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7) ABSTRACT

A heart rate detection method includes: acquiring a plurality
of time-domain heart rate detection data; if the time-domain
heart rate detection data includes a weak interference signal,
extracting a first feature point from the time-domain heart
rate detection data, and collecting statistics on feature data
of the first feature point to determine time-domain heart rate
detection data used in calculating heart rate; if the time-
domain heart rate detection data includes a strong interfer-
ence signal, transforming the time-domain heart rate detec-
tion data to a frequency domain to obtain a plurality of
frequency-domain heart rate detection data, extracting a
second feature point from the frequency-domain heart rate
detection data, and collecting statistics on feature data of the
second feature point to determine frequency-domain heart
rate detection data used in calculating heart rate; and cal-
culating the heart rate based on the time-domain or the
frequency-domain heart rate detection data.
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HEART RATE DETECTION METHOD AND
APPARATUS, AND ELECTRONIC
TERMINAL THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of inter-
national application No. PCT/CN2017/098531, filed on
Aug. 22, 2017, which is hereby incorporated by reference in
its entireties

TECHNICAL FIELD

[0002] Embodiments of the present application relate to
the technical field of biological feature detection, and in
particular, relate to a heart rate detection method and appa-
ratus, and an electronic terminal thereof.

BACKGROUND

[0003] In recent years, with the continuous development
of people’s life, people are more and more placing more
concerns on health, and it is an effective to build the health
by sports or exercise. During the sports and exercise, the
heart rate is an important indicator reflecting the motion
state of the human body, and an accurate heart rate is capable
of truly reflecting the motion state of the human body.
[0004] However, since heart rate measurement is mostly
commonly based on photoplethysmograph (PPG), when the
human body is in a motion state, heart rate detection data
(that is, a PPG signal) is easily subject to interference by the
motion. For example, in the motion state, since shift occurs
between the skin and the measurement device (for example,
an electronic terminal equipped with a heart rate detection
function), causing a light propagation path changes. There-
fore, some motion interference signals or the like may be
superimposed in addition to the pulse signal of the human
body in the heart rate detection signal. As a result, the
accuracy of the detected heart rate is low.

SUMMARY

[0005] In view of the above, one technical problem to be
solved by embodiments of the present application is to
provide a heart rate detection method and apparatus, and an
electronic terminal, to address the above technical defects in
the prior art.

[0006] Embodiments of the present application provide a
heart rate detection method. The method includes:

[0007] acquiring a plurality of time-domain heart rate
detection data;
[0008] if the plurality of time-domain heart rate detection

data includes a weak interference signal, extracting a first
feature point from the plurality of time-domain heart rate
detection data, and collecting statistics on feature data of the
first feature point to determine time-domain heart rate detec-
tion data used in calculating heart rate;

[0009] if the plurality of time-domain heart rate detection
data includes a strong interference signal, transforming the
plurality of time-domain heart rate detection data to a
frequency domain to obtain a plurality of frequency-domain
heart rate detection data, extracting a second feature point
from the plurality of frequency-domain heart rate detection
data, and collecting statistics on feature data of the second
feature point to determine frequency-domain heart rate
detection data used in calculating heart rate; and
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[0010] calculating the heart rate according to the time-
domain heart rate detection data or the frequency-domain
heart rate detection data used in calculating heart rate.
[0011] Embodiments of the present application provide a
heart rate detection apparatus. The apparatus includes:
[0012] an acquiring module, configured to acquire a plu-
rality of time-domain heart rate detection data;

[0013] a time-domain module, configured to: if the plu-
rality of time-domain heart rate detection data include a
weak interference signal, extract a first feature point from
the plurality of time-domain heart rate detection data, and
collect statistics on feature data of the first feature point to
determine time-domain heart rate detection data involved
heart rate calculation;

[0014] a frequency-domain module, configured to: if the
plurality of time-domain heart rate detection data includes a
strong interference signal, transform the plurality of time-
domain heart rate detection data to a frequency domain to
obtain a plurality of frequency-domain heart rate detection
data, extract a second feature point from the plurality of
frequency-domain heart rate detection data, and collect
statistics on feature data of the second feature point to
determine frequency-domain heart rate detection data used
in calculating heart rate; and

[0015] a calculating module, configured to calculate the
heart rate according to the time-domain heart rate detection
data or the frequency-domain heart rate detection data used
in calculating heart rate.

[0016] Embodiments of the present application further
provide an electronic terminal. The electronic terminal
includes the above heart rate detection apparatus.

[0017] In the above technical solutions according to the
present application, a plurality of time-domain heart rate
detection data is firstly acquired; if the plurality of time-
domain heart rate detection data includes a weak interfer-
ence signal, a first feature point in the plurality of time-
domain heart rate detection data is acquired, and statistics on
feature data of the first feature point are collected to deter-
mine time-domain heart rate detection data used in calcu-
lating heart rate; if the plurality of time-domain heart rate
detection data includes a strong interference signal, the
plurality of time-domain heart rate detection data is trans-
formed to a frequency domain to obtain a plurality of
frequency-domain heart rate detection data, a second feature
point is extracted from the plurality of frequency-domain
heart rate detection data, and statistics are collected on
feature data of the second feature point to determine fre-
quency-domain heart rate detection data used in calculating
heart rate; and the heart rate is calculated according to the
time-domain heart rate detection data or the frequency-
domain heart rate detection data used in calculating heart
rate. In this way, the accuracy of the detected heart rate is
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] To describe technical solutions according to the
embodiments of the present application or in the related art,
drawings that are to be referred for description of the
embodiments or the related art are briefly described herein-
after. Apparently, the drawings described hereinafter merely
illustrate some embodiments of the present application.
Persons of ordinary skill in the art may also derive other
drawings based on the drawings described herein.
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[0019] FIG. 1 is a schematic structural diagram of a heart
rate detection apparatus according to a first embodiment of
the present application;

[0020] FIG. 2 is a schematic flowchart of a heart rate
detection method according to a second embodiment of the
present application;

[0021] FIG. 3 is an exemplary schematic diagram of a
waveform of time-domain heart rate detection data accord-
ing to a third embodiment of the present application;
[0022] FIG. 4 is an exemplary schematic diagram of a
waveform of time-domain heart rate detection data accord-
ing to a fourth embodiment of the present application;
[0023] FIG. 5 is a schematic flowchart of a heart rate
detection method according to a fifth embodiment of the
present application;

[0024] FIG. 6 is an exemplary schematic diagram of
frequency-domain heart rate detection data and frequency-
domain motion data according to a sixth embodiment of the
present application;

[0025] FIG. 7 is a schematic diagram of a determined
interference signal bandwidth range and a corrected second
feature point according to a seventh embodiment of the
present application; and

[0026] FIG. 8 is a schematic flowchart of tracking and
optimization according to an eighth embodiment of the
present application.

DETAILED DESCRIPTION

[0027] Nevertheless, it is not necessary to require that any
technical solution according to the embodiments of the
present application achieves all of the above technical
effects.

[0028] To make a person skilled in the art better under-
stand the technical solutions of the embodiments of the
present application, the technical solutions of the present
application are clearly and completely described with ref-
erence to the accompanying drawings of the embodiments of
the present application. Apparently, the described embodi-
ments are only a part of the embodiments of the present
application, rather than the entire embodiments. Based on
the embodiments of the present application, all other
embodiments derived by persons of ordinary skill in the art
without any creative efforts shall fall within the protection
scope of the present application.

[0029] FIG. 1 is a schematic structural diagram of a heart
rate detection apparatus according to a first embodiment of
the present application. As illustrated in FIG. 1, the heart rate
detection apparatus according to this embodiment includes:
an acquiring module 101, a time-domain module 102, a
frequency-domain module 103 and a calculating module
104.

[0030] The acquiring module 101 is configured to acquire
a plurality of time-domain heart rate detection data.

[0031] In this embodiment, the time-domain heart rate
detection data specifically includes data effective in heart
rate detection that is extracted by the acquiring module 101
from detection signals output by a heart rate sensor. Pref-
erably, during acquiring the plurality of time-domain heart
rate detection data, interference signals in the detection data
may be filtered by using any one or combination of a finite
impulse response (FIR) filter, an infinite impulse response
(TIR) filter and an adaptive filter. Therefore, the acquiring
module 101 in this embodiment may also be referred to as
a signal processing module.
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[0032] It should be noted that in this embodiment, the
“acquiring a plurality of time-domain heart rate detection
data” includes, but not limited to, acquiring the time-domain
heart rate detection data by means of active extraction or
passive reception or the like.

[0033] The time-domain module 102 is configured to: if
the plurality of time-domain heart rate detection data
includes a weak interference signal, extract a first feature
point from the plurality of time-domain heart rate detection
data, and collect statistics on feature data of the first feature
point to determine time-domain heart rate detection data
involved heart rate calculation.

[0034] In this embodiment, the first feature point includes
peaks and valleys. Further, during collecting statistics on the
feature data of the first feature point to determine the
time-domain heart rate detection data used in calculating
heart rate, the time-domain module 102 firstly collects
statistics on amplitudes of a plurality of peaks and ampli-
tudes of a plurality of valleys to determine a plurality of
adjacent peak-valley amplitude differences, and then deter-
mines the time-domain heart rate detection data used in
calculating heart rate according to the plurality of peak-
valley amplitude differences.

[0035] The frequency-domain module 103 is configured
to: if the plurality of time-domain heart rate detection data
includes a strong interference signal, transform the plurality
of time-domain heart rate detection data to a frequency
domain to obtain a plurality of frequency-domain heart rate
detection data, extract a second feature point from the
plurality of frequency-domain heart rate detection data, and
collect statistics on feature data of the second feature point
to determine frequency-domain heart rate detection data
used in calculating heart rate.

[0036] In this embodiment, the strength of the interference
signal in the plurality of time-domain heart rate detection
data may be specifically preliminarily judged according to a
plurality of motion data of a motion sensor on the electronic
terminal. For example, when a user wearing the electronic
terminal is in a smooth motion state or is not moving, the
plurality of motion data of the motion sensor has a small
amplitude (for example, less than a set amplitude threshold),
and in this case if the amplitude of the motion data is small,
it indicates that the interference signal is weak, and on the
contrary, the interference signal is strong.

[0037] The calculating module 104 is configured to cal-
culate the heart rate according to the time-domain heart rate
detection data or the frequency-domain heart rate detection
data used in calculating heart rate.

[0038] The embodiment illustrated in FIG. 1 may further
specifically applied to a specific electronic terminal, for
example, a smart phone, a smart bracelet, a smart earphone
or the like.

[0039] In the embodiments hereinafter of the present
application, description is given by using the scenarios
where the heart rate calculation is performed based on
time-domain analysis when the interference signal in the
plurality of time-domain heart rate detection data is weak
and based on the frequency-domain analysis when the
interference signal in the plurality of time-domain heart rate
detection data is strong as examples.

[0040] In addition, it should be noted that in the following
embodiments of the present application, the heart rate is
calculated mainly based on the time-domain heart rate
detection data corresponding to the peaks in the first feature



US 2019/0059822 A1

point. However, in other embodiments, the heart rate may
also be calculated based on the time-domain heart rate
detection data corresponding to the valleys in the first
feature point.

[0041] FIG. 2 is a schematic flowchart of a heart rate
detection method according to a second embodiment of the
present application. In this embodiment, description is given
by using the scenario where the heart rate calculation is
performed based on the time-domain analysis when the
interference signal in the plurality of time-domain heart rate
detection data is weak as an example.

[0042] Specifically, in this embodiment, the heart rate
detection method includes the following steps:

[0043] S201: A first feature point in the plurality of
time-domain heart rate detection data is extracted, where the
first feature point includes peaks and valleys.

[0044] S202: Statistics are collected on amplitudes and
time points of a plurality of peaks and amplitudes of a
plurality of valleys, and a plurality of adjacent peak-valley
amplitude differences are determined according to the
amplitudes of the plurality of peaks and the amplitudes of
the plurality of valleys.

[0045] In this embodiment, statistics on the amplitudes
and the time points of the plurality of peaks and the
amplitudes of a plurality of valleys may be collected spe-
cifically by using a window function.

[0046] In this embodiment, the amplitude of the peak is
represented by peak,,,,(n), and the time point of the peak is
represented by peak,,, (n), and the amplitude of the valley is
represented by valley,, (n). Specifically, an adjacent peak-
valley amplitude difference amp(n) is represented by for-
mula (1):

amp(r)=peak,,,,(1)-valley,,,,(#) (1

[0047] In formula (1), n=1, ..., N-1, where N represents
the number of peaks and the number of valleys respectively.
In formula (1), amp(n) represents the n” amplitude between
specific adjacent peaks and valleys, peak,, (n) represents
the amplitude of the n” peak, and valley ,,,,(n) represents the
amplitude of the n” valley. For example, amp(1) represents
an amplitude difference between the first peak and the first
valley, amp(2) represents an amplitude difference between
the second peak and the second valley, and so on.

[0048] Assume that there are 12 first feature points includ-
ing 6 peaks and 6 valleys, then in formula (1), N=6, n=0, 1,
2,3, 4, 5, and amp(n) is a difference between the amplitude
of the n™ peak and the amplitude of the n™ valley, that is, an
amplitude difference.

[0049] During the heart rate calculation, if the calculation
is based on the following assumption: with respect to
adjacent peaks and valleys, the peaks occur prior to the
valleys, during determining the amplitude difference, the
amplitude of time-domain heart rate detection data corre-
sponding to a close following valley is subtracted from the
amplitude of time-domain heart rate detection data of a
previous peak of the valley. However, it should be noted that
determining the heart rate is not absolutely based on the
above agsumption, but may be based on other assumptions.
In this case, during determining the above amplitude differ-
ence, the sequence or positions of two pieces of time-domain
heart rate detection data used in difference calculation may
be flexibly defined.

[0050] S203: An average value of three contiguous adja-
cent peak-valley amplitude differences is calculated, and
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whether a central adjacent peak-valley amplitude difference
is less than a product of the average value and an adjustment
factor is judged; and if the middle adjacent peak-valley
amplitude difference is less than the product of the average
value and the adjustment factor, if not, step S204 is per-
formed, and otherwise, step S208 is performed.

[0051] In this embodiment, if the average value of the
three contiguous adjacent peak-valley amplitude differences
is calculated, whether the central peak-valley amplitude
differences is less than the product of the average value and
the adjustment factor is judged according to formula (2):

amp(x)<h1*[amp(r-1)+amp(r)+amp(n+1))/3 2)

[0052] In formula (2), amp(n) represents the nth amplitude
difference between adjacent peaks and valleys, amp(n-1)
represents the n-17 amplitude difference between adjacent
peaks and valleys, amp(n+1) represents the n+1” amplitude
difference between adjacent peaks and valleys, and Al
represents the adjustment factor, where the accuracy of the
calculated heart rate may be controlled by controlling the
value of Al.

[0053] Referring to formula (2), an average sum of the n™
amplitude difference, the n-1? amplitude difference and the
n+1? amplitude difference is the amplitude difference aver-
age value. If the nth amplitude difference is less than a
product of the amplitude difference average value and the
adjustment factor A, it indicates that the time-domain heart
rate detection data of the peak corresponding to the nth
amplitude difference is not used in the subsequent heart rate
calculation, and the time-domain heart rate detection data
corresponding to the n-1% amplitude difference and the
n+17 amplitude difference is reserved for further judgment
in step S206 on whether the time-domain heart rate detection
data is the final time-domain heart rate detection data used
in calculating heart rate.

[0054] It should be noted that in this embodiment, descrip-
tion is given by only using the scenario where three con-
tiguous adjacent peak-valley amplitude differences are sta-
tistically collected as an example, and an average value of
other plural adjacent peak-valley amplitude differences may
also be calculated, for example, an average value of an odd
number of adjacent peak-valley amplitude differences.
[0055] S204: The other plurality of time-domain heart rate
detection data than those that meet formula (2) is reserved,
and the corresponding plurality of adjacent peak distances is
statistically collected.

[0056] In this embodiment, the adjacent peak distances
dis,, (1) are statistically collected by using formula (3):

dis, (1) peak, (2 +1)-peak,,,, (1) )

[0057] In formula (3). dis,,,(n) represents a distance
between adjacent peaks, for example, a distance between the
n+1” peak and the n” peak, where the distance is used as a
time statistical value, and for example, a first distance
dis (1) between adjacent peaks is a distance between the
second peak and the first peak, a second distance dis,,.(2)
between adjacent peaks is a distance between the third peak
and the second peak, and so one.

[0058] Assume that there are 12 first feature points includ-
ing 6 peaks and 6 valleys, then in the above formula, N=6,
n=0, 1, 2, 3, 4, 5, and dis,,+(n) is a distance between the
n+1? peak and the n™ peak.

[0059] However, in this embodiment, the specific numbers
of the first feature points, the peaks and the valleys are
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defined herein only for clear description of the technical
solutions of the present application instead of construing any
limitation.

[0060] S205: A reference peak distance is calculated
according to a historical heart rate and a sampling frequency,
and a distance threshold is set according to the reference
peak distance.

[0061] In this embodiment, considering that miss-acqui-
sition may occur during the process of acquiring the time-
domain heart rate detection data, a first distance threshold
and a second distance threshold are meanwhile set while the
distance threshold is set, to determine whether miss-acqui-
sition occurs.

[0062] Specifically, the specific method for defining the
first distance threshold or the second distance threshold
according to the historical heart rate is as follows:

[0063] First, the reference peak distance (or referred to as
a peak reference distance) is calculated according to the
historical heart rate and the sampling frequency of the
time-domain heart rate detection data.

[0064] As specifically illustrated in formula (4), fs repre-
sents the sampling frequency, HB, represents the historical
heart rate in the unit of beats/second, where the historical
heart rate may be an effective heart rate that is most
proximate to the current time point or an average value of a
plurality of effective heart rates that are proximate to the
current time point, and dis, . represents the reference peak
distance.

: 60 f5 4
sy = ——
HBref
[0065] Further, the first distance threshold and the second

distance threshold are set according to the reference peak
distance. The first distance threshold includes a first distance
upper threshold and a first distance lower threshold, and the
second distance threshold includes a second distance upper
threshold and a second distance lower threshold.

[0066] In this embodiment, the first distance upper thresh-
old and the first distance lower threshold respectively rep-
resent a maximum distance and a minimum distance
between adjacent peaks in case of no data packet loss, and
the second distance upper threshold and the second distance
upper limit respectively represent a maximum distance and
a minimum distance between adjacent peaks in case of data
packet loss. That is, a peak (or referred to as an un-acquired
peak is present) is defaulted. The first distance upper thresh-
old, the first distance lower threshold, the detailed definition
rules of the second distance upper threshold and the second
distance lower threshold are as listed in formula (5).

. -
disg,,,, =0, *dis,.r

. oo
diS o 1702 dlsref
. -
disg,,,, 7=05*dis,or

diS g, gomm 2704 disref (%)

[0067] Informula (5): Dis,,,,,, represents the first distance
upper threshold, dis,; 4,..,.; represents the first distance lower
threshold, dis,,,, represents the second distance upper
threshold, dis,; ;... represents the second distance lower
threshold, §,, §,, 85 and §, represent the adjustment factors,
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where 9, is generally a number greater than 1, 8, is generally
a number less than or equal to 1, and 9, and 9§, essentially
represent upper and lower threshold parameters of a peak
distance, 9, is generally a number greater than or equal to 2,
d, is generally a number less than or equal to 2 and greater
than 1, and 8, and §, are upper and lower threshold param-
eters of the distance between two peaks that are set for
compensation for the lost peaks.

[0068] In formula (5), 3,, d,, 8, and d,, are related to the
motion state of the user, personal physiological conditions of
the user (for example, age, gender, weight, heart character-
istics and the like factors), and may be automatically pro-
vided by the user and constantly iteratively updated by
recording and learning by the system. For example, at the
beginning of the motion, the heart rate increases at a high
speed, and thus [d,, 3,] and [3,, 3;] need to be set at a larger
interval; however, after the motion for a period of time, the
heart rate is in a high state. When the motion strength does
not change greatly, the heart rate of the human body should
be kept at a high and stable value, and in this case, the [9,,
9,1 and [8,, 85] need to be defined to a smaller interval. Still
for example, the heart rate of the old changes slowly, and
thus [d,, 9,] and [J,, 0,] need to be defined to a smaller
interval or the like, and so on.

[0069] It should be noted that 8, and 9, are directed to the
scenario where the time-domain heart rate detection data
corresponding to a peak is not acquired. However, it should
be further noted that if with respect to the scenario where the
time-domain heart rate detection data corresponding to at
least two peaks is not acquired, the issue may be addressed
by adjusting the values of 5 and d,.

[0070] The specific method for determining the time-
domain detection signal used in calculating heart rate
according to the distance between adjacent peaks, and the
defined first distance threshold and second distance thresh-
old is as follows:

i fgovm 15018 )5S 0, 1 (6)
iy gown 22018 eerl#)2dis 75 2 @
[0071] Judgment is firstly performed by using formula (6).

If dis,,,,.(n) does not satisfy formula (6), and it is further
judged that dis,,.(n) does not satisfy formula (7) either, the
time-domain detection signal of the peak corresponding to
dis,,.(n) is not used in calculating heart rate.

[0072] It should be noted that in this embodiment, as
described above, the scenario where during acquiring the
time-domain heart rate detection data, miss-acquisition of
the time-domain heart rate detection data corresponding to
the peaks may occur is mainly considered, that is, the
number peaks is less than the current number of peaks, and
as a result, the heart rate detection is incorrect. Therefore, the
first distance threshold and the second distance threshold are
defined. If dis,,,(n-1) satisfies formula (6), for example,
dis,,,..(n) does not satisfy formula (6) and does not satisfy
formula (7) either, it indicates that miss-acquisition of the
time-domain heart rate detection data occur, and the time-
domain heart rate detection of the n+1? peak corresponding
to dis,,.(n) not satisfying formula (7) is not used in the final
heart rate calculation.

[0073] In addition, it should be noted that in another
application scenario, the scenario where the time-domain
heart rate detection data may be excessively acquired. Spe-
cifically, if dis . (0)<diS;,zouy> and dis,,.(n-1) satisfies
formula (6), the time-domain heart rate detection data cor-
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responding to the n+1” peak forming dis,,(n) is not used

in the final heart rate calculation.

[0074] Inaddition, it should be noted that in other embodi-
ments, if it is ensured that miss-acquisition of the above
time-domain heart rate detection data do not occur, formula
(7) may also be not included or not executed.

[0075] S206: A peak distance average value of a plurality
of adjacent peak distances in S204 is calculated.

[0076] Inthis embodiment, a distance sum of a plurality of
reserved adjacent distances is firstly calculated, and then the
calculated distance sum is divided by the total number of
distances between adjacent peaks, such that the peak dis-
tance average value is obtained.

[0077] FIG. 3 is an exemplary schematic diagram of a
waveform of time-domain heart rate detection data accord-
ing to a third embodiment of the present application. As
illustrated in FIG. 3, assume that there are 4 peaks, and
miss-acquisition of the peaks does not occur, then the total
number of peak distances is 3 in practice, and the total
distance of the calculated peak distance by using formula (8)
is sum=76, and the peak distance average value is 76/3=25.
3.

[0078] It should be noted that in the scenario where
miss-acquisition of the peaks does not occur as illustrated in
FIG. 3, the total distance sum of the peak distances may be
calculated according to formula (8):

my=m+1,Sum=Sum+dis, .. (m,) (8)

[0079] FIG. 4 is an exemplary schematic diagram of a
waveform of time-domain heart rate detection data accord-
ing to a fourth embodiment of the present application. As
illustrated in F1G. 4, assume that there are 4 peaks in practice
but there is one peak (29, 2.2242) is not detected, then when
it is determined according to formula (6) and formula (7)
that a peak (for example, (29, 2.2242) not detected is present
between two contiguous peaks, the total distance sum of the
peak distances is calculated according to formula (9):

my = +2, Sum=Sum+dis,,...(m,) 9

[0080] In formula (9), during iteration, the number of
peaks of the first feature point is compensated by ensuring
that m;=m, +2. In formula (8) and formula (9), dis,,,.(m,)
represents the m,” peak distance.

[0081] In this embodiment, after the total distance sum of
the peak distances is calculated according to formula (8) and
formula (9), the peak distance average value Avg,_ is
calculated according to formula (10).

sum 10
Avgy = Ta o

[0082] In formula (10), M represents the total number of
peak distances.

[0083] Itshould be noted that if miss-detection of the peak
is not present between adjacent peaks, the distance is cal-
culated according to formula (8); and if miss-detection of the
peak is present between the subsequent adjacent peaks,
formula (9) is executed based on the total distance sum
calculated according to formula (8).

[0084] In addition, in some embodiments, if it is deter-
mined that no peak misses detection, the total distance of the
peak distances is calculated only according to formula (8),
or operation of formula (9) is not executed to calculate the
total distance sum of the peak distances.

[0085] S207: The heart rate is calculated according to the
peak interval average value and the sampling frequency.
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[0086] 1In this embodiment, the heart rate may be specifi-
cally determined according to formula (11):

f5%60 (1D

HBcyrtemp =
T Avg g

[0087] Informula (11),HB,,,,.,,, represents the heart rate,
fs represents the sampling frequency of the time-domain
heart rate detection data, and Avg,, represents the above
peak distance average value.

[0088] S208: The time-domain heart rate detection data of
the peak corresponding to the central adjacent peak-valley
amplitude difference is not used in calculating heart rate.
[0089] In this embodiment, the time-domain heart rate
detection data obtained in step S208 may be considered as
the time-domain heart rate detection data that is subject to
the interference and thus is not used in calculating heart rate.
[0090] It should be noted that in the above embodiment, as
seen from the waveforms formed by the plurality of time-
domain heart rate detection data, the corresponding posi-
tions of the peaks and valleys are used as the first feature
point, and correspondingly, the peak corresponds to one
piece of time-domain heart rate detection data, and the
valley corresponds to another piece of time-domain heart
rate detection data. However, in other embodiments, the first
feature point may also be the position proximate to the peak
and the valley on the waveform of the time-domain heart
rate detection data, e.g., the position where a tangent slope
is maximum on two sides of the peak and the valley.
[0091] It should be noted that in the above embodiment,
the time-domain heart rate detection data corresponding to
the peak is used in the final heart rate calculation. Never-
theless, in other embodiments, the time-domain heart rate
detection data corresponding to the valley may also be used
in the final heart rate calculation, and the peak achieves the
same effect as the valley in the above embodiment.

[0092] FIG. 5 is a schematic flowchart of a heart rate
detection method according to a fifth embodiment of the
present application. As illustrated in FIG. §, in this embodi-
ment, description is given by using the scenario where the
heart rate is detected based on the frequency-domain analy-
sis when the interference signal is strong as an example.
[0093] Specifically, in this embodiment, the heart rate
detection method includes the following steps:

[0094] S501: The plurality of time-domain heart rate
detection data is transformed to a frequency domain to
obtain a plurality of frequency-domain heart rate detection
data.

[0095] In this embodiment, the time-domain heart rate
detection data obtained in the above first embodiment is
subjected to curve Z transformation, such that the frequency-
domain heart rate detection data is obtained. The specific
transformation is as listed in formula (12) to formula (14).

2 12

0o = ”ﬁfl (12
A=el

[0096] In formula (12), f; represents a frequency lower

threshold of the frequency-domain analysis, f, represents a
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sampling frequency, 6, represents an initial phase of the
frequency-domain analysis, and A represents an initial phase
parameter.

2nxAf (13)
$o = 7
W = e/%0

[0097] In formula (13), Af represents a resolution of
spectrum analysis, ¢, represents a precision of frequency-
domain analysis, and W represents a precision parameter.

_h-A (14)

M= 7

% =AWE
[0098] In formula (14), f, represents a frequency upper

threshold of the frequency-domain analysis, k=0, . . . , M-1,
M represents the number of spectral lines of the frequency-
domain analysis, one spectrum line corresponds to one
spectral line position, and z, represents a transformation
expression of the curve Z transformation.

[0099] The frequency-domain heart rate detection data
finally obtained according to formula (11) to formula (14) is
as represented by formula (15):

freq,,,o (2=, 'ppeli)z =g ppe()4 W (1s)

[0100] Informula (15),1represents the number of buffered
time-domain heart rate detection data, and ppg(i) represents
the i time-domain heart rate detection data.

[0101] S502: A historical heart rate is mapped to the
frequency-domain heart rate detection data to obtain a
mapped spectral position.

[0102] In this embodiment, the mapped spectral position
of the historical heart rate on the frequency-domain heart
rate detection data is specifically obtained according to
formula (16).

HB,,, —60 f; (16)
freqpreHB = T

[0103] In formula (16), HB,,, represents the historical
heart rate, freq,,, ;5 represents the mapped spectral position
of the historical heart rate on the frequency-domain heart
rate detection data, and Af and f, may be referenced to the
above parameter description of the curve Z transformation
of the time-domain heart rate detection data.

[0104] S503: A second feature point in the plurality of
frequency-domain heart rate detection data is extracted, and
feature data of the second feature point is statistically
collected.

[0105] In this embodiment, the second feature point
includes a relative maximum value point in the plurality of
frequency-domain heart rate detection data. According to
formula (15), a frequency-domain amplitude and a spectral
position of the second feature point in the frequency-domain
heart rate detection data are further statistically collected.
Specifically, the a statistical value of the frequency-domain
amplitude of the second feature point is specifically an
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amplitude corresponding to the relative maximum value
point, and the statistical value of the spectral position of the
second feature point is specifically a spectral line position
corresponding to the relative maximum value point.

[0106] In the above disclosure, the frequency lower
threshold f; of the frequency-domain analysis and the fre-
quency upper threshold £, of the frequency-domain analysis
may be defined by reference to a frequency range of the
actual heart rate. For example, generally the heart rate has a
frequency of 0.5 to 4 Hz, and in this case, the frequency
lower threshold f; of the frequency-domain analysis may be
0.5 Hz, and the frequency upper threshold f, of the fre-
quency-domain analysis may be 4 Hz If the harmonic is
considered, the frequency of the heart rate is 1 to 8 Hz, and
in this case, the frequency lower threshold f; of the fre-
quency-domain analysis may be 1 Hz, and the frequency
upper threshold £, of the frequency-domain analysis may be
8 Hz.

[0107] In this embodiment, the frequency upper and lower
thresholds of the frequency-domain analysis may be defined,
such that the total workload of the data processing is
reduced, and the efficiency of data processing is effectively
improved.

[0108] S504: 7 transformation is performed for a plurality
of time-domain motion data of a motion sensor to obtain a
plurality of frequency-domain motion data, a third feature
point in the plurality of frequency-domain motion data is
extracted, and the frequency-domain heart rate detection
data corresponding to the second feature point is corrected.

[0109] Similar to the frequency-domain heart rate detec-
tion data, the Z transformation is performed for the time-
domain motion data of the motion sensor, such that the
finally obtained and output frequency-domain motion data is
as illustrated by formula (17):

freq, (z,)=3,_¢  tace(i)z, =2, tace(j)4 T W an

[0110] Informula (17), J represents the number of buffered
time-domain motion data, acc(j) represents the i time-
domain motion data, k=0, . . . , M-1, M represents the
number of spectral lines of the frequency-domain analysis,
and one spectral line corresponds to one spectral line posi-
tion.

[0111] Referring to FIG. 6, a schematic diagram of fre-
quency-domain heart rate detection data and frequency-
domain motion data according to a sixth embodiment of the
present application is given. In FIG. 6, Bl represents a
waveform formed by the frequency-domain heart rate detec-
tion data, and B2 represents a waveform formed by the
frequency-domain motion data. In FIG. 6, coordinate X
represents a spectral position, and coordinate Y represents a
spectrum amplitude. For example, in a specific example,
with respect to the frequency-domain heart rate detection
data, a minimum value of the spectral position x is 1 and a
maximum value of the spectral position x is 100, and a
minimum value of the spectrum amplitude y is 0.2 and a
maximum value of the spectrum amplitude y is 5.673.

[0112] As described above, similar to the second feature
point, the third feature point is also a relative maximum
value point on the frequency-domain motion data. Each
relative maximum value point corresponds to different
amplitudes and spectral positions. That is, a statistical value
of the frequency-domain amplitude of the third feature point
is the amplitude of the relative maximum value point, and a
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statistical value of the spectral prostitution is a spectral line
position of the relative maximum value point.

[0113] In this embodiment, it should be noted that, the
number of buffered time-domain motion data may be the
same as, or different from the number of buffered time-
domain heart rate detection data. The acquisition frequency
of the time-domain motion data may be the same as, or
different from, the acquisition frequency of the time-domain
heart rate detection data. The frequency lower threshold of
the spectrum analysis and the frequency upper threshold of
the spectrum analysis of the frequency-domain motion data
may be respectively the same as, or different from the
frequency lower threshold of the spectrum analysis and the
frequency upper threshold of the spectrum analysis of the
frequency-domain heart rate detection data; and the preci-
sion of the spectrum analysis of the frequency-domain
motion data may be the same as, or different from the
precision of the spectrum analysis of the frequency-domain
heart rate detection data. The parameters for the above
spectrum analysis may be specifically defined according to
the application scenario.

[0114] In this embodiment, when the frequency-domain
heart rate detection data corresponding to the second feature
point is corrected according to the third feature point, the
frequency-domain heart rate detection data to be used in the
correction may be determined according to the third feature
point, the first frequency-domain threshold and the second
frequency-domain threshold, and then the frequency-do-
main heart rate detection data used in the correction and the
frequency-domain heart rate detection data corresponding to
the second feature point are corrected according to a fitting
model of interference fitting.

[0115] In a specific application scenario, the process of
correcting the frequency-domain heart rate detection data
corresponding to the second feature point is as follows:

[0116] Firstly, the frequency-domain motion data of the
motion sensor is analyzed to determine a plurality of third
feature points having a relative maximum value, that is, the
relative maximum value points, where different maximum
value points are located at different spectral line positions;
and then a maximum value point is determine, where the
maximum value point reflects the position of a strongest
interference signal. The amplitude of the maximum value
point is affected by the strongest interference signal. How-
ever, generally, the interference signal also has a bandwidth
range.

[0117] Accordingly, to thoroughly exclude the frequency-
domain heart rate detection that is not used in calculating
heart rate, a corresponding frequency-domain amplitude
threshold is defined according to the amplitude of the
maximum value point. It is considered that the frequency-
domain motion data is affected by the interference signal as
long as the frequency-domain amplitude threshold is
exceeded.

[0118] The bandwidth of the interference signal may be
determined according to the spectral position of the fre-
quency-domain motion data that is affected by the interfer-
ence signal. That is, it may be considered that the second
feature point in a spectral position range defined by the
defined frequency-domain amplitude threshold at the spec-
tral position on the frequency-domain heart rate detection
data is most likely affected by the interference signal, and
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thus the second feature point in the spectral position range
defined by the frequency-domain amplitude threshold needs
to be corrected.
[0119] For example, still using the scenario where the
third feature point is the relative maximum value point as an
example, assume that the frequency-domain motion data of
the motion sensor is reflected on the corresponding 8 spec-
tral lines, the maximum value is present on the seventh
spectral line, the amplitude thereof'is A, the maximum value
is on the left side, the spectral position where the amplitude
exceeds A-d most likely includes the interference signal (the
spectral line position where the amplitude exceeds A-d
corresponds to the reserved first third feature point), on the
right side, the spectral line position where the amplitude
exceeds A-D most likely includes the interference signal (the
spectral line position where the amplitude exceeds A-D
corresponds to the reserved last third feature point). There-
fore, by means of defining the frequency-domain amplitude
thresholds A-d and A-D, the bandwidth of the interference is
determined, the bandwidth of the interference signal is the
range defined by the spectral line positions corresponding to
the two amplitude thresholds, and the second feature point
in the same spectral position range needs to be corrected.
Accordingly, the defined frequency-domain amplitude
threshold includes an upper threshold and a lower threshold.
[0120] In a specific application scenario, the second fea-
ture point is specifically corrected by means of the following
fitting interference processing, as illustrated in formula (18):
freq,,, (1)=lreq,,, (7 )-k*wing, (n')*freq,, (),

n=ny .. Wy (18)
[0121] In formula (18), freq',,,(n') represents the fre-
quency-domain heart rate detection data corresponding to
the corrected second feature point; wing,(n') represents a
correction window function, where the window function is
used as a fitting model for interference fitting of the reserved
third feature point and may be a cosine, Gaussian or another
type of window function; freq, (1), represents the reserved
third feature point that most likely include the interference
signal, the number of third feature points is n,-n,; freq,,,
(n,) represents the first second feature point that has the
same spectral position as the first reserved third feature point
freq,,..(n,); and freq,,, (n,) represents the last second feature
point that has the same spectral position as the last reserved
third feature point freq,,_(n,).
[0122] FIG. 7 is a schematic diagram of a determined
interference signal bandwidth range and a corrected second
feature point according to a seventh embodiment of the
present application. As illustrated in FIG. 7, the horizontal
coordinate represents the spectral position, and the vertical
coordinate represents the spectrum amplitude, the maximum
value point in all the relative maximum value points on the
frequency-domain motion data is located at (44, 2.694), the
upper threshold and the lower threshold of the frequency-
domain amplitude threshold that are defined according to the
maximum value point are respectively 2.075 and 2.072. The
frequency-domain motion data is greater than either of the
two frequency-domain amplitude thresholds may be consid-
ered as being affected by the interference signal. On the
second feature point, these two frequency-domain amplitude
thresholds respectively correspond to spectral positions 43
and 45. Therefore, the bandwidth of the interference signal
may be considered to be [43, 45], and the second feature
point whose spectral position falls within the bandwidth
range needs to be corrected.
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[0123] 1In FIG. 7, on a waveform B2 of the frequency-
domain motion data, [(43, 2.075), (55, 2.072)] is a region
that is greatly affected by the interference signal; on a
waveform B1 of the frequency-domain heart rate detection
data, the dotted-line block represents the frequency-domain
heart rate detection data that is greatly affected by the
interference signal, and the frequency-domain heart rate
detection data corresponding to the corrected second feature
point is represented by the solid-line block. As seen from
FIG. 7, before and after the correction, a statistical value of
the second spectrum amplitude and a statistical value of the
second spectral position of the second feature point have
changed.

[0124] S505: After the correction, a spectral position and
a spectrum amplitude of the second feature point are deter-
mined.

[0125] As illustrated in FIG. 7, after the correction, the
second feature point include four relative maximum value
points (5, 5.673), (29, 4.008), (55, 5.457) and (81, 4.963),
where the uncorrected second feature point and the corrected
second feature point are included.

[0126] S506: The second feature points in step S505 are
ranked in a descending order of the spectrum amplitudes.
[0127] Specifically, as illustrated in FIG. 7, the ranked
second feature points are: (5, 5.673), (55, 5.457), (81, 4.968)
and (29, 4.008).

[0128] S507: The second feature point in step S505 that is
not used in the final heart rate calculation is preliminarily
excluded according to a spectral position threshold defined
by the historical heart rate.

[0129] In this embodiment, the second feature point in
step S505 that is not used in the final heart rate calculation
is specifically preliminarily excluded according to formula

(19):
freq erm—Opogspeaky, (¥)sfred, .zt 04, (19)

[0130] In formula (19), 3., represents a spectral position
bandwidth adjustment factor, freq,,,,z5-35., and freq,,, 75+
e, respectively represent a lower threshold and an upper
threshold in the spectral position threshold, and peak’, , (x)
represents the spectral position of the corrected second
feature point.

[0131] Further, the frequency-domain heart rate detection
data corresponding to the second feature point satisfying
formula (19) is reserved. The reserved frequency-domain
heart rate detection data corresponding to the second feature
point may be likely the data used in calculating heart rate,
and the unreserved frequency-domain heart rate detection
data may be frequency-domain heart rate detection data that
is not used in calculating heart rate.

[0132] S508: A confidence value is assigned to the second
feature point corresponding to the reserved frequency-do-
main heart rate that may be likely used in calculating heart
rate.

[0133] In this embodiment, the confidence value may be
calculated based on one or a plurality of the following
combinations:

[0134] a distance between a spectrum position of the
second feature point of the frequency-domain heart rate
detection data used in calculating heart rate, and a spectrum
position of the historical heart rate in the frequency-domain
heart rate detection data;

[0135] a distance between the spectrum position of the
second feature point of the frequency-domain heart rate
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detection data used in calculating heart rate, and a spectrum
position of the third feature point;

[0136] a bandwidth feature of the second feature point of
the frequency-domain heart rate detection data used in
calculating heart rate; and

[0137] an amplitude of the second feature point of the
frequency-domain heart rate detection data used in calcu-
lating heart rate.

[0138] Specifically, in this embodiment, the assigning a
confidence value to the second feature point according to the
spectral position of the second feature point and the mapped
spectral position of the historical heart rate on the frequency-
domain heart rate detection data may specifically include:
assigning the confidence value to the second feature point
based on the spectral position of the second feature point and
the mapped spectral position of the historical heart rate on
the frequency-domain heart rate detection data, and assign-
ing the confidence value to the second feature point based on
the spectral position of the second feature point and a Q-fold
mapped spectral position of the historical heart rate on the
frequency-domain heart rate detection data.

[0139] The above confidence value assignment is
described by using the scenario where the second feature
point and the third feature point are both the relative
maximum value points as an example.

[0140] After the correction, a distance E1 between the
spectral position peak',,,; ., of the second feature point and
the mapped spectral position freq,, .5 of the historical heart
rate on the frequency-domain heart rate detection data is
determined.

[0141] After the correction, a distance E2 between the
spectral position peak',,,; . of the second feature point and
the Q-fold mapped spectral position freq,,,,, of the histori-
cal heart rate on the frequency-domain heart rate detection
data is determined. The Q-fold is mainly based on consid-
eration of the existence of the harmonic in the frequency-
domain heart rate detection data. If a primary harmonic is
existent, Q takes a value of 1; if a secondary harmonic is
existent, Q takes a value of 2; and if a tertiary harmonic is
existent, Q takes a value of 3.

[0142] After the correction, a distance E3 between the
spectral position peak',,,; ., of the second feature point and
a second spectral position peak .., ,, f the maximum value
point in the second feature point 1s determined.

[0143] After the correction, a bandwidth E4 of a statistical
value of the spectral position peak', . .. of the second
feature point on the frequency-domain heart rate detection
data is determined.

[0144] After the correction, an amplitude E5 of the second
feature point is determined.

[0145] The greater the El and E2, the smaller the confi-
dence value of the first feature point, and the smaller the El
and E2, the greater the confidence value of the first feature
point; the smaller the E3, the smaller the confidence value of
the first feature point, and the greater the E3, the greater the
confidence value of the first feature point; and the greater the
E4 or the E5, the smaller the confidence value of the first
feature point, and the smaller the E4 or the E5, the greater
the confidence value of the first feature point. In this
embodiment, the confidence value may be understood as
representing the probability that the frequency-domain heart
rate detection data may be finally used for the heart rate
detection. A greater the confidence value indicates a great
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probability that the frequency-domain heart rate detection
data may be used for the heart rate detection.

[0146] Further, assume that a maximum value of the
confidence value is 100 and a minimum value of the
confidence value is 0. With respect to each reserved second
feature point, according to the values of E1, E2, E3, E4 and
E35, the confidence values representing the confidence may
be respectively defined as V1, V2, V3 and V4. In this case,
each reserved second feature point has a confidence value of
Score,, . (W)=(V1+V24V34V4)/4.

[0147] Afternatively, by weighting averaging calculation
according to the actual application environment, the weights
of E1, E2, E3, E4 and ES5 are respectively 0,, 0,, 0,, 0, and
05, and the confidence value is Score,, . (n) 8, *El+
0, *E2+6 *E3+0,%E4+405*ES5, where 0 +62+é +0, 6 =1.
[0148] S509: The heart rate is calculated accordlng toa
frequency corresponding to the second feature point having
a maximum confidence value if there is a second feature
point whose confidence value is greater than a defined
confidence threshold; and [text missing or illegible
when filed]

[0149] A frequency is predicted based on historical heart
rate to calculate the heart rate based on the predicted
frequency if there is no second feature point whose confi-
dence value is greater than the defined confidence threshold.
The confidence threshold may be specifically determined
according to the accuracy of the heart rate detection. If a
higher accuracy is required, the value of the confidence
threshold is greater, and otherwise, the value of the confi-
dence threshold is smaller.

[0150] If there is a second feature point whose confidence
value Score peak,, (n) is greater than the defined confidence
threshold Thco,,f, the spectral position (that is, the frequency
value) corresponding to the second feature point whose
confidence value is the maximum is used as the current heart
rate freq_,; or if there is no second feature point whose
confidence value is greater than the defined confidence
threshold, the current heart rate cur is freq_,, is predicted
based on the historical heart rate; and the heart rate HB_,, -
emp 15 calculated based on the current heart freq,,,. The
details may be referenced to formula (20).

HB.yiomy (1 +Af*req..,,.)* 60 20)

[0151] Informula (20),HB,,,,,,, represents the calculated
heart rate, freq_,, represents the current heart rate, denota-
tions of f1 and Af may be referenced to the description of the
curve 7 transformation.

[0152] The heart rate HB,,, ., is obtained by calculation
based on the time-domain analysis and the frequency-
domain analysis. However, the accuracy of the heart rate
HB......,, may be further improved. Accordingly, based on
the above embodiment, a tracking and optimization process
is further added. Specifically, the heart rate calculated based
on the time-domain analysis and the frequency-domain
analysis is tracked and optimized according to the historical
heart rate and the feature data of the subject in motion. It
should be noted that the tracking and optimization process
may be executed by a computing module as illustrated in
FIG. 1.

[0153] It should be noted that the above embodiments
discloses the step of correcting the second feature point.
However, where the second feature point does not need to be
corrected, the above correction step may be omitted.
[0154] FIG. 8 is a schematic flowchart of tracking and
optimization according to an eighth embodiment of the
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present application. As illustrated in FIG. 8, the tracking and
optimization include the following steps:
[0155] S801: A heart rate tracking buffer is arranged to
store a historical heart rate.
[0156] In this embodiment, the heart rate tracking buffer
B,,,, buffer for storing the heart rate is arranged. The
HBtmp buffer has a user-defined length, and needs to be
reasonably adjusted according to the quality of the current
time-domain heart rate detection data and the current motion
state, to satisfy any one or combination of a heart rate output
delay, a heart rate change response speed and heart rate
output accuracy.
[0157] S802: Whether the calculated heart rate is reason-
able is judged according to a defined reference heart rate
threshold; if the heart rate is reasonable, step S803 is
performed; and if the heart rate is unreasonable, step S808
is performed.
[0158] In this embodiment, the reference heart rate thresh-
old includes a reference heart rate upper threshold HBTH,, .
and a reference heart rate lower threshold HBTH, ,,, where
the reference heart rate upper threshold HBTH, . and the
reference heart rate lower threshold HBTH,,, correspond to
the motion state. For example, in case of a strenuous motion
state, the reference heart rate upper threshold HBTH,,,, and
the reference heart rate lower threshold HBTH,,,, are both
greater.
[0159] In this embodiment, if the heart rate HBcurtemp is
within the range of the the reference heart rate upper
threshold HBTH,,,, and the reference heart rate lower
threshold HBTH,,,,, the heart rate is reasonable, and other-
wise, the heart rate is unreasonable.
[0160] S808: A reference heart rate is obtained by predict-
ing based on the calculated heart rate.
[0161] Inthis embodiment, the last value HB
in the HB

remp DULTET(N)
romp bUfTEr may be extracted as the reference heart
rate HB,,, , and in this step, the reference heart rate HB
may also be referred to as a predicted heart rate.
[0162] S803: The calculated heart rate is directly used as
the reference heart rate.
[0163] S804: A heart rate difference between the reference
heart rate in step S808 or the reference heart rate in step
S803 and the historical heart rate is calculated.
[0164] In this embodiment, the heart rate difference Heart-
rate ;.- is calculated according to formula (21), Heartrate,,,,
represents the historical heart rate in formula (20), where the
historical heart rate is an actual heart rate of the user before
the heart rate HB is calculated.

temp

curtemp
Heartrate;,;=|HB,,,,,-Heartrate,,.| 21
[0165] S805: Different levels of the heart rate variation

thresholds are defined according to the current motion state,
the historical heart rate, and stored personal information of
the user, whether the calculated heart rate is reasonable is
judged, and a first heart rate is determined.

[0166] In a specific application scenario, assume that k
heart rate variation thresholds are defined according to the
current motion state, the historical heart rate, and the stored
personal information of the user, which are respectively
HBdiff,,, . . . HBdif,,. and are ranked as follows:
HBdiff,, <HBdiff,, . . . <HBdiff,, .

[0167] If the difference between the calculated heart rate
HB..,, en and the historical heart rate is less than HBdiff,;,,
it indicates that the calculated heart rate HB,,,,.,,, is rea-
sonable; if the difference between the calculated heart rate
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HB.,,/..., and the historical heart rate is greater than HBdif-
1, but less than HBdiff;, , it indicates that the calculated
heart rate HB,,,,.,,, needs to be corrected. The correction
may be based on formula (22).

HB',,,,~Heartrate,, +A2(HB,,,,,~Heartrate,,,.) (22)

)
temp temp’ -pre

[0168] In formula (22), Heartrate,,, represents the histori-
cal heart rate, HB,,  represents the heart rate before the
correction, HB',,,,,, represents the corrected heart rate, that
is, the first heart rate, and A2 represents a correction adjust-
ment factor.

[0169] Analogously, if the difference between the heart
rate HB_,, ., and the historical heart rate is greater than
HBdiff,;,, it indicates that the heart rate HB,,,.,,, is unrea-
sonable, and a reasonable heart rate HB,,,,,,,, needs to be
predicted. Specifically, the reasonable heart rate may be
predicted based on an existent and reasonable heart rate
HB_, zem,- For example, the reasonable heart rate may be
predicted by establishing a model based on the existent
historical heart rate HB_,..,,,.

[0170] S806: The heart rate tracking buffer is updated
based on the first heart rate.

[0171] In this embodiment, in the updated heart rate
tracking buffer, HB,,,,,, buffer=[HB,,,  buffer(2:N), HB'
N is the number of buffered heart rates.

[0172] S807: The first heart rate and T historical heart
rates are weighted to obtain a second heart rate, where T is
a positive integer.

[0173] In aspecific application scenario, assume that there
are T historical heart rates, then a weight coefficient vector
include T elements, that is, the weighting coefficient vector
is w;={w, W,, . .., W7}, and the elements in the weighting
coefficient vector simulate the variation trend of the heart
rate, as follows:

1. If the heart rate is proximate to the maximum heart rate
of the user, the elements in W are ranked in an ascending
order.

2. If the motion of the current user is strenuous, and the
historical heart rate changes quickly but is still far from the
maximum heart rate of the user, the elements in W, are
entirely arranged to be greater to reflect quick variation
trends of heart rate.

3. If the user changes from a relatively strenuous motion
state to a relative smooth motion state, the elements in W
are ranked in a descending order.

4. If the motion state of the user is relatively stable, the
elements in W are equal to each other.

[0174] In addition, deep learning and matching may be
carried out according to the stored heart rate variation
features of the user to define the values of the elements in
Wy

[0175] Inthis embodiment, an output second heart rate HB
may be specifically calculated according to formula (23).

temp*

T (23)
Z HB, gy buifer(i) = Wy (i)
Hp = 2
T
__Zl Wr(i)
[0176] Informula (23), HB,,,,, buffer(i) represents the ith

historical heart rate, that is, the second heart rate is calcu-
lated based on a weighted average value.
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[0177] In the above embodiment, the heart rate detection
apparatus may be based on the photoplethysmograph detec-
tion principle. The motion sensor may be an acceleration
Sensor.

[0178] An embodiment of the present application further
provides an electronic terminal. The electronic terminal
includes the heart rate detection apparatus in the above
embodiment. The electronic terminal may be specifically a
smart phone, a smart earphone, a smart bracelet or the like.
[0179] The above described apparatus embodiments are
merely for illustration purpose only. The modules which are
described as separate components may be physically sepa-
rated or may be not physically separated, and the compo-
nents which are illustrated as modules may be or may not be
physical modules, that is, the components may be located in
the same position or may be distributed into a plurality of
network modules. A part or all of the modules may be
selected according to the actual needs to achieve the objec-
tives of the technical solutions of the embodiments. Persons
of ordinary skill in the art may understand and implement
the present invention without paying any creative effort.
[0180] According to the above embodiments of the present
invention, a person skilled in the art may clearly understand
that the embodiments of the present invention may be
implemented by means of hardware or by means of software
plus a necessary general hardware platform. Based on such
understanding, portions of the technical solutions of the
present invention that essentially contribute to the related art
may be embodied in the form of a software product, the
computer software product may be stored in a computer
readable storage medium. The computer-readable storage
medium includes any mechanism for storing or transferring
information in a computer readable form. For example, the
computer-readable medium includes a read-only memory
(ROM), a random access memory (RAM), a disk storage
medium, an optical storage medium, a flash storage medium,
electricity, light, sound and other forms of propagation
signals (for example, a carrier, an infrared signal, a digital
signal and the like), and the like. The computer software
product includes several instructions for instructing a com-
puter device (which may be a personal computer, a server,
or a network device) to perform all the embodiments or
some parts of the embodiments.

[0181] Finally, it should be noted that the above embodi-
ments are merely intended to describe the technical solutions
of the embodiments of the present application, instead of
limiting the present application. Although the present appli-
cation is described in detail with reference to the above
embodiments, persons of ordinary skill in the art should
understand that various modifications may be made to the
technical solutions described in the above embodiments or
equivalent replacements may be made to some technical
features thereof, without departing from the spirit and scope
of the technical solutions of the embodiments of the present
application.

[0182] A person skilled in the art shall understand that the
embodiments may be described to illustrate methods, appa-
ratuses (devices), or computer program products. Therefore,
hardware embodiments, software embodiments, or hard-
ware-plus-software embodiments may be used to illustrate
the embodiments of the present application. In addition, the
embodiments of the present application may further employ
a computer program product which may be implemented by
at least one non-transitory computer-readable storage
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medium with an executable program code stored thereon.
The non-transitory computer-readable storage medium com-
prises but not limited to a disk memory, a CD-ROM, and an
optical memory.
[0183] The embodiments of the present application are
described based on the flowcharts and/or block diagrams of
the method, apparatus (device), and computer program
product according to the embodiments of the present appli-
cation. It should be understood that each process and/or
block in the flowcharts and/or block diagrams, and any
combination of the processes and/or blocks in the flowcharts
and/or block diagrams may be implemented using computer
program instructions. These computer program instructions
may be issued to a computer, a dedicated computer, an
embedded processor, or processors of other programmable
data processing device to generate a machine, which enables
the computer or the processors of other programmable data
processing devices to execute the instructions to implement
an apparatus for implementing specific functions in at least
one process in the flowcharts and/or at least one block in the
block diagrams.
[0184] These computer program instructions may also be
stored a non-transitory computer-readable memory capable
of causing a computer or other programmable data process-
ing devices to work in a specific mode, such that the
instructions stored on the non-transitory computer-readable
memory implement a product comprising an instruction
apparatus, where the instruction apparatus implements spe-
cific functions in at least one process in the flowcharts and/or
at least one block in the block diagrams.
[0185] These computer program instructions may also be
stored on a computer or other programmable data processing
devices, such that the computer or the other programmable
data processing devices execute a series of operations or
steps to implement processing of the computer. In this way,
the instructions, when executed on the computer or the other
programmable data processing devices, implement the spe-
cific functions in at least one process in the flowcharts and/or
at least one block in the block diagrams.
What is claimed is:
1. A method for detecting heart rate, comptrising:
acquiring a plurality of time-domain heart rate detection
data;
if the plurality of time-domain heart rate detection data
comprises a weak interference signal, extracting a first
feature point from the plurality of time-domain heart
rate detection data, and collecting statistics on feature
data of the first feature point to determine time-domain
heart rate detection data used in calculating heart rate;
if the plurality of time-domain heart rate detection data
comprises a strong interference signal, transforming the
plurality of time-domain heart rate detection data to a
frequency domain to obtain a plurality of frequency-
domain heart rate detection data, extracting a second
feature point from the plurality of frequency-domain
heart rate detection data, and collecting statistics on
feature data of the second feature point to determine
frequency-domain heart rate detection data used in
calculating heart rate; and
calculating the heart rate based on the time-domain heart
rate detection data or the frequency-domain heart rate
detection data used in calculating heart rate.
2. The method according to claim 1, wherein the first
feature point comprises peaks and valleys;
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the collecting statistics on feature data of the first feature
point to determine time-domain heart rate detection
data used in calculating heart rate comprises:

collecting statistics on amplitudes of a plurality of peaks
and amplitudes of a plurality of valleys, to determine a
plurality of adjacent peak-valley amplitude differences;
and

determining the time-domain heart rate detection data

used in calculating heart rate based on the plurality of
adjacent peak-valley amplitude differences.

3. The method according to claim 2, wherein the deter-
mining the time-domain heart rate detection data used in
calculating heart rate based on the plurality of adjacent
peak-valley amplitude differences comprises:

collecting statistics on an average value of N contiguous

adjacent peak-valley amplitude differences, N being an
odd number; and

if a middle adjacent peak-valley amplitude difference is

less than a product of the average value and an adjust-
ment factor, determining that the time-domain heart
rate detection data of the peaks corresponding to the
middle adjacent peak-valley amplitude difference is not
used in calculating heart rate.

4. The method according to claim 2, wherein the collect-
ing statistics on feature data of the first feature point to
determine time-domain heart rate detection data used in
calculating heart rate further comprises: collecting statistics
on time points of a plurality of peaks and a plurality of
distances between adjacent peaks; and

correspondingly, the calculating the heart rate based on

the time-domain heart rate detection data used in cal-
culating heart rate comprises:

calculating the heart rate based on the distances of the

plurality of adjacent peak distances corresponding to
the time-domain heart rate detection data used in cal-
culating heart rate and a distance threshold set based on
historical heart rate.

5. The method according to claim 3, wherein the collect-
ing statistics on feature data of the first feature point to
determine time-domain heart rate detection data used in
calculating heart rate further comprises: collecting statistics
on time points of a plurality of peaks and a plurality of
distances between adjacent peaks; and

correspondingly, the calculating the heart rate based on

the time-domain heart rate detection data used in cal-
culating heart rate comprises:

calculating the heart rate based on the distances of the

plurality of adjacent peak distances corresponding to
the time-domain heart rate detection data used in cal-
culating heart rate and a distance threshold set based on
historical heart rate.

6. The method according to claim 4, wherein the calcu-
lating the heart rate based on the plurality of adjacent peak
distances corresponding to the time-domain heart rate detec-
tion data used in calculating heart rate and a distance
threshold set based on historical heart rate historical com-
prises:

calculating a reference peak distance based on the his-

torical heart rate and a sampling frequency;

setting at least one of a first distance threshold and a

second distance threshold based on the reference peak
distance;

calculating a peak distance average value based on the

plurality of adjacent peak distances corresponding to
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the time-domain heart rate detection data used in cal-
culating heart rate and at least one of the first distance
threshold and the second distance threshold; and

calculating the heart rate based on the peak distance
average value and the sampling frequency.

7. The method according to claim 1, further comprising:
acquiring a plurality of frequency-domain motion data of a
motion sensor, and extracting a third feature point from the
plurality of frequency-domain motion data to correct the
frequency-domain heart rate detection data corresponding to
the second feature point based on the third feature point, the
third feature point comprising a maximum value of the
plurality of frequency-domain motion data;

wherein the extracting a second feature point from the

plurality of frequency-domain motion data to correct
the frequency-domain heart rate detection data corre-
sponding to the second feature point based on the third
feature point comprises:

upon the correction, extracting the second feature point

from the plurality of frequency-domain heart rate
detection data to determine the frequency-domain heart
rate detection data used in calculating heart rate, the
second feature point comprising a relative maximum
value point of the plurality of frequency-domain heart
rate detection data.

8. The method according to claim 7, wherein the correct-
ing the frequency-domain heart rate detection data corre-
sponding to the second feature point based on the third
feature point comprises:

determining the frequency-domain heart rate detection

data used in correcting the heart rate detection data
based on the third feature point and a set frequency-
domain amplitude threshold; and

correcting the frequency-domain heart rate detection data

used in correcting the heart rate detection data based on
a fitting model of interference fitting.

9. The method according to claim 7, wherein the deter-
mining the frequency-domain heart rate detection data used
in calculating heart rate comprises:

determining the frequency-domain heart rate detection

data used in calculating heart rate based on a spectrum
position of the second feature point and a spectrum
position threshold set based on the historical heart rate.

10. The method according to claim 8, wherein the deter-
mining the frequency-domain heart rate detection data used
in calculating heart rate comprises:

determining the frequency-domain heart rate detection

data used in calculating heart rate based on a spectrum
position of the second feature point and a spectrum
position threshold set based on the historical heart rate.

11. The method according to claim 9, wherein the calcu-
lating the heart rate based on the frequency-domain heart
rate detection data used in calculating heart rate comprises:

assigning a confidence value to the second feature point of

the frequency-domain heart rate detection data used in
calculating heart rate;

calculating the heart rate based on a frequency corre-

sponding to the second feature point having a maxi-
mum confidence value if there is a second feature point
whose confidence value is greater than a defined con-
fidence threshold; and

predicting a frequency based on historical heart rate to

calculate the heart rate based on the frequency histori-
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cal if no second feature point whose confidence value
is greater than the defined confidence threshold.

12. The method according to claim 11, wherein the
confidence value is calculated based on one or more of the
following combinations:

a distance between a spectrum position of the second
feature point of the frequency-domain heart rate detec-
tion data used in calculating heart rate, and a spectrum
position of the historical heart rate in the frequency-
domain heart rate detection data;

a distance between the spectrum position of the second
feature point of the frequency-domain heart rate detec-
tion data used in calculating heart rate, and a spectrum
position of the third feature point;

a bandwidth feature of the second feature point of the
frequency-domain heart rate detection data used in
calculating heart rate; and

an amplitude of the second feature point of the frequerncy-
domain heart rate detection data used in calculating
heart rate.

13. The method according to claim 1, further comprising:
tracking and optimizing the calculated heart rate based on
the historical heart rate and feature data of a subject in
motion.

14. The method according to claim 13, wherein the
tracking and optimizing the calculated heart rate based on
the historical heart rate and feature data of a subject in
motion comprises:

calculating a heart rate difference based on the calculated
heart rate, the historical heart rate and a defined refer-
ence heart rate threshold;

calculating a first heart rate based on the heart rate
difference and a defined heart rate variation threshold;
and

weighting the first heart rate and T historical heart rates to
obtain a second heart rate, T being a positive integer.

15. The method according to claim 14, wherein the
calculating a heart rate difference based on the calculated
heart rate, the historical heart rate and a defined reference
heart rate threshold comprises:

judging whether the calculated heart rate is reasonable
based on the defined reference heart rate threshold;

determining a heart rate difference between the calculated
heart rate and the historical heart rate if the calculated
heart rate is reasonable; and

predicting the calculated heart rate and determining a
heart rate difference between the predicted heart rate
and the historical heart rate if the calculated heart rate
is unreasonable.

16. The method according to claim 14, wherein the
reference heart rate threshold comprises an upper reference
heart rate threshold and a lower reference heart rate thresh-
old, the upper reference heart rate threshold and the lower
reference heart rate threshold corresponding to a motion
state of the subject in motion.

17. The method according to claim 14, wherein the
calculating a first heart rate based on the heart rate difference
and a set heart rate variation threshold comprises:

judging whether the calculated heart rate is reasonable
based on the heart rate difference and the set heart rate
variation threshold;

using the calculated heart rate as the first heart rate if the
calculated heart rate is reasonable; and
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13
correcting the calculated heart rate and using the corrected a calculating module, configured to calculate the heart rate
heart rate as the first heart rate if the calculated heart based on the time-domain heart rate detection data or
rate is unreasonable. the frequency-domain heart rate detection data used in

calculating heart rate.
20. An electronic terminal, comprising a heart rate detec-
tion apparatus wherein comprising:
an acquiring module, configured to acquire a plurality of

18. The method according to claim 14, wherein the heart
rate variation threshold is set based on one or a combination
of the motion state of the subject in motion, the historical

hear rate and a feature attribute of the subject in motion.
19. A heart rate detection apparatus, comprising:

an acquiring module, configured to acquire a plurality of
time-domain heart rate detection data;

a time-domain module, configured to: if the plurality of
time-domain heart rate detection data comprises a weak
interference signal, extract a first feature point from the
plurality of time-domain heart rate detection data, and
collect statistics on feature data of the first feature point
to determine time-domain heart rate detection data used
in calculating heart rate;

a frequency-domain module, configured to: if the plurality
of time-domain heart rate detection data comprises a
strong interference signal, transform the plurality of
time-domain heart rate detection data to a frequency
domain to obtain a plurality of frequency-domain heart
rate detection data, extract a second feature point from
the plurality of frequency-domain heart rate detection
data, and collect statistics on feature data of the second
feature point to determine frequency-domain heart rate
detection data used in calculating heart rate; and

time-domain heart rate detection data;

a time-domain module, configured to: if the plurality of

time-domain heart rate detection data comprises a weak
interference signal, extract a first feature point in the
plurality of time-domain heart rate detection data, and
collect statistics for feature data of the first feature point
to determine time-domain heart rate detection data
involved heart rate calculation;

a frequency-domain module, configured to: if the plurality

of time-domain heart rate detection data comprises a
strong interference signal, transform the plurality of
time-domain heart rate detection data to a frequency
domain to obtain a plurality of frequency-domain heart
rate detection data, extract a second feature point in the
plurality of frequency-domain heart rate detection data,
and collect statistics for feature data of the second
feature point to determine frequency-domain heart rate
detection rate involved in the heart rate calculation; and

a calculating module, configured to calculate the heart rate

according to the time-domain heart rate detection rate
or the frequency-domain heart rate detection data
involved in the heart rate calculation.
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