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(7) ABSTRACT

The present disclosure discloses a heart rate detection
method and a heart rate detection apparatus, the method
includes: acquiring a heart rate signal; extracting a heart rate
characteristic from a waveform corresponding to the heart
rate signal; judging whether the heart rate characteristic
satisfies a predetermined condition; and outputting a corre-
sponding heart rate value according to the heart rate signal
when it is judged that the heart rate characteristic satisfies
the predetermined condition. In the technical solution of this
embodiment, the feature based on the waveform of heart rate
signal may judge whether detection of the heart rate is in a
normal condition, which is favorable to rapidly calculating
a heart rate value, and capable of preventing an error for the
reason that a correct heart rate value is obtained by calcu-
lating the heart rate value based on the heart rate signal in the
normal condition.
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HEART RATE DETECTION METHOD AND
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of inter-
national application No. PCT/CN2016/071684, filed on Jan.
21, 2016, which claims the priority to Chinese Patent
Application No. 201510957440.0, filed with the Chinese
Patent Office on Dec. 18, 2015, both of which are incorpo-
rated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the technical field
of electronics, and in particular, relates to a heart rate
detection method and a heart rate detection apparatus.

BACKGROUND

[0003] Heart rate, as important information reflecting
human health, is highly concerned by people. Medical heart
rate detection is based on electrocardiogram (ECG) signals.
Such detection is complicated and need collaboration from
others, and moreover, a device for performing the detection
is not easy to carty.

[0004] In recent years, wearable and handheld smart ter-
minals support users to press cameras with fingers, and
detect the heart rate by means of causing the light having a
specific wavelength (for example, the red light having a
wavelength of 660 nm to 720 nm) to irradiate the fingers of
the users and acquiring photoplethysmogram (PPG) signals
via the cameras. Such smart terminals as bracelets and
mobile phones have good carry convenience and are thus
facilitate real-time detection. Currently, more and more
smart terminals are supporting this function.

[0005] However, most smart terminals, which implement
heart rate detection based on PPG signals are defective in
that the calculation time is long or/and the calculation error
is great.

SUMMARY

[0006] Main objectives of the present disclosure are to
provide a heart rate detection method and a heart rate
detection apparatus to solve the technical problem that
efficiency of detecting a heart rate is low and the error rate
is high.

[0007] To achieve the above objective, the present disclo-
sure provides a heart rate detection method. The method
includes: acquiring a heart rate signal; extracting a heart rate
characteristic from a waveform corresponding to the heart
rate signal; judging whether the heart rate characteristic
satisfies a predetermined condition; and outputting a corre-
sponding heart rate value according to the heart rate signal
when it is judged that the heart rate characteristic satisfies
the predetermined condition.

[0008] Optionally, in the heart rate detection method, the
judging whether the heart rate characteristic satisfies a
predetermined condition specifically includes: judging
whether the heart rate characteristic indicates that a finger of
a user completely presses a light source for detecting the
heart rate.

[0009] Optionally, in the heart rate detection method, the
heart rate characteristic includes the number of wave ridges
and/or wave valleys in the waveform, and/or a wave ridge
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value of the waveform; and the judging whether the heart
rate characteristic indicates whether a finger of a user
completely presses a light source for detecting the heart rate
specifically includes: judging whether the number of wave
ridges and/or wave valleys in the waveform falls within a
first predetermined interval; and/or judging whether the
wave ridge value of the waveform exceeds a predetermined
threshold.

[0010] Optionally, the heart rate detection method further
includes: generating first prompt information when it is
judged that the heart rate characteristic indicates that the
finger of the user fails to completely press a light source for
detecting the heart rate; wherein the first prompt information
is used for prompting the user to press the finger onto the
light source.

[0011] Optionally, in the heart rate detection method, the
judging whether the heart rate characteristic satisfies a
predetermined condition specifically includes: judging
whether the heart rate characteristic indicates that a user is
in a resting state.

[0012] Optionally, in the heart rate detection method, heart
rate characteristic includes slopes of an upper wave edge and
a lower wave edge of at least one wave in the waveform,
and/or a difference between alternating current AC compo-
nents of at least two wave ridges in the waveform, wherein
the alternating current AC component of each wave ridge is
an average value of amplitudes of two neighboring wave
valleys; and the judging whether the heart rate characteristic
indicates that a user is in a resting state specifically includes:
judging whether an absolute value of the slope of the upper
wave edge is greater than an absolute value of the slope of
the lower wave edge; and/or judging whether the difference
between the alternating current AC components of the at
least two wave ridges falls within a second predetermined
interval.

[0013] Optionally, the heart rate detection method further
includes: generating second prompt information when it is
judged that the heart rate characteristic indicates that the
user is not in the resting state; wherein the second prompt
information is used for prompting the user to retain in the
resting state.

[0014] To achieve the above objectives, the present dis-
closure further provides a heart rate detection apparatus. The
apparatus includes: a signal acquiring module, configured to
acquire a heart rate signal; a characteristic extracting mod-
ule, configured to extract a heart rate characteristic from a
waveform corresponding to the heart rate signal; a judging
module, configured to judge whether the heart rate charac-
teristic satisfles a predetermined condition; and an output-
ting module, configured to output a corresponding heart rate
value according to the heart rate signal when it is judged that
the heart rate characteristic satisfies the predetermined con-
dition.

[0015] Optionally, in the heart rate detection apparatus, the
judging module is configured to judge whether the heart rate
characteristic indicates that a finger of a user completely
presses a light source for detecting the heart rate.

[0016] Optionally, in the heart rate detection apparatus, the
heart rate characteristic includes the number of wave ridges
and/or wave valleys in the waveform, and/or a wave ridge
value of the waveform; and the judging module is further
configured to judge whether the number of wave ridges
and/or wave valleys in the waveform falls within a first
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predetermined interval; and/or judge whether the wave ridge
value of the waveform exceeds a predetermined threshold.
[0017] Optionally, the heart rate detection apparatus fur-
ther includes: a first prompt information generating module,
configured to generate first prompt information when it is
judged that the heart rate characteristic indicates that the
finger of the user fails to completely press a light source for
detecting the heart rate; wherein the first prompt information
is used for prompting the user to press the finger onto the
light source.

[0018] Optionally, in the heart rate detection apparatus, the
judging module is further configured to judge whether the
heart rate characteristic indicates that a user is in a resting
state.

[0019] Optionally, in the heart rate detection apparatus, the
heart rate characteristic includes slopes of an upper wave
edge and a lower wave edge of at least one wave in the
waveform, and/or a difference between alternating current
AC components of at least two wave ridges in the waveform,
wherein the alternating current AC component of each wave
ridge is an average value of amplitudes of two neighboring
wave valleys; and the judging module is further configured
to judge whether an absolute value of the slope of the upper
wave edge is greater than an absolute value of the slope of
the lower wave edge; and/or judge whether the difference
between the alternating current AC components of the at
least two wave ridges falls within a second predetermined
interval.

[0020] Optionally, the heart rate detection apparatus fur-
ther includes: a second prompt information generating mod-
ule, configured to generate second prompt information when
it is judged that the heart rate characteristic indicates that the
user is not in the resting state; wherein the second prompt
information is used for prompting the user to retain in the
resting state.

[0021] It may be known from the above technical solu-
tions that the heart rate detection method and the heart rate
detection apparatus at least have the following advantages.
[0022] In the technical solutions according to the present
disclosure, since a waveform of a heart rate signal normally
detected has some common features, whether detection of
the heart rate is in a normal condition may be judged based
on the feature of the waveform. In the normal condition, the
waveform of the heart rate signal is stable, and therefore it
is unnecessary to detect for a long period whether the
waveform is changed. In addition, a correct heart rate value
is obtained if calculation of the heart rate value is based on
the heart rate signal in the normal condition, which prevents
an error to occur.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a flowchart of a heart rate detection
method according to an embodiment of the present disclo-
sure;

[0024] FIG. 2A is a schematic diagram of a waveform of
a heart rate signal according to an embodiment of the present
disclosure;

[0025] FIG. 2B is a schematic diagram of a waveform of
a heart rate signal according to an embodiment of the present
disclosure;

[0026] FIG. 3 is a flowchart of a heart rate detection
method according to an embodiment of the present disclo-
sure;

Nov. 2, 2017

[0027] FIG. 4 is a schematic diagram of a waveform of
another heart rate signal according to an embodiment of the
present disclosure;

[0028] FIG. 5 is still a schematic diagram of a waveform
of still another heart rate signal according to an embodiment
of the present disclosure;

[0029] FIG. 6 is a flowchart of a heart rate detection
method according to an embodiment of the present disclo-
sure;

[0030] FIG. 7 is a block diagram of a heart rate detection
apparatus according to an embodiment of the present dis-
closure; and

[0031] FIG. 8 is a block diagram of a heart rate detection
apparatus according to an embodiment of the present dis-
closure.

[0032] The attainment of the objectives, functional fea-
tures and advantages of the present disclosure are further
described hereinafter with reference to the specific embodi-
ments and the accompanying drawings.

DETAILED DESCRIPTION

[0033] It should be understood that the embodiments
described here are only exemplary ones for illustrating the
present disclosure, and are not intended to limit the present
disclosure.

[0034] As illustrated in FIG. 1, an embodiment of the
present disclosure provides a heart rate detection method,
and the method includes the following steps:

[0035] Step 110: A heart rate signal is acquired. In this
embodiment, the manner of acquiring the heart rate signal is
not limited. For example, a PPG signal is acquired via a
camera of a mobile phone to detect the heart rate.

[0036] Step 120: A heart rate characteristic is extracted
from a waveform corresponding to the heart rate signal. In
this embodiment, the type of the extracted heart rate char-
acteristic is not limited, and any characteristic based on
waveform is applicable to the technical solution according to
embodiment.

[0037] Step 130: Whether the heart rate characteristic
satisfies a predetermined condition is judged. In this
embodiment, a predetermined condition may be any condi-
tion complying with a normal heart rate waveform, for
example, a stable heart rate signal as illustrated in FIG. 2A,
wherein the stable heart rate signal has two characteristics:
1) the wave is asymmetric, that is, absolute values of slopes
of an upper wave edge and a lower wave edge (partition of
the upper and lower wave edges is as illustrated in FIG. 2B)
are different; and 2) the amplitude is stable: in a stable test
duration, the amplitude (that is, a wave ridge value) will not
be suddenly changed within a specific range. Therefore,
conditions set based on these two features are all applicable
to the technical solution according to this embodiment. A
key point of this embodiment is to elaborately analyze the
characteristic of the heart rate signal, and further judge
whether the heart rate signal is in a normal condition.
[0038] Step 140: A corresponding heart rate value is
output according to the heart rate signal when it is judged
that the heart rate characteristic satisfies the predetermined
condition.

[0039] In an existing bracelet. the heart rate can only be
obtained and displayed upon a critical condition that the
bracelet is kept in a resting state for at least 8 seconds, and
with respect to a smart phone for detecting the heart rate by
pressing a camera thereof, a calculation result with a larger
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error may be caused due to a slight hand movement. In the
technical solution according to this embodiment, whether
detection of the heart rate is in a normal condition may be
judged based on the feature of the waveform. In the normal
condition, the waveform of the heart rate signal is stable, and
therefore it is unnecessary to detect for a long period
whether the waveform is changed. In addition, a correct
heart rate value is obtained if calculation of the heart rate
value is based on the heart rate signal in the normal
condition, which prevents an error to occur.

[0040] As illustrated in FIG. 3, an embodiment of the
present disclosure provides a heart rate detection method,
and the method includes the following steps:

[0041] Step 310: A heart rate signal is acquired.

[0042] Step 320: A heart rate characteristic is extracted
from a waveform corresponding to the heart rate signal.
[0043] Step 330: Whether the heart rate characteristic
indicates that a finger of a user completely presses a light
source for detecting the heart rate is judged. In this embodi-
ment, if the heart rate is detected by using a mobile phone,
the light source is a flash light of the mobile phone. When
the finger of the user does not completely press the light
source, during acquisition of the heart rate signal, interfer-
ence caused by the ambient light is easy to occur. The
acquired heart rate signal is as illustrated in FIG. 4, and the
signal has the following characteristics: 1) in this case, an
acquired wave ridge value is lower than a wave ridge value
when the finger completely presses the light source; and 2)
within a fixed time period, the number of searched wave
ridges and wave valleys is much greater than that in the case
where the finger completely presses the light source. There-
fore, in this embodiment, whether the signal is a signal
generated when the finger of the user does not completely
press a light source may be judged.

[0044] Step 340: When the heart rate characteristic indi-
cates that the finger of the user fails to completely press the
light source, first prompt information is generated, wherein
the first prompt information is used for prompting the user
to press the finger onto the light source. In this embodiment,
the user needs to be immediately prompted when the heart
rate signal is abnormal, which may avoid outputting an
incorrect heart rate value to the user.

[0045] Step 350: Whether the heart rate characteristic
indicates that the user is in a resting state is judged when the
heart rate characteristic indicates that the finger of the user
completely presses the light source. When a user’s hand is
in a regular or irregular movement, the acquired heart rate
signal is as illustrated in FIG. 5, and the features of the signal
are as follows: 1) symmetry of the waveform is good; 2) a
change to wave ridge values between waves under irregular
movement is great, and the wave ridge values between
waves are consistent in the regular movement. Therefore, in
this embodiment, whether the signal is generated when the
user is in a movement state may be judged.

[0046] Step 360: When the heart rate characteristic indi-
cates that the user is in a movement state, second prompt
information is generated, wherein the second prompt infor-
mation is used for prompting the user to retain in the resting
state. In this embodiment, the user needs to be immediately
prompted when the heart rate signal is abnormal, which may
avoid outputting an incorrect heart rate value to the user.
[0047] Step 370: When the heart rate characteristic indi-
cates that the user is in the resting state, a corresponding
heart rate value is output according to the heart rate signal.
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[0048] 1In the technical solution according to this embodi-
ment, in practice, judgment is performed on the quality of a
heart rate signal as follows: whether a finger completely
presses a light source is judged via acquiring the heart rate
signal in real time; if a finger completely presses the light
source, the signal may either be a normal heart rate signal or
be generated when the user is in a movement state (which
brings a large calculation error), a corresponding prompt is
given when the user does not press the light source or fails
to completely press the light source; and further, whether a
hand of the user is in the movement state is judged, a
corresponding prompt, for example, “please keep non-
movement”, is given when the user’s hand is in the move-
ment state, and a correct heart rate value may be rapidly
calculated for the normal heart rate signal (normally, within
4 to 6 seconds). In the technical solution according to this
embodiment, heart rate signals in different conditions may
be distinguished, whether a current signal reflects a heart
rate of a person may be accurately identified, and a heart rate
value or prompt information may be given, such that a
feedback result is quickly and accurately given to a user.
[0049] As illustrated in FIG. 6, an embodiment of the
present disclosure provides a heart rate detection method,
and the method includes the following steps:

[0050] Step 610: A heart rate signal is acquired. In this
embodiment, assuming that data acquired per 3 seconds
each time is used to perform analysis and judgment (a heart
rate of a normal person is 30 BPM to 220 BPM, beat per
minute).

[0051] Step 620: A heart rate characteristic is extracted
from a waveform corresponding to the heart rate signal. The
heart rate characteristic includes the number of wave ridges
and wave valleys in the waveform, a wave ridge value (i.e.,
a peak-to-peak value) of the waveform, slopes of an upper
wave edge and a lower wave edge of at least one wave in the
waveform, and/or a difference between alternating current
(AC) components of at least two wave ridges in the wave-
form, wherein the AC component of each wave ridge is an
average value of amplitudes of two neighboring wave val-
leys.

[0052] Step 630: Whether the number of wave ridges and
wave valleys in the waveform falls within a first predeter-
mined interval is judged. In this embodiment, the first
predetermined interval is not limited. For example, wave
valleys are searched for in a waveform of a heart rate signal,
and the number of wave ridges and wave valleys appeared
in 3 seconds should fall within the range between 1 and 11
(the first predetermined interval). If the number of wave
ridges and wave valleys appeared in 3 seconds exceeds 11,
it is determined that a light source is not pressed or not
completely pressed.

[0053] Step 640: When the number of wave ridges and
wave valleys in the waveform does not fall within the first
predetermined interval, first prompt information is gener-
ated, wherein the first prompt information is used for
prompting a user to press the finger onto the light source.
[0054] Step 650: When the number of wave ridges and
wave valleys in the waveform falls within the first prede-
termined interval, whether a wave ridge value of the wave-
form exceeds a predetermined threshold is judged. In this
embodiment, the predetermined threshold is not limited. For
example, according to effects of ambient lights to a heart rate
signal, an amplitude difference corresponding to wave
ridges and wave valleys is small, that is, if a maximum wave
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ridge value is smaller than a threshold of 50, it is determined
that the light source is not pressed or not completely pressed.
[0055] When the wave ridge value of the waveform does
not exceed the predetermined threshold, the process returns
to step 640 to generate the first prompt information, wherein
the first prompt information is used for prompting the user
to press the finger onto the light source.

[0056] Step 660: Whether an absolute value of the slope of
the upper wave edge is greater than an absolute value of the
slope of the lower wave edge is judged when the wave ridge
value of the waveform exceeds the predetermined threshold.
In this embodiment, according to the searched wave valleys,
a slope of an upper wave edge and a slope of a lower wave
edge of each wave are calculated, and an absolute value of
the slope of the upper wave edge of each wave should be
greater than an absolute value of the slope of the lower wave
edge. If this condition is not satisfied, it is considered that the
current signal is a heart rate signal obtained in a relative
movement state.

[0057] Step 670: Second prompt information is generated
when an absolute value of the slope of the upper wave edge
is smaller than an absolute value of the slope of the lower
wave edge; wherein the second prompt information is used
for prompting the user to retain in the resting state.

[0058] Step 680: Whether the difference between the AC
components of the at least two wave ridges falls within a
second predetermined interval is judged when an absolute
value of the slope of the upper wave edge is greater than an
absolute value of the slope of the lower wave edge. In this
embodiment, an AC component of a wave is calculated
according to a mean value of amplitudes of a wave valley to
a closest wave ridge, and the closest wave ridge to an
adjacent wave valley. If a maximum difference value of the
AC components is greater than a threshold of 30, it is
considered that the current signal is a heart rate signal
obtained in a relative movement state.

[0059] When the difference does not fall within a second
predetermined interval, the process returns to step 670 to
generate the second prompt information, wherein the second
prompt information is used for prompting the user to retain
in the resting state.

[0060] Step 690: A corresponding heart rate value is
output according to the heart rate signal when the difference
falls within a second predetermined interval. If the condi-
tions in the above-described steps are excluded, it is con-
sidered that a current signal is a normal heart rate signal, a
heart rate value may be calculated and output, wherein the
specific calculation method of the heart rate value may be:
60xsampling rate/mean time of wave valleys.

[0061] In the technical solution according to this embodi-
ment, an accurate heart rate result is generally given within
4 to 6 seconds, and compared with an ECG; an error in
calculating a heart rate is 5 BPM; moreover, signal quality
may be effectively judged to determine whether a heart rate
signal is normal, and a corresponding operation prompt is
given as necessary.

[0062] As illustrated in FIG. 7, an embodiment of the
present disclosure provides a heart rate detection apparatus,
and the apparatus includes: a signal acquiring module 710,
a characteristic extracting module 720, a judging module
730 and an outputting module 740.

[0063] The signal acquiring module 710 is configured to
acquire a heart rate signal. In this embodiment, the manner
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of acquiring the heart rate signal is not limited. For example,
a PPG signal is acquired via a camera of a mobile phone to
detect the heart rate.

[0064] The characteristic extracting module 720 is con-
figured to extract a heart rate characteristic from a waveform
corresponding to the heart rate signal. In this embodiment,
the type of the extracted heart rate characteristic is not
limited, and any characteristic based on waveform is appli-
cable to the technical solution according to this embodiment.
[0065] The judging module 730 is configured to judge
whether the heart rate characteristic satisfies a predeter-
mined condition. In this embodiment, a predetermined con-
dition may be any condition complying with a normal heart
rate waveform, for example, a stable heart rate signal as
illustrated in FIG. 2A, wherein the stable heart rate signal
has two characteristics: 1) the wave is asymmetric, that is,
absolute values of slopes of an upper wave edge and a lower
wave edge (partition of the upper and lower wave edges is
as illustrated in FIG. 2B) are different; and 2) the amplitude
is stable: in a stable test duration, the amplitude (that is, a
wave ridge value) will not be suddenly changed within a
specific range. Therefore, conditions set based on these two
features are all applicable to the technical solution according
to this embodiment. A key point of this embodiment is to
elaborately analyze the characteristic of the heart rate signal,
and further judge whether the heart rate signal is in a normal
condition.

[0066] The outputting module 740 is configured to output
a corresponding heart rate value according to the heart rate
signal when it is judged that the heart rate characteristic
satisfies the predetermined condition.

[0067] In an existing bracelet, the heart rate can only be
obtained and displayed upon a critical condition that the
bracelet is kept in a resting state for at least 8 seconds, and
with respect to a smart phone for detecting the heart rate by
pressing a camera thereof, a calculation result with a larger
error may be caused due to a slight hand movement. In the
technical solution according to this embodiment, whether
detection of the heart rate is in a normal condition may be
judged based on the feature of the waveform. In the normal
condition, the waveform of the heart rate signal is stable, and
therefore it is unnecessary to detect for a long period
whether the waveform is changed. In addition, a correct
heart rate value is obtained if calculation of the heart rate
value is based on the heart rate signal in the normal
condition, which prevents an error to occur.

[0068] As illustrated in FIG. 8, an embodiment of the
present disclosure provides a heart rate detection apparatus,
and the apparatus includes: a signal acquiring module 8§10,
a characteristic extracting module 820, a judging module
830, a first prompt information generating module 840, a
second prompt information generating module 850, and an
outputting module 860.

[0069] The signal acquiring module 810 is configured to
acquire a heart rate signal.

[0070] The characteristic extracting module 820 is con-
figured to extract a heart rate characteristic from a waveform
corresponding to the heart rate signal.

[0071] The judging module 830 is configured to judge
whether the heart rate characteristic indicates that a finger of
a user completely presses a light source for detecting the
heart rate. In this embodiment, if a phone terminal is used to
detect the heart rate, the light source is a flash light of a
mobile phone. When the finger of the user does not com-
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pletely press the light source, during acquisition of the heart
rate signal, interference caused by the ambient light is easy
to occur. The acquired heart rate signal is as illustrated in
FIG. 4, and the signal has the following characteristics: 1) in
this case, an acquired wave ridge value is lower than a wave
ridge value when the finger completely presses the light
source; and 2) within a fixed duration, the number of
searched wave ridges and wave valleys is much greater than
that in the case where the finger completely presses the light
source. Therefore, in this embodiment, whether the signal is
a signal generated when the finger of the user does not
completely press a light source may be judged.

[0072] The first prompt information generating module
840 is configured to generate first prompt information when
it is judged that the heart rate characteristic indicates that the
finger of the user fails to completely press the light source,
wherein the first prompt information is used for prompting
a user to press the finger onto the light source. In this
embodiment, the user needs to be immediately prompted
when the heart rate signal is abnormal, which may avoid
outputting an incorrect heart rate value to the user.

[0073] The judging module 830 is further configured to
judge whether the heart rate characteristic indicates that the
user is in a resting state when the heart rate characteristic
indicates that the finger of the user completely presses a light
source. When a user’s hand is in a regular or irregular
movement, the acquired heart rate signal is as illustrated in
FIG. 5, and the signal has the following characteristics: 1)
symmetry of the waveform is good; 2) a change to wave
ridge values between waves under irregular movement is
great, and the wave ridge values between waves are consis-
tent in the regular movement. Therefore, in this embodi-
ment, whether the signal is generated when the user is in a
movement state may be judged.

[0074] The second prompt information generating module
850 is configured to generate second prompt information
when the heart rate characteristic indicates that the user is in
a movement state; wherein the second prompt information is
used for prompting the user to retain in the resting state. In
this embodiment, the user needs to be immediately
prompted when the heart rate signal is abnormal, which may
avoid outputting an incorrect heart rate value to the user.
[0075] The outputting module 860 is configured to output
a corresponding heart rate value according to the heart rate
signal when the heart rate characteristic indicates that the
user is in the resting state.

[0076] In the technical solution according to this embodi-
ment, in practice, judgment is performed on the quality of a
heart rate signal is judged as follows: whether a finger
completely presses a light source is judged via acquiring the
heart rate signal in real time; if a finger completely presses
the light source, the signal may either be a normal heart rate
signal or be generated when the user is in a movement state
(which brings a large calculation error), a corresponding
prompt is given when the user does not press the light source
or fails to completely press the light source; and further,
whether a hand of the user is in the movement state is
judged, a corresponding prompt for example, “please keep
non-movement”, is given when the user’s hand is in the
movement state, and a correct heart rate value may be
rapidly calculated for the normal heart rate signal (normally,
within 4 to 6 seconds). In the technical solution according to
this embodiment, heart rate signals in different conditions
may be distinguished, whether a current signal reflects a
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heart rate of a person may be accurately identified, and a
heart rate value or prompt information may be given, such
that a feedback result is quickly and accurately given to a
user.

[0077] An embodiment of the present disclosure provides
a heart rate detection apparatus, and the apparatus includes:
a signal acquiring module 810, a characteristic extracting
module 820, a judging module 830, a first prompt informa-
tion generating module 840, a second prompt information
generating module 850, and an outputting module 860.
[0078] The signal acquiring module 810 is configured to
acquire a heart rate signal. In this embodiment, assuming
that data acquired per 3 seconds each time is used to perform
analysis and judgment (a heart rate of a normal person is 30
BPM to 220 BPM, beat per minute).

[0079] The characteristic extracting module 820 is con-
figured to extract a heart rate characteristic from a waveform
corresponding to the heart rate signal. The heart rate char-
acteristic includes the number of wave ridges and wave
valleys in the waveform, a wave ridge value of the wave-
form, slopes of an upper wave edge and a lower wave edge
of at least one wave in the waveform, and/or a difference
between alternating current (AC) components of at least two
wave ridges in the waveform, wherein the alternating current
AC component of each wave ridge is an average value of
amplitudes of two neighboring wave valleys.

[0080] The judging module 830 is configured to judge
whether the number of wave ridges and wave valleys in the
waveform falls within a first predetermined interval. In this
embodiment, a first predetermined interval is not limited.
For example, wave valleys are searched in a waveform of a
heart rate signal, and the number of wave ridges and wave
valleys appeared in 3 seconds should fall within the range
between 1 and 11 (the first predetermined interval). If the
number of wave ridges and wave valleys appeared in 3
seconds exceeds 11, it is determined that a light source is not
pressed or not completely pressed.

[0081] The first prompt information generating module
840 is configured to generate first prompt information when
the number of wave ridges and wave valleys in the wave-
form does not fall within the first predetermined interval,
wherein the first prompt information is used for prompting
a user to press the finger onto the light source.

[0082] The judging module 830 is further configured to
judge whether a wave ridge value of the waveform exceeds
a predetermined threshold when the number of wave ridges
and wave valleys in the waveform falls within the first
predetermined interval. In this embodiment, a predeter-
mined threshold is not limited. For example, according to
effects of ambient lights to a heart rate signal, an amplitude
difference corresponding to wave ridges and wave valleys is
small, that is, if a maximum wave ridge value is smaller than
a threshold of 50, it is determined that a light source is not
pressed or not completely pressed.

[0083] The first prompt information generating module
840 is configured to generate first prompt information when
the wave ridge value of the waveform does not exceed the
predetermined threshold, wherein the first prompt informa-
tion is used for prompting a user to press the finger onto the
light source.

[0084] The judging module 830 is further configured to
judge whether an absolute value of the slope of the upper
wave edge is greater than an absolute value of the slope of
the lower wave edge when the wave ridge value of the



US 2017/0311815 Al

waveform exceeds the predetermined threshold. In this
embodiment, according to the searched wave valleys, a
slope of an upper wave edge and a slope of a lower wave
edge of each wave are calculated, and an absolute value of
the slope of the upper wave edge of each wave should be
greater than an absolute value of the slope of the lower wave
edge. If this condition is not satisfied, it is considered that the
current signal is a heart rate signal obtained in a relative
movement state.

[0085] The second prompt information generating module
850 1s configured to generate second prompt information
when an absolute value of the slope of the upper wave edge
is smaller than an absolute value of the slope of the lower
wave edge; wherein the second prompt information is used
for prompting the user to retain in the resting state.

[0086] The judging module 830 is further configured to
judge whether the difference between the alternating current
AC components of the at least two wave ridges falls within
a second predetermined interval when an absolute value of
the slope of the upper wave edge is greater than an absolute
value of the slope of the lower wave edge. In this embodi-
ment, an AC component of a wave is calculated according
to a mean value of amplitudes of a wave valley to a closest
wave ridge, and the closest wave ridge to an adjacent wave
valley. If a maximum difference value of the AC components
is greater than a threshold of 30, it is considered that the
current signal is a heart rate signal obtained in a relative
movement state.

[0087] The second prompt information generating module
850 is further configured to generate second prompt infor-
mation when the difference does not fall within a second
predetermined interval; wherein the second prompt infor-
mation is used for prompting the user to retain in the resting
state.

[0088] The outputting module 860 is configured to output
a corresponding heart rate value according to the heart rate
signal when the difference falls within a second predeter-
mined interval. If the conditions in the above-described
steps are excluded, it is considered that the current signal is
a normal heart rate signal, a heart rate value may be
calculated and output, wherein the specific calculation
method of the heart rate value may be: 60xsampling rate/
mean time of wave valleys.

[0089] In the technical solution according to this embodi-
ment, an accurate heart rate result is generally given within
4 to 6 seconds, and compared with an ECG; an error in
calculating a heart rate is 5 BPM; moreover, signal quality
may be effectively judged to determine whether a heart rate
signal is normal, and a corresponding operation prompt may
be given as necessary.

[0090] It should be noted that, in this specification, terms
“comprises”, “comprising”, “has”, “having”, “includes”,
“including”, “contains”, “containing” or any other variation
thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus, that
comprises, has, includes, contains a list of elements does not
include only those elements but may include other elements
not expressly listed or inherent to such process, method,
article, or apparatus. An element proceeded by “comprises .
.. 2% “has...a”, “includes . .. a”, “contains . . . a” does
not, without more constraints, preclude the existence of
additional identical elements in the process, method, article,

or apparatus.
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[0091] The sequence numbers of the embodiments of the
present disclosure are only for ease of description, but do not
denote the preference of the embodiments.

[0092] Through the above description of the method
embodiments, it is clear to persons skilled in the art that the
methods according to the above embodiment may be accom-
plished by software plus necessary universal hardware plat-
forms, and definitely may also be accomplished by hard-
ware, but in many cases, the software implementation is
preferred. Based on such understanding, portions of the
technical solutions of the present disclosure that essentially
contribute to the prior art may be embodied in the form of
a software product, the computer software product may be
stored in a storage medium, such as a ROM/RAM, a
magnetic disk, a CD-ROM and the like, including several
instructions for causing a computer device (which may be a
mobile phone, a personal computer, a server, an air condi-
tioner, a network device or the like) to perform the methods
according to various embodiments of the present disclosure.
[0093] Described above are preferred embodiments of the
present disclosure, but are not intended to limit the scope of
the present disclosure. Any equivalent structure or equiva-
lent process variation made based on the specification and
drawings of the present disclosure, which is directly or
indirectly applied in other related technical fields, fall within
the scope of the present disclosure.

What is claimed is:

1. A heart rate detection method, comprising:

acquiring a heart rate signal;

extracting a heart rate characteristic from a waveform

corresponding to the heart rate signal;

judging whether the heart rate characteristic satisfies a

predetermined condition; and

outputting a corresponding heart rate value according to

the heart rate signal when it is judged that the heart rate
characteristic satisfies the predetermined condition.

2. The heart rate detection method according to claim 1,
wherein the judging whether the heart rate characteristic
satisfies a predetermined condition comprises:

judging whether the heart rate characteristic indicates that

a finger of a user completely presses a light source for
detecting the heart rate.

3. The heart rate detection method according to claim 2,
wherein the heart rate characteristic comprises the number
of wave ridges and/or wave valleys in the waveform, and/or
a wave ridge value of the waveform; and the judging
whether the heart rate characteristic indicates whether a
finger of a user completely presses a light source for
detecting the heart rate comprises:

judging whether the number of wave ridges and/or wave

valleys in the waveform falls within a first predeter-
mined interval; and/or

judging whether the wave ridge value of the waveform
exceeds a predetermined threshold.

4. The heart rate detection method according to claim 2,
farther comprising:

generating first prompt information when it is judged that
the heart rate characteristic indicates that the finger of
the user fails to completely press a light source for
detecting the heart rate; wherein the first prompt infor-
mation is used for prompting the user to press the finger
onto the light source.
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5. The heart rate detection method according to claim 1,
wherein the judging whether the heart rate characteristic
satisfies a predetermined condition comprises:

judging whether the heart rate characteristic indicates that
a user is in a resting state.

6. The heart rate detection method according to claim 5,
wherein the heart rate characteristic comprises slopes of an
upper wave edge and a lower wave edge of at least one wave
in the waveform, and/or a difference between alternating
current AC components of at least two wave ridges in the
waveform, wherein the alternating current AC component of
each wave ridge is an average value of amplitudes of two
neighboring wave valleys;

wherein the judging whether the heart rate characteristic
indicates that a user is in a resting state comprises:

judging whether an absolute value of the slope of the
upper wave edge is greater than an absolute value of the
slope of the lower wave edge; and/or

judging whether the difference between the alternating
current AC components of the at least two wave ridges
falls within a second predetermined interval.

7. The heart rate detection method according to claim 5,

further comprising:

generating second prompt information when it is judged
that the heart rate characteristic indicates that the user
is not in the resting state; wherein the second prompt
information is used for prompting the user to retain in
the resting state.

8. A heart rate detection apparatus, comprising:

a signal acquiring module, configured to acquire a heart
rate signal;

a characteristic extracting module, configured to extract a
heart rate characteristic from a waveform correspond-
ing to the heart rate signal:

a judging module, configured to judge whether the heart
rate characteristic satisfies a predetermined condition;
and

an outputting module, configured to output a correspond-
ing heart rate value according to the heart rate signal
when it is judged that the heart rate characteristic
satisfies the predetermined condition.

9. The heart rate detection apparatus according to claim 8,

wherein

the judging module is configured to judge whether the
heart rate characteristic indicates that a finger of a user
completely presses a light source for detecting the heart
rate.
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10. The heart rate detection apparatus according to claim
9, wherein the heart rate characteristic comprises the number
of wave ridges and/or wave valleys in the waveform, and/or
a wave ridge value of the waveform; and

The judging module is further configured to judge
whether the number of wave ridges and/or wave valleys
in the waveform falls within a first predetermined
interval; and/or judge whether the wave ridge value of
the waveform exceeds a predetermined threshold.

11. The heart rate detection apparatus according to claim

9, further comprising:

a first prompt information generating module, configured
to generate first prompt information when it is judged
that the heart rate characteristic indicates that the finger
of the user fails to completely press a light source for
detecting the heart rate; wherein the first prompt infor-
mation is used for prompting the user to press the finger
onto the light source.

12. The heart rate detection apparatus according to claim

8, wherein

the judging module is further configured to judge whether
the heart rate characteristic indicates that a user is in a
resting state.

13. The heart rate detection apparatus according to claim
12, wherein the heart rate characteristic comprises slopes of
an upper wave edge and a lower wave edge of at least one
wave in the waveform, and/or a difference between alter-
nating current AC components of at least two wave ridges in
the waveform, wherein the alternating current AC compo-
nent of each wave ridge is an average value of amplitudes of
two neighboring wave valleys;

the judging module is further configured to judge whether
an absolute value of the slope of the upper wave edge
is greater than an absolute value of the slope of the
lower wave edge; and/or judge whether the difference
between the alternating current AC components of the
at least two wave ridges falls within a second prede-
termined interval.

14. The heart rate detection apparatus according to claim

12, further comprising:

a second prompt information generating module, config-
ured to generate second prompt information when it is
judged that the heart rate characteristic indicates that
the user is not in the resting state; wherein the second
prompt information is used for prompting the user to
retain in the resting state.

I S T
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