 is within
the preset range. The preset range herein is from 0.3 s to 1.5
s. The measurement device deletes the k time difference or
the (k+1)* time difference that does not meet the preset
range. If both the k” time difference and the (k+1)” time
difference are not within the preset range, the measurement
device deletes both the k” time difference and the (k+1)*
time difference. It should be understood that the deleted time
difference is not the target time difference. A value of the
foregoing preset range may be set and adjusted depending
on an actual need. The foregoing values are merely
examples and are not intended to limit this embodiment of
the present invention.

[0059] When determining that the k? time difference and
the (k+1)” time difference are within the preset range, the
measurement device further determines whether the differ-
ence between the k” time difference and the (k+1)” time
difference is less than the preset threshold value. The preset
threshold herein may range from 0.1 s to 0.15 s. For
example, the preset threshold may be 0.12 s. A value of the
foregoing preset threshold may be set and adjusted depend-
ing on an actual need. The foregoing values are merely
examples and are not intended to limit this embodiment of
the present invention.

[0060] If the difference between the (k+1)” time differ-
ence and the k™ time difference is less than the preset
threshold, the measurement device determines the k™ time
difference and the (k+1)” time difference as the target time
differences.

[0061] If the absolute value of the difference between the
(k+1)” time difference and the k” time difference is greater
than or equal to the preset threshold, the measurement
device determines, from the k* time difference and the
(k+1)" time difference, the time difference that has a smaller
deviation from the average time difference, as the target time
difference. The average time difference herein is the average
value of all the target time differences from the first time
difference to the (k-1)" time difference, that is, an average
value of time differences that have not been deleted.
[0062] Further, the measurement device calculates a heart
rate based on the obtained target time difference. Specifi-
cally, the measurement device measures target time differ-
ences within preset duration, calculates an average value of
the target time differences based on the target time differ-
ences, and calculates the heart rate based on the average
value of the target time differences. The heart rate value is
equal to 60 divided by the average value of the target time
differences.

[0063] In conclusion, according to the ECG signal pro-
cessing method provided in this embodiment of the present
invention, valid QRS complexes are first extracted from the
collected ECG signal, improving accuracy of electrocardio-
graph feature extraction. Then, time differences between
peak points of R waves in adjacent valid QRS complexes are
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calculated. Further, a target time difference satisfying a
requirement is selected based on the obtained time differ-
ences, so as to determine the heart rate value. In this way, the
interference caused during the single-arm measurement is
eliminated to the most extent, and the accuracy of heart rate
calculation and cardiac rhythm analysis can be effectively
guaranteed.

[0064] Further, in this embodiment of the present inven-
tion, after step 100 is performed and before step 110 is
performed, the measurement device may further perform the
following operations.

[0065] The measurement device performs filtering pro-
cessing on the ECG signal, and obtains a motion track of a
user through fitting by using a tri-axis accelerometer.
[0066] For example, the measurement device performs
filtering processing on the ECG signal by using a comb filter.
Specifically, a center point of a stopband may be 1 Hz, 50
Hz, 100 Hz, 150 Hz, or the like, and a waveform obtained
after filtering is shown in FIG. 3.

[0067] When obtaining the motion track through fitting by
using the tri-axis accelerometer, the measurement device
performs fitting based on three axes: an x axis, a y axis, and
a z axis, to obtain a curve corresponding to the motion track.
[0068] According to this embodiment of the present inven-
tion, the measurement device compares a filtered ECG
signal with the motion track, and deletes, from the filtered
ECG signal, an ECG waveform corresponding to duration in
which a motion amplitude value is greater than a preset
amplitude threshold in the motion track. In this way, effect
of motion artifacts on ECG signal collection is eliminated,
and validity of the collected ECG signal is improved.
[0069] Further, after step 130a or step 1305, the measure-
ment device may further continue to perform the following
operations to determine signal quality of the ECG signal.
[0070] First, the measurement device calculates signal
parameters corresponding to the ECG signal.

[0071] For example, the signal parameters herein may be,
but are not limited to, the following parameters: a valid
signal power (denoted as PW_ECG), power frequency inter-
ference (denoted as PW_50), baseline drift (denoted as
PW_1), and in-band noise (denoted as PW_NB).

[0072] An original signal power is denoted as ECG_
original. PW_50 and PW_1 may be obtained by performing
frequency-domain transform on an original signal, and
PW_ECG may be obtained by calculating an amplitude
value of the R wave, a width of the QRS, an amplitude value
of a T wave, and a width of the T wave.

PW_NB=ECG_original-PW_50-PW_1-PW_ECG

[0073] The foregoing signal parameters can be calculated
by using a method provided in the prior art.

[0074] Then, the measurement device calculates signal
evaluation parameters based on at least one of the signal
parameters.

[0075] The signal evaluation parameters herein may be a
signal artifact ratio (Signal Artifact Ratio, SAR) and a
signal-to-noise-in-band ratio (Signal Noise in Band Ratio,
SNBR).

SAR=Ig(PW_ECG/PW._1), and SNBR=Ig(PW_ECG/
PW_NB).

[0076] Finally, the measurement device determines a sig-
nal quality level of the ECG signal based on the signal

evaluation parameters and preset evaluation thresholds cor-
responding to the signal evaluation parameters.



US 2019/0099103 A1

[0077] Further, the measurement device may notify the
user of the signal quality level of the ECG signal by a voice
prompt, a pop-up dialog box, or other means. This is not
limited herein.

[0078] Specifically, when the signal evaluation parameters
are the SAR and the SNBR, and if the SAR is greater than
a corresponding preset evaluation threshold (denoted as
TH_SAR) and the SNBR is greater than a corresponding
preset evaluation threshold (denoted as TH_SNBR), the
measurement device determines the signal quality level of
the ECG signal as a first level.

[0079] If the SAR is less than or equal to the TH_SAR,
and the SNBR is greater than the TH_SNBR, the measure-
ment device determines the signal quality level of the ECG
signal as a second level.

[0080] If the SAR is greater than the TH_SAR, and the
SNBR is less than or equal to the TH_SNBR, the measure-
ment device determines the signal quality level of the ECG
signal as a third level.

[0081] If the SAR is less than or equal to the TH_SAR,
and the SNBR is less than or equal to the TH_SNBR, the
measurement device determines the signal quality level of
the ECG signal as a fourth level.

[0082] The first level is superior to the second level, the
second level is supetior to the third level, and the third level
is superior to the fourth level.

[0083] Table 1 is a correspondence table of signal quality
levels. Specifically, as shown in Table 1, the signal quality
levels are classified based on a threshold combination of the
SAR and the SNBR. There are four signal quality levels
(SQL): 1 to 4, where | represents excellent, the others are
ranked in decreasing order, and 4 represents that a feature
cannot be extracted due to large noise. Different signal
quality levels can be notified to the user by using a terminal.
When the signal quality is poor, the user is prompted to find
out a cause such as a wrong wearing position or poor
contact.

TABLE 1

Signal level Signal quality evaluation

SAR > TH_SAR && SNBR > TH_SNBR
SAR < TH_SAR && SNBR > TH_SNBR
SAR > TH_SAR && SNBR < TH_SNBR
SAR < TH_SAR && SNBR < TH_SNBR

N

[0084] The ECG signal processing method provided in
this embodiment of the present invention is described below
by using a specific electrocardiogram measurement process
as an example.

[0085] Step (Step) 1: A user wears a single-lead electro-
cardiogram collection device and switches the device on,
and the device enters a self-test stage to predetermine quality
of a collected signal.

[0086] Specifically, after performing step 1 to step 4 once
completely, the device determines whether a quantity of
target time differences continuously measured within 1
minute meets a preset condition. If the quantity of the target
time differences measured within 1 minute meets the preset
condition, the device determines that the user wears the
device correctly and the device works properly; otherwise,
the device prompts the user to correct a wearing position.
[0087] For example, when the user incorrectly wears the
device, an electrode position shifts, and the waveform in this
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case is shown in FIG. 4(a). When the user correctly wears
the device, the electrode position is normal, and the wave-
form in this case is shown in FIG. 4(5).

[0088] Step 2: After the device works properly, the device
performs filtering and artifact processing on an obtained
ECG signal.

[0089] Specifically, the device filters the collected ECG
signal by using a comb filter, obtains a motion track through
fitting based on a tri-axis accelerometer (fitting based on the
x axis, the y axis, and the z axis), determines, in the filtered
ECG signal, an ECG waveform corresponding to duration in
which an amplitude value is greater than a preset amplitude
threshold in a corresponding curve of a motion track, and
deletes the corresponding ECG waveform, so as to enhance
accuracy of the ECG signal.

[0090] Step 3: Extract a valid ECG feature, mainly includ-
ing a valid QRS complex and a target time difference.
[0091] Specifically, a QRS joint detection method is used.
An R wave is first detected, a point Q and a point S are then
determined successively based on extreme points before and
after the R wave, and a QR interval, an RS interval, and a
QS interval are compared with corresponding thresholds.
For example, when the QR<100 ms, the RS<100 ms, and the
QS<150 ms, the QRS complex is determined as a valid QRS
complex; otherwise, the QRS complex is determined as an
invalid QRS complex. Values of the QR, RS, and QS may be
set and adjusted based on an actual need. The foregoing
values are merely examples and are not intended to limit this
embodiment of the present invention.

[0092] As shown in FIG. 5, waveforms marked by an
ellipse are also local peak points, but the waveforms do not
meet the condition: the QR<100 ms, the RS<100 ms, and the
QS<150 ms. Therefore, the waveforms marked by the
ellipse are invalid QRS complexes and are not to be incor-
rectly determined as valid QRS complexes.

[0093] Further, a time difference between peak points R of
two R waves in every two consecutive valid QRS com-
plexes, that is, an RR interval, is calculated. If the RR
interval falls within 0.3 s to 1.5 s, the condition is met, and
whether a next condition is met continues to be determined;
otherwise, the RR interval is excluded. Further, after the
foregoing condition is met, whether a difference between
adjacent RR intervals is less than 0.12 s is determined. If the
difference between the adjacent RR intervals is less than
0.12 s, the two RR intervals are reserved. In other words, the
two RR intervals are both the target time differences. If the
difference between the adjacent RR intervals is not less than
0.12 s, one RR interval that has a larger deviation from an
average RR interval is excluded, and the other RR interval
is reserved as the target time difference. Specially, the
average RR interval is an average value of previously
reserved target time differences. The values of the RR
interval and the difference between the adjacent RR intervals
may be set and adjusted depending on an actual need. The
foregoing values are merely examples and are not intended
to limit this embodiment of the present invention.

[0094] Further, an average RR value of all selected target
time differences is obtained. For example, 30 target time
differences are obtained in one minute based on the forego-
ing measurement process, an average value of the 30 target
time differences is calculated, and then a heart rate is
calculated based on the average value of the 30 target time
differences. The heart rate is equal to 60 divided by the
average value of the 30 target time differences.
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[0095] Therefore, the waveform that may affect a mea-
surement result is removed by using the foregoing method,
so as to improve the accuracy of electrocardiograph feature
extraction, and effectively guarantee signal measurement
validity of a single-arm electrocardiograph measurement
device.

[0096] Step 4: Evaluate the signal quality of the ECG
signal in real time.

[0097] First, signal parameters are calculated, including a
valid signal power (PW_ECG), power frequency interfer-
ence (PW_50), baseline drift (PW_1), in-band noise (PW_
NB), and the like. Further, signal evaluation parameters,
SAR=1g(PW_ECG/PW_1) and SNBR=lg(PW_ECG/PW_
NB), are obtained. Assuming that TH_SAR=0 dB and
TH_SNBR=10 dB, a signal quality level of the current ECG
signal is further determined based on Table 1, to prompt the
user of validity of the collected ECG signal. Values of the
TH_SAR and the TH_SNBR may be set and adjusted
depending on an actual need. The foregoing values are
merely examples and are not intended to limit this embodi-
ment of the present invention.

[0098] For example, in step 1, the signal quality level of
the current ECG signal may be determined based on a result
obtained in step 4, and if a current signal quality level is 4,
the user may be prompted to find out a cause and measure
again.

[0099] The signal quality level obtained in step 4 may be
used as a criterion to predetermine quality of the collected
signal in step 1 and the signal quality level is fed back to the
user, so that the user can correct a wearing position when
determining that the current signal quality level is relatively
poor. In this way, validity of the collected ECG signal is
ensured, and signal measurement accuracy of the single-arm
electrocardiograph measurement device is effectively guar-
anteed.

[0100] An embodiment of the present invention provides
a wearable device, including a processor, a memory, a heart
rate collector, and a power supply. For example, the wear-
able device herein may be a sport arm band, a heart rate
monitor, or a heart rate patch. When the wearable device is
a heart rate patch, the heart rate patch may communicate
with another terminal (for example, a mobile phone) by
using a Bluetooth module.

[0101] The following describes components of the wear-
able device 600 in detail with reference to FIG. 6.

[0102] The heart rate collector 610 is configured to collect
an ECG signal.

[0103] The memory 620 is configured to store an instruc-
tion.

[0104] The processor 630 is configured to invoke the

instruction in the memory to execute the foregoing ECG
signal processing process.

[0105] The power supply 640 is configured to supply
power to the wearable device.

[0106] In a possible design, the wearable device further
includes a motion sensor 650.

[0107] The motion sensor 650 is configured to: detect
acceleration in each direction, and obtain a motion track
through fitting.

[0108] In a possible design, the wearable device further
includes a display unit 660, a Bluetooth module 670, and the
like.

[0109] The wearable device provided in this embodiment
of the present invention is configured to execute the method
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embodiment corresponding to FIG. 1. Therefore, for imple-
mentations of the wearable device provided in this embodi-
ment of the present invention, refer to the implementations
of the method, and details are not repeated herein.

[0110] Inconclusion, according to the method provided in
this embodiment of the present invention, and with reference
to laws of physiological changes in motion, the accuracy of
electrocardiograph feature extraction is improved, and the
signal measurement accuracy of a single-arm electrocardio-
graph measurement device is effectively guaranteed.
[0111] Based on a same inventive concept, an embodiment
of the present invention further provides an ECG signal
processing apparatus, and the apparatus is configured to
execute the method embodiment corresponding to FIG. 1.
Therefore, for implementations of the ECG signal process-
ing apparatus provided in this embodiment of the present
invention, refer to the implementations of the method, and
details are not repeated herein.

[0112] Referring to FIG. 7, an embodiment of the present
invention provides an ECG signal processing apparatus,
including: a collection unit 710, an extraction unit 720, a
calculation unit 730, and a processing unit 740.

[0113] The collection unit 710 is configured to collect an
ECG signal.
[0114] The extraction unit 720 is configured to extract a

k” valid QRS complex of the ECG signal, where the QRS
complex includes a first extreme point Q before a peak point
R of an i R wave, the peak point R of the i R wave, and
a second extreme point S after the peak point R of the i” R
wave, where 122, k=2, and k=i.

[0115] The calculation unit 730 is configured to calculate
ak™ time difference and a (k+1)” time difference, where the
k” time difference is a time difference between a peak point
R of an R wave in the k” valid QRS complex and a peak
point R of an R wave in a (k+1)” valid QRS complex, and
the (k+1)™ time difference is a time difference between the
peak point R of the R wave in the (k+1)” valid QRS complex
and a peak point R of an R wave in a (k+2)” valid QRS
complex.

[0116] The processing unit 740 is configured to: if the k*
time difference and the (k+1)” time difference are within a
preset range, and an absolute value of a difference between
the (k+1)” time difference and the k” time difference is less
than a preset threshold, determine the k* time difference and
the (k+1)” time difference as target time differences; or if the
Kk time difference and the (k+1)" time difference are within
a preset range, and an absolute value of a difference between
the (k+1)* time difference and the k™ time difference is
greater than or equal to a preset threshold, determine, from
the k” time difference and the (k+1)* time difference, a time
difference that has a smaller deviation from an average time
difference, as a target time difference, where the average
time difference is an average value of all target time differ-
ences from a first time difference to a (k-1)” time difference.
[0117] The target time difference is used to calculate a
heart rate value corresponding to the ECG signal.

[0118] In a possible implementation, the extraction unit
720 is configured to: when extracting k% valid QRS complex
of the ECG signal, determine the first extreme point Q and
the second extreme point S that correspond to the i” R wave;
and

[0119] calculate a time difference between the first
extreme point Q and the peak point R of the i R wave, a
time difference between the peak point R of the i” R wave
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and the second extreme point S, and a time difference
between the first extreme point Q and the second extreme
point S, where the time differences are recorded as a first
time difference, a second time difference, and a third time
difference respectively; and

[0120] if the first time difference, the second time differ-
ence, and the third time difference are less than a corre-
sponding first threshold, a corresponding second threshold,
and a corresponding third threshold, respectively, the first
extreme point Q corresponds to a Q wave, the second
extreme point S corresponds to an S wave, and the i” R
wave, the corresponding Q wave, and the corresponding S
wave constitute the k” valid QRS complex.

[0121] In a possible implementation, the apparatus further
includes:
[0122] a signal quality evaluation unit 750, configured to

calculate signal parameters corresponding to the ECG sig-
nal;

[0123] calculate signal evaluation parameters based on at
least one of the signal parameters; and

[0124] determine a signal quality level of the ECG signal
based on the signal evaluation parameters and preset evalu-
ation thresholds corresponding to the signal evaluation
parameters.

[0125] Inapossible implementation, the signal parameters
include a valid signal power, baseline drift, and in-band
noise.

[0126] The signal evaluation parameters include a signal
artifact ratio and a signal-to-noise-in-band ratio. The signal
artifact ratio is a function about the valid signal power and
the baseline drift, and the signal-to-noise-in-band ratio is a
function about the valid signal power and the function of the
in-band noise.

[0127] the signal quality evaluation unit 750 is configured
to: when determining the signal quality level of the ECG
signal based on the signal evaluation parameters and the
preset evaluation thresholds corresponding to the signal
evaluation parameters, when determining that the signal
artifact ratio is greater than a corresponding preset evalua-
tion threshold, and that the signal-to-noise-in-band ratio is
greater than a corresponding preset evaluation threshold,
determine the signal quality level of the ECG signal as a first
level;

[0128] when determining that the signal artifact ratio is
less than or equal to a corresponding preset evaluation
threshold, and that the signal-to-noise-in-band ratio is
greater than a corresponding preset evaluation threshold,
determine the signal quality level of the ECG signal as a
second level;

[0129] when determining that the signal artifact ratio is
greater than a corresponding preset evaluation threshold,
and that the signal-to-noise-in-band ratio is less than or
equal to a corresponding preset evaluation threshold, deter-
mine the signal quality level of the ECG signal as a third
level; or

[0130] when determining that the signal artifact ratio is
less than or equal to a corresponding preset evaluation
threshold, and that the signal-to-noise-in-band ratio is less
than or equal to a corresponding preset evaluation threshold,
determine the signal quality level of the ECG signal as a
fourth level, where

[0131] the first level is superior to the second level, the
second level is superior to the third level, and the third level
is superior to the fourth level.
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[0132] 1In apossible implementation, the apparatus further
includes a motion track analysis unit 760, configured to:
before the k™ valid QRS complex of the ECG signal is
extracted, perform filtering processing on the ECG signal,
and obtain a motion track of a user through fitting by using
a tri-axis accelerometer; and

[0133] compare a filtered ECG signal with the motion
track, and delete, from the filtered ECG signal, an ECG
waveform corresponding to duration in which a motion
amplitude value is greater than a preset amplitude threshold
in the motion track.

[0134] A person of ordinary skill in the art may understand
that all or a part of the steps in each of the foregoing method
of the embodiments may be implemented by a program
instructing a processor. The foregoing program may be
stored in a computer readable storage medium. The storage
medium may be a non-transitory (English: non-transitory)
medium such as a random-access memory, read-only
memory, a flash memory, a hard disk, a solid state drive, a
magnetic tape (English: magnetic tape), a floppy disk (Eng-
lish: floppy disk), an optical disc (English: optical disc), or
any combination thereof.

[0135] The present invention is described with reference
to the flowcharts and/or block diagrams of the method and
the device according to the embodiments of the present
invention. It should be understood that computer program
instructions may be used to implement each process or each
block in the flowcharts and the block diagrams and a
combination of a process and a block in the flowcharts and
the block diagrams. These computer program instructions
may be provided for a general-purpose computer, a dedi-
cated computer, an embedded processor, or a processor of
any other programmable data processing device to generate
a machine, so that the instructions executed by a computer
or a processor of any other programmable data processing
device generate an apparatus for implementing a specific
function in one or more processes in the flowcharts and in
one or more blocks in the block diagrams.

[0136] The foregoing descriptions are merely examples of
embodiments of the present invention, but are not intended
to limit the protection scope of the present invention. Any
variation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in the
present invention shall fall within the protection scope of the
present invention. Therefore, the protection scope of the
present invention shall be subject to the protection scope of
the claims.

1.-12. (canceled)

13. An electrocardiograph (ECG) signal processing
method, comprising;

collecting, by a measurement device, an ECG signal,

extracting, by the measurement device, a k™ valid QRS
complex of the ECG signal, the QRS complex com-
prising a first extreme point (Q) before a peak point (R)
of an i” R wave, the R of the i” R wave, and a second
extreme point (S) after the R of the i R wave, iztwo,
k=two, and the k=the i;

calculating, by the measurement device, a k™ time differ-
ence and a (k+1)* time difference, the k* time differ-
ence being a time difference between an R of an R wave
in the k™ valid QRS complex and an R of an R wave
in a (k+1)"” valid QRS complex, and the (k+1)* time
difference being a time difference between the R of the
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R wave in the (k+1)* valid QRS complex and an R of
an R wave in a (k+2)” valid QRS complex;

setting, by the measurement device, the k™ time difference
and the (k+1)™ time difference as target time differ-
ences when the k” time difference and the (k+1)” time
difference are within a preset range, and an absolute
value of a difference between the (k+1)* time differ-
ence and the k™ time difference is less than a preset
threshold; and

setting, by the measurement device based on the k” time
difference and the (k+1)™ time difference, a time dif-
ference having a smaller deviation from an average
time difference as a target time difference when the k”
time difference and the (k+1)” time difference are
within the preset range, and the absolute value of the
difference between the (k+1)” time difference and the
k” time difference is greater than or equal to the preset
threshold, the average time difference being an average
value of all target time differences from a first time
difference to a (k-1)* time difference, and the target
time difference calculating a heart rate value corre-
sponding to the ECG signal.

14. The method of claim 13, wherein extracting the k*
valid QRS complex of the ECG signal comprises:

determining, by the measurement device, the Q and the S
corresponding to the i” R wave;

calculating, by the measurement device, a first time
difference between the Q and the R of the i R wave,
a second time difference between the R of the i”* R
wave and the S, and a third time difference between the
Q and the S; and

determining, by the measurement device, that the i R
wave, a corresponding Q wave, and a corresponding S
wave constitute the k” valid QRS complex in response
to the Q corresponds to the corresponding Q wave, and
the S corresponds to the corresponding S wave when
the first time difference between the Q and the R of the
i R wave is less than a corresponding first threshold,
the second time difference is less than a corresponding
second threshold, and the third time difference is less
than a corresponding third threshold.

15. The method of claim 13, further comprising;

calculating, by the measurement device, signal param-
eters corresponding to the ECG signal,

calculating, by the measurement device, signal evaluation
parameters based on at least one of the signal param-
eters; and

determining, by the measurement device, a signal quality
level of the ECG signal based on the signal evaluation
parameters and preset evaluation thresholds corre-
sponding to the signal evaluation parameters.

16. The method of claim 15, wherein the signal param-
eters comprise a valid signal power, baseline drift, and
in-band noise, the signal evaluation parameters comprising
a signal artifact ratio and a signal-to-noise-in-band ratio, the
signal artifact ratio being a function of the valid signal power
and the baseline drift, the signal-to-noise-in-band ratio being
a function of the valid signal power and the in-band noise,
and determining the signal quality level of the ECG signal
comprising determining, by the measurement device, the
signal quality level of the ECG signal as a first level when
the signal artifact ratio is greater than a corresponding first
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preset evaluation threshold, and the signal-to-noise-in-band
ratio is greater than a corresponding second preset evalua-
tion threshold.

17. The method of claim 16, wherein determining the
signal quality level of the ECG signal comprises determin-
ing, by the measurement device, the signal quality level of
the ECG signal as a second level when the signal artifact
ratio is less than or equal to the corresponding first preset
evaluation threshold, and the signal-to-noise-in-band ratio is
greater than the corresponding second preset evaluation
threshold.

18. The method of claim 17, wherein determining the
signal quality level of the ECG signal comprises determin-
ing, by the measurement device, the signal quality level of
the ECG signal as a third level when the signal artifact ratio
is greater than the corresponding first preset evaluation
threshold, and the signal-to-noise-in-band ratio is less than
or equal to the corresponding second preset evaluation
threshold.

19. The method of claim 18, wherein determining the
signal quality level of the ECG signal comprises determin-
ing, by the measurement device, the signal quality level of
the ECG signal as a fourth level when the signal artifact ratio
is less than or equal to the corresponding first preset evalu-
ation threshold, and the signal-to-noise-in-band ratio is less
than or equal to the corresponding second preset evaluation
threshold, the first level being superior to the second level,
the second level being superior to the third level, and the
third level being superior to the fourth level.

20. The method of claim 13, wherein before extracting the
k? valid QRS complex of the ECG signal, the method
further comprises:

performing, by the measurement device, filtering process
on the ECG signal,

obtaining, by the measurement device, a motion track of
a user through fitting using a tri-axis accelerometer;

comparing, by the measurement device, a filtered ECG
signal with the motion track; and

deleting, by the measurement device from the filtered
ECG signal, an ECG waveform corresponding to a
duration in which a motion amplitude value is greater
than a preset amplitude threshold in the motion track.

21. A wearable device, comprising;

a power supply;

a heart rate collector coupled to the power supply and
configured to collect an electrocardiograph (ECG) sig-
nal;

a memory coupled to the heart rate collector and the
power supply and configured to store instructions; and

a processor coupled to the heart rate collector, the power
supply, and the memory, the instructions causing the
processor to be configured to:
obtain the ECG signal;
extract a k” valid QRS complex of the ECG signal, the

QRS complex comprising a first extreme point (Q)
before a peak point (R) of an i R wave, the R of the

i R wave, and a second extreme point (S) after the

R of the i” R wave, iztwo, kztwo, and the ksthe i;
calculate a k” time difference and a (k+1)* time differ-
ence, the k™ time difference being a time difference
between an R of an R wave in the k™ valid QRS
complex and an R of an R wave in a (k+1)” valid QRS
complex, and the (k+1)* time difference being a time
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difference between the R of the R wave in the (k+1)”
valid QRS complex and an R of an R wave in a (k+2)"
valid QRS complex;

set the k™ time difference and the (k+1)* time difference
as target time differences when the k™ time difference
and the (k+1)" time difference are within a preset
range, and an absolute value of a difference between the
(k+1)" time difference and the k™ time difference is less
than a preset threshold; and

set based on the k™ time difference and the (k+1)” time
difference, a time difference having a smaller deviation
from an average time difference, as a target time
difference when the k? time difference and the (k+1)*
time difference are within the preset range, and the
absolute value of the difference between the (k+1)*
time difference and the k” time difference is greater
than or equal to the preset threshold,

the average time difference being an average value of all
target time differences from a first time difference to a
(k-1)" time difference, and

the target time difference calculating a heart rate value
corresponding to the ECG signal.

22. The wearable device of claim 21, wherein the instruc-

tions further cause the processor to be configured to:

determine the Q and the S corresponding to the i” R wave;

calculate a first time difference between the Q and the R
ofthe i” R wave, a second time difference between the
R of the i R wave and the S, and a third time difference
between the Q and the S; and

determine that the i R wave, a corresponding Q wave,
and a corresponding S wave constitute the k™ valid
QRS complex in response to the Q corresponds to the
corresponding QQ wave, and the S corresponds to the
corresponding S wave when the first time difference
between the Q and the R of the i” R wave is less than
a corresponding first threshold, the second time differ-
ence is less than a corresponding second threshold, and
the third time difference is less than a corresponding
third threshold.

23. The wearable device of claim 21, wherein the instruc-

tions further cause the processor to be configured to:

calculate signal parameters corresponding to the ECG
signal,

calculate signal evaluation parameters based on at least
one of the signal parameters; and

determine a signal quality level of the ECG signal based
on the signal evaluation parameters and preset evalu-
ation thresholds corresponding to the signal evaluation
parameters.
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24. The wearable device of claim 23, wherein the signal
parameters comprise a valid signal power, baseline drift, and
in-band noise, the signal evaluation parameters comprising
a signal artifact ratio and a signal-to-noise-in-band ratio, the
signal artifact ratio being a function of the valid signal power
and the baseline drift, the signal-to-noise-in-band ratio being
a function of the valid signal power and the in-band noise,
and the instructions further causing the processor to be
configured to determine the signal quality level of the ECG
signal as a first level when the signal artifact ratio is greater
than a corresponding first preset evaluation threshold, and
the signal-to-noise-in-band ratio is greater than a corre-
sponding second preset evaluation threshold.

25. The wearable device of claim 24, wherein the instruc-
tions further cause the processor to be configured to deter-
mine the signal quality level of the ECG signal as a second
level when the signal artifact ratio is less than or equal to the
corresponding first preset evaluation threshold, and the
signal-to-noise-in-band ratio is greater than the correspond-
ing second preset evaluation threshold.

26. The wearable device of claim 25, wherein the instruc-
tions further cause the processor to be configured to deter-
mine the signal quality level of the ECG signal as a third
level when the signal artifact ratio is greater than the
corresponding first preset evaluation threshold, and the
signal-to-noise-in-band ratio is less than or equal to the
corresponding second preset evaluation threshold.

27. The wearable device of claim 26, wherein the instruc-
tions further cause the processor to be configured to deter-
mine the signal quality level of the ECG signal as a fourth
level when the signal artifact ratio is less than or equal to the
corresponding first preset evaluation threshold, and the
signal-to-noise-in-band ratio is less than or equal to the
corresponding second preset evaluation threshold, the first
level being superior to the second level, the second level
being superior to the third level, and the third level being
superior to the fourth level.

28. The wearable device of claim 21, wherein before
extracting the k” valid QRS complex of the ECG signal, the
instructions further cause the processor to be configured to:

perform filtering process on the ECG signal;

obtain a motion track of a user through fitting using a

tri-axis accelerometer;

compare a filtered ECG signal with the motion track; and

delete, from the filtered ECG signal, an ECG waveform

corresponding to a duration in which a motion ampli-
tude value is greater than a preset amplitude threshold
in the motion track.
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